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Access to adequate food is a fundamental human right. There is no doubt that nutrition is essential
in maintaining health and preventing or treating disease. Particularly when patients are affected
by disease-related malnutrition, their risk of adverse clinical outcomes increases significantly and
optimizing nutritional support becomes mandatory [1,2].

There is ongoing debate about what constitutes an optimal nutritional care process in terms of
screening, assessment, and use of nutritional support in different patient populations. Issues include
dose and quality of proteins and total energy, route of delivery, and whether or how nutritional support
needs to be adjusted for specific medical and metabolic conditions. As we move toward personalized
medicine, which is based on patients’ individual needs, an understanding of these different factors is
important. Well-planned clinical studies of high methodological quality are needed to develop the best
approach to providing individualized nutritional support [3].

Historically, much of the evidence regarding effects of nutritional support has come from small
interventional trials and observational studies with cross-sectional or cohort-study designs, whereas
there was an important lack of large-scale randomized interventional research, which is needed to
establish causal effects rather than just statistical associations [4,5]. As a consequence, the medical
community has struggled to design efficient, evidence-based approaches for the prevention and
treatment of malnutrition [4].

Recently, however, the results of several high-quality trials have provided important new
insights that advance nutritional science significantly and translate nutrition research into practice [6].
Regarding prevention of cardiovascular disease through nutrition, the PREDIMED (Prevención con
Dieta Mediterránea) trial provided strong evidence that a Mediterranean diet supplemented with
extra-virgin olive oil or with mixed nuts reduces the risk of cardiovascular and metabolic disease
by about 30% over five years [7]. Regarding the use of clinical nutrition in patients at nutritional
risk or with established malnutrition, two trials found nutritional support to be highly effective.
First, the multicenter, randomized, placebo-controlled NOURISH trial (Nutrition effect On Unplanned
ReadmIssions and Survival in Hospitalized patients) including 652 older adults affected by malnutrition
found that a high-protein oral nutritional supplement containing beta-hydroxy-beta-methylbutyrate
was associated with a significant reduction in 90 day mortality, with a number needed to treat (NNT)
of 20 [8]. Second, the EFFORT (Effect of early nutritional support on Frailty, Functional Outcomes and
Recovery of malnourished medical inpatients Trial) including 2028 medical inpatients at nutritional
risk in eight Swiss hospitals showed that protocol-guided individualized nutritional support designed
to achieve protein and energy targets results in significantly lower rates of severe complications
(NNT = 25) and mortality (NNT = 37) compared to regular hospital food [9,10]. Moreover, functional
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decline was significantly lower, and quality of life as well as activities of daily living significantly
improved. A recent meta-analysis including these two trials and several other trials also came to the
conclusion that nutritional support in the malnourished medical inpatient population reduces the risk
for both, mortality and hospital readmission by about 25% [6].

Evidence-based medicine is an approach used to optimize decision-making by emphasizing
evidence from properly designed and well-conducted research, typically randomized trials and
meta-analyses from such trials. With the growing number of high-quality trials such as the ones
mentioned above, we are increasingly able to practice “evidence-based clinical nutrition” and to adapt
nutrition to the individual patient’s needs. This Special Issue of the Journal of Clinical Medicine (JCM)
focuses on a topic that is critical for hospitals today: “Nutritional Management and Outcomes in
Malnourished Medical Inpatients”. This special edition presents a number of reviews and original
research articles in the field of nutritional management and clinical outcomes in malnourished medical
inpatients. Twenty-six important articles illustrate the different facets of this complex and timely topic.

The articles included cover the process of nutritional care, including screening tools to identify
nutritional risk (Nutritional risk screening and assessment [11]), patient muscle mass assessment
including bioimpedance analysis (Clinical value of muscle mass assessment in clinical conditions
associated with malnutrition [12]; Decreased bioelectrical impedance phase angle in hospitalized
children and adolescents with newly diagnosed type 1 diabetes: a case-control study [13]), nutritional
biomarkers (Nutritional laboratory markers in malnutrition [14]), nutritional therapy planning (Indirect
calorimetry in clinical practice [15]; Micronutrient deficiencies in medical and surgical inpatients [16]),
use of nutritional support overall (Efficacy and efficiency of nutritional support teams [17]; Challenges
and perspectives in nutritional counselling and nursing: a narrative review [18]) and in specific
patient populations (e.g., medical patients, critical care patients, geriatric patients, oncologic patients,
patients after allogenic stem cell transplantation, patients with dysphagia or eating disorders, as
well as the nutritional challenges associated with metabolic disorders) (Nutritional management
of medical inpatients [19]; Medical nutrition therapy in critically ill patients treated on intensive
and intermediate care units: a literature review [20]; Metabolic and nutritional characteristics of
long-stay critically ill patients [21]; Protein intake, nutritional status, and outcomes in intensive
care unit survivors: a single-center cohort study [22]; Early supplemental parenteral nutrition
in critically ill children: an update [23]; Management of malnutrition in older patients—current
approaches, evidence, and open questions [24]; Nutrition in cancer patients [25]; Management of
dehydration in patients suffering swallowing difficulties [26]; Nutrition in gastrointestinal diseases:
liver, pancreatic, and inflammatory bowel diseases [27]; Nutritional management and outcomes
in malnourished medical inpatients: anorexia nervosa [28]; Nutritional challenges in metabolic
syndrome [29]; Nutritional challenges in patients with advanced liver cirrhosis [30]). Potential
complications of nutritional interventions, such as refeeding syndrome (Management of refeeding
syndrome in medical inpatients [31]), and treatment challenges posed by gastric motility disorders
are discussed (Gastroparesis and dumping syndrome: current concepts and management [32]).
Economic aspects of nutritional management (Economic challenges in nutritional management [33])
and specific considerations such as pharmaceutical/therapeutic aspects of artificial nutrition are
additionally reviewed (Management of glucose control in non-critically ill, hospitalized patients
receiving parenteral and/or enteral nutrition: a systematic review [34]; Pharmaceutical aspects of
artificial nutrition [35]).

Last but not least, the call for political commitment in the treatment of malnutrition is of key
importance. Health care institutions and associations must be mobilized to take action against
malnutrition by expanding information and public-awareness-raising campaigns, adopting supportive
policies, as well as allocating resources (Hospital malnutrition, a call for political action: a public health
and nutritionDay perspective [36]). Stakeholders including political organizations, nutritional social
networks, and researchers will be valuable promoters of this important political priority in the future.
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Understanding the optimal use of nutritional therapy is highly complex. Timing, route of delivery,
and the amount and type of nutrients all play important roles and potentially affect patient outcomes.
Recent trials provide important information to strengthen the evidence regarding the use of nutritional
therapy in specific patient populations, but there are still important questions to be addressed by
robust clinical trials in the future. It is now important to incorporate these recent findings into clinical
practice in order to ensure that our patients receive high-quality, safe, and optimal care.
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Abstract: Disease-related malnutrition (DRM) is prevalent in hospitals and is associated with increased
care needs, prolonged hospital stay, delayed rehabilitation and death. Nutrition care process related
activities such as screening, assessment and treatment has been advocated by scientific societies and
patient organizations but implementation is variable. We analysed the cross-sectional nutritionDay
database for prevalence of nutrition risk factors, care processes and outcome for medical, surgical,
long-term care and other patients (n = 153,470). In 59,126 medical patients included between 2006
and 2015 the prevalence of recent weight loss (45%), history of decreased eating (48%) and low
actual eating (53%) was more prevalent than low BMI (8%). Each of these risk factors was associated
with a large increase in 30 days hospital mortality. A similar pattern is found in all four patient
groups. Nutrition care processes increase slightly with the presence of risk factors but are never
done in more than 50% of the patients. Only a third of patients not eating in hospital receive oral
nutritional supplements or artificial nutrition. We suggest that political action should be taken to
raise awareness and formal education on all aspects related to DRM for all stakeholders, to create and
support responsibilities within hospitals, and to create adequate reimbursement schemes. Collection
of routine and benchmarking data is crucial to tackle DRM.

Keywords: malnutrition; hospital; nutrition care; continuity of care; mortality; process indicators;
benchmarking; disease related malnutrition.

1. Introduction

Disease-related malnutrition (DRM) is highly prevalent in hospitalized patients and associated
with complications and poor outcome [1–3]. Malnutrition in hospitals originates from imbalances,
either deficiencies or excesses, in nutrients intake compared with body needs. Nutritional status and
needs may be modified acutely or chronically by the disease process itself. Further deterioration may
occur due to hospitalization, thus making the population of hospitalized patients very different from
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the general population. Prolonged nutrients imbalance is associated with change in body mass index
(BMI). Association between body mass index (BMI) and mortality is U-shaped in the general population
and J-shaped in patients, especially with chronic diseases, meaning that mortality is higher if BMI is
low and lower in patients with increased lean body mass and even obesity [4,5]. This observation
called “obesity paradox” underscores the importance of a “good” nutrition status for patients with
illnesses for short and long-term outcomes.

Malnutrition in hospitalized patients often addresses an evident poor nutritional status (low
BMI and low muscle mass) whereas being at risk of malnutrition is derived from a set of risk factors
typically associated with a loss in lean body mass persisting over a certain period of time [6]. Nutrition
care in hospitals is a treatment for patients with malnutrition and a preventive intervention for patients
at risk of malnutrition. Nevertheless, nutrition care is still an underrated field when compared to
medical diagnostics procedures, or pharmacological and technological interventions in hospitals.

There are several reasons why nutrition care has received so little attention in acute care hospitals.
There is a common knowledge deficit reflected in a lack of proper education in university curricula for
healthcare professionals (doctors, nurses, care assistants) combined with patients and relatives giving
low value to nutrition as part of a successful therapy of the primary disease. Since no immediate
effects of nutrition can be expected during a short hospital length of stay, the attention for nutrition
related issues is often low. Standard nutrition care processes such as screening, assessment, planning
and monitoring together with documentation and continuity of care are not regular parts of care
on all hospital wards [7]. Moreover, food provision and related tasks are not considered part of
healthcare responsibilities. Food provision is not part of the medical budget but usually of the
administrative budget of a hospital where cost reduction is not considered to influence directly patient
care. Inadequate management of food provision might affect food quality, presentation [8] and
composition and, subsequently, patient care. Food costs are to be added to the overall malnutrition
related costs. Patients with malnutrition usually stay longer in hospitals, are more often re-hospitalized
or transferred to long-term care [9–12]. Each of these, together with the reimbursement schemes,
do create additional costs for the healthcare system. Insights on improved hospital nutrition care
processes and reduced healthcare costs come from the Swiss EFFORT study.

In patients with risk of malnutrition, nutrition intake was improved with enriched meals or oral
nutritional supplements, food intake was monitored and was associated with better outcomes and
reduced healthcare costs [11].

These multiple barriers and the lack of proper attention to DRM and nutrition care in hospitals
has been formally addressed at a political level by a resolution of the European Council in 2003 but
was not followed by national regulatory actions [3].This lack of action led to several independent
initiatives. The European Society for Clinical Nutrition and Metabolism (ESPEN) (www.espen.org)
together with the Medical University of Vienna developed a tailored action to tackle malnutrition
in hospitals and healthcare institutions [4]. The resulting project “nutritionDay” aimed to generate
more awareness on DRM with a yearly one-day data collection on patient’s malnutrition risk factors,
outcomes and quality indicators of nutrition care (www.nutritionday.org). In the nutritionDay analysis,
several nutrition related risk factors, such as low BMI, recent weight loss and reduced food intake
(in the week before nutritionDay or on nutritionDay itself), were found to be independently associated
with death within 30 days in hospital [4]. In an another analysis that led to the development of the
PANDORA score for prediction of death in hospital within 30 days after nutritionDay, decreased food
intake was identified among the seven most important risk factors as it contributed 3–12 points out of a
maximum of 75 points to the final score [5]. nutritionDay rapidly became a worldwide benchmarking
tool for monitoring and improving nutrition care in hospital wards [13–15]. Patient related risk factors
for decreased eating have a similar pattern in all world regions [16] and nutrition care processes
implementation appears highly variable [7].

A multi-stakeholder initiative to promote screening for risk of disease-related
malnutrition/undernutrition and implement nutritional care across Europe “Optimal Nutritional Care
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for All” has started an annual meeting with national nutrition societies and political representatives
in 2008 [17]. The last meeting in Sintra, Portugal in 2018 involved representatives from 18 countries
that had already joined the initiative and had the motto: “Optimal Nutrition Care across Europe: Fair
Access and Shared Decision Making”. The decision was taken together with the European Patient
Forum [18] to translate relevant guidelines into a lay version to increase the possibility for patients to
take informed responsibility [19].

The human right for proper nutrition care was acknowledged in the Cartagena declaration [20]
and signed on 3rd May 2019 by all presidents of the Latin American Federation of Nutritional Therapy,
Clinical Nutrition (FELANPE). The declaration includes 13 principles, such as patient empowerment,
dignity, ethical principles, justice and equity and urges the United Nations and the Human Rights
Council to recognize the Right to Nutrition Care as a human right in line with the “Sustainable
Development Goals” [21].

The worldwide Global Leadership Initiative on Malnutrition (GLIM) composed by the major
nutrition societies aims at defining universally accepted criteria for DRM [22]. This process is still
ongoing with planned steps of validation and regular updating. Current recommendations from
scientific societies emphasize that it is mandatory to identify the malnourished as well as those at
risk early during hospitalization to trigger proper treatment or a set of preventive measures [19].
The recommended three step process consists of screening, assessing and developing a nutrition care
plan. A further important and less appreciated step is that nutrition care needs to be monitored and
adapted to the patient’s changing condition. Finally, proper documentation and communication of a
comprehensive care plan to the next sector, “extramural health care”, and the patients themselves are
essential to ensure continuity of care. To be efficient, responsibilities need to be cleared delineated and
all relevant stakeholder (Table 1) involved.

Table 1. List and role of important stakeholders.

1. Within the hospital

a. Patients and their relatives
b. Care persons

i. Nurses Screening, diet ordering, documentation
ii. Physicians Assessment, ordering, documentation, information
iii. Dieticians Assessment, documentation
iv. Physiotherapists Effect monitoring
v. Speech Therapists Swallowing disorders
vi. Pharmacists Clinical nutrition supply and counselling

c. Kitchen/Catering services
i. Administrators Budget
ii. Chefs Standards, variety, quality control
iii. Kitchen aids Presentation
iv. Delivering staff Monitoring

d. Hospital administration Budget, planning, controlling

2. Outside the hospital

a. Patients and relatives
b. Extramural medical services/family medicine/primary health care centres
c. Extramural care services/mobile nursing
d. Services for disabled and dependent persons
e. Local food producers
f. Medical food producing industries
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Table 1. Cont.

3. Scientific societies and stakeholder associations

a. Medical Guidelines, standards
b. Nursing Guidelines, standards
c. Dietician Guidelines, standards
d. Nutrition science Research, standards
e. Patient organizations Guidelines

4. Policy maker

a. Health care system Reimbursement
b. Social affairs Equity
c. Agriculture Local production integration
d. Environmental affairs Sustainable planning, waste prevention

5. Payers

a. Reimbursement of the nutrition care process in the whole health care system
b. Public procurement of food supply and services

This study aims to determine in the medical patients of the nutritionDay database 2006–2018, first,
the prevalence of simple nutrition related risk factors and their association with outcome and, second,
to determine the routine use of recommended nutrition care procedures such as screening, nutrition
intake monitoring and documentation in patients with and without risk factors.

Based on the findings we will propose several options for political action to tackle malnutrition
in hospitals.

2. Experimental Section

The nutritionDay audit is a cross-sectional international data collection in hospitalized patients
with 30 days in hospital outcome assessment. The nutritionDay project was approved by the Ethical
Committee of the Medical University of Vienna (EK407/2005) and it has been amended annually.
In accordance with national regulations, the project was also submitted to national or local ethical
committees in each participating country. This trial was registered at clinicaltrials.gov as NCT02820246.
We analysed the complete nutritionDay database 2006–2015 for the association between nutrition
related risk factors and 30 days hospital mortality. We assessed the 2016–2018 nutritionDay database
for nutrition care process indicators newly introduced in 2016.

We included all adult patients with the exception of women before or after giving birth. Patients
were divided into four groups: group surgical (patients admitted to a surgical unit or waiting for
surgery or after surgery on any medical/other ward), group medical (all patients admitted to general
medical, cardio, gastro, hepatology, nephrology, infectiology or oncology), group long-term (geriatric
or long-term care wards) and others (all other specialties such as ear-nose-throat, gynecology, obstetrics,
trauma, orthopedics, etc.). Risk factors were age, gender, BMI, weight change in the last three months,
decreased eating during the previous week and on nutritionDay, fluid status (as intravascular or tissue
fluid overload or depletion as observed by a clinician), reduced mobility and whether patients have
been admitted to an intensive care unit at any time before nutritionDay during this index admission.
In addition we included in the multivariate analysis the diagnostic categories derived from the 17 ICD
10 top categories (brain and nerves, eye and ear, nose and throat, heart and circulation, lung, liver,
gastrointestinal tract, kidney/urinary tract/female genital tract, endocrine system, skeleton/bone/muscle,
blood/bone marrow, skin, ischemia, cancer, infection, pregnancy, others) and six comorbidities (diabetes,
stroke, COPD, myocardial infarction, cardiac failure and others), each one used as a unique variable as
condition being present versus not present. All factors were used as categorical variables and included
a missing category according to the STROBE guidelines [23]. Reference categories were either the
“normal” category or the group including the median or the largest subgroup as appropriate. Age was
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divided into eight groups spanning 10 years with 60–70 years as reference; BMI was divided into 6
WHO groups with normal BMI 18.5–25 used as a reference [24].

Sensitivity analysis included only patients from units fulfilling quality criteria, such as >60%
recruitment of admitted patients and outcome reporting for >80% of included patients. In addition
a second sensitivity analysis was done for the multivariate modelling of the association between
risk indicators and outcome after exclusion of all cases with missing values. The sensitivity study
population includes 82,993 patients compared with 153,470 in the full study population.

Descriptive statistics report frequencies and median with interquartile range. Comparison of
proportions were done with the χ2 test and corrected for multiple testing. All associations between
mortality and risk factors were done with logistic regression based on general linear models with
units as clusters and weighting of patients to compensate for time-based bias from cross-sectional
data acquisition [25]. In short, patients with a longer observed length of stay had less weight because
they were more likely to be included in the study sample than short stay patients. We used univariate
analysis for all risk factors and included all significant factors in the multivariate analysis. The effect
of risk factors was also analysed within all four patient groups separately in the multivariate model
(STATA 15.1, Statacorp, College Station, TX, USA). To show the extent of use of selected nutrition care
processes, they are shown as percentages within different risk categories. Significant differences to
each reference group were tested with a proportions test, comparisons were considered significant
when p < 0.005 as we accounted for multiple tests for each reference category.

3. Results

Medical patients in the nutritionDay database (n = 59,126/153,470) (39%) represent the second
largest group after surgical patients (n = 63,289/153,470) (41%). Patients were admitted in 61 countries
and 19 countries recruited more than 1000 patients.

Medical patients were four years older than surgical patients (65.2 years SD 17.2 versus 61.2 years
SD 18.0). The proportion of female was 48.3 in medical and 48.1 in surgical patients. Weight (71.3 kg
SD 19.4 versus 71.9 kg SD 18.1) and height (166.1 cm SD 10.3 versus 166.5 cm SD 10.2) were similar
in both groups. BMI was nearly identical (25.7 SD 6.3 versus 25.8 SD 5.8) (p = 0.02). Based on WHO
categories (www.who.int) both groups have a similar proportion of obese with BMI > 30 (17.7% versus
17.4%) but the proportion with low BMI < 18.5 was significantly higher in medical than in surgical
patients (7.5% versus 6%) (p < 0.0001).

3.1. Prevalence of Nutrition Risk Factors

Nutrition risk factors such as weight loss during the last three months (26,790, 45%), not eating
normally in the previous week (28,950, 49%) and did not eat all food served on nutritionDay (30,965,
52%) were highly prevalent in the medical patients of the cohort 2006–2015 (Figure 1) and in the three
other patient groups (Table 2).
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Figure 1. Prevalence of risk factors and association with odds ratio for death in hospital within 30 days
after nutritionDay in medical patients. Prevalence is indicated by dots. Each dot represents 1% of the
total population. All risk indicators are collected on one single day, the nutritionDay 2006–2015. Odds
ratio are indicated with 95% confidence intervals and colours according to risk indicator categories
Graph of Community–Hospital–Continuum from Magdalena Maierhofer’s architectural diploma thesis:
A Hospital is not a Tree (2016).

Table 2. Demographic characteristics and prevalence of nutrition risk factors of patients in the
nutritionDay cohort 2006–2015, in the four studied groups.

Medical Surgical Long-Term Care Others

Characteristics n (%) Mean ± SD n (%) Mean ± SD n (%) Mean ± SD n (%) Mean ± SD

Age (year) 59,046 65.1 ± 17.2 61.2 ± 18.0 80.7 ± 12.4 61.2 ± 18.8

Gender (female) 28,535 (49%) 30,445 (49%) 6937 (62%) 9992 (51%)

Weight (kg) 52,735 (89%) 71.3 ± 19.4 71.9 ± 18.1 66.4 ± 16.9 71.8 ± 18.3

Height (cm) 52,735 166.1 ± 10.3 166.6 ± 10.2 163.0 ± 9.5 166.7 ± 10.4

BMI * (kg·cm−2) 52,735 25.7 ± 6.3 25.8 ± 5.8 24.9 ± 5.8 25.7 ± 5.9

Weight change within three months

Unchanged * 19,139 (32%) 25,164 (40%) 3153 (28%) 7338 (37%)

Increase 4335 (7.3%) 4997 (8%) 671 (6%) 1990 (10%)

Loss 26,790 (45%) 24,928 (39%) 4989 (44%) 7356 (37%)

Do not know 4020 (6.8%) 3679 (6%) 1339 (12%) 1205 (6%)

Missing 4842 (8.2%) 4521 (7%) 1127 (10%) 1887 (10%)

Eating last week

Normal * 24,679 (42%) 29,898 (47%) 4731 (42%) 9973 (50%)

Less than
normal 12,613 (21%) 12,618 (20%) 2526 (22%) 4047 (20%)

Less than a half 8979 (15%) 7894 (12%) 1628 (14%) 2262 (11%)

Less than a
quarter 7358 (12%) 7691 (12%) 1076 (9%) 1433 (7%)

Missing 5497 (9.3%) 5188 (8%) 1318 (12%) 2061 (10%)
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Table 2. Cont.

Medical Surgical Long-Term Care Others

Eating on nutritionDay

All * 22,046 (37%) 22,232 (35%) 4131 (37%) 8496 (43%)

Half 15,327 (26%) 15,141 (24%) 3363 (30%) 5054 (26%)

Quarter 8256 (14%) 7262 (11%) 1592 (14%) 2206 (11%)

Nothing
(eating allowed) 3696 (6.3%) 3666 (6%) 698 (6%) 927 (5%)

Nothing
(eating not allowed) 3686 (6.2%) 8717 (14%) 372 (3%) 875 (4%)

Missing 6115 (10%) 6271 (10%) 1123 (10%) 2218 (11%)

Mobility on nutritionDay

Normal 35,846 (61%) 37,439 (59%) 3731 (33%) 12,227 (62%)

With help 12,299 (21%) 14,110 (22%) 4557 (40%) 3838 (19%)

Bedridden 5587 (9.4%) 6832 (11%) 1841 (16%) 1732 (9%)

Missing 5394 (9.1%) 4908 (8%) 1150 (10%) 1979 (10%)

Fluid status on nutritionDay

Normal * 28,499 (48%) 3619 (6%) 1147 (10%) 1284 (6%)

Overload 6214 (11%) 33,636 (53%) 5836 (51%) 1142 (58%)

Deficit 3267 (6%) 2723 (4%) 985 (9%) 886 (4%)

Missing 21,146 (36%) 23,311 (37%) 3311 (29%) 6178 (31%)

Any Intensive
Care Stay
before
nutritionDay

4143 (7.0%) 10,465 (17%) 564 (5%) 1464 (8%)

Medical specialty

General internal
medicine 29,173 (49%) 3958 (6%)

Oncology 11,412 (19%) 1953 (3%)

Gastroenterology/
Hepatology 9744 (16%) 1350 (2%)

Cardiology 5401 (9.1%) 1405 (2%)

Nephrology 1785 (3.0%) 370 (1%)

Infectiology 1611 (2.7%) 149 (0%)

Neurology 592 (1%) 4442 (22%)

Psychiatry 17 (0%) 1409 (7%)

ENT 2195 (3%) 1272 (6%)

General surgery 28,310 (45%)

Cardiothorcic
surgery 2013 (3%)

Characteristics n (%) Mean ± SD n (%) Mean ± SD n (%) Mean ± SD n (%) Mean ± SD

Orthopaedic
surgery 7803 (12%)

Trauma 2160 (3%)

Neurosurgery 1717 (3%)

Gynecology 1198 (2%) 1151(6%)

Long-term care 526 (1%) 9885 (88%)

Other 5955 (9%) 11,401(58%)

Pediatrics 46 (0%) 101 (1%)

Geriatrics 1572 (2%) 1785 (12%)

* indicates the reference categories.

There is some overlap between risk categories. Two third of patients (17,497/26,790) with weight
loss reported not eating normal in the previous week and a similar proportion did not eat all served on
nutritionDay (16,681/26,790).

Nearly 40% of patients (9551/24,679) that did eat normally in the previous week were eating less
than all meal served on nutritionDay indicating a new nutrition risk associated with hospitalization.
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In most patients (80%) all four nutrition risk factors, low BMI, weight loss, reduced eating during
the previous week and on nutritionDay could be evaluated. 91% had no more than one risk factor
missing. Only 32,216/140,418 (23%) of patients had no single nutrition related risk factor, 31% had one
risk factor, 28% two risk factors and 16% had three risk factors.

3.2. Nutrition Care

3.2.1. Food provision

Oral diet, either normal hospital food or special diet, was mostly used in medical patients (Table 3).
Two third of oral diets were given as hospital food and one third as special diet. Oral nutritional
supplements were given to 9.3% of patients whereas enteral nutrition was used in 7.1% and parenteral
nutrition in 3.5% (Table 3). Surprisingly, the use of enteral or parenteral nutrition only increased by a
factor of three between patients who reported having eaten their full meal and those who had eaten
nothing. Two-thirds of patients reporting eating nothing were on oral diet. The use of enteral and
parenteral nutrition was not differentiating much in patients who have eaten nothing regardless of
being allowed to eat or not.

Table 3. Nutrition care versus amount eaten on nutritionDay according to the patients in the four
studied groups.

Oral ONS EN PN Othercomb

Medical all 19,484 (88.4%) 1651 (7.5%) 1154 (5.2%) 289 (1.3%) 794 (3.6%)
n = 59,126 half 13,657 (89.1%) 1560 (10.2%) 770 (5%) 311 (2%) 544 (3.5%)

quarter 7176 (87%) 1132 (13.7%) 426 (5.2%) 354 (4.3%) 332 (4%)
nothing_a 2760 (74.7%) 448 (12.1%) 428 (11.6%) 306 (8.3%) 278 (7.5%)
nothing_na 2391 (65%) 226 (6.1%) 329 (8.9%) 417 (11.3%) 521 (14.1%)
missing 3377 (55.2%) 462 (7.6%) 1083 (17.7%) 381 (6.2%) 323 (5.3%)
Total 48,845 (82.6%) 5479 (9.3%) 4190 (7.1%) 2058 (3.5%) 2792 (4.7%)

Surgical all 19,368 (87.1%) 1468 (6.6%) 1286 (5.8%) 429 (1.9%) 1184 (5.3%)
n = 63,289 half 13,106 (86.6%) 1294 (8.5%) 913 (6%) 506 (3.3%) 906 (6%)

quarter 6066 (83.5%) 779 (10.7%) 472 (6.5%) 381 (5.2%) 536 (7.4%)
nothing_a 2384 (65%) 324 (8.8%) 448 (12.2%) 415 (11.3%) 573 (15.6%)
nothing_na 4611 (53%) 301 (3.5%) 810 (9.3%) 1535 (17.6%) 1906 (21.9%)
missing 3596 (57.3%) 392 (6.3%) 819 (13.1%) 605 (9.6%) 689 (11%)
Total 49,131 (77.6%) 4558 (7.2%) 4748 (7.5%) 3871 (6.1%) 5794 (9.2%)

Longterm all 3480 (84.3%) 824 (19.9%) 370 (9%) 15 (0.4%) 135 (3.3%)
n = 11,279 half 2858 (85%) 790 (23.5%) 268 (8%) 29 (0.9%) 113 (3.4%)

quarter 1312 (82.4%) 482 (30.3%) 130 (8.2%) 28 (1.8%) 70 (4.4%)
nothing_a 473 (67.8%) 225 (32.2%) 111 (15.9%) 41 (5.9%) 53 (7.6%)
nothing_na 200 (53.8%) 75 (20.2%) 85 (22.8%) 46 (12.4%) 43 (11.6%)
missing 672 (59.8%) 177 (15.8%) 247 (22%) 36 (3.2%) 45 (4%)
Total 8995 (79.7%) 2573 (22.8%) 1211 (10.7%) 195 (1.7%) 459 (4.1%)

Others all 7435 (87.5%) 509 (6%) 672 (7.9%) 70 (0.8%) 392 (4.6%)
n = 19,776 half 4398 (87%) 380 (7.5%) 403 (8%) 84 (1.7%) 258 (5.1%)

quarter 1885 (85.4%) 267 (12.1%) 147 (6.7%) 78 (3.5%) 118 (5.3%)
nothing_a 628 (67.7%) 84 (9.1%) 160 (17.3%) 68 (7.3%) 90 (9.7%)
nothing_na 544 (62.2%) 49 (5.6%) 100 (11.4%) 101 (11.5%) 131 (15%)
missing 1214 (54.7%) 124 (5.6%) 355 (16%) 91 (4.1%) 128 (5.8%)
Total 16,104 (81.4%) 1413 (7.1%) 1837 (9.3%) 492 (2.5%) 1117 (5.6%)

Percentages are indicated within each eating category. Multiple entries in the nutrition type for
one patient are possible. Patients who ate nothing on nutritionDay were divided into those who did
not eat even if they were allowed to (nothing_a) and those who did not eat because they were told not
to eat by the doctor (nothing_na) as, for instance, before planned surgery or diagnostic tests. Combined
enteral and parenteral nutrition was used in less than 2.5% of patients in any patient category and is
not shown.
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3.2.2. Process indicators

A total of 1415 units reported in 2016–2018 about the screening tool utilised (Figure 2). The majority,
used a formal tool such as NRS-2002 (Nutrition Risk Screening 2002), MUST (Malnutrition Universal
Screening Tool), MST (Malnutrition Screening Tool), or a local tool. Only 10% of the units did not
have a routine screening nor fixed screening criteria. Patients identified as malnourished were overall
3340/28,100 (11.9%), with the highest proportion identified with an informal tool 722/4793 (15.1%) or
NRS-2002 1169/8453 (13.8%) followed by MUST 134/1210 (11.1%), MST 269/2269 (11.9%) and visual
experience 197/1666 (11.8%) whereas the proportion of identified malnourished patients was lower with
no implemented routine 204/2154 (9.5%). The proportion of patients identified at nutritional risk was
overall 4944/28,100 (17.6%). Of those, the highest proportion, 22.4% was identified with an unspecified
tool while only 14–16% of patients were identified at risk when no routine, only visual appearance or
MST was used. Only 28.9% of malnourished patients had a BMI below 18.5, 49.8% a normal BMI, 21.4%
were overweight or obese. Being identified as malnourished was associated with unintentional weight
loss within the last three months in 85% of patients, with reduced nutrient intake before admission in
57% of patients and with not eating a full lunch in hospital in 65% of patients. Not being identified as
malnourished or at risk of malnutrition was associated with unintentional weight loss within the last
three months in 47% of patients, with reduced nutrient intake before admission in 28% of patients and
with not eating a full lunch in hospital in 48% of patients. The proportion of patients with two or more
nutrition risk factors was 50% in the 2016–2018 cohort.

 
Figure 2. Proportion of different methods/approaches used for malnutrition screening in 1415 units
from 46 countries in the nutritionDay cohort 2016–2018. NRS-2002 (nutrition risk screening 2002);
MUST (Malnutrition Universal Screening Tool); MST (Malnutrition Screening Tool); SNAQ (Short
Nutritional Assessment Questionnaire).

Nutrition intake monitoring was more frequent in patients with unintentional weight loss than in
patients with stable weight (52% versus 41%) (Figure 3). Still, nearly 50% of patients with a history
of weight loss did not have their nutrition intake monitored while in hospital. Similarly, history of
poor nutrition intake before admission triggered more frequent monitoring compared with history of
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normal eating but intake was never monitored in more than 50% of patients with a history of poor
nutritional intake. Actual poor food intake did not have any effect on monitoring of food intake.

Figure 3. Nutrition care process indicators versus three nutrition associated risk factors. Daily nutrition
intake monitoring (left) and nutrition expert consulted (right). Bars indicate percentage answering
“yes”, significant differences to each reference group are shown with * p < 0.005 and ** p < 0.00001,
‘n.s.’ indicates no significant difference. Missing values were <7.5% in all subcategories. Colour coding
similar to Figure 1 (the empty bar is the reference).

A nutrition expert was consulted more frequently when an unintentional weight loss was reported
by patients or when food intake was reported as reduced before hospital admission (Figure 3).
A nutrition expert was never consulted in more than 46% of patients even when risk factors were
reported. Documentation of malnutrition in patient’s chart followed a similar pattern as consulting an
expert and was always below 41%.

Low BMI was associated with a more frequent monitoring of intake (58% versus 47%) (p < 0.0001)
and malnutrition reporting in patient record (52% versus 36%) (p < 0.0001) compared with normal
BMI. In obese patients (BMI 30–35) we observed the lowest intake monitoring (40%) and malnutrition
reporting (27%).

3.3. Outcome

Thirty days after nutritionDay we collected outcome data and found that 73% of the study
patients had been discharged home, 11.8% had been transferred to another health care facility, hospital,
long-term care or rehabilitation; 9.4% were still in the same hospital and 5.5% had died (Table 4).
Similar results were observed in the sensitivity analysis. In medical patients, death was observed more
than twice as frequently as in surgical patients (4.6% versus 1.7%, p < 0.0001) and was similar to the
groups geriatrics and long-term care (4.6% versus 4.8%, p < 0.0001).

The group “other”, which includes patients from neurology, psychiatry and non-operative patients
in gynecology and ENT, has a lower mortality (2.6% versus 4.6%) (p < 0.0001) a lower proportion
discharged home p > 0.0001) at day 30 after nutritionDay than medical patients (Table 4).
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Table 4. Outcomes in hospital within 30 days after nutritionDay in the four patient groups.

Outcome Surgery Medical Longterm Other

in hospital 5740 (9.1%) 4639 (7.8%) 1560 (13.8%) 2303 (11.6%)
transfer other hospital 1500 (2.4%) 1343 (2.3%) 290 (2.6%) 390 (2%)
transfer longterm care 1424 (2.2%) 2109 (3.6%) 1471 (13%) 574 (2.9%)
transfer rehabilitation 1967 (3.1%) 1341 (2.3%) 441 (3.9%) 535 (2.7%)
discharge home 39,705 (62.7%) 36,439 (61.6%) 4710 (41.8%) 11,049 (55.9%)
death within 30 days 1053 (1.7%) 2721 (4.6%) 541 (4.8%) 512 (2.6%)
other destination 948 (1.5%) 1033 (1.7%) 322 (2.9%) 376 (1.9%)
missing 10,952 (17.3%) 9501 (16.1%) 1944 (17.2%) 4037 (20.4%)

Nutrition risk factors were associated with death in hospital within 30 days in a univariate analysis
with odds ratios 2.6 CI 95 [2.2–3.0] for weight loss, 5.5 CI 95 [4.6–6.6] for eating less than a quarter of
their meals in the previous week and 7.6 CI 95 [6.1–9.6] if eating nothing on nutritionDay despite being
allowed to eat. The prevalence of individual risk categories for weight loss, decreased eating last week
and on nutritionDay were associated with significantly worse outcomes (Figure 1), while increasing
BMI was associated with decreasing odds ratios for death.

Other risk factors such as increasing age and male gender were also associated with poor outcome.
The largest univariate association with hospital death was observed in patients with reduced mobility
or those who were bedridden. Mortality within 30 days after nutritionDay increased with the number
of nutrition risk factors present from 0.9% for no risk factor, 1.68% for one risk factor, 3.55% for two
risk factors, 8.13% for three risk factors and 13% for four risk factors.

Multivariate Outcome Analysis

All risk factors that were significantly associated with 30 days hospital death in the univariate
analysis were also significant in the multivariate analysis (Figures 4 and 5) including all affected
organs and comorbidities that could be estimated. Most estimates indicated a reduced strength of
the association of the individual risk factors compared with univariate analysis, which indicates
confounding. In the multivariate analysis, history of decreased eating before hospital admission was
associated with higher odds ratio for death in surgical patients than in medical patients, weight loss
was associated with similar odds ratio. History of a stay in intensive care during the hospitalization
before nutritionDay was found to be significantly associated with death only in medical patients.
“Eating less than normal in the previous week” is associated with death 30 days after nDay in medical,
surgical and long-term care patients but not in the “other” group. Weight loss is only associated with
poor outcome in medical and surgical patients. Higher BMI was associated with better outcome in
medical, surgical and “other” patients, an observation called “reverse epidemiology” and low BMI
with worse outcome but not in long-term care patients. Higher age is in all groups associated with
worse outcome. Abnormal fluid status, identified as either overloaded or dehydrated, based on clinical
judgment, was a robust risk indicator in all patient groups. Decreased food intake on nutritionDay
was always associated with worse outcome. A clear difference between eating nothing while not being
allowed (nil by mouth) or being allowed is only found in the surgical patient group whereas in all
three other groups there was no clear difference. A very robust risk indicator is “reduced mobility” in
all patient groups (Figure 4). Having had an ICU stay before nutritionDay was only associated with
worse outcome in medical patients.
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Figure 5. Multivariate analysis of association between organ related disease categories from ICD 10 as
well as comorbidities and death in hospital within 30 days after nutritionDay for medical, surgical,
long-term care and other patient groups with the general linear model for logistic regression with
wards as clusters and weighting of individual patients for sampling probability [25] and including
demographic and nutrition related risk factors (see Figure 4). Odds ratios (OR) with 95% confidence
intervals indicated by horizontal line. Multiple entries are possible. Missing values are included in the
model as individual categories.

The association between affected organs as derived from ICD 10 categories is very different for
medical and surgical patients (Figure 5). No comorbidities had a negative prognostic effect in the
multivariate analysis.

4. Discussion

This analysis of medical/surgical patients from the nutritionDay cohort 2006–2015 showed that
individual nutrition risk indicators such as low BMI, weight loss in last three months, poor eating
before admission and low nutrient intake in hospital are highly prevalent in hospitalized patients and
are associated with poor hospital outcome within 30 days after nutritionDay. Each additional risk
indicator observed was associated with a nearly two-times higher mortality in the overall population.

All four risk indicators were independently associated with death in the hospital within 30 days
after nutritionDay in the multivariate analysis (Figure 4) in the two largest groups medical and surgical
patients. There is no clear indication that a single risk indicator can be ignored because the presence of
each risk indicator is associated with a higher rate of dying by nearly a factor of two for these two
groups. Surprisingly recent weight-loss and lower BMI was not associated with worse prognosis in
long-term care whereas only weight-loss was not associated with worse outcome for the group of
non-medical and non-surgical patients including neurological and psychiatric disorders.

Three risk indicators emerge similarly for all four patient groups, poor eating in hospital, reduced
mobility and altered fluid status. All three had also being found as individual risk indicators in
the PANDORA risk scoring system whereas recent weight loss and history of poor eating were not
included [5]. These robust factors may also serve as indicators that may trigger more consistent
observation and initiation of treatments that have proven to efficacious [26].

In recent years (2016–2018) healthcare teams identified only half of the patients as having nutrition
related risk factors such as being malnourished or at risk of malnutrition in comparison to the
nutritionDay indicators 8701/28,013 (31%) versus 21,070/28,100 (75%) such as unintentional weight
loss, low BMI or decreased food intake. Thus, it appears that a large group of patients with nutrition
related risk factors is not identified in standard care practice. This observed gap may originate from
the different type of data collected from patients during routine clinical practice and the targeted data
collection of the nutritionDay audit.

The efficiency of interventions may depend on the size of risk of the individual patient. It has
recently been demonstrated that patients identified at high risk of malnutrition by the Nutritional
Risk Screening (NRS-2002) risk system benefit from an integrated intervention [26]. It is unknown,
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however, whether the large group of patients with moderate risk, which account for almost half of
the hospitalized patients on any given day, would also benefit from some targeted interventions.
Interventions effective for the moderate risk group may be less complex and costly, and potentially
integrated in to routine care processes, and could lead to better outcomes and reduced hospital length
of stay and better patient outcomes.

4.1. Nutrition Care

Nutrition care processes such as screening, prescribing nutrition treatment, monitoring daily
nutrition intake and recording of malnutrition status are applied in less than 50% of patients. These
observations may again arise from identification issues, from lack of a systematic screening processes
which then lead to a weak targeting even in the presence of nutrition risk factors. Educational gaps
of healthcare professionals in the field of nutrition, as well as the importance given to nutrition care
might also be considered crucial to fight DRM. Recent results from a large randomized trial [26] from
a Swiss team could demonstrate that a systematic approach to patients with nutrition risk factors is
associated with a decreased short and long-term mortality.

Our data suggest that a systematic care for patients with nutrition related risk factors in hospitals
is currently missing. Reception and dissemination of current recommendations from major clinical
nutrition societies such as ESPEN and ASPEN requires further efforts to reach all the involved
stakeholders, not only those directly involved in nutrition care but also those in management and
decision making.

4.2. Political Action Derived from Observations

A structured approach to tackle the challenges of disease related malnutrition needs to include
all involved stakeholders to implement universal screening for risk factors, apply systematically
supportive nutrition care, monitor the effect in individual patients and take measures to promote
continuity of care after discharge from acute care hospitals.

4.3. Limitations of the Study

A limitation of such a cross-sectional international data collection may be that clinical observations
and their evaluation are not matching the same clinical pattern. Participants are provided with a
document explaining all collected variables in English and with questionnaires which were translated
and checked by clinicians in order to achieve as much as possible consistency between answers. Great
care was taken to utilize a simple and self-explanatory wording. This was also essential because
the patient questionnaires are intended to be answered by patients independently of their education
level. For such factors as fluid status, overloaded or dehydrated, we had to accept the data as
clinically evaluated.

Such large databases with participating centres from more than 60 countries carry also the risk of
missing data and non-homogeneous data reporting. Over the years we found stable proportions of
missing data in the individual risk indicators. Surprisingly, this missingness does not appear to be
at random as missing data were often associated with a poor outcome and not with an intermediate
outcome from the various strata of a variable. We have addressed this issue by including missing
categories in all variables as recommended by the STROBE statement [23] and have performed
in addition a sensitivity analysis with complete cases without missing data that yielded quite
similar results.

In addition, large databases may identify risk indicators with a minimal clinical relevance despite
a large univariate effect. We have, thus, selected to present multivariate analysis where spurious
associations are less likely.

A further limitation is that cross-sectional observational data from a convenience sample are not
appropriate to determine a causal association between risk indicators and outcome. Nevertheless
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only observational studies can identify risk indicators because risk indicators cannot be randomised
(Table 5).

Table 5. Problem areas and suggested options for political action.

Problem Area Political Action

Education of all healthcare professionals directly
involved in patient care in disease related
malnutrition and nutrition care insufficient.

Mandatory inclusion of disease related malnutrition
and nutrition care processes in curriculum for nurses,
doctors, dieticians, etc.

Limited awareness of the importance of nutrition in
disease states in the public especially the population
at risk.

National nutrition care campaigns targeting the
general population, residents of nursing homes and
also targeted nutrition campaigns run through
general practitioners. Availability of an education
platform for patients and families.

Nomination of responsible person or team for patient
nutrition care missing. No monitoring of nutrition
care processes part of hospital quality control.

Mandatory designation of a nutrition
team/responsible person in each hospital with a
threefold responsibility: coordination of expertise,
definition of processes and regular benchmarking of
applications of processes through initiatives like
nutritionDay, the Dutch nutrition benchmarking
program, the British malnutrition awareness week
and the analysis of electronic patients records.

Inconsistent screening and collection of data. Missing
documentation of nutrition risk factors and
communication of nutrition status and care at
discharge to the next sector.

Mandatory inclusion of data in a nutrition care
benchmarking program. Definition and inclusion of
mandatory harmonized fields for a systematic
collection and documentation of nutrition risks
factors and nutrition care processes in the electronic
patient record. Inclusion of planned nutrition
treatment recorded in patient’s discharge
letter/information to patients and relatives.

Missing patients and families empowerment due to
insufficient communication of nutrition status and
care to the patients and their families.

Mandatory monitoring of communication processes
in quality assurance programs.

Lack of a harmonized reimbursement schemes for
nutrition related processes such as screening,
assessment and treatment such as oral nutritional
supplements, enteral or parenteral nutrition.

Clear reimbursement schemes.

Missing a partnership for hospital food provision and
of a positive image for hospital food.

Creation of a public best practice platform for food
provision in hospitals. Supported use of local food in
hospital kitchen for the creation of wealth not only for
the community using the hospital but also for the
local community.

5. Conclusions

In summary the analysis and dissemination of the nutritionDay data helps to increase awareness
of nutrition related issues in hospitals and provides discussion for potential political actions. There
are many options for political action. The key points appear to be the raised awareness about
all the described aspects related to DRM to all stakeholders, as well as the proposal of easy and
standardized nutrition care processes, defined responsibilities within hospitals, and the establishment
of adequate reimbursement schemes. Collection of data is crucial to allow monitoring of DRM as well
as food provision at all levels and to allow benchmarking and discussion within the teams. DRM is
unlikely to disappear from hospitals because disease acts as a strong driver towards malnutrition.
Appropriate nutrition care should be continued after discharge to prevent further deterioration in
patient’s autonomy, quality of life and poor outcome. A systematic approach to DRM in hospitals and
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an adequate continuity of care may lead to better outcomes [11,12,26]. nutritionDay in this regard has
served and it will keep serving as a tool to monitor changes in clinical practice and associated outcome.
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Abstract: Liver, pancreatic, and inflammatory bowel diseases are often associated with nutritional
difficulties and necessitate an adequate nutritional therapy in order to support the medical treatment.
As most patients with non-alcoholic fatty liver disease are overweight or obese, guidelines recommend
weight loss and physical activity to improve liver enzymes and avoid liver cirrhosis. In contrast,
patients with alcoholic steatohepatitis or liver cirrhosis have a substantial risk for protein depletion,
trace elements deficiency, and thus malnutrition. Patients with chronic pancreatitis and patients with
inflammatory bowel disease have a similar risk for malnutrition. Therefore, it clearly is important
to screen these patients for malnutrition with established tools and initiate adequate nutritional
therapy. If energy and protein intake are insufficient with regular meals, oral nutritional supplements
or artificial nutrition, i.e., tube feeding or parenteral nutrition, should be used to avoid or treat
malnutrition. However, the oral route should be preferred over enteral or parenteral nutrition.
Acute liver failure and acute pancreatitis are emergencies, which require close monitoring for the
treatment of metabolic disturbances. In most patients, energy and protein requirements are increased.
In acute pancreatitis, the former recommendation of fasting is obsolete. Each disease is discussed
in this manuscript and special recommendations are given according to the pathophysiology and
clinical routine.

Keywords: monitoring; malnutrition; micronutrient deficiency; inflammation; oral nutritional
supplements; artificial nutrition

1. Introduction

Gastrointestinal diseases are often associated with nutritional deficiencies. The complications
range from digestive problems to nutrient absorption disorders and necessitate an adequate nutritional
therapy in order to support the medical treatment. In this article, we focus on diseases of three
important organs: Liver, pancreas, and intestine.

The liver is the main metabolic organ of the human organism because of its multiple functions;
e.g., the liver controls the glucose homeostasis by regulation of glycogen synthesis, glycogenolysis, and
gluconeogenesis. In addition, important body proteins and lipids are metabolized and synthesized
in liver cells. Next to these metabolic pathways, the liver has an exocrine function by secretion
of bile acids and detoxification of ammonia by urea production and glutamine synthesis. Taken
these extensive functions into account, it is obvious that liver diseases and thus restrictions in liver
functions have far-reaching consequences also for clinical nutrition. An important and by dietary
habits increasing liver disease is non-alcoholic fatty liver disease (NAFLD), when the fat content of
hepatocytes increases [1,2]. NAFLD aggregates benign hepatosteatosis, progressive and inflammatory
non-alcoholic steatohepatitis (NASH) [3]. Insulin resistance, hyperinsulinemia, elevated plasma
free fatty acids, fatty liver, hepatocyte injury, liver inflammation, oxidative stress, mitochondrial
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dysfunction, imbalanced pro-inflammatory cytokines, and fibrosis characterize NAFLD [4]. The other
main cause for the development of steatosis is alcohol abuse. Chronic high alcohol consumption causes
reduced fatty-acid oxidation as well as increased triglyceride synthesis and deposition, and thereby
supports the development of alcoholic steatohepatitis (ASH). Usually, steatohepatitis can be reversible
if the relevant noxious agent is eliminated. Inadequate or lack of treatment over many years increases
the risk for the development of a liver cirrhosis. Thus, 15–20% of patients with NAFLD will develop
liver cirrhosis [5]. Next to these liver diseases that develop over many years, acute liver failure may
occur usually as a medical emergency.

Another important organ, which can develop inflammatory processes, is the pancreas. This organ
plays a central role in digestion due to its exocrine and endocrine function. A total of 98% of pancreatic
tissue is part of the exocrine function, whereby pancreatic enzymes are secreted for food digestion.
The endocrine part is located in the Langerhans cells, secreting insulin and glucagon for regulation
of glucose homeostasis. Acute pancreatitis is a severe disease, causing self-digestion of the pancreas
due to prematurely activated digestive enzymes. Patients with chronic pancreatitis have recurrent
inflammatory episodes that replace the pancreatic parenchyma by fibrous connective tissue resulting
in a progressive loss of exocrine and endocrine function. Characteristic complications and symptoms
are pain, pseudocysts, and pancreatic duct stenosis [6].

The largest digestive organ is the intestine, which regulates the absorption of nutrients. Two
important diseases of the intestine are Crohn’s disease (CD) and ulcerative colitis (UC) that are
characterized by periods of remission and inflammatory flare-ups [7]. In CD, the small and large
intestine as well as the mouth, esophagus, stomach, and the anus can be affected with typical ulcerations
that occur discontinuously. In contrast, UC mostly affects the colon and rectum and usually shows
a continuous pattern of the mucosa. Despite multiple differences, these two diseases share similar
symptoms such as abdominal pain, diarrhea, and malnutrition. Hence, these diseases were grouped in
the term inflammatory bowel disease (IBD) [7,8].

Nutritional care is clearly important in the treatment of patients with IBD, pancreas or liver disease.
Nutritional management includes prevention and/or treatment of malnutrition and micronutrient
deficiencies as well as specific recommendations for each condition.

2. Liver Diseases

2.1. Non-Alcoholic Fatty Liver Disease (NAFLD)

So far, there are no approved pharmacological therapies for NAFLD [3]. One reason is that the
pathophysiology of NAFLD is not yet fully understood despite enormous advance in this field of
research. Since overnutrition is the key problem of NAFLD and most of the patients are overweight
or obese, weight loss is an obvious therapeutic possibility, hence, intensive lifestyle interventions are
well studied [4,5]. The guideline on clinical nutrition in liver disease recommend a 7–10% weight loss
to improve steatosis and liver enzymes [3,9]. To improve fibrosis, a weight loss of more than 10% is
necessary [10]. Lifestyle interventions including diet and physical activity should be the first-line
treatment and only if all efforts fail, bariatric surgery should be proposed [11,12].

In addition, the composition of the diet may also have an effect on liver fat. Low-carbohydrate
diet may be helpful with weight loss, but over a long time, a low-carbohydrate diet stimulated NAFLD
pathogenesis in an animal model [4]. It is speculated that the carbohydrate’s composition is crucial [4].
For example, fructose can easily induce metabolic complications in the liver and in contrast, fiber
might be helpful to maintain blood glucose and thus prevent NAFLD. Furthermore, a fat-rich diet
induces hepatic steatosis, but only saturated fatty acids are detrimental for the liver metabolism.
Monounsaturated fatty acids might be beneficial and polyunsaturated fatty acids might even be a
treatment option for NAFLD [4].

The evidence suggest that increased oxidative stress and changes in several molecular factors like
pro- and anti-inflammatory cytokines are mainly involved in the progression of NAFLD [13]. Therefore,
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antioxidants like vitamin C or polyphenols (e.g., resveratrol, curcumin, quercetin, anthocyanin, green
tea polyphenols) might have beneficial effects to improve NAFLD [4]. Kitade et al. (2017) showed that
the dietary administration of the carotenoids β-crypoxanthin and astaxanthin not only prevents but also
reverses NASH progression in mice by regulating M1/M2 macrophage/Kupffer cell polarization [13].
NAFLD induced by diets high in sucrose/fructose or fat can be prevented or improved by soy protein
(β-Conglycinin) by decreasing the expression and function of the two nuclear receptors SREBP-1c and
PPAR γ2. Fish oil with ω-3 fatty acids inhibits SREBP-1c activity, but controversially increases PPAR
γ2 expression [13,14]. In summary, research results for the effects of micronutrients on NAFLD showed
positive effects on some factors in liver metabolism. However, it remains unclear whether the use of
antioxidants and ω-3 fatty acids improve liver disease, thus, further investigations are needed and
no recommendation can be given [4]. In contrast and only in non-diabetic adults, vitamin E (800 IU
α-tocopherol daily) can improve liver enzymes and histologic pathology [11,15].

The Mediterranean Diet, which is characterized by a high content of antioxidants and fiber, a
balanced lipid profile and a low content of simple sugar, seems to be the optimal diet for the management
of NAFLD. This diet is a natural multi-ingredient supplement that may exert its related health benefits
by the synergistic and/or complementary action of each food compound [16]. A Mediterranean diet
low in carbohydrates mobilizes more liver fat compared to a low fat diet with a similar weight loss [17].

2.2. Alcoholic Steatohepatitis (ASH), Liver Cirrhosis, and Acute Liver Failure

The nutritional recommendations for patients with ASH and liver cirrhosis are fundamentally
different compared to the recommendations for patients with NAFLD, because these patients have a
high risk for protein depletion, trace elements deficiency, and malnutrition. Twenty percent of patients
with a compensated and 60% of patients with a decompensated liver disease are malnourished [18–20].

Therefore, screening for malnutrition is highly recommended on a regular basis in patients with
ASH and liver cirrhosis, but the nutritional assessment can be difficult in patients with cirrhosis
especially if there is associated fluid retention and/or obesity. Patients with cirrhosis may have a
combination of loss of skeletal muscle and gain of adipose tissue, culminating in the condition of
“sarcopenic obesity”. In addition, patients had a loss or deficiency of several other nutrients such
as vitamin D and zinc [21]. The Nutritional Risk Screening-2002 and the Malnutrition Universal
Screening Tool are validated and well-known tools to screen patients at risk for malnutrition [22].
Specifically in patients with liver disease, the Royal Free Hospital Nutrition Prioritizing Tool (RFH-NPT)
was developed and when compared to Nutritional Risk Screening, it was more sensitive to identify
malnourished liver patients. Next to the important variables unplanned weight loss and reduced
dietary intake, the RFH-NPT has additional score points for complications like fluid overload and
diuretics [23,24]. In addition, the presence or absence of sarcopenia may be assessed with radiological
methods, because sarcopenia is a strong predictor of mortality and morbidity in patients with liver
disease [25,26]. Next to radiological methods, handgrip strength is a simple, objective, and practical
method to assess sarcopenia [21].

In case of malnutrition, patients need extensive nutritional counseling and therapy. The
treatment is a challenge as the nutritional problems are multifactorial [11]. Usually, the resting
energy expenditure is increased [27,28] and patients are required to consume 35–40 kcal/kg body
weight [23]. Non-malnourished patients should eat 1.2 g protein/kg body weight per day to cover
the protein needs, whereas the optimal intake of malnourished and/or sarcopenic patients is 1.5 g
protein/kg body weight [11,23]. If energy and protein intake are not adequate with regular meals, oral
nutritional supplements (ONS), or artificial nutrition (tube feeding or parenteral) should be used to
avoid or treat malnutrition. However, the oral route should be preferred over enteral or parenteral
nutrition. The standard formulas should be used, preferably formulas with high energy density
(≥1.5 kcal/mL). In case of tube feeding, a percutaneous endoscopic gastrostomy placement is not
recommended and can only be used in exceptional cases because of a higher risk of complications, e.g.,
infections, ascites, or oesophageal varices [22].
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Patients with ASH or liver cirrhosis have poor hepatic glycogen stores due to the impaired
synthetic capacity of hepatic cells, hence, an overnight fast in these patients is equivalent to a nearly
72 hours fast in healthy persons. As a result, metabolism shifts to fatty acids as a dominant substrate
for oxidation. Some tissues dependent on glucose will need neoglucogenesis from amino acids as
fatty acids cannot be used for this process. This leads to mobilization of amino acids from the skeletal
muscles so that the adequate amount of glucose can be produced. Repeated and frequent fasting results
in recurrent proteolysis resulting in muscle loss in human cirrhotic patients [21,29]. Therefore, fasting
periods should be avoided and patients with severe liver disease, who have to fast for more than twelve
hours, should receive intravenous glucose (2–3 g/kg body weight). When the fasting period lasts longer
than 72 hours, total parenteral nutrition may be required [11]. At home, periods of starvation should
also be kept short and, therefore, the consumption of three to five meals a day and a late evening
snack are recommended [30]. One complication of severe liver disease is hepatic encephalopathy, a
disorder of the central nervous system with a wide spectrum, ranging from psychomotor impairments
to coma [31]. In case of hepatic encephalopathy, protein intake should no longer be restricted in
cirrhotic patients as it increases protein catabolism and thus promotes malnutrition [32]. Advanced
cirrhosis patients could benefit from branched-chain amino acids (0.25 g/kg body weight) in order to
improve event-free survival and quality of life [33].

Acute liver failure may occur as a medical emergency. In multi-organ failure, a severe derangement
of the whole metabolism can occur in these patients due to loss of hepatocellular functions. The
metabolic condition is characterized by impaired hepatic glucose production and lactate clearance
as well as protein catabolism associated with hyperaminoacidemia and hyperammonemia [11,34,35].
In general, patients with acute liver failure should be treated in the same way as other critically ill
patients. Therefore, the patients need to be monitored regularly and if necessary, macronutrients,
vitamins, and trace elements should be supplemented [11]. On the one hand, the energy requirement
of patients with acute liver disease is increased [36], but on the other hand, a hypercaloric diet induces
hyperglycemia and hyperlipidemia. Therefore, it is important to achieve an iso-energetic diet in order
to avoid malnutrition and complications. For metabolic monitoring, the following target values should
be aimed at: Blood glucose 8–10 mmol/L, serum lactate <5 mmol/L, triglycerides <3 mmol/L, and
ammonia <100 mmol/L. The protein requirement is set at 0.8–1.2 g/kg body weight [11]. A summary of
nutritional recommendations in liver disease are presented in Figure 1.

Figure 1. Summary of nutritional recommendations in liver disease.
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3. Pancreatic Diseases

3.1. Acute Pancreatitis

The degree of the inflammatory response of the pancreas plays an important role for the assessment
of clinical nutrition. Normally, patients with a mild or moderately severe pancreatitis do not need
a specific nutritional? intervention, but every patient with acute pancreatitis should be screened
for malnutrition with the regular tools and in case of malnutrition, receive an adequate nutritional
therapy [37]. The energy and protein requirements are usually not increased and the patients are
allowed to eat normal food independently of lipase and amylase activity [37,38]. In contrast to former
medical opinions, fasting after an inflammatory episode has no positive effect on the clinical course or
prognosis of acute pancreatitis. During the course of pancreatitis, exocrine secretion is blocked and
therefore a stimulation of the exocrine function by food intake or artificial nutrition is not expected [6,37].
For those patients who can tolerate an oral diet, an initial low-fat solid diet is preferred [39,40]. This
early approach to oral feeding may reduce the length of hospital stay in these patients [41].

In contrast, patients with severe necrotizing pancreatitis need an adequate clinical nutritional?
strategy. Initial short-time fasting could be beneficial for patients with ileus or nausea and vomiting, but
within 24–48 hours, enteral nutrition should be started. Early enteral nutrition has a more preventive
then a nutritive effect, because early enteral nutrition decreased mortality and complications [42–44].
Parenteral nutrition instead could result in an intestinal villous atrophy within a few days, which then
facilitates bacterial translocation and may result in severe infections. The administration of enteral
nutrition counteracts translocation, and therefore enteral nutrition should be administered whenever
possible to prevent intestinal atrophy [6,45].

Due to inflammation and pain, patients with severe acute pancreatitis have an increased energy
and protein requirement [46]. Energy requirement is set at 25–30 kcal/kg body weight, glucose intake
at 2–4 g/kg body weight, and protein at 1.2–1.5 g/kg body weight. Infusion rate for lipids should be
0.8–1.5 g/kg body weight and the infusion should be monitored regularly since triglycerides in plasma
should be <12 mmol/L. Trace elements are supplemented in normal concentrations and high-dose
vitamin supplements are not required [37]. In addition, administration of pre- and probiotics as well
as immunonutrition cannot be recommended since studies so far have not shown a clear beneficial
effect [47,48]. To reach the nutritional goal, enteral nutrition can be completed with oral food intake
or parenteral nutrition if necessary. In case of total parenteral nutrition over a long time period,
administration of 0.2–0.5 g glutamine/kg body weight could protect against infections and reduce
mortality [49]. In addition, monitoring of volume substitution is very important and can decrease
mortality [6]. An early return to normal food intake should be pursued [6]. After an episode of
acute pancreatitis, approximately 20% of the patients develop the common complications diabetes
and exocrine pancreatic insufficiency [50]. Therefore, patients should be regularly screened for these
complications in order to prevent nutritional status.

3.2. Chronic Pancreatitis

Patients with chronic pancreatitis have a high risk for malnutrition due to maldigestion from
pancreatic exocrine insufficiency in combination with inflammation and increased energy metabolism.
Pancreatic exocrine insufficiency is the main pancreatic cause of malnutrition in these patients [51].
In addition, due to diarrhea and steatorrhea, patients with chronic pancreatitis often have a deficiency
of the fat-soluble vitamins A, D, E, and K. Malnutrition is associated with an increased complication rate
and increased mortality [52]. Therefore, malnutrition should be avoided using nutritional counseling
and if necessary artificial nutrition. Energy requirement is set at 25–30 kcal/kg body weight and
protein requirement at 1.5 g protein/kg body weight. Since alcohol is an important cause for chronic
pancreatitis, patients should avoid alcohol completely [6,37,53].

In the case of pancreatic exocrine insufficiency, patients should be supplemented with pancreas
enzymes. The exocrine insufficiency is diagnosed if the patients have either steatorrhea (>15 g/day fecal
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fats) or suffer from manifest maldigestion, respective malabsorption. For a first indication, patients
can be asked whether they see undigested food in their feces or if the feces are difficult to wash away.
Further examination could be a pancreatic function test and the evaluation of maldigestion-related
symptoms like diarrhea or flatulence, poor nutritional status, and fecal elastase-1 concentration [51,52].
In patients with an exocrine insufficiency, low levels of circulation fat-soluble vitamins, proteins like
albumin, lipoproteins, apolipoproteins, and mineral trace elements like magnesium, zinc, or calcium,
can occur [54–57]. Since most of these abnormalities are related to pancreatic exocrine insufficiency, a
laboratory analysis might be helpful in order to diagnose the insufficiency. However, other factors
like toxic habits or deficient food intake may play a relevant role, too [51]. Pancreas enzymes should
be taken during the meals and the dosage is based on lipase activity. A range of 20.000 to 40.000
lipase units per main meal should be administered as an initial dose and 10.000 to 20.000 units for
the digestion of smaller in-between snacks [6,58]. It is not necessary to avoid high fat intake if the
exocrine pancreas function is compensated [37]. The replacement therapy should promote digestion,
but a complete normalization of digestion is usually not achieved. However, there are several options
for a failure of normalization. First, the pH value in the stomach inactivates the pancreatic enzymes.
Therefore, the addition of a proton-pump inhibitor before breakfast and dinner is recommended in
cases of an unsatisfactory clinical response to the standard dose of pancreatic enzymes [59]. Second,
the enzyme dose should be increased if needed to normalize digestion and the nutritional status of the
patients. If these two strategies fail, another cause for maldigestion like bacterial overgrowth should be
evaluated [51]. A summary of nutritional recommendations in pancreatic disease is shown in Figure 2.

Figure 2. Summary of nutritional recommendations in pancreatic disease.

4. Inflammatory Bowel Diseases (IBD)

IBD is a heterogeneous and multifactorial disorder resulting from a complex interplay between
genetic variation, intestinal microbiota, the host immune system, and environmental factors such
as diet, drugs, breastfeeding, and smoking [60–62]. The relationship between dietary nutrients
and intestinal homeostasis is complex and influenced by several interactions between host immune
system, the intestinal barrier, and the gut microbiota [60,63]. Patients with IBD have a high risk for
malnutrition, which may be the result of reduced oral intake, increased nutrient requirement, increased
gastrointestinal losses of nutrients, and occasionally from drug–nutrient interactions [7,64]. In pediatric
patients, malnutrition is the main cause for growth retardation [65,66]. In CD, malnutrition is a great
problem compared to UC because any part of the gastrointestinal tract can be affected. Therefore, the
risk for malnutrition remains even when the disease is quiescent. UC is normally restricted to the
colon and hence shows few malabsorptive problems except in active disease [64]. Due to the high
risk, patients with IBD should be screened for malnutrition using the established tools at the time of
diagnosis and thereafter on a regular basis [67,68]. Malnourished patients should receive an adequate
nutritional therapy because otherwise it worsens the prognosis, complication rates, mortality, and
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quality of life [67,69,70]. The energy requirement of patients with IBD are normally not increased as
well as the protein requirement in remission. In contrast, protein requirement is increased in active
IBD and therefore, the protein intake should be 1.2–1.5 g/kg body weight [67,71,72].

In addition, patients with IBD have a high risk for micronutrient deficiencies due to losses from
diarrhea and/or inadequate dietary intake. The most common micronutrient deficiencies are iron,
calcium, selenium, zinc, and magnesium depletion. Vitamin deficiencies include all vitamins and
in particular B12, folic acid, and vitamins A, D, and K [73,74]. For example, selenium, zinc, and
magnesium depletions are caused by an inadequate dietary intake and chronic loss because of diarrhea.
Symptoms associated with deficiencies include bone health impairment, fatigue, poor wound healing,
and cartilage degeneration [73,74]. An example for the influence of medication is cholestyramine
that can interfere with absorption of fat-soluble vitamins, iron, and B12 vitamin. Main side effect is
steatorrhea due to impair absorption of fats [75]. Therefore, laboratory values of patients should be
checked on a regular basis and possible deficits should be appropriately corrected.

The most frequent extraintestinal manifestation of IBD is iron-deficiency and anemia, which
occurs more frequently in CD and which should be supplemented with iron. Anemia is usually
associated with other important symptoms like fatigue, sleeping disorders, restless legs syndrome, or
attention deficit [75]. Patients with mild anemia can receive oral iron, when they are tolerant for oral
iron and when the disease is inactive. Intravenous iron should be considered in patients with active
IBD, with previous intolerance to oral iron, with hemoglobin below 100 g/L, and in patients who need
erythropoiesis-stimulating agents [67,76,77]. Furthermore, patients may have deficiencies of calcium,
vitamin D, folate, vitamin B12, and zinc [64]. When more than 20 cm of the distal ileum is resected,
vitamin B12 must be administered to patients [67].

Low levels of calcium and vitamin D are common in patients with IBD, especially in those with
duodenal and jejunal disease [61,73,74]. Calcium deficiency is linked to vitamin D deficiency, which
is related to inadequate daily intake, inflammation status, diarrhea, and glucocorticoid therapy. The
prevalence among IBD patients is up to 70% in CD patients and up to 40% in UC patients. Nonetheless,
it is not established if the vitamin D deficiency is a cause or a consequence of IBD. However, there are
suggestions that in genetically predisposed individuals, vitamin D deficiency may be a contributing
factor in the development of IBD [78]. Beneficial effects of vitamin D in IBD are supported by
pre-clinical studies mainly in mouse models, where the active form of vitamin D has shown to regulate
gastrointestinal microbiota function and promote anti-inflammatory response [61].

When oral nutritional intake is insufficient during active disease, ONS are the first step. If oral
feeding is not sufficient, tube feeding is superior to parenteral feeding. Parenteral nutrition is indicated
in IBD (i) when oral or tube feeding is not sufficiently possible, (ii) when there is an obstructed bowel,
where there is no possibility of placement of a feeding tube beyond the obstruction or where this
has failed, or (iii) when other complications occur such as an anastomotic leakage or a high-output
intestinal fistula [67]. During active disease, specific formulations or substrates, e.g., glutamine, ω-3
fatty acids are not recommended, neither is the use of probiotics. Probiotic therapy using Escherichia
coli Nissle 1917 or VSL#3 can be considered for use in patients with mild to moderate UC for the
induction of remission [79].

Enteral exclusive nutrition has been extensively used for induction of remission in pediatric
CD, in which avoidance of steroids is critical for childhood growth. Several recent pediatric studies
have demonstrated and confirmed that enteral exclusive nutrition can induce remission in 60–86% of
children [80–82] and is associated with higher remission rates, better growth, and longer steroids-free
periods [60]. However, the benefit was lost when partial enteral nutrition was used with access to a
free diet [83]. Nonetheless, a recent study has shown that partial enteral nutrition can be effective
for induction of remission in children and young adults in combination with a diet, which is based
on components hypothesized to affect the microbiome or intestinal permeability [84]. In remission,
ONS or artificial nutrition are only recommended if malnutrition cannot be treated sufficiently by
dietary counseling. In addition, specific diets or supplementations with ω-3 fatty acids are not
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recommended for maintenance of remission. A systematic review has not supported the hypothesis
that supplementation of ω-3 fatty acids can induce and maintain remission in IBD [85]. However,
several studies have demonstrated that different genotypes can be associated with the variable response
to nutritional intervention with ω-3 fatty acids [86]. Probiotic therapy can be considered in UC but not
CD for maintenance of remission [67]. In addition, clinical trials show that curcumin supplementation
might be effective for the induction and maintenance of remission in UC patients [87,88]. Curcumin
suppresses cytokine production by macrophages and intestinal epithelial cells via the inhibition of
NF-kB activation [89,90] and thus mitigates induced colitis in mouse models [91,92]. A summary of
nutritional recommendations in IBD is presented in Figure 3.

Figure 3. Summary of nutritional recommendations in inflammatory bowel disease.

5. Future Perspectives

Clinical nutrition is clearly important in the treatment of patients with liver, pancreatic, and
inflammatory bowel disease. However, there are many gaps of knowledge in the pathophysiology of
these diseases despite an enormous research effort and thus the effects from clinical nutrition cannot be
at a maximum so far.

A major gap in knowledge is associated with the evolution of NAFLD in children and adolescents.
Weight loss is important for histological improvement and the benefits of weight loss will extend
beyond those expected from drug treatment of high-risk NASH. It is postulated that only public
health strategies will have the opportunity to improve the burden of obesity-related diseases in the
future [93]. In addition, due to our aging population, it is expected that the burden of liver disease
due to cirrhosis from NASH will increase over the next two decades unless effective preventive and
therapeutic interventions are implemented as part of a public health strategy [93].

Furthermore, knowledge about the human microbiome constantly increases. Trillions of microbial
cells, which form a symbiotic relationship with the host, play a crucial role in the development of
diseases, when the balance of the microbiome becomes disrupted [94]. Increase intestinal permeability
and dysbiosis are common characteristics linking the liver to a number of gastrointestinal diseases [95].
For example, alcohol consumption and endogenous alcohol production by gut bacteria in obese
individuals can disrupt the tight junctions of the intestinal epithelial barrier, resulting in increased
gut permeability. The bacterial endotoxin in the portal circulation leads to liver inflammation and
fibrosis through activation of toll-like receptor 4 [95]. Although several mechanisms by which the
microbiome might affect liver disease have been proposed, more work is needed to fully understand
these relationship [93].

IBD is also associated with a dysbiotic microbiome. However, it is unclear if this dysbiosis plays a
role in the pathophysiology or is a result of the disease. Due to the importance of the microbiome in
IBD, therapies manipulating the microbiome have gained popularity. While there are some promising
trials demonstrating the efficacy of antibiotic combinations in treating IBD, more controlled trials are
required [94]. In addition, a more precise understanding of the complex interrelation between dietary
nutrients, host immunity, and the microbiome is necessary to increase the effectiveness of dietary
interventions used to treat IBD [63]. Moreover, an in-depth knowledge of the genetic background
is important for personalized nutritional management, which might lead to a maximum efficacy in
therapy [63].
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New trials in acute pancreatitis showed that approximately one-third of patients will develop
prediabetes or diabetes within five years of an index episode of acute pancreatitis and 24–40% of the
patients develop an exocrine pancreatic insufficiency, but the mechanisms and risk factors remain
to be specified [96–99]. Furthermore, further evidence is required to determine the optimal panel of
laboratory markers for nutritional evaluation in chronic pancreatitis, and the utility, reliability, and
accuracy of these markers in diagnosing pancreatic exocrine insufficiency [51].
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Abstract: Disease-related malnutrition (DRM) is a highly prevalent independent risk and cost
factor with significant influence on mortality, morbidity, length of hospital stay (LOS), functional
impairment and quality of life. The aim of our research was to estimate the economic impact of the
introduction of routinely performed nutritional screening (NS) in a tertiary hospital, with subsequent
nutritional interventions (NI) in patients with potential or manifest DRM. Economic impact analysis
of natural detection of inpatients at risk and estimation of the change in economic activity after the
implementation of a systematic NS were performed. The reference population for natural detection of
DRM is about 20,000 inpatients per year. Based on current data, DRM prevalence is estimated at 20%,
so 4000 patients with potential and manifest DRM should be detected. The NI costs were estimated
at CHF 0.693 million, with savings of CHF 1.582 million (LOS reduction) and CHF 0.806 million in
additional revenue (SwissDRG system). Thus, the introduction of routine NS generates additional
costs of CHF 1.181 million that are compensated by additional savings of CHF 2.043 million and
an excess in additional revenue of CHF 2.071 million. NS with subsequent adequate nutritional
intervention shows an economic potential for hospitals.

Keywords: economic challenges; nutritional management; malnutrition

1. Introduction

Disease-related malnutrition (DRM) is a debilitating, important and frequently occurring problem
with an estimated prevalence of 20–50% on hospital admission [1–5]. The consequences of DRM
are well known: Increases in morbidity, complication and mortality rates, resource use for inpatient
treatment, prolonged hospital length of stay (LOS), decreased quality of life (QoL) and decreased body
function. Many studies have shown the positive effects of nutritional interventions (NI), mainly in the
reduction of complication rates, LOS, or rates of non-elective re-hospitalizations [3,6–10]. The recently
published study by Schuetz et al.—a multicenter study with 2088 medical patients at nutritional risk,
from eight Swiss hospitals—showed a significant reduction in serious complications and mortality
as well as an improvement in physical function and quality of life after 30 days [11]. The study by
Deutz et al. also showed a significant reduction in mortality after 90 days [12]. Available studies on
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cost-effectiveness clearly show that NI can save money and that the costs of NI are more than offset by
the savings [7,9,13].

Since 2012, hospitals in Switzerland are remunerated using per-case rates for inpatients through
the Swiss Diagnosis Related Groups (SwissDRG) system. In the SwissDRG it is possible to take DRM
into account by coding it as a principal or secondary diagnosis. This requires optimal nutritional
management from the hospitals, with an initial screening and adequate therapy in the course of
treatment. Coding DRM may have the effect that a certain percentage of the patients will be assigned to
a DRG with a higher cost-weight, generating additional revenue for the hospital (like a bonus system).
Aeberhard et al. investigated the financial effects of coding DRM in the SwissDRG system, including
all inpatients from the years 2013 to 2016 in our university hospital. During the observation period,
3.2% of the patients were coded with DRM. In 8.3% of these cases, the coding led to the attribution of a
DRG with an increased cost-weight. This resulted in total additional revenue of circa CHF 3.5 million,
which was offset by costs of CHF 2.8 million for assessment and treatment of DRM [1]. Thus, the costs
of screening and treatment of DRM were already overcompensated for as a result of the DRM coding
and changes in SwissDRG attribution. These results have been confirmed in similar studies [14,15].

As regularly performed nutritional risk screening is not established at the Bern University Hospital,
these results reflect the natural detection (ND) of DRM. If nutritional screening (NS) is performed
routinely on all patients, the detection rate of DRM will likely increase, leading to earlier detection and
treatment. Performing routine screening will generate further costs. Besides that, the same costs for
each patient at nutritional risk occurs when the NS is performed, as in the natural detection of DRM.
However, due to an increased detection rate, the number of patients with treated and coded DRM
will rise, with NI costs increasing as a consequence, but with additional revenues generated [16,17].
If DRM is detected and adequately treated, three types of consequences will occur:

• There will be costs for the detection of DRM and consequently for nutritional treatment,
• Treatment of DRM will lead to improvements in clinical outcomes that transfer to savings in the

costs of basic treatment, and
• Patients may be attributed to DRGs with increased cost-weights, causing additional revenues for

the hospital.

Previous economic analyses have always compared either the costs of NI with savings in the costs
of basic nutritional treatments [3,7,13] or with the additional revenues due to DRG changes [14,16,17].
No study is known to have compared costs with a combination of both savings and additional revenue.

The objective of this study was to estimate the economic impact of the introduction of a
systematically performed NS on all patients in our hospital, with subsequent NI in all patients
at nutritional risk.

2. Materials and Methods

The data for this economic impact analysis were collected from the electronic patient record
system of the Bern University Hospital in Bern, Switzerland, between 1 January and 31 December
2018. This is a cost-minimization analysis of the short-term economic consequences of inpatient
hospitalization for the year 2018. Included were direct medical costs for NS and NI, cost savings due
to NI, and additional revenues due to DRM coding and DRG changes. Using a population-based
approach, the economic effects of a systematically performed NS were projected and compared with
the existing situation reflecting the natural detection of DRM and routine nutritional management.
To this end, a flow chart was created, and the patient flows and resource use were assessed. The costs
of ND were subtracted from those of a systematic NS. Furthermore, the number of additional staff
needed to perform routine NS was estimated. Data were obtained through analyses of the literature,
the use of secondary statistics, and data collection at the Bern University Hospital. In cases of unclear
or controversial data, assumptions were made. The flow chart is presented in Figure 1.
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Figure 1. Nutritional screening (NS) and natural detection (ND). DRM: Disease-related malnutrition;
p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional supplements; EN: enteral
nutrition; PN: parenteral nutrition.

In a systematic NS, all patients are screened on admission to the hospital using a validated tool—in
our case, the Nutritional Risk Screening 2002 (NRS 2002) [18]. Patients with an NRS score of 2 points
or less are likely to be unaffected. Patients with an NRS score of 3 are considered at risk of DRM,
and those with a score >3 points are considered to have manifest DRM. Patients with potential DRM
undergo NS once per week. Patients with potential DRM will receive oral nutritional supplements
(ONS) in addition to the customary nutrition and will also undergo NS once per week. Patients with
manifest DRM will receive specific NI such as ONS, enteral nutrition (EN), or parenteral nutrition (PN)
as needed and indicated in addition to the customary hospital nutrition. Their nutritional status will
be regularly observed so that in these patients no additional NS will be needed [19].

3. Input Data

In Table 1 the input data are summarized.

Table 1. Overview of the input data.

Item Both Natural Detection Nutritional Screening

Target population Variable 20,000
Detection rate DRM 6.4% 20.0%

Proportions p DRM:m DRM 25% vs. 75% 45% vs. 55%
Number of nutritional

screenings No DRM, m DRM: 1; p DRM: 2

Nutritional interventions
p DRM: ONS 100% 25% 45%
m DRM: ONS 45% 34% 25%
m DRM: EN 39% 29% 21%
m DRM: PN 16% 12% 9%

Reduction LOS in mDRM, days 1.2
SwissDRG attribution change 8.3% 15.0%

Average increase cw 0.694 0.44

DRM: disease-related malnutrition; p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional
supplements; EN: enteral nutrition; PN: parenteral nutrition; LOS: length of hospital stay; SwissDRG: Swiss
diagnosis-related group, cw: cost-weight.
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3.1. Target Population

For a systematic NS with subsequent NI, patients with an expected LOS of >3 days were
considered eligible. In 2018, this amounted to 21,819 patients (information from Bern University
Hospital). The average LOS of these patients was 10.01 days. This number also included healthy
newborns. Therefore, it was assumed that the target population for a systematic NS at the Bern
University Hospital would amount to approximately 20,000 patients yearly. Even though Aeberhard
et al. [1] included all inpatients, it is unlikely that DRM was detected in patients with a LOS ≤3.
Therefore, the reference population for ND patients with DRM was also assumed to be about 20,000
patients per year.

3.2. Detection Rate

Detection rates of 19% and 25.6% were obtained from two German studies [16,17]. The latter,
however, also included patients with NRS ≥2, and the rate of patients with NRS >3 was computed
at 20.7%. A Dutch study found that NS could increase the detection rate of DRM from 50% to 80%
given a DRM prevalence of 32% [20]. Based on these data, the detection rate was estimated at 20%.
For natural detection, we doubled the rate of 3.2% from Aeberhard et al. [1], using 6.4%.

3.3. Proportions with Potential and Manifest DRM

In patients with NS, the proportion of potential versus manifest DRM was estimated at 45%:55%
based on [17]. In the naturally detected patients, these proportions were assumed to be 25%:75% as
in [1].

3.4. Number of Screenings

Patients potentially having DRM are screened on admission and then once weekly. Patients with
manifest DRM are only screened once on admission [19].

The number of screenings therefore depends on the proportions of patients with potential and
manifest DRM and their expected LOS. Two studies showed that LOS in patients with DRM is longer
than in well-nourished patients (11 vs. 7 days [16], 14 vs. 7.6 days [17]). Thus, it was assumed that
LOS in patients without DRM was one week or less, and that LOS detected in DRM patients detected
by NS was 12–14 days (1–2 weeks). Therefore, it was assumed that patients without DRM receive one
NS, patients with potential DRM receive two NS, and patients with manifest DRM receive one.

3.5. Types and Proportions of NI

We distinguish between three types of NI: ONS, EN, and PN. In the study by Aeberhard et al.,
59% of ND patients received ONS, 29% received EN, and 12% received PN [1]. All patients with
potential DRM received ONS. Of the 59% of patients prescribed ONS, 25% were patients with potential
DRM and 34% were patients with manifest DRM. The proportions of potential and manifest DRM differ
in patients with NS. This implies that 45% with potential DRM will be prescribed ONS. In addition,
of the 55% with manifest DRM, 25% will receive ONS, 21% will receive EN, and 9% will receive PN.

3.6. Reduction of LOS

Available data suggest that hospital LOS can be reduced by NI. However, it is difficult to quantify
the amount. It seems that this effect is more likely to occur in patients with manifest DRM than with
potential DRM and that it is more pronounced in connection with severe DRM [5,20–22]. Based on the
findings of Elia et al. (−13.8% in relation to 22.5 hospital days) [3], Sriram et al. (−10% in relation to
6 days) [5] and Bally et al. (0%, calculated −3.2% of 13 days, not significant) [6], it was assumed here
that NS will reduce LOS in patients with manifest DRM by 10%. This results in a reduction in LOS of
1.2 days. The same assumption is also made for ND patients.
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3.7. DRG Changes

In ND, coding of a case of DRM led to a DRG change in 8.3% of all coded cases [1]. In patients
with NS this proportion was substantially higher, amounting to 27% [16] and 15% [17]. Therefore,
it was conservatively estimated to be 15%.

3.8. Increase in Cost-Weight

The average amount of additional revenue per case with a DRG change amounted to CHF 7564 [1].
Given a base rate of CHF 10,900, this corresponds to an average increase in the cost-weight of 0.694.
However, in patients with NS, the average increase was clearly smaller (0.44) [16,17].

3.9. Ethics

This study was conducted in accordance with the ethical guidelines of the 1957 Declaration
of Helsinki and approved by the Bernese Cantonal Ethics committee (BASEC ID 2017-00480),
Bern, Switzerland.

4. Cost and Savings

4.1. Cost of NS

The costs of NS were calculated based on the time needed in minutes multiplied by the cost
per minute of nursing staff. According to Wenger et al., the time needed to administer NS is about
5 min [19]. The costs per minute were calculated from an hourly rate (gross wage including employers’
contributions to social insurance, information University Hospital Bern) and amounted to CHF 3.93.

4.2. Costs per Patient with NI

Therapy costs per patient for NI patients with DRM included daily personnel and materials costs
multiplied by the duration of NI in days. In the case of EN and PN, one-time costs per therapy were
added (Table 2). These values were based on Aeberhard et al. [1] and updated for 2019.

For ONS, the time expended by staffmembers was 10 min for a nutritional therapist, 10 min for
nursing staff, and 2 min for a physician; for EN it was 10 min for a nutritional therapist, 40 min for
nursing staff, and 2 min for a physician; and for PN it was 12 min for a nutritional therapist, 70 min for
nursing staff, and 2.4 min for physicians. The costs were CHF 41.40 per hour for a nutritional therapist,
CHF 47.11 per hour for nursing staff, and CHF 78.24 per hour for physicians (information provided
by the Bern University Hospital). Data on materials costs, duration of NI and one-time costs were
obtained from Aeberhard et al. [1]. Thus, the costs per patient for NI were calculated as CHF 187.57 for
ONS, CHF 842.96 for EN, and CHF 1557.84 for PN.

Table 2. Costs of nutritional interventions (NI) per patient and intervention.

ONS EN PN

Per day

Personnel costs, CHF 17.36 40.91 66.37
Materials costs, CHF 4.97 40.09 75.02

Personnel and materials costs, CHF 22.33 81.00 141.39

Per therapy

Duration of therapy, days 8.4 10.3 9.6
Personnel and material costs, CHF 187.57 834.35 1357.36

One-time costs, CHF 8.61 200.48

Total therapy costs, CHF 187.57 842.96 1557.84

ONS: oral nutritional supplements; EN: enteral nutrition; PN: parenteral nutrition.
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4.3. Savings per Prevented Inpatient Day

It was assumed that the reduction of LOS occurred at the end of the hospitalization period.
The costs then were mainly related to accommodation, food, medical care, follow-up visits, hospital
buildings and the like. Such LOS-dependent costs are also used for the remuneration of hospital
services in DRG outliers. In such cases, in addition to the per-case rate, the hospital is reimbursed
a daily rate for each day exceeding the upper trim point delimiting inlier LOS. These daily rates are
based on cost-weights per day. The cost-weight per day was calculated at 0.126 as a weighted average
across the SwissDRGs based on Aeberhard et al. [1]. This was multiplied by the base rate of the
Bern University Hospital (CHF 10,900). Thus, the cost per prevented hospital day was estimated at
CHF 1373.

4.4. Additional Revenue due to SwissDRG Change

The number of patients with SwissDRG changes were multiplied by the average increases in the
cost-weights and the CHF 10,900 base rate of the Bern University Hospital.

5. Results

5.1. Effect of a Systematic NS

The patient flow and performance of systematic NS are summarized in Table 3.

Table 3. Patient flow and resource use in connection with a systematic nutritional screening (NS).

Patients Flow and Performance Proportion/Rate Number

Target population 20,000

Detection rate, of which: 20% 4000
- proportion p DRM 0.45 1800
- proportion m DRM 0.55 2200

Number of systematic nutritional screenings
- On hospital admission 1 20,000

- Weekly in cases with p DRM 1 1800

Total screenings 21,800

Nutritional interventions
p DRM

- ONS 45.0% 1800
m DRM

- ONS 24.9% 997
- EN 21.3% 851
- PN 8.8% 352

Total nutritional interventions 100.0% 4000

Saved hospital days Per Patient Total

expected LOS 12
reduction % 10%

Reduction LOS, days 1.2 2640

Swiss DRG changes Detected Cases

Changes in DRG attribution 0.15 600

DRM: disease-related malnutrition; p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional supplements;
EN: enteral nutrition; PN: parenteral nutrition; LOS: length of hospital stay; DRG: diagnosis-related groups.

For a systematic NS, 20,000 patients per year would have to be screened on hospital admission.
Assuming a detection rate of 20%, 4000 patients (including potential and manifest DRM) would be
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detected. Of these, 45% (1800) will have potential DRM and 55% (2200) will have manifest DRM.
Patients with potential DRM and a projected LOS of 12 days will experience a second instance of NS in
the second week of their hospital stay. So, in total, 21,800 NS will be performed. The 1800 patients
with potential DRM and an absolute 24.9% of the 2200 patients with manifest DRM (=997 patients)
will receive ONS. Furthermore, 21.3% (=851 patients) will receive EN, and 8.8% (=352 patients) will
receive PN. These NI will effect a reduction of LOS of 1.2 days per case in patients with manifest DRM.
This will result in global savings of 2640 hospital days in 2200 patients.

In all 4000 DRM patients, DRM will be coded as a complication or comorbidity in the DRG system.
This coding will cause a DRG change in 15% of all DRM coded cases (i.e., 600 patients). The resulting
costs are summarized in Table 4.

A total of 21,800 NS will be performed per year at a cost of CHF 3.93 per unit of NS. Thus, the costs
of NS will amount to CHF 85,583. The costs of NI are calculated in a similar way using the number of
patients multiplied by the NI costs per patient. The costs for all 2797 patients with ONS (1800 with
potential, 997 with manifest DRM) were calculated as CHF 524,694, the costs of the 851 patients with
EN as CHF 717,076, and those of the 352 patients with PN as CHF 548,358. Overall, the costs of NI
amount to CHF 1,790,128. Combined with the costs of NS, global costs amount to 1,875,711. These costs
are balanced by savings of CHF 3,625,930 due to the reduction of LOS. Furthermore, additional revenue
of CHF 2,877,600 results from DRG changes. So, after deduction of the costs, there is a net monetary
gain of CHF 4,627,818 for the hospital.

Table 4. Costs resulting from a systematic NS.

Number Value Costs

Costs
Systematic nutritional screening 21,800 3.93 85,583

Nutritional interventions
ONS 2797 187.57 524,694
EN 851 842.96 717,076
PN 352 1557.84 548,358

Total nutritional interventions 4000 1,790,128
Total costs 1,875,711

Savings (LOS reduction) (−) 2640 1373.46 −3,625,930
Additional revenue (SwissDRG) (−) 600 4796.00 −2,877,600

Net effect −4,627,818

Costs are indicated with positive (+), savings and additional revenue with negative (−) prefix. DRM: disease-related
malnutrition; p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional supplements; EN: enteral
nutrition; PN: parenteral nutrition.

5.2. Effects of ND, Treatment and Coding of DRM

Table A1 (Appendix A) shows the patient flow in the case of natural detection of DRM. In relation
to the target population of 20,000 patients, the detection rate is 6.4%, which results in 1280 patients per
year with DRM detected, treated and coded. Of these, 25% (320 patients) will be patients with potential
DRM and 75% (960 patients) will be with manifest DRM. ONS will be provided to 755 patients (59%),
EN to 371 patients (29%), and PN to 154 patients (12%).

It can be assumed that the average LOS in patients with naturally detected DRM would have been
longer if they had not been treated for DRM and if NI had not reduced this LOS in the 960 patients
with manifest DRM by 1.2 days. This amounts to a savings of 1152 hospital days. In 8.33% of the
patients, i.e., in 107 cases, there is a DRG change.

Table A2 (Appendix A) shows the costs related to natural detection of DRM. The costs of NI
amounts to CHF 141,652 for the treatment of 755 patients with ONS, CHF 312,906 for the 371 patients
with EN, and CHF 239,284 for the 154 patients with PN. Total costs amount to CHF 693,842 per year.
The savings due to a reduction of LOS amounted to CHF 1,582,224. The additional revenue resulting
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from SwissDRG changes amounts to CHF 806,579. The costs are overcompensated for by the savings
and the additional revenue, resulting in an overall net savings of CHF 1,694,961.

5.3. Costs, Savings, and Additional Revenue Attributable to NS

As compared with the actual state of a natural detection, a systematic NS would generate additional
costs of CHF 85,583 for screening and CHF 1,096,286 for NI, totaling CHF 1,181,869. These would be
compensated for by savings of CHF 2,043,706 due to a reduction in LOS and by additional revenue of
CHF 2,071,021 arising from coding and DRG changes (Table 5).

Table 5. Net monetary effects of the introduction of a systematic NS.

Nutritional Natural Extra Costs/

Screening Detection Savings NS

Costs
Systematic screening 85,583 85,583

Nutritional interventions 1,790,128 693,842 1,096,286
Total costs 1,875,711 693,842 1,181,869

Savings (reduction LOS) (−) −3,625,930 −1,582,224 −2,043,706
Additional revenue (SwissDRG) (−) −2,877,600 −806,579 −2,071,021

Net effect −4,627,818 −1,694,961 −2,932,858

5.4. Staff Needed

Table A3 shows (Appendix A) the calculation of the staff needed, broken down by professional
group. The total number of working hours and days was based on the time needed per day and the
duration of the therapy in days (see Table 1) and on the number of patients undergoing therapy. Details
are given in Table A4 (Appendix A). The number of positions was calculated using an average working
day of 8.4 h, 220 working days per year and a fulltime position, and a productivity of 80%.

For a systematic NS, 4.09 positions for nutritional therapists, 9.27 positions for nursing staff,
and 0.82 positions for physicians is needed. The treatment of naturally detected patients with DRM
presently requires 1.35 positions for nutritional therapists, 3.6 positions for nursing staff, and 0.27
positions for physicians. Thus, the additional staff needed amounts to 2.75 positions for nutritional
therapists, 5.66 positions for nursing staff and 0.55 positions for physicians.

5.5. Scenario Analyses

The results show that the savings and the additional revenue are each separately greater than
the costs. Scenario analyses were performed based on few important assumptions to determine the
minimum savings or additional revenues needed in order to cover only the costs. To find a best
estimate for the reduction of LOS, the value of a saved hospital day, the proportion of DRG changes,
and the average increases in the cost-weights, the following scenario analyses were performed:

Analysis 1, cost consequences in case the savings = 0, shows that even if no savings could be
realized, NS could still achieve a net benefit through the additional revenue of CHF 1,001,889.

Analysis 2, cost consequences if additional revenue = 0, reveals that, even if no additional revenue
were realized, NS would still lead to net savings of CHF 1,750,218.

Analysis 3, minimal additional revenue needed if savings = 0, shows that, in order to compensate
for the costs, additional revenue of CHF 1,875,711 is needed. This could be achieved (1) by reducing
the proportion of cases with changes in DRG attribution to 9.8% while keeping the increase in the
cost-weight constant, or (2) by leaving the percentage of cases with changes in DRG attribution
unchanged while increasing the average cost-weight by only 0.29.

Analysis 4 shows that a 5% reduction in LOS with a constant value per day would be sufficient to
achieve the minimum required savings of CHF 1,875,711. On the other hand, if the reduction of LOS
were left unchanged, a valuation of CHF 710 per saved hospital day would be sufficient.
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6. Discussion

The introduction of a systematic NS would be accompanied by yearly costs of CHF 1.875 million.
These costs would be compensated for by savings of CHF 3.635 million from a reduction in LOS and
by additional revenue of CHF 2.877 million due to changes in documentation and coding of DRM.
These numbers include the costs, savings and additional revenue produced by natural detection of
DRM. These were estimated at CHF 0.693 million for the costs, CHF 1.582 million for the savings,
and CHF 0.806 million for the additional revenue. Thus, the introduction of a systematic NS would
generate additional costs of CHF 1.181 million that would be compensated for by additional savings of
CHF 2.043 million and additional revenue of CHF 2.071 million.

These figures are based on projections using data from literature analyses, use of secondary
statistics and data collected from the Bern University Hospital. It is notable that the savings per se are
almost twice the costs, and the additional revenue alone is about 1.5 times the costs. These results
are based on a few central assumptions about the data collected. The most important of these are
discussed here.

The detection rate of NS was estimated to be 20%. Compared with data from the literature
showing prevalence rates of 20–50% and even greater, this is a cautious assumption. The assumption
regarding the size of the target population seems well justified, as only patients with an expected
LOS of >3 days were considered. In estimating the expected LOS of patients with DRM, neither the
average LOS (barely 6 days) of all patients from the Bern University Hospital nor the LOS (20 days) of
the naturally detected patients in the study by Aeberhard et al. [1] can be considered representative.
The expected LOS in patients with DRM (12 days) is plausible given that the average LOS of the target
population is 10 days.

The costs of NS are very low compared with those of NI. The costs as well as the savings and
the additional revenue are determined by the detection rate and the number of patients with DRM.
Varying the assumptions relating to the detection rate will therefore result in a corresponding almost
proportional variation in the difference between the costs and the savings and the additional revenue.
This difference depends strongly on the assumptions regarding the savings and the additional revenue.

The projected savings are based on assumptions about the reduction of LOS due to NI. These are
based on the results of meta-analyses, reviews and single studies. The literature is not consistent, but it
shows evidence of or tendencies toward reduction of LOS, complication rates or rates of non-elective
rehospitalizations [5,6,10–13]. However, for an economic assessment, available data on types and
frequencies of avoided complications are not specific enough. Reductions in rehospitalizations are
also difficult to evaluate because of varying follow-up periods. Therefore, it seems justified to use the
reduction in LOS as a proxy for the many and various effects, with evidence of an improvement in
clinical and economic outcomes due to NI.

For each one-day reduction in LOS, CHF 1371 was saved. This reflects the high costs associated
with medical care in Switzerland and at university hospitals. A Danish study found the costs of outliers
to be $224 per day in 2006. A Dutch study from the year 2005 estimated these costs at 476 €, and a US
study reported costs of $1770 in 2018. The global average costs per hospital day at the Bern University
Hospital amounted to CHF 2848 (information provided by the Federal Office of Public Health). So,
valuing the LOS-dependent cost with per diem additional rates for DRG outliers seems justified.

The amount of additional revenues received is determined by the proportion of cases with
DRG changes and the resulting increase in the average cost-weight in these cases. In the study by
Aeberhard et al. [1], the proportion with changes in DRG attribution amounted to 8.3%. Compared
with other studies in patients without NS, this is quite low. The average increase in the cost-weight
was 0.694, a figure confirmed by other studies as well. In patients with NS, these numbers are
not valid. The proportion of cases with changes in DRG attributions was assumed to be 15%.
This is a conservative estimate and corresponds with the lower of two values from studies with NS
(15% and 27%). The average increase in the cost-weight in these patients was lower, amounting to
circa 0.44 in both studies, a figure, which was therefore applied in the current study.
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7. Cost Effectiveness of Nutritional Therapy in the Post-Hospital or Community Setting:
A Brief Statement

Prevalence of malnutrition has been studied less often in the community setting due to the lack of
systematic or standardized screening programs, for example at healthcare institutions or in the offices
of general practitioners. It is well established, however, that between 20% and 40% of patients admitted
from the community setting to a hospital are already malnourished. Also, nutritional status frequently
worsens during a hospital stay, which means that a large proportion of patients, particularly those
older than 60 years, are discharged to a community setting or to other institutions with malnutrition.
It is estimated that only around 10% of malnourished patients are in fact hospital patients, with the
rest dwelling in a community or nursing home setting [23].

Few studies have addressed the costs of malnutrition and the economic impact of nutritional
support in these settings [24]. Due to feasibility, the majority of studies investigating cost effectiveness of
nutritional therapy are in-hospital analyses, but these only reflect a short period in terms of the patients’
needs for nutritional therapy. Malnourished patients, particularly those who are old, frequently need
continued nutritional support. This is a challenge for the analysis of cost effectiveness, as the costs
of management in one setting may be offset by greater cost savings in another setting, such as when
patients are moving from one care setting to another and a more comprehensive perspective is needed.
Not surprisingly, nutritional therapy is frequently discontinued after a hospital stay. Most studies
that have assessed cost effectiveness of NI in the community-dwelling population are initiated at
hospital discharge [25–28]. These frequently use oral nutritional supplements and are carried out for
3–6 months after a hospital stay. Studies of community-dwelling or nursing home residents more
frequently address further types of nutritional support, such as dietary counseling, snacks between
meals, or multi-component nutritional support.

Table A5 (Appendix A) gives an overview of the type and design of studies investigating the
cost effectiveness of nutritional support following hospital discharge in the community-dwelling
elderly or in nursing home residents. Despite the different methodologies used, nutritional therapy
was generally found to be cost effective, with the higher costs incurred by nutritional support being
ultimately associated with decreased use of health care resources and improved quality of life.

8. Conclusions

This is the first study to compare the costs of a systematic NS and subsequent adequate NI,
with the combined effects of savings due to reduced LOS and additional revenue resulting from
SwissDRG changes. The costs of the intervention could be separately compensated for by savings in
the costs of basic treatment and by the additional revenue generated. NS with subsequent adequate
NI is thus associated with high economic potential for the hospital. Moreover, the EFFORT trial
was able to demonstrate an impressive effect of NI, with a significant reduction in mortality and
severe complications as well as improvement of physical function and quality of life in medical
inpatients [11]. These clinical benefits, in terms of savings in supplemental hospital costs, were not
included in the current economic impact analysis. If they had been, this would have greatly increased
the financial efficacy.

Author Contributions: Conceptualization, E.R. and Z.S.; data analysis and curation, O.E. and A.F.;
writing—original draft preparation, E.R. and K.N.; writing—review and editing, A.F. and O.E. and P.S. and Z.S.;
supervision, Z.S.

Funding: The APC was funded by the Research Fund of the Department of Diabetes, Endocrinology, Nutritional
Medicine and Metabolism and in part by Nestlé Health Science (grant to the institution).

Conflicts of Interest: The authors declare no conflicts of interest.



J. Clin. Med. 2019, 8, 1005

Appendix A

Table A1. Patient flow and resource use in connection with ND.

Patients Flow and Performance Proportion/Rate Number

Target population 20,000
Proportion/Rate n

Detection rate, of which: 6.4% 1280
proportion p DRM 0.25 320
proportion m DRM 0.75 960

Nutritional interventions
Proportion n

ONS 59% 755
EN 29% 371
PN 12% 154

Saved hospital days Per Patient total

Reduction in LOS, days 1.2 1152

SwissDRG changes Detected Cases
Proportion n

Changes in DRG attribution 0.0833 107

DRM: disease-related malnutrition; p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional supplements;
EN: enteral nutrition; PN: parenteral nutrition; LOS: length of hospital stay; DRG: diagnosis-related groups.

Table A2. Consequences of the costs of ND.

Number Value Costs

Costs nutritional Interventions
ONS 755 187.57 141,652
EN 371 842.96 312,906
PN 154 1557.84 239,284

Total costs 1280 693,842

Savings (reduction LOS) (−) 1152 1373.46 −1582,224
Additional revenue (SwissDRG) (−) 107 7564.70 −806,579

Net effect −1,694,961

Costs are indicated with positive (+), savings and additional revenue with negative (−) prefix. DRM: disease-related
malnutrition; p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional supplements; EN: enteral
nutrition; PN: parenteral nutrition.
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Table A3. Hours, workdays and positions needed for NI in the case of systematic NS, ND and additional
needs for systematic NS.

Nutritional Therapy Nursing Physician

Systematic nutritional screening

Hours total 6052 13,700 1210
Days total 721 1631 144

Positions needed 4.09 9.27 0.82
Natural Detection

Hours total 1989 5327 398
Days total 237 634 47

Positions needed 1.35 3.60 0.27

Additional needs for systematic nutritional screening

Hours total 4063 8373 813
Days total 484 997 97

Positions needed 2.75 5.66 0.55

Table A4. Staff time per nutritional intervention and professional group.

Dietician Nursing Staff Physician

ONS
Duration of therapy, days 8.4

Minutes/patient/day 10 10 2
Minutes/patient 84 84 16.8
N patients NS 2797

Minutes for NS 234,976 234,976 46,995
N patients ND 755

Minutes for ND 63,437 63,437 12,687

EN
Duration of therapy, days 10.3

Minutes/patient/day 10 40 2
Minutes/patient 103 412 20.6
N patients NS 851

Minutes for NS 87,619 350,475 17,524
N patients ND 371

Minutes for ND 38,234 152,934 7647

PN
Duration of therapy, days 9.6

Minutes/patient/day 12 70 2.4
Minutes/patient 115.2 672 23.04
N patients NS 352

Minutes for NS 40,550 236,544 8110
N patients ND 154

Minutes for ND 17,695 103,219 3539

DRM: disease-related malnutrition; p DRM: potential DRM; m DRM: manifest DRM; ONS: oral nutritional
supplements; EN: enteral nutrition; PN: parenteral nutrition.
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Abstract: Background: insufficient feeding is frequent in the intensive care unit (ICU), which results
in poor outcomes. Little is known about the nutrition pattern of patients requiring prolonged ICU
stays. The aims of our study are to describe the demographic, metabolic, and nutritional specificities
of chronically critically ill (CCI) patients defined by an ICU stay >2 weeks, and to identify an early
risk factor. Methods: analysis of consecutive patients prospectively admitted to the CCI program,
with the following variables: demographic characteristics, Nutrition Risk Screening (NRS-2002)
score, total daily energy from nutritional and non-nutritional sources, protein and glucose intakes,
all arterial blood glucose values, length of ICU and hospital stay, and outcome (ICU and 90-day
survival). Two phases were considered for the analysis: the first 10 days, and the next 20 days of the
ICU stay. Statistics: parametric and non-parametric tests. Results: 150 patients, aged 60 ± 15 years
were prospectively included. Median (Q1, Q3) length of ICU stay was 31 (26, 46) days. The mortality
was 18% at ICU discharge and 35.3% at 90 days. Non-survivors were older (p = 0.024), tended to
have a higher SAPSII score (p = 0.072), with a significantly higher NRS score (p = 0.033). Enteral
nutrition predominated, while combined feeding was minimally used. All patients received energy
and protein below the ICU’s protocol recommendation. The proportion of days with fasting was
10.8%, being significantly higher in non-survivors (2 versus 3 days; p = 0.038). Higher protein delivery
was associated with an increase in prealbumin over time (r2 = 0.19, p = 0.027). Conclusions: High
NRS scores may identify patients at highest risk of poor outcome when exposed to underfeeding.
Further studies are required to evaluate a nutrition strategy for patients with high NRS, addressing
combined parenteral nutrition and protein delivery.

Keywords: chronic critical illness; protein; Nutrition Risk Screening (NRS-2002); age; nutrition;
vasopressors; shock; glucose; diabetes; underfeeding

1. Introduction

The intensive care unit (ICU) patient population has evolved over the last two decades with the
appearance of an increasing number of patients requiring very long ICU stays, lasting up to several
months after surviving the initial acute insult [1]. A long stay is usually defined as the requirement of
more than one week of mechanical ventilation (MV) and of ICU therapy, but different definitions have
been used [2]. Chronic critical illness (CCI) is the most frequent designation for these patients, which is
characterized by lengthy hospital stays, intense suffering, high mortality rates, and substantial resource
consumption [3]. Genetic influence has also been shown to be increasingly present, particularly
in pediatric ICUs [4]. Preexisting chronic comorbidities are strong, independent predictors of this
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condition [5]. In the ICU, mechanical ventilation, sepsis, Glasgow score < 15, inadequate calorie intake,
and higher body mass index (BMI) have been identified as independent predictors of this condition [6].

Recently, a study including 185 chronic, critically ill patients showed that the preadmission
nutritional status reflected by the Nutrition Risk Screening (NRS-2002) (hereafter NRS) [7] might be
a good predictor of the outcome: a score ≥ 5 points seemed to be a cutoff predictor of mortality [8].
Entering the acute disease with deficits such as weight loss, being older, or malnourished, seems to
constitute a metabolic handicap that threatens the patient’s response capacity and survival. In 2013,
the same group observed that inadequate nutrition (defined as the provision of less than 60% of needs)
and organ failure (defined by the sequential organ failure assessment (SOFA) score) are mortality risk
factors [6].

The optimal timing and amount of feeding has been much debated. Indeed, the intestine of
the sickest patients is not always available to accommodate full feeding as shown by the French
randomized controlled, multicenter, parallel group trial called NUTRIREA-2 including 2410 patients
with septic shock [9]. Furthermore, many patients are at risk of the refeeding syndrome [10]. A recent
Brazilian study showed in a cohort of 100 critically ill patients with a mean ICU stay of 19 days,
that those 45 patients receiving a caloric intake ≥70% during the first 72 h of hospitalization did not
present better outcomes in the short term (mechanical ventilation, length of ICU stay) or after 1 year
(functional capacity, mortality) [11]. For both above reasons, i.e., risk of stressing the intestine and
of relative overfeeding [12], the early full feeding strategy seems unable to promote a good outcome.
In this context, the most recent European Society for Clinical Nutrition and Metabolism (ESPEN)
guidelines propose increasing progressively (ramping up) the energy delivery whatever the feeding
route over 3–4 days [13]. Furthermore, prescribed energy goals should be covered somewhere between
day 4 and 7, and preferentially be determined by indirect calorimetry.

To better coordinate the treatment of the long stay patients admitted to our ICU, and to identify
procedures that could be improved, the service initiated a dedicated program enrolling patients
requiring more than 2 weeks of ICU treatment. The present study aims to describe the metabolic and
nutritional specificities of these patients, to analyze those associated with poor outcome, and to identify
a factor that might enable early detection of CCI risk.

2. Methods

With the approval of the Commission Cantonale d’Ethique sur la Recherche humaine (CER
2018-02018), consecutive patients admitted to the 35 bed multidisciplinary ICU of the Lausanne
University Hospital were analyzed. The patients had been prospectively enrolled in the long-stay
program of the ICU, a plan of action called PLS (Patients Long Séjour) created in January 2017 to improve
the care of patients requiring more than 2 weeks of ICU therapy (clinical trial identifier: NCT03938961).
The PLS program consisted of weekly interdisciplinary meetings addressing ventilation, nutrition,
cognitive and functional issues, symptom management, psychological support, and complication
prevention. The meetings ended with detailed evaluation and a plan of action.

2.1. Patients

The inclusion criteria were age >18 years, and inclusion in the PLS program with an ICU stay
>2 weeks. The exclusion criteria were admission for major burns >20% body surface, traumatic brain
injury, and patients who refused participation.

2.2. Study Variables

Data were extracted from the computerized information system (Metavision® iMDsoft, Tel Aviv,
Israel, version 5.46.44) and included age, admission (dry weight) and discharge body weight, body mass
index (BMI), NRS-2002 score [7], severity of disease (SAPSII), Sequential Organ Failure Assessment
(SOFA) score on days 1, 2, 5, 10, 30, and discharge [14]), requirement of continuous renal replacement
therapy (CRRT), admission for sepsis, presence of diabetes, daily intakes (energy, protein, glucose: raw
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data and per kg), all arterial blood glucose values, 24 h insulin dose, arterial blood lactate (maximal
value), daily feeding route, pressure ulcers occurring during the ICU stay, discharge Medical Research
Council force score (MRC), length of mechanical ventilation, ICU and hospital length of stay, ICU
and 90-days mortality. Laboratory: blood prealbumin (determined weekly), C-reactive protein (CRP),
and procalcitonin (mean of the ICU stay).

2.3. Nutrition Protocol

The ICU’s protocol called NUTSIA (NUTrition aux Soins Intensifs Adultes) is based on the ESPEN
guidelines [13]. Enteral nutrition is recommended as the first option when nutritional therapy is
indicated (i.e., for patients for whom oral intake is not possible), and should be initiated within the first
3 days after hemodynamic stabilization. Parenteral nutrition (PN) may be used as combined feeding,
or total PN from day 4 and earlier in selected malnutrition situations. Energy goals are 20 kcal/kg/day
during the first week, to be increased or adapted thereafter—indirect calorimetry is recommended
from day 7. The initial energy goal should be reached by day 4–5. Energy intakes include the energy
from feeding products and oral intakes, and the energy resulting from glucose (drug dilution) and fat
(sedative propofol), which are administered for non-nutritional purposes.

Feeding products were: Peptamen Intense (Nestlé, Switzerland), Promote Fiber plus (Abbott,
Switzerland), Isosource Energy Fiber (Nestlé, Switzerland), Nutriflex Omega special (BBraun,
Switzerland), and Pharmacy compounded PN in individual cases.

Energy balances were calculated as the daily difference between the total substrate intakes
(nutritional and non-nutritional sources) and the prescribed value. The mean daily and the cumulated
values were calculated for the first 10 days, and a cutoff of cumulated deficit−70 kcal/kg was considered
critical [15,16]. For proteins, the daily delivery was compared to the recommended target of 1.2 g/kg/day.
The cumulated deficit was calculated for the first 10 days and a cutoff of −300 g was considered critical.

Glucose control is handled by nurses, with a blood glucose (BG) goal of 6–8 mmol/L (6–10 mmol/L
in diabetic patients) maintained using continuous insulin infusion. Blood glucose is presented as the
daily mean value, and is measured on a point of care blood gas analyzer. Its variability is indicated as
the daily standard error of the daily BG values. Daily total insulin was recorded.

The 2 dieticians (one full time position present on working days) attended to patients requiring
>3 ICU days. These individuals are in charge of checking route of feeding, energy needs (indirect
calorimetry), proteins delivery, and adapting the feeding solutions [17]. They attend the weekly
PLS meetings.

2.4. Other Variables

Muscle strength upon discharge was assessed using the MRC score [18], where the patient’s
effort is graded on a scale of 0–5. Six muscle groups were bilaterally measured (abduction of the arm,
flexion of the forearm, extension of the wrist, flexion of the hip, extension of the knee, and dorsal
flexion of the foot). All muscle groups were scored between 0 and 5 (0, no visible/palpable contraction;
1, visible/palpable contraction without movement of the limb; 2, movements of the limb but not against
gravity; 3, movements against gravity (almost full passive range of motion) but not against resistance;
4, movement against gravity and resistance, arbitrarily judged to be sub-maximal for gender and age;
5, normal). Therefore, the maximal score is 60 points.

2.5. Statistical Analysis

Data of the entire stay were extracted, but analysis was limited to the first 30 days. The data
are presented as means ± standard deviation (SD), or median (interquartile Q1, Q3) depending on
normal distribution, which was assessed through histograms and calculation of skewness and kurtosis.
For non-parametric variables, the Kruskal-Wallis test was used. Two phases were considered for the
analysis of the nutritional related variables: the first days (D1–D10), and the next 20 days of the ICU
stay (D11–D30). The continuous variables in survivors versus non-survivors were compared using
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the one-way and two-way ANOVA, while the categorical variables were compared using Chi2 tests.
For non-parametric variables, Kruskal-Wallis rank sum test was used. Kaplan–Meier analysis and
Cox regression were used to compare mortality. For the Kaplan–Meier analysis, the log rank test was
used to compare the curves of each NRS group (3–4 and 5–6–7 points). The generalized linear model
(GLM) was used to analyze response variables that were not normally distributed such as substrate
administration or blood glucose over the 30 days. Statistical programs were JMP version 14.2 for
Windows, (SAS Institute GMH, Böblingen, Germany), and R Version 3.5.3, 2019 (R Foundation for
Statistical Computing, Vienna, Austria). Significance level was set at p < 0.05.

3. Results

3.1. Patients

The current study included prospectively 150 patients admitted between 1 February 2017 and
31 December 2018. During the same period, 589 patients were admitted who required ICU for >7 days,
but the majority were discharged before entering the PLS program. Table 1 summarizes patient
demographics and clinical outcomes, with the details of survivors/non-survivors at ICU discharge.
Most patients (60.7%) were admitted for medical causes (17/91 with a surgical background), followed
by emergency surgery, and elective surgery (52% were admitted for sepsis, and 48% needed continuous
renal replacement during their stay).

Table 1. Demographics, severity of illness, laboratory and outcome variables according to ICU
vital status.

Overall Non-Survivors Survivors p

N (%) 150 27 (18%) 123 (82%)

Age (mean (SD)) 60.2 (14.6) 66.0 (10.9) 59.0 (15.0) 0.024

Sex (Males, %) 116 (77.3) 24 (88.9) 92 (74.8) 0.184

Body weight admission (kg, mean (SD)) discharge 78.3 (18.4)
75.7 (17.8)

77.4 (18.8)
81.5 (18.5)

78.4 (18.4)
74.3 (17.5)

0.785
0.054

BMI (mean (SD)) 26.47 (6.09) 26.15 (6.42) 26.54 (6.05) 0.761

SAPS2 (mean (SD)) 52.9 (18.3) 58.7 (15.8) 51.7 (18.6) 0.072

SOFA on Day1 (median (Q1, Q3)) 8 (5, 11) 11 (9, 14) 9 (6, 12) 0.134

NRS (median (Q1, Q3)) 5 (3, 6) 5 (4, 6) 4 (3, 6) 0.033

Medical/Emergency surgery/elective surgery 91/40/19 20/6/1 71/34/18 0.141

Diabetes (%) 26 (17.3) 7 (25.9) 19 (15.4) 0.307

Renal failure requiring CRRT (n, % of n) 72 (48.0%) 22 (81.5%) 50 (40.5%) <0.001

Sepsis on admission (n, % of n) 78 (52.0) 15 (55.6) 63 (51.2) 0.845

CRP (median (Q1, Q3)) mean of stay 125 (81,170) 153 (97, 183) 116(77, 166) 0.096

Procalcitonin (median (Q1, Q3)) mean of stay 1.4 (0.4, 4.6) 3.2 (1.6, 7.7) 1.0 (0.3, 3.7) 0.008

Glucose (daily means (median (Q1, Q3)) 7.7 (7.2, 8.4) 7.8 (7.4, 8.2) 7.6 (7.1, 8.4) 0.408

Lactate (daily max (median (Q1, Q3)) 1.7 (1.4, 2.1) 2.0 (1.7, 2.7) 1.6 (1.4, 2.1) 0.004

Pressure ulcers (n patients with) 72 (48%) 12 60 0.835

MRC on discharge (median (Q1, Q3) (n = 91)) 34 (24,42) 31 (25, 43) 35 (25,42) 0.825

Length of Mech.Ventilation (days) (median (Q1, Q3)) 16.1 (10.0, 21.6) 17.8 (13.2, 26.8) 15.7 (9.8, 20.3) 0.152

Total length of ICU stay (median (Q1, Q3)) 31 (23, 46) 29 (18, 44) 31 (24, 46) 0.268

Hospital length of stay (median (Q1, Q3)) 57 (39, 82) 30 (24, 47) 63 (44, 91) <0.001

Abbreviations: SOFA= Sequential Organ Failure Assessment, SAPS= Simplified Acute Physiology Score, BMI=Body
Mass Index, NRS = Nutrition risk screening, CRP = C-reactive protein, Q1 and Q3 = q quartiles 25, 75.
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Gender was equally distributed, but the non-survivors were older (p = 0.024) and tended to
have a higher SAPSII score (p = 0.072). The admission SOFA score did not differ significantly but
its evolution was different over time, decreasing significantly in survivors (p < 0.0001) (Figure A1).
The cardiac component of the score remained elevated for a longer period of time (i.e., at 3–4 points)
in the non-survivors. A significantly higher NRS score (p = 0.033) was observed in non-survivors.
The Kaplan–Meier analysis showed that the scores NRS 5–6–7 are associated with a higher 90-days
mortality of 43.8% versus 25.7% with NRS scores 3 and 4, respectively (Figure 1). Admission weight
(mean 78.3 kg) and BMI were similar, but the weight change over time differed significantly (p < 0.0001)
depending on the outcome. By the end of the stay, survivors had lost weight, while non-survivors
had gained weight due to a persistent positive fluid balance. While 28 patients (18%) died in the
ICU, further 26 patients died within 90 days, resulting in a total of 56 (35.3%) deaths—age and NRS
differences became even more pronounced by day 90 (age p < 0.001; NRS p = 0.005; Table A1). A Cox
regression model with 90-days mortality as an outcome showed an increased risk of death in patients
with NRS ≥ 5 (HR 2.2 (1.18–4.2), p = 0.013), but not for the SAPS2 score (HR 1.0 (0.99–1.0), p = 0.235).
Diabetes mellitus was present in 17.3% of patients, but was not associated with any mortality difference.

 
Figure 1. Kaplan–Meier analysis comparing elevated and low NRS scores. NRS: Nutrition Risk
Screening and ICU: intensive care unit.

3.2. Nutrition

The proportion of days with intentional absence of feeding (fasting) was 10.8% of total days
(Table 2 and Figure 2), being significantly higher in non-survivors (p = 0.038), with fasting contributing
to the high day-to-day variability of intakes (Figure 3)—except for the number of fasting days (3 versus
2, p = 0.043). Table 2 shows that there was no difference between survivors and non-survivors.
Fasting days were mostly observed during the first 5 days, but did occur throughout the 30 days.
The feeding route was predominantly enteral, representing 55.7% of total days; combined enteral (EN)
and parenteral (PN) feeding represented 8.1% and 14.1% of total days, respectively, and variable route
combinations was used in 1% of total days.
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Figure 2. Evolution of the route of feeding over time presented as percentage of all patients over the first
30 days—there is a variable time of fasting during the first week. Enteral feeding was predominant, with
a stable proportion of combined enteral–parenteral feeding (Comb EN+PN), or total parenteral nutrition
(PN), and a variable proportion of the combinations oral–enteral, or oral–parenteral. Abbreviations:
EN = enteral nutrition, PN = parenteral nutrition, Comb = combined, PO = oral.

 
Figure 3. Individual delivery of protein and glucose by day during the first 10 days. Each line represents
individual patient values. The erratic aspect aims at showing a phenomenon which is the extreme
day to day variability and multiple interruptions that characterize the nutrition in the early phase.
The thick dark lines show median (blue) and mean (black) values.

3.2.1. Energy

The mean prescribed energy during the first 10 days was 21.7 kcal/kg/day, and 23.4 kcal/kg/day
thereafter (1750 kcal/day). The individual patients were characterized by a high variability of feeding,
and total protein and glucose intakes (Figure 3). The progression of feeding occurred over the
first 10 days (and not over 5 days as per protocol), i.e., before inclusion in the dedicated program
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(no difference between the two categories). Figure 4 shows the mean values for protein and energy,
which were below the service’s recommendations and below the prescribed values. Both groups were
underfed, resulting in a median cumulated negative balance of −5266 kcal by day 10 (−70 kcal/kg).
Nutrition delivery improved over time, but stagnated below the prescribed value.

Indirect calorimetry was available in 95 patients. The prescription was −236 kcal (range: −1391 to
+483 kcal) below the measured energy expenditure. When this deficit is added to the daily energy
deficit (difference between prescribed and delivered), the median deficit becomes −741 kcal/day (range:
−2971 to −123 kcal per day) for the first 10 days.

3.2.2. Proteins

The delivery was lowest during the first 10 days (Figure 4), with a median of 64.3 g/day
(0.70 g/kg/day), which is below the 1.2 g/kg/day service NUTSIA recommendation. By day 10,
80 patients (53.3%) exceeded −300 g of cumulated deficit. Protein intake thereafter increased to
1 g/kg/day remaining below recommendation, with a tendency to be lower in non-survivors.

Figure 4. Mean protein and energy delivery with the resulting energy balance over the first 30 days
according to ICU vital status (mean ± SD). The thick gray lines show protein target (1.2 g/kg/day),
energy goal (prescribed value), and neutral energy balance. The differences in protein and energy
delivery between survivors and non-survivors were significant after day 10 (p < 0.001). Energy balances
were similarly negative.

Prealbumin, the lowest values were observed in patients with high NRS scores (p = 0.067).
Prealbumin increased over time in the majority of patients in association with higher protein delivery
(r2 = 0.19; p = 0.027), and the increase (difference between first and last value of the ICU stay) was
lower in non-survivors (p < 0.001).

3.2.3. Blood glucose

Altogether, 30,769 arterial blood glucose values were available for analysis (4–10 blood samples
per day). Blood glucose and related variables differed between survivors and non-survivors (Figure 5),
and over time. While glucose intakes were identical and low, non-survivors had higher BG values
during the first 10 days, but not thereafter. Variability was higher, but not significant. Insulin needs
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were significantly higher and became again higher after day 20, while survivors’ insulin needs declined,
reaching below 30 u/day. Blood maximal lactate was also significantly higher during the first days
in non-survivors.

The BG pattern differed in diabetic patients, being higher throughout the stay as per protocol,
with higher variability and higher 24 h insulin requirements (Figure A2). This was particularly marked
in surviving diabetic patients (Figure A3). Diabetic non-survivors were characterized by lower BG
values and higher insulin needs during the first 5 days. Arterial lactate was elevated during the first 5
days in the majority of patients, being significantly higher in diabetic non-survivors.

Figure 5. Evolution of mean blood glucose (mmol/L), Blood Glucose (BG) variability (standard
error = SD of the individual daily values), 24 h insulin (total dose/24 h), and glucose intake (total in
g/day). The figure shows that the 24 h Insulin delivery is not related to the glucose intake, which was
similar in both groups (data are represented as mean ± SD).

3.3. MRC Discharge Score

MRC discharge score was available in 91 patients. The median value on discharge was low with
34 points. In those patients who did not suffer significant persistent renal failure on discharge (which
results in elevated creatinine values), the median serum creatinine was 52 μmol/L (a low value in adult
patients, and a surrogate for muscle mass).

4. Discussion

The main finding in our study is that CCI patients are not equal upon admission. Many patients
begin their ICU journey without metabolic reserves reflected by a high NRS score. However, the impact
is not immediate. During the first 10 days, the patients were exposed to very low and highly variable
energy and protein intakes, and many were exposed to prolonged and repeated fasting. The acute
underfeeding generated important energy and protein deficits, resulting in an additional malnutrition
diagnosis in these critically ill patients. Combined EN and PN feeding was minimally used, despite
being included in the service’s protocol based on randomized trials [19,20]. In patients at risk of
malnutrition upon admission, the underfeeding further erodes a previously altered metabolic status,
resulting in a poor outcome. These results confirm recent observational data [16], where patients at
low risk are likely to have a reasonable outcome despite several days of inadequate nutrition, while
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those at higher risk do not. The 2019 ESPEN recommendations [13] emphasize that no patient should
be left longer than 72 h without initiating a balanced feeding. The majority of nutrition-related studies
focus on the first days after admission, and have often included moderately sick or young patients that
did not really benefit from artificial nutrition. By extracting the data of the entire stay, we observed
that there was an early phase, and a later phase with a turning point around day 10. Thereafter, the
patients were better fed, but the majority did not reach their prescribed goals.

The patient cohort was critically ill, as reflected by an elevated admission SAPSII score and an
18% ICU mortality, which was significantly higher than the general ICU patient’s mortality (14.4%).
The non-survivors were older, which belongs to the risk factors of CCI [1]. At the 90 days time point, a
further 26 patients had died, increasing the total mortality to 35.3%. The initial SOFA score did not
differ, but the score’s evolution differed in survivors and non-survivors, remaining higher in the latter.
The inclusion of the evolution of organ failure over time assessed by the SOFA score is an important
strength of this study. Our data do not confirm those of a Brazilian cohort of 453 CCI patients, in which
the initial SOFA score was a predictor of mortality [6]. One of the aims of the study was to find a
variable facilitating the early detection of patients at critical illness risk. The total SOFA score did not
predict the outcome, while the NRS score was able to detect them, confirming other Brazilian results [8].
A NRS score ≥ 5 should raise an alert, especially when associated with hemodynamic instability and
high lactate values.

Timing and route of feeding in the critically ill has long been debated, and particularly the timing
of PN initiation. The pragmatic CALORIES trial in 2400 mechanically ventilated patients randomized
to EN or PN from day 1 showed no difference between the two routes [21]. The NUTRIREA-2 study
included 2410 patients with septic shock, and showed that full early EN from day 1 was associated
with more intestinal complications (p < 0.001) compared to the same dose of PN [9], with no benefit
of EN on infectious complications. Providing early full feeding does not seem to prevent patients
from becoming CCI, as shown by a Brazilian study including 100 critically ill patients. The study
further shows that providing a caloric intake ≥70% in the first 72 h of admission did not improve
short term or 1-year outcomes [11]. Among the possible explanations of these disappointing results,
the early endogenous glucose production [20,22] in response to acute illness should be considered.
This production covers approximately two thirds of energy expenditure during the first days of
disease. In addition, enteral full feeding is not always tolerated, as shown by NUTRIREA-2 [9], and the
risk of refeeding syndrome is a reality [10]. The dose of both feeding and vasopressors might be
the explanation as shown by the secondary analysis of a large septic cohort which showed that EN
providing close to recommended intakes of energy and proteins over the stay was associated with
a better outcome [23]. A propensity-matched analysis, including 52,563 ventilated adult patients
stratified by dose of noradrenalin [24], suggests that in patients on low- or medium-dose noradrenalin,
early EN seems associated with a reduction in mortality but not in the patients requiring high-dose
noradrenalin. The recommendation to provide early, but progressive feeding starting ideally during the
first 48 h, while discouraging early full feeding whatever the route, formulated in the latest ESICM [25]
and ESPEN [13] guidelines was built on such data.

The ICU’s internal protocol recommends progressing to the goal by day 4–5 based on ESPEN
recommendations, which was not achieved without any difference between survivors and non-survivors.
The latter were characterized by a higher percentage of fasting days during the first days after admission
(associated with hemodynamic instability), but also occurring at random thereafter. The reasons for the
feeding interruptions are multiple in an ICU, and have not changed much over the last decades [26].
The elevated mean cardiovascular SOFA scores reflect a persistent hemodynamic instability, which is
probably one of the reasons for withholding feeding, and for difficult EN progression. These poor
results may need a change in our ICU feeding procedure. Volume based feeding needs consideration
as recent studies show that it is safe, and effectively improves energy and protein delivery compared
to traditional rate-based feeding [27].
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An American study analyzed the discharge destinations of critically ill surgical patients according
to the magnitude of their energy and protein deficit. The authors showed that nutrition was a major
outcome determinant [16]. Yeh et al. used a cumulated deficit cutoff of −6000 kcal and of −300 g
protein. The patients who remained below those cutoffs were three times more likely to be discharged
home. The authors also observed a longer ICU stay and higher mortality in those patients exceeding
these values. In the present cohort, the patients entered the PLS program only after 2 weeks. Large
energy and protein deficits had built up, but did not differ between survivors and non-survivors,
both being similarly underfed by day 10: 80 patients (53.3%) exceeded the −300 g protein deficit and
50 patients (33%) exceeded the −6000 kcal cutoff. Knowing that the indirect calorimetry values for
energy expenditure were higher than prescription in the majority of patients, the real deficit is even
greater. Malnutrition causes loss of lean body mass, which is a determinant of the outcome [28,29],
with the early protein deficit being an important contributor to the loss. The positive response of
prealbumin to higher protein delivery shows that increasing proteins delivery is a treatment option.
Critical illness is characterized by a high degree of stress with an accelerated protein degradation that
results in malnutrition, systemic inflammation, and organ dysfunction [30]. Supporting this hypothesis,
Briassoulis et al. showed that in critically ill children, only 22.7% of patients without protein deficiencies
versus 37% of those at risk or already deficient, developed multiple-organ system failure [31]. Further
transferrin and prealbumin levels increased already after 5 days of early EN, and the patients with
positive nitrogen balance had higher prealbumin levels [32]. In critically ill patients, this muscle loss
occurs very rapidly as shown in the landmark study by Puthucheary et al. [33]. In patients with two or
more organ failures, the mean loss of muscle measured by ultrasound of the thigh was 22% in 10 days.
The present patients were in multiple organ failure as reflected by their high SOFA score. However,
there is currently no standardized procedure to assess sarcopenia in long-stay catabolic patients [34],
and only surrogates are available: low (33 points) muscle strength at discharge (MRC score) and the
discharge creatinine values below those recorded at admission reflect the loss of muscle mass. These
results highlight the importance of an early multidisciplinary awareness for metabolic and nutritional
issues, i.e., waiting 2 weeks to address them is too long. The timing, dose, and route of feeding must
be addressed more stringently and earlier, and the recommendations of the dieticians applied more
diligently in the high risk patients already by day 3–4.

Among the factors associated with ICU weakness, hyperglycemia has been considered important,
as insulin therapy might be an attenuating factor of muscle loss through its anabolic properties [35].
Hyperglycemia is associated with increased mortality in critically ill patients [36], an issue that appears
to improve by tight glycemic control [37]. The debate regarding optimal glycemic control continues as
diabetic patients are frequent and exhibit a different response to tight glucose control [38]. However,
there is little data in patients with prolonged ICU stay. One study reported that tighter glycemic control
was associated with improved outcomes in CCI patients with stress hyperglycemia, but not in CCI
patients with diabetes [39]. In the present study, the initial BG values were elevated, independently of
low glucose intake. BG normalized around day 10, and remained stable thereafter, being higher in the
non-survivors despite similar glucose intakes. The observed changes in BG and insulin needs over
time may be related to the decrease in lean body mass. The future non-survivors also required more
insulin during the 2nd phase, possibly reflecting a metabolic derangement. Diabetic patients exhibited
a different pattern compared to non-diabetics corresponding to the application of the internal protocol.

Limitations of the study: our current study is observational, including only 150 patients, but the
patients were enrolled prospectively to the PLS program and the study was aimed at identifying early
risk criteria. The strength of the data comes from the quality of data extraction from the computer
system, resulting in longitudinal continuous daily data. Regarding fasting, the study was not designed
to record the reasons for the feeding interruptions, so exact causes are missing but are unlikely to differ
from other observations [26]. Furthermore, our study lacks a measure for the loss of lean body mass.
Except for ultrasound, which was not available in our clinical setting, there is currently no standardized
procedure to assess sarcopenia in CCI patients [34]. Whole body multi-frequency bioimpedance, phase
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angle, and ultrasound assessment of the cross-sectional area of the thigh might become clinically
useful tools, as they are non-invasive and little costly. We therefore consider integrating them into the
nutrition protocol.

In randomized trials, our group showed that, in case of insufficient enteral feeding during the
first 3 days (i.e., <60% of 25 kcal/kg/day which is <15 kcal/kg/day), supplemental PN (SPN) guided
by indirect calorimetry to cover the measured value from day 4, reduced nosocomial infections [19]
and related costs [40]. Furthermore, our group recently showed that this reduction was explained
by modifications of the immune response and attenuation of the inflammatory response [20], with
a trend to less loss of muscle mass (p = 0.07). This combined strategy should probably be applied
more frequently, especially in patients with NRS ≥ 5 who obviously are not covering their needs,
and who have persistent high cardiac SOFA scores. The two above Swiss SPN studies also show that a
two-phase approach may be the most respectful of physiological mechanisms. Critically ill patients
are generally unstable during the first days, and their endogenous energy production is elevated [22],
providing 200–300 g glucose per day. This endogenous glucose production has an elevated protein
cost, and 120 g/day were shown to be catabolized for neoglucogenesis. Full feeding during this period
is therefore associated with a risk of overfeeding [12]. The present study shows that the very simple
NRS score is probably able to identify patients who will not tolerate a prolonged underfeeding. This
two-step, more physiological approach and the absence of difference between the enteral and parenteral
feeding was recently summarized [41]. It is also important to integrate that “nutrition is more than
the sum of its parts” as described by Briassoulis et al. [42], who emphasized that focusing only and
separately on proteins or energy is not sufficient. An integrated, individualized approach, including
all substrates and micronutrients is needed [43].

5. Conclusions

The present study shows that high NRS scores upon admission may identify patients at higher
risk of a poor outcome, and those who require individualized nutrition therapy [43]. Exposing these
high-risk patients to underfeeding further deteriorates their response capacity, including immune
defenses [40], possibly favoring the development of chronic critical illness. The NRS score is not a
malnutrition score, but identifies those patients who are at risk of high mortality at an early stage,
this risk increasing further with underfeeding. Having no reserves, these patients will cope worse,
and continue eroding their lean body mass, contributing to the poor prognosis [28,29]. Our study also
shows that the most unstable patients, who become chronic, are exposed to discontinuous feeding,
partly explained by persistent shock and high blood lactate values which question the clinicians about
intestinal integrity, and the feasibility of EN [25]. In our previous studies [15], and in others [16],
the cutoff of −70 kcal/kg of cumulated energy deficit was associated with increasing complications.
Preventing such a deficit to build up requires identifying the patients at risk by their elevated NRS and
hemodynamic instability. This would enable the introduction of combined feeding by day 4–5, while
checking the real needs by indirect calorimetry. This strategy should be tested prospectively.
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Appendix A

Table A1. Demographics, severity of illness, laboratory, and outcome variables according to the
90-day outcome.

Overall Non-Survivors Survivors p

N (%) 150 53 (35.3%) 97 (64.7%)

Age (mean (SD)) 60.2 (14.6) 66.1 (12.3) 57.0 (14.9) <0.001

Sex (Males, %) 116 (77.3) 45 (84.9) 71 (73.2) 0.093

BMI (mean (SD)) 26.47 (6.09) 26.56 (5.9) 26.42 (6.23) 0.899

SAPS2 (mean (SD)) 52.9 (18.3) 55.5 (16.9) 51.6 (18.9) 0.211

SOFA on Day1 (median (Q1, Q3)) 8 (5,11) 11 (8, 13) 9 (6, 12) 0.056

NRS (median (Q1, Q3)) 5 (3, 6) 5 (4, 6) 4 (3, 6) 0.005

Figure A1. Evolution of the total SOFA score (A), and of its cardiac (B) and respiratory (C) components
over time. The total SOFA score is shown as box plots (median is the line within the box, whiskers are
10th and 90th percentiles, the points above and below indicate outliers; “Dout” on time axis is the day
of discharge). The boxes B and C show smooth curve uniting the days of available SOFA. The gray
bands represent the 95% confidence intervals. Total SOFA changes over time were significantly different
(p < 0.0001) between survivors and non-survivors, driven by the cardiovascular component of the score.
The respiratory score did not differ between groups, remaining around three points for a long period:
respiratory insufficiency was a frequent reason for prolonged ICU stay.
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Figure A2. Evolution of glucose variables in the patients with diabetes (n = 26) versus those without
diabetes (n = 124). Blood glucose (BG) and insulin needs were significantly higher in diabetic patients
(p < 0.0001), as was the BG variability (p < 0.001) through the stay, with similar glucose intakes.

Figure A3. Glucose variables according to ICU outcome in patients with diabetes (DM) versus those
without diabetes. Blood glucose (BG) was highest (p < 0.001) in DM-survivors compared to all,
While the insulin needs did not differ in non-diabetic patients between survivors and non-survivors,
the DM-non-survivors were characterized by significantly higher insulin needs during the first 6 days
(p < 0.001), and lower needs than DM-survivors thereafter. Arterial lactate was elevated in all patients
groups, and significantly higher in DM-non-survivors during the first 7 days (p < 0.001).
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Abstract: Background: We hypothesized that protein delivery during hospitalization in patients who
survived critical care would be associated with outcomes following hospital discharge. Methods:
We studied 801 patients, age ≥ 18 years, who received critical care between 2004 and 2012 and
survived hospitalization. All patients underwent a registered dietitian formal assessment within 48 h
of ICU admission. The exposure of interest, grams of protein per kilogram body weight delivered
per day, was determined from all oral, enteral and parenteral sources for up to 28 days. Adjusted
odds ratios for all cause 90-day post-discharge mortality were estimated by mixed- effects logistic
regression models. Results: The 90-day post-discharge mortality was 13.9%. The mean nutrition
delivery days recorded was 15. In a mixed-effect logistic regression model adjusted for age, gender,
race, Deyo-Charlson comorbidity index, acute organ failures, sepsis and percent energy needs met, the
90-day post-discharge mortality rate was 17% (95% CI: 6–26) lower for each 1 g/kg increase in daily
protein delivery (OR = 0.83 (95% CI 0.74–0.94; p = 0.002)). Conclusions: Adult medical ICU patients
with improvements in daily protein intake during hospitalization who survive hospitalization have
decreased odds of mortality in the 3 months following hospital discharge.

Keywords: protein; malnutrition; critical care; mortality; outcomes; hospital readmission;
ICU Survivors

1. Introduction

A hallmark of critical illness is muscle wasting related to a dramatic increase in muscle protein
catabolism in the setting of inflammation [1]. Catabolic critical illness results in a protracted and
dramatic loss of nitrogen and reduces exogenous amino acid deposition into endogenous proteins [2].
Nutritionally compromised hospitalized patients commonly present with sarcopenia [3]. Inflammation
related endogenous skeletal muscle protein catabolism that can quickly progress to severe muscle
atrophy [4]. In the critically ill, muscle mass loss and decreased strength are common complications [5].

Protein intake recommended for healthy adults is 0.8 g/kg per day. While the most common
recommended protein intake in the critically ill is 1.5 g/kg per day [6,7], up to 1.5–2.5 g protein/kg
per day may be most advantageous [7,8]. ICU patients commonly receive less than even the
lowest guideline recommendation regarding adequate protein intake [7,9–11]. Recent trials [12–15]
demonstrate that “calorie-supplemented, protein-deficient nutrition” [4] does not improve clinical
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outcomes. Early energy provision of 70–80% of measured energy expenditure appears to be associated
with improved outcome [16,17]. Although the correct amount of protein to provide critically ill patients
is unknown, higher than 1.2 g/kg is associated with reduced mortality in non-septic non-energy
overfed ICU patients [16]. A recent large observational study suggests achieving ≥80% of prescribed
protein intake in the ICU is associated with decreased mortality [18].

Although short term survival is studied in the critically ill regarding protein delivery [18],
post-hospital discharge outcomes in such ICU survivors relative to protein intake and nutrition
status is not known. In patients who survive critical illness, pre-existing malnutrition may be a
risk factor for adverse events following hospital discharge [19]. As ICU patients with low protein
delivery [18] and with malnutrition [20] have elevated in-hospital mortality, we studied the association
between increases in daily protein delivery in malnourished critically ill patients would be associated
with lower 90-day mortality following hospital discharge. We hypothesized that in hospital survivors
who received critical care, those with higher daily protein delivery would have a lower risk of post
discharge mortality and this effect would be magnified in patients with pre-existing malnutrition.

2. Materials and Methods

2.1. Data Sources

We obtained administrative and laboratory data from critically ill medical patients admitted to
the Brigham and Women’s Hospital (BWH), an academic medical center in Boston with 777 beds.
Patient data was collected by the Research Patient Data Registry (RPDR) a clinical data warehouse
for patient records at BWH that has been utilized and validated in other studies [20]. The Partners
Human Research Committee Institutional Review Board granted approval for the study. Between 2004
and 2012 there were 801 unique patients ≥18 years, assigned the CPT code 99291 (critical care,
first 30–74 min) [21] who had nutrition risk assessed, protein intake measured, and survived to
hospital discharge.

2.2. Exposure of Interest and Comorbidities

All medical ICU patients at BWH are screened by a registered dietitian (RD). Patients at risk
for malnutrition are then evaluated by an RD with a structured objective assessment. The exposure
of interest, grams of protein per kilogram body weight delivered per day, was determined by an
RD from all oral, enteral and parenteral sources for up to 28 days. We included all nutrition data
collected by an RD in the ten days prior to ICU admission to two days following an ICU discharge.
The determination of nutrition status is described in detail previously [20,22]. The RD determines
the diagnosis of malnutrition based on literature [23,24], clinical judgment, and on data related
to inadequate nutrient intake, muscle wasting, subcutaneous fat wasting and unintended weight
loss [22]. As in our prior study, we categorized nutrition diagnoses a priori into four groups of
increasing severity: malnutrition absent, at risk for malnutrition, non-specific malnutrition, or any
protein-energy malnutrition [22]. Patients that meet criteria for non-specific malnutrition have risk
factors for malnutrition (insufficient intake of energy, protein, and micronutrients) in addition to
metabolic stress and/or obvious signs of malnutrition (muscle and/or subcutaneous fat wasting)
without supporting biochemical or anthropometric data. Patients that meet criteria for protein-energy
malnutrition have a combination of disease-related weight loss, obvious muscle wasting, peripheral
edema, inadequate energy or protein intake and are considered underweight by percent ideal body
weight [25]. Patients with absence of malnutrition are diagnosed by an RD as well-nourished
and not at risk for malnutrition.Race was self-determined or determined by the patient’s family or
healthcare proxy. The Deyo-Charlson comorbidity index was determined using validated ICD-9 coding
algorithms [26]. To define sepsis we used the presence of the ICD-9 codes 038, 785.52, 995.91, or 995.92 in
the three days before ICU admission to the 7 days after ICU admission [27]. The vasopressors/inotropes
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covariate is the prescription of any vasopressor or inotrope in the three days prior to ICU admission to
the seven days after ICU admission [20].

The number of acute organ failures was a combination of ICD-9-CM and CPT codes relating
to acute organ dysfunction assigned from three days prior to ICU admission day to the 30 days
after [28,29]. Intubation was defined as the presence of ICD-9 codes mechanical ventilation (96.7×)
following hospital admission [30]. Acute kidney injury is the RIFLE class Injury or Failure taking place
in the three days prior to ICU admission and the seven days after ICU admission [31]. Chronic kidney
disease is <60 mL/min glomerular filtration rate calculated from the Modification of Diet in Renal
Disease (MDRD) equation using pre-hospital or hospital admission creatinine as baseline [32].
Changes from the expected hospital length of stay (LOS) are determined by subtracting the actual LOS
from the geometric mean LOS for each Diagnostic Related Grouping (DRG) a classification system for
hospital cases [33]. The geometric mean LOS is the United States national mean LOS for each DRG per
the Centers for Medicare & Medicaid Services [34].

2.3. End Points

Our primary outcome was all cause 90-day post-discharge mortality. Mortality status for the
study cohort was obtained from the United States Social Security Administration Death Master File.
Mortality determination via the Death Master File is validated in our administrative database [21].
The entire cohort had mortality status present for the year following hospital discharge. The censoring
date was 15 March 2012. All patients in the cohort had at least 90-day follow-up after hospital discharge
or expired before the 90-days post-hospitalization.

2.4. Power Calculations and Statistical Analysis

90-day post-discharge mortality rate was 9.6% in our prior study nutrition in critical illness [35].
From these data, we assumed that 90-day post-discharge mortality would be 6.0% greater in
patients with <1.0 g/kg/day protein delivery compared to those with >1.0 g/kg/day protein
delivery. With a power of 80% and an alpha error level of 5%, the sample size required for the
90-day post-discharge mortality outcome was 393 patients with >1.0 g/kg/day protein delivery and
393 patients with <1.0 g/kg/day protein delivery.

We described categorical covariates via frequency distribution, and compared variables in
outcome groups with chi-square testing. We compared continuous variables across outcome groups
using one-way analysis of variance (ANOVA) or the Kruskal–Wallis test. We utilized mixed-effect
logistic regression models [36,37] which contain both fixed and random-effects for analysis of the
association between g/kg/day protein delivery and 90-day post-discharge mortality by use of the
command xtmelogit [38] in STATA 14.1 MP (College Station, TX, USA). The dates of protein delivery
of individual patients were used as the random effect. We assessed the following covariates for
confounding: age, gender, race, Deyo-Charlson comorbidity index, energy delivery, nutrition status,
acute organ failure, sepsis, metastatic malignancy, acute kidney injury and chronic kidney disease.
We selected the final model confounders by analyzing the maximum model and then conducting
backward elimination of covariates with a p > 0.10. The final model had an independent covariance
structure of the random effects; a fixed effect for age, gender, race, Deyo-Charlson comorbidity index,
energy delivery, nutrition status, acute organ failure and sepsis; and gaussian-distributed random
intercepts and slopes. We then used mixed-effect linear regression to analyze the association between
the change in daily protein delivery and hospital LOS where random effects accounted for the dates of
protein delivery within individual patients. Data visualization was performed utilizing the DistillerSR
Forest Plot Generator (Evidence Partners, Ottawa, ON, Canada). p-values presented are two-tailed
with p < 0.05 considered to be significant. We utilized STATA 14.1MP (College Station, TX, USA) for
all analyses.



J. Clin. Med. 2019, 8, 43

3. Results

Patient characteristics were stratified according to 90-day post-discharge mortality (Table 1). In our
cohort the mean (SD) age was 62.3 (16.6) years, 55.3% were male and 78.9% were white. The majority
of patients were assessed by an RD within 24 hours of ICU admission (median [IQR] time between
ICU admission and RD assessment was 0 [1, 1] days). The mean number of recorded nutrition delivery
days was 15. A total of 8735 days with protein intake were determined. The mean peak protein daily
delivery was 0.32 g protein/kg. Figure 1 shows protein delivery over time in the cohort.

The mean (SD) length of hospital stay was 22.1 (15.2) days. The 30-, 90- and 365-day post-discharge
mortality rates were 7.1%, 13.9%, and 24.5%, respectively. Age, race, Deyo-Charlson comorbidity index,
malnutrition, the acute organ failure score and chronic kidney disease are significantly associated with
90-day post-discharge mortality (Table 1).
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Figure 1. Box plots of daily protein delivery up to 10 days in patients who did and did not survive
to 90-day post-discharge mortality, showing the median (white line), the third quartile (Q3) and first
quartile (Q1) range of the data and data outliers (observations outside the 9–91 percentile range).
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Table 1. Clinical and demographic characteristics of the study cohort (n = 801).

Characteristics
Alive at
90-Days

Post-Discharge

Expired by
90-Days

Post-Discharge
Total p-Value

Unadjusted OR
(95%CI) for 90-Day

Post-Discharge
Mortality

690 111 801
Age-Mean ± SD 61.1 ± 16.7 69.8 ± 14 62.3 ± 16.6 <0.001 * 1.04 (1.02, 1.05)
Male Gender-No. (%) 384 (56) 58 (52) 442 (55) 0.50 0.87 (0.58, 1.30)
Non-White Race-No. (%) 154 (22) 15 (14) 169 (21) 0.035 0.54 (0.31, 0.96)

Deyo-Charlson Index-No. (%) 0.003
0 182 (26.38) 15 (13.39) 197 (24.56) 1.00 (Referent)
1–2 440 (63.77) 75 (66.96) 515 (64.21) 2.07 (1.16, 3.70)
≥3 68 (9.86) 22 (19.64) 90 (11.22) 3.93 (1.92, 8.01)

Acute Organ Failures-No. (%) 0.030
0 86 (12) 16 (14) 102 (13) 1.00 (Referent)
1 217 (31) 29 (26) 246 (31) 0.72 (0.37, 1.39)
2 192 (28) 26 (23) 218 (27) 0.73 (0.37, 1.43)
3 136 (20) 20 (18) 156 (19) 0.79 (0.39, 1.61)
≥4 59 (9) 20 (18) 79 (10) 1.82 (0.87, 3.80)

Sepsis-No. (%) 138 (20) 28 (25) 166 (21) 0.21 1.35 (0.85, 2.15)
Intubation-No. (%) 400 (58) 60 (54) 460 (57) 0.44 0.85 (0.57, 1.28)
Acute Organ Failure Score-Mean ± SD 10.2 ± 4.4 11.4 ± 4.6 10.4 ± 4.5 0.0082 * 1.06 (1.02, 1.11)
Vasopressors/Inotropes-No. (%) 264 (38) 51 (46) 315 (39) 0.12 1.37 (0.92, 2.05)
Metastatic Malignancy-No. (%) 296 (43) 58 (52) 354 (44) 0.066 1.46 (0.97, 2.18)
Acute Kidney Injury-No. (%) † 55 (10) 6 (7) 61 (10) 0.381 0.68 (0.28, 1.63)
Chronic Kidney Disease-No. (%) †† 169 (31) 42 (49) 211 (33) 0.001 1.23 (1.06, 1.41)

Malnutrition-No. (%) 0.035
At Risk for Malnutrition 291 (43) 33 (30) 324 (41) 1.00 (Referent)
Non-Specific Malnutrition 343 (51) 65 (60) 408 (52) 1.67 (1.07, 2.61)
Protein-Energy Malnutrition 45 (7) 11 (10) 56 (7) 2.16 (1.02, 4.57)

Data presented as n (%) unless otherwise indicated. p values determined by chi-square unless designated by (*)
then p value determined by ANOVA. † Data available to determine Acute Kidney Injury in 638 patients. †† Data
available to determine Chronic Kidney Disease was present in 638 patients.

Primary Outcome

Higher protein delivery in ICU survivors was associated with lower 90-day post-discharge
mortality. In our mixed-effect logistic regression model adjusted for age, gender, race, Deyo-Charlson
comorbidity index, energy delivery, nutrition status, acute organ failure, sepsis and the random-effects
structure, the 90-day post-discharge mortality rate decreased by 18% for each 1 g/kg/day elevation
in protein delivery following ICU admission (OR 0.82, 95% CI 0.73–0.92). Following stratification
for nutrition status, the same multivariable mixed-effect logistic regression model shows the 90-day
post-discharge mortality rate significantly decreased for each 1 g/kg elevation in daily protein delivery.
Specifically, in patients diagnosed with malnutrition (n = 473), 90-day post-discharge mortality rate was
30% (95% CI: 6–26) less for each 1 g/kg elevation in daily protein delivery following ICU admission
(OR = 0.70 (95% CI 0.61–0.81; p < 0.001)).

We next determined if protein delivery was associated with longer term mortality outcomes.
When patients were evaluated using a multivariable mixed-effect logistic regression model with the
same covariates and structure as the primary outcome model, 180-day post-discharge mortality was
significantly reduced for each 1 g/kg elevation in daily protein delivery (OR 0.74, 95% CI 0.67–0.83;
p < 0.001). When patients were evaluated using the multivariable mixed-effect logistic regression
model with the same covariates and structure as the primary outcome model, the 365- and 720-day
post-discharge mortality rate was significantly reduced for each 1 g/kg elevation in daily protein
delivery (OR 0.76, 95% CI 0.69–0.83; p < 0.001), (OR 0.77, 95% CI 0.71–0.84; p < 0.001) respectively
(Table 2, Figure 2). All estimates are for each 1 g/kg/day increase in protein delivery.
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Table 2. Associations between Protein Delivery and post-hospital mortality outcomes.

Outcome OR 95% CI p-Value
Association for Each

1 g/kg/Day Increase in
Protein Delivery

90-day post-discharge Mortality
Full Cohort (n = 801) 0.83 0.74–0.94 0.002 17% decrease odds of death

Malnutrition (n = 473) 0.70 0.61–0.81 <0.001 30% decrease odds of death

180-day post-discharge Mortality
Full Cohort (n = 801) 0.74 0.67–0.83 <0.001 26% decrease odds of death

365-day post-discharge Mortality
Full Cohort (n = 801) 0.76 0.69–0.83 <0.001 24% decrease odds of death

720-day post-discharge Mortality
Full Cohort (n = 801) 0.77 0.71–0.84 <0.001 23% decrease odds of death

All estimates were produced via a mixed-effect logistic regression model adjusted for age, gender, race,
Deyo-Charlson comorbidity index, energy delivery, nutrition status, acute organ failure, sepsis and the
random-effects structure.

Figure 2. Forest plot of post-discharge mortality associated for each 1 g/kg/day increase in protein
delivery in our study cohort. Odds ratios with corresponding 95% CIs shown of the individual
outcomes under study. a Restricted to patients diagnosed with Malnutrition.

Finally we examined the association between protein delivery and hospital length of stay.
In a mixed-effect linear regression model adjusted for age, gender, race, Deyo-Charlson comorbidity
index, energy delivery, nutrition status, acute organ failure, sepsis and the random-effects structure,
the actual hospital length of stay (LOS) was reduced by 0.87 days (95% CI −1.7 to −0.10) compared
with the average LOS for the DRG for each 1 g/kg/day increase in protein delivery (p = 0.028).

4. Discussion

In our study, we examined the association between protein delivery in critical illness survivors
and post-hospital discharge outcomes. We demonstrate that improvement in daily protein delivery is
associated with a significant decrease in the odds of post-discharge hospital mortality. We also show
that patients with improved daily protein delivery have decreased hospital length of stay.

Long-term morbidity and mortality are substantial problems in ICU survivors [39].
Adverse events following discharge from an ICU admission are known to include comorbidity, illness
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severity and organ failures [40]. In critical illness survivors, the risk factors for outside hospital adverse
events are not well known. Our results show an association between higher daily protein delivery
during hospitalization and improved post-discharge mortality in critical illness survivors. While our
observational study cannot be interpreted as causal, the protein delivery-post-discharge outcome
association has biologic plausibility.

Our study may have limitations due to its observational design. Causality is limited and as
such our observations should be considered hypothesis generating. As protein intake in our cohort
is only collected in patients considered to be at least at risk for malnutrition, ascertainment bias may
be present. Unmeasured variables may influence outcomes following hospitalization independent of
protein delivery, which can result in bias. We are unable to adjust for gut failure which associated with
lower nutrition tolerance, lower protein intake and contributes to adverse outcomes [41]. Though ICD-9
code assignment data is collected from individual provider encounters, determination of covariates via
ICD-9 codes may not completely capture the true incidence or prevalence. Finally, residual confounding
may remain despite multivariable adjustment which may contribute to observed estimates.

Our study has several strengths. We utilize mixed-effects models to incorporate multiple measures
and sources of protein intake over a total of 8735 days which allow for more complete information to be
captured in parameter estimations. Mixed-effects models are ideal for such longitudinal data because
each patient may have an unequal number of repeated measures. Additionally, a highly trained RD
utilized weight loss history, clinical assessment, anthropometric metrics and protein intake to make an
in person assessment of nutritional risk and daily protein delivery. Finally, the Master Death File is
shown to capture post discharge mortality in our cohort accurately [21].

5. Conclusions

Our data show that in critically ill patients who survive hospitalization, higher daily protein
delivery during hospitalization is associated with decreased mortality following hospital discharge.
Increasing protein delivery following the acute phase of illness may be a strategy to assist with critical
illness recovery and longer term outcomes.
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Abstract: The aim of this study was to assess the body composition and nutritional status of
hospitalized pediatric patients with newly diagnosed type 1 diabetes by using bioelectrical impedance
analysis (BIA) with phase angle (PA) calculation. PA is considered to be a useful and very
sensitive indicator of the nutritional and functional status, and it has not yet been evaluated in such
a population. Sixty-three pediatric patients aged 4 to 18 years, with newly diagnosed type 1 diabetes,
were included in the study. The control group consisted of 63 healthy children and adolescents strictly
matched by gender and age in a 1:1 case: control manner. In both groups, BIA with PA calculation
was performed. Diabetic patients, in comparison to control subjects, had a highly significantly lower
PA of 4.85 ± 0.86 vs. 5.62 ± 0.81, p < 0.001. They also demonstrated a lower percentage of body cell
mass (BCM%), 46.89 ± 5.67% vs. 51.40 ± 4.19%, p < 0.001; a lower body cell mass index (BCMI), 6.57
± 1.80% vs. 7.37 ± 1.72%, p = 0.004; and a lower percentage of muscle mass (MM%), 44.61 ± 6.58%
vs. 49.40 ± 7.59%, p < 0.001, compared to non-diabetic controls. The significantly lower PA value in
diabetic patients indicate their worse nutritional and functional status compared to healthy subjects.
To assess the predictive and prognostic value of this finding in this population, further prospective
studies involving larger sample of patients are required.

Keywords: type 1 diabetes mellitus; bioelectrical impedance analysis; phase angle; children; adolescents

1. Introduction

Application of bioelectrical impedance analysis (BIA) to assess the body composition dates back
to late 1980s [1]. Although differences between results obtained by BIA and Dual-Energy X-Ray
Absorptiometry (DXA) are observed both in adult and in pediatric populations, BIA is considered
as an easy to use, reliable, safe, non-invasive, and non-expensive method of the assessment of body
composition, and it has been widely used in a number of epidemiological studies [2–5].

Bioelectrical impedance phase angle (PA) is considered to be a more sensitive and more accurate
indicator of the nutritional and functional status than BIA alone, because PA better reflects the degree
of cellular health and indicates early water shift from intracellular to extracellular compartment in
subjects with malnutrition [6–8].
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The reference values of PA in healthy subjects differ depending on age, sex, and body mass index
(BMI) [9–11]. The PA values in adults are different compared with children and adolescents. Growing
up is associated with increasing phase angles, a situation that is probably due to an increase in cell
mass with age, especially in periods of childhood and adolescence [9]. This trend was observed by
Redondo-Del-Río et al. for both genders (4–5 years: 5.2 vs. 12–13 years: 5.7–5.8 vs. 15–16 years:
6.1–6.5) [10].

Norman et al. summarized in their review the prognostic value of PA in dialysis subjects,
patients with cancer, liver cirrhosis, heart failure, systemic sclerosis, human immunodeficiency virus
(HIV) positive, geriatric, and surgical patients. In all cases lower PA values were associated with
increased mortality and lower survival rates [12]. PA also correlates with function, disease severity,
and prognosis in people with stable chronic obstructive pulmonary disease (COPD) [13]. Low PA at
hospital admission appeared also to be associated with malnutrition and nutritional risk [14]. In the
study by Zhang et al., patients with a better nutrition state demonstrated relatively higher PA than the
patients with severe malnutrition, which suggests that PA has the potential to be a quantitative index
in assessing nutrition state, while current assessing methods such as the Subjective Global Assessment
(SGA) contain many subjective factors [7]. Thus, PA can be considered not only as an indicator of
nutritional status but also as an important prognostic factor of malnutrition risk and clinical outcome,
especially in chronic diseases leading to malnutrition and cachexia. The European Society for Clinical
Nutrition and Metabolism (ESPEN) strongly recommends PA as a reliable prognostic nutritional
measure [15]. Currently, it is expected that nutrition state assessment based on PA will be established
and implemented in clinical trials [7].

The primary objective of our study was to assess the PA value in hospitalized children and
adolescents with newly diagnosed type 1 diabetes compared to healthy controls. To our knowledge,
it is the first study in such a group, as through searching Embase, Web of Science, PubMed,
and Scopus databases by use of the terms “type 1 diabetes mellitus” and “children”; combined
with “body composition” or/and “phase angle”; “bioelectrical impedance analysis”, “type 1 diabetes
mellitus”, and “children”; and combined with “nutritional status” and “phase angle”, we found only
two full-text papers assessing the PA in diabetic patients, but both of them were conducted in adult
populations [16,17].The search was limited to articles published in English from 1990 to 30 July 2018.
The secondary objective was to analyze body composition in this group of patients.

2. Experimental Section

2.1. Ethics

The study was approved by the institutional Bioethics Committee at the University of Rzeszów
(Resolution No. 5/02/2012) and by all appropriate administrative bodies. The study was conducted in
accordance with ethical standards laid down in an appropriate version of the Declaration of Helsinki
and in Polish national regulations.

2.2. Subjects

This pair-matched, case control study was carried out between March 2012 and August 2014.
Sixty-three children and adolescents (28 girls, 44.4%) with type 1 diabetes hospitalized in the Clinical
Department of Pediatrics with the Pediatric Neurology Unit at the Clinical Regional Hospital No. 2
in Rzeszow comprised the study group. The flow chart demonstrating the selection of the study and
control groups is presented in Figure 1, while characteristics of both groups are presented in Table 1.
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Figure 1. Flow chart of the selection of study participants.

Table 1. Demographic and anthropometric parameters of the study participants.

Parameter Type 1 Diabetes Group Control Group p-Value

Age (years) 10.78 ± 3.72 10.80 ± 3.73 0.967
Girls 10.93 ± 3.55 10.96 ± 3.56 0.947
Boys 10.66 ± 3.90 10.66 ± 3.90 1.000

Body weight (kg) 42.15 ± 21.08 39.93 ± 14.97 0.907

Girls 38.71 ± 16.69 38.53 ± 11.92 0.962
Percentile * (n):

<3 2 1 0.613
3–10 4 1
10–90 20 23
90–97 1 1
>97 1 2

Boys 44.89 ± 23.91 41.05 ± 17.11 0.720
Percentile * (n):

<3 0 1 0.400
3–10 4 2
10–90 24 26
90–97 3 5
>97 4 1

Height (cm) 145.80 ± 22.16 144.12 ± 19.63 0.653

Girls 143.93 ± 19.64 143.66 ± 18.60 0.958
Low-to-age * 1 1 0.354

Normal * 27 25
High-to-age * 0 2

Boys 147.30 ± 24.17 144.49 ± 20.68 0.602
Low-to-age * 0 0 0.673

Normal * 31 33
High-to-age * 4 2
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Table 1. Cont.

Parameter Type 1 Diabetes Group Control Group p-Value

BMI (kg/m2) 18.56 ± 4.57 18.52 ± 3.30 0.460

Girls 17.76 ± 3.40 18.26 ± 3.08 0.244
Underweight * 10 5 0.371

Normal weight * 15 19
Overweight * 3 3

Obesity * 0 1

Boys 19.21 ± 4.94 18.72 ± 3.49 0.939
Underweight * 1 1 0.573

Normal weight * 27 24
Overweight * 6 10

Obesity * 1 0

SD—standard deviation; BMI—body mass index. Values are presented as mean ± SD. * According to Polish
normative values [18].

The inclusion criteria were as follows: newly diagnosed type 1 diabetes; age 4 to 18 years; no other
autoimmune or chronic diseases having impact on height, weight, or nutritional status; and written
informed consent signed by parents or legal guardians and also by adolescents aged over 16 years.
The control group consisted of the same number of children and adolescents taken from primary,
junior high, and high schools from urban and rural areas. The inclusion criteria for this group were the
same, with the exception of having type 1 diabetes. The diabetic and healthy subjects were strictly
matched by gender and age (to the nearest possible date of birth) in a 1:1 case:control manner.

2.3. Assessments

Body height was measured to the nearest 0.1 cm using a portable stadiometer (Seca 213).
The measurements were performed under standard conditions in an upright position and barefoot.
Body mass was assessed with an accuracy of 0.1 kg using a personal scale (Seca 799). Body mass
index (BMI) was calculated as weight (kg)/height (m)2. To avoid bias associated with dehydration
at the time of diabetes diagnosis, in the first step, acid–base and water–electrolyte balance in the
study group were normalized. In the treatment of hyperglycemia, a continuous intravenous insulin
infusion was used in the first several hours after admission. After glucose metabolism control was
achieved, children and adolescents were switched to subcutaneous multiple daily injections of insulin
using the basal/bolus method. The assessment of body composition and nutritional status in diabetic
subjects was performed between the 5th and 7th days after admission after when stable metabolic
state was achieved. BIA was performed using an AKERN BIA 101 analyzer (Akern SRL, Pontassieve,
Florence, Italy). PA was calculated from the following equation:

PA = (
XC

R
)× (

180◦

π
)

(Xc—reactance, R—resistance)
(1)

The equations used by the software to assess the specific parameters are restricted property
of the company, but to a significant degree, they are based on computed algorithms developed by
Sun S. et al. [19] and Horlick et al. [20]. According to widely accepted and available methodologies [21],
participants were in a fasting state and, before measurement (24 h), they did not practice physical
exercises. Before the BIA measurement, they were asked to empty the bladder completely and to
remove all clothing and metal elements. The measurements were carried out between 07:00 and 12:00 in
a fasting state, in the supine position, with abducted upper (30◦) and lower (45◦) extremities, and after
at least 5 min of rest. A tetrapolar system with a contralateral mode was used (amplitude of measured
current: 800 uA; sinusoidal; 50 kHz). To ensure reliability and repeatability of the results obtained,
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two measurements, one after another, were performed. All the measurements were performed by the
same person. The accuracy of the equipment was checked before the measurements with a 500 ohm
resistor supplied by the manufacturer. The disposable electrodes (Biatrodes, Pontassieve, FI, Italy;
the individual impedance of a single electrode: 25–30 Ω; compliance with the Medical Directive
93/42/EEC; accordance with ISO 10993-1:2003) were placed on the dorsal surface of the right upper
limb (over the wrist) and the right lower limb (on the ankle) while the minimum distance between
the two electrodes was 5 cm. The results were transferred and analyzed by specialized software
(Bodygram1_31 by AKERN).

In all children and adolescents, weight and height was measured and BMI was calculated.
The obtained results were compared to Polish normative values charts according to age and gender [18].
Weight was divided into five categories according to percentiles: <3 low-to-age weight, 3–10 alert
level, 10–90 normal weight, 90–97 alert level, and >97 high-to-age weight. Height was divided into
three percentile categories: >97 high-to-age height, 3–97 normal range, and <3 low-to-age height.
BMI was divided into four categories: underweight, normal weight, overweight, and obese, according
to normative charts for age and gender. BIA analysis included: fat mass (FM), fat free mass (FFM)
muscle mass (MM) (kg and %), total body water (TBW), intra- and extracellular water (ICW and ECW;
liters and %), body cell mass (BCM; kg and %), and body cell mass index (BCMI). Upon resistance and
reactance results, phase angle was calculated. In addition, fat mass index (FMI) and fat free mass index
(FFMI) were calculated.

Phase angle results were compared between diabetic and control groups as a whole and separately
for each gender. In addition, we analyzed PA values in relation to the reference values for age, gender,
and BMI obtained by Bosy-Westphal et al. in the study conducted in Germany, the neighboring country,
which can be considered applicable for our population [9].

2.4. Statistical Analysis

Statistical analysis of the data was performed using SigmaPlot for Windows, version 12.5
(Systat Software Inc., San Jose, CA, USA). The continuous data are presented as mean ± SD
(standard deviation). Differences between study and control groups were analyzed using a two-tailed
Student’s t-test for independent samples after performing a Shapiro-Wilk normality test and a constant
variance test. In the case of normality and constant variance test failure, the Mann-Whitney rank sum
test was performed. The categorical data were compared using the χ2 test. The linear correlation
between PA and HbA1c was assessed using the Pearson product moment correlation test after
checking the normality of distribution by the Shapiro-Wilk test. A p-value of <0.05 was considered
statistically significant.

3. Results

The phase angle value in diabetic patients was highly significantly lower compared to healthy
subjects. Among components of the PA equation, only reactance appeared to be significantly different
between the study and control groups (Table 2) regardless of gender (Table 3). Resistance, although
higher in diabetic subjects, did not reach statistical significance. Although the muscle mass and body
cell mass measured in kg were not significantly different between the diabetic and control groups,
MM%, BCM%, and BCMI were also significantly lower in diabetic subjects (Table 2). The differences
remained significant when these variables were also analyzed separately for each gender (Table 3).



J. Clin. Med. 2018, 7, 516

T
a

b
le

2
.

Bi
oe

le
ct

ri
ca

lI
m

pe
da

nc
e

A
na

ly
si

s
re

su
lt

s
in

st
ud

y
pa

rt
ic

ip
an

ts
.

P
a

ra
m

e
te

r
T

y
p

e
1

D
ia

b
e

te
s

G
ro

u
p

(N
=

6
3

)
C

o
n

tr
o

l
g

ro
u

p
(N

=
6

3
)

p-
V

a
lu

e
M

e
a

n
±

S
D

M
e

a
n
±

S
D

Fa
tm

as
s

(k
g)

10
.8

4
±

8.
33

9.
07

±
5.

20
0.

48
1

Fa
tm

as
s

(%
of

bo
dy

m
as

s)
23

.9
6
±

9.
50

22
.4

9
±

9.
44

0.
38

6
Fa

tm
as

s
in

de
x

(k
g/

m
2 )

4.
66

±
2.

78
4.

24
±

2.
33

0.
36

4
Fa

tf
re

e
m

as
s

(k
g)

31
.3

1
±

14
.4

9
30

.8
6
±

12
.2

6
0.

84
0

Fa
tf

re
e

m
as

s
(%

of
bo

dy
m

as
s)

76
.0

4
±

9.
50

77
.5

1
±

9.
44

0.
38

6
Fa

tf
re

e
m

as
s

in
de

x
(k

g/
m

2 )
13

.8
1
±

2.
74

14
.2

0
±

2.
26

0.
21

8
M

us
cl

e
m

as
s

(k
g)

18
.8

7
±

10
.0

1
20

.0
3
±

9.
17

0.
34

1
M

us
cl

e
m

as
s

(%
of

bo
dy

m
as

s)
44

.6
1
±

6.
58

49
.4

0
±

7.
59

<0
.0

01
To

ta
lb

od
y

w
at

er
(L

)
24

.4
8
±

10
.6

1
24

.2
8
±

9.
10

0.
90

3
To

ta
lb

od
y

w
at

er
(%

of
bo

dy
m

as
s)

59
.9

5
±

8.
62

61
.3

6
±

8.
56

0.
35

9
Ex

tr
ac

el
lu

la
r

w
at

er
(L

)
11

.1
0
±

4.
44

10
.5

7
±

3.
85

0.
70

7
Ex

tr
ac

el
lu

la
r

w
at

er
(%

of
bo

dy
m

as
s)

46
.8

9
±

7.
34

44
.0

5
±

3.
67

0.
06

4
In

tr
ac

el
lu

la
r

w
at

er
(L

)
13

.7
0
±

6.
49

13
.7

6
±

5.
44

0.
94

6
In

tr
ac

el
lu

la
r

w
at

er
(%

of
bo

dy
m

as
s)

53
.1

1
±

7.
34

55
.9

5
±

3.
67

0.
06

4
Bo

dy
ce

ll
m

as
s

(k
g)

15
.1

4
±

8.
27

16
.2

3
±

7.
57

0.
30

8
Bo

dy
ce

ll
m

as
s

(%
of

bo
dy

m
as

s)
46

.8
9
±

5.
67

51
.4

0
±

4.
19

<0
.0

01
Bo

dy
ce

ll
m

as
s

in
de

x
(k

g/
m

2 )
6.

57
±

1.
80

7.
37

±
1.

72
0.

00
4

R
es

is
ta

nc
e

(o
hm

)
68

4.
92

±
99

.2
9

65
9.

98
±

94
.1

0
0.

15
0

R
ea

ct
an

ce
(o

hm
)

57
.6

2
±

10
.4

1
63

.8
3
±

6.
93

<0
.0

01
Ph

as
e

an
gl

e
(−

)
4.

85
±

0.
86

5.
62

±
0.

81
<0

.0
01

A
te

tr
ap

ol
ar

sy
st

em
w

ith
a

co
nt

ra
la

te
ra

lm
od

e;
am

pl
itu

de
of

a
m

ea
su

re
d

cu
rr

en
to

f8
00

uA
,s

in
us

oi
da

l,
50

kH
z.

Si
gn

ifi
ca

nt
di

ff
er

en
ce

s
ar

e
in

bo
ld

an
d

in
di

ca
te

si
gn

ifi
ca

nt
va

lu
es

(p
<

0.
05

).
V

al
ue

s
ar

e
pr

es
en

te
d

as
m

ea
n
±

SD
.



J. Clin. Med. 2018, 7, 516

T
a

b
le

3
.

BI
A

re
su

lt
s

in
st

ud
y

pa
rt

ic
ip

an
ts

ac
co

rd
in

g
to

ge
nd

er
.

P
a

ra
m

e
te

r

G
ir

ls

p-
V

a
lu

e

B
o

y
s

p-
V

a
lu

e
D

ia
b

e
te

s
(N

=
2

8
)

C
o

n
tr

o
l

(N
=

2
8

)
D

ia
b

e
te

s
(N

=
3

5
)

C
o

n
tr

o
l

(N
=

3
5

)

Fa
tm

as
s

(k
g)

9.
98

±
6.

53
9.

77
±

4.
53

0.
89

1
11

.5
3
±

9.
57

8.
50

±
5.

67
0.

21
5

Fa
tm

as
s

(%
of

bo
dy

m
as

s)
23

.6
5
±

9.
72

25
.1

2
±

8.
56

0.
55

5
24

.2
1
±

9.
46

20
.3

8
±

9.
47

0.
07

2
Fa

tm
as

s
in

de
x

(k
g/

m
2 )

4.
37

±
2.

40
4.

71
±

2.
39

0.
61

1
4.

90
±

3.
06

3.
86

±
2.

25
0.

07
9

Fa
tf

re
e

m
as

s
(k

g)
28

.7
4
±

11
.0

0
28

.7
6
±

9.
52

0.
99

4
33

.3
7
±

16
.6

3
32

.5
5
±

13
.9

8
0.

93
0

Fa
tf

re
e

m
as

s
(%

of
bo

dy
m

as
s)

76
.3

5
±

9.
72

74
.8

8
±

8.
86

0.
55

5
75

.7
9
±

9.
46

79
.6

2
±

9.
47

0.
07

2
Fa

tf
re

e
m

as
s

in
de

x
(k

g/
m

2 )
13

.1
8
±

2.
52

13
.4

6
±

1.
78

0.
62

8
14

.3
2
±

2.
84

14
.7

8
±

2.
45

0.
24

7
M

us
cl

e
m

as
s

(k
g)

16
.7

9
±

7.
25

18
.2

9
±

6.
59

0.
42

1
20

.5
3
±

11
.6

0
21

.4
2
±

10
.7

0
0.

59
7

M
us

cl
e

m
as

s
(%

of
bo

dy
m

as
s)

43
.6

2
±

5.
70

47
.2

0
±

6.
17

0.
02

8
45

.4
1
±

7.
19

51
.1

5
±

8.
23

0.
00

3
To

ta
lb

od
y

w
at

er
(L

)
22

.2
5
±

7.
82

22
.3

5
±

6.
92

0.
95

8
26

.2
5
±

12
.2

3
25

.8
1
±

10
.3

7
0.

89
3

To
ta

lb
od

y
w

at
er

(%
of

bo
dy

m
as

s)
59

.7
5
±

9.
02

58
.5

5
±

7.
54

0.
59

0
60

.1
1
±

8.
42

63
.6

1
±

8.
77

0.
09

3
Ex

tr
ac

el
lu

la
r

w
at

er
(L

)
10

.4
8
±

3.
64

9.
85

±
3.

12
0.

62
9

11
.5

9
±

4.
98

11
.1

5
±

4.
30

0.
93

0
Ex

tr
ac

el
lu

la
r

w
at

er
(%

of
bo

dy
m

as
s)

48
.3

1
±

8.
70

44
.2

5
±

3.
08

0.
11

9
45

.7
6
±

5.
92

43
.8

9
±

4.
12

0.
13

1
In

tr
ac

el
lu

la
r

w
at

er
(L

)
12

.1
3
±

4.
99

12
.6

5
±

4.
05

0.
79

3
14

.9
5
±

7.
31

14
.6

5
±

6.
25

0.
99

5
In

tr
ac

el
lu

la
r

w
at

er
(%

of
bo

dy
m

as
s)

51
.6

9
±

8.
70

55
.7

5
±

3.
08

0.
11

9
54

.2
4
±

5.
92

56
.1

1
±

4.
12

0.
13

1
Bo

dy
ce

ll
m

as
s

(k
g)

13
.3

9
±

5.
99

14
.7

9
±

5.
38

0.
36

2
16

.5
5
±

9.
57

17
.3

7
±

8.
86

0.
56

5
Bo

dy
ce

ll
m

as
s

(%
of

bo
dy

m
as

s)
45

.6
0
±

6.
30

50
.9

0
±

3.
05

<0
.0

01
47

.9
1
±

4.
96

51
.7

9
±

4.
93

0.
00

2
Bo

dy
ce

ll
m

as
s

in
de

x
(k

g/
m

2 )
6.

11
±

1.
50

6.
91

±
1.

27
0.

03
7

6.
93

±
1.

95
7.

73
±

1.
96

0.
03

9
R

es
is

ta
nc

e
(o

hm
)

71
2.

75
±

10
2.

10
70

0.
57

±
79

.0
1

0.
62

0
66

2.
66

±
92

.4
7

62
7.

51
±

93
.5

3
0.

11
9

R
ea

ct
an

ce
(o

hm
)

58
.0

7
±

12
.6

6
66

.7
1
±

5.
14

0.
00

3
57

.2
6
±

8.
38

61
.5

1
±

7.
36

0.
02

7
Ph

as
e

an
gl

e
( −

)
4.

66
±

0.
84

5.
49

±
0.

56
<0

.0
01

5.
00

±
0.

85
5.

72
±

0.
97

0.
00

1

A
te

tr
ap

ol
ar

sy
st

em
w

ith
a

co
nt

ra
la

te
ra

lm
od

e;
am

pl
itu

de
of

a
m

ea
su

re
d

cu
rr

en
to

f8
00

uA
,s

in
us

oi
da

l,
50

kH
z.

Si
gn

ifi
ca

nt
di

ff
er

en
ce

s
(p

<
0.

05
)i

nd
ic

at
ed

in
bo

ld
.V

al
ue

s
ar

e
pr

es
en

te
d

as
m

ea
n
±

SD
.



J. Clin. Med. 2018, 7, 516

We also found significant differences between the study and control group for both genders in
the analysis of PA values in relation to the reference values for a healthy population obtained by
Bosy-Westphal et al. in the study conducted in Germany, the neighboring country [9]. In our study,
among girls with diabetes, only 14 (50.0%) had a PA value equal or higher than the 10th percentile
expected for gender, age and BMI, while among healthy girls such number was 27 (96.4%), p < 0.001
for the difference. Among boys these numbers were 20 (57.1%) and 30 (85.7%) respectively and this
difference was also statistically significant, p = 0.017. The more detailed results are presented in the
Table 4.

Table 4. Number of subjects with PA value according to age, gender and BMI in relation to
reference values.

Age Range (years) Phase Angle Percentiles
Girls Boys

Diabetes Control Diabetes Control

All (n) 28 28 35 35
≥10th percentile 14 27 20 30
<10th percentile 14 1 15 5
<5th percentile 13 1 11 1

4–9 (n) 10 10 13 13
≥10th percentile 3 10 7 10
<10th percentile 7 0 6 3
<5th percentile 7 0 5 0

10–13 (n) 13 13 16 16
≥10th percentile 9 13 10 14
<10th percentile 4 0 6 2
<5th percentile 3 0 5 1

14–18 (n) 5 5 6 6
≥10th percentile 2 4 3 6
<10th percentile 3 1 3 0
<5th percentile 3 1 1 0

Phase angle (PA) value ≥10th percentile, <10th percentile and <5th percentile according to age, gender and body
mass index (BMI) in relation to reference values from Bosy-Westphal et al. [9].

The mean HbA1c value in children and adolescents with newly diagnosed type 1 diabetes
was 11.37% ± 2.26% (100.7 ± 24.7 mmol/mol). Girls had a mean HbA1c value significantly
higher compared to boys, 12.22% ± 1.89% (110.1 ± 20.7 mmol/mol) vs. 10.71% ± 2.32%
(93.4 ± 25.3 mmol/mol), respectively, p = 0.012. A trend towards negative linear correlation between
the PA value and the HbA1c value in diabetic patients was observe; however, it did not attain
a statistical significance (r = −0.220, p = 0.085).

In a subgroup of patients (four with newly diagnosed diabetes and nine with longer-lasting
diabetes), we performed a follow-up after 13 to 21 (mean of 15.5) months of treatment. We found
a significant improvement in the mean PA value and BCMI (from 5.52 ± 0.77 to 5.84 ± 0.67, p = 0.003,
and from 6.85 ± 1.99 to 8.04 ± 2.15, p < 0.001, respectively). However, at baseline, six patients had
a PA value above the mean value expected for age, gender, and BMI, while at follow-up, this number
decreased to five. The percentage of FM, FFM, TBW, ECW, ICW, and MM did not change significantly
compared to baseline.

No significant differences between the study and control groups regarding mean weight, height,
and BMI were found, nor when individual results were analyzed in relation to Polish normative values.

4. Discussion

The primary objective of our study was to assess PA values in children and adolescents with
newly diagnosed type 1 diabetes in comparison to healthy subjects, which has not yet been studied.
The PA value is calculated from resistance (R) and reactance (Xc) values and reflects the nutritional
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and functional status. In the human body, resistance is related to tissue hydration while reactance
occurs due to the cell membrane capacitance (i.e., the ability of the non-conducting object to save
electrical charges) [8]. Data regarding PA assessment in the diabetic population are scarce. In the
study by Buscemi et al. conducted in both type 1 and type 2 diabetic subjects, PA values appeared
to be significantly lower in young adult type 1 diabetic male patients compared to control subjects,
while in women, this difference was insignificant [16]. Dittmar et al. revealed significantly lower PA
among men and women with type 2 diabetes compared to control subjects. They also found inverse
relationships between the PA value and HbA1c levels and concluded that lower PA values at 50 and
100 kHz might indicate catabolism and long duration of the disease in type 2 diabetic patients [17].
No other studies assessing PA values in patients with diabetes were found in the PubMed, Scopus,
or EMBASE databases.

Obviously, body composition of children and adolescents with type 1 diabetes significantly
changes over the course of the disease, and, in many of them, an excess of fat mass develops, which was
observed in different studies. Davis et al. observed a significantly lower FM% and similar lean mass in
children with type 1 diabetes at the time of diagnosis compared to the non-diabetic group. After insulin
introduction, sharp increases in fat mass and an insignificant loss of lean body mass during the first
six weeks of treatment in diabetic group was revealed. The authors explained this phenomenon
as a consequence of severe insulin deficiency and a catabolic state at the time of type 1 diabetes
diagnosis [22]. In contrast to this study, in our observations, neither fat mass nor percentage of body
fat in children and adolescents with newly diagnosed type 1 diabetes were significantly different
compared to the control group, though we found a significantly lower percentage of muscle mass.
We did not observe significant changes in body composition during the follow-up in the study group;
however, the follow-up period was not long enough to find more pronounced changes. Interestingly,
in the Greek study in children and adolescents with short-lasting type 1 diabetes (3.7 ± 2.0 years),
FFMI was significantly higher compared to non-diabetic subjects, while FM% and FMI were not
significantly different between the groups [23]. Patients with type 1 diabetes gain more weight
than their peers, mainly due to the increase in fat mass, which was documented in the study by
Szadkowska et al. In their observation, the prevalence of overweight and obesity among young adults
(up to 40 years) with type 1 diabetes and an age at diabetes onset <20 years was significantly higher
compared to the control group, and diabetic patients were characterized by higher fat mass [24].
Such unfavorable changes in body composition might have a negative impact on health in the future.
Excessive weight gain in diabetic patients was associated with elevated waist circumference and blood
pressure, lower insulin sensitivity, dyslipidemia, and with more extensive atherosclerosis in further
observations [25,26].

It is well known that type 1 diabetes is associated with an elevated risk of complications, and poor
metabolic control correlates with microangiopathy, macroangiopathy, and diabetic neuropathy [26,27].
Uncontrolled type 1 diabetes also has an impact on bone and muscle, i.e., lean body mass; moreover,
it also impairs their function [28,29]. Coleman et al. indicate that decreased muscle mass and impaired
muscle function has a significant impact on insulin sensitivity, glucose and lipids disposal, and on
basal metabolic rate, which makes it difficult to achieve a stable metabolic control of type 1 diabetes.
Thus, physical activity, which leads to an improvement in muscle mass and function, can also be
helpful in the improvement of metabolic control and in delaying or even preventing the development
of diabetic complications [30].

Poor metabolic control in childhood and adolescence and bad glycemic legacy (metabolic memory)
is associated with an elevated risk of future complications in adulthood and can also lead to premature
death, mainly due to cardiovascular disease. Thus, good diabetes care in early years can improve this
prognosis [26,31].

Phase angle has not yet been analyzed prospectively in type 1 diabetic patients. The significant
increases in PA values during the follow-up observed in our study can be simply explained by the
growth of children and adolescents, because number of subjects with PA exceeding mean for age,
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gender, and BMI did not increase; on the contrary, it even decreased during observation. This may
indicate the persistence of worse nutritional and functional status in this population.

The main limitation of our study was the relatively small number of participants, which did not
allow us to find other differences between diabetic and control groups. Furthermore, only thirteen
patients with diabetes were followed-up. Nevertheless, our study presents some new data and
interesting findings which may indicate the directions of future research.

5. Conclusions

Low values of phase angle and altered body composition in newly diagnosed type 1 diabetic
patients indicate their worse nutritional and functional status. However, although phase angle is
a predictor of unfavorable clinical outcome in people with a number of chronic diseases, the predictive
and prognostic value of our findings in patients with type 1 diabetes needs to be determined in further
long-term prospective studies to establish its role in this population.
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Abstract: Refeeding syndrome (RFS) is the metabolic response to the switch from starvation to
a fed state in the initial phase of nutritional therapy in patients who are severely malnourished
or metabolically stressed due to severe illness. It is characterized by increased serum glucose,
electrolyte disturbances (particularly hypophosphatemia, hypokalemia, and hypomagnesemia),
vitamin depletion (especially vitamin B1 thiamine), fluid imbalance, and salt retention, with resulting
impaired organ function and cardiac arrhythmias. The awareness of the medical and nursing staff is
often too low in clinical practice, leading to under-diagnosis of this complication, which often has
an unspecific clinical presentation. This review provides important insights into the RFS, practical
recommendations for the management of RFS in the medical inpatient population (excluding eating
disorders) based on consensus opinion and on current evidence from clinical studies, including risk
stratification, prevention, diagnosis, and management and monitoring of nutritional and fluid therapy.

Keywords: refeeding syndrome; diagnosis; management; malnutrition; hypophosphatemia;
nutritional support; nutritional therapy

1. Introduction

During World War II, many people suffered from hunger and starvation. Under these
circumstances, Ancel Keys investigated the physical and mental effects of prolonged dietary restriction
and the subsequent refeeding of 36 conscientious objectors in the Minnesota Starvation Experiment [1].
Most of the subjects experienced periods of severe emotional distress, depression, social withdrawal,
isolation, decline in concentration, and decreases in metabolic rate, respiration, and heart rate. Several
of the participants developed edema in their extremities. Later, at the end of World War II, further
observations were made by Schnitker and Burger [2,3]. Numerous starving detainees developed severe
symptoms such as heart failure, peripheral edema, and neurological disorders after a normal diet was
reintroduced, and one of five died within the next few days [2,3]. Those observations led to the first
description of the refeeding syndrome (RFS), almost 75 years ago.

To date, there is still no commonly accepted definition of RFS, and its detailed pathophysiology
remains largely unclear. This is primarily due to the fact that the clinical manifestations of RFS are
nonspecific, leading to RFS frequently being overlooked, underdiagnosed, and subsequently untreated.
In the study of Hernandez-Aranda et al., up to 48% of malnourished inpatients developed RFS [4].
A sub-analysis of the just-published study of Schuetz et al. demonstrates that medical patients with
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confirmed RFS have significant mortality rates and increased non-elective hospital readmission, thus
confirming the negative effect of RFS on clinical outcome [5,6].

Nutritional treatment is a central aspect of modern multimodal inpatient therapy. It aims to
reduce complications and mortality rates, and to improve patients’ quality of life and autonomy [5,7].
Even though well tolerated, nutritional treatment has a potential risk of complications, including
RFS, which is an exacerbated response to the metabolic change from a starvation to a fed state as a
consequence of large amount of food in the replenishment phase. RFS is characterized by an imbalance
of electrolytes (mainly phosphate, potassium, and magnesium), vitamin disturbances (e.g., vitamin B1
thiamine deficiency), and fluid imbalances, as well as limited organ functions, in some cases leading to
mortality [8–12]. This article highlights, discusses, and reviews RFS in medical inpatients (excluding
patients with eating disorders) in terms of pathophysiological aspects, preventive measures, clinical
manifestations, risk evaluation, diagnostic procedures, and treatment methods.

2. Pathophysiology and Clinical Manifestations

RFS is an exaggerated physiological response to glucose reintroduction (refeeding) after a
prolonged phase of starvation or scarce food intake [13]. The precise pathophysiological mechanisms
remain unclear, but recent assumptions are based on the processes described below (Figure 1).

In a catabolic state (due to reduced food intake or even starvation), insulin production is decreased,
whereas glucagon and catecholamine are slightly stimulated [14]. During a fasting period, glucose
oxidation is reduced and only takes place in the glucose-dependent tissues, such as the brain, renal
medulla and red blood cells. The glycogen stores are reduced, leading to activation of gluconeogenesis
and the production of glucose from endogenous amino acids, which are released by increased
proteolysis. This process causes a reduction in muscle mass, thus inducing functional weakness and
weight loss. Vitamin and electrolyte levels are decreased and stores are depleted [15]. After a few
days, lipolysis increases, subsequently leading to raised levels of free fatty acids in the circulation.
These free fatty acids stimulate ketogenesis in the liver, leading to high production of ketone bodies
(in particular acetoacetate and beta-hydroxybuturate), which become the main suppliers of energy
for the body [16]. During the catabolic state, metabolic processes are reduced to 30–50% of normal
(adaptation phase) [13].

If balanced nutritional support with carbohydrates (refeeding) is introduced, glucose becomes
the main energy supplier again, causing hyperglycemia and consequently an increase in insulin
secretion. Anabolic processes are stimulated, leading to intracellular shifts of glucose, water, and
electrolytes, and resulting in a potentially severe drop in serum micronutrient levels. The resulting
electrolyte imbalances can cause life-threatening complications such as arrhythmia, spasms, or
tetany [8,11,15,17,18]. Acid-base balance can cause significant electrolyte shifts and this needs to
be considered as a differential diagnosis/contributing cause when suspecting refeeding syndrome
(e.g., respiratory acidosis). A significant drop in phosphate, potassium, or magnesium levels may
occur when the patient has been acidotic, and this is starting to resolve. As the intracellular shift of
glucose is thiamine dependent, a deficiency in thiamine, as observed during catabolism, can lead to
symptoms of beriberi. The more compromised the nutritional state, the higher the risk of RFS and the
greater the severity of its manifestations [8,12]. There are many non-specific symptoms that potentially
occur during RFS; the most commonly observed clinical symptoms in daily practice are tachycardia,
tachypnea, and peripheral edema [8,15,19,20].

Clinical consequences due to electrolyte changes following increases in insulin include:

– Phosphate is an important electrolyte in the metabolism of macronutrients for both the energy
production and transport processes. Phosphate is especially important in the refeeding phase, since
glycolysis requires only phosphorylated glucose. Hypophosphatemia may cause several clinical
manifestations, such as rhabdomyolysis, hemolysis, respiratory failure, and musculoskeletal
disorders. Severe hypophosphatemia (<0.32 mmol/L) is considered a typical hallmark of RFS and
in several studies is a central defining criterion [15,18].
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– Potassium and magnesium are also important intercellular cations. Severe hypokalemia
(<2.5 mmol/L) and/or hypomagnesemia (<0.50 mmol/L) may trigger potentially lethal arrhythmia,
neuromuscular dysfunctions such as paresis, rhabdomyolysis, confusion, and respiratory
insufficiency [15].

– Thiamine is an essential coenzyme in the metabolism of carbohydrates, allowing the conversion
from glucose to adenosine triphosphate (ATP) via the Krebs cycle. When thiamine is lacking
(human body stores last for approximately 14 days), glucose is converted to lactate, leading to
metabolic acidosis. Thiamine deficiency may also lead to neurologic (Wernicke’s encephalopathy:
dry beriberi) or cardiovascular disorders (wet beriberi) [15,16].

– Sodium: The major influence on the serum sodium level during the refeeding phase is the shift of
sodium out of the cell as the potassium is pumped back into the cell (sodium-potassium-ATPase
pump). In addition, the increased insulin level in the early phase of refeeding leads to sodium
retention in the kidneys. Sodium concentration subsequently increases, thus inducing water
retention. Noradrenaline and angiotensin II are stimulated and lead to augmented peripheral
resistance and vasoconstriction [21]. This may cause peripheral edema and heart failure.

Figure 1. Pathophysiology of refeeding syndrome [22]. Used by permission of the Division of Diabetes,
Endocrinology, Nutritional Medicine and Metabolism, Prof. Dr. med. Zeno Stanga (2019).

3. Current Level of Evidence

The current state of evidence for RFS was recently summarized in a systematic review by Friedli
et al. [20]. It is mainly based on case series and retrospective, cohort, and case-control studies. To date,
very few randomized controlled trials have been published. A recent experts’ consensus defined risk
factors, occurrence, incidence rate, preventive measures, and treatment recommendations in medical
inpatients [19]. A literature search for newly published studies was performed according to the criteria
of Friedli et al. for the systematic literature review, excluding anorexia nervosa [20]. Due to the
scarce evidence, the National Institute for Health and Care Excellence (NICE) guidelines on nutritional
support in adults, containing recommendations on identification and treatment of malnutrition as well
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as management of nutritional therapy, are often used as the standard of care [23]. Consistent data on
the management of RFS and adverse clinical outcome are largely lacking, and justify further research
on specific preventive, screening, and treatment measures in patients at risk.

A secondary analysis of a large randomized controlled trial (EFFORT trial [5]) showing the
beneficial effects of nutritional support in hospitalized patients provides evidence that, due to the
consequences of RFS (higher mortality and non-elective readmission rates), patients at risk may benefit
from a specific treatment [5,6]. This secondary analysis relying on the risk stratification and definition
from the above-mentioned experts’ consensus [19] largely confirms the proposed risk factors and
occurrence of RFS [6,8,12,19].

4. Prevention

4.1. Nutritional Support Teams

RFS is most likely to occur within the first 72 h after the start of nutritional therapy (replenishment
phase), and to progress rapidly [20]. Quick recognition is crucial and requires well-trained medical
staff [24]. In most hospitals, multidisciplinary nutritional support teams are available and assist the
attending medical staff in the management of malnutrition. Such teams—consisting of physicians,
dieticians, nurses, and pharmacists—contribute to improved quality and safety and optimal clinical
outcomes [25–27].

4.2. Individual Risk Assessment

Although RFS is associated with severe and potentially lethal complications, it is a preventable
condition [4,28,29]. It can occur with any kind of nutritional intervention (oral, enteral, or parenteral) [28].
RFS risk predictors have been investigated in many studies, but sensitivity and specificity are low [29–31].
Starvation remains the most reliable predictor of RFS [28]. Nutritional risk screening 2002 ≥ 3 points,
polymorbidity, older age, and low serum magnesium (<0.7 mmol/L) were found to be risk factors
for RFS in many studies [19,20,28,32–38]. According to the literature and to our long-lasting daily
clinical experience, there are many clinical conditions at particular risk of developing RFS (see
Table 1). Oncological and geriatric patients are very likely to develop RFS [4,39]. Underlying diseases
and conditions affecting nutrient absorption (e.g., short bowel syndrome, bariatric surgery, eating
disorders) may be risk factors as well [35]. Moreover, chronic gastrointestinal symptoms (e.g., diarrhea,
vomiting) and polypharmacy may increase the risk of RFS [19,20,40]. Additionally, medical therapeutic
interventions like hemodialysis or chemotherapy are associated with a high risk of RFS [14,23,26].
Before starting nutritional therapy, it is therefore recommended by the experts’ consensus of Friedli
et al. (Figure 2) to assess the patient’s individual risk of RFS and to adapt the nutritional care plan
accordingly [19,20,23].

Table 1. Clinical conditions at particular risk of developing RFS.

Clinical Conditions

- Malnourished, catabolic patients
- Geriatric patients
- Oncologic patients
- Trauma patients
- Critically ill patients
- Hunger strikers or prolonged fasting
- Short -bowel syndrome
- Bariatric surgery
- Anorexia nervosa
- Cystic fibrosis

- Chronic wasting disease
- Chronic pancreatitis
- Chronic infectious disease
- Inflammatory bowel syndrome
- Liver cirrhosis
- Patients with dysphagia
- Patients with hemodialysis
- Patients with chemotherapy
- Patients with chronic alcoholism
- Drug dependent patients



J. Clin. Med. 2019, 8, 2202

Figure 2. Risk stratification for RFS, according to [19,23]. This stratification has not been validated in a
clinical trial [22]. Used by permission of the Division of Diabetes, Endocrinology, Nutritional Medicine
and Metabolism, Prof. Dr. med. Zeno Stanga (2019).

5. Diagnostic Procedure

Even though RFS was identified more than 75 years ago, no common definition exists.
Therefore, the diagnosis is often delayed or can even be overlooked. Electrolyte imbalance, mainly
hypophosphatemia, was used to define RFS in several studies [8,15,41]. Clinical manifestations such as
edemas, respiratory failure, or heart failure may occur as a consequence of the electrolyte imbalances,
vitamin deficiencies, and fluid overload. The diagnostic procedure proposed by Friedli et al. consists
of pathophysiological and clinical characteristics (Figure 3). RFS is probable if the phosphate level
in the blood drops >30% under the lower normal value or under 0.6 mmol/L, or if two of the three
electrolytes (phosphate, magnesium, and potassium) drop under the normal values within the first
72 h after the start of the replenishment phase in the absence of other possible causes [19,20]. RFS
manifests as soon as clinical symptoms occur in addition to electrolyte imbalance [19,20].
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Figure 3. Diagnosis of RFS according to [19], and adapted from Rio et al. [28]. These diagnostic
criteria have not been validated in a clinical trial [22]. Used by permission of the Division of Diabetes,
Endocrinology, Nutritional Medicine and Metabolism, Prof. Dr. med. Zeno Stanga (2019).

6. Clinical Management

Each malnourished, catabolic patient should receive the best nutritional support according to the
highest quality standards in a timely fashion. A recent randomized controlled trial demonstrated the
efficacy of adequate nutritional management [5]. Patients at risk of developing RFS need replenishment
of electrolytes and vitamins (especially thiamine) serum levels to help prevent/treat symptoms. In this
study, the data from 967 malnourished patients were analyzed for RFS; 141 (14.6%) had confirmed RFS,
indicating the high incidence of this metabolic state in medical patients receiving nutritional support [6].
The clinical manifestation can vary from mild forms with limited clinical signs and symptoms to severe
forms with potentially lethal complications.

Diverse trials evaluated preventive approaches for RFS, such as substitution of electrolytes,
thiamine administration, and hypocaloric feeding. Most studies used for the proposed nutritional
management were observational and not interventional, pointing to the overall low level of evidence
(see Table 2 for guidelines and Table 3 for trials). From the 45 studies included in the systematic
review of Friedli et al. [20], only a few reported on therapeutic strategies to treat RFS; some of them
reported phosphate supplementation to be effective. Several studies demonstrated a preventive
effect of hypocaloric feeding and a reduced risk of RFS when replacing electrolytes. Moreover, close
monitoring of serum electrolytes is a further measure for the reduction of risk of RFS.

Based on a previously published systematic review, international experts in the field of starvation
metabolism and refeeding published a consensus paper [20]. There was a moderate agreement
concerning the initial treatment of high-risk patients and prophylactic measures to prevent RFS. For
the proposed treatment of imminent or manifest RFS, there was a strong agreement. In this regard, it is
advantageous to manage nutritional and fluid intake as proposed in Figure 4.
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Figure 4. Management of nutritional therapy according to the risk for RFS, after [19]. Used by
permission of the Division of Diabetes, Endocrinology, Nutritional Medicine and Metabolism, Prof. Dr.
med. Zeno Stanga (2019) [22].

6.1. Macronutrients

Various studies and guidelines have shown a beneficial effect of starting energy intake at a lower
rate than generally used, in order to prevent RFS in patients at high risk [12,16,23]. Based on a patient’s
individual risk for RFS, energy supply should be initiated at lower levels, starting with an initial
amount of 5–15 kcal/kg/day, and increased stepwise depending on the laboratory parameters and
clinical situation of the patient [8,19,20,23,52,61,62]. The full energy requirements should be met within
5 to 10 days, depending on the prior risk stratification, using a common nutritional macronutrients
composition of 40–60% carbohydrates, 30–40% fats, and 15–20% proteins [12]. In clinically unstable
critically ill patients with RFS, lowering the proportion of carbohydrates should be considered.



J. Clin. Med. 2019, 8, 2202

Nutritional rehabilitation of patients with risk to develop a RFS should be typically started with
oral intake of regular food. If the patient cannot eat enough food to meet the energy targets, oral
nutritional supplements may be prescribed. Enteral nutrition (tube feeding) is indicated for extremely
malnourished patients (e.g., very low BMI) or patients who are unable to consume enough food to
reach the energy targets. Parenteral nutrition is indicated when oral and/or enteral nutrition are
insufficient or in the case of failure of the gut function. The risk of RFS may be greater with enteral or
parenteral feeding compared to oral intake, thus artificial nutrition should be started cautiously at a
reduced caloric rate [4,28,29,52,63–66].

Optimal nutritional support is still controversial and some experts and scientists recommend
faster increase in nutritional support to counteract harm associated with malnutrition. Opinions on its
management differ, because they are mostly based on personal experience in various populations. At
this point, we would like to emphasize that the current review provides important insights into RFS
based on a comprehensive literature research and critical appraisal of the evidence. In the light of the
current scientific knowledge, it is very likely that there is a need for different intervention approaches
adapted to the specific pathologies, e.g., anorexia nervosa.

6.2. Fluids

Disturbance of the acid-base balance may cause hypophosphatemia. Acute respiratory alkalosis
is for example the most common clinical situation in which hypophosphatemia should be expected
in hospitalized patients. The often uncritical use of diuretics (loop and thiazide diuretics) promotes
the development of alkalosis through volume reduction and loss of electrolytes (chloride, potassium,
magnesium). A decreased volume generates metabolic alkalosis in two ways. The reduction of
phosphate is much more pronounced in respiratory alkalosis than in metabolic alkalosis of comparable
severity [67,68].

RFS may occur regardless of energy restrictions if fluid balance is disregarded [39]. Hydration
deficiencies and abnormal losses (e.g., fever, vomiting, diarrhea) should be addressed at the start
of a replenishment phase. The choice of replacement fluid is thereby especially relevant. Balanced
solutions should be the preferred option, except when replacing gastric and/or fistula losses over
stoma. The fluid prescription should include the daily maintenance requirements plus the water and
electrolytes replacement of any losses [69]. In general, fluid intake of 25–35 mL/kg/day is sufficient to
maintain an adequate hydration state [69]. The fluid intake through artificial nutrition, infusions, and
intravenously administered drugs (mainly antibiotics) should also be taken into account, as well as the
salt content (up to 155.2 mmol of Na+ in one liter of Ringer’s lactate (Hartmann) solution and 154 mmol
of Na+ in one liter of isotonic 0.9% NaCl solution). Fluid balance should be corrected cautiously and
checked daily. Diuretics, especially specific competitive aldosterone antagonists regulating sodium
transport in the kidney, may be useful in case of fluid excess [69].

Particular attention should be paid to the sodium concentration of fluids/products given to patients
at (very) high risk for RFS. Sodium restriction (<1 mmol/kg/day) should be considered in the first days
after the start of the nutritional therapy in order to avoid fluid overload [12,19,25,47].

6.3. Micronutrients

Malnourished patients have depleted intracellular micronutrient stores. After the initiation of
nutritional therapy, the intracellular flux of vitamins and electrolytes increases, causing serum levels
to drop. It is therefore essential to correct electrolyte levels before initiation of the replenishment
phase, with the supplementation of phosphate and thiamine being particularly important [15,19,20].
Prophylactic phosphate supplementation should be undertaken in patients at very high risk for RFS
even in the case of normal serum levels to avoid or alleviate the occurrence of RFS, as hypophosphatemia
plays a key role in RFS. During starvation, body stores of phosphate decrease, despite normal serum
levels. As long as the energy metabolism depends on fat oxidation, phosphate is not required; as
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soon as the patient resumes carbohydrate intake, the metabolism of glucose uses large amounts of
phosphate, thus leading to a drop in serum levels [12,15,64].

The prophylactic supplementation of high-dose thiamine (200–300 mg) at least 30 min before
beginning refeeding is fundamental. Vitamins should be supplemented to 200% and the trace
elements to 100% of the recommended daily intakes. Electrolytes, especially phosphate, potassium, and
magnesium, must be closely monitored and supplemented throughout the refeeding period [12,19,25,47].
Hypokalemia is worsened by concomitant hypomagnesemia, since magnesium is necessary for the
sodium-potassium-pump activity and therefore an important factor in the tubular resorption of
potassium. Potassium supplementation alone is thus insufficient, and persistently low potassium
values despite supplementation can subsequently be rectified only with simultaneous magnesium
substitution [70]. Hypocalcemia may cause or further worsen hypophosphatemia [71].

Iron should not be supplemented in the first week after the start of the nutritional therapy, even
in the case of manifest iron deficiency. As blood production requires high amounts of potassium,
hypokalemia may worsen further. Moreover, parenteral iron supplementation must be considered with
caution in malnourished catabolic patients, as it may induce and/or prolong hypophosphatemia [7].

7. Monitoring

RFS generally occurs within the first 72 h after initiation of nutritional therapy and may progress
very rapidly. In the vulnerable phase (up to 10 days), intensive clinical monitoring of vital signs and
hydration status, as well as analysis of laboratory parameters, is essential to detect early signs of
RFS such as fluid overload and organ failure (mainly kidney) (Figure 5). Body weight and hydration
status should be checked on a daily basis, as an increase of 0.3–0.5 kg/day may be an initial sign of
pathological fluid retention [12,19,25,47].

Figure 5. Monitoring of RFS, based on [19]. Used by permission of the Division of Diabetes,
Endocrinology, Nutritional Medicine and Metabolism, Prof. Dr. med. Zeno Stanga (2019) [22].

Electrocardiogram monitoring is recommended only during the first three days in patients at very
high risk of RFS or affected by severe electrolyte imbalances prior to refeeding (K < 2.5 mmol/L, PO4 <

0.32 mmol/L, Mg < 0.5 mmol/L), as they may exhibit severe arrhythmia and QT-prolongation, up to
Torsades de Pointes [8,12,19,20,23].

Electrolyte substitution respectively supplementation should be initiated or reinforced in case of
extracellular electrolyte levels dropping (Table 4). In the case of edema, tachycardia, or tachypnea,
symptoms should be treated individually and nutritional therapy should be continued according to
the algorithm for the highest risk category [15,19,20].
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Table 4. Suggested supplementation regimen [8,12,72–76].

Potassium Magnesium Phosphate

Mild deficiency

3.1–3.5 mmol/L
Oral replacement with 20 mmol (as
KCl or other salts)
OR
i.v. replacement with 20 mmol KCl
over 4 to 8 h. Check levels the next
day.

0.5–0.7 mmol/L
Oral replacement with 10–15
mmol MgCl2 or Mg-citrate or
Mg-L-aspartate
Oral Mg should be given in
divided doses to minimize
diarrhea (absorption process is
saturated at about 5–10 mmol Mg)

0.61–0.8 mmol/L
Oral replacement with 0.3
mmol/kg/day PO4 (divided doses to
minimize diarrhea)
OR
i.v. replacement with 0.3
mmol/kg/day PO4 (as K3PO4 or
Na3PO4) over 8–12 h. Check levels
the next day.

Moderate
deficiency

2.5–3.0 mmol/L
i.v. replacement with 20–40 mmol
KCl over 4–8 h. Check levels after 8
h; if not normal, give an additional
20 mmol KCl.

0.32–0.6 mmol/L
i.v. replacement with 0.6
mmol/kg/day PO4 (as K3PO4 or
Na3PO4) over 8–12 h. Check levels
after 8–12 h and repeat infusion if
necessary (max. of 50 mmol PO4 in
24 h).

Severe
deficiency

<2.5 mmol/L
i.v. replacement with 40 mmol KCl
over 4–8 h. Check levels after 8 h; if
not normal, give an additional 40
mmol KCl.

<0.5 mmol/L
i.v. replacement with 20–24 mmol
MgSO4 (4–6 g) over 4–8 h.
Reassess every 8 to 12 h.

<0.32 mmol/L
Same replacement therapy as for
moderate deficiency.

8. Important Clinical Sequelae of Refeeding Syndrome and Management of Complications

RFS may increase rates of morbidity and mortality in severely catabolic patients (Table 5).
Malnutrition may result from reduced food intake, reduced absorption of nutrients (e.g., coeliac
disease, pancreatitis), or hypermetabolism (e.g., cancer, critical illness, surgery). Mild metabolic
imbalances of electrolytes, fluid, and micronutrients are however often asymptomatic but may cause
organ dysfunctions and become potentially lethal. Peripheral edema, tachypnea, and tachycardia are
the most commonly observed clinical symptoms in patients suffering RFS. It is mandatory to treat
these symptoms if they occur, ruling out an eventual lung embolism.

The first step in the management of RFS-related pathological conditions is to anticipate with
preventive measures and closely monitor the at-risk patients. The overall objectives in the treatment
of RFS complications are to stabilize the patient’s general clinical state, to reverse the medical
complications, as well as to restore nutritional needs and weight. The sooner the RFS complications
are treated, the lower the risk of damage to patient’s vital organs. The patients with RFS are often
dehydrated and require correction of existing hydration deficits and replacement of abnormal fluid
losses. Furthermore, electrolytes and vitamins have to be supplemented adequately, as well as any
deficiency corrected. The nutritional rehabilitation should be started slowly and adapted to each
individual patient. The introduction of carbohydrates in the replenishment phase leads to a quick
decrease in renal excretion of sodium and water [21,77]. Patients require a close monitoring of the
fluid balance to prevent fluid overload. Such uncontrolled clinical situations may lead quickly to
congestive cardiac failure, pulmonary and brain edema, as well as cardiac arrhythmia [78,79]. Too
much delivering of glucose in this vulnerable phase leads to hyperglycemia and consequently to
osmotic diuresis, dehydration metabolic acidosis, hyperosmotic coma, and ketoacidosis, as well as
increased carbon dioxide, hypercapnia, and respiratory failure [77,80–82]. Severely malnourished
patients may suffer from hematological disorders and moderate to high increase of liver enzymes. The
first pathophysiological changes are associated with bone marrow hypoplasia and with gelatinous
marrow transformation [83,84]; the second seems to be multicausal and related to an ischemic
hepatitis secondary to liver hypoperfusion, to oxidant stress from low glutathione levels, and to
starvation-induced autophagy [83,85]. Both pathologies show a marked decrease after a few days
during the replenishment phase (hydration and nutritional therapy) and possibly will normalize after
the refeeding period [86]. In all these clinical situations, a complications-centric approach to RFS-related
complications identifies patients who will benefit most from individual specific interventions and
optimizes patient outcomes.
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Table 5. Important symptoms and clinical sequelae of RFS (adapted from [15]).

System Symptoms

Cardiovascular

Tachycardia
Arrhythmias
Hypotension
Congestive heart failure
Shock
Edemas
Sudden death

Gastrointestinal

Maldigestion and malabsorption
Vomiting
Constipation
Abdominal pain

Musculoskeletal

Weakness
Myalgia
Rhabdomyolysis
Osteomalacia

Respiratory

Tachypnea
Dyspnea
Respiratory failure
Ventilator dependency
Diaphragm muscle weakness

Neurologic

Anorexia
Paresthesia
Tremor
Wernicke encephalopathy
Korsakoff syndrome
Ataxia
Tetany
Delirium
Seizures
Coma

Metabolic

Hyperglycemia
Metabolic alkalosis
Metabolic acidosis
Respiratory alkalosis
Insulin resistance

Hematologic

Thrombocytopenia
Hemolysis
Anemia
Leukocyte dysfunction
Decreased 2,3-DPG

Renal Acute tubular necrosis

Hepatological Acute liver failure

9. Outlook

Due to the lack of large randomized trials, the current literature confirms the clinical consequences
but not the efficacy of measures used to prevent and treat RFS. A recent secondary analysis of the
EFFORT trial showed that RFS has a significant impact on mortality and readmission rate [5,6].
Therefore, prevention, detection, and early treatment of malnourished catabolic medical patients at risk
of RFS is essential [25,47,52]. As mentioned before, clinical manifestation can vary from mild to severe,
and lethal complications are possible. Therefore, an implementation of the nutritional and fluid intake
as proposed in Figure 4 seems opportune. Still, it remains unclear whether RFS is a physiological
response or a problem of adaptation to nutritional therapy [19,20]. Thus, further research is needed to
determine the optimal rate of energy and fluid increase during refeeding, as well as associated factors.
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Many other unresolved issues have not yet been clarified. Does hypoglycemia or hyperglycemia
play an important role in the clinical manifestation of RFS? Does insulin therapy influence the risk of
RFS? Is RFS caused and/or influenced by the underlying disease [87]? Is there a difference between
nutrition-induced hypophosphatemia and RFS? Are there reliable predictors of RFS [31]? For example,
increased IGF-1 combined with increased leptin levels is associated with a 30% decrease in the
phosphate level within the first 12–36 h after the start of parenteral nutrition [88]. Cytokines may also
play an important role in the pathophysiology. Many studies have shown the importance of thiamine
supplementation to avoid beriberi disease, whereas the potential action of other vitamins and trace
elements in this context is much less investigated [78,89,90].

10. Conclusions

Nutritional therapies have shown to be efficacious and efficient, despite the overall low level
of evidence. It however hides the risk of RFS in catabolic malnourished patients. RFS is a highly
challenging metabolic situation, leading to potentially life-threatening complications with fluid and
electrolyte disturbances. RFS should therefore be timely and adequately treated. As nutritional risk is
associated with the risk of RFS, awareness of both conditions must be increased among the medical
staff in daily clinical practice.

Author Contributions: Conceptualization, E.R. and Z.S.; writing—original draft preparation, E.R.;
writing—review and editing, N.F., M.F.V., P.S., and Z.S.; supervision: Z.S.

Funding: The APC was funded by the Research Found of the Department of Diabetes, Endocrinology, Nutritional
medicine and Metabolism and in part by Nestlé Health Science (grant to the institution).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Keys, A.; Brožek, J.; Henschel, A.; Mickelsen, O.; Taylor, H.L. The Biology of Human Starvation. (2 Vols);
University of Minnesota Press: Minneapolis, MN, USA, 1950.

2. Schnitker, M.A.; Mattman, P.E.; Bliss, T.L. A clinical study of malnutrition in Japanese prisoners of war. Ann.
Intern. Med. 1951, 35, 69–96. [PubMed]

3. Burger, G.; Drummond, J.; Sandstead, H. Appendices to Malnutrition and Starvation in Western Netherlands,
September 1944–July 1945 (Part II); The Hague General State Printing Office: The Hague, The Netherlands,
1948.

4. Hernandez-Aranda, J.C.; Gallo-Chico, B.; Luna-Cruz, M.L.; Rayon-Gonzalez, M.I.; Flores-Ramirez, L.A.;
Ramos Munoz, R.; Ramirez-Barba, E.J. Malnutrition and total parenteral nutrition: A cohort study to
determine the incidence of refeeding syndrome. Rev. Gastroenterol. M. 1997, 62, 260–265.

5. Schuetz, P.; Fehr, R.; Baechli, V.; Geiser, M.; Gomes, F.; Kutz, A.; Tribolet, P.; Bregenzer, T.; Hoess, C.;
Pavlicek, V.; et al. Individualized nutritional support in medical inpatients at nutritional risk: A randomized
clinical trial. Lancet 2019, 393, 2312–2321. [CrossRef]

6. Friedli, N.; Baumann, J.; Hummel, R.; Kloter, M.; Odermatt, J.; Fehr, R.; Felder, S.; Baechli, V.; Geiser, M.;
Deiss, M.; et al. Refeeding Syndrome is associated with increased mortality in malnourished medical
inpatients: Secondary Analysis of a Randomized Trial. Medicine 2019, in press.

7. Fierz, Y.C.; Kenmeni, R.; Gonthier, A.; Lier, F.; Pralong, F.; Coti Bertrand, P. Severe and prolonged
hypophosphatemia after intravenous iron administration in a malnourished patient. Eur. J. Clin. Nutr. 2014,
68, 531–533. [CrossRef]

8. Crook, M.; Hally, V.; Panteli, J. The Importance of the refeeding syndrome. Nutrition 2001, 17, 632–637.
[CrossRef]

9. Felder, S.; Braun, N.; Stanga, Z.; Kulkarni, P.; Faessler, L.; Kutz, A.; Steiner, D.; Laukemann, S.; Haubitz, S.;
Huber, A.; et al. Unraveling the Link between Malnutrition and Adverse Clinical Outcomes: Association of
Acute and Chronic Malnutrition Measures with Blood Biomarkers from Different Pathophysiological States.
Ann. Nutr. Metab. 2016, 68, 164–172. [CrossRef]



J. Clin. Med. 2019, 8, 2202

10. Preiser, J.C.; van Zanten, A.R.; Berger, M.M.; Biolo, G.; Casaer, M.P.; Doig, G.S.; Griffiths, R.D.; Heyland, D.K.;
Hiesmayr, M.; Iapichino, G.; et al. Metabolic and nutritional support of critically ill patients: Consensus and
controversies. Crit. Care 2015, 19, 35. [CrossRef]

11. Solomon, S.M.; Kirby, D.F. The refeeding syndrome: A review. J. Parenter. Enter. Nutr. 1990, 14, 90–97.
[CrossRef]

12. Stanga, Z.; Brunner, A.; Leuenberger, M.; Grimble, R.F.; Shenkin, A.; Allison, S.P.; Lobo, D.N. Nutrition in
clinical practice-the refeeding syndrome: Illustrative cases and guidelines for prevention and treatment. Eur.
J. Clin. Nutr. 2008, 62, 687–694. [CrossRef]

13. Cahill, G.F., Jr. Fuel metabolism in starvation. Annu. Rev. Nutr. 2006, 26, 1–22. [CrossRef] [PubMed]
14. McCray, S.; Walker, S.; Parrish, C.R. Much ado about refeeding. Pract. Gastroenterol. 2005, 29, 26–44.
15. Boateng, A.A.; Sriram, K.; Meguid, M.M.; Crook, M. Refeeding syndrome: Treatment considerations based

on collective analysis of literature case reports. Nutrition 2010, 26, 156–167. [CrossRef] [PubMed]
16. Mehanna, H.M.; Moledina, J.; Travis, J. Refeeding syndrome: What it is, and how to prevent and treat it.

BMJ 2008, 336, 1495–1498. [CrossRef] [PubMed]
17. Brooks, M.J.; Melnik, G. The refeeding syndrome: An approach to understanding its complications and

preventing its occurrence. Pharmacotherapy 1995, 15, 713–726.
18. Mehler, P.S.; Krantz, M. Anorexia nervosa medical issues. J. Women’s Health 2003, 12, 331–340. [CrossRef]
19. Friedli, N.; Stanga, Z.; Culkin, A.; Crook, M.; Laviano, A.; Sobotka, L.; Kressig, R.W.; Kondrup, J.; Mueller, B.;

Schuetz, P. Management and prevention of refeeding syndrome in medical inpatients: An evidence-based
and consensus-supported algorithm. Nutrition 2018, 47, 13–20. [CrossRef]

20. Friedli, N.; Stanga, Z.; Sobotka, L.; Culkin, A.; Kondrup, J.; Laviano, A.; Mueller, B.; Schuetz, P. Revisiting the
refeeding syndrome: Results of a systematic review. Nutrition 2017, 35, 151–160. [CrossRef]

21. DeFronzo, R.A. The effect of insulin on renal sodium metabolism. A review with clinical implications.
Diabetologia 1981, 21, 165–171. [CrossRef]

22. Department of Diabetes, Endocrinology, Nutritional Medicine and Metabolism, Inselspital, Bern University
Hospital, and University of Bern. Available online: http://www.udem.insel.ch/de/lehre-und-forschung/
forschung/wichtige-abbildungen/ (accessed on 12 December 2019).

23. National Institute for Health and Clinical Excellence. Nutrition Support for Adults: Oral Nutrition
Support, Enteral Tube Feeding and Parenteral Nutrition (Clinical Guidance 32). Available online: https:
//www.nice.org.uk/Guidance/CG32 (accessed on 12 December 2019).

24. Schuetz, P.; Zurfluh, S.; Stanga, Z. Mortality due to refeeding syndrome? You only find what you look for,
and you only look for what you know. Eur. J. Clin. Nutr. 2018, 72, 307–308. [CrossRef]

25. Hofer, M.; Pozzi, A.; Joray, M.; Ott, R.; Hahni, F.; Leuenberger, M.; von Kanel, R.; Stanga, Z. Safe refeeding
management of anorexia nervosa inpatients: An evidence-based protocol. Nutrition 2014, 30, 524–530.
[CrossRef]

26. Nightingale, J. Nutrition support teams: How they work, are set up and maintained. Frontline Gastroenterol.
2010, 1, 171–177. [CrossRef]

27. Ten Dam, S.; Droop, A.; Arjaans, W.; de Groot, S.; van Bokhorst-de van der Schueren, M. Module 11.1
Organisation of a nutritional support team. In Organisation of Nutritional Care. Ethical and Legal Aspects;
ESPEN: Luxembourg, 2012.

28. Rio, A.; Whelan, K.; Goff, L.; Reidlinger, D.P.; Smeeton, N. Occurrence of refeeding syndrome in adults
started on artificial nutrition support: Prospective cohort study. BMJ Open 2013, 3, e002173. [CrossRef]

29. Zeki, S.; Culkin, A.; Gabe, S.M.; Nightingale, J.M. Refeeding hypophosphataemia is more common in enteral
than parenteral feeding in adult in patients. Clin. Nutr. 2011, 30, 365–368. [CrossRef]

30. Goyale, A.; Ashley, S.L.; Taylor, D.R.; Elnenaei, M.O.; Alaghband-Zadeh, J.; Sherwood, R.A.; le Roux, C.W.;
Vincent, R.P. Predicting refeeding hypophosphataemia: Insulin growth factor 1 (IGF-1) as a diagnostic
biochemical marker for clinical practice. Ann. Clin. Biochem. 2015, 52, 82–87. [CrossRef]

31. Terlevich, A.; Hearing, S.D.; Woltersdorf, W.W.; Smyth, C.; Reid, D.; McCullagh, E.; Day, A.; Probert, C.S.
Refeeding syndrome: Effective and safe treatment with Phosphates Polyfusor. Aliment. Pharmacol. Ther.
2003, 17, 1325–1329. [CrossRef]

32. Brown, C.A.; Sabel, A.L.; Gaudiani, J.L.; Mehler, P.S. Predictors of hypophosphatemia during refeeding of
patients with severe anorexia nervosa. Int. J. Eat. Disord. 2015, 48, 898–904. [CrossRef]



J. Clin. Med. 2019, 8, 2202

33. Fan, C.G.; Ren, J.A.; Wang, X.B.; Li, J.S. Refeeding syndrome in patients with gastrointestinal fistula. Nutrition
2004, 20, 346–350. [CrossRef]

34. Gaudiani, J.L.; Sabel, A.L.; Mehler, P.S. Low prealbumin is a significant predictor of medical complications in
severe anorexia nervosa. Int. J. Eat. Disord. 2014, 47, 148–156. [CrossRef]

35. Kagansky, N.; Levy, S.; Koren-Morag, N.; Berger, D.; Knobler, H. Hypophosphataemia in old patients is
associated with the refeeding syndrome and reduced survival. J. Intern. Med. 2005, 257, 461–468. [CrossRef]

36. Kraaijenbrink, B.; Lambers, W.; Mathus-Vliegen, E.; Siegert, C. Incidence of RFS in internal medicine patients.
Ned. J. Med. 2016, 74, 116–121.

37. Pourhassan, M.; Cuvelier, I.; Gehrke, I.; Marburger, C.; Modreker, M.K.; Volkert, D.; Willschrei, H.P.; Wirth, R.
Risk factors of refeeding syndrome in malnourished older hospitalized patients. Clin. Nutr. 2018, 37,
1354–1359. [CrossRef]

38. Vignaud, M.; Constantin, J.M.; Ruivard, M.; Villemeyre-Plane, M.; Futier, E.; Bazin, J.E.; Annane, D.; AZUREA
group (AnorexieRea Study Group). Refeeding syndrome influences outcome of anorexia nervosa patients in
intensive care unit: An observational study. Crit. Care 2010, 14, R172. [CrossRef]

39. Tsiompanou, E.; Lucas, C.; Stroud, M. Overfeeding and overhydration in elderly medical patients: Lessons
from the Liverpool Care Pathway. Clin. Med. 2013, 13, 248–251. [CrossRef]

40. Hearing, S.D. Refeeding syndrome. BMJ 2004, 328, 908–909. [CrossRef]
41. Marik, P.E.; Bedigian, M.K. Refeeding hypophosphatemia in critically ill patients in an intensive care unit. A

prospective study. Arch. Surg. 1996, 131, 1043–1047. [CrossRef]
42. Dewar, H.; Horvath, R. Refeeding Syndrome: Guidelines; Oxford Radcliffe Hospital NHS Trust: Oxford, UK,

1996.
43. Stroud, M.; Duncan, H.; Nightingale, J. Guidelines for enteral feeding in adult hospital patients. Gut 2003, 52

(Suppl. 7), vii1–vii12. [CrossRef]
44. Kraft, M.D.; Btaiche, I.F.; Sacks, G.S. Review of the refeeding syndrome. Nutr. Clin. Pract. 2005, 20, 625–633.

[CrossRef]
45. Stanga, Z.; Sobotka, L.; Schuetz, P. Refeeding Syndrome. In Basics in Clinical Nutrition, 5th ed.; Sobotka, L.,

Ed.; Galen: Prag, Czech Republic, 2019; in press.
46. Crook, M.A. Refeeding syndrome: Problems with definition and management. Nutrition 2014, 30, 1448–1455.

[CrossRef]
47. Eichelberger, M.; Joray, M.L.; Perrig, M.; Bodmer, M.; Stanga, Z. Management of patients during hunger

strike and refeeding phase. Nutrition 2014, 30, 1372–1378. [CrossRef]
48. Gonzalez Avila, G.; Fajardo Rodriguez, A.; Gonzalez Figueroa, E. The incidence of the refeeding syndrome

in cancer patients who receive artificial nutritional treatment. Nutr. Hosp. 1996, 11, 98–101. [PubMed]
49. Marvin, V.A.; Brown, D.; Portlock, J.; Livingstone, C. Factors contributing to the development of

hypophosphataemia when refeeding using parenteral nutrition. Pharm. World Sci. 2008, 30, 329–335.
[CrossRef] [PubMed]

50. Garber, A.K.; Michihata, N.; Hetnal, K.; Shafer, M.A.; Moscicki, A.B. A prospective examination of weight
gain in hospitalized adolescents with anorexia nervosa on a recommended refeeding protocol. J. Adolesc.
Health 2012, 50, 24–29. [CrossRef] [PubMed]

51. Coskun, R.; Gundogan, K.; Baldane, S.; Guven, M.; Sungur, M. Refeeding hypophosphatemia: A potentially
fatal danger in the intensive care unit. Turk. J. Med. Sci. 2014, 44, 369–374. [CrossRef]

52. Doig, G.S.; Simpson, F.; Heighes, P.T.; Bellomo, R.; Chesher, D.; Caterson, I.D.; Reade, M.C.; Harrigan, P.W.
Restricted versus continued standard caloric intake during the management of refeeding syndrome in
critically ill adults: A randomised, parallel-group, multicentre, single-blind controlled trial. Lancet Respir.
Med. 2015, 3, 943–952. [CrossRef]

53. Whitelaw, M.; Gilbertson, H.; Lam, P.Y.; Sawyer, S.M. Does aggressive refeeding in hospitalized adolescents
with anorexia nervosa result in increased hypophosphatemia? J. Adolesc. Health 2010, 46, 577–582. [CrossRef]

54. Luque, S.; Berenguer, N.; Mateu de Antonio, J.; Grau, S.; Morales-Molina, J.A. Patients at risk of malnutrition:
Assessment of 11 cases of severe malnutrition with individualised total parenteral nutrition. Farm. Hosp.
2007, 31, 238–242. [CrossRef]

55. Manning, S.; Gilmour, M.; Weatherall, M.; Robinson, G.M. Refeeding syndrome is uncommon in alcoholics
admitted to a hospital detoxification unit. Intern. Med. J. 2014, 44, 512–514. [CrossRef]



J. Clin. Med. 2019, 8, 2202

56. Gentile, M.G.; Pastorelli, P.; Ciceri, R.; Manna, G.M.; Collimedaglia, S. Specialized refeeding treatment for
anorexia nervosa patients suffering from extreme undernutrition. Clin. Nutr. 2010, 29, 627–632. [CrossRef]

57. Chen, L.J.; Chen, H.L.; Bair, M.J.; Wu, C.H.; Lin, I.T.; Lee, Y.K.; Chu, C.H. Refeeding syndrome in Southeastern
Taiwan: Our experience with 11 cases. World J. Gastroenterol. 2014, 20, 10525–10530. [CrossRef]

58. Golden, N.H.; Keane-Miller, C.; Sainani, K.L.; Kapphahn, C.J. Higher caloric intake in hospitalized adolescents
with anorexia nervosa is associated with reduced length of stay and no increased rate of refeeding syndrome.
J. Adolesc. Health 2013, 53, 573–578. [CrossRef] [PubMed]

59. Leclerc, A.; Turrini, T.; Sherwood, K.; Katzman, D.K. Evaluation of a nutrition rehabilitation protocol in
hospitalized adolescents with restrictive eating disorders. J. Adolesc. Health 2013, 53, 585–589. [CrossRef]
[PubMed]

60. Flesher, M.E.; Archer, K.A.; Leslie, B.D.; McCollom, R.A.; Martinka, G.P. Assessing the metabolic and clinical
consequences of early enteral feeding in the malnourished patient. J. Parenter. Enter. Nutr. 2005, 29, 108–117.
[CrossRef] [PubMed]

61. Henderson, S.; Boyce, F.; Sumukadas, D.; Witham, M.D. Changes in serum magnesium and phosphate in
older hospitalised patients—Correlation with muscle strength and risk factors for refeeding syndrome. J.
Nutr. Health Aging 2010, 14, 872–876. [CrossRef]

62. Winter, T.A.; O’Keefe, S.J.; Callanan, M.; Marks, T. The effect of severe undernutrition and subsequent
refeeding on whole-body metabolism and protein synthesis in human subjects. J. Parenter. Enter. Nutr. 2005,
29, 221–228. [CrossRef]

63. Olthof, L.E.; Koekkoek, W.; van Setten, C.; Kars, J.C.N.; van Blokland, D.; van Zanten, A.R.H. Impact of
caloric intake in critically ill patients with, and without, refeeding syndrome: A retrospective study. Clin.
Nutr. 2018, 37, 1609–1617. [CrossRef]

64. Knochel, J.P. Hypophosphatemia. Clin. Nephrol. 1977, 7, 131–137.
65. Pantoja, F.; Fragkos, K.C.; Patel, P.S.; Keane, N.; Samaan, M.A.; Barnova, I.; Di Caro, S.; Mehta, S.J.; Rahman, F.

Refeeding syndrome in adults receiving total parenteral nutrition: An audit of practice at a tertiary UK
centre. Clin. Nutr. 2019, 38, 1457–1463. [CrossRef]

66. Walmsley, R.S. Refeeding syndrome: Screening, incidence, and treatment during parenteral nutrition. J.
Gastroenterol. Hepatol. 2013, 28 (Suppl. 4), 113–117. [CrossRef]

67. Hoppe, A.; Metler, M.; Berndt, T.J.; Knox, F.G.; Angielski, S. Effect of respiratory alkalosis on renal phosphate
excretion. Am. J. Physiol. 1982, 243, F471–F475. [CrossRef]

68. Mostellar, M.E.; Tuttle, E.P., Jr. Effects of alkalosis on plasma concentration and urinary excretion of inorganic
phosphate in man. J. Clin. Investig. 1964, 43, 138–149. [CrossRef] [PubMed]

69. Lobo, D.; Lewington, A.; Allison, S. Basic Concepts of Fluid and Electrolyte Therapy; Bibliomed. Medizinische
Verlagsgesellschaft mbH: Melsungen, Germany, 2013.

70. Huang, C.L.; Kuo, E. Mechanism of hypokalemia in magnesium deficiency. J. Am. Soc. Nephrol. 2007, 18,
2649–2652. [CrossRef] [PubMed]

71. Md Ralib, A.; Mat Nor, M.B. Refeeding hypophosphataemia after enteral nutrition in a Malaysian intensive
care unit: Risk factors and outcome. Asia Pac. J. Clin. Nutr. 2018, 27, 329–335. [PubMed]

72. Brannan, P.G.; Vergne-Marini, P.; Pak, C.Y.; Hull, A.R.; Fordtran, J.S. Magnesium absorption in the human
small intestine. Results in normal subjects, patients with chronic renal disease, and patients with absorptive
hypercalciuria. J. Clin. Investig. 1976, 57, 1412–1418. [CrossRef] [PubMed]

73. Gennari, F.J. Hypokalemia. N. Engl. J. Med. 1998, 339, 451–458. [CrossRef]
74. Marinella, M.A. Refeeding syndrome in cancer patients. Int. J. Clin. Pract. 2008, 62, 460–465. [CrossRef]
75. Thatte, L.; Oster, J.R.; Singer, I.; Bourgoignie, J.J.; Fishman, L.M.; Roos, B.A. Review of the literature: Severe

hyperphosphatemia. Am. J. Med. Sc. 1995, 310, 167–174. [CrossRef]
76. Weisinger, J.R.; Bellorin-Font, E. Magnesium and phosphorus. Lancet 1998, 352, 391–396. [CrossRef]
77. Btaiche, I.F.; Khalidi, N. Metabolic complications of parenteral nutrition in adults, part 1. Am. J. Health Syst.

Pharm. 2004, 61, 1938–1949. [CrossRef]
78. Heymsfield, S.B.; Bethel, R.A.; Ansley, J.D.; Gibbs, D.M.; Felner, J.M.; Nutter, D.O. Cardiac abnormalities in

cachectic patients before and during nutritional repletion. Am. Heart J. 1978, 95, 584–594. [CrossRef]
79. Kohn, M.R.; Golden, N.H.; Shenker, I.R. Cardiac arrest and delirium: Presentations of the refeeding syndrome

in severely malnourished adolescents with anorexia nervosa. J. Adolesc. Health 1998, 22, 239–243. [CrossRef]



J. Clin. Med. 2019, 8, 2202

80. Havala, T.; Shronts, E. Managing the complications associated with refeeding. Nutr. Clin. Pract. 1990, 5,
23–29. [CrossRef] [PubMed]

81. Patel, U.; Sriram, K. Acute respiratory failure due to refeeding syndrome and hypophosphatemia induced by
hypocaloric enteral nutrition. Nutrition 2009, 25, 364–367. [CrossRef] [PubMed]

82. Weinsier, R.L.; Krumdieck, C.L. Death resulting from overzealous total parenteral nutrition: The refeeding
syndrome revisited. Am. J. Clin. Nutr. 1981, 34, 393–399. [CrossRef]

83. De Filippo, E.; Marra, M.; Alfinito, F.; Di Guglielmo, M.L.; Majorano, P.; Cerciello, G.; De Caprio, C.;
Contaldo, F.; Pasanisi, F. Hematological complications in anorexia nervosa. Eur. J. Clin. Nutr. 2016, 70,
1305–1308. [CrossRef]

84. Yawata, Y.; Hebbel, R.P.; Silvis, S.; Howe, R.; Jacob, H. Blood cell abnormalities complicating the
hypophosphatemia of hyperalimentation: Erythrocyte and platelet ATP deficiency associated with hemolytic
anemia and bleeding in hyperalimented dogs. J. Lab. Clin. Med. 1974, 84, 643–653.

85. Kheloufi, M.; Boulanger, C.M.; Codogno, P.; Rautou, P.E. Autosis occurs in the liver of patients with severe
anorexia nervosa. Hepatology 2015, 62, 657–658. [CrossRef]

86. Giordano, F.; Arnone, S.; Santeusanio, F.; Pampanelli, S. Brief elevation of hepatic enzymes due to liver
ischemia in anorexia nervosa. Eat. Weight Disord. 2010, 15, e294–e297. [CrossRef]

87. Bally, M.R.; Blaser Yildirim, P.Z.; Bounoure, L.; Gloy, V.L.; Mueller, B.; Briel, M.; Schuetz, P. Nutritional
Support and Outcomes in Malnourished Medical Inpatients: A Systematic Review and Meta-analysis. JAMA
Intern. Med. 2016, 176, 43–53. [CrossRef]

88. Elnenaei, M.O.; Alaghband-Zadeh, J.; Sherwood, R.; Awara, M.A.; Moniz, C.; le Roux, C.W. Leptin and
insulin growth factor 1: Diagnostic markers of the refeeding syndrome and mortality. Br. J. Nutr. 2011, 106,
906–912. [CrossRef]

89. Alaei Shahmiri, F.; Soares, M.J.; Zhao, Y.; Sherriff, J. High-dose thiamine supplementation improves glucose
tolerance in hyperglycemic individuals: A randomized, double-blind cross-over trial. Eur. J. Nutr. 2013, 52,
1821–1824. [CrossRef] [PubMed]

90. Francini-Pesenti, F.; Brocadello, F.; Manara, R.; Santelli, L.; Laroni, A.; Caregaro, L. Wernicke’s syndrome
during parenteral feeding: Not an unusual complication. Nutrition 2009, 25, 142–146. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



Journal of

Clinical Medicine

Review

Pharmaceutical Aspects of Artificial Nutrition

Emilie Reber 1,*, Markus Messerli 2, Zeno Stanga 1 and Stefan Mühlebach 3

1 Department for Diabetes, Endocrinology, Nutritional Medicine and Metabolism, Bern University Hospital
and University of Bern, 3010 Bern, Switzerland; zeno.stanga@insel.ch

2 Department of Pharmaceutical Sciences, Pharmaceutical Care Research Group, University of Basel,
4050 Basel, Switzerland; markus.messerli@unibas.ch

3 Department of Pharmaceutical Sciences, Division of Clinical Pharmacy & Epidemiology/Hospital Pharmacy,
University of Basel, 4050 Basel, Switzerland; stefan.muehlebach@viforpharma.com

* Correspondence: emilie.reber@insel.ch

Received: 1 October 2019; Accepted: 15 November 2019; Published: 19 November 2019

Abstract: Artificial nutrition, including enteral (EN) and parenteral (PN) nutrition, is indicated
whenever adequate oral nutrition fails to sufficiently supply the necessary nutrients to the body. It is
a convenient, efficacious, safe, and well-tolerated form of clinical nutrition in the hospital and home
setting. EN is administered via nasogastric tube or ostomies while PN usually requires a central venous
access for administration, straight into the blood stream. The infused nutrients can then be taken up
directly by the different organs. PN is targeted as a single daily portion formulated as an oil-in-water
emulsion providing the necessary substrates for the catabolic and anabolic metabolism including
macro- and micronutrients and fluids. PN has a complex pharmaceutical composition—all-in-one
admixture—and its compounding or ready-to-use preparation. The use of PN is more challenging and
more expensive compare to the use of EN, commercially available as ready-to-use formulations. EN
and concomitant medication is highly challenging. Upon incorrect handling and administration, PN
is associated with potentially severe or even fatal complications, mostly relating to the central venous
access (e.g., catheter-related sepsis) or to a metabolic intolerance (e.g., hyperglycemia, refeeding
syndrome) because of inappropriate administration. A correct order of admixing, correct dosing, and
administration of the artificial is crucial for safety and efficacy; clinical and biochemical monitoring of
the patient and treatment regimen adaption are necessary. The high number of reactive solutes allow
only limited stability of a ready-to-use PN admixture. The potential for numerous incompatibilities
and interactions renders PN admixtures generally unsuitable as drug vehicle. Laboratory compatibility
and stability testing and pharmaceutical expertise are a prerequisite to define the PN composition
including nutrients or even drugs admixed to define the appropriate and individualized nutrition and
medication regimen. The aim of this narrative review is to present the actual state-of-the-art to deliver
best quality artificial nutrition with special regard on pharmaceutical aspects such as instabilities,
incompatibilities, and concomitant co-medication.

Keywords: parenteral nutrition; enteral nutrition; artificial nutrition; all-in-one parenteral admixture;
compatibility; stability; pharmaceutical expertise; drug admixing; drug administration

1. Introduction

Enteral nutrition (EN) is used whenever the gastrointestinal tract is functioning and when oral
access is impaired (e.g., chewing and/or swallowing issues). In patients with partial or total intestinal
failure, nutrients may not or not be sufficiently absorbed from the intestine. Hence, parenteral nutrition
(PN) has to be administered as a formulation, containing the necessary substrates, ready to be used in
the intermediate metabolism. Intestinal failure may result from an extensive surgical bowel resection
or a disease leading to reduced function of the intestine and/or impairment of motility, digestive or
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absorptive capacity (e.g., mesenteric infarction, laparoschisis, Morbus Hirschsprung). Table 1 shows
recently published data from Pironi et al. regarding epidemiology of intestinal failure in 3239 patients
across the world [1]. PN allows quantity- and quality-wise a full or partial nutritional support and
can guarantee survival and good quality of life. EN and PN are the two forms of artificial nutrition,
developed and introduced in the 1960s. EN and PN, or their combination, require an adapted and
individualized nutrition regimen respecting the specific condition and requirements of the patient.
Nowadays and in contrast to the early beginnings, EN and PN are mostly based on physico–chemically
fully defined, balanced and stable products, manufactured in industry. While EN products can
be delivered as stable ready-to-use formulations, total or partial PN has to be compounded or
prepared ready-to-use for administration compliant with pharmaceutical good manufacturing practice
(GMP) requirements. The available industrial PN premixes contain stable nutritional components
mechanically separated from each other in chambers with breakable sealing. Upon ready-to-use
preparation as all-in-one (AiO) admixture in a convenient, single container and for single line daily
PN treatment, the sealing is mechanically broken and the content manually shaken. For safety and
tolerance of administration of the usually hypertonic PN admixtures showing an osmolality exceeding
2000 mosm/kg, an inserted/implanted central intravenous access is required [2]. Consequently, PN and
its prerequisites are more challenging, more expensive, and more prone for complications compared to
EN. Nevertheless, a well-indicated PN according to existing guidelines shows good efficacy and safety
in patients, also in long lasting home PN and if assisted by a nutrition support team (NST) [3–8].

Table 1. Epidemiologic data from 3239 patients with chronic intestinal failure in countries around the
world, from Pironi et al. [1].

Type of Chronic Intestinal Failure Underlying Disease

Benign chronic intestinal failure
(n = 2919, 90.1%)

Crohn’s disease (22.4%)
Mesenteric ischemia (17.7%)

Surgical complications (15.8%)
Primary chronic intestinal pseudo-obstruction (9.7%)

Post-radiation enteritis (7.3%)
Others (21.3%, with <3% each-one)

Not reported (5.9%)

Malignant chronic intestinal failure
(n = 320, 9.9%)

Type of active cancer not specified (62%)
Gastrointestinal cancer (28%)
Extra-abdominal cancer (10%)

Concurrent enteritis due to radio- or chemotherapy (5%)
Peritoneal carcinomatosis (12%)

Databases such as PubMed and Cochrane were searched for guidelines, recommendations and
registries, using filters for human studies in English only, and excluding children, as well as homepages
from national and international nursing and nutritional societies. The aim of this narrative review is to
present the actual state-of-the-art for artificial nutrition delivery with special regard on pharmaceutical
aspects. This review aims to provide nutritionists dealing with artificial nutrition knowledge to
deliver best quality PN, understanding of the concept and benefits of the AiO, and the pharmaceutical
challenges of artificial nutrition (instabilities and incompatibilities, drug admixture).

2. Accesses for Artificial Nutrition

PN should be initiated at the latest after five to seven days of insufficient oral and/or enteral
feeding. This may be initiated even earlier in case of severe malnutrition [5]. Preoperative PN and also
EN have been for example been shown to improve surgical outcome in patients affected by Crohn’s
disease undergoing abdominal surgery [9,10]. The beneficial value of supplemental PN in critically
ill patients has also been demonstrated in recent prospective studies [11]. EN may be administered
via nasogastric tubes, nasojejunal tubes or percutaneous gastrostomy/jejunostomy (endoscopic or
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radiologic), Witzel fistulas or fine needle catheter jejunostomy, depending on the anticipated duration
of the EN therapy and of the indication. The need for a central venous access for PN is obvious
when for example calculating the individual daily requirements for electrolytes, which have to be
contained in an AiO PN admixture. These alone increase the tonicity by more than 600–800 mosmol/kg,
which is the maximal value for a peripherally administered intravenous infusion [5]. In long-term
PN, tunneled subclavian or jugular catheters (e.g., Hickman catheters), implanted port systems or
peripherally inserted central venous catheter (PICC) are used [6]. For short period of supplemental
PN, the administration of peripheral PN admixtures through peripheral venous catheter is possible.
Peripheral PN may be indicated for short-term use or as a supplement typically to maintain a previously
well-nourished, patient or to serve as a bridge to centrally administered infusions or until adequate
enteral feedings can be established [12,13]. The risk of microbial contamination and following growth
is greater with peripheral PN than with PN, mainly due to the lower osmolarity in peripheral PN [14].
Moreover, the risk of phlebitis and extravasation is high and causes catheter removal [15].

3. Handling of Feeding Tubes and Catheters

The handling of feeding tubes is much less demanding than the catheter handling, as it does not
require asepsis. It however largely depends on the type of tube. Regular dressing changes and slights
moves of the tubes are however mandatory.

To minimize PN-associated complications, the appropriate central intravenous device has to
be selected, placed, and inserted by a trained surgical team with experience. Together with good
and regularly trained catheter handling, these are the two most important factors to keep the main
intravenous access related complications in PN low. A rigorous aseptic technique is required for the
manipulation and care of the catheters and the connections [2]. Blood drawing including aspiration
through the central venous catheter has to be avoided. Suited trainings for patients and caregivers to
learn the defined rules and best practices are essential and must be documented and evaluated [16].
Such education includes aseptic handling of the PN bag, of catheters, and its connections including
also a rigorous handwashing procedure. Alcoholic chlorhexidine (0.5–2%) is recommended for skin
disinfection; there are possible disinfectant alternatives in case of contraindications [2]. When a port
system is used for PN, the giving set must be changed daily and in addition, the gripper needle has to
be changed every three to seven days according to accepted standards. Evidence-based policies also
apply for dressings of the exit sites [2]. The rinsing and plugging of the catheter with defined solutions
are of critical importance and saline (0.9%) is the standard solution to be used. Heparin, initially
recommended for port system rinsing, is still often used despite lacking appropriate compatibility
documentation. Bozetti et al. showed a significant increase of catheter-related complication using
heparin rinse compared to saline in HPN patients [17]. A recent Cochrane update analysis comparing
saline against heparin for intermittent catheter locking in adults showed no evidence for a heparin
benefit, as known from previous studies in children [18]. Heparin is prone to incompatibility reactions
with many PN components, e.g., lipids, potentially leading to occlusion and/or infection of catheters.
The use of heparin to rinse catheters lacks evidence regarding its effectiveness in reducing blood
clotting. Moreover, it is prone to incompatibilities with lipids and emulsifiers from the PN admixtures.
Even short and at low dose, heparin exposure in an intravenous line has shown emulsion cracking [19].
As a consequence of the cracking, lipid deposits form in catheters increasing risk for infectious
complication and obstruction, possibly leading to catheter removal [6]. The potential risk to induce
heparin hypersensitivity has also to be considered. In the actual PN guidelines, heparin is not more
recommended for catheter rinsing and plugging [2,6,18]. A lock solution with taurolidine, a synthetic
antimicrobial agent, might be considered in PN patients with repeated catheter-associated infections
but should not be routinely used [20]. Other antibiotic lock solutions (vancomycin, gentamycin) are
also used although the evidence for a preventing effect is low. Ethanol locks may be considered for
secondary prevention in some cases. The use of in-line filters is not supported by the necessary evidence,
similarly to heparin use or antibiotic prophylaxis [2]. Therefore, these methods are not considered as
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universal and compulsory preventive measures for all PN patients [5–7]. In-line filters may be used to
(1) filter out precipitates or particles (reduce risk of embolism), (2) prevent pathogenic microorganisms
to enter the bloodstream (reduce risk of infection), (3) hinder air to be infused into blood circulation
(air embolization). In-line filters may however also create new problems [21]. They may themselves
release particles or cause adsorption of nutrients or drugs reducing their systemic availability. In-line
filters may thus also potentially be blocked and impair the PN administration. A fatality has even
been associated with the use of in-line filters, as calcium phosphate precipitation occurred in the
filtered admixture after warming up in the line [22]. There are no general recommendations for the
use of in-line filters. German guidelines on PN settle beneficial effects of in-line filters in specific risk
patient populations (e.g., children and immune-compromised patients) [23]. The ASPEN however
recommends the use of 0.22 micron filter for lipid-free PN admixtures, and 1.2 micron filter for AiO
admixtures [24]. The filter should be placed as close to the patient as possible and should be exchanged
with each new PN container, as well as the administration set.

4. Complications of Enteral Nutrition

EN is generally efficient, safe and well tolerated. Small bore tubes made of more flexible materials,
careful nursing and therapy monitoring contribute to decrease the complication rates. Risk factors for
complications are among others neurological impairment, anatomical abnormalities, and advanced
age [25]. Systematic antibiotic therapy before tube placement to prevent infectious complications
(wounds and systemic infect) is controversially discussed. There is however good evidence for
at-risk patients (e.g., immunocompromised patients) and placement of gastroscopic accesses [25].
Administration of a single dose of broad spectrum antibiotic half an hour before EN device placement
has been shown to reduce peristomal infects by 22%. Complications rates vary according to the type of
access, e.g., 0.3–15% for nasoenteric tubes, 1–4% for major and 13–40% for minor complications for
endoscopic accesses. Complications rates are very low for surgical needle catheter jejeunostomies.

4.1. Gastrointestinal Complications

Gastrointestinal complications are frequent with enteral feeding [26]. Diarrhea may be the most
common one, probably caused by adaption of the intestine after fasting period, by antibiotic therapy,
or administration of too cold solutions. Delivery sites and rates influence may also influence the
occurrence of diarrhea. Misplacement (too low) may be a further cause of diarrhea. Obstipation may
also occur with enteral feeding solutions containing low or no dietary fibers, due to dehydration,
immobility, or as a side effect of opiate therapy.

Nausea and vomiting may be due to tube dislocation, too fast administration or administration of
too high volume. It may also be caused by the underlying disease or the related treatments, or due to
medication containing sugar substitutes. Delayed gastric emptying and subsequent feeling of fullness
are risk factor for aspiration and may also cause vomiting [25].

Reflux esophagitis and early dumping are further complications of EN.

4.2. Mechanical Complications

Feeding tubes may be misplaced, dislocate, or cause perforation (trachea or gastrointestinal tract),
and nasal/gastrointestinal bleeding. Further, feeding tubes may be obstructed. Obstruction may be
prevented by sufficient and consequent rinsing procedures, and by avoiding drug administration
(as far as possible). There are various possibilities to re-open a tube, from warm water rinsing to
rinsing with pancreatic enzymes and bicarbonate solutions. Feeding tubes may also cause irritation,
and consecutive changes in the oral mucosa. Leaks or buried bumper syndrome may occur with PEG
devices [25].

Aspiration is a rare complication (1–4%), causing fever and possibly pneumonia [25]. It may
be silent or manifest with symptoms such as tachypnoea, tachycardia, and wheezing. Aspiration is
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however a great issue in critically ill patients [26]. It may be prevented elevating the head by 30–45◦
when lying [25].

4.3. Infectious Complications

Different infectious complications may occur during the EN therapy, such as pneumonia (arising
from aspiration pneumonia), sinusitis, or bacterial contamination of the nutritional solution [26]. Some
complications are related to the device, e.g., wound infection at the entry site with PEG devices and
peritonitis with gastroenterostomies. Infections mostly require tube change/removal [25].

4.4. Metabolic Complication

The metabolic complications of the enteral nutrition are similar to the one of parenteral nutrition
(e.g., the refeeding syndrome described in Section 5.3.1) but with much lower incidence and severity [25].

5. Complications of Parenteral Nutrition

5.1. Mechanical Complications

Catheters may sometimes dislocate or occlude, mainly due to incorrect manipulations. Reasons for
catheter occlusions are manifold: PN admixture instabilities, incompatibilities with rinsing solutions
and/or with other intravenous solutes administered through the catheter, etc. Taking blood samples
through the central venous access must be prohibited since it is almost impossible to completely clear
the line and the device afterwards. Moreover, blood samples from catheters often provide erroneous
results because of residues of the PN in the catheters with high electrolyte or lipid concentrations.
Blood clots may form and eventually mechanically occlude the catheter, being a possible origin of
microbial colonization. Occluded catheters may be rinsed with saline solutions (10–20 mL) in a first step,
applying slight pressure. If this is not successful, acidic or alkaline solutions may be applied according
to defined procedures [2]. Reopening of occluded catheters is however discussed very controversially
by the experts. It can be dangerous since clots may be microbially colonized. Blood stream infection
may consecutively occur. Lipid deposits may be eliminated with ethanol or diluted sodium hydroxide.
Thrombolytics are administered to eliminate an assumed blood clot [5,6]. Administration of PN with
infusion pumps also helps to prevent catheter occlusions since the flow rate is kept constant [7].

5.2. Infectious Complications

In the beginning of PN history, infections and sepsis were frequent (affecting up to 40% of
the patients) and thus a limitation to PN use [8]. By reducing the number of manipulations
(e.g., AiO admixture administration), the incidence of catheter sepsis radically dropped (Table 1).
Catheter-related sepsis occur at rates of 0.5–1 per catheter year in hospitals inpatients and 0.1–0.5 per
catheter year in patients on home PN [5]. Gram-positive microbes (from the skin) are the mostly
encountered microorganisms identified [2,27]. Catheter exit site-related or bloodstream infections are
predominant complications and are associated with increased morbidity and mortality rates. Moreover,
infectious complications contribute substantially to PN costs, causing additional hospitalizations and
catheter removals.

5.3. Metabolic Complications

5.3.1. Refeeding Syndrome

The refeeding syndrome is a potentially life-threatening metabolic condition occurring in seriously
malnourished patients or in patients recovering from severe catabolic diseases (e.g., sepsis, diabetic
ketoacidosis) after start of a nutritional therapy. From a pathophysiological point of view, refeeding
syndrome is an exaggerated response of the malnourished catabolic body to a nutritional therapy,
indeed to anabolism [28,29]. Refeeding syndrome is characterized by severe electrolyte shifts (mainly
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hypophosphatemia, hypomagnesemia, and hypokalemia), vitamin deficiency (mainly thiamine), fluid
overload and salt retention leading to organ dysfunction including cardiac arrhythmias up to death.
Symptoms such as heart failure, peripheral edema and neurologic disorders can occur. The refeeding
syndrome is most likely to appear within the first 72 h after initiation of the nutritional therapy. A risk
stratification of patients before prior to start a nutritional intervention is recommended and can then
by adapted according to the risk category [28,29]. Full energy requirements are targeted within five to
ten days after initiation of the nutritional therapy depending on the risk category, starting at a low
energy rate (5–15 kcal/kg/day) and increasing stepwise. Fluid management and sodium restriction
may be necessary in patients belonging to higher risk categories. Thiamine (vitamin B1) has to be
administrated as a 200–300 mg dose daily for three days, 30 min before the initiation of nutritional
support. Finally, provision of trace elements and vitamins in the single and double recommended daily
amounts of micronutrients, respectively, are recommended. Intensive clinical monitoring is mandatory
to detect early signs of refeeding syndrome, such as organ failure and fluid overload. It should include
vital signs, hydration status, and determinations of serum electrolyte levels.

5.3.2. Hyperglycemia

Hyperglycemia is another early and frequent complication affecting up to 50% of the patients upon
PN initiation. Appropriate and initially frequent glycaemia testing is mandatory, since hyperglycemia
has been linked with increased morbidity and mortality, especially in critically ill patients [30].
The targeted blood glucose level lies between 7.8 and 10.0 mM, (normoglycemia: 4.4–8.1 mM;
80–145 mg/100 mL) [31]. Insulin administration, optimally pump-assisted and in parallel to PN, may
be necessary to control glycaemia (there is a dedicated specific article on this topic in this special
issue [30]).

5.3.3. Liver-Associated Complications

Liver-associated PN complications are seen in up to 40% of the patients, especially in those with
short bowl with less than 150 cm of remaining small intestine and in absence of colon (Table 2) [2].
In case of occurring liver-associated PN complications (e.g., hypertriglyceridemia, cholelithiasis, and
cholestasis), it is recommended to administer PN formulations with reduced triglyceride (TG) content
and a better fatty acids (FA) mix (e.g., by a higher monounsaturated FA (MUFA) content or an increased
Ω-3 to Ω-6 ratio of the polyunsaturated FA (PUFA)) [2].

Table 2. Catheter- and parenteral nutrition (PN)-related complications [2].

Type Rates Measures Per Catheter Year (95% Confidence Interval)

Catheter sepsis 0.34 (0.32–0.37)
Catheter occlusion 0.07 (0.06–0.08)

Central vein thrombosis 0.03 (0.02–0.03)
Liver/biliary issues

Mild 0.42 (0.27–0.63)
Severe 0.02 (0.01–0.06)

Metabolic bone disease 0.05 (0.01–0.15)

5.3.4. Thrombosis

Central venous thrombosis is a common issue in PN patients with central venous access (up to
50% of PN patients) associated with high morbidity and mortality rates (Table 2). The localization is
mostly proximal to the catheter. The frequency of thrombosis is linked to the experience and skills of
the catheter insertion team as well as to the diameter of the catheter; small bore central venous catheters
are therefore recommended. Low dose oral anticoagulants may be used in high-risk patients [6].
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6. The Role of the Pharmacist and Specificities of Pharmaceutical Management

NSTs have multi-professional composition consisting of at least a physician, a specialized nurse,
a dietician and a pharmacist, skilled to manage PN, and to deliver best nutritional support [16].
Pharmacists within the NST have an important role to play in selecting, preparing and instructing
on the safe handling of nutritional products, especially PN. They have however also a clear role in
optimizing medication for patients with EN (BN Group). Pharmacists provide medicinal products, care,
and when necessary education and training related to artificial nutrition to the other NST members,
to patients and their caregivers. Pharmacists are in charge for the logistic of the products and of their
quality assurance. They check the drug and nutrients prescriptions from a pharmaceutical point of
view, advising on the most effective and safe administration of drugs in order to prevent interactions
and incompatibilities, in EN (administration via feeding tube) as well as in PN (admixture) [32].
Pharmacists are also in charge of the documentation and clarification of drug related adverse events,
to increase treatment safety. Most patients on artificial nutrition also require drug treatment for their
underlying diseases. This further complicates the overall treatment regimen aiming in given cases to
combine the parenteral administration of nutrients and drugs, e.g., as the indication for (home) PN
is extended to malignant chronic diseases or severe functional deficiency, often requiring additional
complex medication in parallel to the artificial nutrition. This is a complicated endeavor, which needs a
careful check of compatibility primarily respecting correct and suited dosing over time of both nutrition
and medication to ensure safe and efficacious treatment requesting pharmaceutical skills [6,8,33]. Drug
admixing issues are one of the main tasks of the pharmacist within the NST, who has to face and
assess PN- and drug-related problems from the pharmaceutical perspective [32]. The pharmacist also
contributes to define an appropriate nutritional and medical care plan, to avoid medication errors,
and finally keeps responsibility that the right patient gets the right products administered in the right
way [5,6,34].

7. Components of Artificial Nutrition

Standard commercial nutritional solutions for enteral use contain between 1 (isocaloric) and
2 kcal/mL (hypercaloric), with 15–20% proteins, 25–30% fats, and 50–60% carbohydrate, which
represents a suitable macronutrients distribution for most patients. They may contain dietary fibers or
not. Macromolecular and low-molecular weight solutions are available depending on the functionality
of the gastrointestinal tract. Additionally, metabolically adapted solutions (e.g., high protein, low
electrolyte content for kidney failure patients) or immunomodulating solutions (containing e.g.,
arginine or glutamine) are available. Organic amino acids (AA; protein), glucose (carbohydrate),
different TG of FA (fat), and inorganic/organic electrolytes/nutrients together with water are the small
molecular components of a PN [2]. Micronutrients, vitamins and trace elements have mostly to be
added for a total PN as they are not necessarily included in industrial multi-chamber bags. Energy
requirement in adults is 25–30 kcal/kg/day given as a mix of the most important universal fuel glucose
and high caloric lipids. In contrast to EN, the AA content of PN is not calculated as energy as AA
are primarily intended building components for protein synthesis which has to be considered when
assessing the balance of EN and PN. The basic protein need in adults is 0.8–1 g/kg/day increasing to
1.2–1.5 g/kg/day in malnourished patients and even higher in special situations (e.g., 2.5 g/kg/day in
burned patients or children). The energy need mainly depends the resting energy expenditure and on
disease activity and severity (possibly increasing the requirements by 50%).

7.1. Amino Acids

In a severe catabolic state, glucose may be produced from AA over the formation of acetyl-CoA
and through the Krebs cycle or over the pyruvate gluconeogenesis pathway (for glucose-dependent
organs, e.g., brain), yielding in 1 g AA = 4 kcal. The protein (AA) breakdown may be estimated through
the urine output, since nitrogen from the AA is eliminated as urea. One gram of urea contained in
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the urine matches 7.34 g of AA (0.47 g nitrogen). This calculation can be used for an intake-output
estimate e.g., in well-monitored critically ill patients.

From the 21 AA, there are seven essential (isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine) and four conditionally essential AA (histidine, tyrosine,
cytosine, glutamine, and taurine). When AA show additional pharmacological effects, the term
pharmaconutrition is used. This applies to glutamine, although the evidence for effectiveness is
still debated. Commercial AA solutions for PN are traditionally crystalline solutions of L-AA (10%),
despite differences between the manufacturers in the conditionally essential AA content (mainly
glycine) [2]. AA in solutions are filled in airtight containers and protected by the antioxidant nitrogen
gas, since oxygen oxidation (ambient air) is very likely to occur. AA and glucose put together in vitro
can react and undergo Maillard reaction, which may influence their availability. Thus, a yellow to
brownish colored product is then visible upon exposition to ambient conditions as e.g., beyond 24–48 h
hanging time of ready-to-use AiO admixtures. The AA content in a daily dose of AiO PN admixture
reaches 1.2–1.5 g/kg (100–150 g AA). In order to reverse catabolism (AA breakdown), AA should
be administered together with fat/carbohydrates (mainly glucose). The suggested caloric intake is
20–27 kcal/g AA [5,7]. Optional admixtures of pharmaconutrients (e.g., 0.2 g glutamine/kg/day in
trauma or burned patients) are dosed additionally to the necessary AA amount of the PN regimen and
have to be taken into account in the nutrient balance.

7.2. Glucose

Around 66% of the body’s energy fuel is normally provided by carbohydrates (1 g = 4 kcal),
mainly by glucose, the primary and physiological energy substrate in the intermediate metabolism.
It is prone to oxidative degradation when in solution. Some organs (e.g., blood and brain) fully depend
on glucose for meet their energy requirements. Hence, mechanism such as gluconeogenesis ensures
a minimal necessary glucose production (37 g/day) when external supply is insufficient or lacking
and the restricted glycogen stores (150–300 g) empty [2]. Highly concentrated, hypertonic glucose
solution is used to restrict the volume of an AiO PN admixtures and primarily contributing to their
hyperosmolarity. Maximal infusion rate in adults is 3–6 g glucose/kg over 24 h. This rate is limiting the
maximal infusion rate since the rate of glucose oxidation to pyruvate/acetyl-CoA/Krebs cycle in adults
is limited to 5–7 mg/kg/min [2]. The level of blood glucose during PN has to be kept <10 mM and has
to be regularly monitored, especially in the beginning of PN [31,35].

7.3. Lipids

Commercial intravenous lipid oil-in-water emulsions contain 100–200 g lipid/L [2]. The TG used
are composed of different (PU)FA. The oil-in-water emulsion is stabilized with soya or egg yolk lecithin
(12 g/L), a phosphatidylcholine with a negative surface charge resulting from the phosphate groups [36].
The surface charge is negative from the anionic phosphate moiety of the emulsifier at the surface of
the oil droplets. This negative zeta potential keeps the emulsified oil droplets separated. The anionic
charge of the phosphate lecithin moiety at the surface is critical for destabilizing incompatibilities, e.g.,
with (mainly polyvalent) cations. Intravenous lipid emulsions are nearly isotonic and contribute to
decrease the osmolarity of an AiO PN admixture, e.g., in PN administered peripherally. Important to
know, about 15 mmol phosphate are delivered from the emulsifier per liter of a commercial parenteral
lipid emulsion [2]. TG are important energy fuels providing 9 kcal/g through the beta-oxidation of FA
and the subsequent acetyl-CoA metabolism. Different FA types are contained in intravenous lipid
emulsions, depending on the lipid sources. Nowadays, “structured lipids” are mostly being used,
like SMOF lipids containing 30% soybean FA, 30% MCT, 25% olive oil FA, and 15% fish oil FA. Lipid
emulsions dose in PN reaches 0.5–1.0 g/kg/day to cover about 33% of the patients’ energy requirements.
Lipids may be used to a higher extend in critically ill patients (up to 50%) to avoid insulin resistance
issues [2]. Since they are partially essential FA, PUFAs must be included in AiO PN admixtures
in the required doses. Ω-3 PUFAs like EPA (eicosatetraenoic acid) or DHA (docosahexaenoic acid)
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show anti-inflammatory effects through the synthesis of prostaglandins and leukotrienes and may be
considered as pharmaconutrients. On the contrary, Ω-6 PUFAs shows pro-inflammatory effects forming
arachidonic acid over the prostaglandins and leukotrienes pathways. Ω-9 MUFA have no action on
these pathways and thus are neutral. Middle chain triglycerides (MCT) only contain non-essential
saturated FA. They can be oxidized to produce energy directly in the mitochondria in absence of
carnitine unlike long chain PUFAs. PUFAs are highly prone to peroxidation; resulting in toxic reaction
products (e.g., radicals and aldehydes) contributing to the systemic inflammation and the oxidative
stress of patients. Light and oxygen protection for storage and transport are therefore important
to prevent peroxidation [37,38]. The oil droplet characteristics and distribution in the oil-in-water
emulsion is a critical parameter. It should mimic the physiologic chylomicrons or lipoproteins with a
critical upper diameter size of 5 μm correlating to a small blood vessel diameter. Larger droplets may
eventually cause lipid embolism, while degradation products of lipid peroxidation may as radicals
free cause DNA damages and contribute to inflammation [2,16].

7.4. Fluids and Electrolytes

Sufficient water and electrolytes doses have also to be provided by a nutrition regimen. Additional
oral fluid or infusions to PN may be needed to reach the basic fluid requirements in adults of 30–40
mL/kg/day, but also to cover abnormal losses such as fever, vomiting, diarrhea, or stoma losses, burns
and severe wounds [39]. The combination compatible amounts of (di- and trivalent) cations and
anions in AiO admixture preventing instabilities e.g., by harmful precipitations of salts or deteriorated
oil-in-water characteristics by interactions with the emulsifier is a pharmaceutical challenge.

7.5. Micronutrients

Daily administration of EN > 1500 mL covers the daily recommended micronutrients intake. Since
most micronutrients are hydrophilic and body stores are limited, total PN must also cover vitamins and
trace elements requirements from its initiation. Trace elements (polyvalent cations) show relevant and
concentration-dependent physicochemical interactions e.g., with the oil-in-water emulsifier; they may
also be catalyzers of chemical degradation processes (e.g., oxidation) [2]. This may become an issue
since vitamins and trace elements are both infused into AiO PN bags. As an example, iron or copper
catalyze the oxidation of the ascorbic acid (vitamin C), which then degrades within minutes. From
an evidence-based standpoint, trace elements and vitamins should be administrated separately, e.g.,
trace elements admixed to the AA portion, and vitamins only given at the end of a PN administration
limiting the exposure time of combined physical presence in the admixture [4–6].

7.6. The All-In-One Concept as the Pharmaceutical Formulation of Choice

PN is a complex, meta-stable, high quality pharmaceutical formulation defined by the
pharmacopoeia. In presence of lipid, it represents an oil-in-water emulsion and contains various,
partially ionized, reactive solutes, prone for physicochemical interactions. PN is highly concentrated
(hypertonic) and its components are often close to their solubility limits as the volume is restricted [32].
A PN regimen has to be practicable and convenient, efficacious and safe, also upon long term use (home
PN). Central venous access is needed for the administration and aseptic techniques are needed during
ready-to-use preparation of industrial premixes or tailor-made compounding since PN has to be sterile
and pyrogen-free [6]. Correct conditions for transport and storage and finally for the administration
and hanging time are required to provide the right and ready to be metabolized amount of nutrients to
fulfil the nutritional needs and to prevent and/or correct metabolic/physicochemical disturbances.

The PN composition and if needed its individualization has always been and is a challenge to
ensure safety and optimal efficiency. The increased knowledge of disease and stress metabolism has
contributed to diminish complications and to increase tolerance of PN [2]. Historically, PN started
from the difficult to handle multi bottle to a convenient single container AiO system delivered as a
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ready-to-use complete daily portion enabling individualized, more physiologic and well-tolerated 24 h
or cyclic co-administration of the nutrients (mostly overnight) [4,40].

Total PN admixtures and regimens contain over 50 individual solutes, mostly representing
reactive species (Figure 1). This explains the stability issues and the important potential for
physicochemical interactions such as degradation of components, generation of toxic products
like reactive aldehydes from fatty acid degradation or harming precipitates formed from interacting
electrolytes [2]. Additionally, a critically reduced homogeneity of the oil-in-water fat emulsion
with eventual oiling out may cause serious adverse effects. The control and avoidance of microbial
contamination are key issues to reduce infectious complications. Nowadays, pharmaceutical GMP
rules are established and require for example to work in a laminar airflow bench for aseptic
compounding/ready-to-use preparation. There are guidelines for correct labelling, storage, hanging
time (24 h after ready to use preparation), transport and storage (2–8 ◦C) of AiO PN admixtures [4].
The combined admixing of potentially interacting or even incompatible microelements like trace
elements with vitamins are still debated. Trace elements can catalyze oxidation and radical formation
of e.g., vitamins [4,6] or of PUFA [37]. An acceptable, appropriately documented compromise has to
be defined for the appropriate quality of the AiO admixture administered and the provision of the
necessary amount of nutrients. Individualized compounding or ready-to-use preparation of a complete
PN results in an AiO admixture, which cannot to be sterilized anymore by an established heating
procedure [2]. Hence, in many countries, ready-to-use AiO PN has to be prepared according to the GMP
rules and regulatory authorization is needed. There are however countries where extemporaneous
parenteral nutrition preparations do not need any specific regulatory authorizations. The industrial
approach with serial manufacturing targeted stable and storable PN products to overcome the stability
issues of individually compounded AiO PN admixtures. This resulted in the development of different
forms of special multi-chamber bags, separating the lipid emulsion, the AA and the glucose solutions
from each other by mechanically separated chambers or compartments [2]. The bags materials
are innovative multi-layered foils allowing vapor sterilization of the filled and sealed chambers
representing AiO PN premixes which are with the additional air-tight wrapping including oxygen
absorbing materials stable up to years as the main chemical destabilization by oxidative degradation of
the nutrients is almost eliminated [40]. Ready-to-use preparation of these commercial AiO PN premixes
includes mechanical breaking of the chamber sealing and manual shaking of the combined content
still in a closed container envelop thus in aseptic conditions. Admixing of other needed components
(electrolytes, micronutrients, or other intravenous supplements according to need and compatibility)
into individual chambers require suited stability data, and defined and validated admixing procedures.
The major part of PN adult patients can be treated with commercialized products. Therefore, PN
treatment is sensibly facilitated. Nevertheless, individual PN compounding remains needed in selected
patients, especially in children or neonates with their body growth requirements but also adults with
home PN and/or after mesenteric infarction. However, such a service is available only in particular
and experienced hospital pharmacies or compounding centers often also challenged for an appropriate
logistic [2]. The evidence is still lacking whether an individualized tailor-made PN regime provides
better outcome in neonates, acute critically ill patients or for patients in the home setting compared
to a standardized commercial AiO PN. The debate concerning the individual energy, macro- and
micronutrient requirements is still ongoing [41,42].
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Figure 1. The all-in-one PN concept with adult nutrient requirement, adapted from [2].

8. Stability and Compatibility

Stability defines that the admixture components do not degrade in excess (e.g., <10%).
Compatibility defines that these components do not physico–chemically interact with each other
over a defined time. Stability and compatibility must last from compounding to delivery, up to
the declared expiry date, and the administration under defined conditions. Both aspects are critical
for the quality, efficacy and safety of the product [43] There are many physicochemical interactions
occurring: instabilities (emulsion), solubility (precipitations), photo-induced (catalytic reactions),
thermic reactions, material interactions (sorption, permeation), and chemical reactions (oxidation,
reduction, hydrolysis, polymerization, decarboxylation, complexation, lipid peroxidation, Maillard
reaction, etc.). A decrease in pH below 5.0 seriously compromises lipid emulsion stability. The first
visible sign of decreased homogeneity of the oil-in-water emulsion is creaming (appearance of a white
upper layer) [21]. Creaming is reversible by gentle mechanical shaking and occurs without a significant
change in the mean particle size nor the particle size distribution. Such AiO PN admixture can be
safely administered to the patient. The coalescence is the next deterioration step, which is not anymore
reversible. Larger lipid droplets increasingly form over time and may be visible at the surface [21].
Coalescence may be measured by a light extinction method or validated microscopic analysis [44,45]
Such emulsions should no more be administered to patients as they may induce adverse effects (e.g.,
inflammation from phagocytized fat globules, or embolism) [46]. The ultimate step of the on-going
droplet enlargement is the emulsion breaking or cracking, where large fat globules separate from the
dispersed oil-in-water phase [21]. Administration of such formulations is prohibited. These interactions
occur between the components present in AiO PN admixture. They can become critical upon admixing
and administration of higher amounts of electrolytes leading to precipitates when disrespecting the
solubility product, which is influenced by specific conditions in the PN admixture (volume, pH,
temperature, chelating components like AA for cations) [2]. Administration of parenterals containing
precipitates may cause small vessels occlusion and consecutive organ damages, and may even become
fatal when such precipitates are delivered e.g., into the lung [2]. Precipitates may as well occlude central
venous catheter [2,16]. Critical concentrations of divalent cations (mainly Mg2+ and Ca2+) in presence
of inorganic phosphate lead to precipitation of insoluble phosphate salts. High requirements of such
electrolytes exist in neonates but also in adults are incompatible in the amount needed since compatible
concentrations for AiO PN admixture are overreached [2]. Such incompatibilities constitute medication
errors and are preventable by careful expert proof and choice of appropriate formulations and dose
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of an individual AiO admixture by the pharmacist [34]. Replacing inorganic salts by organic ones
may sometimes also prevent such insolubilities like organic (not hydrolyzed) glycerophosphates [6].
As a rule of thumb, monovalent (mainly Na+ and K+) and divalent (mainly Mg2+ and Ca2+) cations
concentrations in AiO admixtures should not exceed 130 mmol/L and 8 mmol/L, respectively (relative
ratio of about 15 between mono- and divalent cations) [21,47].

Compatibility and stability of calcium and phosphate in PN admixtures depend on many
factors, such as concentrations, pH, nature of the salts (inorganic or organic), presence/concentration
of electrolytes, composition and concentration of the AA solution, lipid emulsion, mixing order,
temperature, storage, and hanging time since admixing [21]. High concentrations of calcium and
inorganic sodium or potassium phosphate (mono- or dibasic) salts show a greater risk of precipitation
at room temperature due to the variation in solubility products at different pH (factor 60). The more
acidic pH of peripheral PN admixtures (due to lower AA and/or glucose concentrations and increased
lipid concentration) compared to central AiO PN admixtures (high osmolarity) also reduces calcium
phosphate solubility [21]. Low infusion rates and room temperature, e.g., in PN admixtures for
neonates, contribute to increase the risk of precipitation, eventually occurring during administration
and consecutively causing severe organ damages, especially in the lungs. Calcium phosphate
precipitation may also occur when iron dextran or bicarbonate are added to PN or infused through
the same line without sufficient previous line rinsing [21]. Concentrations of organic calcium (e.g.,
gluconate) should not exceed 2.5 mmol/L in adult formulations with low osmolarity. Phosphate
concentration (mono- and dibasic sodium phosphate salts) should not exceed 15 mmol/L [48]. Organic
phosphate salts (e.g., glucoso-1-phosphate or glycerol phosphate) should be used in case of increased
needs for calcium and phosphate (e.g., children or neonates). However, organic salts are prone to
hydrolysis, possibly releasing highly incompatible inorganic phosphate [49].

Another critical reaction partner is the lipid emulsifier lecithin, a negatively charged natural, large
molecular AiO PN component, important to control and stabilize the lipid droplet size, and their size
distribution in intravenous formulations. Eventually, the stability of the emulsion is most decisive
for the overall stability and safety of an individual AiO PN admixture. Polyvalent cations may react
and neutralize the negatively charged phosphate moieties of lecithin at the lipid droplet surface (zeta
potential) which is intended to hinder (reversible) aggregation of oil droplets (oil droplet agglomerates).
Over time, agglomerates can further develop to irreversible oil droplet coalescence. The enlarged oil
droplets (>5 μm diameter) are able to obstruct small blood vesicles (lipid embolism) [2]. Breaking apart
of the emulsion and oiling out can occur, which has to be avoided strictly, whereas the initial oil droplet
formation is potentially visible at the surface of an AiO PN admixture [2]. Their detection is challenging,
and microscopic analysis might be a better approach [50]. Even though this microscopic technique is
promising, it is not a recommended method to date. The United States pharmacopoeia recommends
measuring the volume-weighted percent of fat droplets greater than 5 μm or PFAT5, must not exceed
0.05% of the total fat (PFAT5) [51] This measurement is usually performed by the manufacturer in
an accredited laboratory and not in the daily analytical routine of hospital pharmacies [21]. Even
small amounts of trace elements (μM concentration) or locally higher concentration upon admixing
of components in a wrong order may influence the emulsion stability and safety. Solubilizers for
lipophilic drugs used as vehicles in parenteral drug formulations when admixed or in contact with
AiO PN may rise the emulsion stability. This negatively affects the lipid clearance in the body of
administered TG from the AiO PN admixture since oil-in-water emulsion becomes meta-stable and
thus resist to greater extent to enzymatic plasma lipid clearance [4].

8.1. Vitamin Stability

Some vitamins (e.g., vitamins A, B1, B2, B6, C and K) are chemically unstable and are easily
oxidized with air and light. Vitamin A as a lipophilic compound may also interact with the PN
container or the infusion set (absorption and/or adsorption). Vitamin B1 and B6 are unstable in presence
of oxygen and in direct interaction with trace elements. Vitamin C is also easily degraded to oxalic
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acid reacting with calcium to form calcium oxalate precipitate [52]. Clinical deficiencies may occur due
to such instabilities. Undesired degradation products (e.g., oxalate) may also be infused. Interactions
between labile vitamins and PN components are manifold and therefore difficult to extrapolate in
theory. Vitamins may only be added to PN AiO admixtures if specific and sufficient stability data
are available. In best practice, vitamins should be added to AiO just before or at the very end of
the PN administration [21]. This in order to reduce interaction time and eventual time-dependent
degradation. Fat-soluble vitamins (A, D, E, K) can be added to lipid-containing AiO admixtures or into
lipid infusions. They may be administered weekly or monthly (vitamin K) according to their storage
in the body. Vitamins may be protected from light exposure and degradation by lipid emulsions,
however, they are themselves prone to peroxidation. Light protection of AiO admixture containers
containing vitamins is thus generally recommended during storage and administration [21]. Adding
combined admixture of trace elements and vitamins hides high incompatibility potential (e.g., iron and
vitamin C) and is therefore not recommended without specific stability data. Commercial multivitamin
preparations can be safely administered as separate infusion or even as a slow bolus injection between
daily administration of PN portions [53].

8.2. Trace Elements Compatibility

Copper cysteinate, iron phosphate, and formation of insoluble elemental selenium from selenite
reduction with vitamin C are the best-known compatibility issues with trace elements [54]. Commercial
trace elements solutions show very acidic pH (pH 2), which is critical for lipid stability. Emulsion
stability and peroxidation are also negatively influenced by polyvalent cations (e.g., iron, copper,
selenium, chrome and zinc) [38,49,55,56]. TG hydrolysis or admixing of trace elements may cause
critical pH drop (below pH 5) hampering the emulsion stability. Trace elements should therefore never
be added directly to lipid emulsion neither upon compounding nor in a multi-chamber bag. The pH of
parenteral products may vary between manufacturers, making it difficult to extrapolate data from one
brand to another. AA due to their pH buffering capacity may positively contribute to lipid emulsion
stability. AA also have the ability to complex polyvalent cations like electrolytes or trace elements
(chelation) avoiding bridging between negatively charged lipid droplets. During compounding or
admixing, electrolytes and/or trace elements should therefore be added into the AA solution.

9. Artificial Nutrition and Drug Admixture

9.1. Drug Administration via Feeding Tube

Whenever drug administration occurs via a feeding tube, basic pharmaceutical questions arise
to implement safe and efficient therapy: Can the tablet be crushed, or the capsule opened? How
should a therapy plan ultimately be put into practice? Drug delivery via a feeding tube is an
interprofessional challenge and requires special expertise from all involved stakeholders. Medical,
nursing and pharmaceutical aspects have to be considered. The versatility of orally available drug
formulations is large and includes specific forms with modified drug release or protective tablet coatings.
Interactions between drugs, nutrients, and the human organism can lead to physicochemical reactions
and pharmacological changes affecting treatment’s efficacy and safety [57]. The prevention and
handling of such interactions requires pharmaceutical advice and expertise. Incorrect administration
of EN and/or medication due to improper handling must be considered as avoidable medication
errors. While various international guidelines have been developed for the nutrition of patients,
recommendations for the administration of drugs via feeding tubes are primarily based on empirical
values [58]. Information on the accessibility of drugs to medications are not provided as standard
information and therefore available only by means of extensive literature research. In 2012, Prohaska
et al. found that information on the administration of antiretroviral drugs via feeding tube was
only reported in 63% of the cases [59]. Significant problems may occur if drugs galenic is changed,
e.g., when a tablet is crushed instead of swallowed. Fatalities have for example been reported after
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a retarded nifedipine preparation was repeatedly unduly crushed, and administered via feeding
tube [60]. Enteral tubes are challenging for the caregivers, both during the hospital stay and after
discharge. Resulting ambiguity in the care responsibility can endanger patient safety. Nowadays, tubes
made of polyurethane or silicone should be used for EN. These materials guarantee a minimal foreign
body sensation and good compatibility over a longer lying time. Polyvinyl chloride (PVC) should
be used only for short periods because of the risk of pressure necrosis due to the washing out of the
plasticizers [61,62]. Interactions between the tube material and the active ingredients of EN are common.
PVC may for example retain relevant levels of carbamazepine, clonazepam, diazepam, phenytoin or
tacrolimus, leading to treatment failure [63,64]. The position of the tube tip has a decisive influence on
the release and absorption of active ingredients (pH stomach = 1–2, pH duodenum/jejunum = 7–8).
Acid-sensitive drugs are destroyed in the acidic stomach environment. If a drug with an enteric coating
is crushed and administered via a gastric tube, this leads to a loss of effect, since the drug is early
degraded by the gastric acid. It is recommended to avoid administering medication through a jejunal
or duodenal tube. In the case of jejunal feeding tube placement, the total amount of fluid used in
drug administration should thus not exceed 50 mL. A time gap of 30 min should be kept between the
individual bolus doses or the next application; otherwise, it can lead to diarrhea. It should further be
taken into account that the tube tip does not have to be the site of the active ingredient intake, and that
the passage time in the gastrointestinal tract differs significantly from the oral intake. Consequently,
administration of drugs via feeding tube may result in a lower effectiveness or higher risk of side effects
compared to the oral route. Blood/urine levels of drugs with narrow therapeutic range administered
via a feeding tube should be regularly checked.

9.1.1. Administration of Drugs via Feeding Tube

From a methodical point of view, drug administration via feeding tube is challenging and offers
the possibility of interprofessional medication review [65]. This is ideally be done before the final
medication prescription, ensuring a safe and efficient administration. In the course of a visit on the
ward or in the nursing home, the pharmacist clarify with the physician whether the patient really needs
all prescribed drugs in his current situation. Any deprescribing relieves the patient and nursing staff,
and reduces complications. Decision for the administration of drug via feeding tube is supported in a
structured way as shown in Figure 2. The oral route should be preferred for the drug administration.
The patient’s ability to swallow has to be evaluated, and regularly promoted, as it may also depend on
the form of the day. Depending on the patient’s existing ability to swallow, solid dosage forms are
replaced by sublingual, liquid, mouth-melting, or transdermal forms. If the patient can swallow liquids,
medications should be offered in liquid form or as dispersible tablets (physiological route and less
complication potential than via tube). Medicines in liquid dosage form are moreover uncomplicated to
give over the tube than solid forms. Numerous interactions and reactions involving drug products,
nutrients, and tube devices exist despite the use of solid drug formulation (lower reactivity compared
to a dissolved drug delivery system).

Rectal, transdermal, nasal, sublingual or parenteral drug administration should be considered
as alternatives to drug application via feeding tube [66]. If no alternative medication is available,
an individualized formulation from the pharmacy may be considered. The tube system itself is equally
crucial to further assessment. A PEG is more suitable for drug administration than a transnasal or
a fine needle catheterized jejunostomy tube because of its brevity and width. The diameter and the
location of the tip of the tube are just as important. The osmolality of enteral nutrition is on average
300 mosmol/kg and must not exceed 500–600 mosmol/kg. The stomach tolerates osmolality of up
to 1000 mosmol/kg. Liquids with higher osmolality lead to diarrhea (due to a high volume of fluid
and electrolyte that cannot be absorbed in the small intestine), nausea, flatulence (due to delayed
gastric emptying), or vomiting. To prevent osmotic diarrhea or vomiting, drug formulations have to
be diluted with water to isotonic or slightly hypertonic (<400–500 mosmol/kg) solutions to be given
through the feeding tube. Even stricter isotonicity is required in case of small intestine tubes, due to
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the lack of dilution processes in the mouth, esophagus and stomach. Since the intestine, in contrast
to the stomach has no storage function, no liquid amounts of more than 50 mL should be given as a
bolus directly into the intestine. This significantly restricts the administration of several drugs with
according tube position.

 

Figure 2. Algorithm for the evaluation of drug administration via feeding tube.

9.1.2. Safety Issues in the Administration of Drugs via Tube

The preparation and administration of carcinogenic, mutagenic drugs or drugs toxic to
reproduction, so-called CMR drugs require special attention. Thus, the respective hazard risk
handling with cytostatics, anti-infectives/virustatics, hormones, and immunosuppressants must be
individually assessed. Work must then be carried out by trained staff, with the necessary protective
measures (e.g., gloves, dust mask, protective googles). Patients’ relatives and caregivers must be made
aware of the relative risk potential. Pregnant or breastfeeding women have to be relieved of such
activities. In addition, patients, relatives and caregivers must be informed about safer alternatives
dosage forms as liquid dosage forms for example carry less risk than tablets that have to be divided or
crushed. Open handling of CMR substances should always be avoided. Pharmacies having dedicated
facilities may provide CMR drugs as capsules or pre-filled syringes to minimize drug exposure. The
increasing number of oral cancer therapies on the drug market will lead to increased handling questions
in the outpatient care.

9.2. Drug Admixture to PN

Extrapolation of AiO PN admixtures stability data from the literature is rarely possible because of
the high number and concentration variabilities of components in an individual PN nutrition regimen
(Table 3). This is even more complicated in case of drug admixing. The multitude and the concentration
dependence of interactions create a multifactorial system not to be assessed by theoretical calculations
only. Generation of pharmaceutical stability data may therefore be required for specific cases for
documentation and reliability purposes. Sensitive and validated laboratory methods are available in
tertiary care hospitals, which may be useful for components of an AiO PN admixtures and concomitant
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therapy but have to be adapted for the specific in vitro investigation. Such evaluation tools may help
to assess the possibility to admix a specific item into a defined AiO PN composition or to check an
individual nutrient and/or drug interaction upon request from the clinic in a reasonable and relative
short time period [2]. Light microscopy may for example be applied to assess oil-in-water (oil droplet
sizing) emulsions. Even though the admixing of drugs to AiO PN admixtures is not recommended,
it may be needed in some cases. Compatibility and stability assessment of such combinations may
be performed by means of defined drug analytic methods for quantification, adapted from blood
plasma or serum to PN matrix [6,50]. Simple test methods have to be elaborated and validated to
be used for stability and compatibility assessment of individual admixes to AiO PN regimens upon
request [2,16,50].

Table 3. Advices to the possible drug admixture to AiO PN admixture.

Advice Not to Admix

• lipophilic drugs with solubilizes such as cremophors,
tweens, etc.

• drugs with rapid chemical or physical instabilities
• drugs with narrow therapeutic indices (cytotoxics, etc.)
• macromolecular recombinant biotech drugs, (signaling

proteins, monoclonal antibodies or fusion proteins)
• synthetic non-biological complexes (nanomedicines)
• drugs with short elimination half-lives and dosage intervals

not adjusted to the PN administration period

Admixing May be Possible

• stability documentation is sufficiently available
• no ingredients with potential incompatibilities (CAVE

polyvalent cations)
• large therapeutic index drugs (analgesics, sedatives,

H2-antagonists, etc.)
• simple stability testing is possible (pH, emulsion

characterization and visual inspection)
• well-established, often used, and physico–chemically fully

characterized small-molecular drugs

The following points should be considered as good practice using concomitant parenteral drug
therapy in PN patients [57,67]:

• Check if the medication is really needed.
• Ask for pharmaceutical advice, ideally from the nutrition support team when therapy regimen

are complicated or when drug admixing to PN admixture is considered.
• Admix compatible drugs to PN only just before administration in order to minimize interactions.
• Document procedure, creating a database to control and reference drug-PN admixing interventions.
• If possible collect samples for later analysis and evaluation.
• Use alternative infusion lines (inclusive of other catheter lumen) for drug administration whenever

possible. In absence of a separate line, intermittent intravenous drug administration in saline
or glucose solutions may be considered. Sufficient catheter rinsing before and after drug
administration is mandatory. Special attention is needed for metabolic adverse effects when
stopping PN administration because of intermittent drug administration. Insulin stimulation
induced by glucose infusion may for example be reduced by lowering the PN administration rates
over the last half hour before stopping.

10. Monitoring of Artificial Nutrition

Regular, defined and appropriate assessment may help to avoid respectively decrease the metabolic
complications of artificial nutrition. This should include the determination of (specific) individual
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nutrients, the monitoring and the course of the underlying disease and laboratory testing in addition
to the routine clinical assessment. Specific laboratory tests of artificial nutrition-associated parameters
include ([5–7]: Hematological testing, lipid status, liver and kidney function (especially in PN),
glucose, sodium, potassium, calcium, magnesium, phosphate, CRP, and iron status. Monitoring of
anthropometrics such as body weight, body mass index (BMI) and hydration status should as well be
performed to ensure the metabolic tolerance of artificial nutrition. Extended and frequent monitoring
is required at the initiation of PN for up to two months. Monitoring of long-term, clinically stable PN
patients is recommended every 3 to 6 months [6].

11. Home Artificial Nutrition

Some patients require a long-term artificial nutrition, if possible performed in a home setting when
no other hospital treatment is needed. The convenient and mostly nocturnal administration enables
patients to have a nearly “normal” everyday life and in many cases to keep on working. Patients
receiving home artificial nutrition show enhanced quality of life and better social integration [68].
Home artificial nutrition complications rates are lower than in hospital setting, possibly because of the
highly trained aseptic handling skills and to the more stable health patients’ situation [7]. Nevertheless,
it should undergo regular supervision by NSTs and a reliable reporting on critical incidences or health
problems has to be in place. European data show that home EN incidence is around 400 per million
and home PN incidence around 5 per million people per year. These differences are most likely due to
different healthcare systems and resources [3,5,68,69]. To draw conclusions how to better care these
home artificial nutrition patients, national registries are necessary to improve and to benchmark the
different national experiences [2].

12. Conclusions

The provision of artificial nutrition is a necessary when oral/enteral feeding is insufficient or
impossible. With the development of artificial nutrition, administration of EN and mainly PN
became convenient and safer, even possible in a home setting. Well-controlled procedures and steady
monitoring of the patients by an experienced NST are key issues in the successful management of
artificial nutrition, from the prescription (medical care) to through the validation (pharmaceutical care)
to the implementation (nursing care) of the therapy. Proper handling, compounding and concomitant
drug administration are of the highest relevance for therapeutic success and patient’s safety, in EN as
well as in PN therapy.
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Abstract: Patients with advanced liver cirrhosis are at risk of malnutrition and nutrition-associated
complications. Significant ascites, a frequent finding in these patients, has an especially negative
impact on oral nutrition. A negative caloric and protein balance can further deteriorate the already
impaired synthetic function of the cirrhotic liver. An important factor in this situation is the
diminished capacity of glycogen production and storage in the cirrhotic liver and, consequently,
a reduced tolerability for fasting episodes. These episodes are frequently observed in hospitalized
patients, e.g., while waiting for investigations, interventions or surgery. A comprehensive work-up
of patients with advanced liver cirrhosis should include not only a thorough assessment regarding
nutritional deficits, but also a muscularity analysis to identify patients with sarcopenia. The overall
nutritional treatment goal is to cover caloric deficits and assure a sufficiently high protein intake.
Furthermore, vitamin and micronutrient deficiencies should be identified and corrective measures
implemented where required. Ideally, optimal nutrition management can not only prevent the
progression of malnutrition and sarcopenia in patients with advanced liver cirrhosis, but positively
influence the evolution of the liver disease.

Keywords: cirrhosis; ascites; sarcopenia; sarcopenic obesity; nutrition; vitamins; micronutrients

1. Introduction

Liver cirrhosis is a common end stage of several liver diseases. The most prevalent aetiologies are
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, alcoholism, and nonalcoholic
steatohepatitis [1]. As, with the introduction of direct acting antiviral therapy, HCV and HCV-related
complications are rapidly declining, nonalcoholic steatohepatitis is now a growing burden of cirrhosis.

In patients with advanced liver cirrhosis, malnutrition and sarcopenia are not only related to
alterations in the nutritional behavior, but also to changes in the GI-tract, the liver and the muscle.
An increased protein loss, via the GI-tract, the kidneys or frequent paracenteses, can further aggravate
the situation.

Patients with chronic advanced liver disease suffer from increased fatigue, nausea, bloating, and
anorexia, which can result in a reduced food intake. In the presence of clinically relevant ascites,
mechanical effects may further compromise nutrition by compression of the stomach, resulting in early
satiety [2]. Inadequate appetite regulation and energy expenditure may be related to an elevation
in bound leptin in patients with cirrhosis. Whereas free leptin correlates with fat mass in cirrhotic
patients as well as in healthy controls, bound leptin was positively correlated with energy expenditure
in patients with cirrhosis [3]. Increased serum concentrations of bound leptin could be associated
with wasting in patients with liver cirrhosis, as has been shown in patients with symptomatic human
immunodeficiency virus [4]. Furthermore, leptin is also a known contributor to fibrinogenesis in
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chronic liver disease [5]. Small bowel transit time is correlated with the severity of liver disease, and
patients with decompensated cirrhosis or spontaneous bacterial peritonitis in the context of ascites
have a slower transit time [6].

In patients with alcoholic cirrhosis, anorexia and irregular unbalanced nutrition uptake are
common, and energy supply may be achieved through the consumption of alcohol rather than by a
balanced food intake [7]. A low socioeconomic status is an additional risk factor for poor nutrition [2].

Dietary restrictions, e.g., an untasty, sodium-reduced diet, inadequate protein supply, or taste
alterations, may further compromise the nutrition of patients with cirrhosis [2].

For the assessment of malnutrition and sarcopenia different tools, comprising clinical and
laboratory parameters, physical assessments, image analysis and anthropometric measurements, are
available. Clinical bedside assessments are easy to perform and inexpensive, but may lack precision in
patients with advanced cirrhosis, especially if significant ascites is present. In contrast, muscularity
analysis on cross-sectional images is precise but technically demanding and may require special
software tools and trained personnel.

2. Comprehensive Assessment of Patients with Advanced Liver Cirrhosis

2.1. Malnutrition

To assess the nutritional status of patients, the subjective global assessment (SGA) is a
well-established and widely used bedside tool. Patients are assigned to one of the three different risk
categories: A (well nourished), B (mildly/moderately malnourished), and C (severely malnourished),
based on five items that can be derived from the patient’s history and three items that are based on clinical
examinations. SGA is an independent predictor of outcome in liver transplant recipients [8,9]. However,
especially in decompensated patients with ascites or peripheral fluid accumulation, the performance
of SGA is limited [10].

2.2. Liver Function

Unfortunately, a simple test to assess the main dimensions of liver function (synthetic function,
metabolic capacity and excretion function) does not exist. In the context of malnutrition, the synthetic
function of the liver is of special interest. Albumin levels are frequently tested in patients with liver
disease, and albumin is part of the widely used Child–Pugh–Turcotte (CPT) score to determine the stage
of liver disease [11]. However, albumin levels do not solely reflect endogenous albumin production,
but may also be low due to infection/inflammation, or an increased albumin loss or high in the case
of albumin substitution, for instance, in patients that frequently require large volume paracenteses.
In recent years, functional aspects, like the binding of lipopolisaccharides or other bacterial products
and qualitative alterations (oxidation and glycation) of albumin, have been investigated in more detail.
However, to date, it is not clear what the impact of these findings is [12].

Prealbumin (transthyretin) is an alternative parameter to assess the synthetic function in patients
with liver cirrhosis. Prealbumin plasma levels decrease progressively from CPT stage A to C and
correlate with galactose elimination capacity, a test to assess functional liver capacity [13]. A major
advantage of this parameter compared to albumin is the fact that it is not influenced by exogenous
albumin administration, a frequent treatment in patients with decompensated liver cirrhosis. The
addition of prealbumin to the Model for End-stage Liver Disease (MELD) score improved outcome
prediction in patients with decompensated liver cirrhosis [14], and prealbumin was a predictive
factor regarding postoperative liver insufficiency and survival in CPT A patients with hepatocellular
carcinoma-related surgery [15–17]. In clinical practice, prealbumin is an inexpensive and easy to
determine functional liver parameter that helps to assess the synthetic liver function in cirrhotic patients.
However, compared to albumin, the available evidence is limited in patients with liver cirrhosis.

Prothrombin time (PT) is the second parameter reflecting synthetic liver function that is an integral
part of the CPT score (all coagulation factors, with the exception of factor VIII, are produced in the
liver). However, production of coagulation factors may be preserved even in advanced cirrhosis and
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patients may still present with a normal or only slightly decreased PT in this situation. In contrast,
patients with acute liver failure frequently have markedly decreased PT values.

2.3. Sarcopenia

Although sarcopenia is usually a visual diagnosis in malnourished patients with cirrhosis,
diagnosis may be more challenging in obese patients, e.g., in patients with non-alcoholic fatty liver
disease (NAFLD). To obtain an objective measure of sarcopenia, a quantitative analysis of the patient’s
muscularity should be performed.

The most-validated method to date is the muscle assessment on cross-sectional CT or MR images.
Several methods have been proposed, e.g., area of the psoas muscle at the level of the 4th lumbar
vertebra without and with normalization by height [18,19], the skeletal muscles index at the level of
the 3rd lumbar vertebra (SMI) [19,20], or transversal psoas thickness at the level of the umbilicus [21].
Importantly, by using the SMI with the gender specific cut-offs (42 cm2/m2 for women and 50 cm2/m2

for men), muscle wasting was not limited to underweight patients, but could be detected in cirrhotic
patients with a normal or even elevated BMI [20]. Regarding mortality risk in patients with cirrhosis, the
skeletal muscle index (SMI) seems to be superior to the psoas index, especially in men with cirrhosis [22].

Special attention is required for patients with advanced liver cirrhosis who have a BMI >25 kg/m2.
Sarcopenia in obese patients is frequently overlooked, since it is less expected than in underweight or
normal-weight patients with malnutrition. It is important to note that sarcopenic obesity, as well as
myosteatosis, characterized by an increased proportion of muscular fat, are independent risk factors
regarding long-term mortality [23].

Apart from simple measurements, like psoas muscle diameter, the assessment of cross-sectional
image analysis is technically demanding and may require special image analysis software and trained
personnel. Therefore, image analysis is mainly used in the context of clinical research projects.

In clinical practice, bio impedance analysis (BIA), dual-energy X-ray absorptiometry (DEXA) and
anthropometric measurements are easier to perform. However, DEXA and BIA results may be altered
in patients with significant ascites and general fluid overload, limiting their use in decompensated
patients [24]. Restricting DEXA to the upper limb lean mass, and therefore excluding the body parts
that are most prone to fluid overload, resulted in a good sarcopenia-related prediction of mortality in
men with advanced cirrhosis [25]. Mid-arm muscle circumference (MAMC) measurement is easy to
perform, but its relevance in clinical practice is limited [26].

Unfortunately, the most frequently used scores in patients with cirrhosis, CPT and MELD score [27],
do not contain specific information about the nutritional status of a given patient. Therefore, new scores
have been developed and evaluated, with a focus on outcome, in patients awaiting liver transplantation.
The MELD-psoas score includes transversal psoas muscle thickness normalized by height at the level
of the umbilicus. This score was significantly associated with mortality, especially in patients with
refractory ascites [21].

The addition of the skeletal muscle index (SMI), as a measure of sarcopenia, to the MELD score
resulted in an improved prediction of mortality in patients with cirrhosis [20,28]. Especially in low
MELD patients on a liver transplant list, the inclusion of sarcopenia resulted in a better association
with mortality [21].

2.4. Deficiencies of Vitamins and Micronutrients

2.4.1. Vitamin D

Vitamin D is synthesized in the skin from 7-dehydrocholesterol. An alternative source is
food-derived vitamin D that is absorbed in the gastrointestinal tract with the help of bile acids. Vitamin
D subsequently undergoes two hydroxylation steps, 25-hydroxylation in the liver and 1α-hydroxylation
in the kidney. Whereas vitamin D is considered biologically inactive, 25-hydroxy(OH)-vitamin D is
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the main circulating metabolite. Conversion to 1,25-dihydroxy-vitamin D in the kidney increases the
affinity for the vitamin D receptor (VDR).

The main purpose of vitamin D is the regulation of mineral and bone homeostasis. However,
several other functions in different tissues (kidney, intestine, skin, immune cells and non-parenchymal
hepatic cells) are known, too [29].

Vitamin D deficiency is common in liver cirrhosis. Whereas liver function correlates with vitamin
D deficiency, aetiology of the liver disease seems to be of minor importance [30,31]. Decreased vitamin
D levels are associated with an unfavorable outcome in patients with chronic advanced liver disease.
The relative risk for hepatic decompensation and for mortality was 6.37 (95% confidence interval (CI)
1.75–23.2) and 4.31 (95% CI 1.38–13.5), respectively, for patients in the lowest OH-vitamin D level
group, compared to patients in the highest OH-vitamin D level group [31].

2.4.2. Vitamin A

The liver is the organ where most (>90%) of the body vitamin A is stored. Plasma contains only a
fraction (1%) of the total amount of vitamin A. While normal and high vitamin A concentrations do
not show a linear correlation with liver vitamin A reserves, low retinol plasma levels do correlate [32].
In patients with chronic liver disease, vitamin A levels are frequently reduced, and the concentration
progressively decreases with the progression of liver disease. Importantly, patients with hepatocellular
carcinoma have the lowest levels, independent of the stage of liver disease [33]. While, in patients
with CPT A cirrhosis, severe deficiency was absent, 52.8% of Child–Pugh C patients presented with
a severe vitamin A deficiency (<0.35 μmol/L) [34]. It is important to note that chronic high dose
supplementation over a period of several years has been associated with relevant liver damage [35].

2.4.3. Zinc

Zinc deficiency is a common finding in patients with advanced chronic liver disease. Reasons for
low zinc levels are inadequate dietary intake and an increased zinc loss in the urine that is related to
severe muscle catabolism, diuretic therapy in patients with cirrhosis and ascites [36], alcohol-induced
impaired absorption, and changes in the protein and amino acid metabolism. Furthermore, endotoxins
and cytokines (IL6) may play a role [37].

Since the liver is the key organ in the metabolism of zinc, liver disease can affect zinc levels and,
vice versa, zinc deficiency can affect the liver. Reduced zinc levels can have a negative impact on
several liver functions and impair the regeneration capacity of the liver. However, independent of
the stage of cirrhosis, zinc stores in in liver, bone and muscle can be replenished over the course of
six or more months [37]. In patients with cirrhosis, supplementation of zinc in combination with
branched-chain amino acids (BCAA) for six months with [38] and without [39] hepatic encephalopathy
has demonstrated a positive effect on blood ammonia levels. However, an increase in albumin could
be demonstrated only in one of the two studies [38].

2.4.4. Selenium

The essential micronutrient selenium is incorporated in at least 25 selenoproteins. Deficiency
of selenium can be found in some patients with advanced chronic liver disease. In addition to a
nutritional deficit, reduced selenium levels may reflect an impaired metabolism of selenomethionine
to selenide in the liver. In a study by Burk et al., selenoprotein P, a protein that is mainly formed in the
liver and that transports selenium to extrahepatic tissues, was reduced in parallel with the severity of
the liver disease [40].

2.5. Bone Disease

Osteopenia and osteoporosis are common findings in patients with cirrhosis, with a prevalence of
up to 68% for osteopenia and a range from 11% to 55% for osteoporosis [41]. Consequently, fractures
are common in patients with chronic liver disease, and occur in up to 40% of patients with cirrhosis [42].
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The pathophysiology is complex and, in addition to an altered vitamin D and calcium metabolism, other
factors may be important. Hypogonadism is associated with an increased osteoclast activity, leading
to accelerated bone loss. An excess of unconjugated bilirubin negatively affects the differentiation
of primary osteoblasts into their primary function. Chronic glucocorticoid therapy in patients with
autoimmune hepatitis is associated with osteoporosis, and environmental factors, such as chronic
alcohol consumption, smoking, low BMI, sedentary lifestyle and poor nutrition have an additional
negative effect on bone turnover [43].

Screening for osteopenia and osteoporosis should be considered in all patients suffering from liver
cirrhosis, and be part of the standard procedure in patients that are evaluated for liver transplantation.
A timely diagnosis is important to prevent fractures as typical osteoporosis-related complications. Bone
mineral density screening should be repeated on a yearly basis in patients with cholestatic liver disease
and/or multiple risk factors and every two to three years in other patients with liver cirrhosis [41].

3. Therapeutic Approach to Treat Nutritional Deficits

3.1. Caloric, Protein and Lipid Supplementation

In patients with advanced cirrhosis, nutrition is of paramount importance. A nutritional assessment
should be performed on a regular basis and corrective measures implemented as soon as a deficit
is observed. If available, a clinical nutrition specialist should perform the nutritional assessment.
The aim is to identify daily deficits and to define daily nutritional requirements. This assessment
should include caloric and protein intake as well as vitamins and micronutrients.

In patients with cirrhosis, a daily intake of 30–35 kcal and of 1.2 to 1.5 g protein per kg body
weight (BW) is recommended [44,45]. In obese patients with liver cirrhosis, a moderately hypocaloric
diet (−500–800 kcal/d), respectively a reduced daily caloric intake of 20–25 kcal/kg BW, should be
combined with an increase in protein intake (>1.5 g, up to 2.5 g/kg BW) [44–46], Table 1.

Regarding lipids, no specific recommendations are provided in the guidelines for patients with
liver cirrhosis [44,45]. Compared to the glucose and protein metabolism, alterations in the lipid
metabolism seem to be of minor importance in patients with liver cirrhosis. This is illustrated by the
finding that the elimination of lipid emulsions containing long-chain or long-chain and medium-chain
triglycerides, and the release of free fatty acids thereof were not altered in patients with chronic hepatic
failure compared to healthy controls [47,48].

Table 1. Nutrition management in patients with advanced liver cirrhosis.

Cirrhosis with Malnutrition Cirrhosis with Sarcopenic Obesity

Caloric intake 30–35 kcal/kg BW 20–25 kcal/kg BW
Protein intake 1.2 to 1.5 g/kg BW >1.5 g, up to 2.5 g/kg BW
Lipid intake No specific recommendation No specific recommendation

Vitamins
Vitamin A * Supplement if decreased Supplement if decreased
Vitamin D Supplement if decreased Supplement if decreased

Micronutrients
Zinc Supplement if decreased Supplement if decreased
Selenium Supplement if decreased Supplement if decreased

BW: body weight. * avoid oversubstitution.

Ideally, the nutritional goals can be achieved by regular meals, if required, by reducing the size
and increasing the frequency of meals. A late evening snack is recommended to compensate for the
reduced glycogen production and storage, and to prevent muscle proteolysis in patients with advanced
cirrhosis [49]. The snack should comprise at least 50 g of complex carbohydrates [46]. If required,
protein-enriched oral drinks can be added.
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In patients that cannot achieve the nutritional goals with oral substitution, placement of an enteral
tube should be considered. The presence of non-bleeding esophageal varices is not a contraindication
for enteral tube feeding [44,45]. In contrast, a percutaneous enteral gastrostomy (PEG) is associated
with an elevated risk of complications, especially bleeding, and is therefore not recommended in
patients with chronic advanced liver disease [44,45].

Periods of prolonged fasting should be avoided whenever possible. Risk situations are prolonged
waiting time for interventions or surgery, and situations in which a patient is temporarily not able to
maintain oral nutrition, e.g., during a stay in the intensive care unit. If oral or enteral feeding is not
possible, parenteral nutrition should be considered early [44,45], Figure 1.

Figure 1. Nutrition management in malnourished patients with liver cirrhosis. * Non-bleeding
esophageal varices are not a contraindication for enteral tube feeding, + if enteral nutrition is insufficient,
++ if enteral nutrition is not possible.

In patients with liver cirrhosis, restriction of protein intake is not indicated [44,45], since this
promotes muscle proteolysis [50] and increased the risk of mortality on the waiting list for liver
transplants [51]. Intolerance of mixed proteins with consecutive development of hepatic encephalopathy
is very rare. In this specific situation, a diet with vegetable proteins may be beneficial [44], since
vegetable proteins are rich in BCAA compared to animal proteins, and BCAA remove one mole of
ammonia per mole of BCAA [52]. Alternatively, BCAA or leucine-enriched BCAA supplementation
can be considered, the latter showing a stimulatory, and therefore beneficial, effect on mTORC1 in
the skeletal muscle of patients with alcoholic liver cirrhosis [53]. After an episode of overt hepatic
encephalopathy, BCAA supplementation improved muscle mass and minimal HE, but did not decrease
recurrence of overt hepatic encephalopathy [45,54].

3.2. Albumin

From a nutritionist point of view, there is no indication for the substitution of albumin in patients
with liver cirrhosis. However, albumin is used in patients with refractory ascites to prevent the
circulatory dysfunction syndrome following paracentesis, in the setting of hepatorenal syndrome and
in case of infection, especially spontaneous bacterial peritonitis (SBP) [55]. Whether long-term albumin
infusions have a significant effect on morbidity and mortality in patients with advanced liver cirrhosis
is currently being debated. In the ANSWER study, patients receiving albumin on a weekly basis
had a lower mortality and complication rate than patients in the placebo group [56]. However, there
were some concerns regarding the methodology of this trial (open label study, different management
of the two treatment arms). No effect on the complication rate in patients with cirrhosis awaiting
liver transplantation was found in the MACHT trial, that investigated the addition of midodrine and
albumin to the standard of care treatment [57].
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3.3. Vitamins and Micronutrients

Vitamin D has a broad impact not only on bone metabolism, but also on several hepatic cells and
functions. Therefore, supplementation in case of reduced levels (<20 ng/mL) is indicated to prevent
the risk of fractures that is increased in patients with cirrhosis [42], and to maintain Vitamin D related
liver functions. A level of >30 ng/mL should be the therapeutic target [58,59].

For vitamin A, there is no generally accepted opinion regarding supplementation. Due to the
negative effect on the liver in case of long-term high-dose substitution (>40,000 IU per day), some
authors recommend against supplementation of vitamin A [34]. Taking into account the linear
relationship between low serum retinol and vitamin A storage, and the association of HCC with very
low vitamin A levels [33], low level substitution for a limited period of time in case of reduced vitamin
A levels can be considered.

Zinc deficiency is frequent in patients with chronic liver disease and has been associated with
insulin resistance, hepatic steatosis, iron overload and hepatic encephalopathy. Consequently, zinc
levels should be measured in patients with cirrhosis and zinc supplemented in case of reduced
levels [37,60].

Since cirrhosis causes functional selenium deficit in some patients, and, taking into account that
the prevalence of selenium deficit rises with the severity of cirrhosis, supplementation in case of a
confirmed deficit can be considered. However, to date, data regarding positive or negative effects
of selenium substitution in patients with advanced liver cirrhosis are missing and, consequently, no
general recommendation is possible. If selenium is supplemented, selenite and not selenomethionine
should be prescribed, due to the altered metabolism in patients with cirrhosis [61].

3.4. General Management

Patients with malnutrition and sarcopenia should be followed on a regular basis by a clinical
nutrition specialist, and nutritional status as well as measures to correct malnutrition and sarcopenia
should be periodically reassessed. Furthermore, nutritional aspects should be integrated in the
assessment and the clinical decision-making process by the multidisciplinary medical team treating
patients with advanced chronic liver disease.

4. Conclusions

Patients with advanced liver cirrhosis are prone to malnutrition. Reasons for malnutrition are a
reduced intake of food and especially proteins, a decreased synthetic function of the liver, impaired
glycogen production and storage, proteolysis in the muscle, and loss of proteins via paracenteses, the
kidneys or the GI tract.

A comprehensive management of patients with advanced chronic liver disease should aim at the
identification of malnutrition in general and selective nutritional deficits in particular. Due to ascites
and general fluid overload, body weight and body mass index may be misleading in cirrhotic patients,
and a more in-depth analysis of body composition and function is indicated. SGA is an easy to perform
nutritional assessment in patients with liver cirrhosis. However, in overweight and obese patients, its
performance is limited, due to a weak concordance with sarcopenia [10].

Sarcopenia, a common complication in patients with advanced liver cirrhosis, is at least partially
the consequence of malnutrition. Ideally, it can be diagnosed from cross-sectional abdominal images.
Sarcopenic obese patients need special attention, since nutritional and muscularity deficits may
be overlooked.

Treatment of patients with advanced liver cirrhosis should be comprehensive and address
the individual patients’ caloric and protein requirements, as well as the correction of vitamin and
micronutrient deficits. Whether continuous administration of albumin is helpful in malnourished
cirrhotic patients is currently not clear, since study results are discordant.
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There is certainly a need for more randomized studies, to better assess the effect of a comprehensive
nutritional management on mortality and morbidity, and, in particular, on the evolution of sarcopenia
and other cirrhosis-associated complications.
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Abstract: Swallowing difficulties, also called dysphagia, can have various causes and may occur at
many points in the swallowing process. The treatment and rehabilitation of dysphagia represent
a major interdisciplinary and multiprofessional challenge. In dysphagic patients, dehydration is
frequent and often accelerated as a result of limited fluid intake. This condition results from loss of
water from the intracellular space, disturbing the normal levels of electrolytes and fluid interfering
with metabolic processes and body functions. Dehydration is associated with increased morbidity
and mortality rates. Dysphagic patients at risk of dehydration thus require close monitoring of their
hydration state, and existing imbalances should be addressed quickly. This review gives an overview
on dehydration, as well as its pathophysiology, risk factors, and clinical signs/symptoms in general.
Available management strategies of dehydration are presented for oral, enteral, and parenteral
fluid replacement.

Keywords: dehydration; dysphagia; fluid intake; water

1. Introduction

Dysphagia is a dysfunction of the digestive system, consisting of a difficulty in swallowing.
It affects the proper transit of the bolus in the upper digestive tract, preventing a safe oral feeding
process. The main complications of dysphagia are aspiration (i.e., the passage of solid and liquid
food into the respiratory tract, which can be “silent” in the absence of the protective cough reflex),
aspiration pneumonia (pneumonia caused by food in the lungs), malnutrition, and dehydration.
Because symptoms are very unspecific, dysphagia is frequently undetected, and either untreated or
undertreated. Nevertheless, prevalence of dysphagia is high, especially among older patients with
neurological disorders due to multifactorial changes of swallowing physiology, affecting at least 50%
of the acute stroke population and 60% of those who suffer a severe traumatic brain injury [1,2]. In
a recent systematic review with six high quality studies, the average prevalence of dysphagia in the
community dwelling elderly population was 15% [3]. The same authors defined the risk factors for
dysphagia as a history of clinical disease, physical frailty, and reduced ability to accomplish activities
of daily living [3]. Dysphagia and the subsequent reduction of the coordination of pharyngeal muscles
increase the risk of dehydration, malnutrition, pneumonia, and mortality [2]. Consequently, dysphagia
may lead to dehydration—a shortage of body water due to either insufficient drinking or excess losses,
or a combination of both [4]. Water and electrolyte balance is crucial for body homeostasis and is
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one of the most protected mechanisms in the body. Organisms can survive months without eating,
but not many days without drinking, as fluid and electrolytes play major regulatory roles in many
mechanisms, for example, transport systems, signal transduction, and body temperature [5].

This review highlights and discusses dehydration, as well as its pathophysiology, risk factors, and
clinical signs/symptoms, focusing on dysphagic patients in particular. Possible management strategies
of dehydration are presented for oral, enteral and parenteral fluid replacement.

2. Dysphagia

Swallowing is an essential and highly complex process of movements. This physiological process
requires an exact coordination of nerval and muscular structures as well as an intact sensitivity of
the mouth and throat area. The deglutition can be divided into five phases (preoral, two oral phases,
pharyngeal, and oesophageal), whereby the phases run smoothly into each other and work together as
muscle chains. Normally, the act of swallowing proceeds unnoticed and highly automated [6,7]. The
muscle strength and the temporal orientation of the movement sequence are regulated in relation to the
food/drink in the mouth (consistency and quantity). The system can be severely disturbed by diseases
such as strokes, degenerative diseases, traumas, or tumours. A swallowing disorder (dysphagia)
can occur in different forms. A healthy person swallows about 1,000 to 2,000 times a day [8]. The
adaptation of food/drink, for example, balanced soft food or thickened liquids, may be needed to
enable the patient to eat orally without an additional risk of aspiration.

Motor and cognitive performance decreases with increasing age [9,10]. Changes in the age-related
swallowing disorder (presbyphagia) are the reduction of the sense of taste and smell, a reduced
chewing function due to lack of oral hygiene/prosthesis, and the loss of strength to swallow food and
liquids effectively and safely [10]. More than 40% of muscle mass is lost in old age [11]. Cancer patients
are also severely impaired in their food intake owing to severe surgery, subsequent chemotherapy,
and/or radiation. All these factors make the patients highly dependent [9,12], which leads to further
health problems such as dehydration, malnutrition, anorexia, sarcopenia, and pneumonia. Older
people and patients with dementia are more susceptible to stroke, pneumonia, and dehydration, which
are among the most common causes of death in this population [9].

Dysphagia is associated with malnutrition, dehydration, pneumonia, reduced functional outcome,
and mortality [13]. Therefore, similarly to nutritional management, populations at risk should
regularly be screened for dysphagia and, when needed, further assessed by a clinical specialist (e.g., a
speech-language pathologist). Patients suspected to have dysphagia after a screening test undergo
assessment to determine the degree of severity of dysphagia and further treatment. Individual
screening tests are performed by speech-language pathologists or trained nursing staff. They serve to
identify symptoms and differentiate dysphagic patients from non-dysphagic patients. This procedure
is non-invasive and can be performed quickly (in 10–15 min) while the patient is sitting in an upright
position. There are several criteria that indicate that the screening test should be ceased in order to
minimize the risk of aspiration (i.e., the involuntary passage of food or liquid through the vocal folds,
to the lungs). Nonetheless, this test shows a sensitivity and specificity between 50% and 80% and fails
to detect a significant number of aspirations [14,15].

The clinical swallowing examination is performed by speech-language pathologists. The patient
sits upright at 90◦. The inspection of the facial-oral structures, the oral skills, and sensitivity, as well as
the oral motor arbitrary movements; the oral reflexes in the pharynx area (gag reflex, palata reflex,
and so on); and the existing protective mechanisms, such as coughing and deliberate coughing, are
included [16]. According to Daniels et al., liquid is gradually swallowed, thus single sips ≤20 mL
of water up to 100 ml are examined (timed test) [17]. Soft and solid consistencies are also examined.
Pathomechanisms like leaking anterior, nasal penetration, signs of aspiration, and residuals in the oral
cavity are observed and described. Finally, an inspection of the oral cavity and a longer phonation
sample are performed to clarify a sizzling voice and possibly the suspicion of penetration with
aspiration [16]. In addition, instrumental examinations such as, for example, fiber optic endoscopic
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evaluation of swallowing (FEES; a transnasal procedure) and the video fluoroscopic swallowing study
(a radiographic procedure), can be carried out.

FEES is a reportable procedure that may be completed in an outpatient clinic setting or at the
bedside by passing an endoscope transnasally. It requires minimal positioning of the patient, and is
thus commonly used [18]. In contrast, the video-fluoroscopy swallowing study, the gold standard
for diagnosis of dysphagia, is a radiographic procedure that provides a direct, dynamic view of oral,
pharyngeal, and upper oesophageal function. It, however, requires the use of a radiology suite (which
can be very costly) and includes radiation exposure of the patient, who must be able to follow verbal
commands (i.e., requires adequate cognitive functioning) [18]. All results will be brought together
and the individual therapy plan will be defined. Regular repetitive examinations are needed to adapt
swallowing treatment and the nutrition and hydration care plan.

Dysphagia therapy may be split into two categories: compensatory and rehabilitative therapies.
Compensative strategies aim to maintain patient’s safety when eating, while rehabilitative strategies
aim to speed up the recovery process (e.g., swallowing training). Patients may be treated first with
compensatory therapy and later with rehabilitation treatments. Functional oriented swallowing
therapy, defined and applied by a trained speech-language pathologist, aims to create muscular
conditions for largely normal swallowing and, therefore, to recover the physiological swallowing
function, maintaining or improving quality of life by reducing morbidity and mortality associated
with chest infections (pneumonia) and reduced nutritional status. There are also several supportive
technical stimulation treatment methods available such as thermal tactile stimulation, transcranial
magnetic stimulation, or transcranial direct current stimulation [19].

On the basis of the severity of dysphagia complaints and the level of alertness, the adequate
food support with modified texture diets and thickened fluids will be proposed. The change of food
consistency is mandatory in dysphagia, in order to reduce the need of oral manipulation, to make the
swallowing process slower and safer, and to increase food and fluid intake [20]. Nevertheless, such
diets lean towards less acceptance by patients, less nutritionally dense meals, less food choices, and less
appealing meals than normal, leading to insufficient nutritional and fluid intake [21,22]. That is why it
makes sense to make use of food fortification as well as supplemental enteral feed and fluids in these
patients. Thickening agents, which are used to thicken a variety of fluids (e.g., water, tea, coffee, fruit
juice), are supposed to induce a “coating feeling” in the mouth, suppressing flavour without reducing
the sensation of thirst [23]. Hence, swallowing safety may be improved, but fluid intake does not
substantially improve [1]. Liquid thickening is recommended in patients with dysphagia aspirating on
liquids, as a way to slow the flow of the swallowed liquids, which should allow more time for airway
closure and eventually reduce the risk of aspiration [24,25]. However, thickening fluids significantly
decreases of the acceptance of the beverages, and thus is a practice that needs to be closely monitored.
Whelan et al. showed in their study of 24 acute stroke patients with dysphagia that the intake of
thickened fluids per day amounted to only 30% of the recommended 1500 mL/day [22]. The other 70%
of the hydration needs had to be met through supplementary (parenteral and enteral) fluids. The group
of patients who received pre-thickened fluids consumed almost double the amount of fluids than
the group of patients receiving powder-thickened fluids, suggesting that the commercially available
pre-thickened ready-to-drink beverages have better acceptability and can be used as a strategy to
increase fluid intake among dysphagic patients (although the costs may he higher) [22].

Different food consistencies have been defined and numerous guidelines exist in many countries
describing the various types of texture-modified diets and thickened fluids. These recommendations,
aiming to improve patient’s safety and nutritional status while avoiding aspiration pneumonia, are,
however, based on best practice and are not evidence-based [26,27]. Modification of food texture and
liquid thickness is a mainstay of dysphagia management. As there are only a few high-quality studies,
the evidence is weak [28]. A couple of years ago, the “International Dysphagia Diet Standardisation
Initiative” (IDDSI) published new global standardized definitions describing texture-modified foods
and thickened liquids [29]. This terminology allows the use of a common language on multiprofessional
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teams (therapists, nurses, chiefs, patients, and relatives), which will support scientists working in this
field, thus generating comparable research data worldwide. When applying the IDDSI definitions in
each clinical setting, the food and drinks should always be tested under serving conditions. Drinks
and liquidized foods are evaluated by a gravity flow test with a 10 ml syringe. This classifies beverages
based on their flow rate, representing the process of drinking through a straw [29].

It is important to note that thickened liquids and adapted food consistencies are only a start to
increase the quality of life of the dysphagic patients, as they work as a motivation tool and prepare
them to eventually swallow food and fluid with normal consistency. Given the disadvantages of the
use of thickened fluids and adapted food consistencies (which may lead to insufficient nutritional and
fluid intake), it is important to control the progression of the dysphagia in order to adapt the food/drink
consistency and protect the patient from being restricted to a certain consistency for too long [30].

3. Dehydration

Adequate water supply is indispensable to maintain cellular homeostasis and several physiological
functions. Historically, total body water loss is differentiated into two types: dehydration and volume
depletion [31]. Dehydration occurs when the body water losses, mostly from the intracellular volume
(ICV), are higher than the intake. Low-intake dehydration is a shortage of pure water, leading to loss
of both intracellular and extracellular fluid, and to raised osmolality in both compartments. Volume
depletion is the result of excess losses of fluid and salts (especially sodium and sometimes other
components), primarily related to a loss of extracellular volume (ECV), and clinically affecting the
interstitial compartment; the fluid is lost primarily, not intracellular fluid, and serum osmolality will be
normal or low. From the physiological view point, it makes sense that many physicians tend to use the
term of dehydration for any loss of total body water in daily clinical practice [32].

There are numerous definitions for dehydration hampering the diagnosis. The best diagnostic
approach for this complex condition thus includes history, clinical observations, laboratory tests, and
physical assessment [33]. From a clinical point of view, dehydration may be defined as the rapid
decrease of >3% of body weight [34]. Pathophysiologically, however, dehydration is a loss of water,
resulting in a relative deficit of body water referring to sodium [35]. Consequently, increased sodium
values cause the plasma osmolality to rise, reducing the ICV. This is often referred to as hypovolemic
hypernatremia or hypertonic dehydration. Even if commonly used, “isotonic dehydration” and
“hypotonic dehydration” differ from a pathophysiologic point of view, rather characterizing a volume
depletion (loss of sodium from the ECV) than dehydration [35]. This distinction is especially relevant
for the therapeutic approach [33].

If the fluid intake is too low, fluid in and around body cells concentrates, raising plasma and serum
osmolality [36]. This consecutively triggers protection mechanisms (e.g., thirst and increased urine
concentration by the kidney). In the elderly, with kidney function being mostly low, renal parameters
do not truthfully indicate dehydration [36]. The U.S. Panel on Dietary Reference Intakes for Electrolytes
and Water hence considers the plasma or serum osmolality as the main factor of hydration status, thus
setting the reference standard for dehydration in older adults [37]. This is based on physiological and
biochemical considerations and is accepted by experts [36]. Extracellular water loss due to diarrhoea,
vomiting, or renal sodium loss (volume depletion) is, however, linked to normal or decreased plasma
osmolality. While severe dehydration is not exactly defined, there are indicators of a distinctive lack of
water: serum osmolality ≥300 mOsm/kg, serum sodium concentration ≥150 mmol/L, or blood urea
nitrogen (BUN) to creatinine ratio ≥20. In the case of hypernatremia, free water shortage may be
estimated with the following formula [35]:

free water shortage (L) = 0.6 × body weight (kg) × ((plasma sodium (mmol/L)/140) − 1)
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3.1. Adequate Intake

The recommendations for adequate fluid intake show great variation (from 1.0 L/day in the
Nordic countries to 2.2 L/day in the USA in women, 1.0–3.0 L/day in men) [36]. The European Food
Safety Authority recommends an adequate intake of 2.0 L/day for women and 2.5 L/day for men of all
ages [38]. Because 80% of the fluids come from beverages, adequate intake is 1.6 L/day in women and
2.0 L/day in men. Fluid requirements need to be adapted individually, for example, increased with
higher activity level, fever, diarrhoea, and vomiting, or decreased in the case of heart and renal failure.

3.2. Prevalence

As dehydration is not properly defined, it is problematic to accurately assess its prevalence.
Dehydration is, however, especially common in the elderly (up to 60%), depending on the definition
used [39]. Bennett et al. showed that laboratory parameters indicated dehydration in 48% of
elderly people admitted to an emergency department, while proper assessment of dehydration was
documented only in 26% [40]. Dehydration is one of the ten most frequent diagnoses for hospital
admission in older adults [41], and has been reported to be the most common fluid and electrolyte
imbalance in older adults [42]. A study showed that 6.7% of inpatients aged ≥65 years were diagnosed
with dehydration, with it being the principal diagnosis in 1.4% [43]. Among those suffering from
swallowing difficulties, the prevalence of dehydration ranges from 44% [44] to 75% depending on the
patient population, setting, and criteria used to define dehydration [45]. Nevertheless, Thomas et al.
revealed that physicians misdiagnose dehydration in at least 30% of older adult inpatients [46].

3.3. Impact and Risk Factors

Elderly people tend to have diminished feeling of thirst owing to the decrease of sensitivity to
the antidiuretic hormone (ADH) [47]. Numerous studies showed that adequate hydration status is
normally maintained in healthy older people. Nevertheless, mental and/or physical illnesses, trauma, or
operation, among others, may increase the risk of dehydration [48]. A six-month study among nursing
home residents found 31% to be dehydrated during that period, and thereof, two-thirds had prior
episodes of dehydration [49]. Risk factors for dehydration in dysphagic nursing home residents were,
among others, severe impairment of the functional and/or cognitive function, speech disorders [45],
and insufficient support at mealtime [50]. Inadequate nursing staff training, multiple medication, and
being of female gender have also further been shown to increase the risk of dehydration [51]. Elderly
people affected by acute infections and or chronic diseases (cardiovascular disease, diabetes, cancers),
especially polymorbid patients, are at high risk of dehydration [40,41,43,51]. Dysphagia was shown
to be directly linked with dehydration [4]. Evidence has shown that the clinical outcome of elderly
people is worse in the presence of dysphagia [36]. High serum osmolality (>300 mOsm/kg) has been
linked to an increased disability and mortality risk [36].

There are many physiological age-related alterations increasing the risk of dehydration
(Figure 1) [36]. Growing age seems to dampen the two main physiological answers to reduced
fluid intake: thirst and primary urine concentration (through the kidney) [36]. Moreover, fluid reserves
are decreased, as body water decreases with age. In addition, common drug therapies in older people
may further aggravate fluid loss, such as diuretics and laxatives therapies [36]. However, the severity
of cognitive and functional impairment appears to be more relevant than only older age [36]. A study
with patients suffering from dysphagia and receiving thickened fluids assessed water supply, including
that from food and drinks (thickened beverages), as well as from artificial nutrition (enteral and
parenteral nutrition). This study showed that estimated fluid requirements were not met for any of the
patients without the use of enteral or parenteral fluids [4]. Another surprising finding of this study
is that food, not thickened beverages, provided the greatest contribution to oral fluid intake, which
probably reflects the general low level of acceptance of and compliance with thickened fluids. It is very
important for the medical and nursing staff to be aware not only of the risk of dehydration in patients
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with dysphagia, but also of its clinical signs and symptoms. In collaboration with speech-language
pathologists and dietitians, an individual nutrition and hydration care plan must be placed in a timely
manner, as dehydration may cause severe complications and increase medical costs, morbidity, and
the mortality rate [43].

Figure 1. Risk factors for dehydration in dysphagia, modified after the work of [8].

4. Pathophysiological Considerations

4.1. Body Compartments

Water distribution into the different body compartments in healthy individuals is shown in
Figure 2. Body water fulfils many physiological functions: it regulates body temperature and absorbs
shocks, it is a solvent for chemical reactions, it serves as transport medium, and it contributes to the
removal of waste products. Water accounts for about 60% of body weight. This proportion may vary
according to gender and age. Body water is generally somewhat less in women than in men owing to
differences in body composition. The body water is divided intracellular (two-thirds of body water) and
extracellular (one-third of body water) space. The water within the extracellular space is further divided
into intravascular (1/12 of body water) and extravascular (3/4 of body water) fluid by the capillary wall.
The extravascular compartment may be further divided into interstitial/transcellular fluids.
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Figure 2. The repartition of body water within the different compartments as percentage of body
weight [35]. ICV: Intracellular volume; ECV: Extracellular volume; ISF: Interstitial fluid; IVF:
Intravascular fluids.

4.2. External Fluid Balance

Fluid balance is a complex interplay of numerous organs (e.g., skin, respiratory tract, kidneys,
and gastrointestinal tract). The typical daily fluid turnover amounts to approximately 2600 mL
(30–40 mL/kg body weight). Liquids represent about 1500 mL of daily input; 800 mL comes from
liquids within solid food and a further 300 mL comes from oxidation water (Figure 3). The main
water output (1500 mL) passes through the kidneys. The insensible perspiration composed of water
losses from respiration and transpiration accounts for a substantial loss (Figure 3), while faeces alone
represent a loss of 100–150 mL per day. The regulation of the sodium balance is essential for the
maintenance of normal blood volume. The regulation of the water balance, however, relies on the
maintenance of osmolarity. Volume maintenance has priority at any time on osmolality. The regulation
of water balance also strongly relies on the capability of the kidney to excrete urine with an osmolality
different from plasma, as kidneys are very efficacious in retaining sodium, but only hardly evacuate
its surplus.

Figure 3. Fluid balance [35]. This figure shows the sites involved in fluid loss.
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4.3. Internal Fluid Balance

The distribution of water within the body compartments undergoes strict control. Semipermeable
cell membranes separating the intracellular and extracellular space enable the passage of water and
selected molecules. The quantity of solutes per kilogram of solution is referred to as osmolality and
usually fluctuates around 275 to 290 mOsm/kg. It may be directly measured or calculated with the
following equation:

2 × (serum sodium (mmol/L)) + BUN (mg/dL)/2.8 + plasma glucose (mg/dL)/18.

Tonicity is defined by the solutes determining the transcellular distribution of water, referred
to as effective osmoles. Inactive osmole (e.g., urea) can freely pass the membrane and their rise in
serum does not trigger water movement toward extracellular space. Nevertheless, inactive osmoles
contribute to osmolality. Plasma osmolality is mostly determined by sodium (extracellular) and
potassium (intracellular). Potassium in the extracellular fluid reaches 2% of the total body potassium.
Anions such as chloride and bicarbonate and proteins grant the electroneutrality (Table 1). The first
determining factor for the distribution of body water is the osmotic forces. Osmotic changes will
immediately trigger the movement of water from lower to higher osmolarity, which has to be similar
on both sides of the cell membrane.

Table 1. Electrolyte concentrations in the human body [5,52].

Electrolyte Plasma (mmol/L) Extracellular Volume (mmol/L) Intracellular Volume (mmol/L)

Sodium 135–145 142–155 10–18
Potassium 3.5–5.3 4.0–5.5 120–145
Calcium 2.2–2.6 2.2–2.5 1.5
Chloride 95–105 98–108 2–6

Magnesium 0.8–1.2 0.7–1.2 15–25
Phosphate 0.81–1.45 0.7–1.3 8–20

Bicarbonate 22–30 22–30 10

5. Disorders of Fluid Balance

5.1. Isotonic and Hypotonic Dehydration

The term “isotonic dehydration” may be confusing to a certain degree as it in fact more refers to
volume depletion than to dehydration. Isotonic dehydration occurs when the loss of water and solutes
is balanced, reducing the volume of extracellular fluid, leading to reduced perfusion of the tissues,
while osmolality and thus the intracellular fluid volume are kept normal (Figure 4). The reasons
for this are manifold: fasting, haemorrhage, burns, gastrointestinal symptoms (vomiting, diarrhoea),
drugs (sedative, diuretics), and so on. Renal perfusion is decrease owing to volume depletion and the
renin–angiotensin–aldosterone system is thus activated, resulting in greater reabsorption of sodium
and water. Secretion of ADH moreover causes water retention, aiming to correct volume depletion.

When sodium losses are greater than water losses, causing serum osmolality >270 mOsm/kg
and sodium concentration >135 mmol/L in serum, “hypotonic dehydration” occurs. When fluids and
sodium losses are partly replaced using hypotonic fluids, the extracellular space is reduced, owing to
the low serum osmolality (Figure 4).

Both forms must be treated by means of isotonic fluids.
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Figure 4. Water balance disturbances.

5.2. Hypertonic Dehydration

“Hypertonic dehydration” represents the pathophysiologic type of dehydration, where BUN to
creatinine ratio is ≥20 and serum sodium concentrations exceed ≥150 mmol/L. Loss of water is higher
than loss of sodium. The succeeding rise of sodium concentration in serum induces a rise in osmolality,
which consecutively causes water to move towards the extracellular compartment, causing acute
hypernatremia (Figure 4). Theses water movements also affect the brain, possibly causing a diminution
in brain volume, and eventually causing rupture of veins and subsequent intracerebral or subarachnoid
haemorrhage. Brain cells initially accumulate sodium and potassium, and later osmolytes (mainly
myoinositol, glutamine, and glutamate), to compensate for water loss and restore volume [53,54]. As in
dysphagia, hypertonic dehydration happens because of decreased water intake or as a result of either
excessive (extra) renal water losses. Many factors may cause renal water losses such as renal or central
diabetes insipidus, polyuric phase of acute renal failure, loop or osmotic diuretics, post obstructive
disease, and so on. Extra renal water losses are the result of transcutaneous losses (e.g., sweat, fever,
burns) or losses over the respiratory tract (e.g., hyperventilation). The consecutive rise in osmolality
activates ADH release, and thus thirst (Figure 5). ADH secretion may be triggered by non osmolar
volume-depending receptors or by supraoptic and paraventricular nuclei of the thalamus. The latest
causes a reduced free water excretion. Above the threshold for ADH secretion in humans, which is
280–285 mOsm/kg, ADH secretion rises in a linear manner with rising osmolality (Figure 6). The
threshold value for thirst, the major protective physiological mechanism of the body to compensate for
hypernatremia, is higher than the ADH threshold [55].
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Figure 5. Regulation mechanisms of sodium and water. s-Na: Serum sodium; s-osmolarity: Serum
osmolarity; ADH: Antidiuretic hormone.

Figure 6. ADH release and thirst [56]. ADH: Antidiuretic hormone.

Hypotonic fluids represent the best treatment option for hypertonic dehydration.

6. Clinical and Biochemical Diagnostic Features

The sensitivity and specificity of dehydration signs largely depend on the volume of blood loss,
where the clearest signs are heart rates changes (30 beats per minute) or severe postural dizziness
leading to a lack of ability to stand [57]. Medication (e.g., beta-blockers) and older age may further
influence sensitivity and specificity of these signs. Signs consecutive to fluid and electrolyte losses
(e.g., due to vomiting or diarrhoea) are less clear.

Clinical signs taken alone are not very useful. A combination of at least four signs described
hereafter indicates moderate to severe volume depletion. Typical clinical signs of dehydration with
high scientific value are listed in Table 2. Absence of tears, transpiration, and/or thirst are among
others symptoms of dehydration [33,58,59]. Clinical features with poor sensitivity and specificity are as
follows: dry mucous membrane, low skin turgor, long nail bed refill time, altered respiratory pattern,
changes in heart rate, dry or furrowed tongue, dry axilla, absence of tears, sunken eyes, high palpated
ocular pressure, and weight loss [33,57]. The highest diagnostic utility was given by systolic blood
pressure <100 mmHg in a clinical trial [58]. Owing to the loss of subcutaneous tissue with aging skin,
turgor is not reliable in the elderly population. If present, dry axilla is fairly used with an appositive
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likelihood ratio of 2.8 (sensitivity 50%, specificity 82%) [60]. Symptoms that have a sensitivity over
80% are furrows on the tongue, dry mucous membranes, speech incoherence, extremity weakness, and
orthostasis. Sunken eyes show a specificity greater than 80% and a sensitivity of 62% [32]. Central
nervous system symptoms like confusion, speech difficulty, or weakness in the extremities are manifest
when dehydration results in a 1% loss of body weight and are more notable at a 5% loss [32,58,61].
The development of neurologic effects is more likely to occur in acute hypernatremia developing within
48 hours than in chronic cases. Severe dehydration may cause hypotension, including the related risk
of falls, reduced cardiac output, as well as consecutive reduced blood flow through organs and tissues.
It may also escalate to hypovolemic shock. The risk for chronic renal disease, morbidity, and mortality
are increased in the case of chronic dehydration (mild to severe) if not treated [62–64].

Table 2. Single signs, symptoms, and laboratory tests to identify dehydration [33,58,59].

Assessment of Hydration Status Feasibility of Test Scientific Value

Signs and symptoms

Seated systolic blood pressure ≤100 mmHg H H

Blood pressure change supine/standing ≥20 mmHg H H

Thirst sensation H M

Dark urine colour H M

Laboratory tests

Urine specific gravity ≥1.025 H H

Blood urea nitrogen/creatinine ratio ≥20 M H

Blood osmolality calculated ≥300 mmol/kg M H

Haematocrit/haemoglobin ratio M M

Mean corpuscular volume M M

Serum sodium concentration >150 mmol/L M M

Additional measurements (mainly for scientific purposes)

Total body water (isotope dilution) L M

Total body water (bioelectrical impedance analysis) H M

Fluid volumes and ionic content (neutron activation analysis) L M

Blood osmolality (measured) M H

Urine osmolality H H

Salivary osmolality H H

Tear osmolality M M

Intraocular pressure (measured) M L

H = high; M =medium; L = low.

Although the patient’s history and physical examination may indicate the appearance of
dehydration (symptoms and signs), it is obvious that medical staff should not only rely on these clinical
data, but also have to integrate biochemical parameters to enable the diagnosis (Table 2) [33,58,59].
Plasma osmolarity ≥300 mOsm/kg, plasma sodium, urine specific gravity, tear, and saliva osmolality
have all been shown to be suitable to diagnose dehydration [58,65,66]. For an optimal diagnostic
strategy, you need at least calculate or measure BUN, glucose, creatinine, sodium, bicarbonate, and
osmolality [32].
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7. Management of Dehydration

7.1. General Recommendations

The identification of acute situations potentially leading to dehydration, as well as the monitoring
of vital parameters, clinical signs and symptoms, and laboratory parameters (Table 2), are of
utmost importance. Fluid balance (including intake and output) should additionally be monitored.
Skin integrity (including mucous membranes) and drug treatments (mainly diuretics) may impact the
water and electrolyte balance, as well as diseases or conditions affecting renal perfusion (e.g., heart
failure, chronic kidney disease) [33,67,68]. The evidence suggests that multicomponent interventions
(including increased staff awareness, assistance with drinking, support using the toilet, and a greater
variety of drinks on offer) may be effective [69]. Fluid therapy may be used for resuscitation, replacement,
or maintenance of the fluid balance depending on the stage of illness. The National Institute for Health
and Care Excellence (NICE) provides a set of interrelated algorithms for assessment, fluid resuscitation,
routine intravenous maintenance, and replacement and redistribution of fluid and electrolytes [70].
Resuscitation may be needed in the case of considerable blood loss (e.g., surgery, injury) or plasma
loss (e.g., burns, acute pancreatitis). Fluids are then immediately needed to maintain circulation and
organ vital function [70]. Fluid maintenance may be initiated once the vital signs and urine output
are normalized.

The maintenance of fluid and electrolyte balance is the key to prevent and treat dehydration.
Maintenance aims to restore insensible losses and provide sufficient water and electrolytes to maintain
the normal status of body fluid compartments and sufficient water to enable the kidneys to excrete
waste products. Maintenance fluid prescriptions should target the daily requirements and replace
ongoing abnormal losses. Requirements of patients receiving artificial nutrition are mostly covered
though the artificial nutrition itself. Special attention is needed regarding overhydration, particularly
in patients suffering congestive heart failure. The best route/method/fluid for administration depends
on the severity/nature/acuteness of dehydration. Oral administration should be the preferred option,
although parenteral administration of fluids may be mandatory in some cases. Such prescriptions
must be changed to oral administration as soon as possible, as fluids prescriptions are often maintained
too long, causing infects and oedema, especially in the postoperative phase. Subcutaneous infusions
should be considered to manage chronic problems, particularly in the elderly [5]. A calculation of
fluids requirements has been proposed by Chidester et al. [71], suggesting the prescription of 100 mL
per kilogram body weight for first 10 kg, 50 mL per kilogram for next 10 kg, and 15 mL for the
remaining kilograms of body weight. When body temperature is higher than 37 ◦C, 100–150 mL should
additionally be given.

7.2. Oral/Enteral Replacement

Fluid and electrolyte requirements should be met via oral or enteral routes as far as possible
when fluid resuscitation is not needed [70]. The first measure to replace fluid loss should be offering
thickened liquids or food with high fluids content, whereas sodium-containing food and liquids must
be avoided. As previously mentioned, the evidence level for such interventions is, however, weak [72].
Enteral liquid administration (via feeding tube) may be appropriate in the case of severe dysphagia
or if maintaining fluid balance is not possible. Moderate dehydration (loss of 1.5–2% body weight)
may easily be corrected with the administration of oral or enteral fluids, but already alters moods
and causes decreased physical and cognitive performance [62,63,73,74]. Treatment for low-intake
dehydration involves administration of hypotonic fluids [36], which will help correct the fluid deficit
while diluting the raised osmolality. Oral rehydration therapy (aiming the replacement of electrolytes
lost in volume depletion by diarrhoea or vomiting) and sports drinks are not indicated. Hydration
status should be reassessed regularly until corrected, and then regularly monitored.
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7.3. Parenteral Replacement

The parenteral administration of (low sodium-containing) fluids is the method of choice in the
case of severe dehydration (high amounts of fluid needed) or when intravenous access is anyway
given for administration of medication or nutrition [36,70]. Intravenous hydration must, however,
always be regarded to as a medical treatment and not as basic care. The risk and benefit balance
must be cautiously considered. Figure 7 illustrates the distribution of different fluids within body
compartments after infusion. Deficits in free water must be substituted quickly if hypernatremia lasts
for shorter than 48 hours. To avoid oedemas, caused by fluids shifts, high-rate administration of
intravenous hypotonic solutions must be prevented. As its cells accumulate osmolytes to maintain
normal cell volume, the brain is especially endangered. Brain oedema may develop as a result of
hasty administration of hypotonic solutions. Fluids must hence be administered progressively, over
12 to 48 h. Hyponatraemia lasting for more than 48 h have to be corrected slowly. Not more than
half of the replacement should occur in the first 24 hours of treatment, during which one should look
out extremely cautiously for brain oedema, the symptoms of which may be headache or seizures.
The residual replacement may occur within the next 48 to 72 h. In the case of hypernatremia, fluid
replacement is considered adequate when the urine sodium concentration is over 25 mmol/L.

Figure 7. Infused fluids across the body compartments. ECV: Extracellular volume, ICV: Intracellular
volume, IVF: Intravascular fluids, ISF: Interstitial fluids, NaCl: Sodium chloride.

8. Hypodermoclysis

Evidence has shown that adequate volumes of subcutaneous infusions are an effective treatment
for dehydration, showing comparable rates of adverse effects to parenteral administration [36,75].
Many clinical trials have shown the safety and effectiveness of fluid infusion into the subcutaneous
space using a fine cannula, called hypodermoclysis (HDC), making it a possible alternative to parenteral
administration. HDC is particularly useful for the rehydration of patients with mild to moderate
dehydration, who are cannot keep their fluid balance via the oral route [76–78]. Preferred sites for
HDC are, for example, the anterior chest wall, lateral abdominal wall, inner tight, and back above
or below shoulder blade. Recommendations for fluid infusion rates differ; that is, using gravity, up
to 1,500 mL may be infused over 24 h at one site (rate of 20–80 mL/h), while rates of 82–148 mL/h
have been recommended as well [32,79–81]. The authors’ clinical experience indicates the safety of
infusion of 500 mL per hour. A study using radioactive labelled injection showed that absorption into
the blood occurs within one hour [82]. Infusion solutions are chosen regarding the clinical condition of
the patient (balanced solutions, saline solutions, dextrose solutions, or their combination). A study
among dement nursing home residents suffering dehydration showed more agitation (80%) in subjects
receiving parenteral fluids compared with those receiving subcutaneous fluids (37%), regardless of the
volume of administered fluid or the improvement of dehydration [83].

Subcutaneous infusions with hyaluronidase (useful enzyme to break down hyaluronic acid, thus
opening the interstitial space) usually permit a more rapid infusion rate, lower rate of moderate oedema,
and more comfort for the patient. Even though there are no systematic studies available, administering
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up to 20 mmol/L potassium chloride appears unproblematic. Local adverse effects (e.g., oedema,
erythema, and cellulitis) and systemic adverse effects (e.g., heart failure or hyponatremia) occur rarely
and at similar rates compared with parenteral administration [78]. The effectiveness of both methods
appears to be the same. The expense for HDC is about four times less than intravenous administration
and demands reduced nursing care [83,84]. HDC use may be easily used in a community setting
(nursing home or home), by patients and/or their caregivers [77]. HDC is suitable to prevent dehydration
or to treat mild to moderate dehydration. Intravenous fluid replacement remains mandatory, however,
to treat hypovolemic shock or severe dehydration.

Colloids and (Balanced) Crystalloids

The volume of distribution and the metabolization of the solute are the two main factors to
determine the plasma expansion capacity of a solution. Colloids are principally distributed within
the intravascular space, while dextrose solutions are first metabolized and then distributed within
the whole body water. Their volume expansion ability is hence limited and temporary. Resuscitation
should thus be undertaken using colloids. Intravascular volume expansion is mostly done using
crystalloids. If appropriated, dextrose solutions (5% or combined with saline) are used to provide free
water. The expansion capacity of isotonic crystalloids, distributed within the extracellular fluids, is
20% to 25%. The remaining crystalloid volume is kept within the interstitial space. This overload
of interstitial fluid has to be eliminated after the acute phase of the disease is over. Even if the use
of crystalloid solutions is effective, the price to pay remains quite high. Additionally, the excessive
use of sodium-containing crystalloids may cause oedema and further impair the clinical outcome.
Dextrose solutions may cause potential harmful effects as well (e.g., hyponatraemia <130 mM).
Hypochloraemic acidosis may occur as a result of the administration of saline, as they contain much
higher concentrations of chloride compared with plasma. This may seriously impair the kidney
function (reduced perfusion and glomerular filtration rates), the gastrointestinal function (mucosal
acidosis, ileus), or other cellular dysfunction including impairment of mitochondrial function. Recent
studies have shown the superiority of balanced electrolyte solutions (Hartmann’s or Ringer’s) on
saline solutions replacing water and salt deficits, except for cases of gastric juice losses, where chloride
losses are high [5]. Isotonic dextrose solutions should be used to replace deficits in free water. Colloid
solutions such as albumin or hydroxyethyl starch should be used to expand volume, as they induce
less salt/water overloads and oedemas than crystalloid solutions (e.g., dextrose 5%, 0.9% NaCl, and
balanced crystalloids). The combination of both in varying proportions may be used in the clinical
practice, depending on the patient’s condition. Newly published trials show balanced crystalloids to
be superior on saline solutions in critical and non-critical care [85,86]. These trials showed a lower rate
of the composite outcome of death from any cause, new renal-replacement therapy, or persistent renal
dysfunction with balanced crystalloids than with saline (number needed to treat 1/94).

9. Conclusions

Dehydration is a relevant clinical problem with severe consequences, particularly in patients
suffering from dysphagia, whose fluids’ intake is very restricted by the use of thickeners. At least in
one-third of inpatients, dehydration is misdiagnosed and thus underestimated as well as undertreated.
It is very important for the medical and nursing staff dealing with patients suffering dysphagia to be
aware of dehydration, and work closely with speech-language pathologists and dietitians to place a
nutrition and hydration care plan tailored to the needs and condition of each patient. Volume depletion,
treated with isotonic fluids, and dehydration treated with hypotonic fluids, must be clearly taken apart.
Rehydration should be treated by the oral (or enteral) route whenever possible. Parenteral rehydration
must be used in severe cases. The use of HDC may be considered in the case of mild dehydration when
there are contraindications for oral/enteral treatment. It represents an effective and safe treatment
option, especially in patients with dysphagia.
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Abstract: Nutritional counselling has been recognised as the first line approach in the management
of numerous chronic diseases. Though usually carried out by dietitians, nutritional counselling
may be used by nurses, or other healthcare professionals to improve nutritional status and meet
healthcare goals. Healthcare professionals require training and education to facilitate a patient
centred approach to effective counselling. Advances in digital technology have the potential to
improve access to nutritional counselling for some patients such as those in primary care. However,
caution is required to ensure that valuable interpersonal relationships are not lost, as these form the
cornerstone of effective nutritional counselling. The aim of this narrative review is to explore aspects
of effective nutritional counselling, including advances in e-counselling and areas where nursing
input in nutritional counselling might enhance overall nutritional care.

Keywords: nutritional counselling; nursing; interventions; e-counselling

1. Introduction

Nutrition related chronic diseases—i.e., cancer, diabetes mellitus, chronic kidney disease,
inflammatory bowel disease and so forth—and health problems that have significant implications on
nutritional status, mainly by affecting digestion and absorption of food, place a significant burden
on the overall health of a population and health care systems. As dietary modification can have
a significant impact on biomarkers of non-communicable diseases and on symptoms of different
clinical conditions, nutritional counselling has been recognised as the first line approach for their
management [1]. Furthermore nutrition counselling is recommended as a key intervention in the
management of malnutrition in older adults [2,3], and has been proven to be effective in chronic kidney
disease, cancer and other clinical conditions [4–6].

Nutrition counselling is a two-way interaction through which a patient and the member of the
medical team interpret the results of a nutritional assessment, identify patient’s nutritional problems,
needs and goals, discuss ways to meet these goals, and agree on future steps and the frequency of
monitoring. It aims to help patients understand important information about the impact of nutrition
on their health status and focuses on practical measures to cover nutritional needs. Moreover, it
strengthens the importance of behavioural change [7–10]. However, nutrition counselling may present
a time burden to patients, with high drop-out rates being a key challenge likely to affect outcomes [1],
and face to face counselling having a significant impact on the use of resources in terms of clinic space
and facilities. The development of new technology in e-counselling seeks to address these issues and
expand access for patients.
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Most of the time, nutrition counsellors are nutritionists or dietitians. However, other healthcare
professionals such as nurses, community health workers or volunteers [3,7,11] play an essential role
in nutritional counselling. The role of the nurse is recognised in nutrition screening but there is little
evidence regarding the impact or effectiveness of the nurses’ role in nutrition counselling. However,
nurses form a core part of the team providing direct care to patients and as such are in a position to
make positive behaviour changes [12], improving the effectiveness of nutritional interventions.

To meet the needs of an ever-changing healthcare environment, there is a need to explore the
benefits of new technology in providing nutritional counselling to a wider audience. Although dietitians
are key professionals in the nutritional counselling of patients, expanding the roles of other healthcare
professionals may improve the impact and effectiveness of both counselling and interventions.

Aims

In this narrative review we aim to explore aspects of effective nutritional counselling including
advances in technology and the role of the nurse in enhancing nutritional care.

2. Methodology

An electronic search was implemented in PubMed, Google Scholar Medline and Cinahl
databases. Search terms included: ‘Nutritional counselling’, ‘nurs* AND nutrition counselling’
‘dietary counselling’, ‘patient education’, ‘nutrition education’, ‘nutrition AND nurse AND specialist’
‘nursing’, ‘e-counselling’, ‘mHealth’, ‘eHealth’, ‘nutrition nurse specialist’, ‘patient-centred approach’,
‘nutritional care’, ‘remote nutrition counselling’. Publications were only included in the analysis if they
were written in English and were related to humans. Articles were searched from January 2000 till
May 2019. Non-peer reviewed literature, letters to the editor and studies performed on animals were
excluded. From the articles retrieved in the first search round, additional references were identified by
a manual search among the cited references. Moreover, additional references including characteristic
and cornerstone references on nutrition counselling were added in introductory parts. As the review is
narrative and not systematic, the references were selected according to the relevance to the subject of
the manuscript.

3. Basic Characteristics of Effective Nutritional Counselling

As nutrition counselling can enhance health and nutrition outcomes, ideally it should be performed in
a way that ensures patients’ privacy and that the counsellor and the patient are feeling comfortable. This
may be challenging in the hospital setting and measures should be taken towards this direction. Moreover,
counsellors should be trained and use appropriate materials to enhance understanding and documentation,
such as illustrations, food models, take-home brochures, data collection forms and referral forms.

Moreover, respecting the ethical aspects of nutritional counselling improves its outcomes. The main
ethical values that should be followed are described in Table 1:

Table 1. Ethical values that underpin effective counselling [4].

Ethical Values Rationale

The provision of accurate information Patients should develop a relation of trust with the counsellor, based on the fact
that the words and actions are true and reliable.

Confidentiality All information shared should be kept confidentially, except as needed for the
nutritional treatment and recovery.

Respect of patients’ autonomy Patients, as long as they are mentally stable, keep the right to decide for themselves,
without coercion.

Do no harm
Nutritional interventions in the hospital setting should always be based on
evidence-based medicine. Any intervention that could harm or exploit patients
emotionally, financially or medically should always be avoided.

Be fair All patients should receive the same level of attention, according to their needs,
without discrimination. Patient’s rights dignity and differences should be respected.
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Patient-Centered Approach in Nutrition Counselling

The implementation of changes on nutrition behaviour is a complex procedure, as it combines
elements of psychology, physiological needs, socioeconomic status and the level of the counsellor’s
ability to firstly identify the needs of the patients, and then to work co-operatively with them [3].
The patient-centred approach is generally accepted as efficient in managing nutritional counselling.
It has been developed based on theoretical models developed in the late 40’s by Rogers [13]. According
to this theoretical model the patient has to identify the diet related problems and the nutritional
counsellor will guide him towards the possible solutions.

The nutritionist/dietitian is the expert in the medical nutrition team, able to translate and combine
the most current scientific information on food and health, food composition, psychological and
physiological factors that could have an impact on dietary choices, and the relationship of those
with health and diseases. He/she is the nutrition communicator, a skilled listener and a translator
of emotions and abstract ideas on specific actions and steps towards dietary modification needed
to enhance nutritional status, based on the individuals’ life and biomedical requirements [14–16].
Gaining a better understanding of patients’ preferences, attitudes and beliefs regarding their state
of health and nutrition would allow interventions to be more focused, appropriate, sustainable and
therefore, more effective [17]. The clinician–patient relationship has been associated with better patient
attendance and adherence and greater patient satisfaction with care and treatment [18]. Moreover,
patients’ recall understanding, treatment adherence, and psychological wellbeing have been associated
with effective doctor–patient communication. Therefore, an effective counselor refers not only to the
expert nutrition knowledge but also to the privilege of having good communication skills. In this way,
the development of a therapeutic relationship, characterized by mutual respect with the clients, will be
easier to manage. However, this mode of practice requires organizational support and time, which are
not always available to the dietitian in clinical practice. These dimensions may also be important in
nutrition interventions, and future research should focus on the efficacy of nutritional counselling with
these limitations in mind [19].

Under this spectrum, the main aim, and yet a great challenge, is to ensure that the patient has a
full understanding of the relevant information of the nutritional problem and can work towards the
development of specific skills to deal with the health challenges and their personal goals [20]. In order
to have a successful outcome in patients receiving nutritional counselling, it is important to assess not
only the patients’ food choices and behavior, but also their access to health, environmental and social
support systems. Therefore, the challenge is to be able to achieve essential and meaningful clinical
outcomes, enhance the quality of life of the patient and, at the same time, encourage positive attitudes
towards behavioral changes [21].

4. Challenges in Nutritional Counselling

Health professionals should always have in mind that patients are members of the community
at large. At the community level, they receive multiple messages from different sources regarding
nutritional behaviors that could enhance their wellbeing, their quality of life and improve health
outcomes. Although health outcomes can be estimated by objective measurements, in terms of
biochemical and physiological responses to interventions, the main issue is to identify what patients
consider important as endpoints of quality of life and wellbeing [21]. Under the spectrum of the
patient-centered approach, the bridging of biomedical imperatives and individual perspectives on
health, quality of life and wellbeing is of paramount importance.

According to a recent systematic review by Mitchell et al. [1] of 26 randomized controlled studies
(RCTs), representing 5500 adults, dietetic consultation in primary care appeared to be effective for the
improvement of diet quality, the glycaemic control, and body weight control. One major limitation
in analyzing RCTs that deals with nutrition consultations and dietary interventions though, is the
fact that dietary assessment is subjected to errors and the available dietary assessment tools may not
be too specific to identify qualitative improvements to the diet. Moreover, as nutrition is a factor
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influencing patients’ life to a great extent, and at the same time is being influenced by personal,
economic, psychological and emotional reasons, dietary interventions are usually characterized by
high dropout rates and limited compliance. Therefore, measures to enhance adherence to dietetic
interventions should always be considered [1].

Moving to more clinical settings, dietary interventions have been studied in environments that
compromised health has a negative impact on nutritional status and raised the risk of malnutrition.
In clinical cases health professionals providing nutrition consultations should always follow
evidence-based medicine and established guidelines. As nutrition can be used as a complementary
treatment that could be even harmful in some cases, i.e., in cancer patients, nutrition counselling should
always be provided by specialized and qualified nutrition and dietetics professionals, to ensure the
validity of the provided information. Lack of knowledge and misconceptions should be pointed out
and scientific evidence should be provided. All non-justified and not scientific-based dietary theories
should be addressed, under the spectrum of the individual perception of wellbeing [22,23].

In order to enhance compliance and adherence to nutritional interventions, other factors that
could have an impact on the effectiveness of the intervention must be considered. The duration and
the frequency of the consultations, the aims set on each consultation, the feedback that was given to
the patients about their improvement or the achievement of the set goals can have an impact on the
adherence to the nutritional intervention. More focused, clearly defined and measurable objectives
increase effectiveness, whereas the use of vague objectives may limit the effectiveness of nutrition
education due to the fact that it creates confusion and does not provide answers to the questions of
the patients. Therefore, the design of the interventions should be clear and continued training for the
trainers, with an emphasis on targeted interventions, should be available [24,25].

5. Nursing and Nutritional Care

Where studies have shown that patients benefit from receiving counselling and an individualised
nutrition plan from a registered dietitian [26,27], the nurses’ role is essential in reinforcing and
facilitating nutritional plans and interventions in hospitalised patients. Observations suggest that
nutritional outcomes may be enhanced with collaborative input from both dietitians and nurses [28].
As the daily providers of care, ward-based nurses are responsible for the direct delivery of nutritional
interventions [29]. Additionally, nurses have a responsibility to pay special attention to promoting
wellbeing, with nutrition being one of the fundamentals of care [30].

5.1. Ward-Based Nurses

Perry et al. [31] report a systematic review identifying the range of nursing interventions
implemented to improve nutritional outcomes in patients who have suffered a stroke. The review
included 27 papers from 26 studies with five RCT’s and five clinical trials. Due to the heterogeneity
and poor quality of reported data, few interventions showed statistical significance. However, this
review is important in highlighting the diversity of nursing activities in nutritional care. The Alliance
to Advance Patient Nutrition [32] stresses the importance of multidisciplinary involvement in nutrition,
with a focus on all stakeholders valuing nutritional care interventions. Important points for nursing
intervention include nutrition screening, implementing early nutritional measures in those at risk
and developing strategies to ensure patient compliance. Where dietitians carry out comprehensive
assessment and patient education, the nurse’s role is to reinforce this information and answer patient
questions [32]. In this way, collaborative working between disciplines is essential.

Nevertheless, one of the key challenges in practice is the level of importance that nurses place on
nutritional care. A study of the attitudes of 106 nurses found respondents felt strongly that it was the
role of the nurse to carry out nutrition counselling [33]. Key nursing nutritional interventions were
significantly positively associated with the overall nutrition knowledge score: Patient counselling
(r = 0.23, p = 0.02) and nutrition screening/assessment (r = 0.23, p = 0.02). This finding indicated that
the higher the overall nutrition knowledge score among nurses, the higher these tasks were ranked [4].
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However, the same study found that nurses ranked tasks associated with nutrition lower than other
nursing tasks, such as giving medication and carrying out wound dressings. A small (n = 22) focus
group study of staff working in an acute medical ward found that nurses struggled to put nutritional
priorities in to practice, with competing activities being a particular issue at mealtimes [34]. A nursing
survey carried out in Canadian hospitals (n = 346) reported nurses’ perceptions as one of the reasons
for insufficient nutrition [35]. The study found that 17% of the respondents thought that a lack of
assistance at mealtimes was a major contributor, and 14% thought that assisting with nutrition was
time consuming [35].

Though nursing interventions such as screening and assistance with eating and drinking are
crucial, there appears to be little recorded evidence of nurses carrying out nutritional counselling
at the ward level in internal medicine. Studies suggest successful nurse involvement in nutritional
counselling in other settings including cancer care [36,37], primary care [38] and community care [39,40].
This then suggests that nurses working in internal medicine may be missing a valuable opportunity to
improve patient care and compliance with nutritional interventions.

5.2. Nutrition Nurse Specialist

Specialist nurses have an important part to play in empowering ward-based nurses to deliver
evidence-based care within their speciality, bridging the gap between research and bedside practice [41].
The nutrition nurse specialist (NNS) role may be known by numerous titles including ‘nutrition
support nurse’, ‘nutrition nurse practitioner/advanced practitioner’ and ‘nutrition support consultant
nurse’ [42]. Regardless of title, NNSs generally form a core part of hospital nutrition support teams,
caring for patients with complex nutritional requirements. Though it is difficult to ascertain the exact
value that individual members of the multidisciplinary teams bring to nutritional support, input
from NNSs have been shown to reduce catheter related sepsis and other complications of parenteral
nutrition [43].

However, the NNS role reaches far beyond this. The NNS may coordinate patient education on
self-management of enteral or parenteral nutrition and provide training and educational programmes
for other healthcare professionals [42]. Yordy et al. [44] report outcomes of a NNS-led quality
improvement project. The project included a program of nutritional education for ward nurses with an
audit of practice before and after education. In observations of mealtime interactions (n = 100), patient
interruptions at mealtimes were shown to have reduced by 59% following the education program.
Nursing documentation of nutritional risk factors and screening showed some improvement after
education, although no statistical significance was described. The authors suggest that following
targeted education, the nursing culture had changed to recognize nutrition as an essential part of the
patients’ treatment [35].

Some NNSs may be involved at a strategic and organisational level with the provision of nutritional
services within their institution. Depending on the nature and requirements of the healthcare setting,
NNSs may expand their skills to include technical procedures such as central venous catheter
insertion [45] or gastrostomy insertion. Their scope is expanding further to include independent
non-medical prescribing [46]. However, there is a lack of evidence regarding the function of NNSs
in nutritional counselling. Given the nature of the role, it is reasonable to expect that NNSs play an
important part in counselling patients with complex nutritional needs and particularly those that
require artificial nutrition support. For these reasons NNSs must develop effective counselling skills.
Fundamentally, the overall purpose of the NNS should be an improvement in quality of nutritional
care, and nutritional counselling must be a core activity in this.

Further research is required to measure the improvements that the enhanced skills of the NNS
brings to nutritional care. Nevertheless, NNSs are key participants in the wider nutrition support team
and have an important function in supporting and educating ward-based nurses to deliver excellent
care and reinforcing multidisciplinary nutritional treatment goals.
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6. Nutritional Counselling with the Use of Modern Technology

Nutritional counselling is usually a time- and resource-demanding procedure that requires
commitment by the patient [47]. The dropout rate of up to 35% of patients enrolled in dietetic
consultation interventions shows the challenge of adhering to numerous counselling sessions [1].
Modern technology, including electronic health (eHealth) and mobile health (mHealth) may help keep
patients engaged in their goals [48]. According to the European Commission’s definition, eHealth is
the “digital health and care which refers to tools and services that use information and communication
technologies (ICTs) to improve prevention, diagnosis, treatment, monitoring and management of
health and lifestyle”. mHealth is a subcategory of eHealth, used mainly for describing healthcare
management conducted by smartphones [49].

Electronic or e-counselling, i.e., remote counselling, can reduce barriers related to patient
disengagement, geographical distance, time constraints [48], socioeconomic status [50], and also
low need or desire for in-person contact [47]. In addition, the integration of eHealth and mHealth
technologies could render the flexibility of dietetic services administered to patients [51,52]. Smartphone
applications (apps) have been used of late to improve nutrition knowledge and contribute to behavioural
change (beyond weight loss) [53], while presenting positive effects on measured nutritional outcomes
in chronic diseases [47]. Artificial Intelligence (AI)-based smartphone apps can provide accurate and
almost real-time dietary assessments [54–59]. However, even though there is an abundance of nutrition
and diet apps, the majority of them focus on diet monitoring and nutrient content estimation. There is
only a limited number of studies investigating the long-term impacts of apps focusing on nutritional
e-counselling [52].

E-counselling through web-based apps has also already produced some positive effects, in
comparison to in-person treatment for both delivery and dissemination [60]. Weight loss of
approximately 4–6 kg can be reliably achieved with web programs that involve some form of
weekly human e-counselling or constant feedback from behavioural lifestyle counsellors via email,
group chat, etc. [61]. The results of this study also suggest that using a hybrid approach (in-person
and online) may be an effective way to reach larger and more diverse populations [61]. Weight loss
targeted web applications, where participants also received e-counselling via weekly e-mails, resulted
in weight loss of 4.4 kg after one year of intervention in people at risk of type 2 diabetes [62]. Providing
automated, computer-tailored feedback by a weight loss targeted web application for three months was
as effective as human counselling via e-mail [63]. Clinically significant weight loss could be achieved
through a combination of tailored goals and the use of a mobile app, whereas people interested
in lower-intensity weight loss approaches could consider stand-alone digital health treatments [64].
Furthermore, Haas et al. [50] concluded that an app which complemented the dietitians’ professional
skills, can provide effective support towards behavioural change and sustainable weight reduction in
overweight and obese individuals. Moreover, traditional consultations delivered by dietitians were
compared against remote ones delivered by eHealth technologies, using theoretical cost in weight
management as the outcome measure [52]. The eHealth approach needed an initial higher investment
but was less costly in the long-term than in-person counselling [52].

In a qualitative study, healthcare professionals stated that it was challenging to establish and
maintain an empathetic relationship with their clients (which is one of the most crucial factors for
coaching) when conducting eHealth counselling [65]. Hence, e-counselling should include specific
attributes that ensure it simulates—as closely as possible—a face-to face consultation [50], tailored to
the individual patient [65].

Finally, including innovative technologies into dietetic practice could assist nutritional counselling
by not only enhancing the efficiency and quality of nutrition care but also increasing adherence to
self-monitoring of patient-centred goals [66]. Currently there is no evidence on the most effective use of
apps in a clinical setting. Thus, it is suggested that the apps are used alongside individualized dietetic
support, while performance for long-term weight management is being assessed [67]. End-users
(patients) should be involved in the design process concerning health advice since it increases app
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efficacy and usability [68]. Future research, preferably in the form of randomized controlled trials,
should investigate the clinical efficacy, feasibility and cost-effectiveness of e-counselling and eHealth
technologies on dietetic practice.

7. Conclusions

Nutritional counselling has been recognised as the first line approach in the management of
numerous chronic diseases. A patient-centred approach has been identified as the best way of providing
nutritional counselling. Ideally, it is carried out by dietitians and nutritionists, but other members
of the medical nutrition team such as nurses and other healthcare professionals can also play an
important role. Nutrition nurse specialists have a particularly key part to play in both the carrying out
of nutritional counselling as well as encouraging other nurses to participate in nutritional counselling.
However, research is required to fully understand the benefits that the NNS brings to nutritional
counselling and care.

It is important to stress that effective counselling needs training and education, and at the same
time the use of eHealth technology has the potential to improve access for some patients. However,
caution is required to ensure that valuable interpersonal relationships are not lost, as these form the
cornerstone of effective nutritional counselling.
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Abstract: Medical nutrition therapy in critically ill patients remains challenging, not only because of
the pronounced stress response with a higher risk for complications, but also due to their heterogeneity
evolving from different phases of illness. The present review aims to address current knowledge
and guidelines in order to summarize how they can be best implemented into daily clinical practice.
Further studies are urgently needed to answer such important questions as best timing, route, dose,
and composition of medical nutrition therapy for critically ill patients and to determine how to assess
and to adapt to patients’ individual needs.

Keywords: nutritional support; medical nutrition therapy; intensive care unit; intermediate care unit;
critically ill patients

1. Introduction

The critical importance, complexity, and challenge of clinical nutrition for critically ill patients is
best understood when recapitulating the evolution of this complex patient group and, consequently,
the proposed guidelines and clinical practice strategies during the last decades, as follows:
(1) Adult critically ill patients present as a heterogeneous group with regard to diagnosis, severity
of illness, and the number of (pre-)existing comorbidities. (2) Critically ill patients are treated not
only on intensive care units (ICU), but increasingly in smooth transition on so-called step-down or
intermediate care units (IMC-U) depending on the severity of illness, the available facilities, and hospital
internal regulations. Still, these patients should not be systematically divided into separate categories.
From a metabolic point of view, all patients requiring intensive or intermediate care suffer from a relevant
catabolic stress response, which parallels the severity of injury or illness. From an institutional point
of view, IMC-Us are relatively new facilities treating patients who require less care than standard
intensive care, but more than that which is available from ward care [1]. Taking these two points into
account, an overlap of IMC-U and ICU treatment is owed to the organization and available facilities
of each individual hospital, as follows: Patients with the same severity of illness may be treated in
one hospital on the ICU and in another hospital on the IMC-U. Since IMC-Us are an emerging type of
treatment facility, IMC-U specific randomized clinical trials (RCTs) and guidelines are still missing
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and should be a field of future research. Therefore, patients in both of these groups are considered to
be critically ill patients throughout this review article as their nutritional needs, first and foremost,
parallel the course of illness and are not defined by the treating facility per se. (3) The ICU population
suffers from a high prevalence of malnutrition when admitted to hospital (up to 60%) and during
the intensive care treatment phase [2–5]. (4) The diagnosis of malnutrition and the assessment of
nutritional needs are complex and ask for systematic re-evaluation and adaptation. (5) Some study data
from recent years have highlighted the association between protein and caloric deficiency and higher
morbidity and mortality rates [2,6–9]. These findings have introduced the conversion from “nutritional
support” as an adjunctive care to “nutrition therapy”, which not only covers micro- and macronutrient
needs, but also intends to blunt the metabolic response, cellular injury, and immunological alteration.
However, several further studies showed no clinical benefit [10–13] for higher protein and calorie
administration in the ICU or reported harmful results, such as increased adjusted mortality at 6 months
for mechanically ventilated patients [10] and less gastrointestinal tolerance in patients with acute
lung injury [13]. Additionally, the idea of pharmaco-nutrition was abandoned after several neutral
and one lethal trial [14–16]. On these grounds, the current European Society for Clinical Nutrition
and Metabolism (ESPEN) guideline defines the term “medical nutrition therapy” (MNT), which
encompasses oral nutritional supplements, enteral, and parenteral nutrition. Furthermore, ESPEN
underlines the need for well conducted trials on optimal protein intake since currently available studies
are not comparable in terms of patient selection and calorie and protein intake, as well as timing and
route of administration. Yet, ESPEN evokes the possibility that it is possible that, similar to caloric
targets, optimal protein targets change over time in the ICU and that a high protein intake is only
beneficial if not associated with overfeeding [17]. However, so far this hypothesis is not yet confirmed
by RCTs.

To date, nutritional practices are widely diverse [18] and many studies, reviews, and guidelines
address only one or some of the relevant aspects of MNT [7,17,19–47]. The ESPEN guidelines [17]
and those of the American Society on Parenteral and Enteral Nutrition (ASPEN) [27], as well as
the Canadian Critical Care Practice Guidelines (CCPG) [48], are among the most regularly updated
evidence-based guidelines. All three underline the relevance of the points stated above and the need
for further carefully planned randomized trials. The present review aims to address current knowledge
and guidelines in order to summarize how they can best be implemented into daily clinical practice.
We specified the different guidelines’ recommendation grades. The ESPEN guidelines use standard
operation procedure (grade A, B, 0, or good practice point (GPP)) [49] and the ASPEN guidelines grade
the study evidence level, from high to very low for RCTs and low to very low for observational studies;
the good practice statement is ungraded [50].

2. Screening

A high prevalence of malnutrition is observed at ICU admission [5], with a further energy and
protein deficit (50% and 60%, respectively) occurring during ICU stay [51,52]. Indeed, an international
multicenter observational study revealed an association between the increase of energy and protein
intake and the decrease of mortality in patients with a body mass index (BMI) <25 or >35 kg/m2 [6].
The same research group failed to validate this concept in the TOP-UP trial [53]. More generally,
no nutritional intervention reduced mortality in critically ill patients, except withholding early
glutamine in patients with multiorgan failure [14].

On the other hand, some recent RCTs investigating the timing of initiation as well as the quantity
and the route of MNT showed contradictory results [7,54–57]. Waiting for more conclusive studies,
actual guidelines suggest that all critically ill patients should be routinely screened with the aim of
preventing malnutrition [17,27].

Many different screening tools to identify the malnutrition risk are available. Some scores are
widely used, such as (1) the Nutrition Risk Screening (NRS) 2002 [58], focusing on nutritional state,
illness severity, and age; (2) the Nutrition Risk in the Critically Ill (NUTRIC) score [59], including a
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severity score, comorbidities, and the number of hospital days; (3) the Subjective Global Assessment
(SGA), combining historical data and a clinical examination [60]; and (4) the Mini-Nutrition Assessment
(MNA) [61], which is specific for the elderly population. Despite the large number of existing scores,
none has been validated for the critically ill thus far [62] and none have been able to identify patients
who improve with enhanced feeding.

Laboratory data, such as albumin and pre-albumin, are frequently used as markers of nutritional
status, but cannot be clearly interpreted during critical illness, as low albumin and prealbumin levels
occur as a response to increased inflammation [63].

Weight changes are also difficult to interpret considering the relevant amounts of fluid
administration and depletion during the ICU and IMC-U stay. Thus, weight loss does not reflect loss
of lean body mass. Nevertheless, this aspect is an important issue for the detection of malnutrition, as
the loss of lean body mass has been associated with longer hospitalization and reduced quality of life
and functional abilities [60]. Some methods, such as ultrasound [64] or computerized tomography
(CT) scan [65], are promising tools that can help to determine the extent of lean body mass loss.
However, these methods still need to be validated in clinical practice. Moreover, the way in which they
influence therapy is not yet clear. Bioelectrical impedance to assess body composition and lean body
mass may be useful, but its interpretation is complicated by important fluid changes that occur in the
critically ill [66].

Concerning these screening tools, ASPEN [27] and ESPEN [17] have taken different positions.
While the current ASPEN guidelines recommend using either the NRS 2002 or the NUTRIC-Score
for nutritional risk determination [27], the new ESPEN guidelines propose a more general clinical
assessment including anamnesis, evaluation of muscle mass and strength, unintentional weight loss,
and body composition (GPP). Furthermore, all critically ill patients with a length of stay of more than
48 h should be considered at risk for malnutrition (GPP) [17].

3. Assessment of Medical Nutrition Therapy

3.1. Energy Needs

It is extremely challenging to assess energy requirements of the critically ill, as the requirements
depend on many factors and may be dynamic over time [67].

Initially, critical illness provokes an acute early phase [17] characterized by a major metabolic
instability with hypermetabolism, insulin resistance, glycemia perturbation, and increased catabolism
with the production of endogenous substrates [68]. This is followed by an acute late period with a
certain degree of stabilization but persistent catabolism. Finally, when the inflammatory state and
critical conditions decrease, the late phase or chronic phase sets in, with the beginning of anabolism
and rehabilitation [43]. Moreover, energy expenditure (EE) is also modulated by many other conditions
such as underlying illness, inflammatory state, medications, body composition, and nutritional status
prior to admission [67].

While predictive formulas to estimate EE are widely used for MNT, many studies have shown
them to be inaccurate and imprecise [69–72]. Up to now, no predictive equation has been validated for
the critically ill [17,27]. If predictive formulas are used, hypocaloric MNT (<70% of the estimated EE)
should be preferred over isocaloric nutrition during the first week of the ICU and IMC-U stay in order
to avoid overnutrition [17].

For some time, the ESPEN guidelines have recommended the use of indirect calorimetry (IC) to
determine EE as the best standard practice [73,74]. This attitude is reiterated in the current ASPEN
(grade very low) and ESPEN guidelines (grade B) [17,27]. Furthermore, the ESPEN guidelines suggest
that if IC is used, an isocaloric nutrition can be progressively implemented after the early phase
of acute illness (grade 0). However, during the early phase of acute illness, hypocaloric nutrition
(not exceeding 70% of EE) should be administered (grade B). Still, the exact way to use IC measurements
to guide MNT needs to be validated by further studies.
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The IC measurement is based on O2 and CO2 concentrations as well as the volume of expired
gas/minute [67]. The EE is then calculated directly by the calorimeter according to the Weir’s
equation [75]. This measurement can be performed either in mechanically ventilated or spontaneously
breathing patients. Measurements are influenced by several factors such as medications, stress, body
temperature, mechanical ventilation, agitation, etc. [76,77]. The currently available IC devices are
expensive, time consuming, and not always accurate; thus, IC measurements cannot be performed
regularly. The International Multicentric Study Group for Indirect Calorimetry (ICALIC) recently
developed a new IC aimed at meeting clinical needs [67].

The ICALIC study group suggests IC measurements on day 3 to 4 after admission [67], which should
be repeated as soon as clinical conditions change. They suggest adapting energy targets to the result of
the last IC measurement with the aim of optimizing nutritional management [67].

If IC is not available, energy expenditure calculated from the carbon dioxide production (VCO2)
extracted from the ventilator or oxygen consumption (VO2) from pulmonary arterial catheter are
recommended by the new ESPEN guidelines [17]. However, these methods were not shown to be
accurate compared to IC measurements [78–80] and can only be obtained with invasive monitoring.

3.2. Protein Needs

Although the coverage of energy needs is an area that has been studied for several years,
the importance of the protein needs has only recently become a subject of focus. Indeed, critical illness
causes protein catabolism resulting in important muscle loss, which influences a patient’s survival and
clinical outcome [81]. Current recommendations on protein intake for critically ill patients are based
mainly on observational data and only a few RCTs having different designs. Thus, it is difficult to
draw definitive conclusions.

Various recent observational studies have focused on the association between protein intake
and patients’ clinical outcomes, suggesting an association between mortality reduction and protein
intake [82–84]. For instance, decreased mortality has been related to protein intake ≥1.2 g/kg/day in
non-septic and non-overfeed critically ill patients [84] by achieving ≥80% of the prescribed protein
intake [82] and to a protein intake of >1 g/kg/day [83].

Conversely, recent RCTs on protein needs have shown contradictory results and up-to-date no
mortality benefit with higher amino acid intake could be shown by RCTs. In the Ferrie study (n = 120),
the administration of 1.2 g/kg parenteral amino acids (AA) compared to 0.8 g/kg was associated with
attenuated muscle wasting, less fatigue, and better nitrogen balance, but no difference in mortality or
length of stay was observed [85].

The Nephro-Protective trial (n = 474), with higher AA administration in the intervention group,
did not affect the duration of renal dysfunction but only showed an improved estimated glomerular
filtration rate (eGFR) and daily urinary output. Furthermore, serum urea was significantly higher,
with a trend toward increased renal replacement therapy (RTT) in patients receiving AA therapy,
which was not present after controlling for baseline imbalance in terms of renal failure at the time of
study enrollment [86].

Other recent RCTs, such as the EAT-ICU (n = 203) and the TOP-UP trial (n = 125) on protein
needs, have confirmed no differences on clinical outcomes including mortality, hospital stay, days
of ventilation, nosocomial infections, or organ failure rates [53,56]. However, the EAT-ICU trial also
showed a prolonged ICU length of stay (post-hoc analysis) as well as a trend to increased plasma urea
levels in the Early Goal-directed Nutrition group [56].

The EPaNIC trial (n= 4640) showed that early initiation of parenteral nutrition (PN) was associated
with a longer course of RTT and a longer ICU stay. Similar functional status was observed in the
early and late PN group [54]. A prospectively planned subanalysis of the EPaNIC trial found an
increased incidence of ICU-acquired muscle weakness with slower recovery in the early-PN group [87].
Apart from this, in another post hoc analysis of the EPaNIC trial, delayed recovery was also attributed
to the early administration of amino acids by PN [88].
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The results of the recent RCTs underline the urgent need for further studies to provide answers to
questions still outstanding, such as the right amount of protein to administer and the best timing.

Based on the available results and without the possibility to assess individual protein needs
during a protein-loss phase, ESPEN guidelines [17] suggest a progressive provision of 1.3 g/kg/day of
protein equivalent during critical illness (grade 0). In contrast, the ASPEN guidelines [27] propose a
protein intake of 1.2–2.0 g/kg/day (grade very low).

Exercise in combination with achieving protein targets has also been suggested to maximally
maintain muscle mass [17,89,90].

4. Practical Implementation

4.1. Special Risk Groups

A few distinct patient subgroups, consisting of critically ill surgical and medical patients at
particular risk for malnutrition, are defined and discussed below.

4.1.1. Obese and Bariatric Patients

One steadily growing sub-population consists of patients who are already metabolically challenged
(i.e., diabetic, severely obese, and post-bariatric/obese surgery patients) [91].

As the number of bariatric operations increases, one must keep in mind that approximately 30%
of bariatric patients develop nutritional complications [91]. Furthermore, the proportion of obese
critically ill patients is growing parallel to the increasing prevalence in the general population [92].
The ASPEN guidelines suggest to additionally focus the nutritional assessment of these patients on
biomarkers of metabolic syndrome, evaluation of comorbidities, and the level of inflammation [27].

In order to estimate patient nutritional needs, resting EE is best assessed by IC [20]. If not
available, energy intake can be guided by adjusted body weight (BW) and protein delivery by urinary
nitrogen losses or lean body mass determination (using CT or other tools), according to the ESPEN
guidelines [17].

Several existing predictive scores, such as the Mifflin-St Jeor (MSJ) and the Harris–Benedict
equations [93,94], can be applied if IC is not available in the case of complicated bariatric patients [20,94].
However, it is important to consider that these scores are not specifically validated for post-bariatric
patients and IC is recommended in the first place [17].

The ESPEN guidelines recommend an isocaloric high protein diet including a protein intake
of 1.3 g/kg adjusted BW/day (GPP) [17]. On the other hand, the ASPEN guidelines [27] suggest
a hypocaloric high-protein feeding protocol, with 65%–70% of measured energy requirements
using IC or weight-based equations (calories: BMI 30–50 kg/m2 = 11–14 kcal/kg actual BW/day,
BMI > 50 kg/m2 = 22–25 kcal/kg ideal BW/day; protein: BMI 30–40 kg/m2 = 2 g/kg ideal BW/day,
BMI ≥ 40 kg/m2 = 2.5/kg ideal BW/day), for all classes of obesity.

In order to avoid micronutrient (iron, calcium, vitamin D, vitamin B12, folate) deficiency after
bariatric surgery, life-long multivitamin supplementation is necessary for post-bariatric patients.
Since many patients show malabsorption for iron, a documented deficiency is best supplemented
intravenously [91].

4.1.2. Geriatric Patients

Patients aged ≥65 years comprise a large portion of the critically ill population and often struggle
with nutritional intake and risk of malnutrition. In the ICU and IMC-U setting, additional acute illness
on top of an already frail state often leads to poor outcomes [95]. The assessment of the frailty score in
this subgroup might be a valuable addition to malnutrition screening [21].

A state of sarcopenia in acutely ill elderly patients is associated with increased short-term
mortality [22]. The course of elderly patients according to their nutritional status (BMI and
albumin levels) was evaluated and resulted in a higher prognostic value than their absolute age [23].
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However, a recent review emphasized the importance of additional parameters such as energy intake,
weight loss, and grip strength, whereas biochemical markers were susceptible to the underlying disease
process and were not always reliable [96].

Swallowing and chewing problems may be an important issue affecting oral intake in geriatric
patients. Therefore, smaller and more frequent meals completed by oral nutritional supplements (ONS)
are suggested [96]. Evaluation of swallowing, dental status, oral health, and potential drug side effects
that might impair oral feeding should be conducted systematically [95].

About 20% of older critically ill patients have sarcopenia before hospitalization [22,97] and
are subjected to various antianabolic and procatabolic factors during critical illness. An ESPEN
expert working group recommends 1.2–1.5 g protein/kg/day in elderly patients suffering or at risk for
malnutrition, since they have acute or chronic illness. Even higher protein intakes are recommended for
this patient population in case of severe illness or injury [98]. In a recent review of older ICU patients,
besides the provision of at least 1.2–1.5 g protein/kg usual BW/day, a combination including regular
and early ambulation (if possible) and/or physical therapy and follow-up rehabilitation are prudently
recommended to counteract muscle loss [97]. These recommendations are based on observational data
or studies in non-critically ill patients [99,100]. Therefore, this review acknowledges the need of further
research to consolidate the most efficacious in-unit and post-discharge nutrition and physical activity
strategies with well conducted clinical trials [97].

Vitamin D deficiency is common in the elderly and the critically ill and is associated with increased
mortality. According to the 2019 ESPEN guidelines, vitamin D can be supplemented (GPP) with a
single dose of 500,000 IU vitamin D3 within one week after admission (grade 0) in case of measured
low plasma levels (25-hydroxy vitamin D <12.5 ng/mL, or <50 nmol/L) [17].

4.1.3. Other Risk Groups

With the development of advanced medicine, the new patient group of so-called chronic critically
ill patients has emerged and is often treated in the step-down unit. A recent review provides a thorough
discussion of the nutritional approach for these patients [101]. The ASPEN guidelines, based on
expert consensus, define chronic critically ill patients as having persistent organ dysfunction requiring
ICU treatment >21 days and suggest management with aggressive high-protein EN therapy and,
when feasible, use of a resistance exercise program [27].

Patients with renal failure can be placed on a standard enteral formula following the recent
ICU recommendations for protein administration [17,27]. According to the ASPEN guidelines,
a special formula might be indicated in case of significant electrolyte or volume abnormalities. Renal
replacement therapy may require increased protein support (≤2.5 g/kg/day) (grade very low) and
adapted micronutrient support [17,27]. Importantly, protein support should not be restricted in order
to avoid or delay initiation of dialysis therapy [27].

The ESPEN Society provides separate nutritional management recommendations for severe burn
patients [102] and for patients with acute or chronic liver failure [103].

Patients with alcohol abuse are particularly at risk for thiamine deficiency, as are patients with
severe sepsis, congestive heart failure, or burn injuries [104]. Recommended daily doses for alcoholic
patients are substantially higher than for non-alcoholic patients, reaching up to 500 mg thiamine three
times daily [105]. Another review underlines the importance of additive therapies such as correction
of electrolyte disturbances and malnourishment [106].

4.2. International Guidelines on Nutrition in Critically Ill Patients

In this review on most recent practices to provide adequate nutrition in the critically ill,
we concentrated on three widely used and regularly updated international guidelines issued by
the Canadian Critical Care Society/Canadian Critical Care Trials Group (CCCS/CCCTG) [48] in 2015,
by ASPEN [27] in 2016, and, most recently, by ESPEN [17]. These three guidelines discuss main and
subtopics of critical care nutrition in which most recommendations are based on expert consensus
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(Table S1). As such, ESPEN guidelines include the most recent studies and meta-analyses from robust
RCTs. Moreover, recommendations have been well separated into grade A, B, level 0, or GPP,
according to the strength of the evidence [107]. The ASPEN guidelines include the largest number of
recommendations, whereas certain aspects of the guidelines are not exclusively covered by the European
and Canadian societies (ESPEN; CCCS/CCTG) (e.g., non-intubated patients (ESPEN), ornithine
ketoglutarate in burn patients or specific mentioning of vitamin C supplementation (CCCS/CCTG),
or recommendation on insulin administration (ESPEN; CCCS/CCTG). Many recommendations in
the ASPEN guidelines target a certain group of critically ill, whereas the ESPEN and CCCS/CCCTG
guidelines address the critically ill in general (e.g., vitamin D supplementation). Notably, ASPEN
proposes a higher number of recommendations for subgroups of critically ill patients by labelling with
a grade of expert consensus due to the lack of solid evidence. Moreover, the concept of ALI (acute lung
injury), not part of the 2013 Berlin definition of acute respiratory distress syndrome (ARDS), is not
mentioned in the ESPEN guidelines [28]. ASPEN and ESPEN offer recommendations for frequent
diseases seen in critical care, such as sepsis and acute pancreatitis and statements for trauma and burn
patients. In addition, the American society includes a chapter on end-of-life care.

4.3. Medical Nutrition Therapy: EN, PN, ONS, and Combinations

Routes, quantity, and timing of nutritional delivery have been widely discussed over recent
decades. With the increasing administration of parenteral nutrition (PN) to the critically ill, some
studies have shown more infectious complications in comparison to enteral nutrition (EN) [29,30].
Enteral feeding was subsequently used in first line with an important reduction in the use of PN [108].
However, achieving energy and protein targets with EN alone is difficult during the ICU and IMC-U
stay and may result in undernutrition in most patients [31,32]. Recent RCTs have shown no increase in
the rate of complications independent of the chosen route of nutrition [57,109]. Avoiding under- or
overnutrition is more important than the feeding route [108].

The SPN study (n = 305) showed that the use of supplemental parenteral nutrition (SPN) (when
EN was insufficient to match the energy targets at day 4 after ICU admission) could reduce nosocomial
infections after the end of the intervention and until the end of the observation period (days 9 to 28),
as well as antibiotic use during the ICU stay [7]. However, no impact on infections was shown
when counting the infection rate from the randomization day onward. The TICACOS pilot study
(n = 130) [55] showed, based on prospective intention to treat analysis of the data, that IC-guided
nutrition therapy provoked an increase in complications with more infections, longer duration of
ventilation, and prolonged ICU stays. A per protocol analysis, on the contrary, suggested a short-lived
survival benefit [55].

Some other studies (e.g., EAT-ICU (n = 203) [56], TARGET (n = 3957) [11], EDEN (n = 1000) [13])
showed no difference between the early versus standard initiation groups in primary clinical outcomes,
but secondary outcomes revealed hyperglycemia [13,56] and decreased gastric tolerance [11,13] in the
early nutrition intervention group. The PermiT trial (n = 894) group studied permissive underfeeding
(40–60% of calculated caloric requirements) compared to standard enteral feeding (70–100%) with
similar protein intake. The results showed no difference in 90-day mortality and no differences in other
significant outcomes between the groups [12]. The results of the EPaNIC trial (n = 4640) revealed no
difference in 90-day mortality but an increased complication rate with early initiation of parenteral
support (i.e., infections, longer mechanical ventilation, and length of stay) [54].

The divergence of results may be related to the heterogeneous patient population and highly
variable study designs with differences such as the amount of calories administered, the timing of EN
or PN initiation, and the use of IC or predictive formulas.

Considering these contradictory findings, expert guidelines agree on the following indications for
MNT [17,27]: (1) Oral nutrition should be preferred over EN or PN in patients able to eat voluntarily
(GPP). (2) If needed, oral nutritional supplements (ONS) can be given with the aim to achieve energy
and protein needs [34]. (3) Early EN (within 48 h) is suggested for all patients with a functional
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digestive tract who cannot eat voluntarily (grade B). Enteral feeding can be performed progressively
after the early phase of the critical illness and, after 3 days, caloric delivery can be increased up to
80–100% of the measured EE (grade 0). (4) In patients who do not tolerate full EN during the first week,
initiation of SPN should be considered on a case-by-case basis and should only be started after all
strategies to maximize EN tolerance have been attempted (GPP). (5) In case of impossible oral feeding
and EN contraindications, PN must also be started progressively during the first week of the ICU stay.

The timing of PN initiation is a highly debated topic. ESPEN experts propose an early
implementation of PN within 3–7 days in case of contraindications to oral feeding or EN (grade B).
SPN should be considered for patients who do not tolerate full-dose EN during the first week of ICU
or IMC-U stay (GPP). In contrast, the ASPEN guidelines recommend SPN in case of insufficient early
EN (<60% of energy and protein requirements) only after 7–10 days. Further, the ESICM guidelines
extensively discuss clinical states and medications that warrant delayed EN initiation [17,27,110].

4.4. Adaptation/Reassessment and Monitoring

Monitoring is an essential part of nutritional management and is central to achieving high-quality
nutritional care. The quantity of prescribed and received nutrition in terms of volume, energy,
and protein must be assessed including non-nutritional calories (e.g., Propofol®, citrate) [35] in order
to avoid under- or overfeeding. Gastric tolerance must be monitored, including clinical abdominal
examination and evaluation of stools, gastric residual volume, or vomit [111]. Laboratory monitoring
of glycemia, electrolytes, liver parameters, and triglycerides is necessary to assess MNT tolerance [35];
prealbumin can be helpful to assess the efficacy of the MNT [36].

4.5. Role of the Intensive Care Unit Dietician

Even if nutritional guidelines and local protocols have been shown to be helpful in standardizing
and improving the quality of MNT in ICUs [37,38], physicians and nurses have reported a lack of
knowledge, training, and time in nutrition management [39,40]. Dieticians, specialized in ICU nutrition,
can provide valuable help concerning nutrition management for the ICU teams. It was suggested
that the presence of dieticians in the ICU team was helpful to achieve the desired daily energy and
protein targets during the ICU stay [39]. Their role should also include detection of too early aggressive
nutrition support with the aim to prevent refeeding and overfeeding. To increase the quality of the care,
we recommend working in a multidisciplinary team including intensivists, ICU nutritional specialists,
dieticians, nurses, physiotherapists, and others if necessary. In addition, regular adaptation of local
protocols to the current guidelines and facilitating protocol adherence is necessary [41]. These efforts
should be extended to patients on the IMC-U.

4.6. Continuation of Medical Nutrition Therapy After Transfer or Discharge to Home

MNT is not only important during ICU/IMC-U stay, it is an essential part of both the
post-ICU/IMC-U recovery phase and after hospital discharge [43]. While advances in medicine
and improvements in the quality of care have reduced ICU mortality in recent years, the number
of post-critically ill patients in rehabilitation has consequently increased [112]. Low oral intake
(e.g., only 700 kcal/day for one week after extubation) has been reported to be an amount insufficient
to cover the energy needs of 97% of patients [42,76]. In this context, most critically ill patients would
need continuous medium-length or long-term MNT (ONS, EN, PN, and SPN) coupled with exercise
for rehabilitation. MNT can also be continued at home after hospital discharge. However, it is also
important to consider the physical and mental abilities of patients and their relatives, in addition to the
patient’s living conditions, with the aim of achieving a supportive environment [44]. Educating the
patient and his/her close relatives should be proposed to achieve the highest level of independence
possible [44]. Follow up involving a multidisciplinary nutrition team helps to increase the quality of
care, facilitating the adaptation of the therapy and the support in case of possible complications [44].
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5. Complications

5.1. Over- and Underfeeding

Over- and underfeeding frequently occur in critical care patients as nutritional substrates, whether
given parenterally or enterally, do not have the same metabolic consequences in the critically ill.
While overfeeding occurs more often with PN, underfeeding is more common in enterally fed patients.
Patients most at risk for energy excess or nutritional deficits are those with low caloric targets (e.g., due to
small body size, non-nutritional energy (e.g., Propofol® for sedation) or geriatric patients) [113].

Overfeeding is defined as the administration of excess energy in relation to the body’s need
to maintain metabolic homeostasis when exceeding >110% of the EE [17] and can lead to a
multitude of complications and increased mortality. Depending on the macro-nutrients delivered in
excess, these complications include hypercapnia, refeeding syndrome (RFS) and liver disturbances,
hyperglycemia and hypertriglyceridemia, as well as azotemia, hypertonic dehydration, and metabolic
acidosis [114]. Therefore, higher protein amounts (1.3 g/kg/day) can be delivered progressively as long
as these amounts are not associated with overfeeding (grade 0) [17].

The lower limit of optimal energy supplementation to the critically ill is not yet clearly defined
and may vary depending on the underlying disease and nutritional status of the patient. Underfeeding
(<70% of the defined target) [17] often occurs during EN due to feeding intolerance, airway management,
or disruption of feeding due to elective procedures [115].

5.2. Refeeding Syndrome

RFS is recognized as a life-threatening cause-independent complication in severely malnourished
patients. These patients may show severe adverse reactions involving the cardiac, respiratory,
hematological, hepatic, and neuromuscular systems when refed too rapidly, especially with
carbohydrates [46]. The difficulty to precisely define RFS limits screening and estimated numbers of
unreported cases are presumably high. Therefore, assessing the risk of RFS before starting MNT in
high-risk patients [46,47], including those with anorexia nervosa, chronic alcoholics, elderly patients
with multiple comorbidities, patients with signs of chronic malnutrition (e.g., marasmus, severe
inflammatory bowel disease, short bowel syndrome), the morbidly obese, and patients receiving PN,
has been suggested [47]. Furthermore, an algorithm for RFS management has been proposed, including
an initial risk assessment and recommendations for electrolyte and fluid repletion [116,117]. However,
a more recent retrospective study [118] in critically ill patients with prolonged ventilation found no
baseline characteristics predicting RFS. Patients developing RFS had a reduced 6-month mortality risk
when receiving low caloric intake. These results confirm those of a previous trial proposing a caloric
restriction in the context of RFS [119] as follows: (1) Reduced energy intake of 20 kcal/h for at least
2 days, (2) if serum phosphate concentrations did not need to be supplemented, as determined per
protocol (as described in the Appendix S3 of [119]), energy intake should be returned to normal during
2–3 days, (3) a gradual return to 40 kcal/h for 24 h, then increased goals to 60 kcal/h for 24 h, followed
by 80% of calculated energy goals for another 24 h, with 100% of goals achieved by day 4 [119].

According to the National Institute for Health and Care Excellence (NICE) guidelines, patients
at risk should be nourished with regular control of electrolytes as follows: (1) Feeding starting at
10 kcal/kg/day, (2) increasing to full need over≥4 days, and (3) supplementation of thiamine (vitamin B1,
200–300 mg/day) for the first 10 days [47,120].

5.3. Parenteral Nutrition

Complications attributed to the use of PN include mechanical complications with catheter
obstruction, catheter infections, venous thrombosis, or pneumothorax [121]. Short-term metabolic
complications can occur as well as fluid imbalance (overload or dehydration), electrolyte disturbances,
glycemic abnormalities, and dyslipidemia [122]. These complications can be avoided by systematic and
precise monitoring [122]. Major long-term metabolic complications include metabolic bone diseases
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and hepatobiliary disorders. It was shown that the frequency of osteoporosis and osteomalacia
increases in patients with long-term PN [123]. In addition, intestinal failure-associated liver disease
can occur during parenteral feeding, and cholestasis and hepatic steatosis in those with long-term PN.
Hepatobiliary disorders have been attributed to overfeeding during PN [121,124].

Some recent studies suggest that, if provided in isocaloric doses, PN and EN result in similar
clinical outcomes [7,57,109]. Therefore, PN is not in opposition to EN but can be used as an additional
therapy as soon as a close monitoring of the MNT is assured [39,108]. However, PN should not be
started before all strategies to maximize EN tolerance have been attempted (GPP) [17].

5.4. Enteral Nutrition

Two large randomized trials specifically designed to investigate the feeding route in critically
ill patients [57,109] found more episodes of both hypoglycemia and vomiting with EN compared
to PN. Furthermore, the NUTRIREA-2 trial assessing severely ill ICU patients under mechanical
ventilation and on vasopressors detected a pronounced difficulty to reach protein and calorie targets
and an increased risk for gastrointestinal complications (e.g., diarrhea, bowel ischemia, acute colonic
pseudo-obstruction) with early EN [57].

Enteral Nutrition and Dysphagia: Risk of Aspiration, Swallowing Screening

Dysphagia occurs in 50–70% of the critically ill [125]. Risk factors include older age, congestive
heart failure, sepsis, perioperative stroke, non-coronary bypass surgical procedures, transesophageal
echocardiography, and previous stroke [125]. Patients suffering from dysphagia are at major risk for
aspiration. Several high-quality swallowing tests (e.g., DePippo, Horner, Kidd) developed to thoroughly
assess aspiration risk have been summarized in a recent review [126] in which the authors report the
swallowing screening published by Daniels et al. in 1998 to be the most convenient. This assessment
is also applicable for intubated patients for a certain period of time. Moreover, it is considered by
non-speech therapists (i.e., nurses specialized in intensive care) to be the most suitable assessment.

In case of aspiration risk, feeding tubes are used to nourish the patient. Tube selection depends on
the expected duration of feeding. Furthermore, the selection of a large bore tube (≥14 French) ensures
gastric suctioning and decompression in case of gastroparesis and paralytic ileus, which are usually
present during the early postoperative period.

The measurement of gastric residual volume (GRV) for the assessment of gastrointestinal function
is commonly used and may help to detect intolerance to EN during initiation and progression of EN,
especially in patients who underwent abdominal procedures or major surgery. However, monitoring
of GRV in case of established EN may not be necessary. The ESPEN guidelines suggest that EN
should be delayed when GRV is >500 mL/6 h, and prokinetic treatment should be considered if acute
abdominal complications are excluded [17]. ASPEN and the Surviving Sepsis Initiative support the
use of prokinetics (e.g., metoclopramide (three times 10 mg/day) and erythromycin (3–7 mg/kg/day))
in the case of feeding intolerance [27,127].

6. Financial Aspects

Disease-related malnutrition has relevant consequences on patient outcome, especially in the most
severely ill patients treated on ICUs and IMC-Us. However, for several reasons it remains difficult
to demonstrate the economic benefit related to improved outcome rooted in MNT. The comparison
of different clinical practices in hospitals and countries, variable costs for hospital staff and MNT
products, and heterogeneous accounting systems complicate any reliable comparison of cost and
benefit. Furthermore, the acquisition of nationwide and international data is limited and explains why
study data are scarce [128] and why cost-economic analyses show discrepancies in this important field
of interest.

Relevant data for the critically ill exist concerning the potentially cost-saving introduction of the
pre-mixed multi-chamber bag compared to compound PN. In a real-world analysis of PN use, potential
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savings of up to $1545 USD per patient using a multi-chamber bag could be achieved according to US
data from the Premier Perspective™ database [129]. Patients on PN also benefit from a nutritional care
team in order to assure adequate indication, application, and adaptation of PN, resulting in savings of
245,000 € EUR in one year per 100 treated patients in a Swiss university hospital [130]. A meta-analysis
involving six clinical trials evaluating early EN in the ICU setting found a statistically significant
reduction in mortality compared to standard timing of EN [131]. A cost-effectiveness analysis of these
data showed a $14,462 USD reduction in total costs per patient for acute hospital care of patients
receiving EN within 24 h after admission. These results were robust also when including sensitivity
analysis with European cost data [132].

The Swiss SPN study added PN on days 4–8, whenever >60% of the caloric needs where not
covered by EN on day 3. Based on the Swiss accounting system (Swiss DRG), a simulated calculation
revealed a risk reduction for infection of 10%, resulting in savings of 63,048 CHF per infection [7,133].
The cost-analysis of the EPaNIC trial showed increased expenses with early-PN, mainly due to
pharmacy-related costs and higher expenditures for PN and anti-infectious agents when compared
to late PN patients who only received PN when EN remained insufficient after the first week of ICU
treatment. Withholding early PN resulted in a net cost saving of 1210 Euro per patient [134].

The pronounced loss of lean body tissue, lack of mobilization, and increased protein energy
needs all lead to higher complication rates with increased morbidity and mortality in this most fragile
group of critically ill patients. Further studies, such as the recently published EFFORT study [135],
should describe the effect of MNT not only in terms of clinical benefit but also with regard to monetary
equivalent. Such data are of utmost interest to support and spread the relevance of MNT and
linked-care teams.

7. Conclusions

MNT in all categories of critically ill patients remains a challenge, not only because these patients
suffer from a pronounced stress response and are at higher risk for complications, but also due to
their heterogeneity and their different illness phases (acute, subacute, chronic critically ill; pre- or post-
resuscitation). Further studies are urgently needed to answer important questions such as the best
timing, route, dose, and composition of MNT for the critically ill and to determine how to assess and
to adapt to each patient’s individual needs.

Current guidelines, as presented and discussed in this review, integrate actual knowledge and best
clinical practice. Further steps would be to introduce them into (pre-existing) local feeding protocols.
A MNT team offers an important additional value to optimize both patient care and education of
hospital staff.
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Abstract: Indirect calorimetry (IC) is considered as the gold standard to determine energy expenditure,
by measuring pulmonary gas exchanges. It is a non-invasive technique that allows clinicians to
personalize the prescription of nutrition support to the metabolic needs and promote a better clinical
outcome. Recent technical developments allow accurate and easy IC measurements in spontaneously
breathing patients as well as in those on mechanical ventilation. The implementation of IC in
clinical routine should be promoted in order to optimize the cost–benefit balance of nutrition therapy.
This review aims at summarizing the latest innovations of IC as well as the clinical indications,
benefits, and limitations.
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1. Introduction

The accurate determination of patients’ energy needs is required to optimize nutritional support
and to reduce the deleterious effects of under- and over-feeding [1]. However nutritional requirements
may be difficult to predict, especially in patients with acute or chronic conditions where many factors
(e.g., stress, brain activity, endocrine profile, inflammation status, feeding state, drugs, etc.) affect their
resting energy expenditure (REE). REE represents the energy expended by the body during a 24 h
non-active period to maintain involuntary functions such as substrate turnover, respiration, cardiac
output, and body temperature regulation [2]. In healthy sedentary adult subjects REE constitutes
two-thirds of the total energy expenditure (TEE) which includes energy needed for nonobligatory
expenses such as physical activity and diet-induced thermogenesis. This assumption is probably not
entirely correct in sick patients where continuous nutrition, treatments and diseased-related stress
increase, or decrease REE: extreme variations among individuals can be observed within the same
day [3].

Indirect calorimetry (IC) is considered as the gold standard to measure REE, by measuring oxygen
consumption (VO2) and carbon dioxide production (VCO2). Apart from REE, other parameters can
be derived from IC, such as substrate (carbohydrates, fat, and protein) utilization. Indeed, the ratio
between VCO2 and VO2 ( VCO2

VO2
) defines the respiratory quotient (RQ) that corresponds to the substrate

use. The complete oxidation of glucose generates a RQ value of 1.0, while a RQ of 0.7 is indicative of a
mixed substrate oxidation [2].

Recent technical developments of indirect calorimeters allow accurate, non-invasive, and easy
IC measurements in spontaneously breathing patients as well as in those on mechanical ventilation.
Recent trials have shown IC allows clinicians to personalize the prescription of nutrition support to
the metabolic needs and to monitor the metabolic response to nutrition therapy promoting a better
clinical outcome in acutely ill patients [4–8]. These results have increased the interest for IC as a tool
for improving the routine nutritional evaluation and prescription.
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This review aims to summarize the latest innovations of IC as well as the clinical indications,
benefits, and limitations of the technique.

2. Indications

Equations predicting REE are relatively reliable in healthy subjects. Contrariwise, in case of disease
or trauma, REE is influenced by many factors with synergic or antagonist impact (Table 1) [1,2,9].
In these conditions, predictive equations are largely inaccurate [10]. As a consequence, IC is mainly
indicated in three different scenarios: (a) clinical conditions significantly modifying REE; (b) failure of a
nutrition support based on predicted energy needs to maintain or restore body weight; (c) acute critical
illness associated with large and dynamic changes of metabolic stress level [11]. The latter indication
requires special caution, as the IC results will reflect the patient’s instability: repeated IC studies
are required to observe the evolution of the metabolic response to hemodynamic instability, fever,
surgery, weaning from mechanical ventilation, etc. A single IC is rarely sufficient, thereby repeated
measurements every second or third day are needed in patients with rapid changes of their clinical
status [12–14].

Table 1. Factors influencing resting energy expenditure. Adapted from [1,2,9].

Effects on REE Factors

↑

• Burns
• Hyperventilation
• Hyperthermia
• Hyperthyroidism, pheochromocytoma
• Inflammation (interleukins,

interferons, tumor necrosis factors etc.)
• Metabolic acidosis

• Morbid obesity
• Overfeeding
• Physical agitation
• Sepsis
• Stress (epinephrine, cortisol,

glucagon etc.)

↓

• Coma/deep sleep
• General anesthesia
• Heavy sedation
• Hypothermia
• Hypothyroidism
• Hypoventilation

• Gluconeogenesis
• Metabolic alkalosis
• Paralysis
• Sarcopenia, cachexia
• Starvation/underfeeding/ketosis

Performing IC in clinical routine is recommended not only to set an optimal nutrition therapy,
but also to monitor the results of the nutritional interventions, in order to avoid complications of
inappropriate nutrition, i.e., of under- or over-feeding.

3. Practicalities

IC allows measuring REE in both mechanically ventilated and spontaneously breathing patients
(Figure 1). In mechanically ventilated patients, the respiratory gas sampling is acquired by the circuit
connecting the endotracheal tube to the ventilator and measured by ‘breath-by-breath’ or mixing
chamber analyses. In spontaneously breathing subjects, a ventilated canopy hood or a fitted face-mask
is used to collect inspired and expired gas. In canopy system the patient’s head is surrounded by a
clear rigid hood and a pump pulls air through the canopy at a constant rate. In both ventilator and
canopy mode, respiratory gases are analyzed by the indirect calorimeter and used to calculate REE
through Weir’s equation [1]. As will be detailed below, acutely and chronically ill patients at high risk
of malnutrition are the ones who benefit most from IC.
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Figure 1. Indirect calorimetry on mechanically ventilated patient (A) and on spontaneous breathing
patient in canopy mode (B). In mechanical ventilation the gas sampling is acquired by the circuit
connecting the endotracheal tube to the ventilator and measured by ‘breath-by-breath’ or mixing
chamber analyses. In spontaneous breathing mode, the subject is placed under a clear canopy with a
plastic drape to avoid air leakage. Breath exchanges are collected by the calorimeter for gas analysis
and enable calculation of REE using Weir’s equation (REE (kcal/day) = [(VO2 × 3.941) + (VCO2 × 1.11)]
× 1440).

3.1. Acute Diseases

Metabolic responses to shock and injury were first described by Sir Cuthbertson [15]. According to
his investigations, there is a short ebb phase starting immediately after a traumatic shock and followed
by a flow phase of longer duration after 3 to 10 days (Figure 2) [16]. The ebb phase is characterized by
a decrease in metabolic rate, oxygen consumption, body temperature, and enzymatic activity. The flow
phase, on the contrary, is marked by an increased catabolism, with a high oxygen consumption and an
elevated REE rate.
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Figure 2. Metabolic response to injury proposed by Cuthbertson et al. A short ebb phase characterized
by hypometabolism occurs immediately after the injury and is characterized by a decrease in metabolic
rate, oxygen consumption, body temperature, and enzymatic activity. The ebb phase is followed by a
longer hypermetabolic flow phase marked by an increased catabolism, with a high oxygen consumption
and an elevated REE rate. Reused with permission from [16].

Recent studies have supported this pattern of longitudinal changes in REE in acutely ill
patients [17–19]. The degree of increase from normal REE may reflect the severity of the metabolic
response to the injury. However, the interaction between natural course of disease, individual
inflammatory and immune system response, and medical treatments make it difficult for the clinician
to evaluate caloric needs. For these reasons, IC is the only available tool enabling the individual
assessment of the patients’ energy needs, and to ensure precise nutritional interventions in acute
conditions such as post-surgery period, pancreatitis, kidney injury, and sepsis.

The post-operative period of uncomplicated surgery has been associated with a modest 7%
increase in energy metabolism as the effect of the surgical operation itself, that cannot be predicted
by static equations [20]. Non-septic patients with acute pancreatitis presented a hypermetabolic state
with a REE increase of 120 ± 11% compared to predicted [21]. Energy metabolism in patients with
renal failure has been studied as well. Acute kidney injury (AKI) has not been shown to affect REE,
but concomitant conditions, such as sepsis, mostly play role in the hypermetabolism found in these
patients [22,23]. The presence of hypermetabolism has also been associated with lower age and higher
vasoactive drug dose [24] and no predictive formula was able to correctly calculate energy needs in
AKI patients compared to IC [25]. Sepsis is characterized by a hyperdynamic cardiovascular response
against infection and has been reported to increase REE differently among patients with uncomplicated
sepsis, sepsis syndrome, and septic shock (mean REE +55 ± 14%, +24 ± 12%, and +2 ± 24%) [26]. A
higher REE in severe sepsis adult patients has also been associated with higher mortality [27], however
further studies should investigate the effect of specific individual factors on metabolic evolution during
sepsis and patient outcome.

Critical Illness

Critical illness is frequently associated with a hypermetabolic state related to the activation of
catabolic hormones and resulting in elevated REE compared to healthy subjects. However, iatrogenic
factors such as beta-blockers, analgesics, and sedatives may attenuate the response and even induce
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a hypometabolic state. Prolonged bed rest, atrophy of the metabolically active lean body mass, and
mechanical ventilation have also been reported to decrease REE [1]. In patients with multiple organ
failure, the loss of lean body mass is very rapid and resulted in 22% loss in 10 days [28] and no
predictive equation showed good agreement compared to REE measured by IC [29].

Trauma patients showed hypermetabolism even when heavily sedated or medically paralyzed,
however those with head injury on neuromuscular blockade or in a barbiturate coma showed reduced
REE compared to similar patients without these agents [30]. Brain trauma was found to increase REE
with high variability among different studies, ranging from 87% to 200% compared to predicted during
the first 30 days post-injury; surprisingly, in patients admitted with a brain death diagnosis, the value
ranged from 75% to 200% compared to predicted during the first 7 days [31].

Similarly, post-burn hypermetabolism was shown to increase REE as high as 100% above normal as
consequence of a strong catabolic response mediated by endogenous catecholamines and inflammatory
cytokines. Nevertheless, this hypermetabolic state is a direct effect of burn trauma, its persistence leads
to severe septic complications, multiple organ failure, and higher mortality [16]. Nutritional follow up
in burn patients shows a highly dynamic and variable REE up to 160 days after injury (Figure 3) [32].

Figure 3. Evolution of measured REE by IC (blue), Toronto predictive equation (dashed blue), delivered
energy (black), VO2 (red �), and VCO2 (purple ) in a young man weighing 99 kg upon admission
with major burns covering 85% body surface over 160 days. The REE variations were important over
time particularly during the early phase (weight gain due to fluid resuscitation was 36 kg by day 3), and
paralleled the loss of body weight, i.e., of lean body mass (−31 kg after 3 months, with slow recovery).
The REE value on day 1 corresponds to the Harris & Benedict prediction of basal EE. The figure also
shows the reasonable precision of the Toronto equation, and how difficult it is to feed to measured IC
value during the first 14 days. Adapted from [32].

The accurate determination of energy needs and the prevention of energy imbalance are essential
in critically ill patients to avoid the harmful consequences of inadequate feeding. Underfeeding
has been shown to increase hospital length of stay, infections, organ failure, to prolong mechanical
ventilation, and to increase mortality, while overfeeding has been associated with hyperglycemia,
hypertriglyceridemia, hepatic steatosis, azotemia, hypercapnia, and increased mortality [33]. In long
staying patients with dynamic clinical conditions, IC should be repeated to monitor their nutritional
requirements and avoid energy imbalance [34,35]. Optimal energy delivery targeting REE measured
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by IC seems to be significantly associated with reduced mortality, stressing the importance of this
technique to assess caloric needs in ICU patients (Figure 4) [17].

Figure 4. Association of delivered calories/resting energy expenditure (REE) percent by indirect
calorimetry (IC) with 60-day mortality in different models: the authors recalculated their original
2016 data to integrate the fact that energy delivery increased progressively during the initial 2–3 days,
reducing the mean value in stays <5 days. The lowest ICU mortality was observed when percent
of delivered calories by REE obtained by IC was 80% (excluding first two feeding days) and 75%
(with >10 evaluable nutrition days) (p < 0.05). On the contrary, increments of the ratio above that
point—specifically >110%—were associated with increasing mortality (p < 0.05). Reproduced with
permission (http://creativecommons.org/licenses/by/4.0/) [17].

The question which remains debated is the timing from which the measured REE should be
prescribed as energy goal. Considering the importance of the early endogenous energy production,
which is not suppressed by nutrition in the critically ill [36], feeding to measured value may result
in overfeeding (Figure 5) [1]. Moreover, during the early phase of disease, catecholamines and the
multiple treatments needed in these patients generate high instability and directly impact on measured
REE. Tappy et al. showed that, in young starved trauma patients, the endogenous glucose production
(EGP) was about 310 g/day (Figure 6), while the measured REE in these patients was 1830 kcal: feeding
to the mean measured REE would clearly result in early overfeeding [37]. The figure also shows
that endogenous glucose production continues in the sickest patients for many days even during
feeding [8] (Figure 6). Therefore, the crude REE value provided by IC requires a careful interpretation
to adequately prescribe exogenous energy supply.
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Figure 5. Conceptual representation of the relative overfeeding commonly resulting from early full
feeding during the first days of critical illness. During this phase, the endogenous glucose production
(EGP) is increased, covering up to two-thirds of total energy expenditure (TEE—solid black bold
line). Full feeding in this phase will results in overfeeding, as the EGP is not attenuated by energy
administration (different form healthy): exogenous feeding adds to the EGP resulting in an excessive
energy availability, superior to TEE. (Solid black bold line: TEE; grey bold line: adapted endogenous
energy production; dotted bold line: early energy administration; thin line: combined endogenous and
exogenous energy administration). Reproduced with permission from [1].

Figure 6. Evolution of the endogenous glucose production (EGP) over time in critically ill patients.
EGP was shown to be 310 g/day in 40 years old starved trauma patients at day 3 of ICU admission
(blue) [37] and then decreased to 180 and 111 g/day in older fed patients at day 4 and 9 respectively
(light blue) [8]. EGP has to be considered as source of energy in order to avoid overfeeding by extrinsic
energy during the first days of ICU stay. Data combined from [8,37].

There is also a debate regarding the optimal timing to cover the energy value determined by
IC and the capacity of the critically ill intestine to accommodate and absorb the delivered feeding.
Gastrointestinal intolerance is frequent in ICU patients and may preclude the achievement of the
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predefined calorie target due to the incapability of absorbing supplied nutrition [38]. The best feeding
route for each patient has to be assessed in order to limit the risk of stressing the intestine and
cumulative caloric deficit [39].

3.2. Chronic Diseases

Energy requirements may be even more difficult to predict in patients with chronic conditions
due to the large individual variations in REE. Both hyper- and hypo-metabolism have been shown in
chronic pathologies due to alterations in metabolism, lean body mass, organ function, and presence of
inflammation. The most common pathologies with important REE alterations are described below and
summarized in Table 2.

Table 2. Common chronic pathologies with effects on resting energy expenditure

Condition Effect on REE

Anorexia nervosa ↓ Low energy intake and reduced lean body mass

Cancer ↑
↓

Cancer growth and inflammation
Progressive reduction of lean body mass

Chronic kidney diseases ↑
↓

Metabolic acidosis and inflammation
Acute and chronic renal failure

Chronic obstructive pulmonary disease ↑ Increased respiratory efforts

Diabetes ↑ Increased metabolism

Obesity ↑
↓

Increased lean body mass
Sarcopenia

Neuromuscular degenerative diseases ↑
↓

Inflammation and endocrine disorders
Dysfunction of muscle tissue

Both hyper- and hypo-metabolism, with respectively increased or decreased REE, have been
observed in cancer patients. Several factors such as type, location, and size of tumor and presence of
liver metastasis may contribute to this variability [16]. Similarly some studies showed increased REE
in patients with chronic kidney disease, while others reported equal or even lower REE than those
of matched healthy controls [40,41]. Renal replacement therapy such as hemodialysis or peritoneal
dialysis also seem to affect REE, but results are contrasted [42,43]. Neurological diseases, such as
Alzheimer’s, Parkinson’s, Huntington’s, and amyotrophic lateral sclerosis significantly affect patients’
REE as consequence of motor, endocrine, and metabolic abnormalities [44]. Diabetes is known to
alter macronutrient metabolism, and increase the sympathetic activity leading to 5–10% augmentation
of REE. On the contrary, the administration of anti-diabetic treatments is associated with a REE
decrease [45]. Patients with chronic obstructive pulmonary disease feature an increased REE associated
together with the progression of the disease severity, but a decreased TEE mainly due to a reduction
of physical activity [46]. Both obesity and anorexia nervosa have been associated with altered REE
mainly due to the different pattern of body composition compared to normal weight subjects. Obese
patients showed significantly higher REE compared to non-obese patients; however, in most cases
this difference disappeared after adjusting for fat-free mass [47]. Underweight and anorectic patients
showed hypometabolic status with lower REE compared to predicted as a consequence of adaptation
to starvation, loss of fat, and fat-free mass [48]. Conducting IC together with body composition
measurement is useful to further optimize the nutrition prescription in these patients.

4. Benefits

The major benefit of performing IC in clinical practice is the prevention of both under- and
over-feeding among patients with different conditions, thanks to the precise assessment and control
of their energy needs. Inappropriate feeding has been associated with increased risk of infectious
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and non-infectious complications, length of hospitalization, more frequent readmission, and mortality,
especially in ICU patients. Patients at risk of malnutrition were also found to be more likely to go
to rehabilitation or nursing facilities rather than home after discharge [49]. In addition to negative
outcomes in hospitalized patients, malnutrition also represents an economic burden for hospitals and
the society [50]. In the ICU setting, supplemental parenteral nutrition (SPN) guided by IC has been
shown to allow personalized and optimal nutrition in patients intolerant to full enteral nutrition. A
reduction of nosocomial infections in the patients on SPN versus those on exclusive and insufficient
enteral nutrition has been reported [5]. In depth analysis has further shown that the provision of SPN
compared to exclusive enteral nutrition turned out to be a cost saving strategy [51,52]. Up to now,
only four studies based their nutritional intervention on measured REE by IC [53]. A meta-analysis of
available studies nevertheless shows that interventions guided by IC versus equations have significantly
better clinical outcomes [34]. Promoting a systematic use of IC to individually optimize nutrition
support among in- and out-patients, should result in meaningful clinical benefits and cost advantages.
A large-scale study providing the benefits related to the use of IC to guide the prescription of nutrition
support is needed.

5. Limitations

IC is the gold standard for measuring REE and for guiding nutrition support; however, several
factors may limit the accuracy and/or the feasibility of the measurement (Table 3). During mechanical
ventilation, air leakages in the respiratory circuit (particularly elevated in case of tracheostomy), high
positive end expiratory pressure (PEEP > 10), fraction of inspired oxygen (FiO2) > 80%, and presence of
other gases than O2, CO2, and N2 lead to unreliable results [1]. Thoracic drains are also a frequent cause
of leakage in cardiothoracic units. Factors causing instability—such as agitation, fever, sedatives, and
vasoactive adjustments during IC—limit the agreement between measured and real REE [54]. Likewise,
organ support therapies such as continuous renal replacement therapy (CRRT) affect the respiratory
pattern due to CO2 removal, therefore measured REE does not reflect patient’s real needs [54]. Similarly,
to calculate real REE on extracorporeal membrane oxygenation (ECMO) patients requires gas exchange
analysis by IC at both ventilator and ECMO sides [55,56].

Table 3. Factors limiting the reliability and feasibility of IC measurement.

Factors Limiting IC Measurement

• Agitation, fever, sedatives, and vasoactive adjustments during measurement

• Air leakages in respiratory circuit

• Dialysis or continuous renal replacement therapy

• ECMO

• Mechanical ventilation with PEEP > 10
• Mechanical ventilation with FiO2 > 80%
• Noninvasive ventilation
• Other gases than O2, CO2, and N2: helium

• Supplemental oxygen in spontaneous breathing patients

Moreover, not all subjects are good candidates to IC (i.e., spontaneous breathing patients who are
claustrophobic, nauseous, vomiting, or do not tolerate a face mask or being under a canopy cannot
undergo IC measurement). Patients who require supplemental oxygen or undergoing noninvasive
ventilation are also difficult to test due to limitations of software and techniques. Other restraints
for performing IC in clinical routine are related to the equipment and maintenance cost, poor health
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insurance reimbursement, lack of trained manpower, difficulties interpreting the results, and lack of
time to carry out the measurements [13].

6. Current Developments

Many indirect calorimeters are commercially available, but most of them are bulky, expensive
and poorly accurate compared to a reference device [57–60]. Some indirect calorimeters use the
‘breath-by-breath’ technology and generate rapid readings by measuring short intervals of gas samples,
but this method is error-prone due to the response time of gas analyzers and software. Others are
equipped with a mixing chamber and offer more stable measurements, because the gas is physically
‘averaged’ before being analyzed. However, the presence of the mixing chamber (3–5 L) results in a
large dimension device, which requires prolonged measurements (>20 min) to allow gas concentrations
stability. This limits the possibility of doing short-time reliable measurements [57–60].

In recent years, hand-held calorimeters such as the MedGem™ and BodyGem™ (Microlife,
Dunedin, FL, USA) have also been developed. While traditional indirect calorimeters measure VO2

and VCO2, the hand-held devices measure only VO2, while RQ is assumed to be 0.85. Advantages of
these devices are portability, low degree of technical expertise required, and low cost. However, they
cannot be used in ventilated patients, do not measure VCO2, and are not validated in hospitalized
patients [61].

Indeed, several comparison studies have been conducted both in adults and children comparing
standard metabolic carts to determine whether the MedGem™ device is accurate and reliable.
The hand-held calorimeter showed discrepant results compared to Deltatrac® in anorexia nervosa
patients and healthy controls [62], overestimating REE by 8–11% [63] and agreeing only about 45% of
the time in ambulatory adults [64]. MedGem® showed agreement only 21% of the time with Vmax
measures in outpatients with cirrhosis [65] and tended to overestimate REE in obese individuals [66].
Similarly, it was found inaccurate in children and adolescents with and without obesity, overestimating
REE by 7–10% [67,68] compared to other indirect calorimeters such as Parvomedics® and Deltatrac®,
and underestimating by 8% [69] compared to Vmax®.

An international multicentric study (ICALIC), supported by two academic societies (ESPEN and
ESICM), has recently led to the evaluation of a new generation calorimeter (Q-NRG®) developed
to overcome the issue of inaccuracy, high cost, and lack of time [1]. It is equipped with a micro
mixing chamber (2 mL) and features the technical characteristics required for measuring REE in
both mechanically ventilated and spontaneous breathing subjects. In vitro evaluation showed gas
analyzers’ accuracy within 2% difference against a mass spectrometer (MS) for the measurements of
predefined gas mixtures and within 5% in a mechanically ventilated setting at oxygen enrichment
up to 70% for measurements of simulated VO2 and VCO2 [70]. Q-NRG® also showed very good
accuracy and intra- and inter-unit precision in canopy mode both in vitro and in vivo compared to
MS in healthy volunteers [71]. Studies to evaluate the ergonomics of the Q-NRG® in the ICU and
hospitalized patients are ongoing within the frame of ICALIC study: they compare the currently
used calorimeters. In addition to accuracy and precision, the innovation and performances of this
new calorimeter are reactivity, portability, battery-powered, affordability, monthly gas calibration,
and warm-up free operations. Current innovations also led to the development of original devices to
facilitate the personal monitoring of REE. An example is the Breezing® device, a pocket-sized indirect
calorimeter that measures oxygen consumption and carbon dioxide production rate in breath with
a colorimetric technology. This device showed good agreement with the results from the Douglas
Bag method for VO2, VCO2, EE, and RQ in healthy subjects but no tests were performed in clinical
setting [72].
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7. Alternative Methods to IC

So far, predictive equations remain the most common REE estimation method. They allow a
rapid calculation of REE using anthropometric data (height, weight, sex, etc.) and have been validated
among different group of hospitalized patients, but none is optimal (Table 4). Most of these equations
have been developed in healthy subjects, resulting in large errors in case of critical illness and chronic
diseases, despite the use of the correction factors [73]. Other methods for assessing REE have been
explored and compared to IC in order to find a valid alternative.

Fick’s principle uses cardiac output data, hemoglobin concentration, and arterial and mixed
venous oxygen concentrations obtained from a pulmonary artery catheter to calculate REE. Comparison
with IC in critically ill patients showed poor correlation with high variability between absolute values
and variations of VO2 measured, unacceptable for clinical use [74,75]. The error found may be mostly
related to five factors: the accuracy of the blood gas analyzer used to calculate arterial and venous
oxygen content, the mixed of venous and bronchial arterial blood sample, the hemoglobin levels,
the cardiac output variation over the respiratory cycle and the assumption of a fixed RQ to calculate
REE [74,76].

The calculation of EE based on CO2 measurement collected from mechanical ventilators (EEVCO2)
has also been proposed. This technique considers a fixed value of RQ to calculate the oxygen
consumption (VO2) and REE through the Weir formula. Mainly due to the variability of RQ in critically
ill patients, the accuracy of EEVCO2 compared to the Deltatrac® metabolic monitor is poor [77–80].

The doubly labeled water method implies the oral administration of water with both hydrogen and
oxygen atoms labeled with non-radioactive isotopes (2H/1H and 18O/16O) and uses their elimination
rates in body liquids to calculate CO2 production. By assuming a fixed RQ this method allows
calculating TEE in any subjects and any environment, and can been used in complementation to IC to
calculate Physical Activity Level [81,82]. However, this technique is expensive and requires long time
to get the results, limiting its use in daily clinical practice [3].

Motion sensors devices initially developed for fitness settings may be useful in clinical practice to
monitor activity induced energy expenditure (AEE), in particular for patients undergoing physiotherapy
during rehabilitation programs, as well as for the management of daily activity and the dietary
programs in patients with obesity and/or diabetes. These devices are wearable on the arm, wrist,
or waist; user-friendly; relatively low-cost; and non-invasive. Energy expenditure is derived from
acceleration data and individual parameters (sex, age, weight, heart rate) using manufacturer’s
confidential algorithms. However, the energy expenditure derived from these devices generally over-
or underestimates the energy expenditure measured by IC by at least 10% [83]. Further studies are
needed to validate their accuracy in clinical practice.

Measurements of body composition by bioelectrical impedance analysis (BIA) or dual energy
X-ray absorptiometry (DXA) can be used to estimate REE. To this purpose predictive formula including
FFM and FM values have been developed. This approach has been shown quite inaccurate in
clinical populations compared to IC [73,84,85] and cannot be adopted in critically ill patients due to
their abnormalities in hydration state and serum electrolyte concentrations that cause errors in the
BIA-derived estimates of FFM and FM [86].
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Table 4. Some predictive equations commonly used in clinical practice and tested among different
hospitalized patients against IC.

Equations Parameters Used for Calculation Accuracy Rate *

General Hospitalized Population

25 kcal/kg 25 ×WT 43% [10]
23% [87]

Harris & Benedict (1919) M: 13.75 ×WT + 5.00 × HT − 6.75 × age + 66.47
F: 9.56 ×WT + 1.85 × HT − 0.67 × age + 655.09

43% [10]
38% [87]

Ireton-Jones (1992) 1925 − 10 × age + 5 ×WT + (281 if male) + (292 if
trauma) + (851 if burn) 28% [10]

Mifflin-St Jeor (1990) M: 10 ×WT + 6.25 × HT − 5 × age + 5
F: 10 ×WT + 6.25 × HT − 5 × age − 161

35% [10]
32% [87]

Schofield (1985) 8.4 ×WT + 4.7 × HT + 200 42% [87]

Anorexic Patients (BMI < 16)

Bernstein et al. (1983) M: 11.02 ×WT + 10.23 × HT − 5.8 × age − 1032
F: 7.48 ×WT − 0.42 × HT − 3 × age + 844 40% [73]

Harris & Benedict (1919) M: 13.75 ×WT + 5.00 × HT − 6.75 × age + 66.47
F: 9.56 ×WT + 1.85 × HT − 0.67 × age + 655.09 39% [73]

Huang et al. (2004) 10.16 ×WT + 3.93 × HT − 1.44 × age + 273.82 × sex
+ 60.65 43% [73]

Lazzer et al. (2007) M: 0.05 ×WT + 4.65 × HT − 0.02 × age − 3.60
F: 0.04 ×WT + 3.62 × HT − 2.68 39% [73]

Mifflin-St Jeor (1990) M: 10 ×WT + 6.25 × HT − 5 × age + 5
F: 10 ×WT + 6.25 × HT − 5 × age − 161 40% [73]

Müller et al. (2004) 0.05 ×WT + 1.01 × sex + 0.015 × age + 3.21 37% [73]

Owen (1987) M: WT × 10.2 + 879
F: WT × 7.18 + 795 41% [73]

Obese Patients (BMI > 30)

Bernstein et al. (1983) M: 11.02 ×WT + 10.23 × HT − 5.8 × age − 1032
F: 7.48 ×WT − 0.42 × HT − 3 × age + 844

16% [88]
21% [89]

Harris & Benedict (1919) M: 13.75 ×WT + 5.00 × HT − 6.75 × age + 66.47
F: 9.56 ×WT + 1.85 × HT − 0.67 × age + 655.09 64% [88]

Huang et al. (2004) 10.16 ×WT + 3.93 × HT − 1.44 × age + 273.82 × sex
+ 60.65

66% [88]
53% [89]
54% [90]

Lazzer et al. (2007) M: 0.05 ×WT + 4.65 × HT − 0.02 × age − 3.60
F: 0.04 ×WT + 3.62 × HT − 2.68

58% [88]
46% [90]

Mifflin-St Jeor (1990) M: 10 ×WT + 6.25 × HT − 5 × age + 5
F: 10 ×WT + 6.25 × HT − 5 × age − 161

52% [89]
56% [90]

Müller et al. (2004) 0.05 ×WT + 1.10 × sex + 0.016 × age + 2.92
60% [88]
58% [89]
47% [90]

Owen (1987) M: WT × 10.2 + 879
F: WT × 7.18 + 795

38% [73]
40% [89]
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Table 4. Cont.

Equations Parameters Used for Calculation Accuracy Rate *

Critically Ill Patients

25 Kcal/Kg 25 ×WT 12% [91]

Harris-Benedict (1919) M: 13.75 ×WT + 5.00 × HT − 6.75 × age + 66.47
F: 9.56 ×WT + 1.85 × HT − 0.67 × age + 655.09

31% [91]
32% [92]

Ireton-Jones (1997) 1925 − 10 × age + 5 ×WT + (281 if M) + (292 if
trauma) + (851 if burn) 37% [93]

Mifflin-St Jeor (1990) M: 10 ×WT + 6.25 × HT − 5 × age + 5
F: 10 ×WT + 6.25 × HT − 5 × age − 161

18% [91]
35% [10]

Owen (1987) M: WT × 10.2 + 879
F: WT × 7.18 + 795 12% [91]

Penn State (2003) 0.85 × HB + 175 × Tmax + 33 × Ve − 6433 43% [10]

Swinamer (1990) 945 × BSA − 6.4 × age + 108 T + 24.2 × RR + 81.7 ×
VT − 4349

55% [93]
45% [10]

* % of patients where the predicted value (by equation) is within 10% of measured value (by IC). BSA, body surface
area (m2); HB, Harris–Benedict value; HT, height (cm); RR, respiratory rate (breath/min); sex: males (M) = 1, female
(F); T, temperature (◦C); Tmax, maximum temperature (◦C) in previous 24 h; TV, tidal volume (L); Ve, expired
minute ventilation at the time of collection (L/min); WT, weight (kg).

The agreement of predictive equations compared to IC results in critically ill patients was shown
not to exceed 55%, especially in overweight or obese sarcopenic patients, and after prolonged physical
immobilization [33,35,94]. Poor agreement is mainly due to the influence of body temperature, nutrition
support, presence of sepsis, level of sedation, and therapies on REE [13]. The magnitude and the
duration of the variations depend mostly on the severity of the disease with a considerable individual
variability that cannot be assessed by equations [95]. Moreover, most of the equations base their
calculations on anthropometric parameters, such as the body weight, which is often unknown and
largely influenced by fluid retention or dehydration, leading to unreliable results [96].

Predictive equations tend to over (↑) or under (↓)—estimate REE in patients with chronic diseases
such as:

• chronic obstructive pulmonary disease (↓) [97]
• chronic kidney disease (↑) [98]
• amyotrophic lateral sclerosis (↓) [85]
• fibro-calculous pancreatic diabetes and diabetes type 2 (↓) [99]
• cancer (↑) [100]
• cirrhosis (↓) [101]

Similarly, predictive equations are inaccurate in patients with extreme BMI (BMI < 16 kg/m2

and BMI > 40 kg/m2) [102]. Errors are mainly due to an excessive or deficient fat mass, which is less
metabolically active than the lean body mass, and to the body weight considered for the calculation
(current, ideal, adjusted, or estimated) [73]. Therefore, it seems clear that standard factors to estimate
the energy needs of individual patients are inappropriate and should be discouraged to guide nutrition
support. Pragmatically, the ESPEN guideline suggests to use the simplest equation in critically ill
patients—i.e., 20 kcal/kg/day during the first days—and in absence of IC to increase to 25 kcal/kg/day
after 7 days [34].

8. Conclusions

The optimization of nutrition therapy is crucial for global patient care. In order to prevent
under- and over-feeding and their related complications, it is important to accurately assess REE in
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individual patients and to ensure adapted nutrition support. IC is considered as the gold standard to
this purpose and ideally any patients in whom energy needs are uncertain should be measured. Recent
developments should facilitate the widespread use of IC in medical routine and promote better clinical
outcomes. Considering the ongoing debate, the widespread use of IC might finally enable the design
of prospective studies which will be able to determine the optimal dose of energy to deliver during the
different stages of disease, i.e., the ratio of the energy delivered to measured REE and timing of feeding.
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Abstract: Metabolic Syndrome (MetS) is a combination of risk factors for the development of
cardiovascular disease (CVD) and type 2 diabetes. Different diagnostic criteria were proposed, but
a consensus was reached in 2009 based on values of waist circumference, blood pressure, fasting
glycemia, triglycerides, and high-density lipoprotein (HDL)-cholesterol levels. The main underlying
etiologic factor is insulin resistance. The quality and quantity of individual macronutrients have
an influence on the development and resolution of this syndrome. However, the main treatment goal
is weight loss and a decrease in insulin resistance. A controlled energy dietary recommendation,
together with moderate levels of physical activity, may positively change the parameters of MetS.
However, there is no single dietary or exercise prescription that works for all patients. Dietary patterns
such as Mediterranean-style, dietary approaches to stop hypertension (DASH), low-carbohydrate,
and low-fat diets can ameliorate insulin resistance and MetS. Long-term adherence to a healthy
lifestyle is key in assuring that individuals significantly reduce the risk of CVD and diabetes mellitus.
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1. Introduction

Metabolic Syndrome (MetS) is a combination of risk factors for the development of cardiovascular
disease (CVD) and type 2 diabetes (T2DM). It is very common and occurs in all regions of the world
in populations with reduced physical activity and excessive energy intake. Age, sex, socioeconomic
status, and ethnic background may change the prevalence, but it is estimated that 25–35% of adults
may have MetS. The grouping of risk factors for CVD was firstly proposed 100 years ago but was
progressively developed over many decades and received different names, such as syndrome X, insulin
resistance syndrome, and the deadly quartet [1].

MetS was also defined in various ways over time by different organizations and expert groups.
There are four common components present in the different definitions: obesity, abdominal adiposity
or indicators of insulin resistance, impaired glucose metabolism, hypertension, and atherogenic
dyslipidemia. The differences among the diverse definitions depend on the cut-off points needed to
fulfil the diagnostic criteria and the requirement of the obligatory presence of specific features to meet
the definition of MetS [2].

In 2009, six organizations, the International Diabetes Federation, the American Heart Association,
the National Heart, Liver, and Blood Institute, the World Heart Federation, the International
Atherosclerosis Society, and the International Association for the Study of Obesity, reached a consensus
for the definition of MetS [3]. According to the consensus, MetS can be diagnosed if the patient has any
three of the following:

� Elevated waist circumference: population- and country-specific cut-off points;
� Blood pressure: systolic > 130 and/or diastolic > 85 mmHg or drug treatment;
� Fasting glucose: >100 mg/dL (5.6 mmol/L) or drug treatment;
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� Triglycerides: >150 mg/dL (1.7 mmol/L) or drug treatment;
� High-density lipoprotein (HDL)-cholesterol: <40 mg/dL (1 mmol/L) (male) or <50 mg/dL

(1.3 mmol/L) (female) or drug treatment.

MetS is not a disease but a cluster of individual risk factors, whose main purpose is to identify
individuals with increased risk of developing CVD and diabetes mellitus. MetS facilitates the early
identification of patients with excessive adipose tissue and insulin resistance, despite the fact that not
every person at risk who fulfils the criteria for MetS has insulin resistance and, on the contrary, not all
persons with insulin resistance have MetS [4]. The diagnosis of MetS may be helpful in convincing
patients about the importance of adopting therapeutic measures to correct the different components of
this syndrome. Patients who fulfil the criteria of MetS have a two-fold increased risk of CVD, 1.5-fold
increased risk of all-cause mortality, and three-fold increased risk of diabetes [5,6]. These estimates
may differ slightly depending on the MetS criteria set used and the population where they are applied.

However, the definition of this syndrome does not include some relevant CVD risk factors, such
as family history, smoking habit, age, gender, or low-density lipoprotein (LDL)-cholesterol. That may
explain why MetS is a good prognostic estimation in the long term, but other risk calculators may be
more precise for prognosis at less than 10 years. MetS could also indicate risks not accounted for in
other CVD risk calculators. In certain instances, it can move the CVD risk of a patient upward, from low
to intermediate risk, according to traditional risk calculators, such as ATP-III, SCORE, or Framingham
risk score [7].

2. Therapeutic Approach to Metabolic Syndrome

Among other reasons, sedentary life and the easy access to inexpensive foods contribute to the
explanation of why MetS is currently so prevalent. Its treatment aims to decrease the risks of CVD and
T2DM. The first and most important step is the implementation of a new lifestyle with changes in diet
and physical activity, as well as the acquisition of healthier habits. Weight loss and lifestyle changes
may improve individual MetS components. Behavioral interventions make it easier for individuals to
incorporate and maintain these changes in their daily routines.

Weight reduction was the main goal of most intervention studies. It is associated with significant
improvements in all parameters of MetS. Even moderate weight loss (around 7%) resulted in substantial
reductions in blood pressure, and glucose, triglyceride, and total cholesterol concentrations [8,9].
In addition, weight reduction improves adipokines and inflammation markers, such as adiponectin
and tumor necrosis factor alpha concentrations [10].

A reasonable first goal for obese patients is to aim for weight loss of approximately 10% of baseline
weight in six months. If they achieve this objective, insulin resistance will improve along with risk
reduction of MetS and CVD. Even a lower weight loss, between 5% and 10%, improves the sensitivity
to insulin between 30 and 60%, an effect greater than that seen with insulin-sensitizing drugs [11].

Considering all the therapeutic options, caloric restriction is a very effective intervention because
most persons with this syndrome are obese and sedentary. Changes in physical activity are always
part of lifestyle interventions for MetS, and current scientific evidence supports the role of exercise as
an effective treatment strategy for the syndrome. Along with dietary changes, a program of regular
physical activity also leads to a reduction in insulin resistance and CVD risk [12].

In this review, we focus on the nutritional component of MetS therapy. We analyze the contributions
of the three macronutrients to the development and treatment of MetS. We do not cover issues related
to micronutrients, sweeteners, or alcohol consumption.

3. Influence of Dietary Macronutrients in MetS

The role of each macronutrient present in the diet in the development and treatment of MetS
was extensively studied and we review the current state of knowledge of their contributions to
this syndrome.
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3.1. Carbohydrates

After oral administration, absorption, gastrointestinal and pancreatic hormone secretion, liver
metabolism, and visceral and muscular uptake, carbohydrates are responsible for blood glucose and
insulin levels. They should not be regarded as a homogeneous component of foods. Overall, there are
three types: starch or complex carbohydrates, sugars or simple carbohydrates, and fiber, with different
repercussions on the glycemic response. The metabolic effects of foods containing carbohydrates can be
partially predicted by their glycemic index (GI), which ranks foods containing carbohydrates according
to how they change blood glucose levels, usually by comparing 50 g of any given food with a reference
food such as white bread. When the GI is low (55 or less) that particular food causes a lower and slower
increase in blood glucose and, therefore, insulin levels. Related to this index is the concept of glycemic
load (GL), which combines both the quantity and quality of carbohydrates. If the carbohydrate content
of 100 g of potato is 14 g and the GI is 85, the GL will be 85 × 14/100 = 12, more than double the GL of
100 g of an apple, which is 5. The GL concept allows comparison of blood glucose response to different
types and amounts of foods [13,14]. The GI depends not only on the carbohydrate composition but also
on other factors (the physical form of the food, amylose or amylopectin content, complete composition
of the food, presence of fiber, cooking process, etc.) [15]. Despite its conceptual appeal, the utility of GI
and GL in clinical practice is not widely recognized because of lack of impact on glycemic control [16].

It is accepted that an elevated intake of carbohydrates of high GI causes insulin resistance directly
and contributes to the development of T2DM in persons with MetS [17,18]. Generally, foods with low
GI are also more abundant in fiber. A diet rich in fiber showed a reduction in insulinemia by 10% and
insulin resistance (by HOMA index) by 13% [19]. Fiber intake increases satiety and also reduces the risk
of developing T2DM, and, in patients already diagnosed with this disease, viscous fiber supplements
improve conventional markers of glycemic control beyond usual care and should be considered in its
management [20]. However, fiber intake through foods that are naturally high in dietary fiber is better
than fiber supplements, because natural foods also provide other substances such as micronutrients
and phytochemicals.

Carbohydrate and lipid contents of diets have a mutual influence on their metabolism. Diets
with low GI produce lower concentrations of fasting triglycerides and LDL-cholesterol [21]. It is
interesting to emphasize that, when simple carbohydrates are consumed in a proportion lower than
20–25%, they do not modify the levels of plasma triglycerides. However, in obese patients with insulin
resistance, the intake of simple carbohydrates stimulates the synthesis of fatty acids and inhibits
endothelial and hepatic lipoprotein lipase, and in this way promotes hypertriglyceridemia and lowers
HDL-cholesterol levels [22]. In a more positive manner, the effect of carbohydrates on the increase
in plasma triglyceride levels is lower if fiber intake is high. Low-glycemic-index diets are, thus,
recommended for patients with MetS [23,24], contributing to decreased CVD risk, and reduced levels
of glycosylated hemoglobin in type 1 and 2 DM patients [25,26].

In the last two decades, we saw a growing interest in diets with low carbohydrate content or
ketogenic diets. Initially, they were discredited because it was thought that the elevated lipid content
would increase the risk of CVD. However, several landmark studies showed greater weight loss
during the first six months of follow-up compared to conventional low-fat hypocaloric diets [27,28].
No statistically significant differences in weight loss were seen after 12 months of follow-up.
Interestingly, with these ketogenic diets, triglyceride concentrations decrease, HDL-cholesterol levels
increase markedly, and insulin sensitivity and glycosylated hemoglobin (HbA1c) improve. In those
cases of high HbA1c, there is a greater reduction in HbA1c levels after carbohydrate restriction rather
than after protein or lipid restriction [29].

Fructose is a simple carbohydrate that deserves particular comment. When absorbed, it does not
stimulate the secretion of insulin or leptin. Long-term daily consumption leads to an increase in weight
and a decrease in insulin sensitivity, favoring the development of MetS and type 2 diabetes [30], both
in children and in adults [31]. Soft drinks contain large amounts of high-fructose corn syrup (HFCS)
and sucrose and add greater amounts of simple carbohydrates to the daily diet. It was stated that
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moderate fructose consumption of ≤50 g/day or 10% of energy has no deleterious effect on lipid and
glucose control, and ≤100 g/day does not influence body weight. Nevertheless, a higher intake is not
recommended, and the intake of sugar-sweetened beverages should be limited or avoided [32].

3.2. Lipids

In humans, energy intake is made up of carbohydrates and lipids. However, lipids also have
functional features and play an important role in the pathogenesis of atherosclerosis. The accepted
range of lipid calories in the diet is very broad and is the opposite of carbohydrates. Therefore, low-lipid
or low-carbohydrate diets contain very different total amounts of lipids. For all adults, the acceptable
macronutrient distribution of total fat is to be 20–35% of total calorie intake [33].

The amount of fat can influence insulin sensitivity and the risk of developing type 2 diabetes only
with intakes greater than 35–40% of total energy intake [34]. A diet that contains 20–40% fat does not
change insulin sensitivity, regardless of its effect on weight [35].

However, lipids in the diet are a heterogeneous group, and quality is as important as quantity.
Generally, we classify lipids as saturated, monounsaturated, and polyunsaturated fats (SFAs, MUFAs,
and PUFAs, respectively). The consumption of high amounts of saturated fats and trans fatty acids is
associated with an alteration in the action of insulin, while the intake of monounsaturated fats has the
opposite effect. Therefore, the ratio of monounsaturated fatty acids/saturated fat is related to insulin
sensitivity (Table 1). Along with these effects on insulin, diets enriched with MUFAs improve the
lipid profile, because they reduce LDL-cholesterol and triglycerides, and elevate HDL-cholesterol
levels [36–38]. Polyunsaturated fats are associated with a lower relative risk of 40% for developing type
2 diabetes. In studies that included patients with type 2 diabetes, substitution of SFAs by PUFAs and
carbohydrates by MUFAs caused a decrease in insulin resistance. Moreover, ω-3 PUFAs can reduce
triglyceride levels, improve hypertension, reduce inflammation, and diminish cardiovascular risk in
diabetic patients [39–42]. It was recently reported that the intake of 2 g of icosapent ethyl twice daily
with statin therapy is associated with less CVD morbidity and mortality but with slightly higher rates
of hospitalization for atrial fibrillation and serious bleeding [43].

Table 1. Influence of diet on insulin sensitivity.

Diet Component Insulin Sensitivity

Total fatty acids (>40%) (−)
Polyunsaturated fatty acids (−)

trans Fatty acids (−)
Monounsaturated fatty acids (+)

Fiber cereal (+)
Low glycemic index (+)

Alcohol (+)
Salt (−)

Simple sugars (>20% energy) (−)
Conjugated linoleic acid (−)

(+): Increases insulin sensitivity. (−): Decreases insulin sensitivity.

A diet low in fat and rich in simple carbohydrates, as was used in the CARMEN study, may
increase insulin resistance (measured by HOMA) and is associated with a significant increase in
triglyceride levels [44]. For some time, the American Diabetic Association (ADA) recommended
that the sum of carbohydrates and monounsaturated fatty acids should represent 60–70% of the
total energy in the diet. Nevertheless, since the ADA 2014 position statement, there is no “first-line”
approach with respect to the optimal carbohydrate quantity in the diet plan, because evidence remains
inconclusive [45]. On the other hand, in overweight or obese individuals, low-fat diets are equal to but
no better than other weight-reducing diets when the goal is weight reduction [46].
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A healthy pattern limits saturated and trans fats, added sugars, and sodium. The recommendation
for the general population is to consume less than 10% of calories per day as added sugars and less
than 10% of calories per day as saturated fats. In the Dietary Guidelines for Americans, it is advised
that individuals eat as little dietary cholesterol as possible while consuming a healthy eating pattern.
The cholesterol intake in a healthy United States (US)-style diet contains approximately 100 to 300 mg of
cholesterol across the 12 calorie levels [47]. European guidelines recommend that foods rich in trans or
saturated fats (hard margarines, tropical oils, fatty or processed meat, sweets, cream, butter, and regular
cheese) should be replaced with monounsaturated fats (extra virgin olive oil) and polyunsaturated fats
(non-tropical vegetable oils). In this way, it is assumed that trans fats will be <1.0% of total energy and
saturated fat <10% (<7% in the presence of high plasma cholesterol values) [48].

3.3. Proteins

Proteins are associated with increased satiety and the preservation of lean body mass during
weight loss, but their role in the dietary recommendations for patients with MetS is less clear.

Guidelines recommend a wide range of 10–35% of energy intake as digestible protein for adults,
or a minimum of 0.8 g/kg body weight per day. Within this range, ADA position statements suggest
that patients with diabetes and normal renal function should consume 15–20% of their energy intake
as protein. However, they recognize that there is no definitive evidence for recommending an ideal
amount of protein in relation either to glycemic control or for improving CVD risk factors [49].

Protein may have an incretin role. Its consumption is associated with higher insulin secretion,
equivalent to that caused by eating the same amount of glucose. Some amino acids, such as leucine,
lysine, or alanine, stimulate insulin secretion. In contrast, homocysteine can inhibit it [50,51].

There are several studies that propose hyperproteic diets in the management of MetS due to
the satiating effect of proteins [52–54]. These diets also contribute to the preservation of lean mass.
However, these diets may favor an increase in urinary calcium excretion and bone remodeling, and
their use is not totally accepted [55]. Overall, these concerns seem a little overstated. High-protein
diets do not seem to lead to calcium bone loss, and have no damaging effect on the kidney unless there
is a pre-existing metabolic renal dysfunction.

4. Dietary Patterns

The most effective intervention for metabolic intervention is caloric restriction. Nutrition change
to support a 7–10% weight loss is an appropriate goal for people with prediabetes, unless additional
weight loss is desired for other purposes. The contributions of different nutrients to success in the
reduction have to be seen in the context of the general eating plan of the patient. There is no perfect
combination of macronutrients useful for all individuals. Compliance with a healthier lifestyle and
dietary intake are more important than a particular dietary pattern. This represents an advantage
for patients confronting MetS. As there is no “one-size-fits-all” pattern, individuals can advance with
any healthy plan that is easy for them to follow. It also opens the door to adaptations of dietary
recommendations based on metabolic goals, socioeconomic factors, food availability, and personal and
cultural preferences. Irrespective of the macronutrient balance in the diet, total energy intake should
be appropriate to accomplish the weight management goals.

Several nutrition patterns are effective in improving diabetes control, but the optimal macronutrient
composition in meal planning in persons with MetS is less well defined. As previously seen, the main
concern with regard to MetS is the development of diabetes and the associated cardiovascular risk.
Patients with MetS have a similar benefit to overweight/obese patients with diabetes from the adoption
of several dietary patterns. As already stated, the goal in both conditions is achieving weight loss.
A short description of the characteristics of the different dietary patterns and their potential benefits
was recently published [49]. Multiple studies analyzed the effectiveness of different patterns and
confirmed the emphasis on compliance. Table 2 summarizes the main benefits of different dietary
patterns regarding weight, glucose and lipid metabolism, and blood pressure.
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Table 2. Metabolic syndrome improvement observed with different dietary patterns. DASH—Dietary
approaches to stop hypertension; CVD—Cardiovascular disease; LDL-C—Low-density lipoprotein
cholesterol; HDL-C—High-density lipoprotein cholesterol.

Dietary Patterns Main Reported Benefits

↓ Risk of
Diabetes

↓ A1c
↓

Triglycerides
↓ CVD

Weight
Loss

↓ LDL-C
or HDL-C

↓ Blood
Pressure

Low fat 1 X X

Very low fat 2 X X

Low carbohydrate 3 X X X X

Very low carbohydrate 4 X X X X X

Mediterranean-style X X X X

DASH X X X

Vegetarian or vegan X X X X

Paleo diet Lack of evidence

Zone diet (40–30–30 diet) Lack of evidence x Lack of evidence

Healthy Nordic diet x x x

The content of the table is derived from References [56–59]. X means there is proven evidence of the benefit;
x indicates hypothetical evidence. “↓” represents a decrease and improvement in risk factor. 1 Low fat = fat
intake < 30% of total calories; 2 very low fat = fat intake <10% of total calories; 3 low carbohydrate = carbohydrate
intake 26–45% of total calories; 4 very low carbohydrate = carbohydrate intake < 26% of total calories.

With the exception of low-carbohydrate diets, common to many of these patterns is the emphasis
on no starchy vegetables, the reduction of added sugars and refined grains, and the exclusion of
processed foods to favor whole foods instead. Adoption of a Mediterranean-style diet rich in whole
grain cereals, fruits, vegetables, nuts, and olive oil, compared to a prudent dietary pattern (50–60% of
energy as carbohydrate and <30% as fat), was associated with improvements in endothelial function
and significant reductions in the markers of systemic vascular inflammation in MetS patients after two
years of follow-up [60,61]. The DASH (dietary approaches to stop hypertension) diet, rich in fruits,
vegetables, and low-fat dairy food and low in saturated and total fat intake, demonstrated weight
reduction and a significant reduction in blood pressure [62–64]. Mediterranean-style, vegetarian, and
DASH eating patterns have a lower risk of developing type 2 diabetes [59]. Overall, the lower the
provision of carbohydrates is, the lower the value of A1c hemoglobin is [65]. Weight loss or A1c
reductions may be statistically significant but with small differences, with, for example, vegetarian
diets, of 2 kg and 0.3%, respectively [66].

Low-fat diets are used as the control or default intervention vs. other dietary patterns.
Their benefits seem to derive from weight loss rather than the eating pattern itself [67]. Interestingly,
when low-carbohydrate diets are used, the specific distribution of fats and, particularly, the amount of
saturated fat must be taken into account because, otherwise, it may be higher than that recommended
for healthy individuals [68].

If we can call intermittent fasting a dietary pattern, different forms of intermittent fasting can lead
to improved beta cell responsiveness, insulin sensitivity, and blood pressure control [69].

5. Conclusions

MetS is a cluster of risk factors that identifies patients at risk of developing diabetes mellitus and
CVD. Nutrition therapy, as part of a comprehensive lifestyle intervention, may improve obesity and
insulin resistance, which play key roles in its pathogenesis.

Macronutrients may contribute to worsening or improving MetS. An elevated intake of
carbohydrates of high GI causes insulin resistance directly and has an impact on the development of
T2DM in persons with MetS. In contrast, low-GI diets, more abundant in fiber, increase satiety and
decrease insulin resistance and the risk of developing T2DM. Low-GI diets are, thus, recommended for
patients with MetS. Diets enriched with MUFAs also improve the lipid profile and increase insulin
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sensitivity compared with SFAs. A healthy pattern limits saturated and trans fats, added sugars, and
sodium. Specifically, the recommendation for the general population is to consume less than 10% of
calories per day as added sugars and less than 10% of calories per day as saturated fats. Proteins in the
diet are associated with increased satiety, insulin secretion, and preservation of lean body mass during
weight loss, and hyperproteic diets are suggested for the management of MetS.

The effects of macronutrients are important; however, we consume them combined in eating
patterns. Several dietary patterns may be helpful in reversing MetS, such as Mediterranean-style,
vegetarian, DASH, low-carbohydrate, or even low-fat diets. The different patterns have variable effects
on each risk factor, but all of them must be compatible with caloric restriction, which is the most
effective intervention for metabolic intervention.
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Abstract: Malnutrition is frequent in patients during a hospital admission and may further worsen
during the hospital stay without appropriate nutritional support. Malnutrition causes greater
complication rates, morbidity, and mortality rates, which increases the length of hospital stay and
prolongs rehabilitation. Early recognition of individual nutritional risk and timely initiation of a
tailored nutritional therapy are crucial. Recent evidence from large-scale trials suggests that efficient
nutritional management not only improves the nutritional status, but also prevents negative clinical
outcomes and increases patients’ quality of life. Multifaceted clinical knowledge is required to ensure
optimal nutritional support, according to a patient’s individual situation and to avoid potential
complications. Furthermore, clear definition of responsibilities and structuring of patient, and work
processes are indispensable. Interdisciplinary and multiprofessional nutritional support teams have
been built up to ensure and improve the quality and safety of nutritional treatments. These teams
continuously check and optimize the quality of procedures in the core areas of nutritional management
by implementing nutritional screening processes using a validated tool, nutritional status assessment,
an adequate nutritional care plan development, prompt and targeted nutritional treatment delivery,
and provision of accurate monitoring to oversee all aspects of care, from catering to artificial nutrition.
The foundation of any nutritional care plan is the identification of patients at risk. The aim of this
narrative review is to provide an overview about composition, tasks, and challenges of nutritional
support teams, and to discuss the current evidence regarding their efficiency and efficacy in terms of
clinical outcome and cost effectiveness.

Keywords: nutritional support team; nutritional management; malnutrition; efficacy

1. Introduction

Malnutrition, which is defined as a state resulting from the lack of intake or uptake of nutrition
leading to altered body composition, decreased mental and physical function, and impaired clinical
outcome, is a lurking threat at hospitals in developing countries as well as in industrialized
countries [1–5]. Up to 50% of admitted patients are malnourished or at high risk for malnutrition.
Acutely ill patients frequently suffer from inflammation and subsequent anorexia, which leads to
inadequate food intake and, therefore, to a catabolic state. Under these circumstances, the nutritional
status further deteriorates, which may cause rapid weight loss [6].

The association between malnutrition and adverse clinical outcome is well described in the
literature [7–32]. Nutritional treatment is urgently needed in malnourished patients to counteract
negative metabolic and clinical consequences, to speed up recovery processes, and to enable better
quality of life and patient autonomy [2,28,33–35].

The term “food chain” (Figure 1) has been adopted to emphasize that all stages in nutritional care
must be adequate, from screening of patients and planning of menus to the distribution and serving of
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the food [36,37]. Because of the risks, and need for nutritional support, it is desirable for hospitals
to appoint a multidisciplinary and multiprofessional nutrition steering group, including the clinical
nutrition team, to oversee all aspects of nutritional care, from catering to artificial nutrition [36].

Figure 1. The food chain [36]. The food chain has been adopted to emphasize that all stages in
the provision of food must be adequate, from screening of patients and planning of menus to the
distribution and serving of the food.

Appropriate, high-quality hospital food is part of a multimodal therapy that includes a wide
selection of meals, snacks between meals, and the option of fortified food. The majority of hospitals in
industrialized countries should be able to provide such meals, which enable patients to meet their
nutritional needs. The problem is that the number of hospitals have now outsourced the hospital
kitchen, e.g., to catering companies, which may make it difficult to offer best quality food to patients.
Meals may, for example, be frozen and unfrozen or heated twice, which causes an important loss of
quality, e.g., regarding micronutrients. Remarkably, more than 40% of meals are left on the patient’s
plate and wasted, which means a patients’ food consumption meets less than 80% of their nutritional
needs, and causes additional costs for the hospital [38,39].

The high prevalence of malnutrition implies a close monitoring of food intake, on the one hand,
by means of adequate meal-ordering systems and, on the other hand, by sensitizing hospital medical
staff to nutritional issues. The keys to better manage nutritional support in hospitals are: (1) enhanced
awareness and (2) profound knowledge of this complex matter. Attention to the organization is needed
from the medical staff on the ward such as to prevent interruption of meals due to procedures or rounds,
and to provide support for disabled patients who need assistance with eating. Such essential tasks
have been shown to improve clinical outcomes and reduce healthcare costs in several studies [40–42].

In hospitals, competent nutritional management should rely on two structures: nutritional
steering committees and multiprofessional nutritional support teams (NSTs) (Figure 2). The nutrition
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steering committee is the legislative body with direct access to hospital management (staff function).
This committee consists of representative nurses, physicians, pharmacists, dieticians, cooks, managers,
controllers, NST members, etc. [43]. It is responsible for promoting good nutrition as a policy, with
explicit written nutritional standards, protocols, and guidelines. Further responsibilities are meant to
guarantee choice of a wide range of meals and to support continuous improvement and monitoring
of the nutritional therapy in terms of quality, safety, and medical efficacy [44]. This committee is
also responsible for education, teaching, training, and research coordination. The nutrition steering
committee and the NST should also collaborate closely with other hospitals and, in case of tertiary
urban hospitals with the University as well as national and international nutritional societies, for
clinical research and teaching purposes. NST exercises an executive function throughout the hospital
(Figure 3). An optimal functioning institutionalized NST as described above is possible in an urban
setting due to the high personal and financial resources allocated. In suburban or rural regions, it is
also possible to build an NST but in a reduced format. Our long-lasting clinical experience shows
that a single dietician with a physician with special interest in clinical nutrition can overtake the most
important clinical tasks of an NST. There is a great opportunity to perform high standing qualitative
nutritional care in any setting even if a dietician is available only once a week.

Figure 2. Nutritional management structure, with the Bern University Hospital, as an example.
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Figure 3. Goals of an NST, modified after [43].

Even though there has been considerable interest in NST to improve nutritional care and,
thereby, patient outcomes, there is still a lack of strong scientific evidence mainly due to only a few
randomized controlled studies with small heterogeneous study populations, different treatments,
and non-standardized outcomes. The aim of this narrative review is to provide an overview about
composition, tasks, and challenges of nutritional support teams and discuss the current evidence
regarding their efficiency and efficacy in terms of clinical outcome and cost effectiveness.

2. Development of NSTs

While tube feeding (enteral nutrition) has been used since the Renaissance, parenteral nutrition
was first successfully used in 1968 [45,46]. At that point, nutritional therapy was established in the
clinical setting. Years later, case reports on negative outcomes caused by inadequate nutritional
therapies were published. Several studies showed that medical staff often overlooks the clinical signs
of malnutrition, which leads to longer hospital stays and higher mortality rates [47].

NSTs were developed to counteract these concerns. At the same time, international societies such
as the American Society for Clinical Nutrition (ASPEN, 1976) and the European Society for Clinical
Nutrition and Metabolism (ESPEN, 1979) were created. Their primary objective was to study metabolic
problems associated with acute diseases and their nutritional implications, and to provide each patient
with timely and appropriate nutritional care. A study in 2005 found that NST were present in 2.8% of
the hospitals in Germany, 7.9% in Austria, and 2.4% in Switzerland [48]. Ten years later, a Swiss survey
indicated that 62% of the country’s hospitals had an NST composed of at least one physician and one
dietician [49]. Currently, data from the “Nutrition Day Worldwide” shows that most hospitals (mostly
urban hospitals) in Europe (approximately 66%) and in the USA (approximately 60%) have such NSTs.
This shows the rising importance of clinical nutrition in the industrialized countries [50].
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3. NST Composition and Collaboration

Simon Allison (Nottingham, UK) defines an NST as a multiprofessional team including
professionals from different disciplines who are good communicators and possess knowledge of
the optimal delivery of nutritional therapy [51,52]. An NST improves and ensures the therapy quality
and reduces health care costs by preventing needless interventions (e.g., ensuring the appropriateness
of indication, stopping unnecessary long fluid therapies, preventing unnecessary catheter removals)
and optimizing current treatments (e.g., combining nutritional and drug therapies) [7,23,29]. Smooth
multiprofessional and interdisciplinary cooperation as well as impeccable communication are key for
the success of an NST. Such a team is traditionally composed of physicians, dieticians, and nurses
specialized in clinical nutrition, and pharmacists, with the dieticians primarily assuming the lead in
coordinating nutritional care during a hospital stay and, thereafter, in the outpatient clinic [17,53–56].

The composition of the team may vary according to the local needs and options in terms of
human resources. Additionally, intensive collaboration with hospital departments responsible for
infectious diseases and hospital hygiene is advisable, particularly in the area of parenteral nutrition.
This cooperation allows the NST to share knowledge and competence in catheter handling, which is
important for preventing, diagnosing, and possibly treating catheter-related bloodstream infections [17].
Other specialists may also collaborate with the NST, such as physiotherapists, occupational therapists,
psychotherapists, or social workers [54,56]. Multiprofessional collaboration has to be perceived as an
opportunity to integrate the personal and professional expertise of each individual.

4. Tasks and Challenges of NSTs

While the nutritional steering committee has a legislative role, an NST has an executive function
throughout the hospital in terms of implementing standards, protocols, and guidelines in daily clinical
practice. The core task of an NST is to ensure and promote high-level, evidence-based management
of nutrition and to transfer this theoretical knowledge into clinical practice. The foundation of
any nutritional care plan (Figure 4) is assessment of nutritional risk and early adequate provision
of nutritional support to patients at risk of or suffering from malnutrition. Nutritional support is
considered an essential part of the multimodal medical therapy concept, which has demonstrated
good therapeutic outcomes. The individual tasks of the members of an NST are shown in Table 1.
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Figure 4. Nutritional care algorithm.
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Table 1. Individual tasks of NST members [43].

Professional
Function

Nutritional Care Tasks

Nurse

• Gives advice on routes, methods, and systems for delivery of
enteral/parenteral nutrition;

• Assesses adequacy of access to nutrition therapy;
• Advises on use of tubes, feeding pumps, and enteral/parenteral equipment;
• Implements and adapts protocols on methods of delivering enteral/parenteral

nutrition to establish uniformity, save costs, and prevent mechanical complications;
• Educates on enteral/parenteral nutrition and highly complex nutritional therapy;
• Conducts research on complex nutritional therapy.

Physician

• Prescribes and manages enteral/parenteral therapy;
• Promotes the established nutrition therapy within the host specialty;
• Provides professional input for highly complex nutritional therapy;
• Supports ongoing research and projects on complex nutritional therapy;
• Informs colleagues, physicians in training, and members on the board of directors of

the importance of good nutrition therapy on the ward.

Dietician

• Gives advice on enteral/parenteral nutrition (indications, choice of feeding solution,
nutritional goals);

• Advises about options for enteral/parenteral nutrition and other nutrients (e.g.,
immuno-nutrition, vitamins, trace elements);

• Edits, implements, and adapts protocols on enteral/parenteral nutrition and complex
nutritional therapy;

• Develops and interprets screening tools; initiates and performs
nutritional assessment;

• Contributes to education and conducts research on complex nutritional solutions.

Pharmacist

• Provides logistical support for parenteral nutrition;
• Oversees and provides information about possible chemical/pharmaceutical

interactions between parenteral nutrition components;
• Provides professional input on the composition of parenteral nutrition, on stability

and compatibility of parenteral admixtures, and on drug/medication interactions with
enteral/parenteral nutrition;

• Supports ongoing research projects on complex nutritional therapy, develops and
implements parenteral nutrition protocols.

4.1. Screening and Assessment

One of the most important missions of a, NST is to educate, to teach, and to train professionals
in the skills related to clinical nutrition [51,53,56]. Sharing knowledge and experience with medical
staff, health care providers, and students is part of effective nutritional management [55]. Awareness
for malnutrition (sensitization), education, and training are, however, lacking [57]. It is a core task
of the NST to implement nutritional standards, protocols, and guidelines in daily clinical practice,
by establishing proper protocols for screening, assessment, and action [53,58]. The consequences of
malnutrition are frequently underestimated and malnutrition is, unfortunately, rarely documented as a
distinct diagnosis in medical reports and nurses’ charts despite being of central medical and economic
importance in hospitals [57].

The first step of nutritional care is the identification of patients at nutritional risk using simple,
quick, and validated screening tools. Nutritional screening should be performed in all inpatients
(and, preferably, also outpatients) within 24–48 h after hospital admission, respectively, as well as
admission on the ward/intermediate care unit/intensive care unit. Nutritional screening should be
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performed by trained medical staff, at best, multi-professionally from nurses and physicians in charge
of the patients, but, alternatively, from nurses, dietitians, or physicians only [59,60]. The Nutritional
Risk Screening 2002 (NRS 2002) (Figure 5) is a widely used and well-validated screening tool used
in hospitals to determine whether the patient is at nutritional risk [61]. If confirmed, a care plan has
to be developed, based on more detailed nutritional assessment to determine the degree/severity of
malnutrition. Patients with special metabolic, functional, or clinical problems that cannot be cared for
by standard means should be referred to nutrition experts for more detailed nutritional assessment
and design of a care plan.

Figure 5. Nutritional risk screening 2002 [61].

Formal quantification of food intake may be helpful. Nutritional assessment can be carried out for
at least two days using food diaries or food intake charts (e.g., semi-quantitative plate diagram) that
are kept by nursing staff [62]. These can be used by dietitians to calculate energy and protein intake.
Anthropometric measurements such as body weight, height, body mass index (BMI =weight ÷ (height
in meters)2), and, if applicable, mid-upper arm circumference or triceps skin fold tests may also be
included [62,63]. In addition, according to the local circumstances and standards of care, the following
additional measurements may complete the nutritional assessment: body composition (bioelectrical
impedance analysis), muscle function (handgrip strength), activities of daily living (Barthel index),
quality of life (mainly questionnaires such as SF-36 [64]), and calculation of energy requirements (e.g.,
Harris and Benedict formula, indirect calorimetry) [63]. Routine laboratory parameters (e.g., complete
blood count, lipid profile, electrolytes, and liver parameters) may give information on the patient’s
nutritional state (proof of nutrient deficiency, information about the etiology of malnutrition, and
follow-up of nutritional therapy), the disease severity and activity, and body composition changes to
identify patients at nutritional risk [65]. However, none of these markers is very specific for nutritional
deficiencies, and their medical interpretation is only possible in the context of the patient’s clinical status
and history. Thus, nutrition-related factors are hardly ever the sole cause of conspicuous laboratory
findings, and there is no such thing as an optimal surrogate marker for malnutrition [65].

Laboratory values must, therefore, always be interpreted in a clinical context [66]. Nitrogen balance,
albumin, prealbumin, transferrin, retinol binding protein, insulin growth factor-1, creatinine-height
index, and total lymphocyte count are among the few parameters that may be used to quantify
malnutrition in malnourished patients [65]. Concerning micronutrients, several potential deficiencies
have been associated with malnutrition, including vitamins (i.e., vitamin B12, folic acid, fat-soluble
vitamins A, D, E, K) and trace elements (especially zinc, iron, and selenium). The goal of nutritional
assessment is to gain an understanding of the patient’s nutritional status in order to develop a nutritional
care plan containing an accurate calculation of the individual energy and protein requirements and
choice of the most appropriate form of feeding (normal food, special consistency, fortified meals,
snacks, oral nutritional supplements, or artificial nutrition support).
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To call attention to the daily work of an NST (screening, assessment, and nutritional therapy) and,
for the reimbursement of this procedure by insurance companies, it is crucial to record, document, and
use the code for malnutrition in the Diagnosis Related Groups (DRG) tariff system. It is, therefore,
important that the additional revenues arising from use of the DRG code for malnutrition and its
therapy are reinvested to cover costs and promote NSTs.

4.2. Nutritional Therapy

NST offers a hospital-wide service with the aim to improve the quality of nutritional therapies
targeting complex multimorbid patients, and, in general, to “fight against malnutrition.” From a
clinical and therapeutic standpoint, nutritional management starts with the identification of patients at
nutritional risk—a status that will subsequently guide clinical decision-making—and focuses on those
patients likely to benefit from nutritional therapy [67]. Using clinically important endpoints, there
is now a substantial body of evidence showing that nutrition support improves outcome when it is
implemented appropriately [28]. Thus, after an assessment has been completed and the severity of
malnutrition has been determined, the attending medical staff—in cooperation with the NST—sets
the individual nutritional plan and the strategy to achieve these goals (Figure 6). While the objective
is always to fully meet the individual energy and protein requirements, one should strive for a
nutritional intake of at least 75% of those needs [3,68]. Achievement of the goals set and adherence
to therapy should be re-evaluated every 24–48 h. If necessary, the nutritional intervention should be
adapted. Escalation of the support strategy—i.e., from oral to enteral or from enteral to parenteral
nutrition—should be considered within five days [28].

Figure 6. Strategy for nutritional therapy. The nutritional therapy is designed by an NST based on the
patient’s needs and current situation. The most physiologic route of nutrition delivery is preferable.
Nutritional therapy should be regularly re-evaluated and escalated if needed.

4.3. Monitoring and Safety

An NST ensures the correct handling of the artificial nutrition, and reviews the appropriateness of
the therapies and related prescriptions [51]. The initiation of a nutritional therapy in complex clinical
situations and its proper documentation are also tasks of an NST [69]. An NST ensures the quality
and safety of nutritional interventions, especially artificial nutrition, which helps to reduce potential
mechanical and metabolic complications (e.g., blood glucose issues and refeeding syndrome) as well
as infections [70]. The NST has a consultative role for the treating medical staff in the hospital and
takes over the management of the nutritional therapy in outpatients.
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4.4. Outpatient Management

Nutritional therapy is normally initialized during the hospital stay, and continued after discharge
under close monitoring. The NST plays a key role in management of the therapy during the transition
from the inpatient to the outpatient setting (Figure 7). The NST carries out regular visits on the wards,
and, subsequently, plans and organizes the hospital discharge from a medical as well as a therapeutic
point of view. It monitors the patients, when possible, in regular consultations in the outpatient’
clinic. If artificial nutrition is needed at home, the multiprofessional NST instructs and educates
patients as well as relatives and caregivers in close cooperation with the treating medical staff. After
discharge, the NST remains the core contact for patients, their relatives, their general practitioners, and
home care services regarding problems with nutritional therapy (intricate nutrition-related questions,
complications, problems with devices, etc.). The NST also plays a central role in the outpatient setting,
embedded in the complex interdisciplinary and multiprofessional therapeutic-medical network.

Figure 7. Network of an NST. NST has a central role in the management of patients with complex
nutritional therapy in the inpatient and outpatient setting, during the hospital stay and beyond.

4.5. Standards and Processes

An NST monitors the clinical outcomes of the patients and regulates/optimizes processes of the
nutritional intervention accordingly. Furthermore, NST periodically checks operating procedures as
well as patient procedures, and proposes changes to optimize nutritional care. A good example is
the transition from parenteral to enteral nutrition, or from enteral to oral therapy [58]. Since this is
the platform of evidence-based practice, operational tasks of an NST include guaranteeing a wide
range of meal choices, applying standards of care, implementing medical guidelines, developing
standards for consultations, implementing evidence-based nutritional treatment, and maintaining high
standards for the quality of hospital food (recipe management) in close collaboration with the catering
department [36].
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4.6. Education, Training, and Research

An NST also oversees and coordinates education and training in the field of nutritional
management, according to the local possibilities and settings. This includes the dissemination
of experience, expertise, and skills to trainees, students, and residents as well as other medical
and para-medical staff. Multiprofessional work, connected thinking, and effective interdisciplinary
communication are mandatory [54–56,71,72]. NST can ensure optimal treatment quality only when all
professions and disciplines cooperate smoothly and the patient is given a place.

A respectful and strength-based team culture is the goal. Nutritional interventions and counseling
should be scientifically-based whenever possible, and should correspond to the latest knowledge
(evidence-based practice). The level of evidence that informs the daily clinical practice of an NST is not
always satisfactory and is often based on long-term experience and expertise.

Beyond teaching, knowledge transfer, and skill development, NST should be able to perform
clinical translational research and run clinical studies. A trial hypothesis may be generated in response
to the concerns and challenges of everyday practice. Exchange of ideas, networking, and cooperation
with other hospitals, universities, institutes, and societies is essential in this context, depending on the
hospital setting [56].

5. Efficacy, Efficiency, and Positive Outcomes

An NST is often involved in defining the indications for and implementing artificial nutrition [73].
Through the involvement of an NST, there are significantly more correct indications for parenteral
nutrition, and, as a result, many labor-intensive interventions can be avoided [53]. In the study of
Sriram et al., the number of indicated parenteral therapies increased from 71.3% to 83.4% between 2003
and 2006 due to the intervention of NST [29]. At the same time, non-indicated interventions decreased
from 16.5% to 8.9%, which is a sign of higher treatment quality [29]. Boitano et al. investigated
compliance with the ASPEN guidelines for parenteral nutrition, which were implemented between
2007 and 2010 [7]. Through changes in the prescription forms, implementation of NST visits on the
wards, and the education of physicians, the number of non-indicated therapies could be reduced.
The percentage of indicated parenteral therapies increased from 60% to 97%, and around 85% of the
patients were able to meet their energy and protein needs, versus 54% before [7]. The close monitoring
of nutritional therapy showed an increase in correctly documented laboratory values from 53% to 83%.
Additionally, the percentage of patients with hyperglycemia, which is the most frequent complication
of parenteral nutrition, could be reduced from 47% to 3% [7]. Besides the obvious increase in treatment
quality, the hospital was able to save a total of $5.3 million USD. In the study of Trujillo et al., including
consecutive patients treated with parenteral nutrition, 15% of the nutritional interventions were
non-indicated and 23% could have been avoided, for a total cost savings of $183,309 per year [32].
Through the interventions of an NST, metabolic complications could also be significantly reduced,
from 66% to 34%, which represents $510,746 USD yearly. During 1997, in a Swiss university hospital,
69% of the parenteral nutrition prescriptions were done without involvement of an NST, and 28% of
these were non-indicated [23]. Of these non-indicated therapies, 58% were inadequate. In 62% of the
patients, energy intake was too low. In 20% of the patients, it was too high, and an additional 17% of
patients received no vitamins or trace elements. After an NST was involved, the percentage of patients
receiving parenteral nutrition decreased to 35% (2765 bags in 1995 vs 1812 bags in 1998), which leads
to more enteral tube feeding. Furthermore, the number of catheter-related infections decreased from
25 (1995) to 3 (1998). Through the direct involvement of an NST, a total of 245,000 Euros per year could
be saved [23]. In England, savings of over 50,715 British Pounds were achieved yearly, through the
NST monitoring among medical and surgical patients [20]. Through the involvement of an NST, Chris
Anderson et al. demonstrated a reduction of the yearly parenteral nutrition costs from $2107 to $1784
USD (mean total per day on parenteral nutrition) [8].

Already in the 1970s and 1980s, studies showed the efficacy (drop in severe catheter-related
infections) and the associated cost-effectiveness of involving an NST [9,11,13,17,18,25,26]. Later on,
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further studies revealed that NST optimizes nutritional therapy and decreases metabolic complications.
Moreover, through its interventions, NST is able to reduce the occurrence of electrolyte imbalance,
especially in patients on home parenteral nutrition [44–47,57,74]. The recent study of Park et al.
showed that the early intervention of an NST in critically ill patients with gastrointestinal diseases
positively influences survival [22]. A significant reduction in 90-day mortality under oral nutritional
therapy was reported in the study of Deutz et al. [10]. Benefits of NST interventions (oral, enteral, or
parenteral) on patients’ clinical outcomes could be demonstrated in many other randomized controlled
trials over the last two decades, including improved energy and protein intake, shorter length of
hospital stay, fewer complications, a lower elective rehospitalization rate, less weight loss, improved
muscle function, and an improvement in quality of life [12,14–16,19,21,24,27,28,30,51]. In the study of
Johansen et al., NST was responsible for the nutritional management only in the intervention group [19].
The primary endpoint was a composite of nutrition-related factors, which may influence the length of
the hospital stay (mobilization, signs of infection, complications). Energy and protein intake of ≥75%
of the requirements could be achieved in 62% of the patients in the intervention group versus 36%
in the control group [19]. The hospital length of stay of patients who developed complications was
significantly shorter in the intervention group [19]. Nutritional therapy may be carried out easily at
home with the support of home care services, which results in substantial cost savings [31].

More recently, the efficacy and efficiency of an NST (counseling, therapy, and patient procedures,
according to a protocol) were confirmed in the multicenter randomized, controlled Effect of early
nutritional support on Frailty, Functional Outcomes, and Recovery of malnourished medical inpatients
Trial (EFFORT) of Schuetz et al. [28]. In this study, more than 2000 polymorbid medical inpatients at
nutritional risk (NRS 2002 total score ≥3) were randomly assigned to either receive a standard hospital
diet versus individualized nutritional support, according to a nutritional protocol [75]. After 30 days,
the positive effect of the individualized nutritional management through an NST could be shown.
A total of 79% of the intervention group reached their energy and protein requirements, with 76%
even within three days (high compliance rate). In the control group, 54% of the patients reached their
energy requirements, and 55% reached the protein requirements. Quality of life, functional status, and
clinical outcome were also significantly improved. Improved outcome can be translated into a need to
treat 25 patients to prevent one adverse clinical outcome and 37 to prevent one death [28]. Notably,
there was no increase in side-effects or complications, such as refeeding syndrome, associated with
nutritional support [76,77]. These results show that malnutrition is a mostly modifiable risk factor
and that a global strategy aimed at meeting the needs of individual patients is of decisive importance.
Cachexia may not be fully reversed with nutritional support but remains essential until refractory
cachexia occurs [78,79] (Table 2).



J. Clin. Med. 2019, 8, 1281

T
a

b
le

2
.

C
lin

ic
al

st
ud

ie
s

sh
ow

in
g

effi
ca

cy
an

d
effi

ci
en

cy
of

N
ST

.

O
u

tc
o

m
e

C
o

rr
e

ct
In

d
ic

a
ti

o
n

C
o

st
S

a
v

in
g

s
D

e
cr

e
a

se
d

C
o

m
p

li
ca

ti
o

n
R

a
te

s
R

e
d

u
ce

d
M

o
rt

a
li

ty
Im

p
ro

v
e

d
M

o
n

it
o

ri
n

g
In

cr
e

a
se

d
D

ie
ta

ry
In

ta
k

e

P
o

si
ti

v
e

In
fl

u
e

n
ce

o
f

In
d

iv
id

u
a

li
z

e
d

N
u

tr
it

io
n

a
l

S
u

p
p

o
rt

S
tu

d
ie

s

Bo
it

an
o

et
al

.[
7]

Pi
qu

et
et

al
.[

23
]

Tr
uj

ilo
et

al
.[

32
]

Sr
ir

am
et

al
.[

29
]

Bo
it

an
o

et
al

.[
7]

C
hr

is
A

nd
er

so
n

et
al

.[
8]

C
ur

ry
et

al
.[

9]
Fa

ub
io

n
et

al
.[

11
]

G
ol

dm
an

n
et

al
.[

13
]

Ja
co

bs
et

al
.[

18
]

K
en

ne
dy

et
al

.[
20

]
Pi

qu
et

et
al

.[
23

]
R

ya
n

et
al

.[
25

]
Sa

nd
er

s
et

al
.[

26
]

Tr
uj

ilo
et

al
.[

32
]

Bo
it

an
o

et
al

.[
7]

C
ur

ry
et

al
.[

9]
Fa

ub
io

n
et

al
.[

11
]

G
ar

ib
al

la
et

al
.[

12
]

G
ol

dm
an

n
et

al
.[

13
]

H
a

et
al

.[
14

]
H

eg
er

ov
a

et
al

.[
15

]
H

ic
ks

on
et

al
.[

16
]

Ja
co

bs
et

al
.[

18
]

Jo
ha

ns
en

et
al

.[
19

]
N

or
m

an
et

al
.[

21
,4

1]
Pi

qu
et

et
al

.[
23

]
R

ue
fe

na
ch

te
ta

l.
[2

4]
R

ya
n

et
al

.[
25

]
Sa

nd
er

s
et

al
.[

26
]

So
m

an
ch

ie
ta

l.
[2

7]
Sc

hu
et

z
et

al
.[

28
]

St
ar

ke
et

al
.[

30
]

St
ra

tt
on

et
al

.[
31

]
Tr

uj
ilo

et
al

.[
32

]
te

n
D

am
et

al
.[

43
]

D
ud

ri
ck

et
al

.[
45

]
Fü

rs
te

ta
l.

[4
6]

Bu
tt

er
w

or
th

[4
7]

A
lli

so
n

[5
1]

C
ou

nc
il

of
Eu

ro
pe

[5
7]

Pa
rk

et
al

.[
22

]
Sc

hu
et

z
et

al
.

[2
8]

D
eu

tz
et

al
.[

10
]

Bo
it

an
o

et
al

.[
7]

K
en

ne
dy

et
al

.
[2

0]

Bo
it

an
o

et
al

.[
7]

G
ar

ib
al

la
et

al
.[

12
]

H
a

et
al

.[
14

]
H

eg
er

ov
a

et
al

.[
15

]
H

ic
ks

on
et

al
.[

16
]

Jo
ha

ns
en

et
al

.[
19

]
N

or
m

an
et

al
.

[2
1,

41
]

R
ue

fe
na

ch
te

ta
l.

[2
4]

So
m

an
ch

ie
ta

l.
[2

7]
Sc

hu
et

z
et

al
.[

28
]

St
ar

ke
et

al
.[

30
]

St
ra

tt
on

et
al

.[
31

]
te

n
D

am
et

al
.[

43
]

D
ud

ri
ck

et
al

.[
45

]
Fü

rs
te

ta
l.

[4
6]

A
lli

so
n

[5
1]

C
ou

nc
il

of
Eu

ro
pe

[5
7]

Jo
ha

ns
en

et
al

.[
19

]
R

ue
fe

na
ch

te
ta

l.
[2

4]
Sc

hu
et

z
et

al
.[

28
]



J. Clin. Med. 2019, 8, 1281

6. Strength of Evidence Regarding Nutritional Support Teams

Evidence-based medicine is intended to optimize the decision-making of physicians and patients
by emphasizing the use of evidence from well-designed and well-conducted research including typically
randomized trials and meta-analyses summarizing effects of such single trials. For many fields of
clinical nutrition, including NSTs, there has been an important lack of large-scale interventional studies
providing such high-quality evidence, and much of today’s knowledge is based on observational
research and experience of physician and dieticians. As a consequence, current clinical practice
guidelines, often give weak recommendations regarding nutritional topics. However, as outlined
above, there are some new and important clinical trials in the field, which provide strong evidence in
favor of nutritional support and thus also in favor of NSTs [10,28]. However, there is clearly room for
further improvements in our understanding on how to best use nutrition in individual patients.

7. Conclusions and Outlook

Malnutrition is a mostly modifiable condition with potentially deleterious consequences, if left
untreated. Malnourished patients can be detected early and treated in a timely fashion through
comprehensive nutritional care management. This contributes to improvements in the patient’s clinical
outcome, as recently shown in the EFFORT trial [28]. An interdisciplinary approach and nutritional
therapies are effective in cost containment (improving quality of treatment, avoiding unnecessary
interventions, and simplifying management), which is especially relevant for the modern healthcare
policy. These results show that NSTs should be widely propagated and implemented in a hospital.
There is growing evidence from clinical trials demonstrating the efficacy and efficiency of NSTs.
The success of nutritional medicine strongly depends on their institutionalization and visibility of the
field and the role of the NSTs in modern multimodal medical care. The key task of NSTs is to implement
a comprehensive nutritional care system, so that every patient who could potentially benefit from
nutritional support receives it rapidly, adequately, and with the highest standards of quality.
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Abstract: Background: Despite being recognised that nutritional intervention is essential, nutritional
support is not widely accessible to all patients. Given the incidence of nutritional risk and nutrition
wasting, and because cachexia management remains a challenge in clinical practice, a multidisciplinary
approach with targeted nutrition is vital to improve the quality of care in oncology. Methods:

A literature search in PubMed and Cochrane Library was performed from inception until 26 March.
The search consisted of terms on: cancer, nutrition, nutritional therapy, malnutrition, cachexia,
sarcopenia, survival, nutrients and guidelines. Key words were linked using “OR” as a Boolean
function and the results of the four components were combined by utilizing the “AND” Boolean
function. Guidelines, clinical trials and observational studies written in English, were selected.
Seminal papers were referenced in this article as appropriate. Relevant articles are discussed in this
article. Results: Recent literature supports integration of nutrition screening/assessment in cancer
care. Body composition assessment is suggested to be determinant for interventions, treatments
and outcomes. Nutritional intervention is mandatory as adjuvant to any treatment, as it improves
nutrition parameters, body composition, symptoms, quality of life and ultimately survival. Nutrition
counselling is the first choice, with/without oral nutritional supplements (ONS). Criteria for escalating
nutrition measures include: (1) 50% of intake vs. requirements for more than 1–2 weeks; (2) if it
is anticipated that undernourished patients will not eat and/or absorb nutrients for a long period;
(3) if the tumour itself impairs oral intake. N-3 fatty acids are promising nutrients, yet clinically
they lack trials with homogeneous populations to clarify the identified clinical benefits. Insufficient
protein intake is a key feature in cancer; recent guidelines suggest a higher range of protein because
of the likely beneficial effects for treatment tolerance and efficacy. Amino acids for counteracting
muscle wasting need further research. Vitamins/minerals are recommended in doses close to the
recommended dietary allowances and avoid higher doses. Vitamin D deficiency might be relevant
in cancer and has been suggested to be needed to optimise protein supplements effectiveness.
Conclusions: A proactive assessment of the clinical alterations that occur in cancer is essential for
selecting the adequate nutritional intervention with the best possible impact on nutritional status,
body composition, treatment efficacy and ultimately reducing complications and improving survival
and quality of life.

Keywords: cancer; nutrition; nutritional therapy; nutritional support; malnutrition; cachexia;
sarcopenia; survival

1. Introduction

Cancer is a complex disease that results from multiple interactions between genes and the
environment, and is regarded as one of the current leading causes of mortality worldwide [1,2].
Metabolic and nutritional alterations can influence survival and recovery of cancer patients:
malnutrition, sarcopenia and cachexia [3,4]. Malnutrition ensues from an inflammatory state that
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promotes anorexia and consequently, weight loss. It is highly prevalent in cancer patients [5] as 15 to
40% of patients report weight loss at diagnosis [6]. It is estimated that 40 to 80% of all cancer patients will
be malnourished during the course of the disease. Furthermore, malnutrition can influence treatment
outcomes, delay wound healing, worsen muscle function and increase the risk of post-operative
complications. It can also impair tolerance and response to antineoplastic treatments, which can in
turn lead to extended hospital stay, increase the risk for treatment interruptions, and possible reduced
survival [7,8]. Sarcopenia is characterised by a decrease in lean body mass with an impact both on
strength and physical function that may decrease the quality of life [9]. As cancer-related weight loss
in obese patients cannot be identified by a low body mass index (BMI), sarcopenic obesity, defined
as low lean body mass in obese patients, is frequently overlooked [10]. In these patients, changes in
body composition result in an increased metabolic risk, and it seems to be a significant predictor of
treatment related adverse events [11,12]. Cancer cachexia is a complex multifactorial syndrome that
results from a combination of metabolic alterations, systemic inflammation and decreased appetite.
It is characterised by an involuntary sustained weight loss and loss of skeletal muscle mass, with or
without loss of fat mass that are irreversible by conventional nutritional support [13].

In addition to the disease, antineoplastic treatments and/or surgery have a significant impact
on patients’ nutritional status [14–16]. During chemotherapy (CT), more than 50% of patients
experience dysgeusia, nausea, vomiting and mucositis, and radiotherapy (RT) related complications
are also common. It is also established that poor nutritional status increases surgical morbidity and
post-surgical complications [17]. Nutritional intervention in cancer patients aim to identify, prevent and
treat malnutrition through nutritional counselling with or without oral nutritional supplements (ONS)
or via artificial nutrition, i.e., enteral or parenteral nutrition [18–20], as well as to address metabolic
and nutritional alterations that influence patients’ recovery and survival [19,20]. Despite the fact that
nutritional intervention is a key component, nutritional support is not widely accessible to all patients
at nutritional risk [21–23]. Additionally, given the incidence of nutritional risk in cancer and the fact that
the management of cachexia remains a challenge in clinical practice [24], a multidisciplinary approach
is vital to define efficient strategies that can improve quality of care in cancer patients. According
to the reviewed data and guidelines, nutritional intervention should be central and adjuvant to any
treatment and should be included in the multidisciplinary approach mandatory in oncology. This will
allow for more adequate and efficient results in these patients. Multidisciplinary follow-up, with early
and regular nutritional intervention, is of major importance in oncology, thus being a key factor for
successful treatment and recovery. The present article aims to provide insights and an overview of the
most recent literature regarding key nutritional aspects in cancer patients.

Based on this framework, a literature search in PubMed and Cochrane Library was performed
from inception until 26 March. The search consisted of terms: cancer, nutrition, nutritional therapy,
malnutrition, cachexia, sarcopenia, survival, nutrients, guidelines. Key words were linked using “OR”
as a Boolean function and the results of the four components were combined by utilizing the “AND”
Boolean function. Guidelines, clinical trials and observational studies written in English, were selected.
Seminal papers in the area, even if dated outside the search timeline, were referenced in this article
as appropriate.

2. Results

2.1. Nutritional Screening and Assessment

Screening for nutritional risk as early as possible allows for the identification of patients at
risk of becoming malnourished [25]. Screening should be done as early as possible, and recent
literature suggests that it should be done at diagnosis or at hospital admission; screening should be
repeated in the course of treatment for referral for evaluation if needed [19,21,23,25–27]. Evidence
supports the integration of malnutrition screening in cancer patients care. The adequate tool for
screening undernutrition should be brief and easy to fill, inexpensive, highly sensitive and have
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good specificity [25]. MUST (Malnutrition Universal Screening Tool) and NRS-2002 (Nutritional Risk
Screening-2002) are considered suitable [28–30]; the MNA (Mini Nutritional Assessment) is a suitable
tool for nutritional assessment in the senior population [19,23].

When nutritional risk is present, screening should be followed by comprehensive nutritional
assessment to better determine the course of nutritional intervention. It seems there is no consensus on
the best method to perform this assessment, but SGA (Subjective Global Assessment) and PG-SGA
(Patient Generated-Subjective Global Assessment) have been validated for nutritional assessment of
adult oncology patients [25,26,31].

When used isolated, weight loss is ineffective to detect malnutrition, as it has low sensitivity
for metabolic changes that occur in cancer patients. Yet, its early and regular assessment, combined
with the evaluation of nutritional intake, BMI and inflammatory status is a standard clinical
recommendation [19,26]. As for BMI, it has low sensitivity to detect changes in the nutritional
status, especially in obese patients, thus it should only be used combined with other assessment
tools [26,32].

Body composition provides valuable information in the management of cancer patients, as imaging
methods detect loss of muscle mass as well as fatty muscle infiltration [2]. In cancer patients at risk for
malnutrition, sarcopenia and cachexia, muscle mass should be assessed [19,21]. Methods available
are dual X-ray absorptiometry (DEXA), computed tomography scans at the level of the 3rd vertebra
or bioimpedance analysis (BIA). Additionally, it has been recommended that nutritional assessment
should be performed for the stages of cancer cachexia, as nutritional intervention is most effective in
the stages of precachexia and cachexia [13].

2.2. Nutritional Intervention

In order to tackle nutritional deterioration, gathering objective data on nutritional status and its
evolution throughout the disease course is of prime concern. Different cancer types or locations display
different nutritional patterns that require tailored nutritional therapy. Nutritional deterioration is a
multifactorial end-result determined by cancer-related and nutrition- and/or metabolic-related factors.
Proper nutrition can alleviate symptom burden, improve health across the cancer continuum, support
cancer survivorship [33–36] and is a hallmark of successful cancer treatment.

Nutritional interventions will vary according to patients’ medical history, type and stage of cancer,
as well as to the response to treatment. If the patient can eat and has a functional gastrointestinal tract,
nutritional counselling, with or without ONS should be the elected intervention to address altered
nutritional demands due to treatment or disease [19,21,26]. ONS may be necessary, as a means to
compensate for lower food intake and to try to prevent nutritional deterioration during the course of
treatments. Monitoring compliance with the selected nutritional intervention is essential.

2.2.1. Individualised Nutritional Counselling

In clinical practice, oral nutrition is always the priority. Oral nutrition is the preferred route of
feeding as it is a significant part of the patient’s daily routine and does contribute substantially to the
patients’ autonomy [19]. It represents a privileged time to spend with family and friends, avoiding
the tendency for isolation. The acknowledgement that the prescribed diet is individualized, adapted
and adequate to individual needs, empowers the patient with a feeling of control, thus it is also a
highly effective approach for psychological modulation. All these factors may potentially contribute to
improve the patients’ quality of life, and may modulate acute and late treatment morbidity. The referral
for a nutrition professional responsible for the individualised dietary counselling should always be
based on decision-making plans (Figure 1).
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Figure 1. Evidence based decision making plan.

As clinicians we have to recognise the dimensions that are determinant for the patients. Indeed,
the diet is the only factor that the patient feels he/she can control during the whole course of treatments
and interventions. Also, an adequate food intake is recognised by the patient as well as by the
family and caregivers, as essential to maintain the daily activity, energy, functional capacity and to
overcome treatments more successfully. Notably, nutritional wasting is common regardless of the
cancer stage (curative, adjuvant, to palliative) and is an independent predictor of poor physical function,
lower quality of life, surgical complications, and reduced survival [3,10,13,37]. Cancer wasting is
characterised by muscle mass deterioration that occurs in more than 50% of newly diagnosed cancer
patients, in comparison with 15% prevalence in healthy individuals of similar age [38]. Since both
muscle mass and adipose tissue play a role in oncological outcomes, strategies to optimize body
composition are an important part of successful cancer therapy. Hence, a major goal of nutrition
intervention is to favourably influence body composition, with the potential to improve cancer therapy
outcomes, morbidities and ultimately, prognosis.

To be effective, individualised counselling has to be based on a thorough assessment of various
nutritional and clinical parameters: nutritional status and dietary intake, usual dietary pattern,
intolerances or food aversions, patients’ psychological status, autonomy, cooperation, need for help or
support of others in the act of eating. A thorough symptom assessment is also mandatory (Table 1).
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Table 1. Common causes for a poor nutrient intake in cancer patients.

• Deterioration in taste, smell and appetite, as a consequence of the tumour and/or therapy
• Altered food preferences/food avoidance/food aversion
• Eating problems (teeth, chewing)
• Dysphagia, odynophagia or partial/total gastrointestinal obstruction
• Early satiety, nausea and vomiting
• Soreness, xerostomia, sticky saliva, painful throat, trismus
• Oral lesions and oesophagitis
• Radiotherapy/chemotherapy induced mucositis
• Acute or chronic radiation enteritis during and after radiotherapy
• Depression, anxiety
• Pain

Individualised nutritional counselling taking into consideration patients’ clinical condition and
symptoms, was the most effective nutrition intervention, assuring a sustained and adequate diet,
which was able to overcome the predictable deterioration subsequent to RT [35,36,39–42]. Positive
effects were experienced in the long term with a possible impact of patients’ prognosis [43] as recently
showed in a randomized trial, the preliminary results of which were presented in the ESPEN Congress
in 2018. Another randomised trial of nutritional therapy showed that intervention had an impact
in maintaining patients’ nutritional status and function [39]. In this study, individualised intensive
nutrition counselling was compared with individualised on-demand nutrition counselling by a
dietician prior to and during oncologic treatment. On-demand nutrition counselling requested by
physician/nurse referral, seemed not inferior to intensive counselling; thus, these results do emphasise
the importance of establishing multimodal nutrition teams to effectively and timely screen and orient
patients for adequate nutrition [39]. Several guidelines to date do include nutritional counselling as
their standard of care for malnourished patients or at risk of malnutrition [19–21,23,26,27] or during
anti-neoplastic treatments in head-neck (HNC), oesophageal and colorectal cancers as these patients
are in particular risk of malnutrition due to tumour location and irradiated area [14].

If/when oral nutrition is inadequate/insufficient, artificial nutrition should be considered [19–21,
23,26,27]. Criteria for the escalation in nutritional measures are: (1) inadequate food intake (<50% of
requirements) is anticipated for more than 10 days due to surgery or chemotherapy (CT)/radiotherapy
(RT); (2) if food intake is less than 50% of the requirements for more than one to two weeks; (3) if it is
anticipated that undernourished patients will not be able to eat and/or absorb the adequate amount
of nutrients for a long period time, due to antineoplastic treatments; (4) if the tumour mass itself
impairs oral intake and food progression through the upper GI tract. The decision between enteral
nutrition (EN) and parenteral nutrition (PN) must take into account the site of the tumour, its extent,
complications, treatment plan and intent, prognosis, patients’ overall physical status and the duration
of the nutritional support [19–21,23,26,27,44].

2.2.2. Artificial Nutrition

If the intestinal functions are preserved, EN should be preferred in order to maintain gut integrity and
reduce bacterial translocation [45], as well as to reduce infectious complications [19–21,23,26]. A standard
polymeric feeding formula should be preferred. EN is recommended in undernourished or at-risk patients
during CT if undernutrition is present or if inadequate food intake is present or anticipated [19,22,23,27,46].
Systematic artificial nutrition during CT treatment is not recommended [19–21,23,26]. In radiation-induced
severe mucositis or in obstructive tumours of the head-neck or thorax, either PEG or nasogastric tube are
recommended [19,20]. EN is contraindicated in: intestinal obstruction or ileus, severe shock, intestinal
ischaemia, high output fistula, severe intestinal haemorrhage, intestinal insufficiency due to radiation
enteritis, short bowel syndrome, peritoneal carcinomatosis chylothorax [19,21,23,26]. In these situations, or
whenever EN is insufficient, a combination of EN and PN or PN alone should be considered [19,21,23,26].
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As for PN, it should be initiated early [19,21,23,26] whenever indicated. PN is the first option of nutritional
support in cases of intestinal failure; whenever macro and micronutrient’ requirements can only be
fulfilled via the parenteral route, long term artificial nutrition as home parenteral nutrition (HPN) is
standard recommendation [19,44,47,48].

As for the macronutrients in PN, amino acids (AA) requirement of cancer patients relies on:
negative balance between whole body protein synthesis and breakdown, doses of AA closer to 2 g/kg/day
may be required to control catabolism and stimulate synthesis vs. 0.8 g/kg/day as recommended
for healthy subjects [49], and for older subjects and chronic disease, most recent clinical guidelines
recommend >1.0 g/kg/day of protein. Hence, to support protein balance, up to 1.5 g/kg/day or more of
protein is the consensual recommendation. In the nutritive PN admixtures, essential AA should be
present in approximately 50% of AA and branched chain AA should account for the remainder 50%
of total AA [50]. In what concerns fat as an energy substrate, the most consensual regimens have fat
accounting for ≈50% of non-protein calories [51,52].

Recently, PN as a supplemental route of nutrient administration (SHPN) emerged as a possible
resource to optimise nutrient delivery. Prospective studies [53–57] on SHPN suggest a possible
benefit in energy balance, increased body fat, greater maximum exercise capacity and QoL. A recent
randomised trial showed that SHPN may prevent loss of MM in patients with incurable gastrointestinal
cancer [57]. Hence, there is yet insufficient evidence to recommend SHPN in cancer patients to improve
QoL and nutrition parameters. Additionally, practice of HPN differs between countries; most do not
consider the use of PN if there is a functional gastrointestinal tract, while others may consider its use if
it is according to the will of the patient [58–60].

Refeeding syndrome can occur when severe shifts in fluids and electrolytes happen in severely
malnourished patients receiving EN or PN, and it may cause hypophosphatemia, hypokalaemia,
hypomagnesaemia, thiamine deficiency, changes in sodium, glucose and fluid balance and also in
protein and lipid metabolism [19,21]. Its prevention is recommended when BMI < 16 kg/m2 or in the
presence of unintentional weight loss >15% within the last three to six months or whenever there
is little or no nutritional intake for more than 10 days or if there are decreased levels of potassium,
phosphate or magnesium prior to feeding. If a severe decrease in food intake occurs for at least five
days, it is recommended a gradual increase in nutrition over several days, and no more than 50% of
the calculated energy requirements should be supplied during the first two days of feeding [19,25].
The identified fluid and electrolytes imbalances should be corrected, and the circulatory volume, fluid
balance, heart rate and rhythm, as well as clinical status, should be monitored closely. Attention to the
refeeding syndrome risk is currently contemplated in guidelines for cancer management [19–23,26,27].

2.2.3. Surgery

In order to minimise the metabolic stress response and catabolism associated with surgery in
undernourished patients, the enhanced recovery after surgery program (ERAS) is recommended for
all cancer patients undergoing curative or palliative surgery [18,22,61]. Within ERAS protocol the
following principles should be followed: Screening for malnutrition and give additional nutritional
support if necessary [18,22]; avoid preoperative fasting; preoperative carbohydrate treatment should
be considered as well as the reestablishment of oral feeding on the first postoperative day; and early
mobilisation [18,22]. To avoid preoperative fasting, patients with no risk of aspiration, are allowed to
eat solid food until six hours and drink clear fluids until two hours before anaesthesia [18].

In oncologic surgical patients, with moderate to severe nutritional risk, nutritional support is
recommended before and after surgery [18,25]. If severe malnutrition is present, delaying surgery
may be necessary [18,25]. When submitted to major surgery, nutritional support should be provided
routinely, with particular attention to elderly sarcopenic patients.

Besides the ERAS protocol, an early start of nutritional supplementation can significantly diminish
the degree of weight loss and incidence of complications [22,25]. If it is anticipated that after surgery,
the patient will be unable to eat for more than seven days, it is advised to start nutrition therapy
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even in well-nourished patients [18,22,25]. After surgery, oral nutrition should also be preferred to
EN and the latter should be preferred to PN. If oral intake is possible, it should start after surgery
without interruption, after assessing individual tolerance. If oral nutrition is not possible, EN should
be initiated within 24 h, preferring standard polymeric enteral formulae if adequate [25].

2.2.4. Radiotherapy and Chemotherapy

Oral mucositis, dysphagia and diarrhoea are common complications of RT and/or CT
treatments [12–22]. During RT, nutritional counselling is also recommended, especially in HNC,
thorax and gastrointestinal (GI) tract cancers [12–23]. When deemed necessary, ONS should be
provided [62], and when severe mucositis is present, artificial nutrition should be considered [23].
When dietary counselling and ONS are insufficient to reduce weight loss or if in the presence of
severe mucositis or obstructive tumours of the head or neck or thorax, artificial nutrition should be
considered [19,20,23]. In patients treated with RT or chemoradiotherapy, PN is not recommended [19],
and it should only be considered when adequate nutrition cannot be assured with oral or EN [19].

2.3. Specific Nutrients

Nutritional strategies that potentially allow better management of cancer have been widely
investigated, but few have reached conclusive results.

2.3.1. Protein

Many patients with cancer do not meet the recommended intake (1.2–1.5 g/kg/day), and not
even the one for healthy individuals (0.8 g/kg/day) [63]. Limited protein intake ensues mainly from
nutrition impact symptoms that affect dietary intake [64]. Recent guidelines do suggest a higher range
of protein intake (1.2–1.5 g/kg/day), because of the positive results of higher protein intake in protein
balancing and in maintaining muscle mass. Of additional interest is a recent study showing an inverse
association between red meat consumption and seven-year mortality among 992 individuals with
stage III colon cancer [65], suggesting that higher protein intake may actually be beneficial in cancer.

Interventions with amino acids have been tested in cancer, aiming to optimise nutritional status
and counteract muscle mass wasting. They include supplementation with branched chain amino acids
(leucine, isoleucine and valine) [63], β-hydroxy β-methyl butyrate, carnitine and creatine. Yet further
research is needed to clarify potential benefits.

As for glutamine, its supplementation in cases of oral mucositis or to prevent/treat diarrhoea
during pelvic RT, is not recommended [19,22,26]. As for its use when PN is required for patients
undergoing haematopoietic stem cell transplant, guidelines are not identical: there is a fair graded
recommendation for eventual use of 0.2–0.5 g/kg/day [26], and the indication that there is not enough
evidence to recommend for or against glutamine to reduce anticancer therapy side effects, especially in
high dose protocols [19]. In what concerns its potential to improve muscle mass, there is not enough
data to support it.

2.3.2. Eicosapentaenoic Acid and Fish Oil

Eicosapentaenoic acid (EPA) has been identified as a promising nutrient with appointed clinical
benefits. Several mechanisms have been proposed to explain the potential benefits of EPA on the
body composition: inhibition of catabolic stimuli by modulating the production of pro-inflammatory
cytokines and enhancing insulin sensitivity that induces protein synthesis. Intervention studies showed
that EPA may attenuate deterioration of nutritional status and may aid in improving calorie and
protein intake. Recent systematic reviews found that EPA can reduce inflammation and has a potential
to modulate the nutritional status/body composition [66,67]. Furthermore, some studies suggest that
n−3 fatty acids inhibit proliferation of cancer cells [68] and might decrease CT toxicity [69]. Given
the large number of studies reporting a positive impact of n−3 fatty acids on the muscle mass, it is
likely that this would be a practical and effective intervention for preventing loss of muscle without
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significant side effects [19]. It is noteworthy that the strength of recommendation somewhat differs for
the use of n−3 fatty acids supplementation in weight losing cancer patients not responding to standard
nutritional therapy. This recommendation has been rated as strong [26] and weak [19]. Nevertheless,
both guidelines are inclined to consider supplementation with long chain fatty acids and fish oil to
decrease systemic inflammation and improve appetite, food intake and body weight.

Trials with homogeneous patient populations regarding cancer type, stage, anti-neoplastic
regimens, supplement dosage and modality of administration are needed to clarify clinical benefits.
Indeed, it is noteworthy that in view of the modest survival benefits of CT/RT in some cancers,
important issues for physicians are to optimize well-being, quality of life via nutritional status and
adequate body composition [70].

2.3.3. Micronutrients

Because of the adverse effects of therapy and restricted diet of many patients, the American
Institute for Cancer Research [71], American Cancer Society [72] and the European Society for Clinical
Nutrition and Metabolism—ESPEN [19] support the use of a multivitamin-multimineral supplement
in doses close to the recommended dietary allowance. High doses of vitamins and minerals are
discouraged in the absence of specific deficiencies [19,20]. Vitamin D deficiency might be relevant in
cancer [19]; also, an association has been reported between low vitamin D and muscle wasting. As a
consequence, vitamin D may be needed to optimise protein supplements effectiveness. In light of the
recent literature, vitamin D supplementation with 600–800 international units (RDA) in cancer patients
can be beneficial in the context of preventing muscle wasting, but further research is needed.

3. Discussion

In cancer, deterioration and muscle wasting result from the combination of reduced nutrient
absorption, alterations in appetite, taste and/or dietary intake, hormone-induced metabolic changes
and cancer-related immune activation with cytokine release. Regardless of the underlying mechanisms,
cancer-related weight loss is a multidimensional manifestation that worsens patients’ well-being,
tolerance to antineoplastic therapies and prognosis. Clinically speaking, weight loss is frequent in
cancer patients, and depending on the location of the tumour, it is present in 15 to 40% of cancer patients
at diagnosis. Weight loss is frequently the first sign of the nutritional alterations that occur in the
course of the disease and is associated with poor prognosis, reduced quality of life and morbidity [62].
Cancer cachexia can be defined as ‘a multi-factorial syndrome defined by an ongoing loss of skeletal muscle
mass (with or without loss of fat mass) that cannot be fully reversed by conventional nutritional support. It
leads to progressive functional impairment. Its pathophysiology is characterized by a negative protein and
energy balance driven by a variable combination of reduced food intake and abnormal metabolism’. The agreed
diagnostic criterion for cachexia was weight loss >5%, or weight loss >2% in individuals already
showing depletion of body weight (BMI < 20 kg/m2) or of skeletal muscle (sarcopenia). Assessment for
classification and clinical management should also include the following domains: ‘anorexia/reduced
food intake, catabolic drive, muscle mass and strength, functional and psychosocial impairment’ [13].

The main nutritional problem in cancer is wasting of muscle mass, acknowledged to be a
predictor of lower quality of life, impaired functionality, surgical complications and shortened
survival [10,63,73,74]. Of note that sarcopenia occurs independently of loss of weight or of fat mass.
Thus, a clinically relevant phenotype that also emerged in cancer is characterised by sarcopenia with
excessive fat mass. Additionally, to the previous studies demonstrating the major impact of muscle
mass depletion on survival and treatment toxicity [73,74], a recent study in a cohort of head-neck
cancer patients, showed that patients with cachexia had a worse disease-free survival compared with
non-cachectic patients [12,39].

Bearing this in mind, the clinical efforts and priority given to improve treatment outcomes,
will logically have to include nutritional intervention and adequacy of body composition. The search
for an effective nutritional intervention that improves body composition (preservation of muscle mass



J. Clin. Med. 2019, 8, 1211

and muscle quality) is of utmost importance for clinicians and patients, given the implications for
prognosis. Early detection of malnutrition and cachexia should be part of a multimodal approach to
improve both patient-centred and oncology outcomes [47].

4. Conclusions

In the present article, the most recent guidelines for the management of cancer patients, as well
as original studies in nutrition and cancer, were included. Nutrition is a central factor in oncology,
influencing the development of the disease, tumour inherent symptoms, response to, and recovery
after anti-neoplastic treatment(s), thus having a strong impact on the quality of life and prognosis
of the disease. A main nutritional feature is wasting of muscle mass, strongly associated with
decreased functional capacity, higher incidence of chemotherapy toxicity, increased hospitalization and
complication rate, as well as mortality. Nutritional risk screening and assessment in cancer patients
allows for the early detection of malnourished patients and also for a prompt nutritional intervention
aiming to prevent nutritional deterioration and muscle wasting. A proactive assessment of the clinical
alterations that occur during treatments and during the disease course, is essential for selecting the
adequate nutritional intervention, aiming for the best impact on patients’ outcomes. Early tailored
intervention has the potential to improve body composition and treatment’ efficacy, and as evidence
stands, it is an obligatory adjuvant intervention, with the likelihood of improving prognosis of the
disease itself.
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Abstract: Malnutrition is a common condition in hospitalized patients that is often underdiagnosed
and undertreated. Hospital malnutrition has multifactorial causes and is associated with negative
clinical and economic outcomes. There is now growing evidence from clinical trials for the efficiency
and efficacy of nutritional support in the medical inpatient population. Since many medical inpatients
at nutritional risk or malnourished are polymorbid (i.e., suffer from multiple comorbidities), this
makes the provision of adequate nutritional support a challenging task, given that most of the clinical
nutrition guidelines are dedicated to single diseases. This review summarizes the current level of
evidence for nutritional support in not critically ill polymorbid medical inpatients.
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1. Introduction

Hippocrates of Kos, one of the most outstanding figures in the history of medicine in the fourth to
fifth century BCE stated that “The patient ought likewise to be consider’d, whether he is able to hold
out with the prescribed diet, even in the height of the disease; for if the diet is not sufficient, the patient
will grow too faint, and be overcome by the disease.” [1]. He considered nutritional interventions to
cure diseases as reflected in his well-known statement “Let food be thy medicine and medicine be
thy food”.

Around 80 years ago, Studley described weight loss of >20% of body weight as a factor increasing
mortality (+33%) in chronic peptic ulcer patients undergoing non-emergency surgery, “regardless of
the appearance of the individual” [2]. Some years later, more than 30 years ago, concerns regarding
prevalence and adverse effects of disease-related malnutrition (malnutrition triggered by illness or
disease) and in hospitalized patients were first reported [3–5]. Nowadays, the link between malnutrition
and clinical negative outcomes, e.g., muscle wasting, higher infection rates, longer length of hospital
stay, morbidity and mortality rates, is clearly established [6–10]. In high-income countries, where access
to food should not be limited, every third patient is at risk for malnutrition or already malnourished
at hospital admission [11]. Most patients further lose weight during their hospital stay, and, as
consequence, their nutritional status deteriorates. A study of Barton et al. showed that 40% of the
hospital food served to patients is left on the plates and returned, thus resulting in patients eating less
than 80% of their individual energy and protein requirements [12]. There are several factors leading
to progressive unintentional weight loss, such as gastrointestinal symptoms, inactivity, depression
or low mood, advanced age, effects of illness on protein and energy homeostasis, protein catabolism,
inflammation, hormonal function and loss of appetite [13]. Loss of appetite may develop during
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hospital stays either as a consequence of an underlying disease or treatment or preexist as a primary
condition. This loss of appetite arises as a physiological response to acute illness and predisposes
inpatients to serious caloric and protein deficits [14]. In combination with immobilization and a
pronounced inflammatory and endocrine stress response, these nutritional deficits contribute to muscle
wasting and progressive deterioration of metabolic and functional status, particularly in medical
inpatients with multiple morbidities [9,15]. An initial loss of appetite does, however, not confer a
risk to fail achievement of nutritional targets since this improves quite rapidly after the initiation of
nutritional support [16].

There is some evidence from high-quality trials in critical care settings reporting harmful effects
of hypercaloric replacement nutrition strategies [14]. These negative effects might be explained by
suppression of autophagy with inadequate clearance of acute cell damage associated with illness [17].
Autophagy is a body mechanism to get rid of damaged cells organelles and toxic products. Loss of
appetite may therefore be a protective mechanism in an acute disease with the goals to accelerate
recovery from disease by improving autophagy. Importantly, in patients suffering from chronic diseases,
this protective physiological response may have been exaggerated thereby causing malnutrition. Thus,
in patients with multiple chronic diseases, who have milder disease severities, lost weight and muscle
mass over time, use of an adequate eucaloric nutritional support has a potentially positive effect. They
might have better metabolism and nutrients use due to decreased insulin resistance and decreased risk
that nutrition would interfere with autophagy [7,18]. Thus, since critically ill patients have different
nutritional needs from the patients on the medical wards, this review focuses on the nutritional support
of non-critically ill medical inpatients; as such, the critically ill population is the focus of another
publication in this special issue (“Kopp-Lugli et al. Nutrition therapy in critically ill patients treated on
intensive and intermediate care units: a literature review”).

Understanding the optimal use of nutritional support is highly complex because timing, route
of delivery, and the amount and type of nutrients may all have important roles and potentially
affect patient’s outcomes. Furthermore, it has been questioned whether nutritional support in
polymorbid medical inpatients differs from the ones suffering from a single disease. Polymorbidity (or
multimorbidity) is mostly defined as the co-occurrence of at least two chronic medical conditions in
one patient. Polymorbidity is frequent in hospitals and, despite being common in older people, is not
necessarily associated with higher age. Nevertheless, older adult patients require special attention, as
they tend to be more polymorbid than younger patients are. In addition to the disease burden, older
patients often experience malnutrition by multifactor, such as anorexia of aging, presbyphagia and
dysphagia due to sarcopenia [19–21]. While there are plenty of clinical nutrition guidelines available
focusing on individual diseases, [22–26] Gomes et al. recently published new guidelines for the
nutritional support in polymorbid medical inpatients [13].

2. Today’s Clinical Evidence Level

Recent meta-analyses, which investigated the effects of nutritional support on clinical outcomes
concluded that nutritional support leads to an increase in energy and protein intake, an increase in body
weight but there were no significant effects on clinical outcomes such as mortality and morbidity, and
only little effect on non-elective hospital readmissions [27,28]. The results showed no benefit in critical
ill patients, possibly due to a suppression of autophagy and increased risk of refeeding syndrome [28].
In fact, these systematic reviews found (from the included heterogeneous trials and with high risk
for bias) an important lack of evidence in this area, as high quality randomized, interventional trials,
needed to establish causal relationships, were missing. Thus, the lack of significant results regarding
mortality and morbidity may be rather due to methodological issues and low statistical power, and not
lack of effectiveness per se.

In fact, other recent studies showed results that are more promising. The multicenter randomized
placebo controlled double-blind “NOURISH-trial”, conducted by Deutz and his colleagues, evaluated
the effect of specialized, energy-dense ONS on postdischarge outcomes including nonelective
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readmission and mortality in initially hospitalized, malnourished, older adults. Patients were randomly
allocated to receive during hospitalization and after discharge either a specialized, energy-dense ONS
or a carbohydrate-only ONS. Results showed that energy-dense, specialized ONS extending beyond
discharge improved body weight but could not reduce readmission rate. A significant reduction in
90-day mortality in the intervention group compared to the placebo group (4.8% vs. 9.7%) resulting
in a number needed to treat (NNT) of 20 [29]. However, it remains unclear whether this beneficial
effect is attributable to the specific formula (containing a leucine metabolite) used in this study or
the high protein and energy amount provided by the oral nutritional supplement, given that control
patients received a low protein and calorie placebo product. The very recently published open-label,
non-blinded, multicenter, randomized-controlled trial, the “EFFORT trial”, conducted by Schuetz
and colleagues, assessed the effect of a protocol-guided individualized nutritional support to reach
nutritional needs (determined either with the Harris-Benedict formula or with indirect calorimetry)
of medical inpatients. Protocol-guided nutritional support reduced the primary outcome (all-cause
mortality, admission to intensive care, non-elective hospital readmission, major complications, and
decline in functional status) by 4% (22.9% vs. 26.9%) by 30 days when compared to usual care,
translating into a NNT of 25 to prevent one severe complication [30]. Additionally, mortality rate was
significantly lower in the intervention group compared to the control group (7.2% vs. 9.9%, NNT of
37) and notable improvements in functional outcomes and in quality of life measures were observed.
Notably, in the nutrition support group, 91% received oral nutrition, and, perhaps most importantly,
an individualized nutritional care plan from a specialist dietitian. Conversely, enteral or parenteral
nutrition was used in eight and 12 participants respectively [30]. The effect of nutritional support on the
risk for the primary endpoint was consistent across predefined subgroups. Thus, these results provide
strong evidence for the concept of systematically screening medical inpatients on hospital admission in
terms of nutritional risk, independent of the medical condition, followed by a nutritional assessment
and initiation of individualized nutritional support in at-risk patients. The results also contradict the
hypothesis that provision of nutritional support during the acute phase of illness would have harmful
effects—at least in the non-critically ill setting [30]. Unlike the NOURISH trial that investigated the
effect of a specific formula of an oral nutritional supplement, within EFFORT a variety of nutritional
support strategies were used by trained dieticians to reach the individual nutritional goals of each
patient. Thus, EFFORT does not provide evidence regarding single nutritional components or types of
foods, but rather proves that the overall strategy of providing tailored nutritional support to reach the
nutritional requirements during the acute phase of illness is beneficial for medical inpatients [30].

3. Nutritional Therapy

Since there is growing evidence for the positive effect of nutritional therapy (Figure 1), proper
definition and thus diagnosis are lacking. The Global Leadership Initiative on Malnutrition (GLIM)
working group recently published an umbrella approach to diagnose malnutrition in various clinical
settings [31]. This aims to early identify nutritional risk in polymorbid patients to individually treat
them and improve their clinical outcome [31]. The GLIM working group supports a two-step process
with screening and assessment, targeting a standardization of nutritional support [31].

There are differences of prognosis of nutritional status and nutritional strategy among the etiology
of malnutrition; malnutrition with severe inflammation (e.g., severe infection, multiple trauma), with
persistent inflammation due to chronic disease (e.g., cancer, congestive heart failure), malnutrition
with minimum or no inflammation in chronic disease patients (e.g., short bowel syndrome, dysphagia
after stroke and anorexia nervosa) and malnutrition due to simple starvation (e.g., poverty, dementia,
lack of appropriate nutrition care in the hospital/facilities). Patients with severe inflammation are often
difficult to recover their nutritional status by only nutritional support, so the goal of nutrition support
is to minimize deterioration of nutritional status. On the other hand, nutritional status of the patients
with no or minimum inflammation, or those after simple starvation, can be improved if appropriate
nutrition support provided by the nutrition specialists.
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3.1. Organization of Nutritional Support

Nutritional support in hospitals ideally relies on two main structures: A hospital nutrition
steering committee and multidisciplinary nutritional support teams. The nutrition steering committee
is working within the clinical governance framework (sets nutritional standards, protocols and
guidelines) and has a direct access to hospital management. Members of the nutrition steering
committee should be drawn from the management, and include senior representation from medical
staff, catering, nursing, dietetics, pharmacy and other healthcare professionals [32,33]. A nutritional
support team has an executive function within the hospital, implementing standards, protocols and
guidelines in daily clinical practice. Such a team consisting of physicians, dieticians, nurses, and
pharmacists, ensures and improves nutritional treatments quality and safety, and is continuously
checking and optimizing procedures of nutritional management (see dedicated manuscript in this
special issue). Interdisciplinary cooperation and good communication between healthcare professionals
is important and mandatory to provide an individualized nutritional support to all patients who
need it.

3.2. Screening and Assessment

The identification of malnutrition has been typically based on anthropometric, biochemical and
physical parameters, among others. There is no universally accepted gold standard (best method) for
the assessment of nutritional status [34,35]. Commonly used criteria include unintentional weight loss
(percentage of body weight) in the past 3–6 months, low BMI, reduced muscle mass, reduced dietary
intake in the past week, reduced absorptive capacity, and disease burden/inflammation [31].

Standardized procedures are needed in order to initiate a timely and adequate nutritional
therapy [36]. Systematic screening for nutritional risk, followed by a comprehensive nutritional
assessment should be implemented and lead to the development of a personalized nutritional
care plan (see dedicated manuscript in this special issue: Reber et al., Nutritional screening and
assessment) [13,33,37]. Nutrition screening is the first step in determining nutritional problems.
Screening should rapidly and accurately identify individuals who should be referred to the nutrition
specialist (e.g., dietitian, expert clinician) for a further assessment, where it would be possible to
gather more information and determine if there truly is a nutrition problem, to understand the cause
of the problem and to determine its severity. Nutritional screening should be done with validated
screening tools, such as malnutrition universal screening (MUST), mini nutritional assessment short
form (MNA-SF) and nutritional risk screening 2002 (NRS-2002), each of them having strength and
limitations and may not be sufficiently validated in specific populations like polymorbid patients (see
dedicated manuscript in this special issue: Reber et al., Nutritional screening and assessment) [38,39].
In general, nutritional assessment continues the data gathering process initiated in the screen. The
types of data collected in nutritional assessment are often similar to data collected in the screening
process but in more depth [40]. In summary, nutritional support should be initiated with a detailed
nutritional care plan (appropriate monitoring procedures and clear guidelines for action e.g., food
record charts or dietetic referral) in people who are at risk of malnutrition or manifestly malnourished
according to the result of the nutritional risk screening and assessment results [41].

3.3. Nutritional Targets

Meeting the nutritional requirement is important to maintain or gain weight, muscle mass and
function, to improve clinical outcomes, and reduce complications and rehospitalization rates.

Dietitians and medical staff trained in nutrition support should ensure that the patients’ dietary
intake meets the individual energy, protein, fluid, electrolyte, mineral, micronutrients and fiber
needs [33]. The activity levels and the underlying clinical condition (e.g., catabolism, pyrexia,
gastrointestinal tolerance, potential metabolic instability), as well as the likely duration of nutrition
support, should also be taken into account.
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3.3.1. Energy

Determining the patients’ energy requirements is a central point of nutritional assessment. The
total energy expenditure consists of the resting energy expenditure, diet-induced thermogenesis and
the energy expended during physical activity [13]. The gold standard to measure energy requirements
is the indirect calorimetry, but when not possible, these may be calculated with published prediction
equations adjusted for age sex, and weight (e.g., Harris-Benedict formula) in addition to activity and
stress factors, or roughly estimated weight-based formulae (it has been suggested 27 kcal/kg/day for
polymorbid older patients) [13]. In individuals with very low BMI, the higher value of 30 kcal/kg/d
should slowly be targeted [13]. Reaching the energy targets too quickly and/or feeding at too high
rates potentially lead to complications such as the refeeding syndrome or overfeeding [42].

3.3.2. Proteins

The general protein requirement is 1 g/kg/d for the polymorbid medical inpatient population. In
case of acute or chronic kidney failure, protein requirements may have to be reduced to 0.8–1 g/kg/d
unless dialysis, but there are no specific recommendations for polymorbid patients suffering from
kidney failure [13]. In case of dialysis, the protein requirements are the same as normal and there is a
need for 20 g of proteins after the dialysis (dialytic loss). For older patients suffering acute or chronic
disease, recommendations are 1.2–15. g/kg/d [43,44]. An individual target has to be defined for each
patient, since other factors such as hypermetabolism can change protein requirements (e.g., major
trauma and burns). Patients undergoing paracentesis need 10 g proteins per liter ascites.

3.3.3. Micronutrients

In malnourished polymorbid inpatients, micronutrients requirements may be higher due
to reduced food intake or due to higher needs (disease-depending). Micronutrients should be
supplemented according to the recommended daily intake, and/or substituted if deficiencies are
occurring [13]. The daily micronutrients requirements are considered to be covered in case of the
amount of enteral nutrition is ≥1500 mL per day. Vitamins and trace elements should be provided to
patients receiving parenteral nutrition since there are none in the nutritional solutions.

3.4. Nutritional Route

Oral nutrition should be the first-line choice of nutritional support, including meals adapted to
the individual patient preferences, additional energy dense snacks (e.g., “homemade” milkshakes),
food fortification with powdered carbohydrate and protein supplements, and the commercial oral
nutritional supplements [13]. The use of the convenient commercial oral nutritional supplements have
been shown to maintain the muscle mass, to lower the complication rate and hospital readmission
rate after six months [13,45–48], but a combination of oral nutritional support strategies (using both
traditional and commercially available products) also results in the improvement of important clinical
outcomes [30].

If oral nutrition is not possible, safe or sufficient, enteral and eventually parenteral nutrition should
be considered, whereas the enteral nutrition should be the preferred route due to lower risk of infectious
and non-infectious complications [13]. The energy and protein intake should be assessed every 24–48
h and escalated after 5 days if the patient does not meet at least 75% of his/her requirements [49].

3.5. Nutrition for Specific Medical Conditions

Patients with renal failure need restrictions in potassium and phosphate. Patients with congestive
heart failure may benefit from sodium and water restrictions in given cases.

There is weak evidence to support the use of specialized oral nutritional supplements
or enteral nutrition formulas in polymorbid medical inpatients. Arginine, glutamine, and
beta-hydroxy-beta-metylbuturate (HMB) may be used in patients suffering from pressure ulcers [13,50].



J. Clin. Med. 2019, 8, 1130

Arginine (semi-essential amino acid) is required for promotion of nitrogen balance, cell proliferation, T
lymphocyte function and collagen accumulation. It also changes into nitric oxide, which is known for
its vasodilatory and angiogenic properties. Glutamine (conditionally essential amino acid) plays a
key role in the immune system, and its deficiency may significantly slow the healing process. HMB
(metabolite of leucine, an essential amino acid) supplementation was associated with increased muscle
mass accretion by inhibiting muscle proteolysis and modulating protein turnover. A mixture of soluble
and insoluble fibers can be used in older polymorbid patients receiving enteral nutrition and suffering
from diarrhea or constipation, which are frequent complications of enteral nutrition [13]. Special
attention should then be paid to the hydration state as it may cause obstipation [51].

3.6. Timing

An early start of nutritional support (within 48 h after hospital admission) is recommended to
maintain or improve patient’s nutritional and functional status, and prevent sarcopenia [13]. Even
though the optimal length of the nutritional support is still unclear, it is usually recommended to treat
beyond hospital discharge, as this continued nutritional intervention is known to increase patients’
quality of life and nutritional and functional status, and in the older (>65 years) polymorbid patients it
results in lower mortality rates [13,52,53].

3.7. Monitoring

Experienced clinical teams with the relevant skills and training in nutritional monitoring should
review the indications, route, risks, benefits and goals of nutrition support at regular intervals.
This interval depends on the patient and the parameter that is being monitored (e.g., nutritional,
anthropometric, biochemical, clinical condition), and may increase when the patient’s condition is
stable under nutritional treatment. For example, nutrient intake from oral, enteral or parenteral
nutrition (including any change in conditions that are affecting food intake) is recommended to be
monitored daily initially, reducing to twice weekly when stable [33]. Similarly, laboratory parameters
(e.g., sodium, potassium, urea, creatinine) should be monitored more frequently initially, i.e., at
baseline and daily until stable, and then reduced to 1 or 2 times a week. In addition to the nutritional
parameters used to monitor responses to nutritional support, functional indices (e.g., handgrip strength)
should be used regularly to asses other clinical outcomes (i.e., survival, quality of life) in polymorbid
medical inpatients.

4. Barriers to the Adequate Provision of Nutritional Support

The awareness about malnutrition must be raised primarily among hospital medical staff,
where nutritional support is not seen as being part of the medical treatment. Malnutrition is often
unrecognized as a diagnosis and is, subsequently, being under-reported and not being treated. Clearly
defined protocols and responsibilities are needed to address this hidden problem, starting with a
systematic nutritional risk screening and nutritional assessment for all patients on admission to hospital.
Malnutrition should become a topic in the education and training of medical staff. At the same time,
because the causes of malnutrition are often multifactorial (from depression and lack of appetite to
inability to self-feed), communication and collaboration should be improved between the different
members of the multidisciplinary team and between the team and the patient, in order to efficiently
address those causes [16]. A recently published study showed that 78% of the hospitals and 22% of the
nursing homes in Switzerland have a nutritional steering committee, and 92% and 14%, respectively,
have dieticians available. Around 80% of the hospitals and nursing homes did not implement a
systematic nutritional risk screening procedure, resulting in around 60% of the patients being screened
at least at one time point (in hospitals and nursing homes); 25% of the hospital do screen the patients
as they feel a problem [54]. Further, 56% of the institutions monitor the food intake of their patients
and 50% monitor and document the nutritional status [54]. The nutritionDay survey 2018, a survey on
nutritional care conducted worldwide (https://www.nutritionday.org/en/network/imprint/index.html;
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Table 1) showed that 76.4% of the participating centers had NST available on site, and that 61.6% of the
participating centers use a specific screening tool to screen the patients at hospital admission.

Table 1. National reports from the nutritionDay 2018, available from https://www.nutritionday.org/en/
about-nday/national-reports/index.html.

Country
Number of

Participating Centers
Percentage of Hospitals

with NST Present on Site
Percentage of Screening
at Hospital Admission

Australia 1 100 100
Austria 4 100 45.5
Belgium 52 88 77.3

Brazil 12 100 80.0
Bulgaria 1 66.7 0

China 9 100 56.5
Colombia 35 69.1 56.6

Croatia 3 55.6 20.0
Germany 36 60.9 49.5

Greece 3 100 0
India 13 7.7 50.1
Japan 9 100 50

Netherlands 1 100 0
Poland 4 0 60

Portugal 4 100 66.7
Singapore 1 0 82.6

Spain 5 100 50.0
Sweden 2 100 100

Switzerland 1 66.7 16.7
Thailand 1 100 66.7

United States of America 16 62.5 96.0

Individual factors such as patients’ symptoms, disease severity (e.g., causing dysphagia and loss
of appetite), mood and orientation, impaired functional and cognitive status, social environment (e.g.,
isolation, loneliness, lack of family support) may all significantly reduce the food (and nutrient) intake
of hospitalized patients and contribute for the deterioration of their nutritional status. Polypharmacy,
especially in polymorbid patients, may further influence their nutritional status, causing drug–drug
and drug–nutrients interactions as well as gastrointestinal symptoms. This calls for the need of frequent
monitoring of the nutritional status of the hospitalized patient (e.g., weekly monitoring of the body
weight). For those patients receiving nutritional support, regular visits by the dietitian allow the
patient to receive the encouragement to comply with the nutritional care plan, and the adaptation of
this plan to the changing needs of the patient [55].

5. Conclusions and Outlook

Nutritional support has been shown to be a highly effective treatment option to prevent and/or
treat malnutrition, decreasing morbidity and mortality rates. Nutritional interventions deserve as
much attention as any other therapeutic interventions, and clinicians should aim to maximize their
efficacy and minimize side effects. Further studies should also investigate the cost-effectiveness of
nutritional interventions in medically ill patients. It will be equally important to determine which
medical inpatients have the most benefit from nutritional support interventions through metabolomics
and microbiome research, walking towards an evidence-based personalized nutrition approach.
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Abstract: Gastroparesis and dumping syndrome both evolve from a disturbed gastric emptying
mechanism. Although gastroparesis results from delayed gastric emptying and dumping syndrome
from accelerated emptying of the stomach, the two entities share several similarities among which
are an underestimated prevalence, considerable impairment of quality of life, the need for a
multidisciplinary team setting, and a step-up treatment approach. In the following review, we will
present an overview of the most important clinical aspects of gastroparesis and dumping syndrome
including epidemiology, pathophysiology, presentation, and diagnostics. Finally, we highlight
promising therapeutic options that might be available in the future.
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1. Introduction

Gastroparesis and dumping syndrome both evolve from a disturbed gastric emptying mechanism.
While gastroparesis results from significantly delayed gastric emptying, dumping syndrome is a
consequence of increased flux of food into the small bowel [1,2]. The two entities share several important
similarities: (i) gastroparesis and dumping syndrome are frequent, but also frequently overlooked;
(ii) they affect patient’s quality of life considerably due to possibly debilitating symptoms; (iii) patients
should be taken care of within a multidisciplinary team setting; and (iv) treatment should follow a
step-up approach from dietary modifications and patient education to pharmacological interventions
and, finally, surgical procedures and/or enteral feeding. Most importantly, the two diagnoses have to be
considered by one of the treating specialists, regardless of whether this is the endocrinologist, nutritional
specialist or gastroenterologist, when symptoms are present. Pre-test probability based on comorbidities
(such as diabetes in case of gastroparesis or surgical history for dumping syndrome) together with the
presence of typical symptoms should lead to a high degree of clinical suspicion. However, for both
disorders, diagnostic evaluations should follow in order to confirm the diagnosis before initiation
of treatment. Firstly, because treatment options might be invasive and require proper diagnostic
evaluations beforehand. Secondly, several differential diagnoses might show a similar presentation.
Such diagnoses are peptic ulcer disease, gastric cancer, celiac disease, abdominal angina for gastroparesis,
anastomotic ulcers, internal herniation and gallbladder disease for early dumping syndrome and
insulinoma, surreptitious use of glucose-lowering medication for late dumping [2–5]. In the following
review, we will present an overview of the most important clinical aspects of gastroparesis and
dumping syndrome including epidemiology, pathophysiology, presentation, diagnostics and treatment.
Finally, we highlight promising therapeutic options that might be available in the future.

J. Clin. Med. 2019, 8, 1127; doi:10.3390/jcm8081127 www.mdpi.com/journal/jcm
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2. Definitions and Epidemiology

Gastroparesis and dumping syndrome are frequent, but their prevalence and incidence vary
depending on definitions and studied populations. Therefore, heterogenous results have been reported
in the literature.

2.1. Gastroparesis

Gastroparesis is a syndrome characterized by an objectively delayed gastric emptying in the
absence of a mechanical gastric outlet obstruction and the presence of cardinal symptoms such as early
satiety, postprandial fullness and nausea-vomiting [6]. The prevalence of gastroparesis in the general
population is uncertain. A wide range in different at-risk populations has been reported. In addition,
gastroparesis is likely significantly under diagnosed. While an epidemiological study from Olmsted
county revealed a prevalence of 24.2/100,000 for definite gastroparesis and 50.5/100,000 for definite,
probable or possible gastroparesis [7], prevalence might be as high as 1.8% [8]. Patients with type 1
diabetes are at particular risk. Here, 10-year incidence rates of 5.2% have been reported (in contrast
to a rate of 1% for type 2 diabetes and 0.2% for non-diabetic patients [9]. Other studies demonstrate
even higher rates for diabetics with 58% for type 1 and 30% for type 2 [10,11]. However, most of the
performed studies have a considerable selection bias with inclusion of patients from tertiary referral
centers only. Still, there might be a large proportion of undetected gastroparesis patients, because
either the patient does not seek medical attention or the treating doctors are reluctant to evaluate
symptoms and/or further diagnostics. The incidence of postsurgical gastroparesis after gastrectomy is
approximately 0.4% to 5.0% [12]. Overall, the incidence of gastroparesis after surgery depends on the
surgical procedure and the surgical site. In the early postoperative period after pylorus-preserving
pancreatoduodenectomy, postsurgical gastroparesis occurs in up to 20% to 50% of patients [12]. In one
study, 67% of patients who underwent pancreatic cancer cryoablation were found to suffer from
gastroparesis [13]. There seems to be a gender-specific differences with women accounting for up to
70% of the affected population. Interestingly, elderly patients (>65 years old) are at particular risk [14].

2.2. Dumping Syndrome

Dumping syndrome is a frequently encountered postsurgical complication that can be divided
into an early and late subtype [2]. Alterations in gastric anatomy after esophageal, gastric and
bariatric surgery result in rapid passage of food into the small intestine, which leads to early
gastrointestinal and vasomotor symptoms (within 1 h) and late hypoglycemia (1 to 3 h after meal
ingestion) [15,16]. Reliable population-based prevalence data for dumping syndrome are still lacking.
As of yet, the frequency of postsurgical dumping syndrome is estimated at 25%–50% with 5 to 10% of
patients experiencing a severe disabling form [17]. These rates vary depending on type of surgery
prodecure [2]. While 20% of patients suffer from symptoms of dumping syndrome after vagotomy and
pyloroplasty, these rates rise to 40% after Roux-en-Y bypass and sleeve gastrectomy, and peak at 50%
after esophagectomy [18–22]. The incidence and prevalence of dumping syndrome has been increasing
due to the current obesity epidemics and the consecutive climb in gastric bypass surgeries [23].
Early dumping represents the most common type, while isolated late dumping is observed in only
25% [2,22]. Due to considerable overlap in clinical presentation it is, however, sometimes difficult to
differentiate between the two and co-occurrence is frequently encountered.

3. Pathophysiology and Clinical Presentation

The occurrence of cardinal symptoms after ingestion of a meal in a patient with high pre-test
probability should rise suspicion for the presence of gastroparesis or dumping syndrome. The symptoms
per se are rather non-specific and might occur with many other diseases. However, the existence of
risk factors such as diabetes for gastroparesis or bariatric surgery for dumping makes the diagnoses
more likely (Tables 1 and 2).
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3.1. Gastroparesis

Several aspects contribute to a delayed gastric emptying in gastroparesis patients. Among these
are extrinsic denervation of the stomach, impaired inhibitory input to smooth muscles due to loss
of nitric oxide in enteric nerves, loss of interstitial cells of Cajal (ICC, “pacemaker cells), smooth
muscle atrophy and altered function of immune cells [1]. ICC generate electrical slow waves in
the stomach, and disrupted ICC networks and gastric dysrhythmias have been associated with
gastroparesis [24]. For details see Figure 1. The most frequent etiologies are diabetes and surgery [25].
In a high proportion of patients, the underlying cause remains unknown (so called idiopathic
gastroparesis) [25]. This form is found in particular in younger women and appears to be associated
with viral infection (in up to 20%) [26–28]. Less frequent etiologic factors are Parkinson’s disease,
amyloid, tumors (paraneoplastic gastroparesis), scleroderma, or mesenteric ischemia [29]. Importantly,
medication-induced gastroparesis has to be considered in all patients. Typically here are opioids,
ciclosporine, anticholinergics and glucagon-like peptide 1 (GLP1)-agonists [30–32]. The latter should be
particularly suspected in diabetic patients before considering the gastroparesis to be caused by diabetes
and poor control of blood glucose. From a clinical perspective, the simplest classification of gastroparesis
is into the two categories diabetic vs. non-diabetic. Delayed gastric emptying can be observed in
28% to 65% of unselected patients with diabetes [33,34]. Patients with type 1 diabetes have a higher
incidence of gastroparesis as compared with type 2 (5.25 vs. 1%) and an earlier age at onset [7,9,29].
Type 2 diabetics, however, have more serious symptoms. Gastroparesis in diabetic patients usually
occurs 10 years after the onset of diabetes and it parallels other forms of diabetic microvascular disease,
including neuropathy and retinopathy. Severe symptoms of diabetic gastroparesis cause poor glycemic
control and poor nutritional status, and increase the risk of hypoglycaemia [35].

Gastroparesis is often a debilitating disease associated with significant morbidity and
mortality [36,37]. The most frequently reported symptoms are: early satiety, postprandial fullness,
nausea-vomiting, bloating and upper abdominal pain [38]. The latter is somewhat neglected by
physicians, but appear to occur in up to 72%–90% of patients. Pain is often experienced after meals
(72%), but can also occur during night time (74%) [29,39]. The presence of non-prandial abdominal
pain can, therefore, not be used to rule out the diagnosis. It rather appears to be another piece in
the wide presentation of the disease. Weight loss is not a typical feature of gastroparesis patients.
Symptoms can vary depending on the specific etiology. Nausea, at least, is similar in all patients with
gastroparesis, irrespectively of the underlying cause. Both nausea and vomiting significantly correlate
with a reduced quality of life [40]. It should be kept in mind that the presence of symptoms is a sine
qua non for the diagnosis of gastroparesis.

3.2. Dumping Syndrome

In early dumping syndrome, rapid transition of food into the small intestine results in a fluid
shift (due to hyperosmolarity) and release of gastrointestinal hormones such as vasoactive substances
(neurostatin, vasoactive intestinal peptide (VIP), incretins (gastric inhibitory polypeptide (GIP), GLP1)
and glucose-modulators (insulin, glucagon) [2,15,41–43]. This results in gastrointestinal and vasomotor
symptoms; the latter is characterized by hypotension (due to the above mentioned fluid shift) and a
consecutive sympathetic nerve system response [15,16]. In late dumping, rapid absorption of glucose
(due to the presence of undigested carbohydrates in the small intestine) increases incretin release
(GLP1), which exaggerates insulin response [2,44–46]. This ultimately leads to hypoglycaemia within 1
to 3 h after meal intake (so called incretin-driven hyperinsulinemic response) [15,16]. Although these
mechanisms are typically and frequently seen as a postsurgical complication, dumping can also occur
in the absence of previous surgery [47]. While in these cases, there is no alteration in gastric anatomy,
gastric emptying is accelerated due to a disturbed intrinsic gastric innervation [2]. Diabetes is the
main contributor [47,48]. Thus, diabetes can be associated with both delayed (see gastroparesis) and
increased gastric emptying. The latter is particularly seen in early diabetes and more so in type 2
than 1. Due to overlapping symptoms, it might be difficult to distinguish gastroparesis from dumping
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syndrome in diabetic patients. Vomiting makes gastroparesis more probable, while dumping should
be considered in particular in the presence of diarrhea [49]. Idiopathic forms of dumping have been
described also. Similarly to gastroparesis, viral infections are a possible cause [50]. About 50% of
patients with idiopathic dumping syndrome report a history of gastroenteritis symptoms [50].

Symptoms of early and late dumping are quite different. Early dumping includes the following
symptoms that occur within 1 h, typically 30 min after a meal ingestion [15]: abdominal pain, bloating,
borborygmi, nausea, diarrhea (gastrointestinal symptoms); and fatigue, desire to lie down, flushing,
palpitations/perspiration, tachycardia, hypotension and rarely syncope (vasomotor symptoms). For late
dumping, typical symptoms can be divided into neuroglycopenia and autonomic reactivity [17].
While the first group comprises fatigue, weakness, confusion, hunger and syncope, the latter includes
perspiration, palpitations, tremor and irritability. Dumping syndrome can result in significant
weight loss (30%) and considerably affects quality of life [51]. It may lead to hospitalizations due to
hypoglycemia, episodes of confusion, seizures and even epilepsy [52].

Table 1. Symptoms and causes of gastroparesis.

Symptoms and Causes of Gastroparesis

Symptoms:
Postprandial fullness, early satiety, bloating, abdominal distension, nausea, and vomiting, abdominal pain,

and dysphagia
Causes:
Diabetes

Non-diabetic causes
Surgery (such as gastrectomy with vagotomy, vagal nerve injury, Roux-en-Y, pancreatectomy, anti-reflux

operations, lung transplant)
Gastrointestinal disorders: gastroesophageal reflux, gastric ulcer disease, gastritis, atrophic gastritis,

pancreatitis
Diseases of the nervous system (such as parkinsonism)

Connective tissue diseases (such as scleroderma)
Unknown (“idiopathic gastroparesis”)

Paraneoplastic
Mesenteric ischemia

Viral infections: e.g., CMV
Side effect of medications

Metabolic and endocrine disorders: hypothyroidism, pregnancy, uremia

Table 2. Symptoms and causes of dumping syndrome.

Symptoms and Causes of Dumping Syndrome

Symptoms:
Early dumping syndrome (within 1 h after meal ingestion)

Gastrointestinal symptoms: Abdominal pain, epigastric fullness, diarrhea, nausea, vomiting, borborygmi,
and bloating

Vasomotor symptoms: desire to lie down, palpitations and tachycardia, fatigue, faintness, syncope,
perspiration, headache, light-headedness, hypotension, flushing, and pallor

Late dumping syndrome (1–3 h after meal ingestion)
Neuroglycopenia: fatigue, weakness, confusion, hunger and syncope

Autonomic reactivity: perspiration, palpitations, tremor and irritability
Causes:

Surgery: gastrojejunostomy, antrectomy, pylorectomy, pyloroplasty, esophagectomy, vagotomy, Roux-en Y
bypass, Nissen fundoplication

Not-surgery related: diabetes mellitus, viral illness, unkown (“idiopathic”)
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Figure 1. Pathophysiology of gastroparesis. ICC, interstitial cells of Cajal.

4. Diagnostic Evaluations

Gastroparesis and dumping syndrome have to be distinguished from several organic and functional
diseases. Distinction between irritable bowel syndrome, functional dyspepsia and gastroparesis,
dumping syndrome might be particularly difficult [29,53]. Many cardinal symptoms are shared
between these entities. Diagnostic evaluations are therefore key to clearly establish the diagnosis of
gastroparesis and dumping syndrome [54].

4.1. Gastroparesis

Gastroparesis is diagnosed by a thorough history and physical examination, which help to
identify the presence of characteristic symptoms of gastroparesis and exclude alternative diagnoses.
Once the syndrome is suspected, an upper endoscopy is necessary to rule out mechanical gastric
obstruction. Although an upper gastrointestinal series may suggest the diagnosis, there is a limited
role for imaging in the workup for gastroparesis and delayed emptying should be confirmed by
gastric transit testing such as gastric scintigraphy, breath testing, and wireless motility capsule [55,56].
Gastroparesis is diagnosed if typical symptoms are present, a delayed gastric emptying is documented
and a correlation of symptoms with food intake is observed [29]. This definition of gastroparesis
highlights two key points: (1) objective measures of delayed gastric emptying are needed to establish
the diagnosis; and (2) symptoms are a sine-qua-non [29]. A test that is positive for delayed gastric
emptying does not make the diagnosis if a patient is asymptomatic. Scintigraphy is the gold-standard
to establish decreased gastric emptying and the most widely used technique. However, there are
regional differences. Some European centers use breath tests more often because there are simply to
handle and have been shown to correlate nicely with scintigraphy results [57]: A test meal (usually
white bread, butter, water and an egg omelette with 13C octanoic acid) is ingested and 13C measured
using expired breath gas analysis [58]. Magnetic resonance imaging (MRI) assesses gastric physiology
by simultaneously measuring gastric emptying and motility without the need of ionizing radiation [59].
There is increasing evidence that MRI is a reliable non-invasive tool in the diagnostic evaluation
of gastroparesis [59]. Given the importance of disrupted ICC networks in the pathophysiology of
gastroparesis, slow wave measurements are another potential diagnostic test. In fact, a combination
of electrogastrogram and magnetogastrogram is able to distinguish gastroparesis patients from
controls [60].

4.2. Dumping Syndrome

Increased pre-test probability such as a past surgical history and the presence of typical symptoms
result in a high clinical suspicion for the presence of dumping syndrome. Two questionnaires have been
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established for the identification of clinically relevant symptoms of dumping syndrome, the Sigstad’s
score and the Arts’ dumping questionnaire [2,51]. A simple visual analogue scale might also be
used [61]. Objective measurements are less established compared to gastroparesis. Measuring glucose
has a low diagnostic yield, but might be considered when symptoms of late dumping syndrome are
present [2]. Importantly, glucose should be measured in the plasma and not in the capillary blood,
since low glucose levels are less reliable in the latter. Suggested cut-offs are 2.8 and 3.3 mmol/L [62].
Provocation tests might have higher predictive values. Two options are available, oral glucose tolerance
test (OGTT) and the mixed meal tolerance test [2,63]. For OGTT, 50 or 75 g sugar is ingested and blood
glucose, haematocrit, pulse and blood pressure are measured every 30 min for 3 h [15]. An increase in
the haematocrit by 3% and/or pulse acceleration by 10 min suggest early dumping syndrome, while
development of hypoglycemia suggests late dumping syndrome [15]. In the mixed meal tolerance test,
carbohydrates, fats and proteins are ingested, and glucose, insulin are checked every 30 min [44,64].
The ordering physician should keep in mind that even healthy individuals can show a drop in their
blood sugar levels after meal intake and that therefore the test has a high false positive rate [65]. Gastric
emptying studies are potential alternatives, but their specificity and sensitivity is rather low [2].

5. Treatment of Gastroparesis

Treatment strategies are quite similar in gastroparesis and dumping syndrome. In a
multidisciplinary setting, a step-wise approach should be followed, where dietary modifications
and patient education represent the first step, pharmacological interventions the second, and surgical
interventions the last option (Figure 2). In the acute setting of gastroparesis, dehydration and
electrolyte abnormalities should be corrected by oral or intravenous routes, as appropriate [66].
In severe cases, gastric decompression by insertion of a nasogastric tube might be necessary [29]. In a
more chronic setting, the first step in the management of gastroparesis are nutritional counselling
and dietary modifications. The patient should be educated to eat small, low-fat, low-fibre meals [29].
Counselling by a nutritional expert is of paramount importance, because gastroparesis can lead to
considerable malnutrition due to inadequate oral intake and vomiting [67,68]. In case of underlying
diabetes, controlling blood glucose levels should be aimed for [29]. Epidemiological studies have
linked poor diabetes control with gastroparesis [69]. As of yet, there are no randomized controlled
trials proving that lowering HbA1c indeed improves gastroparesis symptoms. Nonetheless, controlling
diabetes makes sense for numerous reasons. When these initial steps do not lead to clinical improvement,
pharmacological interventions are needed. The armamentarium is limited, but at least a few drugs
are available [70]. Among those are the prokinetics metoclopramide and domperidone that act
as dopamine 2 receptor antagonists. Their efficacy has been demonstrated in several randomized
trials [71,72]. However, their efficacy appears to be independent of their potential for accelerating
gastric emptying, since gastric emptying has been shown to poorly correlate with symptomatic
response [73]. Other mechanisms such as affecting gastric hypersensivity or gastric accommodation
may be responsible for their effect [74]. Data about their long-term effects are sparse, and several
potentially deleterious side-effects limit their use in clinical practice. Metoclopramide imposes a
risk for tardive dyskinesia in 1% of patients, while domperidone has been linked to serious cardiac
side-effects. Use of metoclopramide should, therefore, be restricted to a maximum of 3 months,
at the lowest possible dose [75]. Erythromycin, a macrolide antibiotic, improves gastric emptying
through stimulating the motilin receptor and represents an option for short-term treatment, when
metoclopramide and domperidone have failed [76]. Nausea, a frequent and bothersome symptom
in gastroparesis, can be treated with antiemetics such as prochlorperazine, diphenhydramine, or a
5-HT3 antagonist [66]. Aprepitant can also be considered given its effects on nausea, vomiting and
overall symptoms in gastroparesis patients [77]. Iberogast, an over-the-counter herbal preparation is
frequently used in functional dyspepsia. Despite having no effect on gastric emptying, iberogast has
been shown to positively affect gastroparesis symptoms in a placebo-controlled crossover trial [78].
Several interventional approaches have been developed and hyped in the past with different outcomes.
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The injection of botulinum toxin during upper endoscopy into the pyloric muscle might be effective,
albeit only in the short term [79–82]. However, the two only randomized controlled trials failed to show
efficacy of pyloric botox [83,84]. Whether this was due to small sample size and consecutive lack of
power has yet to be determined. Another therapy option is gastric electrical stimulation (GES), where
electric current is delivered to gastric smooth muscles via implanted electrodes with a positive impact on
gastroparesis symptoms and gastric emptying [85]. GES has been proposed as an alternative for patients
with intractable gastroparesis, but a double-blind controlled trial showed only minor improvement
with a significant complication rate [86]. A meta-analysis, including 10 studies, suggested that
diabetic gastroparesis patients seem to benefit the most, whereas idiopathic gastroparesis patients and
postsurgical patients are less responsive and need further research [87]. Another technique, the gastric
peroral endoscopic pyloromyotomy (G-POEM) showed some efficacy in gastroparesis patients but
further studies are needed [88–93]. Esoflip is currently the newest kid on the block. It is a balloon
catheter that was developed for dilations in the gastrointestinal tract. Non-controlled studies revealed
high rates of technical success with increased distensibility and symptomatic improvement after pyloric
dialation [94]. Esoflip might have its role in difficult to treat patients before considering surgical
interventions, but more data, particularly randomized controlled trials are needed first. Surgery should
be seen as treatment of last resort and should be discussed individually in a multidisciplinary team
setting due to the sparse clinical data. At least, a recent case series including 28 patients suggested
improvement of symptoms, gastric emptying and a consecutive reduction in the need for prokinetic
treatment 3 months after surgery [95]. However, surgery clearly has its role when oral nutritional
intake is compromised. In these cases, jejunostomy feeding should be considered. A percutaneous
or surgical placement of a gastrostomy-jejunostomy tube enables decompression of the stomach and
permits enteral feeding [96].

Figure 2. Treatment algorithm for gastroparesis and dumping syndrome. GES, gastric electrical
stimulation; G-POEM, gastric peroral endoscopic pyloromyotomy.

6. Treatment of Dumping Syndrome

Similarly to gastroparesis, dietary modifications and patient education by a nutritional expert
are the first steps in the treatment of dumping syndrome [2,97–100]. Smaller and more frequent
meals (around six per day) are recommended [2]. Intake of fluids should be delayed by at least
30 min. Rapidly absorbable carbohydrates and alcoholic beverages should be avoided, while intake
of high-fibre, high-protein food is recommended [2]. The rationale behind is that liquids further
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accelerate gastric emptying. Lying down after a meal for 30 min may further delay emptying of the
stomach [15,101]. As a second step, dietary supplements such as guar gum, pectin or glucomannan
can be added to enhance food viscosity [102–104]. However, most patients do not tolerate these agents
due to frequent side-effects such as gas formation and bloating [2]. Pharmacological interventions
are the third step in the therapeutic ladder. However, it should be kept in mind that as of yet no
treatment has been approved for dumping syndrome. The currently available options are (1) acarbose
and (2) for severe cases somatostatin analogues. Acarbose is an alpha-glucosidase inhibitor that
decreases intraluminal digestion of carbohydrates in the duodenum. Therefore, it is used to treat
postprandial hypoglycemia in late dumping syndrome [105–108]. However, as seen for the dietary
supplements, acarbose is associated with side-effects such as flatulence occurring in a high proportion
of patients [109]. Somatostatin analogues can improve dumping syndrome by affecting several disease
mechanisms: (i) delaying gastric emptying; (ii) slowering small intestine transit; (iii) decreasing
release of gastrointestinal hormones including insulin secretion; and (iv) inhibition of postprandial
vasodilation [2,51]. Somatostatin analogues such as octreotide can be applied either subcutaneously
three times a day or intramuscularly every 2 to 4 weeks [51,110–112]. The latter is probably preferred
by the majority of patients. Most important side-effects are steatorrhea, diarrhea, nausea, gallstone
formation, pain at injection site and weight gain. Due to these side-effects daily applied doses should
start as low as 25 mcg and then titrated up to a maximum of 100 mcg. Treatment should be stopped
after 2 weeks (subcutaneous application) or 2 months (intramuscular application) if no improvement
is observed [2]. Non-specific symptoms such as nausea and diarrhea may be symptomatically
treated with antiemetics (meclizine, promethazine) and antidiarrheals (tincture of opium, loperamide).
Anticholinergics like dicyclomine, hyoscyamine, and propantheline slow gastric emptying and are
antispasmotic. Diazoxide is a potassium channel activator, which influences hypoglycaemia and
is used in late dumping [113]. However, these drugs have been studied in only few patients with
dumping syndrome. As for gastroparesis, surgical interventions (revision surgery) should be discussed
on a case to case basis, since data for their efficacy are limited [2].

7. Conclusions

Gastroparesis and dumping syndrome are frequent disorders, particularly in diabetic and
postsurgical patients. Since symptoms are non-specific, these two entities have to be distinguished from
several differential diagnoses and require objective measures that document delayed or accelerated
gastric emptying. A multidisciplinary team approach including nutritional experts, endocrinologists
and gastroenterologists is key to success. Within this setting, optimal treatment strategies can be
discussed and individually tailored to each patient. This is particularly important in cases that are
difficult to treat, where possible treatment options are limited and data for their efficacy conflicting.
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Abstract: Malnutrition is an independent risk factor that negatively influences patients’ clinical
outcomes, quality of life, body function, and autonomy. Early identification of patients at risk of
malnutrition or who are malnourished is crucial in order to start a timely and adequate nutritional
support. Nutritional risk screening, a simple and rapid first-line tool to detect patients at risk of
malnutrition, should be performed systematically in patients at hospital admission. Patients with
nutritional risk should subsequently undergo a more detailed nutritional assessment to identify
and quantify specific nutritional problems. Such an assessment includes subjective and objective
parameters such as medical history, current and past dietary intake (including energy and protein
balance), physical examination and anthropometric measurements, functional and mental assessment,
quality of life, medications, and laboratory values. Nutritional care plans should be developed
in a multidisciplinary approach, and implemented to maintain and improve patients’ nutritional
condition. Standardized nutritional management including systematic risk screening and assessment
may also contribute to reduced healthcare costs. Adequate and timely implementation of nutritional
support has been linked with favorable outcomes such as a decrease in length of hospital stay, reduced
mortality, and reductions in the rate of severe complications, as well as improvements in quality of
life and functional status. The aim of this review article is to provide a comprehensive overview of
nutritional screening and assessment methods that can contribute to an effective and well-structured
nutritional management (process cascade) of hospitalized patients.

Keywords: nutritional risk screening; nutritional assessment; malnutrition

1. Introduction

Nutrition is a basic need of life and thus plays an important role in health promotion and disease
prevention. Nutritional intake and its controlling mechanisms (e.g., appetite, satiety) are highly
complex physiological processes. These processes have a strong influence on nutritional status, which
in turn depends on nutritional intake, its balanced supply of macro and micronutrients, and fluid intake.
For various reasons, ill people may struggle to meet their nutritional and hydration requirements, and
as a consequence, 20–50% of patients are malnourished or at high risk of malnutrition upon hospital
admission [1]. One in five patients does not consume enough food to cover their energy or protein
needs [2]. The underlying disease may directly impair nutritional intake and may induce metabolic
and/or psychological disorders, which increase the nutritional needs or decrease food intake [3–5].
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Frequent problems such as chewing and swallowing issues, immobility, and side effects of drugs and
polypharmacy should not be underestimated in this regard [6,7]. A protracted decline in nutritional
status results in a catabolic metabolism and chronic low-grade inflammation, potentially leading to
several harmful consequences, such as loss of fat-free mass, immune dysfunction, higher complications
and mortality rates, reduced quality of life, and prolonged hospital stays [8,9]. Malnutrition also
influences the efficacy or tolerance of several treatments, such as antibiotic therapy, chemotherapy,
radiotherapy, and surgery. The increased metabolism due to the stress of eventual surgical procedures
further aggravates the nutritional metabolic risk, and is characterized by activation of the sympathetic
nervous system, endocrine responses, and immunological and hematological changes—all leading
to a hypermetabolic state, which may further increase patients’ nutritional needs. In addition, the
fasting periods before many examinations and interventions, as well as inappropriate meal services,
inadequate quality and flexibility of hospital catering, and insufficient assistance provided by the health
care staff to the most vulnerable patients, lead to further inadequate food intake and deterioration of
patients’ nutritional status.

Malnutrition should be considered and treated as an additional disease, as it has been shown to
worsen clinical outcomes and to increase morbidity, mortality, and complication rates, thus causing
additional costs [3,4,7,10–14]. However, malnutrition is preventable and mostly reversible with early
adequate nutritional therapy. It often remains undetected due to lack of awareness, knowledge, and
clinical protocols to identify and treat this problem within hospitals. The identification of malnutrition
has typically been based on anthropometric, biochemical, and physical parameters, among others.
However, there is currently no universally accepted gold standard (best method) for the assessment of
nutritional status [15,16].

A systematic and standardized approach to identifying this condition is needed, and that is
where nutritional screening tools play an important role [17]. When malnutrition is diagnosed, an
individual nutritional care plan should be established by a nutrition specialist (e.g., dietitian, expert
clinician) in consultation with a multidisciplinary team, and monitored regularly throughout the
hospital stay. To improve the overall outcomes from nutritional treatment it is necessary to select
patients with overt malnutrition, and those at most risk of developing nutritional deficiencies during
their hospitalization. A systematic approach to addressing malnutrition in hospitals should start with
the screening of all patients on admission, proceeding to a detailed assessment of nutritional status in
those found to be at increased risk. In patients who are identified as malnourished or at nutritional
risk, an appropriate nutritional intervention tailored to the individual patient’s needs should follow.
Unfortunately, although the need for this process is well-recognized and forms part of several national
and international guidelines, it is not carried out everywhere. In the well-known cross-sectional
“NutriDay” survey conducted in 2007–2008, 21,007 patients from 325 hospitals in 25 European countries
were included. Results showed that a screening routine existed in only half (53%) of the hospitals in
the different regions, mostly performed with locally developed methods. While the routine screening
of patients for malnutrition on hospital admission existed for 93% of units in the United Kingdom, less
than 33% of units had this practice in Austria, Germany, and the South Eastern region. In addition,
more than a quarter of all patients (27%) were considered to be at risk of malnutrition, and energy
goals were not met in almost half (43%) of the surveyed population [18]. It remains necessary to raise
awareness of malnutrition and to improve the outcomes of patients’ nutritional treatments.

We aimed to provide an extensive and critical overview of the nutritional screening and nutritional
assessment methods of hospitalized patients, complemented by the description of the most novel
technological approaches developed to improve the accuracy of dietary assessment. We hope that this
review will be helpful to update clinicians involved in the nutritional care of this patient population.

2. Screening

Nutritional risk screening tools are very helpful in the daily routine to detect potential or manifest
malnutrition in a timely manner. Such tools should be easy to use, quick, economical, standardized,
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and validated. Screening tools should be both sensitive and specific, and if possible, predictors of the
success of the nutritional therapy. Nutritional screening should be part of a defined clinical protocol
that results in a plan of action if the screening result is positive.

Diverse scores and screening systems were established in past decades for use in various
clinical settings and patient populations (inpatients, community, geriatrics, etc.). Screening should be
performed within the first 24–48 h after hospital admission and at regular intervals thereafter (e.g.,
weekly), in order to rapidly and accurately identify individuals who should be referred to the nutrition
specialist (e.g., dietitian, expert clinician) for further assessment. Nutritional screening should include
dynamic parameters rather than static ones—for example, recent weight loss, current body mass index
(BMI), recent food intake, and disease severity. According to the systematic review conducted by
van Bokhorst-de van der Schueren et al., at least 33 different nutritional risk screening tools exist [19].
The present work will use three as examples. The present work will use three examples thereof, which
the European Society for Clinical Nutrition and Metabolism (ESPEN) recommends: the Nutritional
Risk Screening 2002 (NRS-2002) for the inpatient setting, the Malnutrition Universal Screening Tool
(MUST) for the ambulatory setting and the Mini Nutritional Assessment (MNA) for institutionalized
geriatric patients [20].

One of the nutritional risk screening tools used most often in hospitals worldwide is the NRS-2002
(Table 1). The NRS-2002 was developed by Kondrup et al., and is meant to be a generic tool in the
hospital setting—that is, useful in detecting most of the patients who would benefit from nutritional
therapy [21]. This was recently shown in a large multicenter randomized controlled study in a medical
inpatient population, which demonstrated a reduction of important clinical outcomes, including
mortality, in patients at risk of malnutrition as determined by the NRS-2002 [22]. The NRS-2002 is a
simple and well-validated tool which incorporates pre-screening with four questions. If one of these is
answered positively, a screening follows which includes surrogate measures of nutritional status, with
static and dynamic parameters and data on the severity of the disease (stress metabolism). For each
parameter, a score from 0 to 3 can result. Age over 70 years is considered as a risk factor, and is included
in the screening tool as well, giving 1 point. A total score of ≥3 points means that the patient is at risk of
malnutrition or already malnourished and therefore a nutritional therapy is indicated. The NRS-2002
has been assessed and validated in hundreds of studies, including randomized controlled trials, and
has been shown to be very reliable if administered by trained staff.

The MUST (Table 2) was developed to identify malnourished individuals in all care settings
(hospitals, nursing homes, home care, etc.) [23]. It was the basis for the NRS-2002 [21]. Recent food
intake is not included, and calculations of the weight loss percentage may be a barrier for the busy
healthcare staff on the wards.

The MNA is the screening tool most frequently used in institutionalized geriatric patients (Table 3).
It combines screening and assessment features. Unlike the NRS-2002, the MNA includes diverse
components (loss of appetite, altered sense of taste and smell, loss of thirst, frailty, depression) often
relevant for the nutritional status of older people. It also includes anthropometric measurements,
nutritional habits, general condition, and self-evaluation. Both the MNA (complete form) as well
as a short-form MNA (MNA-SF) are available. The complete MNA includes eighteen items in four
domains (Appendix A). The MNA-SF includes only six items, but is quicker and as effective as the
long version. If the total score is 11 points or less, the patient is considered at risk of malnutrition or
malnourished and the full version (assessment) should be performed.

It is important for clinicians to understand how the tools were validated and for which population
and care setting they were developed in order to determine if the tool is appropriate for use in their
institution [24]. For example, a study that aimed to identify the most appropriate nutritional screening
tool for predicting unfavorable clinical outcomes in 705 patients admitted to a Brazilian hospital
compared the performance of NRS-2002, MNA-SF, and MUST. The authors observed that the NRS-2002
and MNA-SF had similar performance in predicting complications, very long length of hospital stay,



J. Clin. Med. 2019, 8, 1065

and mortality, but the NRS-2002 had the best yield, and therefore recommended the use of this tool in
the Brazilian inpatient population [25].

Table 1. Nutritional Risk Screening 2002. APACHE: acute physiology and chronic health evaluation;
BMI: body mass index; COPD: chronic obstructive pulmonary disease; ONS: oral nutritional supplement.

Pre-Screening

Is the BMI of the patient < 20.5 kg/m2 Yes
Did the patient lose weight in the past 3 months? Yes
Was the patient’s food intake reduced in the past week? Yes
Is the patient critically ill? Yes

If yes to one of those questions, proceed to screening.
If no for all answers, the patient should be re-screened weekly.

Screening

Nutritional status score Stress metabolism (severity of the disease) score
None 0 None 0
Mild
Weight loss >5% in 3 months
OR
50–75% of the normal food intake
in the last week

1 Mild stress metabolism 1
Patient is mobile
Increased protein requirement can be covered with
oral nutrition
Hip fracture, chronic disease especially with complications
e.g., liver cirrhosis, COPD, diabetes, cancer, chronic
hemodialysis

Moderate 2 Moderate stress metabolism 2
Weight loss >5% in 2 months
OR
BMI 18.5–20.5 kg/m2 AND
reduced general condition
OR
25–50% of the normal food intake
in the last week

Patient is bedridden due to illness
Highly increased protein requirement, may be
covered with ONS
Stroke, hematologic cancer, severe pneumonia, extended
abdominal surgery

Severe
Weight loss >5% in 1 month
OR
BMI <18.5 kg/m2 AND reduced
general condition
OR
0–25% of the normal food intake
in the last week

3 Severe stress metabolism
Patient is critically ill (intensive care unit)
Very strongly increased protein requirement can only
be achieved with (par)enteral nutrition
APACHE-II >10, bone marrow transplantation, head
traumas

3

Total (A) Total (B)
Age

<70 years: 0 pt
≥70 years: 1 pt

TOTAL = (A) + (B) + Age

≥3 points: patient is at nutritional risk. Nutritional care plan should be set up
<3 points: repeat screening weekly
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Table 2. The Malnutrition Universal Screening Tool.

Malnutrition Universal Screening Tool (MUST)

BMI
(kg/m2)

Unintentional weight loss
in the past 3–6 months

Acute illness with reduced food intake
(estimated) for ≥5 days

≥20 0 ≤5% 0 No = 0
18.5–20.0 1 5–10% 1 Yes = 2
≤18.5 2 ≥10% 2

Overall Risk for Malnutrition

Total Risk Procedure Implementation

0 Low Routine
clinical care

Clinic: weekly
Nursing home: monthly
Outpatient: yearly in at-risk patient groups, e.g., age >75 years

1 Medium Observe

Clinic, nursing home, and outpatient:
Document dietary intake for 3 days.
If adequate: little concern and repeat screening (hospital weekly,
care home at least monthly, community at least every 2–3 months).
If inadequate: clinical concern. Follow local policy, set goals,
improve and increase overall nutritional intake, monitor and review
care plan regularly.

≥2 High Treat
Clinic, nursing home, and outpatient:
Refer to dietitian, Nutritional Support Team, or implement local
policy. Set goals, improve and increase overall nutritional intake.
Monitor and review care plan (hospital weekly, care home monthly,
community monthly).

Table 3. The Mini Nutritional Assessment Short-Form.

Screening

A Has food intake declined over the past 3 months due to loss of appetite,
digestive problems, or chewing or swallowing difficulties? 0 = severe decrease in food intake

1 =moderate decrease in food intake
2 = no decrease in food intake

B Weight loss during the last 3 months 0 =weight loss greater than 3 kg
1 = does not know
2 =weight loss between 1 and 3 kg
3 = no weight loss

C Mobility 0 = bedridden or chair bound
1 = able to get out of bed/chair but does
not go out
2 = goes out

D Has the patient suffered psychological stress or acute disease in the past
3 months? 0 = yes

2 = no

E Neuropsychological problems 0 = severe dementia or depression
1 =mild dementia
2 = no psychological problems

F1 Body mass index (BMI) 0 = BMI less than 19
1 = BMI 19 to less than 21
2 = BMI 21 to less than 23
3 = BMI 23 or greater

If BMI is not available, replace question F1 with F2. Do not answer F2 if F1 is already completed.
F2 Calf circumference (CC) in cm 0 = CC less than 31

3 = CC 31 or greater
Screening Score

12–14 points Normal nutritional status

8–11 points At risk of malnutrition

0–7 points Malnourished
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3. Assessment

Nutritional assessment should be performed in patients identified as at nutritional risk according
to the first step (i.e., screening for risk of malnutrition). Assessment allows the clinician to gather more
information and conduct a nutrition-focused physical examination in order to determine if there is
truly a nutrition problem, to name the problem, and to determine the severity of the problem [26].
The data collected in a nutritional assessment are often similar to data collected in the screening
process, but in more depth. Screening assesses risk whereas assessment actually determines nutritional
status [26]. The observation and documentation of oral nutritional intake, including qualitative and
quantitative aspects, and measurement of energy, protein, and micronutrient intake, is an important
part of nutritional assessment.

There is a limited number of tools used for the assessment of nutritional status. The most-used tool
is the Subjective Global Assessment (SGA), which includes information on a medical history (weight
loss; dietary intake change; gastrointestinal and functional impairment) and physical examination
(loss of subcutaneous fat; muscle wasting; ankle edema, sacral edema, and ascites). Each patient is
classified as either well nourished (SGA A), moderately or suspected of being malnourished (SGA B),
or severely malnourished (SGA C). A limitation of using SGA is that it only classifies subjects into three
general groups, and it does not reflect subtle changes in nutritional status. Furthermore, it is subjective,
does not account for biochemical values (e.g., visceral protein levels), and its sensitivity, precision, and
reproducibility over time have not been extensively studied in some patient populations. Thus, here
we describe the several components that should be part of the nutritional assessment process and
interpreted by specialized clinical staff (e.g., dietitians) [27–29].

Most of these components have limited sensitivity and specificity when used individually;
therefore, methods for identifying malnourished patients require the use of several parameters and
the clinical judgment of experienced and specialized clinical staff. Detailed evaluation leads to an
understanding of the nature and cause of the nutrition-related problem, and will inform the design of
a personalized nutritional care plan [30].

3.1. Anthropometric Measurements

3.1.1. Body Weight and Body Mass Index

Body weight, height, and the resulting BMI are important parameters which are relatively easy
to obtain from patients with acute as well as chronic diseases. If height cannot be assessed (e.g., in
bedridden patients or patients that are unable to stand), knee height or demi-span (also recommended
by the MNA) may be used to estimate height by means of standard formulas [31,32]. The body
weight measurement should be standardized (e.g., measured at the same time of day and with the
same amount of light clothing) to obtain a reliable weight trend. The BMI is an indicator of chronic
malnutrition. Europeans are considered underweight when BMI is <18.5 kg/m2. BMI values under
this cutoff are associated with poor outcome and higher mortality rates, as are BMI values greater than
30 kg/m2 (typically classified as obesity). In older adults the cut-off for the definition of underweight is
higher, that is, <22 kg/m2, as carrying some extra weight seems to be protective in this population.
However, the BMI has some limitations. For example, it may be biased by fluid overload and edemas,
and does not describe body composition (for example, a high BMI can be seen in fat individuals and
also in very muscular athletes). Thus, the BMI does not reflect potentially pathological weight loss
nor the patient’s actual food intake. Unintentional weight loss is paramount for the assessment of
nutritional status, as it points to a catabolic metabolic situation and is associated with higher morbidity
and mortality rates.

3.1.2. Skinfold Measurements

One of the easiest and lowest-priced non-invasive methods is the measurement of the circumference
of a limb (e.g., mid-arm, calf) and of skinfold thickness (SFT). The subcutaneous fat tissues normally
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account for half of the entire body fat mass, and the measurement of SFT gives information on the
energy stores of the body, mainly fat stores (i.e., triglycerides). To estimate the total amount of body fat,
four skinfolds need to be measured [33]:

– Biceps skinfold (front side of the middle upper arm);
– Triceps skinfold (back side of the middle upper arm);
– Subscapular skinfold (under the lowest point of the shoulder blade); and
– Suprailiac skinfold (above the upper bone of the hip).

The measurement of SFT requires trained staff and defined conditions. The high interindividual
variability is a clear disadvantage of this method, as age, gender, and ethnicity influence the fat mass.
The mid-upper-arm muscle circumference (MAMC) reflects the muscle mass, while the mid-arm
muscle area (MAMA) gives information about the muscle protein stores, as half of the body’s proteins
are stored in the skeletal muscles. The MAMA is calculated from the MAMC and the triceps SFT
(MAMA = MAMC − (0.314 × SFT)). The decrease in MAMA shows the loss of muscle mass, as a
mobilization of the endogenous proteins. This method is not reliable in patients with fluid overload,
however, nor does it represent short-term modifications of the nutritional status. The reliability of
both the SFT and the MAMA strongly depend on the reference values. For these reasons, triceps skin
fold and MAMA are mostly used for research purposes and not in daily clinical routine, as they give
validated data—especially when measurements are performed by the same investigator and repeated
in a given time period.

3.1.3. Body Composition

Body weight—including weight loss, calculation of the BMI, and measurement of the length,
circumference, or thickness of various body parts—is useful for the assessment of nutritional status.
Body composition describes the body compartments, such as fat mass, fat-free mass, muscle mass, and
bone mineral mass, depending on the body composition model used (Figure 1). Body composition
measurements may serve as an early diagnostic tool, as quantification, or as a follow-up method that
helps to assess nutritional status [34]. Such measurements contribute to the diagnosis of sarcopenia and
sarcopenic adiposity, and may establish reference values (energy expenditure/kg fat-free mass (FFM) or
power/g muscle). Body composition may change due to disease, age, physical activity, and starvation.
There are several methods available to determinate body composition, more or less invasively, as
described in the following section (Table 4).

3.1.4. Bioelectrical Impedance Analysis (BIA)

Bioelectrical impedance analysis (BIA) is a simple, inexpensive, non-invasive method of estimating
body composition. It is suitable for bedside measurements which depend on the body’s proportions
of fat, muscle, and water. BIA relies on the conduction of an alternating electrical current by the
human body. The current passes easily through tissues containing a lot of water and electrolytes
like blood and muscles, whereas fat tissues, air, and bone are harder to pass through. Therefore, the
larger the fat-free mass, the greater the capacity of the body to conduct the current. BIA gives good
information about total body water, body cell mass, and fat mass when correcting for age, sex, and
ethnicity. However, BIA is not recommended in patients with fluid overload, in patients at extremes of
BMI (<16 or >34 kg/m2), in intensive care unit patients, or in the elderly [35,36]. The newly developed
bioelectrical impedance vector analysis (BIVA) provides information about hydration status, body cell
mass, and cell integrity through the vector length and position. Both malnutrition and obesity are
clearly reflected by BIVA, making it attractive to assess and monitor patients’ nutritional status.
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3.1.5. Creatinine Height Index (CHI)

Creatine is metabolized to creatinine at a more or less stable rate, and reflects the amount of muscle
mass [37]. Creatinine excretion correlates with lean body mass and body weight. The creatinine height
index (CHI) [38] is a measure of lean body mass and is calculated as follows: CHI (%) = measured
24 h urinary creatinine × 100/normal 24 h urinary creatinine. Urinary creatinine excretion may be
influenced by several factors, such as renal insufficiency, meat consumption, physical activity, fever,
infections, and trauma. Additionally, the collection of 24-h urine is challenging in daily practice and
further limits the use of this method.

3.1.6. Dual Energy X-ray Absorptiometry (DXA)

DXA is currently considered the gold standard of body composition measurement. It is increasingly
used in clinical practice and in research, despite some exposure to radiation. DXA depends on
radiological density analysis (usually in the hip and spine) and is a useful, indirect method of
measuring fat mass, fat-free mass, and bone mineral mass.

3.1.7. Magnetic Resonance Tomography (MRT) and Computed Tomography (CT)

Magnetic resonance tomography (MRT) and computed tomography (CT) allow the quantification
of fat mass and fat-free mass, giving information about the fat distribution and enabling an
estimation of skeletal muscle mass. Unlike CT, MRT does not require ionizing radiation. These two
methods are mainly used in research due to their restricted availability, their cost, and the time
expended [39]. However, it is often possible to obtain nutritional information from scans taken for
general diagnostic purposes.

3.1.8. Further Methods Used to Measure Body Composition

Several other methods are available, mainly for research purposes due to their complexity.
These demanding and expensive methods include air displacement plethysmography (ADP), dilution
methods, the measurement of total body potassium, and in vivo neutron activation analysis [40].

Air displacement plethysmography (ADP) is a method to determine the body density (body
weight/body volume). It is based on the determination of the body volume by means of air displacement
having regard to the residual air volume in the lungs and the gastrointestinal tract. Since the density of
fat differs from the density of fat free mass, they can both be determined using a two-compartment model.
ADP may also be used in ill patients, unlike other densitometry measurement using hydrodensitometry.

The dilution methods aim to determinate the total body water by means of dilution of
non-radioactive isotopes (e.g., deuterium). Such tracers are given orally or parenterally, and their
concentrations in urine and blood are measured after a defined time. Extracellular water can then be
determined using bromide or sulfate, allowing the definition of intracellular water.

Since potassium is mostly found intracellularly and the natural isotope K40 is present in constant
fraction, the measurement of the potassium allows the calculation of the body cell mass and thus
enables the very accurate determination of the body cell mass.

With the in vivo neutron activation, the body is irradiated with neutron radiation, inducing
the emission of a characteristic spectrum of gamma-radiations. This expensive method allows the
quantification of single elements such as nitrogen, calcium, sodium, etc.
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Figure 1. Compartment models of body composition. FFM: fat-free mass, FM: fat mass, BCM: body
cell mass, ECM: extracellular cell mass. Modified after [40].

Table 4. Advantages and disadvantages of methods used to assess body composition.

Method Target Precision
Expenditure

(Time/Apparatus)
Costs

Anthropometrics FM, fat distribution, MM ↓ ↓ ↓↓
Bioelectrical impedance
analysis

TBW, FM, FFM, BCM phase
angle ↑ ↓ ↓

Creatinine height index MM ↓ - ↓
Dual energy X-ray
absorptiometry

FM, bone mineral content, soft
tissues, bone density ↑ ↑ ↑

Magnetic resonance
tomography MM, FM, fat distribution ↑ ↑ ↑↑
Computed tomography FM, fat distribution, MM ↑ ↑ ↑

Dilution method TBW, FM, FFM (deuterium)
ECW, ICW (bromide) ↑ ↑ -

Potassium count BCM, FFM, FM ↑ ↑ ↑↑
Neutron activation Ca, Na, Cl, PO4, N, H, O, C ↑ ↑ ↑↑

FM: fat mass; FFM: fat-free mass; MM: muscle mass; TBW: total body water; BCM: body cell mass; ECW: extracellular
water; ICW: intracellular water; Ca: calcium; Na: sodium; Cl: chloride; PO4: phosphate; N: nitrogen; H: hydrogen;
O: oxygen; C: carbon.

3.2. Biochemical Analysis

There is no single parameter that can thoroughly assess nutritional status or monitor nutritional
therapy. However, a set of laboratory parameters in the clinical routine (e.g., complete blood count,
lipid profile, electrolytes, liver parameters) may provide valuable information about a patient’s
nutritional status (e.g., proof of nutrient deficiency, information about the etiology of malnutrition,
follow-up nutritional therapy), about the severity and activity of the disease, and about changes
in body composition (Table 5) [41]. Laboratory values—particularly in chronically malnourished
patients—may help to detect deficiencies in vitamins (C, D, E, K, thiamine, B6, B12, and folic acid) and
trace elements (zinc, selenium, and iron) and help to monitor current substitution therapies. In the
early phase of refeeding, potassium, phosphate, and magnesium deficiencies may occur, potentially
leading to severe complications (e.g., refeeding syndrome); hence, there is a need for close monitoring
of these electrolytes.
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Table 5. Laboratory values to detect malnutrition and monitor nutritional status [41].

Laboratory Value Nutrition Independent Factors
Half-
Life

Appropriateness to
Detect Malnutrition

Appropriateness to Monitor
Nutritional Therapy

Albumin
↑ dehydration

20 d
+/++

Not appropriate due to high
suggestibility and long
half-life

↓ inflammation, infections,
trauma, heart failure, edema,
liver dysfunction, nephrotic
syndrome

Not appropriate in case
of anorexia and acute
illness

Transferrin
↑ renal failure, iron status, acute
hepatitis, hypoxia 10 d

+ +

↓ inflammation, chronic
infections hemochromatosis,
nephrotic syndrome, liver
dysfunction

Low sensitivity and
specificity

Concentration is independent
of the energy and protein
intake

Prealbumin/Tra
nsthyretin (TTR)

↑ renal dysfunction,
dehydration, corticosteroid
therapy 2 d

++
++/+++Not appropriate to detect

anorexia Subnormal
values within one week
in case of fasting

One of the most appropriate
proteins↓ inflammation, hyperthyreosis,

liver disease, overhydration
Retinol binding
protein (RBP)

↑ kidney failure, alcohol abuse
12 h Idem prealbumin Idem prealbumin↓ hyperthyreosis, chronic liver

diseases, vitamin A deficiency,
selenium deficiency

Insulin-like growth
factor 1 (IGF-1)

↑ kidney failure
24 h

++
+++
More specific than
retinol-binding protein and
prealbumin/transthyretin

↓ liver diseases, severe catabolic
status, age

Rapid decrease in fasting
periods

Urinary creatinine
↑ collection time >24h, infection,
trauma -

1 mmol of creatinine is
derived from 1.9 kg of
skeletal muscle mass

Not appropriate, very slow
↓ insufficient collection time,
acute kidney failure

Lymphocytes
↑ healing phase after infection,
hematologic diseases - + Not appropriate, very slow
↓ sepsis, hematologic disease,
immune suppressants, steroids Very unspecific

Laboratory values are mostly delayed and costly, and largely dependent on the analytic method
and the analyzing laboratory. Additionally, numerous non-nutrition-related factors may influence the
laboratory parameters (e.g., inflammatory markers such as CRP), leading to distorted values. Thus,
laboratory values must always be interpreted within the clinical context.

3.3. Clinical Evaluation

3.3.1. Patient Clinical History

The patient’s clinical history is a subjective and retrospective description of the patient’s condition.
It is the starting point of the nutritional assessment. Factors leading to malnutrition such as pain,
gastrointestinal symptoms (e.g., diarrhea, vomiting, constipation), weight loss, loss of appetite, inability
to chew or swallow, and poor dentition/oral health are discussed with the patient. The patient’s clinical
history should include previous medical condition (chronic or acute disease, symptoms of psychiatric
illness, presence of conditions that may lead to metabolic stress (e.g., infection), as well as the actual
functional capacity and physiological changes possibly influencing nutritional requirements or body
composition (e.g., loss of muscle mass).

3.3.2. Physical Examination

Physical examination is an objective method of detecting clinical signs and symptoms of nutritional
deficiencies of vitamins and minerals (e.g., poor muscle control, night vision impairment, vertical lip
cracks, depression), and allows the assessment of tolerance to nutritional support (e.g., abdominal
distention, vomiting, diarrhea) [42]. Some clinical signs are specific to a specific disease or nutrient
deficiency. Others are non-specific and need further tests to elucidate their etiology (Table 6). Physical
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examination includes the control of vital parameters, the inspection and palpation for water retention
(edema and ascites), and a rough assessment of muscle mass and subcutaneous fat stores.

Table 6. Clinical signs and symptoms of micronutrient deficiencies [40,42].

Body Region Signs Possible Deficiencies

Skin

Petechiae Vitamins A, C
Purpura Vitamins C, K
Pigmentation Niacin
Edema Protein, vitamin B1
Pallor Folic acid, iron, biotin, vitamins B12, B6
Decubitus Protein, energy
Seborrheic dermatitis Vitamin B6, biotin, zinc, essential fatty acids
Unhealed wounds Vitamin C, protein, zinc

Nails

Pallor or white coloring
Clubbing, spoon-shape, or transverse
ridging/banding; excessive dryness,
darkness in nails, curved nail ends

Iron, protein, vitamin B12

Head/Hair Dull/lackluster; banding/sparse; alopecia;
depigmentation of hair; scaly/flaky scalp

Protein and energy, biotin, copper, essential
fatty acid

Eyes
Pallor conjunctiva Vitamin B12, folic acid, iron
Night vision impairment Vitamin A
Photophobia Zinc

Oral cavity

Glossitis Vitamins B2, B6, B12, niacin, iron, folic acid
Gingivitis Vitamin C
Fissures, stomatitis Vitamin B2, iron, protein
Cheilosis Niacin, vitamins B2, B6, protein
Pale tongue Iron, vitamin B12
Atrophied papillae Vitamin B2, niacin, iron

Nervous system

Mental confusion Vitamins B1, B2, B12, water
Depression, lethargy Biotin, folic acid, vitamin C
Weakness, leg paralysis Vitamins B1, B6, B12, pantothenic acid
Peripheral neuropathy Vitamins B2, B6, B12
Ataxia Vitamin B12
Hyporeflexia Vitamin B1
Muscle cramps Vitamin B6, calcium, magnesium
Fatigue Energy, biotin, magnesium, iron

3.3.3. Physical Function

Functional measurements are increasingly important in nutritional assessment. Indeed, muscle
strength and cognitive functions all influence quality of life. Energy deficiency diminishes muscle
strength and power, as well as overall physical condition. It is therefore very relevant to have
information about muscle function and strength in the clinical setting. Muscle function tests are
very sensitive to nutritional deficiencies, and therefore also to nutritional interventions. Changes
can therefore be noticed much earlier than through body composition tests, for example. Hand
dynamometry has been validated as a nutritional marker, correlates very well with the nutritional
status, and is simultaneously a good predictor of surgical outcome, increased hospital length of stay,
higher re-hospitalization rates, and decreased physical status. It is additionally a good predictor for
short- and long-term mortality [43]. This test is easy, quick, and low-priced, but largely depends on the
patient’s cooperation. Other possible measurements are knee extension, hip flexion strength, or peak
expiratory flow. Measurement of the distance walked in a given time (e.g., at a 4-m gait speed) may
also provide good information on the global condition [44].
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3.3.4. Medication

A patient’s prescribed medications (including vitamin/mineral/botanical supplements) should be
examined regarding potential drug–nutrient interactions and nutrition-related side effects (interactions
with appetite, gastrointestinal function or symptoms).

3.4. Dietary History, Current Dietary Intake, and Innovative Dietary Assessment Methods

The dietary history includes the patient’s dietary habits and preferences, including cultural and
religious habits, special diets, as well as food allergies or intolerances. Fluid and alcohol intake should
also be recorded.

The energy and protein balance and the comparison between food intake and energy expenditure
reflect the current nutritional status—whether the patient’s dietary intake is sufficient or not.

The quantification of food intake is one of the key approaches to assessing nutritional risk in
individual patients. The assessment of macronutrients (fat, carbohydrates, and proteins) is as important
as the assessment of micronutrients (vitamins, trace elements). There are numerous standardized
methods of measuring food intake, such as 24 h food recall, food frequency questionnaires, and direct
observation (food records are frequently used by nurses for institutionalized patients). These provide
(semi-) quantitative information. The accurate assessment of food intake is difficult and error-prone.
There is a growing need for more accurate dietary assessment methods. High-quality data are essential
for research on the association between diet and health, for an understanding of dietary patterns, and
for the identification of nutrition-related health problems [45].

Innovative technologies that improve dietary assessment have been proposed recently, and can
be classified into four principal groups according to the technological features that each of them
incorporate [46–50]:

– Manual dietary assessment—The user inserts all required data (e.g., portion size estimation, type of
food) on a web page, smartphone app, etc. [50]. This method replaces the paper-based methods
of dietary assessment into an electronic form by the use of pictures, video, text, or voice without
the inclusion of automatic features.

– Dietitian-supported assessment—The user takes photos of the food and sends them to the dietitian.
These data are then analyzed by nutrition experts who use standardized methods (e.g., nutritional
software) to estimate the corresponding amount of nutrients [51]. No automation features are
usually incorporated.

– Wearable devices monitoring food intake—Devices that directly measure eating behavior [52], such
as detection systems which identify eating gestures (ear-based chewing and swallowing) in order
to complement self-reporting of nutrient intake.

– Computer-aided assessment—this includes:

(i) Systems that incorporate some degree of automation. These either use bar-code readers
in order to automatically recognize packaged food labels [50], or utilize smartphone
applications that integrate the automatic recognition of food items. In this case, the user
takes photos of the food and the system recognizes the type of food. Typically, in this
situation the user needs to manually insert or select the volume/portion of the food items
in order for the system to be able to translate the information into macronutrients and
energy [53].

(ii) Systems that are completely based on artificial intelligence. In a typical scenario, the user
takes photo(s) of the food and then the system automatically and in real-time identifies
the different food items (identification), recognizes the type of each of them (labeling),
and creates a 3D model of each of them (3D reconstruction) [54–58]. Supported by food
composition databases, food images are translated into nutrient values such as grams of
macronutrients or calories [54,56].
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These new technologies have several advantages. They do not (fully) rely on a respondent’s
memory; they are based on a number of automatic data-processing steps, thus minimizing user-related
variability [45]; there is minimal participant burden; and there are reduced research and administrative
costs [50]. Additionally, these technologies offer portability and greater social acceptability than
paper-based methods [59]. Some additional advantages of computer-aided methods include decreased
workload and costs (excluding costs for software development) [48], minimization of researchers’
transcription errors [60], reduced paper waste and postage costs, and the optimization of space, security,
and organization required for paper file storage [61].

However, there are also some limitations for each group. The manual dietary assessment methods
provide all the disadvantages of paper-based methods except for expenditures related to paper usage.
Body sensor monitoring provides no input about the type or quality of the food that is captured [50].
What is more, dietician-supported assessment is labor-intense and expensive to analyze [50]. Moreover,
with the AI-based systems, it is not possible to capture all the basic nutrient information (including
cooking methods) with one single image [45], and the majority of the existing apps are manual or
semi-automatic in terms of food logging, and non-automatic in portion size estimation. Individuals
tend to estimate portion size inaccurately [62]; almost half of the errors found in food records are
attributed to such faulty estimations [63]. Other possible disadvantages are under-reporting due to
either poor image quality or user negligence in taking an adequate number of pictures before and after
food and drink consumption [64]. In addition, some food types such as mixed foods or liquids are
difficult to analyze with automated image analysis [58]. Tools that include only some AI components
are usually non-validated; they include a limited number of food categories, and questions relating
to the used nutrient databases arise [50]. The most important limitation of the majority of these
technologies is the need for a tech-savvy user [45].

Several studies have compared dietary assessment by traditional methods versus innovative
technologies. Some of them conclude that electronic records would be a useful tool, both for large-scale
epidemiological studies and in the clinical context [61]. Others conclude that apps could replace
the traditional 24-h recall and serve as feasible tools for dieticians investigating dietary intake at a
population level [65]. The longer the app recording periods are, the better the correlation between
the traditional and the innovative methods seems to be [66]. However, novel technologies for dietary
assessment appear valid at the population level rather than for individualized support [67–69]. Even
though there are an increasing number of studies in the domain of innovative technologies, sample
sizes are relatively low, and duration is usually short. Therefore, there is a need for well-designed
long-term studies to explore and analyze the combination of traditional methods and state-of-the-art
technological tools which characterizes the new era of nutritional assessment.

Energy requirements are calculated from the basal energy requirement multiplied by an activity
factor. They can be calculated with formulae (e.g., the Harris–Benedict formula [70]) or through a
simplified general rule based on energy values between 25–35 kcal per kg of body weight per day,
with adjustment for underweight and overweight patients (30 × body weight, +20% if BMI <20 kg/m2

or −20% if BMI >30 kg/m2) [71]. These formulae cannot be used in special situations (e.g., in ICU
patients). The protein requirement may be estimated by using 1.2–1.5 g/kg body weight per day (0.8
g/kg/d in case of chronic kidney failure) [22]. The specific macronutrient requirements are described in
Table 7. Indirect calorimetry remains the gold standard for the assessment of energy requirements, but
in many clinical settings this option is not available, as indirect calorimeters may not be easy to operate
and may not be portable or affordable.

Table 7. Macronutrient requirements for adults.

Macronutrient Energy Content/g Recommended Amount/kg Body Weight/d

Proteins 4 kcal 1.0–1.5 g

Carbohydrates 4 kcal max. 3–5 g

Fats 9 kcal 0.8–1.5 g
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Several conditions may impair food intake and should be taken into account as well. Among
these are chewing and/or swallowing problems and functional limitations impairing independent
eating. Additionally, cognitive changes affecting appetite and ability to feed oneself, and physiological
changes that affect the desire to eat, may negatively impact the dietary intake.

3.5. Quality of Life

The assessment of quality of life is a more subjective parameter that is being increasingly included
in nutritional assessment. It reflects the current health status, and may be used as an outcome parameter
to monitor nutritional therapy. It is based on the perception of wellbeing in different domains—for
example, symptoms (pain), physical (mobility, strength), psychological (anxiety, depression), and social
(isolation), all potentially having an effect on eating. There are many questionnaires available, but
there is no established consensus on which should optimally be used.

4. Conclusions and Outlook

Malnutrition is a frequent threat in hospitals, and is associated with negative outcomes. However,
it remains a mostly treatable condition when there is adequate nutritional management. It is crucial to
identify patients who are at nutritional risk or malnourished as early as possible, allowing the start of
timely and effective nutritional support. Identifying patients at risk of malnutrition is the first step in the
nutritional care process within a multimodal care system. Nutritional risk screening with simple and
rapid tools should be performed systematically in each patient at hospital admission to detect patients
who are nutritionally at risk or malnourished. Comprehensive detailed nutritional assessment should
be performed thereafter in those patients identified as at risk of malnutrition or who are malnourished.
This screening should be performed by a specialist (e.g., a dietician) using subjective and objective
parameters such as clinical history, physical examination, body composition measurements, functional
assessment, and laboratory values. New assessment methods may be very helpful, as they are accurate
and quick. A nutritional care plan should be drawn up using an interdisciplinary approach and
implemented to improve the patient’s condition. Systematic nutritional risk screening and standardized
nutritional management may also contribute to reduced healthcare costs.
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Appendix A

Table A1. MNA full screening tool.

Screening

A
Has food intake declined over the past 3 months due to
loss of appetite, digestive problems, chewing or
swallowing difficulties?

0 = severe decrease in food intake
1 =moderate decrease in food intake
2 = no decrease in food intake

B Weight loss during the past 3 months 0 =weight loss greater than 3 kg
1 = does not know
2 =weight loss between 1 and 3 kg
3 = no weight loss
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Table A1. Cont.

C Mobility 0 = bedridden or chair bound
1 = able to get out of bed/chair but does not go out
2 = goes out

D
Has suffered psychological stress or acute disease in the
past 3 months?

0 = yes
2 = no

E Neuropsychological problems 0 = severe dementia or depression
1 =mild dementia
2 = no psychological problems

F1 Body mass index (BMI) 0 = BMI less than 19
1 = BMI 19 to less than 21
2 = BMI 21 to less than 23
3 = BMI 23 or greater

Screening Score (subtotal max. 14 points)

12–14 points Normal nutritional status
8–11 points At risk of malnutrition
0–7 points Malnourished
For a more in-depth assessment, continue with questions G-R

Assessment

G Lives independently (not in nursing home or hospital) 0 = yes
1 = no

H Takes more than 3 prescription drugs per day 0 = yes
1 = no

I Pressure sores or skin ulcers 0 = yes
1 = no

J How many full meals does the patient eat daily? 0 = 1 meal
1 = 2 meals
2 = 3 meals

K Selected consumption markers for protein intake
0.0 = if 0 or 1 yes
0.5 = if 2 yes
1.0 = if 3 yes

• Meat, fish or poultry every day Yes/No
• ≥1 serving of dairy products (milk, cheese, yoghurt)
per day

Yes/No

• ≥2 servings of legumes or eggs per week Yes/No

L Consumes ≥2 servings of fruit or vegetables per day? 0 = yes
1 = no

M
How much fluid (water, juice, coffee, tea, milk...) is
consumed per day?

0.0 = less than 3 cups
0.5 = 3 to 5 cups
1.0 =more than 5 cups

N Mode of feeding 0 = unable to eat without assistance
1 = self-fed with some difficulty
2 = self-fed without any problem

O Self view of nutritional status 0 = views self as being malnourished
1 = is uncertain of nutritional status
2 = views self as having no nutritional problem

P
In comparison with other people of the same age, how
does the patient consider his/her health status?

0.0 = not as good
0.5 = does not know
1.0 = as good
2.0 = better

Q Mid-arm circumference (MAC) in cm 0.0 =MAC less than 21
0.5 =MAC 21 to 22
1.0 =MAC greater than 22

R Calf circumference (CC) in cm 0 = CC less than 31
1 = CC 31 or greater

Malnutrition Indicator Score

24–30 points Normal nutritional status
17–23.5 points At risk of malnutrition
<17 points Malnourished
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Abstract: Background: Anorexia Nervosa (AN) is a psychiatric disorder characterised by a physical
and psychosocial deterioration due to an altered pattern on the intake and weight control. The severity
of the disease is based on the degree of malnutrition. The objective of this article is to review the
scientific evidence of the refeeding process of malnourished inpatients with AN; focusing on the
clinical outcome. Methods: We conducted an extensive search in Medline and Cochrane; on April 22;
2019; using different search terms. After screening all abstracts; we identified 19 papers that
corresponded to our inclusion criteria. Results: The article focuses on evidence on the characteristics
of malnutrition and changes in body composition; energy and protein requirements; nutritional
treatment; physical activity programmes; models of organisation of the nutritional treatment and
nutritional support related outcomes in AN patients. Conclusion: Evidence-based standards for
clinical practice with clear outcomes are needed to improve the management of these patients and
standardise the healthcare process.

Keywords: anorexia nervosa; refeeding syndrome; weight gain; mortality; length of stay

1. Introduction

AN is a psychiatric disorder characterised by a persistent restriction of energy intake leading to
significantly low body weight, an intense fear of gaining weight or of becoming fat and a disturbance
in the way one’s body weight or shape is experienced.

The diagnostic criteria of AN according to the latest edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) is represented in Table 1 [1].

The prevalence of AN is estimated to be 1% [2], with a ratio between women and men of 9:1.
The age of onset of AN is usually adolescence or youth, although some cases appear after 40 years or
in childhood.

This disease has a great tendency to chronicity, it can produce serious medical complications,
it can interfere with the individual’s psychological and social development and it can even cause death.
AN is associated with a high mortality rate (5%–10%) due to suicide, hydro-electrolyte alterations and
arrhythmias, which places it at the head of psychiatric disorders [3].

Its aetiology is multifactorial and includes biological, psychological and cultural factors.
Family and twin studies suggest a strong genetic component in AN. Within the biological factors
are the neurochemical alterations [3,4]. The best known of these is the dysregulation of serotonin,
which could also explain the high incidence of psychiatric comorbidities in these patients such as
depression, anxiety and obsessive-compulsive disorders, which are associated with alterations in the
serotonin system. Alterations have been found in these patients in some genes linked to different
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neurotransmitters (5HT2A receptor gene, MAOA monoamine oxidase gene, SERT serotonin transporter
gene, NET noradrenaline transporter gene, among others) [4].

Table 1. Diagnostic criteria of anorexia nervosa according to DSM-5 classification.

Anorexia
nervosa

A. Restriction of energy intake relative to requirements leading to a significantly low body weight in
the context of age, sex, developmental trajectory, and physical health. Significantly low weight is
defined as a weight that is less than minimally normal or, for children and adolescents, less than
that minimally expected.

B. Intense fear of gaining weight or becoming fat, or persistent behaviour that interferes with weight
gain, even though at a significantly low weight.

C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence of
body weight or shape on self-evaluation, or persistent lack of recognition of the seriousness of the
current low body weight.

In addition, there are usually psychological problems and family dynamics. Patients with AN are
described as anxious, depressive, perfectionists and with low self-esteem. Cultural influences are also
important with the emphasis on thinness in our society, exacerbated by the media. All these factors
can conclude in the appearance of AN in a vulnerable adolescent [5].

The treatment of AN requires a multidisciplinary team in which specialised professionals
(physicians, nurses, dietitians, psychiatrists, psychologists, among others) work together. The treatment
is based on the nutritional rehabilitation, management of complications, as well as on psychotherapy
and psychotropic drugs [6].

The clinical manifestations of AN are multisystemic. A summary of them is presented in Table 2.
The treatment of these alterations can be found in the literature [7,8].

Table 2. Clinical manifestations of anorexia nervosa.

Cardiovascular
Bradycardia and hypotension due to alterations in the autonomic nervous system.
Electrocardiographic alterations: Atrial, ventricular arrhythmias and alterations in the QTc space.
Myocardial alterations: decrease in cardiac mass, prolapse of the mitral valve and pericardial effusion.

Gastrointestinal

Delayed gastric emptying and constipation.
Alterations of liver function tests.
Parotid hypertrophy, loss of tooth enamel, gastroesophageal reflux, esophagitis, and oesophageal
complications, Mallory–Weiss syndrome (especially in patients with purging habits, due to the
chronicity of vomiting).

Neurological Cortical atrophy and ventricular dilatation alterations.
Alterations in psychological and cognitive tests.

Renal and
Hydro
electrolytic

Decrease in glomerular filtration rate.
Hypokalaemia and hypochloremic metabolic alkalosis (vomit-induced)
Metabolic acidosis (laxative abuse).
Hyponatremia (diuretics abuse, potomania).
Hypophosphatemia, hypokalaemia, and hypomagnesemia (refeeding syndrome, RS).

Bone
Osteopenia.
Osteoporosis.
Osteomalacia.

Endocrinological

Hypogonadotropic hypogonadism.
Hypometabolism (resting energy expenditure, REE).
Hypercortisolism, without the stigmas of Cushing’s syndrome.
Euthyroid sick syndrome (low-normal range of T4 and TSH, with low levels of T3 and an increase in
rT3).
Hypoglycaemia.Growth and developmental delay in children.

Haematological Bone marrow hypoplasia with gelatinous transformation presenting variable degrees of anaemia,
leukopenia, and thrombocytopenia.

Dermatological

Russell’s sign.
Xerosis.
Lanugo.
Hypercarotenaemia.
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The objective of this article is to review the scientific evidence of the refeeding process of
malnourished inpatients with AN, focusing on the clinical outcome.

2. Methods

We conducted an extensive search in Medline and Cochrane, on April 22nd 2019, using the
following search terms: “Anorexia nervosa”, “inpatients”, “refeeding”, “nutritional treatment”,
“tube-feeding”, “energy expenditure”, “physical activity”, “exercise”, “refeeding syndrome”,
“mortality”, “weight gain”, “rehospitalisation”, “length of stay”, in title and abstracts. We repeated the
search using MeSH terms. We identified 259 papers. After screening all abstracts, we identified 19
papers that corresponded to our inclusion criteria. These were: (1) papers in English and Spanish in
the last 15 years; (2) were performed in AN inpatients; (3) reported results on weight or body mass
index (BMI) at admission and at discharge, length of stay, refeeding rate, type of nutritional treatment
and outcome.

3. Results

As a result of the literature review, this article will cover the following topics: Characteristics of
malnutrition and changes in body composition, energy and protein requirements, nutritional treatment,
physical activity programmes, models of organisation of the nutritional treatment, and nutritional
support related outcomes in AN patients.

3.1. Malnutrition and Body Composition in AN

According to the Global Leadership Initiative on Malnutrition (GLIM) classification, the patients
with AN present chronic disease related malnutrition without inflammation with different degrees of
severity. This means that the main etiological factor of malnutrition is starvation. However, if these
patients suffer from an acute illness, the inflammatory process will rapidly deteriorate their nutritional
status, jeopardising their clinical outcome [9].

Based on DSM-5 severity definition, patients with AN can be classified into mild BMI (BMI ≥
17.0 kg/m2), moderate (BMI = 16.0–16.99 kg/m2), severe (BMI = 15.0–15.99 kg/m2) and extreme (BMI <
15.0 kg/m2) malnutrition [1].

The patients with AN may present with a low-fat mass and fat-free mass, however they usually
maintain plasmatic visceral proteins in the normal range. It has been shown that low prealbumin is a
predictor of medical complications [10].

The body composition of these patients can be evaluated with anthropometry, Bioelectrical
Impedance Analysis (BIA) and Dual-Energy X-ray Absorptiometry (DEXA) as the gold standard.
BIA has proved to be one of the most useful in clinical practice, although in severely malnourished
patients (BMI < 15.0 kg/m2) may not be sufficiently accurate [11].

Phase angle is one of BIA measurements that has been associated with poor outcome in some
diseases (HIV, cancer). In patients with low body weight, including healthy individuals, ballet dancers
and AN patients, phase angle could be a useful marker of qualitative changes [12].

The use of BIA gives clinicians and researchers the advantage of monitoring the compartmental
weight gain, ideally achieving an approximate 20/80%–25/75% fat/lean body mass ratio. Moreover,
each patient can act as their own “control” that could potentially allow for a more effective,
individualised nutrition regimen. Nevertheless, this information must be cautiously interpreted
by qualified clinicians who understand this technique and its limitations [13].

The patients with AN present micronutrient deficiencies due to low food intake that can be
aggravated in patients with purging habits and during the refeeding process. In a systematic review by
Hanachi et al. including 374 patients with AN (restricting (AN-R) and binge-eating/purging (AN-BP)
type), it was found that zinc deficiency had the highest prevalence (64.3%), followed by vitamin D
(54.2%), copper (37.1%), selenium (20.5%), vitamin B1 (15%), vitamin B12 (4.7%), and vitamin B9 (8.9%).



J. Clin. Med. 2019, 8, 1042

The AN-BP subgroup had lower selenium (p < 0.001) and vitamin B12 plasma concentration (p < 0.036),
whereas lower copper plasma concentration was observed in patients with AN-R type (p < 0.022) [14].

3.2. Energy and Protein Requirements

The refeeding process of patients with AN can be challenging since it must allow a weight gain
without developing a refeeding syndrome (RS). On top of that, physicians must deal with the difficult
personalities of a psychiatric disorder which in this case shows itself as a fear of weight gain.

In order to obtain the energy requirements, there are equations that estimate the resting energy
expenditure (REE) or basal energy expenditure (BEE) and methods that directly measure REE with
different types of indirect calorimetry. All of these are applicable to clinical practice as well as research.
Additionally, the use of indirect calorimetry can be used to monitor the nutritional treatment in
hospitalised patients. Sometimes this helps to uncover patients that are not gaining weight accordingly.

In the study conducted by Cuerda et al., 22 female inpatients were studied. REE was measured by
indirect calorimetry (Deltatrac II MBM-200, Aldershot, UK) and was estimated by several predictive
formulas (Fleisch, Harris–Benedict, FAO, Schofield–HW, Schebendach). All formulas overestimated
REE compared to indirect calorimetry, except the Schebendach formula [15].

In another study by El Ghoch et al., the REE measured by indirect calorimetry by the Douglas
bag method and FitMate method was compared to the Harris–Benedict and Müller et al. equations in
15 patients with AN. Using the Douglas Bag method as the gold standard (that measures VCO2/VO2),
the authors found an accurate REE estimation with the FitMate method and the Müller et al. equation.
Meanwhile, the Harris–Benedict equation overestimated the REE [16].

The literature regarding protein requirements is scarce. There is no evidence that these patients
have specific requirements for protein intake. The refeeding process is based on the recommendations
for the general population (0.8 g/kg of body weight/day; 10%–15% of energy requirements).

3.3. Nutritional Treatment in AN

Nutritional rehabilitation is probably the most important part of the treatment of patients with
AN. Its objectives focus on [6]: Restore body weight; correct the physical complications of malnutrition;
improve the patients’ motivation to normalise their dietary habits and collaborate in the treatment;
educate the patients about healthy nutrition and proper eating patterns; and correct wrong thoughts,
attitudes, and feelings about the disorder.

Many of the cognitive and behavioural alterations of malnourished AN patients (food anxiety,
taste alterations, binge eating, depression, obsessions, apathy, irritability) improve with the weight gain.
Moreover, it increases the effectiveness of other treatments such as psychotherapy or psychotropic
drugs [17].

Depending on the setting (outpatients, day hospital, inpatients), nutritional rehabilitation varies
in terms of refeeding rate and type of nutritional treatment.

The restoration of body weight is done until the patient reaches a healthy weight in which
women recover menstruation and ovulation, men normalise their sexual desire and hormone levels and
children and adolescents normalise their growth and sexual development. This requires long treatments,
sometimes with repeated hospitalisations followed by a continuity of care in the different settings.

The refeeding process is made according to the patient in a phased manner, agreeing on weight
gains during hospitalisation and weight upon discharge. There are no clear criteria for hospitalisation.
Some of the usual criteria are summarised in Table 3, even though this depends on the availability of a
day hospital in the centre.
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Table 3. Criteria for hospitalisation in anorexia nervosa.

Medical Indications

Adults

Bradycardia < 40 bpm or tachycardia > 110 bpm.
Blood pressure < 90/60 mmHg.
Symptomatic hypoglycaemia.
Hypokalaemia < 3 mmol/l.
Hypothermia < 36.1 ◦C.
Dehydration.
Uncontrolled vomiting or purging behaviour.
Weight < 75% of ideal body weight.
Rapid loss of weight (several kgs in a week).
Lack of improvement or worsening despite treatment as an outpatient.

Children and
adolescents

Bradycardia < 50 bpm.
Orthostatic hypotension (increase of >20 bpm in heart rate or drop in blood pressure >
10–20 mmHg with orthostatism).
Blood pressure < 80/50 mmHg.
Hypokalaemia or hypophosphataemia
Rapid weight loss even if the weight is >75% of the ideal body weight.
Symptomatic hypoglycaemia.
Lack of improvement or worsening despite treatment as an outpatient.

Psychiatric Indications

All ages

Suicidal ideation.
Serious concomitant psychiatric illness.
Impossibility to eat independently or needs tube feeding.
Unfavourable family environment.
Lack of cooperation despite treatment as an outpatient.

Generally, a weight gain of 0.5–1.4 kg/week in hospitalised patients and 250–500 g/week in
outpatients is established to avoid the appearance of RS [6,17,18].

Table 4 summarises the recommendations of different clinical guidelines on how to perform the
refeeding in malnourished AN patients. Since very few high evidence level studies (RCT) are available,
these recommendations are based mainly on clinical experience [6,19–23]. These guidelines differ in
the number of calories administered at the beginning of the refeeding (from the most conservative
ones that recommend 5–20 kcal/kg at hospital admission [24], to the most permissive ones that begin
with 30–40 kcal/kg) [6]. The caloric intake will increase progressively to allow adequate weight gain,
sometimes being necessary to reach 70–100 kcal/kg. Patients who have higher caloric requirements
usually present inappropriate behaviours (throwing or hiding food, vomiting, intense exercise, etc.).

Table 4. Guidelines for the refeeding of malnourished anorexia nervosa patients.

Guideline Population Kcal/kg

United Kingdom: National Institute for Health and Clinical
Excellence (NICE), 2017 [24] Adults 5–20

United Kingdom: MARSIPAN: Management of Really Sick
Patients with Anorexia Nervosa, 2014 [20] Adults 5–20

United Kingdom: Junior MARSIPAN: Management of Really
Sick Patients under 18 with Anorexia Nervosa, 2012 [21] <18 years 15–20

American Psychiatric Association (APA), 2006 [6] Adults 30–40

American Dietetic Association (ADA), 2006 [22] Adults 30–40

Australia and New Zealand, 2004 [23] Adults 15–20 (600–800 kcal/d)

An example of the progressive refeeding of macronutrients and micronutrients in hospitalised
patients is shown in Table 5 [19].
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Table 5. Example of a refeeding process in terms of macronutrient and micronutrient intake [19].

Days Recommendations

Day 1–3

• Start with 10–15 kcal/kg (600–1000 kcal/day).
• Prophylactic electrolyte supplementation (P, K, Mg).
• Thiamine (200–300 mg/day).
• Vitamins (200% RDI).
• Minerals and trace elements (100% RDI).
• Restrict the contribution of fluids to a zero balance.
• Restrict sodium to <1 mmol/kg/day.
• Glucose and electrolyte levels and the appearance of oedema should be adequately

monitored, since the highest risk of RS occurs in these early days.

Day 4–10
• Calorie intake will increase to allow weight gain, continuing with electrolyte, vitamin and

mineral supplementation and close monitoring.

In the last decades, many studies have been published regarding nutritional treatment in AN
inpatients following different rates of refeeding. Some of them favour the side of “start slow, advance
slow”, which translates to a slow rate of refeeding especially in patients with very low BMI at
admission. On the other hand, some groups follow the “start higher, advance faster”, which means a
more aggressive refeeding process generally in patients with moderate malnutrition with additional
phosphate supplements. This usually conducts to a shorter hospital stay. In general, the results of these
studies show that the refeeding is safe and effective in these patients if the supervision is adequate and
follows a specific protocol [25–40].

By following any of the above recommendations the weight gain is progressive, and it avoids
the appearance of RS (especially in patients weighing less than 70% of their ideal body weight).
An algorithm of the nutritional treatment is shown in Figure 1.

Figure 1. Algorithm of the nutritional treatment in AN.

The refeeding process can include oral diet (OD) as well as medical nutritional therapy.
OD should be the first option for the refeeding, even though there is no evidence of the best food

choices and macronutrients distribution in the diet of these patients. The dietary plan should follow a
healthy diet model, in which the portion size is personalised according to the patient’s requirements
and weight gain. Standardisation against personalised caloric prescriptions may confer advantages by
facilitating accelerated early weight gain and lower the incidence of bed rest without increasing the
incidence of RS [41].
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No association between different nutrient contents (e.g. high-protein diet, diets with higher
omega-3 polyunsaturated fatty-acid content, low-sodium versus normal-sodium diets) and refeeding
outcome has been identified [18,42].

According to each protocol, oral nutritional supplements (ONS) is added if the patients’ nutritional
requirements are not met, or their weight is stagnating. However, some groups use ONS since the first
day of hospital admission in order to shorten the hospital stay. Complete hypercaloric polymeric diets,
with a caloric density of 1.5 kcal/ml or even higher, are generally used [27,29,34,38–40].

Tube feeding (TF) is indicated in those patients with severe malnutrition who refuse to eat [36].
Some patients with AN may reject this treatment, especially in the beginning, considering it as
an aggression that increases their sense of lack of control over their own diet. Usually, polymeric,
lactose free and fibre-enriched formulas are employed. The administration rate is progressively
increased to favour tolerance. The use of infusion pumps allows a better control and it impedes the
manipulation of the treatment by the patient.

Percutaneous endoscopic gastrostomy (PEG) remains a limited choice of refeeding, however,
it may be necessary in patients who need a prolonged treatment. In a study conducted by Born et
al. there was no increase in the rate of complications reported for patients using PEG feedings in
comparison with those receiving TF [43].

Parenteral nutrition (PN) is used even less in patients with AN, although, it could be a solution in
patients with severe malnutrition in whom the digestive tract is not functional (digestive haemorrhage,
intestinal obstruction, intestinal perforation, ileus, etc.) [44]. PN is associated with more severe
complications than TF, and there is a need to tailor the formulas with special emphasis on volume,
macronutrient distribution, micronutrients, and minerals supplementation. There have been published
cases with patients treated with home PN [45].

In any of the refeeding modalities, a close supervision by the ward staff is required. A detailed
protocol of the steps to follow improves the daily management of the treatment of these patients and
may facilitate the weight gain process.

3.4. Physical Activity Programmes

The addition of physical activity in the treatment of patients with AN is exponentially growing,
even though these programmes have been characterised as controversial [46–48]. Excessive exercise
is often suggested as a causal factor in AN [47], and thus, it is not often prescribed in their
clinical management [48]. However, prolonged restraint from physical activity may contribute
to decreased bone mass, increased risk of atherosclerosis, and decreasing compliance with the treatment
programme [49]. An increasing body of literature demonstrates that individuals suffering from AN
could benefit from supervised exercise sessions in combination with nutritional assistance.

Several studies that integrated exercise programmes in the treatment of AN did not interfere with
weight gain [50–53] or body fat [49] progression. Different types of exercises have been suggested as
beneficial. For example, individualised yoga treatment resulted in reduced food preoccupation after
each session [53]. A light resistance exercise programme for a period of 8 weeks showed positive effects
on physical strength, body composition, and psychological well-being of hospitalised patients with
AN [54]. Furthermore, a high-intensity resistance exercise training programme effectively and safely
improved participants’ muscular strength as well as their ability to execute daily tasks [47]. In general,
a programme incrementally going from mild to moderate exercise speed should be implemented,
followed by the interrogation of emotions and thoughts after exercise [46].

Other benefits included less obligatory attitudes and distorted feelings towards exercise [51],
less irregular or disorganised eating patterns [55], less drive for thinness, and reduction of the frequency
of dangerous eating behaviours such as laxative abuse [56]. In addition, advantages include increased
compliance with treatment [49], improved body satisfaction, positive mood states, and quality of
life [52]. Physical strength [54] and cardiovascular fitness [48] also improve.
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Notably, patients should only undertake physical training once weight stabilisation and nutritional
status have progressed sufficiently in caloric and nutritional consumption in order to be able to support
the chosen activities [46,54].

To date, there is no consensus or guideline for use of exercise in the treatment of AN [57].
The majority of studies were of small sample size and suggested training programmes varied,
thus restricting generalisability of the findings. Moreover, the interventions are relatively short; there is
limited follow-up, and most lack an assessment of the participants’ fitness.

Nonetheless, when performed in a therapeutic setting, where training is supervised, exercise is
safe and may improve treatment outcomes in some AN patients.

3.5. Models of Organisation of the Nutritional Treatment

There is a need for a multidisciplinary team in the organisation model that may differ between
centres. Regardless of this, having a written protocol may help to standardise treatment and improve
clinical outcome. The protocol should establish the functions of each member of the team and it will
determine the options each step of the way.

Close staff supervision is needed during hospitalisation, especially during mealtimes.
Some authors have identified two main types of patterns: Rule adherence and rule bending when
describing how staff choose how to intervene in different situations [58].

In the day hospital, the patients receive care without being hospitalised, including medical
treatment, nutritional therapy, psychiatric and psychological care in individual and/or group modality,
occupational therapy and social support. This resource of treatment may be indicated in some
outpatients prior or after hospitalisation [59].

Continuity of care has proven to be useful to improve long term outcomes in these patients [60].

3.6. Nutritional Support Related Outcomes

The main clinical outcomes related to the refeeding process in patients with AN are weight gain,
the length of hospitalisation and rehospitalisation rate, RS, and mortality. A summary of the nutritional
support related outcomes published in different studies is shown in Table 6.



J. Clin. Med. 2019, 8, 1042

T
a

b
le

6
.

St
ud

ie
s

in
pa

ti
en

ts
w

it
h

an
or

ex
ia

ne
rv

os
a

re
po

rt
in

g
cl

in
ic

al
ou

tc
om

es
of

th
e

nu
tr

it
io

na
lt

re
at

m
en

t.

S
tu

d
y

S
tu

d
y

T
y

p
e

N
º

P
a
ti

e
n

ts
M

e
a
n

A
g

e
(y

e
a
rs

)

W
e

ig
h

t
(k

g
)

o
r

B
M

I
(k

g
/m

2
)

a
t

A
d

m
is

si
o

n

W
e

ig
h

t
(k

g
)

o
r

B
M

I
(k

g
/m

2
)

a
t

D
is

ch
a

rg
e

L
e

n
g

th
o

f
S

ta
y

(d
a

y
s)

K
ca

l/
k

g
o

r
k

ca
l/

d
a

y
a

t
A

d
m

is
si

o
n

T
y

p
e

o
f

N
u

tr
it

io
n

a
l

T
re

a
tm

e
n

t
O

u
tc

o
m

e

R
ig

au
d

et
al

.,
20

07
[2

5]

R
C

T
a:

TF
b:

co
nt

ro
l

a:
41

b:
40

a:
22

.5
b:

24
.2

a:
12

.1
b:

12
.8

a:
17

.9
b:

15
.9

60

a:
10

00
(D

0)
–2

45
0

(D
14

)
b:

10
00

(D
0)

–1
85

0
(D

14
)

a:
O

D
+

T
F

b:
O

D

N
o

R
S

1-
ye

ar
re

la
ps

e:
a:

44
%

b:
52

%

D
ia

m
an

ti
et

al
.,

20
08

[4
4]

R
et

ro
sp

ec
ti

ve
a:

10
4

b:
94

15
a:

36
.3

b:
41

a:
39

.6
b:

41
.5

a:
30

.7
b:

15
.6

40
kc

al
/k

g
a:

O
D
+

PN
b:

O
D

N
o

R
S

a:
H

yp
op

ho
sp

ha
ta

em
ia

(6
ca

se
s)

,
H

yp
op

ot
as

sa
em

ia
(3

ca
se

s)

G
en

ti
le

et
al

.,
20

10
[2

6]
R

et
ro

sp
ec

ti
ve

33
22

.8
11

.3
13

.5
60

14
08

O
D
+

T
F
+

iv
.

gl
uc

os
e

N
o

R
S

V
ig

na
ud

et
al

.,
20

10
[3

3]
R

et
ro

sp
ec

ti
ve

68
31

12
-

7.
6

(i
n

IC
U

)
22

.3
kc

al
/k

g
O

D
+

T
F
+

T
PN

R
S

(1
0%

)
M

or
ta

lit
y

(1
0%

)

W
hi

te
la

w
et

al
.,

20
10

[3
4]

R
et

ro
sp

ec
ti

ve
29

15
.7

72
.9

%
IB

W
-

-
19

00
–2

20
0

(8
9%

of
pa

ti
en

ts
)

O
D
+

O
N

S
+

T
F

(7
pa

ti
en

ts
)

M
ild

hy
po

ph
os

ph
at

ae
m

ia
(3

7%
)

G
ar

be
r

et
al

.,
20

12
[3

5]
Pr

os
pe

ct
iv

e
35

16
.2

16
.3

-
17

12
05

O
D

N
o

R
S

H
yp

op
ho

sp
ha

ta
em

ia
(2

0%
)

G
en

ti
le

et
al

.,
20

12
[3

6]
R

et
ro

sp
ec

ti
ve

10
22

11
.2

17
.3

90
11

99
O

D
+

T
F
+

iv
.

gl
uc

os
e

N
o

R
S

A
go

st
in

o
et

al
.,

20
13

[3
7]

R
et

ro
sp

ec
ti

ve
co

ho
rt

st
ud

y:
a:

N
as

og
as

tr
ic

co
ho

rt
b:

bo
lu

s-
fe

d
co

ho
rt

16
5

14
.9

a:
16

.6
b:

16
.7

-
a:

33
.8

b:
50

.9
a:

16
17

b:
10

69
a:

31
pa

ti
en

ts
b:

13
4

pa
ti

en
ts

N
o

R
S

a:
H

yp
op

ot
as

sa
em

ia
(1

ca
se

);
re

ad
m

is
si

on
s

at
6

m
on

th
s

(1
2.

9%
)

b:
H

yp
op

ot
as

sa
em

ia
(1

ca
se

);
m

ild
-m

od
er

at
e

hy
po

ph
os

ph
at

ae
m

ia
(8

ca
se

s)
;r

ea
dm

is
si

on
s

at
6

m
on

th
s

(2
3%

)

G
ar

be
r

et
al

.,
20

13
[3

8]

Pr
os

pe
ct

iv
e

co
ho

rt
:

a:
hi

gh
ca

lo
ri

e
b:

lo
w

ca
lo

ri
e

56
16

.2
a:

16
.6

b:
15

.8
-

14
.9

a:
17

00
b:

10
93

O
D
+

O
N

S

N
o

R
S

H
yp

op
ho

sp
ha

ta
em

ia
(4

5%
)

Le
ng

th
of

st
ay

:
a:

11
.9

da
ys

b:
17

.6
da

ys

G
ol

de
n

et
al

.,
20

13
[3

9]

R
et

ro
sp

ec
ti

ve
a:

lo
w

ca
lo

ri
e

b:
hi

gh
ca

lo
ri

e

a:
88

b:
22

2
16

.1
a:

15
.9

b:
16

.1
a:

17
.2

b:
17

.1
a:

16
.6

b:
13

a:
11

63
b:

15
57

O
D
+

O
N

S
+

T
F

(o
cc

as
io

na
lly

)

N
o

R
S

H
yp

op
ho

sp
ha

ta
em

ia
(1

5.
8%

)
H

yp
om

ag
ne

sa
em

ia
(1

5.
2%

)
H

yp
op

ot
as

sa
em

ia
(2

0%
)

Le
cl

er
c

et
al

.,
20

13
[4

0]
R

et
ro

sp
ec

ti
ve

29
14

.7
16

.4
-

35
.8

15
00

O
D
+

O
N

S
H

yp
op

ho
sp

ha
ta

em
ia

(3
.5

%
)

H
of

er
et

al
.,

20
14

[2
7]

R
et

ro
sp

ec
ti

ve
65

27
.9

13
.7

15
49

.5
10

kc
al
/k

g

O
D

(m
os

tl
y)

O
D
+

O
N

S
(8

.1
%

)
O

D
+

T
F

(8
.1

%
)

T
F

(5
%

)
O

D
+

T
PN

(1
.2

%
)

M
ild

R
S

(1
0.

5%
)

Se
ve

re
hy

po
po

ta
ss

ae
m

ia
(4

.7
%

)



J. Clin. Med. 2019, 8, 1042

T
a

b
le

6
.

C
on

t.

S
tu

d
y

S
tu

d
y

T
y

p
e

N
º

P
a
ti

e
n

ts
M

e
a
n

A
g

e
(y

e
a
rs

)

W
e

ig
h

t
(k

g
)

o
r

B
M

I
(k

g
/m

2
)

a
t

A
d

m
is

si
o

n

W
e

ig
h

t
(k

g
)

o
r

B
M

I
(k

g
/m

2
)

a
t

D
is

ch
a

rg
e

L
e

n
g

th
o

f
S

ta
y

(d
a

y
s)

K
ca

l/
k

g
o

r
k

ca
l/

d
a

y
a

t
A

d
m

is
si

o
n

T
y

p
e

o
f

N
u

tr
it

io
n

a
l

T
re

a
tm

e
n

t
O

u
tc

o
m

e

Br
ow

n
et

al
.,

20
15

[2
8]

R
et

ro
sp

ec
ti

ve
ca

se
-c

on
tr

ol
12

3
28

13
13

.9
13

12
00

O
D

H
yp

op
ho

sp
ha

ta
em

ia
(3

3%
)

O
’C

on
no

r
et

al
.,

20
16

[6
1]

R
C

T
a:

in
te

rv
en

ti
on

b:
co

nt
ro

l

a:
18

b:
18

13
.8

a:
32

.4
b:

34
.6

a:
34

.1
b:

35
.6

10
a:

38
kc

al
/k

g/
d

b:
16

kc
al
/k

g/
d

O
D
+

T
F

a:
H

yp
op

ho
sp

ha
ta

em
ia

(2
8%

)
b:

H
yp

op
ho

sp
ha

ta
em

ia
(1

1%
)

M
ar

ug
án

et
al

.,
20

16
[2

9]
R

et
ro

sp
ec

ti
ve

50
14

.5
15

.4
5

17
.5

8
44

.5
4

10
00

O
D

O
N

S
(1

6%
)

T
F

(8
%

)
N

o
sy

m
pt

om
s

of
R

S

K
am

eo
ka

et
al

.,
20

16
[3

0]
R

et
ro

sp
ec

ti
ve

99
30

.9
<

17
.5

-
82

.7
Lo

w
ca

lo
ri

e
di

et
O

D
H

yp
op

ho
sp

ha
ta

em
ia

(2
1.

2%
)

Sm
it

h
et

al
.,

20
16

[6
2]

R
et

ro
sp

ec
ti

ve
12

9
15

.8
15

.8
17

.1
14

.9
15

85
O

D
+

O
N

S
N

o
R

S
H

yp
op

ho
sp

ha
ta

em
ia

(4
7.

3%
)

H
yp

ok
al

ae
m

ia
(1

2%
)

D
av

ie
s

et
al

.,
20

17
[3

1]
R

et
ro

sp
ec

ti
ve

65
24

12
.8

14
.4

60
20

-3
0

O
D

,O
N

S
(i

nf
re

qu
en

tl
y)

M
ild

hy
po

ph
os

ph
at

ae
m

ia
(<

0.
8

m
m

ol
/L

)
(6

.5
%

)
H

yp
ok

al
ae

m
ia

(1
ca

se
).

N
o

R
S

Pe
eb

le
s

et
al

.,
20

17
[3

2]
R

et
ro

sp
ec

ti
ve

21
5

15
.3

17
.1

18
.2

11
14

66
O

D
,T

F
(1

0%
)

N
o

R
F.

H
yp

op
ho

sp
ha

ta
em

ia
(1

4%
)

3.
8%

an
d

17
.2

%
re

ho
sp

it
al

is
at

io
ns

af
te

r
30

da
ys

an
d

1
ye

ar
,r

es
pe

ct
iv

el
y

T
F:

Tu
be

Fe
ed

in
g,

O
R

:O
ra

l
D

ie
t,

O
N

S:
O

ra
l

N
u

tr
it

io
na

l
Su

p
p

le
m

en
ts

,
R

S:
R

ef
ee

d
in

g
Sy

nd
ro

m
e,

P
N

:P
ar

en
te

ra
l

N
u

tr
it

io
n,

T
P

N
:T

ot
al

P
ar

en
te

ra
l

N
u

tr
it

io
n,

R
C

T:
R

an
d

om
is

ed
C

on
tr

ol
le

d
Tr

ia
l.



J. Clin. Med. 2019, 8, 1042

3.7. Weight Gain

The weight gain is the main objective in the nutritional rehabilitation of patients with AN.
Achieving this is possible with any of the modalities of nutritional treatment. Some studies show that
the greater the weight achieved by the patient up to hospital discharge, the lower the likelihood of
relapse. This usually translates to a longer hospitalisation stay [6,63].

In a systematic review which included 10 studies with TF in AN patients, this treatment was
considered safe and well tolerated, and effectively enhanced caloric intake and rate of weight gain in
patients with AN [64].

In another systematic review, which included 7 observational studies with a total of 403 patients
(children and adolescents), the prescribed calorie range varied between 1000–1900 kcal/day with
progressive increase during hospitalisation. Additional TF increased the maximum energy intake and
led to greater interim or discharge weight; however, this was also associated with a higher incidence of
adverse effects [65].

Lastly, in the most recent systematic review by Hale et al., 19 out of 22 studies reported that
significant short-term weight gain was achieved when TF was used for refeeding malnourished AN
patients; however, results varied in the long-term weight gain, maintenance and recovery [66].

3.8. Hospital Stay and Rehospitalisation

Hospital stay as an outcome is closely related to the weight gain. In many cases, the length of
hospitalisation is carefully monitored by the hospital management. One of the strategies to shorten the
hospitalisation period in patients with AN includes the use of more aggressive refeeding consisting of
diets with lower carbohydrate load (<40% total calories), in continuous administration, accompanied
by an adequate supplementation of phosphate and potassium [37,67].

In a retrospective study including 2015 children and adolescents with AN, the authors refer a
rehospitalisation rate of 3.8% and 17.2% after 30 days and 1 year after discharge, respectively [32].

In an RCT study with TF versus OD in AN, the results in terms of weight gain and rehospitalisation
rate were better in patients with enteral nutrition [25].

In another RCT aimed to compare the effectiveness of hospitalisation for weight restoration to
medical stabilisation in adolescent AN patients, the number of rehospitalisations and their respective
length of stay (after the first hospital admission), within 12 months, were similar in the two groups
when the treatment included family-based therapy [68].

3.9. Refeeding Syndrome

RS has been described in malnourished patients with AN and mainly involves mineral deficiencies
(hypophosphataemia, hypokalaemia and hypomagnesaemia), as well as vitamin (thiamine) deficiencies,
and volume overload. It can be presented as a symptomatic or asymptomatic clinical case, which implies
that a close monitoring of laboratory parameters is necessary, especially during the first week of
refeeding. The RS has been described with all feeding modalities (OD, TF, and PN) [66].

Table 7 summarises the main risk factors for developing a RS. There is no clear consensus
on supplementing phosphorus in all patients starting refeeding, just in those who develop
hypophosphataemia or in those severely malnourished [67].

Hypophosphataemia has been described as a hallmark in studies on RS. In a systematic review of
17 publications, an incidence of hypophosphataemia of 14% (0–38%) was reported, with the degree of
malnutrition at admission being the main risk factor, without finding correlation with the refeeding
rate (kcal/day) [34,69].
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Table 7. Identification of patients with high risk of refeeding syndrome.

Patients with 1 or more of
the following:

• BMI < 16 kg/m2

• Unintentional weight loss of >15% in the previous 3–6 months.
• Minimum or no intake for >10 days.
• Low levels of K, P, or Mg before refeeding.

Or, patients with 2 or
more of the following:

• BMI < 18.5 kg/m2

• Unintentional weight loss of >10% in the previous 3–6 months
• Minimum or no intake for >5 days.
• History of alcohol abuse, drugs, insulin treatment, chemotherapy, antacids,

or diuretics.

In a case-control study with 123 AN patients, the prevalence of hypophosphataemia was 33%,
with the nadir occurring at the second day of admission. In this study, higher haemoglobin was the
only risk factor associated with higher odds of developing hypophosphataemia; meanwhile a higher
BMI, a higher serum potassium, and a higher serum prealbumin were protective factors against the
development of hypophosphatemia [28].

3.10. Mortality

Classically, AN has been associated with a high mortality within the psychiatric disorders. In a
series of 484 patients followed for 13 years, the authors refer a mortality rate of 1.2% [63].

In most of the revised articles in inpatients, the authors do not refer mortality rates during the
refeeding process, even though the patients were severely malnourished [25–28,31,34,36,44].

On the other hand, in a retrospective study performed in France in 30 randomly selected ICUs
including 68 patients with AN (average BMI at admission of 12 ± 3 kg/m2), the authors mention a RS
rate of 10% and a mortality rate of 10%. The causes included acute respiratory distress syndrome and
multiorgan-failure associated with major hydro-electrolytic problems [33].

As exemplified in the refeeding of other malnourished patients, a higher awareness of the risk
associated with refeeding may decrease the risk of mortality [70,71].

4. Discussion

The treatment of AN patients is challenging, especially regarding weight gain recovery, which is
the most important part of it. In severely malnourished patients, closely related to the weight gain is
the risk of RS, which must be accordingly monitored. Moreover, there are factors that interfere with
the recovery process, which are mainly related to the patient´s attitudes and fears.

There is a high variability in the treatment between centres, both in the feeding rate and type of
nutritional treatment. One of the reasons is the lack of good scientific evidence in this topic.

There are two established pathways when feeding the patients: “start low, advance slow” versus
“start higher, advance faster”. Both ways have proven to be safe and effective in terms of the in
appearance of RS and weight recovery, respectively [25,27,29,40,44]. However, the main difference
between them is the length of hospital stay and costs. On this basis, some centres prefer the “start higher,
advance faster” method in patients without severe malnutrition.

Regarding the refeeding process, all modalities of feeding (mainly OD, ONS, and TF) can be used
in a safe and effective way. In a recent systematic review, no significant differences were found between
TF and oral refeeding cohorts regarding gastrointestinal disturbance, RS, or electrolyte abnormalities.
However, TF has proved a slight superiority achieving a higher weight at discharge and in the short
term [66].
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The reviewed literature does not show a high rate of RS during the treatment of these patients,
probably due to a close supervision of the feeding process. However, hydro-electrolytic alterations
especially hypophosphataemia is frequently reported and up to 40%. Moreover, these studies show that
the degree of malnutrition at hospitalisation is the main risk factor for developing hypophosphatemia
and it is not related to the refeeding rate [34,69]. Hypophosphatemia is mainly reported in the first
days of refeeding. There is no agreement on the use of phosphate supplement as a prophylactic option
or after an already established hypophosphatemia.

Patients with less than 70% of IBW, may benefit out of a slow refeeding process with additional
mineral supplements because of their potential high risk of RS. However, in patients with higher body
weight a faster refeeding rate could be an option in order to rapidly improve weight gain and shorten
the hospital stay.

Even though mortality during hospitalisation is rarely reported, this fatal outcome cannot be
neglected in the short term nor in the long-term [33].

As a novelty in the management of these patients, physical activity may play an important role.
Supervised exercise seems to be safe and may improve treatment outcomes in some patients.

This article contains a large number of studies and systematic reviews focused on the refeeding
process of AN patients; however, the main limitation of the review is the quality of the studies.
Most of them were observational, case-control, and only two were RCTs. This lowers the strength of
recommendation of the results.

Evidence-based standards for clinical practice with clear outcomes (weight gain rate, hospital stay
and rehospitalisation, RS, mortality) are needed to improve the management of these patients and
standardise the healthcare process.

5. Conclusions

This review focuses on evidence of the refeeding process of malnourished inpatients with AN with
emphasis on the clinical outcome (weight gain, hospital stay and rehospitalisation, RS and mortality).
Firstly, patients with AN frequently present malnutrition and usually are at high risk of RS. Secondly,
literature shows that RS risk mostly depends on the baseline nutritional status and is not associated
with the refeeding rate and the type of nutritional treatment. Thirdly, TF seems to have better outcomes,
especially in the short-term, though more studies are needed. Lastly, evidence-based standards for
clinical practice with coherent outcomes are required to improve the management of these patients
and standardise the healthcare process.
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Abstract: Malnutrition results from a reduction of food intake or an alteration of nutrient assimilation
and leads to decreased lean mass. Strong evidence shows that malnutrition associated with loss
of muscle mass negatively impacts clinical outcomes. The preservation or improvement of muscle
mass represents a challenge. This review aims to (1) describe current methods to assess muscle
mass in clinical practice, (2) describe the associations between muscle mass and clinical outcomes,
and (3) describe the impact of interventions aiming at increasing muscle mass on clinical outcomes.
It highlights the importance of assessing muscle mass as part of the screening and the follow-up of
malnutrition in clinical practice.
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1. Introduction

Malnutrition results from a reduction of food intake or alteration of nutrient assimilation and
leads to decreased lean mass, either combined or not with the loss of fat mass. Potential causes include
diseases, starvation, or aging. This condition may be associated with other homeostasis disorders such
as inflammation [1]. Malnutrition negatively impacts clinical outcomes, mortality, length of stay, and
costs [2]. In hospitalized patients, the prevalence ranges from 20 to 50% [3].

To standardize the definition of malnutrition and its diagnostic criteria, the Global Leadership
Initiative on Malnutrition (GLIM) has recently convened experts of major worldwide clinical nutrition
societies. They suggested defining malnutrition with one phenotypic criterion (bodyweight loss, low
body mass index (BMI), or reduced muscle mass) associated to one etiologic criterion (reduced food
intake/assimilation or inflammation/disease burden) [4]. Thus, the experts promote the use of body
composition measurement as part of a nutritional assessment to evaluate muscle mass.

This narrative review aims to (1) describe current methods to assess muscle mass in clinical
practice, (2) describe the associations between muscle mass and clinical outcomes, and (3) describe the
impact of interventions aiming at increasing muscle mass on clinical outcomes.

2. Methods to Assess Muscle Mass in Clinical Practice

In clinical practice, several tools and techniques are available to assess body composition. BMI is
often used due to its simplicity. Indeed, the U-shaped association between BMI and all-cause mortality
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has been well described, as subjects with the highest and lowest BMIs have the highest mortality
rates [5]. However, BMI does not allow the measurement of body composition compartments and
tends to underestimate fat-free mass (FFM) depletion [6–8]. Other anthropometric measurements such
as skinfold thickness and waist-hip ratio can also be used. Even though these tools are convenient,
quick, and inexpensive, they do not provide direct information on muscle mass [9,10]. Therefore,
other methods are required to assess muscle mass in clinical practice. In this section, we focused on
portable techniques which can be used at patient bedsides, such as mid-arm muscle circumference
and bioelectrical impedance analysis. We concentrated also on dual-energy X-ray absorptiometry
and computed tomography, non-portable techniques used for other clinical diagnostic purposes, but
allows for the simultaneous assessment of body composition. The characteristics of each method are
compared in Table 1. Other methods to assess muscle mass were not introduced because they are
rarely used in clinical practice.

Table 1. Principal characteristics of main clinical methods to assess muscle mass.

MAMC BIA DXA CT

Accuracy - + ++ +++

Interobserver
variability +++ + - -

Simplicity ++ ++ + -

Radiation - - + +++

Cost

If device already available - - - 1 + 2

If device not available - + ++ +++

Time to measurement 5 min 5 min 5–10 min 3 10–15 min 3

“-“: weak/low; “+“: high; 1 Body composition software usually included in the device; 2 Related to the purchase
of the software; 3 To obtain body composition analysis in addition to a routine exam; MAMC: mid-arm muscle
circumference; BIA: bioelectrical impedance analysis; DXA: dual-energy X-ray absorptiometry; CT: computed
tomography; Adapted from Guglielmi and al. [11].

2.1. Mid-Arm Muscle Circumference

Mid-arm muscle circumference (MAMC) is obtained by using the formula: MAMC (mm)
= mid-arm circumference (mm) − (3.14 × triceps skinfold(mm)) [12]. Measurements are usually
performed in standing position, on the dominant arm, at the mid-point between the acromion and the
olecranon. Mid-arm circumference is measured using a plastic metric tape and triceps skinfold using a
skinfold caliper. For both parameters, the average of three consecutive measurements is recorded [12].
MAMC provides an estimation of upper extremity skeletal muscle mass, which strongly correlates to
dual-energy X-ray absorptiometry results [13,14].

This method is quick, portable, inexpensive, and easy to perform. It requires simple equipment,
minimal training, and is useful in patients with ascites and edema. The main disadvantages are
interobserver variations [15]. For instance, in obese people, accuracy is low due to the difficulty of the
required triceps skinfold measurement [16].

2.2. Bioelectrical Impedance Analysis

Several bioelectrical impedance analysis (BIA) methods are available (single frequency,
multi-frequency, segmental, or vector BIA). We focused on single-frequency 50 kHz tetrapolar BIA,
as this is the most used method in clinical practice, and on BIA devices with hand-to-foot surface
electrodes, as these BIA devices provide raw electrical data. BIA allows to obtain whole FFM, which
refers to all body compartments except fat mass, and appendicular skeletal muscle mass (ASMM)
defined as the sum of the lean soft tissue of the four limbs.
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Principles and methods of BIA have been previously detailed in the guidelines of the European
Society for Clinical Nutrition and Metabolism [17]. BIA is based on the concept that adipose tissue
is more resistant to the conduction of the current compared to other tissues and fluids. Briefly, the
patient, lying on the back, is exposed to a low-intensity alternating current between surface electrodes.
The BIA device measures resistance and reactance, or impedance and phase angle. To estimate FFM
and ASMM, several population-specific equations using these electrical parameters in addition to age,
sex, weight, and height have been developed and validated against dual-energy X-ray absorptiometry
(DXA) [18–21]. FFM and ASMM can be divided by height squared to be converted into FFM index
(FFMI) and ASMM index (ASMMI), in order to compare people of different heights.

As a portable non-invasive bedside method, BIA is convenient in clinical practice. It is safe, cheap
and not technically demanding. The small interobserver variability, 0.02 kg for FFM, is an advantage
compared to anthropometry methods [22,23]. This device also allows the calculation of phase angle,
supposed to be an indicator of cellular integrity, associated with clinical prognosis [24]. FFM assessment
using BIA does, however, bear some limitations. BIA is not accurate in patients with altered hydration
(e.g., ascites, edema, fluid loss) and with extreme BMI (<16 kg/m2 and >34 kg/m2) [25]. BIA formulas
are population-specific. Finally, multiple devices of BIA are commercially available, but integrated
algorithms are not always released by the manufacturer, thus questioning the reliability of the results
measured by these devices [26,27].

2.3. Dual-Energy X-ray Absorptiometry

Dual-energy X-ray absorptiometry (DXA) allows the measurement of bone, lean soft tissue, and
fat mass. Compared to FFM, lean soft tissue contains essential and non-essential lipids, but not bone
mass. DXA device uses X-rays of low- and high-photon energy. As they cross the body, they are
attenuated according to the composition and thickness of the encountered body tissues. A detector on
the opposite side of the body analyzes the transmitted photon intensity. Complex algorithms allow
then to differentiate bone, fat mass, and lean soft tissue, as detailed previously [28]. This method,
initially used for bone density measurement, is often considered as the reference method to assess
body composition in clinical research [29].

In clinical practice, DXA allows accurate, fast, and non-invasive lean soft tissue assessment.
This device is often available in developed countries. Measurement is achieved in supine position.
Irradiation is acceptable (2–5 μSv), which is low compared to the daily background radiation of
5–7 μSv [28]. Besides whole-body composition, DXA also allows for the measurement of ASMM.
As DXA calculations are based on a constant hydration of lean soft tissue, hydration level variations
may impact the results. However, this effect seems to be negligible [30]. Finally, measurements may be
influenced by the thickness of the tissue with potential underestimation of fat mass and overestimation
of muscle mass in obese patients [31].

2.4. Computed Tomography

Computed tomography (CT) to assess muscle mass is becoming more common [32]. As cutoff
values have been defined at the third lumbar vertebrae (L3) level, an area reflective of whole-body
tissue distribution, we focused only on muscle assessment at this anatomic landmark [33,34]. L3 muscle
mass area is usually normalized to the patients’ height squared to determine skeletal muscle index
(SMI).

CT is a medical imaging technique, performed in supine position, which measures tissue absorption
of X-rays emitted through a rotating beam. Computer processing then reconstructs cross-sectional
images of anatomical structures by 2D and 3D maps of pixels. According to the attenuation of the
different tissues, each pixel is associated with a numerical value (Hounsfield Unit). Tissues are
identified in the cross-sectional images by their specific absorption Hounsfield Unit ranges [35,36].
Muscle mass area is obtained by cross-sectional analysis using standard radiology software [37].
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CT provides high-quality images and precise assessment of muscle mass [38,39]. Its advantages
compared to other methods are to evaluate muscle mass quality by measuring fat infiltration in muscle.
CT images are frequently available in cancer and other chronic disease patients, as part of the routine
diagnosis or follow-up of these diseases [26]. Major drawbacks are high radiation exposure (10 mSv),
cost, non-portability, and need for qualified technicians and specific software. Moreover, a recent
systematic review highlighted the lack of consensus and high variability of CT-based methods of
muscle mass assessment [32].

3. Impact of Muscle Mass on Clinical Outcomes

The impact of muscle mass on clinical outcomes is well described in different populations. In this
section, we focused on chronic diseases such as chronic obstructive pulmonary disease (COPD), chronic
heart failure (CHF), cancer, and on older adults. This choice was related to the fact that the prevalence
of malnutrition is particularly high in these populations [40–42]. We made an update of the latest
observational studies and subjectively considered articles from the last three years.

3.1. Chronic Diseases

The prevalence of malnutrition is significant in patients with chronic diseases, such as for instance,
COPD, CHF or solid tumors cancer. It ranges respectively from 20–35%, 60–69% and 14–66% according
to the tumor site [43–45].

3.1.1. Chronic Obstructive Pulmonary Disease

In patients with COPD, the influence of muscle mass on the severity of the disease and the prognosis
has been described by Munhoz et al. [46]. In this study, disease severity was evaluated with the Global
Initiative for Obstructive Lung Disease (GOLD) index based on airflow limitation, exacerbation history,
symptom burden, and prognosis with the body mass index/airflow obstruction/dyspnea/exercise
capacity score (BODE), known to predict disease severity and mortality. Interestingly, ASMMI assessed
by DXA decreased significantly according to the worsening of GOLD and BODE indexes. In another
study, Matkovic et al. have been interested in the association between body composition and physical
performance [47]. In 111 moderate to very severe COPD patients, FFMI, assessed by DXA, were
significantly associated with a low capacity exercise and physical activity defined, respectively, by a
6-minute walk distance ≤350 m and a daily step count ≤7128 steps/day (=median). Finally, emphysema
severity in COPD patients, characterized by a loss of lung tissue, seems to be related to muscle mass
and prognosis [48]. Patients in the higher quartiles of emphysema severity had lower FFMI, evaluated
by BIA, and a worse BODE index. Thus, in patients with COPD, muscle mass is associated with disease
severity, prognosis, and physical performance.

3.1.2. Chronic Heart Failure

As for patients with COPD, muscle mass also appears to be a good predictor of exercise capacity
in patients with chronic heart failure [49]. In 117 patients with heart failure and preserved left
ventricular ejection fraction, ASMM measured by DXA was significantly associated with a 6-minute
walk test <400 m. Tsuchida et al. have studied the association between muscle mass obtained by
DXA and severity of acute decompensated heart failure characterized by brain natriuretic peptide
(BNP) > 500 pg/mL [50]. Low ASMMI was defined as two standard deviations below the mean
reference values of healthy Japanese subjects [51]. After adjustment for anemia and atrial fibrillation,
a low ASMMI was related to a higher BNP level, indicative of poor prognosis in CHF patients [52].
In patients with heart failure, muscle mass is associated with physical performance, severity of the
disease, and prognosis.
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3.1.3. Cancer

Figure 1 highlights the association between muscle mass and clinical outcomes in patients with
cancer. In diverse solid tumor types, muscle mass is related with mortality, surgical complications, and
quality of life. For advanced cell lung cancer, an association between muscle mass and physical function
has been reported. Interestingly, early chemotherapy discontinuation and delayed chemotherapy also
appear to be related to the amount of muscle mass. In summary, maintaining muscle mass is essential
in cancer patients to improve overall survival, quality of life, physical exercise capacity, tolerance to
cancer treatments, and to decrease postoperative mortality as well as complications.

3.2. Older Adults

Due to aging, the risk of muscle mass depletion is high in older adults. In this population,
malnutrition ranges from 29% to 61% according to the diagnostic criteria [40]. Recently, muscle mass
has been included in the definition of sarcopenia published by the European Working Group on
Sarcopenia in Older People [72]. Over the last three years, we found over 80 studies dealing with
muscle mass in older adults. Due to the large amount of publications, Figure 2 considers studies
including more than 100 participants and illustrates the effect of low muscle mass according to the
clinical setting. Studies including fewer participants showed a similar impact.

 
Community  Nursing home  Hospital 

 
 
 
 
 

    

MAMC 
• ↑ Mortality [73] 
DXA 
• ↑ Mortality [74] 
• ↑ Hip fractures [75] 
• ↓ Quality of life [76] 
• ↓ Physical function [76–78] 

 BIA 
• ↑ Mortality [79] 

 BIA 
•↑ Oropharyngeal dysphagia 
[80] 

Figure 2. Impact of low muscle mass according to clinical setting [73–80]. MAMC: mid-arm muscle
circumference; DXA: dual-energy X-ray absorptiometry; BIA: bioelectrical impedance analysis.

4. Improvement in Muscle Mass: Strategies and Clinical Benefits

Considering the negative effects of muscle mass loss, preserving or increasing muscle mass could
lead to improvement of clinical outcomes. Therapeutic strategies to achieve this goal may include
nutritional intervention, physical exercise, anabolic steroids, and growth hormone. Nutritional support
is recommended for every malnourished patient, as defined by the GLIM [4]. Regular physical exercise
is promoted for patients with COPD, chronic heart failure, and cancer as it improves cardiorespiratory
fitness, muscle mass and strength, quality of life, and decreases COPD exacerbation and chemotherapy
toxicity [81–84]. Anabolic steroids and growth hormone have been considered in malnourished
patients, but no clinical practice guideline has been published yet [85,86]. These strategies are used
either individually or as a multimodal treatment in clinical research with the aim to prevent muscle
mass loss. In this section, we focused on non-pilot randomized controlled trials published during the
last three years. We did not find new relevant studies with growth hormone supplementation.
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4.1. Chronic Diseases

4.1.1. Chronic Obstructive Pulmonary Disease

Calder et al. evaluated the benefits of a 12-week specific oral nutritional supplementation (~230 kcal,
10 g whey proteins, enriched with omega 3 and vitamin D) vs. milk comparator (~200 kcal, 10 g proteins)
in moderate to severe COPD with a BMI between 16–18 kg/m2 and involuntary weight loss [87].
Although improvement in dyspnea was demonstrated in the intervention group, no modification of
muscle mass was observed in either group. In another study, Van de Bool et al. demonstrated the
interest of a 4-month multimodal rehabilitation, including nutritional supplementation and physical
activity in moderate airflow limitation COPD patients with low muscle mass [88]. Low muscle mass
was defined as a lean soft tissue index measured by DXA, under the sex and age-specific 25th percentile
values published by Schutz et al. [89]. The intervention group consumed each day two or three oral
nutritional supplements enriched in leucine, omega 3 and vitamin D (1 unit = 187.5 kcal, 9.4 g proteins)
and underwent a supervised endurance/resistance training two to three times a week. Patients in the
control group were only assigned to a supervised exercise program. In both groups, improvement in
ASMM, quadriceps muscle strength, and endurance performance were observed. Inspiratory muscle
strength, physical activity level, plasma vitamin D, eicosapentaenoic, and docosahexaenoic acids were
improved only in the intervention group.

4.1.2. Chronic Heart Failure

Dos Santos et al. randomized CHF patients with testosterone deficiency in a 4-month exercise
program, testosterone injection, or combined exercise program and testosterone injection groups [90].
The exercise program consisted of 60 min sessions, three times a week, with stretching, endurance
and resistance exercises. Patients with testosterone injection received one testosterone intramuscular
injection (1000 mg of testosterone undecyclate) at the beginning of the study. Lean mass was assessed
by DXA before and at the end of the intervention. The exercise program, isolated or combined with
testosterone injection, increased significantly lean mass (p < 0.01) while testosterone injection alone
was associated with decreased lean mass (p < 0.01). Nutritional intake has not been evaluated.

4.1.3. Cancer

Randomized controlled trials studying the effects of diverse interventions on muscle mass
are presented in Table 2. Only randomized controlled trials with nutritional or physical exercise
interventions were found. Results are heterogeneous, probably due to significant differences in types
of intervention and population. However, most studies show an increase in muscle mass and other
outcomes such as muscle strength.

Under different conditions, interventions such as nutrition, physical exercise, and anabolic
steroids are efficient to prevent the decrease of muscle mass and improve functional and biological
parameters. In clinical practice, a body composition assessment should be used to monitor the effects
of these interventions.

4.2. Older Adults

Table 3 shows randomized controlled trials studying the effects of nutritional or combined
nutritional and physical interventions on muscle mass in older adults. To limit the size of the table and
facilitate the reading, we reported studies including over 100 participants, but the results were similar
in studies with fewer participants. As for cancer patients, population and results are heterogeneous.
However, most studies demonstrated positive effects of interventions on physical function but not on
muscle mass. In older adults, muscle mass quality and cardiorespiratory capacities could be more
essential than muscle mass quantity to improve physical function.
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5. Use of Body Composition in Clinical Practice

Current trends towards the aging population and increased prevalence of chronic diseases will
continue to rise in the next decades [100]. Malnutrition will thus likely become more problematic
on a large scale and standardized care of this condition is needed. Although convenient and quick,
BMI has shown limitations in the screening and the follow-up of malnutrition with a tendency to
underestimate muscle mass [6–8]. The disparity between BMI and FFM raise the need for a precise
quantitative evaluation of muscle mass or muscle function to both direct and validate the effects
of clinical interventions in malnourished patients. Indeed, it has been established that a loss of
muscle mass is associated with a decrease in physical function or muscle strength [101]. Thus, body
composition evaluation should be used for the screening and diagnosis of malnutrition in clinical
practice, but also for its follow-up, such as in investigation of weight loss composition following
surgery or cancer therapy [4,72,84,102]. Repeated measurements of body composition will allow for the
tailoring multimodal therapy. Examples of patient samples are presented in Figure 3. They highlight
the clinical importance of body composition assessment to detect changes in muscle mass according to
every specific patient event. Furthermore, these examples illustrate the advantage of body composition
over BMI. For example, Figure 3a shows a stabilization of FFM but a decrease of total body weight and
thus of BMI between July and September 2018. In Figure 3c, BMI tends to decrease as MAMC increases.

To date, MAMC, DXA, BIA, and CT at the L3 level seem to be more relevant to assess body
composition in clinical practice. Figure 4 summarizes the best methods to evaluate muscle mass
according to techniques availability, patient’s hydration, and BMI. CT is highly precise, but, due to
radiation exposure and the existence of less irradiating body composition methods, this technique
should only be used in patients who undergo CT scan for other purposes such as diagnosis or
follow-up [103]. Of note, deriving body composition from pre-existing clinical images is an opportunity
to improve diagnosis and treatment without additional cost or patient burden. Clinical research in this
area is warranted. The same applies to DXA, which can be performed without additional radiation,
costs, and logistical constraints in patients who already benefit from repetitive measurement of bone
density in routine care [11]. These two methods are, however, rarely used for body composition
assessment in clinical routine, probably because clinical practitioners and radiologists lack information
on these techniques. In other situations, BIA appears to be the most suitable method. Indeed, BIA is a
portable non-invasive bedside method, quick, cheap, and reproducible [25]. Finally, MAMC will be
useful especially in patients with variations in hydration level (e.g., ascites and edemas) or extreme
BMI which are BIA limitations [104]. Furthermore, body composition should be integrated into routine
clinical practice for a personalized nutritional support. FFM, including muscle mass, is the primary
determinant of resting energy expenditure (REE) [105]. In clinical routine, indirect calorimetry is
used to assess REE that reflects vital activities (cardiac, respiratory, secretory, cellular, basal muscle
tone). The effect of FFM on REE depends on its quantity, assessed by body composition, and its
metabolic activity [106]. Clinical conditions associated with muscle wasting, hypercatabolism and/or
immobilization, lead to REE variations. Thus, in clinical practice, combining the measurement of body
composition with indirect calorimetry may be useful to optimize the nutritional prescription and for
the interpretation of feeding energy needs over time. Finally, clinicians should be trained to routinely
use body composition in their practice, and interpreting the results should be included in pre- and
post-graduate educational programs, as proposed by the European Society for Clinical Nutrition and
Metabolism Life Long Learning (LLL) program. The awareness and the training of clinicians to body
composition assessment may be a great opportunity to improve interdisciplinary care in the screening
and management of malnutrition.
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6. Conclusions

Available data suggest that precise assessment of body composition might be clinically relevant in
the management of malnourished patients. Various methods have been validated to measure muscle
mass. The method selection should be driven by the clinical situation, the patient’s characteristics, and
logistic and economic parameters. Standard measures of body composition such as BMI are valuable
for their simplicity in daily practice. They do, however, not reflect body composition compartments.
There is growing evidence in the literature that repartition of muscle mass is a more valuable tool in
this assessment. Knowing this repartition allows a tailored approach to the nutritional treatment of
malnourished patients and, according to the literature, led to improved clinical outcomes in various
chronic diseases as well as in the older adult. Therefore, there is a need for more systematized data to
orientate upcoming clinical guidelines of body composition assessment in malnourished patients.
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Abstract: Malnutrition is widespread in older people and represents a major geriatric syndrome with
multifactorial etiology and severe consequences for health outcomes and quality of life. The aim of
the present paper is to describe current approaches and evidence regarding malnutrition treatment
and to highlight relevant knowledge gaps that need to be addressed. Recently published guidelines
of the European Society for Clinical Nutrition and Metabolism (ESPEN) provide a summary of the
available evidence and highlight the wide range of different measures that can be taken—from the
identification and elimination of potential causes to enteral and parenteral nutrition—depending
on the patient’s abilities and needs. However, more than half of the recommendations therein are
based on expert consensus because of a lack of evidence, and only three are concern patient-centred
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outcomes. Future research should further clarify the etiology of malnutrition and identify the most
relevant causes in order to prevent malnutrition. Based on limited and partly conflicting evidence
and the limitations of existing studies, it remains unclear which interventions are most effective in
which patient groups, and if specific situations, diseases or etiologies of malnutrition require specific
approaches. Patient-relevant outcomes such as functionality and quality of life need more attention,
and research methodology should be harmonised to allow for the comparability of studies.

Keywords: Geriatric patients; older persons; malnutrition; therapy; interventions

1. Malnutrition in Geriatric Patients

Although geriatric patients are usually at an advanced age, a geriatric patient is not defined by
a specific age, but rather by a high degree of frailty and the presence of chronic disease. Functional
reserves are reduced and vulnerability to stress increased as a consequence of a cumulative decline
in many physiological systems during ageing. Limitations are, however, not restricted to physical
functions, but may also affect mental and/or social integrity, leading to the need of comprehensive
treatment to maintain or restore independence in everyday life as far as possible.

Among other typical geriatric syndromes, such as dementia, delirium, falls or incontinence,
which are characterised by high prevalence, multifactorial origin and poor outcomes [1], malnutrition
(i.e., protein-energy-malnutrition or undernutrition) merits attention.

1.1. Prevalence

Malnutrition is reported in up to 50% of older adults, although prevalence estimates vary
substantially depending on the population considered, the healthcare setting, and the tool used for its
assessment [2–4]. A recent systematic review and meta-analysis of studies using the Mini Nutritional
Assessment®— the most widespread malnutrition screening tool for older people—has summarised
the following estimates according to the setting of care: community, 3%; outpatients, 6%; home-care
services, 9%; nursing homes, 17.5%; hospital, 22%; long-term care, 29%; rehabilitation/sub-acute care,
29%. In addition, a high proportion of older adults are at risk of malnutrition, with estimates ranging
between 27% (community/outpatients) and 50% (all other healthcare settings) [2]. These figures are in
accordance with other studies and reviews, describing an increasing prevalence of malnutrition with
decreasing health and functional status and increasing dependency and disability [5,6]. Prevalence
rates may however vary widely between study samples even when using the same definition in the
same health-care setting [2,7].

Since low muscle mass is now included as one important phenotypic criterion in the new global
definition of malnutrition [8,9], and older adults are characterised by a decline of muscle mass not only
due to ageing and poor physical activity but also to a poor adaptation to nutritional deficits [10], it is
reasonable to argue that prevalence estimates may be even higher than previously reported.

1.2. Etiology

Due to a variety of factors, older people and specifically in-patients are at increased risk of
malnutrition. A decrease in food intake is common [11] and often associated with a disease, acute
or chronic, which is increasing energy needs. The combination of a decrease in dietary intake and
increased needs during an illness places the older person in a group of particular risk.

The decrease in food intake is often associated with a loss of the sensory abilities of taste and
smell, that results in anorexia and is termed “anorexia of ageing” [12,13], but may also be caused by a
poor oral health, difficulties in chewing and swallowing, side effects of pharmacological treatment,
cognitive limitations, social isolation, loneliness or depression. Many acute conditions (e.g., infections,
surgery) often occur on a background of chronic co-morbidities (e.g., heart failure, respiratory disease,
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cancer, renal failure) and increase energy needs and precipitate malnutrition in already vulnerable
older people.

Besides these individual aspects, external factors such as the quality of meals, meal ambience, and
the quality of (medical and nutritional) care may affect dietary intake and contribute to malnutrition,
in particular in hospitals and care homes.

Many other factors may be involved [14–16], which may be of different relevance in different
health-care settings, and may also differ from person to person. Thus, without doubt, the development
of malnutrition in older persons is multifactorial and complex, and presently, only partly understood.

1.3. Consequences

It is well established that malnutrition is associated with increased morbidity and mortality both
in acute and chronic disease and has serious implications for recovery from disease, trauma and
surgery [17]. Loss of body protein resulting from insufficient protein intake or increased requirements
in disease is one hallmark of malnutrition, followed by an impaired immune status and loss of muscle
mass, which contribute in large part to the increased morbidity observed in malnutrition. In old and sick
individuals in particular, decreased muscle mass and strength, referred to as sarcopenia, in turn lead to
impaired physical status, loss of independence and increased risk of falls and subsequent fractures
which have a debilitating impact on quality of life [18]. Recovery from disease is delayed in malnutrition
with longer convalescence periods. Not surprisingly, malnourished patients therefore have significantly
longer hospital stays with more infectious and non-infectious complications, an increased rate of
unplanned readmissions to hospital and higher health resource utilisation in the outpatient setting.
These consequences not only increase the burden for the individuals concerned, but ultimately also
increase the economic burden for the health care system [19]. A prospective study in adults aged over 70
recently showed that adjusted healthcare costs were 714 € per year greater in patients with malnutrition
or malnutrition risk compared to well-nourished patients, mainly due to hospital admission costs [20].

In summary, malnutrition is widespread in older people and represents a major geriatric syndrome
with multifactorial etiology and severe consequences. In the following section, we aim to describe
current approaches and evidence regarding malnutrition treatment, and to highlight relevant knowledge
gaps that need to be addressed.

2. Management of Malnutrition

2.1. General Aims and Options

Nutritional interventions in the older adult may have several complementary aims [21]:

• Maintenance or improvement of nutritional status, which may replenish the protein and energy
storage that is necessary to accommodate the needs induced by a metabolic stress;

• Maintenance or improvement of function and capacity for rehabilitation; this is mostly related to
the muscle compartment including muscle mass. Activities of daily living but also community
living may therefore be secondary aims;

• Maintenance or improvement of health-related quality of life, probably more important, compared
to the reduction in mortality, than in younger adults; restoring food intake may play a direct role
as being an important mediator of pleasure and well-being;

• Reduction of morbidity, including an improved outcome of underlying chronic diseases;
• Reduction of mortality as a consequence of morbidity reduction but also by increasing treatment

tolerability of the underlying chronic disease (e.g., cancer);
• Reduction of malnutrition-associated costs (reduction of the hospital length of stay, the need for

subacute care stays, reduction of nursing home admissions, the number of medical examinations
and prescriptions).
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Thus, the aims and approaches of malnutrition treatment in older patients do not generally differ
from those in younger patients, but maintenance of function and quality of life gain in importance
compared to reduction of mortality.

Nutritional interventions for older people cover a broad range of different measures, which all may
contribute to support adequate intake and go far beyond just providing adequate amounts of energy
and nutrients. As with any geriatric syndrome, the identification and management of multiple causes
constitutes the basis of appropriate nutritional care. Furthermore, adequate intake may be supported by
various strategies—first of all but not only by help with eating if required. Regarding direct nutritional
measures, oral strategies are always the first choice. These include various modifications of usual
foods as well as offering oral nutritional supplements. Moreover, enteral and parenteral nutrition are
important options also for older patients, although less often indicated.

2.2. Current Recommendations and Evidence: ESPEN Guidelines 2019

Current knowledge about the effectiveness of nutritional interventions is summarised in the
updated ’ESPEN guidelines on clinical nutrition and hydration in geriatrics’, which were developed in
a multidisciplinary group of 13 experienced experts from 9 European countries [21]. In contrast to the
previous guidelines from 2006 [22] and 2009 [23], they focus on systematic reviews, where available,
and for the first time also cover the topic of dehydration, a very relevant, frequent and serious aspect
of malnutrition in older persons.

Central recommendations of the ESPEN guideline for the management of malnutrition and
corresponding evidence are summarised in Table 1 and described in the following Sections 2.2.1–2.2.7.

Table 1. Intervention strategies for the management of malnutrition (based on [21]).

Basic recommendations

• Routine screening for malnutrition with validated tool (GPP) followed by assessment, individualised
intervention, monitoring and adjustment of interventions (GPP)

• Individualised and comprehensive nutritional care (A)
• Nutritional interventions as part of a multimodal and multidisciplinary team intervention (B)
• Identification and elimination of potential causes of malnutrition (GPP)
• Avoidance of dietary restrictions (GPP)

Supportive interventions

• Pleasant eating environment in institutions (A)
• Mealtime assistance in case of eating dependency (A in institutions, GPP in home-care)
• Sharing mealtimes with others (GPP)
• Energy-dense meals on wheels with additional meals (B)
• Nutritional information and education (B)
• Easy access to food *

Nutritional counselling

• for older persons/care givers—individualised (B)
• by a qualified person in several sessions (GPP)

Food modification

• food fortification (B)
• additional snacks/meals*, finger food (GPP)
• texture-modified, enriched foods (GPP)
• organoleptic enhancement (flavor/taste/visual appearance) *
• increasing variety of diet *
• considering individual preferences *

Oral nutritional supplements (ONS) (3 A, 3 GPP)

Enteral/parenteral nutrition (12 GPP)

Grades of recommendation: A = based on strong evidence (at least one high-quality RCT), B = based on medium
evidence (high quality case-control or cohort studies); GPP = good practice point/expert consensus: Recommended
best practice based on the clinical experience of the guideline development group.* topic not addressed in the
ESPEN Guideline 2019 [21]).
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2.2.1. Basic Recommendations

It is common sense that, as a first step in the management of malnutrition, those affected and also
those at risk need to be identified. Thus, routine-screening for (risk of) malnutrition is recommended
in all older people in institutions and in the community (at admission/initial contact and at regular
intervals) independent of their diagnosis and the presence of overweight or obesity [21]. The use of a
validated tool is considered to be good clinical practice, confirmed by recent study results indicating an
association of the use of validated tools with lower prevalence of malnutrition and better nutritional
care in hospitals [24]. The most common screening tool developed and validated for older persons
is the short-form of the Mini Nutritional Assessment (MNA), which can be applied in all geriatric
settings [2,21,25]. There are, however, many other tools available. Among 48 tools used to screen for
risk of malnutrition in older adults, and recently rated with respect to validation, parameters and
practicability, the highest scoring tools were: i) DETERMINE your health checklist for the community
setting; ii) the Nutritional Form for the Elderly (NUFFE) for the rehabilitation setting; iii) the Short
Nutritional Assessment Questionnaire-Residential Care (SNAQRC) for residential care and iv) both
the Malnutrition Screening Tool (MST) and the Mini Nutritional Assessment Short Form Version 1
(MNA-SF-V1) for the hospital setting [26].

In people with a positive screening result, a comprehensive nutritional assessment should follow as
the basis for targeted interventions [21]. The assessment should focus on the identification of potential
underlying causes of malnutrition as well as of individual preferences, resources and expectations,
evaluation of the severity of the nutritional deficit, and a critical review of existing dietary prescriptions.
To check whether intervention goals have been reached, a close monitoring is necessary in clinical
practice [21].

Regarding interventions, due to the huge heterogeneity of older people and the multitude of potential
causes of malnutrition [14,15], individualised and comprehensive approaches are recommended to
optimally tackle malnutrition [21]. Beneficial effects on several outcomes are documented in quite a
few randomised controlled trials, interestingly all reporting benefits with respect to quality of life [21].

It is recognised that identifying and eliminating potential causes as far as possible is fundamental,
although scientific evidence for this recommendation is unfortunately lacking. In older patients,
adequate medical treatment is certainly of central importance, preferably avoiding medication with
potentially harmful side effects on appetite, taste and smell perception, salivation or cognition.

Comprehensive approaches and treatment focused on potential causes from all areas of life
require the involvement of different professional disciplines namely dietitians, nurses, nurse-aids,
kitchen staff, medical doctors including dentists, and all types of therapists (e.g., speech-/swallowing,
occupational, physio- and psycho-). This team effort is regarded an important factor for successful
nutrition interventions. Positive effects on body weight, functional and clinical outcome have been
shown in several trials, although results are partly inconsistent [21].

2.2.2. Supportive Interventions

Several recommendations in the ESPEN guideline address supportive interventions, which were
highlighted more than 15 years ago in the resolution of the Council of Europe on food and nutritional
care in hospitals [27]. Beneficial effects of assistance with eating, as far as required, and of a pleasant
eating environment in institutions on dietary intake of older persons with malnutrition or at risk of
malnutrition are well documented in several systematic reviews. A home-like dining environment has
been shown also to contribute to quality of life. Based on expert consensus, it is also recommended to
encourage older persons to share their mealtimes with others, since eating in company is known to
stimulate dietary intake and may also be an important aspect with respect to quality of life [21].

In addition, the ability to access the meal (in case of mobility limitations) and the food (e.g.,
in packages that are difficult to open) may be relevant [28]. Of course, food should be easily accessible—
also between meals—and support with shopping and preparing meals, reaching the dining room and
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opening packages should be provided as needed. In individual cases, it may be sensible to provide
specially adapted cutlery or cups with special shapes.

The need for education regarding nutrition among all staff groups and the need for knowledge
among patients about the importance of a good nutritional status are well recognised [27]. Several
systematic reviews document that older persons with malnutrition or who are at risk of malnutrition,
as well as their care givers, should be offered nutritional information and education as part of a
comprehensive intervention concept in order to improve awareness of and basic knowledge about
nutritional problems, and thus promote adequate dietary intake, albeit based on partly conflicting and
fragmentary evidence [21].

2.2.3. Nutritional Counselling

Nutritional counselling goes beyond information and education with the aim to develop a sound
understanding of nutritional topics and to support sustainable health-promoting eating habits, and is
regarded as the first line of nutrition therapy. Current guidelines recommend that older people with or
at risk of malnutrition and/or their caregivers should be offered individualised nutritional counselling
by a qualified dietician in several sessions to develop their understanding of the importance of nutrition
and support healthy eating habits [21]. Individual sessions may be combined with group sessions,
telephone contacts and written advice.

Counselling by a dietician or nutritionist is recommended, but in practice this may be impractical
for all and reserved for those patients at highest risk. Many older people at risk of malnutrition live
at home and will have initial contact with their primary healthcare team who could review their
nutritional status and deliver appropriate advice, supported by local care pathways that include dietetic
referral where appropriate [29]. However, it is unclear how to train these healthcare teams to best
deliver the nutritional counselling. Group educational sessions for older people can be cost-effective
but difficult to access for those with limited mobility. Older people may have difficulty accessing
advice delivered in electronic formats but telephone consultations can effectively offer nutritional
support for older people [30] and for family carers of those with dementia at risk of malnutrition [31].

2.2.4. Food Modification

Food modifications include adjustments of macro- and/or micronutrient content, or the avoidance
of specific allergens as well as modifications of food texture or of flavor, taste and/or visual appearance
(organoleptic enhancement). Nutrients or additional ingredients can be added to regular foods in order
to increase energy and/or nutrient density (fortified or enriched food) or to yield specific beneficial
health effects (functional food) [32].

It has been shown in several studies and summarised in two systematic reviews that food
fortification—i.e., by means of natural foods (e.g., oil, cream, butter, eggs) and/or specific nutrient
preparations (e.g., maltodextrin, protein powder)—can enable increased intake while eating similar
amounts of food [21]. Snacks between meals and/or finger foods can also help to increase intake,
in particular for people who have difficulties using cutlery or remaining at the table for the meal; this
is, however, not well studied [21].

Texture-modified foods are available in various qualities (e.g., liquidised/thin puree, thick puree/
soft and smooth, finely minced) [32] and intend to compensate for chewing and swallowing problems,
which are widespread in older people and related to poor food intake [33]. Since evidence regarding
the effects of texture-modified food is scarce [21], it was concluded that it is ‘good clinical practice’ to
offer texture-modified, enriched foods to older persons with malnutrition or at risk of malnutrition and
signs of oropharyngeal dysphagia and/or chewing problems as a compensatory strategy to support
adequate dietary intake [21,34]. Based on positive effects of enrichment of regular texture diets it was
assumed that enrichment could have similar effects in texture-modified diets for patients with chewing
and/or swallowing problems [21]. Since insufficient dietary and fluid intake is described in older
people receiving texture-modified diets, it seems reasonable to monitor nutritional intake closely [21].
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Due to little expense and no risk of harm, these recommendations were made despite presently
very limited scientific evidence [21].

In addition, it seems logical that increasing the variety of foods offered and considering individual
food preferences could help to ensure adequate intake of older persons—this is however not studied
up to now and not addressed in current guidelines.

2.2.5. Oral Nutritional Supplements (ONS)

Several recommendations of the ESPEN guideline on clinical nutrition and hydration in geriatrics
address whether older people with malnutrition or at risk of malnutrition should be offered ONS. Such
supplements provide both macro- and micronutrients which are delivered as ready to drink liquids, or
as semi-solids or powders that can be prepared as drinks or added to drinks or foods. According to
a vast body of high-level evidence and strong consensus among experts, these supplements should
provide at least 400 kcal and a minimum of 30 g of protein per day. They should be given to all older
people with (risk of) malnutrition when nutritional goals cannot be met through dietary counselling
for enhancing (fortified) food consumption, to improve dietary intake, body weight and to lower the
risk of complications and readmission and to lower the risk of functional decline after discharge. Once
offered, ONS should be given for at least one month with concurrent monthly assessment of presumed
benefits and compliance evaluation, thereby tailoring ONS-type, flavour, texture and timing of supply
to the older person’s characteristics [21].

2.2.6. Enteral and Parenteral Nutrition

Enteral nutrition (EN)—mostly via nasogastric tubes or percutaneous endoscopic gastrostomy
(PEG)—and parenteral nutrition (PN) via central or peripheral veins are important options also for
old and very old patients. These invasive measures should however be reserved for those who are
unable to meet their nutritional requirements by the oral or enteral route, respectively, but have a
reasonable prospect of general recovery or at least stabilisation of health and well-being. Twelve
recommendations in the ESPEN guideline refer to this topic, all based on available descriptive studies
and expert consensus, since randomised trials would be unethical in this field. Application of these
techniques always requires careful weighing of expected individual benefits and risks [21].

2.2.7. Relevance of the Refeeding Syndrome (RFS)

Based on recent research activities, management of malnutrition in older persons cannot be
described without pointing out the RFS, a serious metabolic complication after reinitiating nutrition in
malnourished patients [35,36]. If patients with RFS are not adequately treated, adverse effects may
range from muscle weakness and peripheral oedema to multi-organ dysfunction and death [36].

The risk of developing RFS is suggested to be high especially among malnourished older patients,
and is not restricted to enteral or parenteral nutrition. However, due to nonspecific initial symptoms [36]
but also due to a lack of knowledge among many physicians [37], the RFS is frequently not diagnosed
and consequently not treated in these patients [38]. A recent cross-sectional multicentre-study showed
that nearly three-quarters of 342 geriatric hospitalised patients who were at risk of malnutrition
demonstrated significant risk of RFS [39]. Like malnutrition, RFS remains a widely unrecognised and
undertreated condition in clinical practice.

The key to improved patient care in this context is to raise awareness of RFS among physicians
involved in nutritional care in order to identify at-risk patients and to recognise the occurrence of the
RFS. In the ESPEN guideline, it is recommended to pay special attention during the first three days of
EN and PN therapy in malnourished individuals to serum levels of phosphate, magnesium potassium
and thiamine, which decline in RFS and should be supplemented where appropriate [21]. Accordingly,
a recent review [38] also recommends close monitoring of vital parameters, fluid, serum electrolytes
and thiamine in older patients at risk of RFS, whereas nutrition repletion should be started slowly
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and increased cautiously to reach nutritional goals after four to seven days. Using this strategy in a
randomised clinical trial, mortality risk was reduced among critically ill patients [40].

2.3. New Evidence after the ESPEN Guidelines

After the literature review for the ESPEN guideline was completed, a number of new systematic
reviews and clinical trials addressing different nutritional interventions in different setting have
been published.

A systematic review and meta-analysis considered studies that only included older persons with
malnutrition and found no beneficial effects of ONS in changing body weight, body mass index, MNA
score, muscle strength, activities of daily living, Timed Up&Go test, quality of life and mortality.
Results of other interventions (dietary counselling and ONS, ONS combined with exercise, new ONS
nutrition delivery systems) were inconsistent [41]. Another systematic review that explored the role
of exercise added to oral nutritional support reported improvements in muscle strength but not in
any other outcome, however mostly based on low or very low quality evidence [42]. An interesting
analysis showed that nutritional support performed by a multidisciplinary team—as recommended
in the ESPEN guideline—might fare better than simple interventions in reducing mortality risk and
improving quality of life [43]. A systematic review looking at studies performed in nursing homes
found an effect on handgrip strength only and not in other functional parameters [44]. A further recent
review focused on various treatments for anorexia of ageing, also including pharmacologic approaches
and flavour enhancement, suggests that some interventions may have an impact on energy intake and
body weight, but calls for methodological improvements in the field [45]. Based on a systematic review
and meta-analysis, the use of telehealth interventions seems to be a new, promising strategy also for
malnutrition in older people. Improved protein intake and quality of life are reported, but further
research is demanded [30].

Thus, the number of systematic reviews is rapidly increasing with only few remarkable original
studies. Among these, a pooled analysis of individual data from nine RCTs in older adults at risk of
malnutrition merits attention. Positive intervention effects on energy intake and body weight were
found, whereby the combination of nutritional counselling and ONS showed the strongest effects [46].
Pooled data from studies targeting muscle strength and mortality, however, revealed no intervention
effect [47]. In contrast, the recently published large multicentre EFFORT trial demonstrated beneficial
effects on important clinical outcomes by routine malnutrition screening connected with individualised
nutrition support in medical inpatients managed by a dietician during hospital stay [48].

3. Knowledge Gaps

3.1. Lacking Evidence in Many Fields

Despite increasing numbers of systematic reviews on the topic, more than half of the
recommendations in the ESPEN guideline are “good practice points”, meaning that they are based on
the clinical experience of the guideline development group because of a lack of studies [49]. The level
of evidence of only 15 of the 82 recommendations justifies a grade A recommendation, and only three
recommendations are directed towards patient-centered outcomes [21].

Regarding outcome parameters, most studies testing the effects of supportive interventions or
food modification focus on dietary intake but do not include functional or clinical outcomes.

Most randomised clinical trials performed have examined the effects of ONS in (malnourished)
older adults. Given the large number of studies and the generally quite good compliance (78%) [50],
this study and intervention type currently provides the strongest evidence in the field. Besides positive
effects on intake, positive effects on nutritional status are also reported, and a couple of studies also
look at functional and clinical outcomes. Unfortunately, findings in this latter respect are inconsistent
and often negative [21], and benefits were generally questioned just recently [41].
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A general lack of scientific evidence on the effects of nutritional interventions on functional
or clinical outcomes in malnourished older adults is also concluded in multiple systematic
reviews [21,41,51–55].

3.2. Limitations of Existing Studies

The conflicting evidence regarding effects of nutritional interventions on functional and clinical
outcomes of malnourished older adults may be explained by various limitations of previous studies.
The limitations frequently addressed in the literature are summarised in Figure 1, categorised according
to sample selection, design of the study, adherence to the intervention, outcome assessment, and data
analyses and reporting. Some of these limitations result in a high risk of bias [56,57], thereby reducing
the internal validity of previous studies.

 

Figure 1. Limitations of previous studies investigating the effect of nutritional interventions in
malnourished older people.

With regard to sample selection, some previous studies have not only included malnourished
persons but older adults without malnutrition as well, which likely dilutes the potential effect of
treatment on outcomes [55]. Different definitions of malnutrition were used to select participants,
reducing comparability between studies. Among frequently occurring limitations of study design
are a small sample size and/or lack of a proper power calculation based on a primary outcome
variable, thus limiting the power to detect an effect. Baseline nutritional intake is usually not reported.
In studies using ´usual care´ in the control arm, the level of nutritional care is mostly not or only poorly
described, and thus the contrast between control and intervention arm remains unclear. Hence, possible
differences are not attributable to the specific intervention but rather to the difference in the overall
quality of nutritional care. Further, participants and study personnel are often not blinded leading
to performance bias. Even in situations where a placebo intervention appears possible (for example
using a low caloric, similar looking supplement when ONS is being tested) placebo is rarely used.
In most studies, a single intervention is used for all selected participants, without incorporating
knowledge of participants’ health and functional status, other treatments, and participants’ motivation
and preferences, which may reduce its effect. Details regarding compliance and intervention fidelity
are sometimes not reported, while low compliance and poor fidelity will likely reduce potential effects.
With regard to study outcomes, some studies lack the inclusion of clinically relevant or patient-centred
parameters such as quality of life. Detection bias is often present due to non-blinding of the outcome
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assessors [56,57]. Moreover, studies often describe the provided amounts of energy and protein but
do not report the net effect on the overall daily intake (which may have increased less due to energy
compensation at other meal times) [46]. Finally, when analysing the results, several previous studies
did not perform intention-to-treat analyses, but used complete case analysis only, possibly inducing
further bias.

Overall, due to one or more of these limitations in most of the studies, the available evidence is
mostly of only low or moderate quality. Moreover, due to large heterogeneity of inclusion criteria and
study populations, intervention types and outcome assessments, the pooling of individual patient data
and performing meta-analyses is currently seriously hampered [47,57]. Applying a fixed definition for
malnutrition in future studies could importantly increase comparability between studies. The field
could also benefit from establishing a minimum dataset (MDS) for clinically relevant outcome variables,
per setting when deemed necessary, and defining the preferred method for assessing these outcome
variables. This MDS would stimulate the incorporation of standardised outcome variables in future
trials, and would enable the pooling of data and the performance of meta-analyses in order to obtain the
highest level of evidence regarding the effect of nutritional interventions on relevant clinical outcomes.

3.3. Open Questions and Research Needs

In view of the recent global malnutrition definitions, which also consider muscle mass and
inflammation as part of malnutrition [8], an update of prevalence data using this definition is needed.

Validity of available screening tools remains unclear due to multiple methodological problems [58].
Setting-specific tools have been suggested based on a newly developed scoring system which was
applied to 48 existing tools, but more work is still needed to derive sound recommendations regarding
the optimal tool [26].

Based on limited and partly conflicting evidence and limitations of existing studies outlined
above, it remains unclear which interventions are most effective in which patient groups, and if
specific situations (e.g., acute malnutrition), specific diseases (e.g., dementia) or specific etiologies
of malnutrition require specific approaches. Interestingly and for example, an animal study with
an infection-triggered model of acute malnutrition has recently demonstrated differential effects of
parenteral glucose supplementation in addition to free oral intake on survival: Whereas in mice with
an experimental viral infection a significant survival benefit was observed, mortality was significantly
higher in mice with an experimental bacterial infection [59]. Thus, it may be hypothesised that especially
in acute malnutrition nutrition support is not always beneficial or might need a specific approach.

With regard to a causative treatment, the complex etiology of malnutrition needs further research.
The etiologic relevance of the many different potential causes and therefore the priority of distinct
diagnostic measures remains unclear, and a treatment, based on individually identified causative
factors is probably only rarely performed. More knowledge about the most relevant causes and their
common pathophysiology would increase the potential for causation-oriented treatment and could in
addition contribute to enhance malnutrition awareness and preventive approaches in patients with the
respective problems.

Regarding general intervention characteristics, individualised, multimodal and multi-disciplinary
strategies seem to be promising and should be pursued further.

In terms of specific interventions, food fortification, additional snacks and finger food are promising
options but need high-quality reassessment through further studies that provide reliable evidence.
Possible beneficial effects of all different types of food modifications including also organoleptic
enhancement or texture modifications need to be tested in explorative trials as well as in subsequent
sufficiently powered high-quality trials.

Further research is also needed to determine which methods of delivering dietary counselling are
appropriate and cost-effective for different participants and care settings. It is also unclear whether
and if when the counselling should be repeated and followed up. Furthermore, the role of social care
staff, such as domiciliary carers, in delivering nutritional advice and support should also be explored.



J. Clin. Med. 2019, 8, 974

Moreover, RFS must be highlighted as an area that needs further high-quality research to develop
the best preventive strategies as effective treatments for malnutrition.

Relevant outcomes for malnutrition intervention studies were recently agreed in a Delphi study
among geriatric and nutrition experts [57], however more research is also needed in this regard. Clearly,
patient-centred outcomes such as independence in activities of daily living and quality of life need
much more attention than in the past and should be assessed using reliable and meaningful tools. Also,
health and social care resource use and cost-effectiveness are important outcomes which need to be
further addressed. Here, a comprehensive, cross-sectoral perspective is needed as treatment costs in
one setting may only be offset by a larger cost saving in another setting.

As studies were mainly conducted in the hospital setting, further research in other health-care
settings is needed.

Furthermore, the topic of dehydration urgently needs further research efforts. As one of the
most frequent diagnoses of older patients, the issue of dehydration has been addressed in the current
ESPEN guidelines [21], which however also uncovered many open questions and lacking evidence.
For example, there is no uniform definition of dehydration, the diagnostic criteria remain vague
and there is no accepted screening tool. Effective strategies to better prevent dehydration must
be developed.

Last but not least, effective ways to implement current knowledge in clinical practice need to
be explored.

These and other topics considered important by the authors are listed in Table 2.

Table 2. Open questions regarding management of malnutrition in older people.

Prevalence, screening and diagnosis

• How are prevalence data affected by the new global definition of malnutrition (GLIM criteria)?
• Are the new GLIM criteria appropriate for older persons?
• Are different screening tools needed in different care settings?
• Which screening tools should be used in which setting?
• Are there biomarkers that could enhance screening and diagnosis of malnutrition?

Determinants and multifactorial etiology of malnutrition

• What are the most relevant causes of malnutrition in older patients?
• What are the etiologic mechanisms?
• What is the role of medication in malnutrition and reduced appetite?
• What are the essential aspects of assessment of the causes of malnutrition in an individual?

Effectiveness and safety of interventions

• Which interventions are most effective in which patient groups?
• Should specific interventions have priority?
• What are the best outcomes to assess the effect of interventions?
• Which interventions are most cost-effective?
• What is the optimal duration of interventions in each health-care setting?
• Do specific situations (e.g., acute malnutrition), specific diseases (e.g., dementia) or specific etiologies of

malnutrition require specific intervention approaches?
• Are there situations, e.g., acute disease, where increasing energy intake could be harmful?
• Which strategies are most effective to prevent RFS but effectively treat malnutrition at the same time?
• Which types of food modifications are beneficial?
• Which methods of delivering nutritional counselling are appropriate and cost-effective for different

participants and care settings?
• (When) should nutritional counselling be repeated and followed up?
• What is the role of social care staff in delivering nutritional advice and support?
• At what degree of malnutrition do patients benefit from interventions?
• At what degree of malnutrition do patients benefit from (par)enteral nutrition?
• Which interventions are effective with respect to patient-centred outcomes?
• Do malnourished obese patients need a specific approach?
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Table 2. Cont.

Natural recovery

• Are there patients who do not need treatment because of early natural recovery?
• Can early natural recovery be predicted?

Role of protein and other specific nutrients

• How much protein is required in specific situations (e.g., diseases, nutritional states, functional states)?
• How should protein intake be distributed over the day?
• Is there an optimal time of protein intake in relation to physical training?
• What is the relevance of different protein sources for meaningful outcomes?
• Which micronutrients are frequently deficient in malnourished older persons?
• Is supplementation of any micronutrient beneficial in malnourished older persons?

Dehydration

• What are reliable diagnostic criteria for dehydration?
• How could an effective screening for dehydration be performed?
• How is the overlap of dehydration with malnutrition?
• What are effective preventive approaches against dehydration?

Knowledge transfer into clinical practice

• How can knowledge about malnutrition and respective guidelines be effectively implemented in
clinical practice?

• What are the effects of nutritional training for health care professionals?
GLIM = Global Leadership Initiative on Malnutrition.

4. Conclusions

In conclusion, we are faced to a wide range of unresolved issues regarding the management of
malnutrition in older persons which need to be addressed. Many of these questions cannot easily
be answered, and it is an important next step to develop innovative strategies and well-conceived
concepts for this purpose. Altogether, high-quality research is urgently required to develop effective
strategies for the prevention and treatment of malnutrition in the increasing number of old and very
old patients at risk.
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Abstract: Hyperglycemia is a common occurrence in hospitalized patients receiving parenteral and/or
enteral nutrition. Although there are several approaches to manage hyperglycemia, there is no
consensus on the best practice. We systematically searched PubMed, Embase, Cochrane Central,
and ClinicalTrials.gov to identify records (published or registered between April 1999 and April
2019) investigating strategies to manage glucose control in adults receiving parenteral and/or enteral
nutrition whilst hospitalized in noncritical care units. A total of 15 completed studies comprising
1170 patients were identified, of which 11 were clinical trials and four observational studies. Diabetes
management strategies entailed adaptations of nutritional regimens in four studies, while the
remainder assessed different insulin regimens and administration routes. Diabetes-specific nutritional
regimens that reduced glycemic excursions, as well as algorithm-driven insulin delivery approaches
that allowed for flexible glucose-responsive insulin dosing, were both effective in improving glycemic
control. However, the assessed studies were, in general, of limited quality, and we see a clear need
for future rigorous studies to establish standards of care for patients with hyperglycemia receiving
nutrition support.

Keywords: glucose control; hyperglycemia; parenteral nutrition; enteral nutrition; nutritional
support; insulin

1. Introduction

Hyperglycemia is frequently encountered during parenteral (PN) and/or enteral (EN) nutrition in
hospitalized patients with and without pre-existing diabetes [1,2]. Indeed, it is estimated that more than
50% of patients on PN and 30% of patients on EN experience hyperglycemia whilst in the hospital [3,4].
Hyperglycemia arises in these patients due to one or more of the following factors: (1) diminished insulin
sensitivity due to inflammation, stress hormones, and sedentarism [5]; (2) increased carbohydrate
provision [6]; and (3) side-effects of medication such as glucocorticoids that interfere with glucose
metabolism [7]. In patients totally reliant on PN, these factors are compounded by the loss of the
physiological incretin effect on insulin release, as occurs when entirely bypassing the gastrointestinal
tract with intravenous nutrient supply [8]. Furthermore, the diminished glucose-stimulated insulin
secretion in diabetic patients with some residual beta-cell function increases their requirement for
exogenous insulin.
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Evidence from several observational studies suggests that emergent hyperglycemia during
nutrition support is associated with increased morbidity and mortality [1,9]. There is an apparently
linear relationship between the incidence of adverse outcomes and mean glucose levels once glycaemia
surpasses a threshold of 6.3 mM [10]. In individuals on PN, the risk of any complication increases by a
factor of 1.58 for each 1 mM increase in glycaemia above this threshold [11]. Conversely, treatment of
hyperglycemia is shown to improve clinical outcomes [12–15]. However, striving for tight glucose
control inherently increases the risk of hypoglycemia, which is similarly associated with adverse
clinical outcomes [16,17].

PN and EN nutrition support are provided in a number of ways, ranging from continuous to cyclic
regimens, often in combination with unpredictable and variable oral intake or additional intravenous
glucose administration. Maintaining glycemic control is even more demanding in patients with
unanticipated interruptions of their feeding (e.g., due to emergency surgery), or if nutrition support
is suspended due to accidental removal or obstruction of tubing. Guidelines such as those from the
American Diabetes Society [18] and the Endocrine Society [19] recommend that random blood glucose
levels be maintained below 10.0 mM, provided that this target can be safely achieved. According to
these guidelines, the mainstay of hyperglycemia management in the hospital is the administration of
insulin, given its high efficacy, flexibility, and lack of interference with most other pharmacotherapies
or organ dysfunctions.

Although there are some recommendations for insulin dosing tailored to the needs of patients
receiving PN and/or EN, there is a lack of evidence-based support for specific insulin regimens. Insulin
can be delivered via intravenous or subcutaneous routes, or in patients receiving PN, insulin may
simply be mixed in the nutrition solution [20]. Intravenous insulin infusion at a rate continuously
adjusted according to regular capillary blood glucose measurements helps to maintain glucose
levels within the recommended limits. However, implementation of intravenous protocols imposes
considerable demand on nursing staff, calling for two hours of direct nursing daily per patient [21],
which substantially increases the workload of ward staff. Noncritical care nurses have to manage
several patients, and staff levels are reduced at nighttime, which does not encourage constant vigilance
of blood glucose and manual adjustment of insulin infusion rates. Thus, for practical and safety
considerations in noncritical care settings, subcutaneous administration is the favored route for
insulin delivery. However, the formulation of PN and EN support can also influence glucose levels
in patients on nutrition support. Whereas glucose is the only carbohydrate source in standard PN
solutions, the glycemic impact can be modulated by changing the caloric contributions of carbohydrates
versus monounsaturated fatty acids (MUFAs), or by using alternate carbohydrates such as fructose.
Furthermore, the addition of fibers to EN formulae can delay carbohydrate absorption, thereby
attenuating the glycemic impact [22,23]. An overview of the different management strategies is
provided in Figure 1.

Diabetes technology has progressed greatly over the past decade, bringing considerable
improvements to the care of outpatients with type 1 and type 2 diabetes. Notably, recent development
of continuous glucose monitoring (CGM) systems that measure interstitial fluid glucose concentration
every few minutes allow to depict glucose profiles in higher resolution, thereby facilitating adjustment
of insulin dosages [24]. CGM systems also project trends for glucose levels and feature customizable
hypo- and hyperglycemia alerts. There is a growing interest in the use of this technology in hospital
settings given the abundance of additional information that can guide therapy adjustments.
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Figure 1. Management options of hyperglycemia during PN/EN. PN = parenteral nutrition, EN =
enteral nutrition.

An important variable in the control of glycaemia is the modulation of insulin to meet with the
continuously changing metabolic needs. Due to its inherent flexibility of insulin dose adjustment,
the predominant mode of delivery in patients with type 1 diabetes is via a subcutaneous insulin
pump, also known as continuous subcutaneous insulin infusion [25]. Here, a portable pump infuses
rapid-acting insulin at a rate that can be altered on demand or preset to change at fixed times.
This flexible adaptation of the insulin delivery profile makes the approach particularly attractive for
patients under cyclic nutrition regimens who may receive large amounts of carbohydrates within
predefined time windows. The combination of real-time glucose measurements from a CGM device
with a control algorithm that directs insulin delivery via an insulin pump constitutes a closed-loop
system, also known as the artificial pancreas [26,27]. Closed-loop systems automatically adjust insulin
delivery every 10–12 min according to real-time glucose measurements. The autonomy and glucose
feedback-regulation obtained through closed-loop systems hold promise in the particular context of
hyperglycemia, arising along with nutritional support, while sparing an excess burden on nursing staff.

Our aim in the present review is to provide an overview of the current status and future outlook of
glucose management strategies for noncritical care patients receiving PN and/or EN nutrition support.

2. Materials and Methods

2.1. Literature Search

This review was conducted and reported in accordance with the PRISMA and MOOSE
guidelines [28,29]. Completed checklists can be found in Supplementary Tables S5 and S6. PubMed and
Embase databases were used to identify relevant records over the past 20 years. The Cochrane Central
Register of Controlled Trials and ClinicalTrials.gov were searched for published and ongoing studies.
The search strategies for the databases are summarized in Supplementary Tables S1–S4. Two reviewers
independently evaluated the titles and abstracts according to the selection criteria. For each potentially
eligible study, two reviewers assessed the full-text. In cases of disagreement, a decision was made by
consensus or, if necessary, a third reviewer was consulted.
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2.2. Study Selection Criteria

Studies were included if they met the following criteria: (i) were published or registered in
English language between 10 April 1999 and 10 April 2019 (date last searched); (ii) were clinical
studies evaluating new treatment approaches against a comparator; (iii) included adult (age ≥ 18 years)
noncritical care inpatients receiving PN and/or EN nutrition; (iv) investigated strategies to manage
blood glucose control; and (v) had outcomes reflecting glucose control. Exclusion criteria were
pregnancy, breast feeding, case reports, abstracts, guidelines, or literature reviews. The selection
process is shown in Figure 2.

Figure 2. Flowchart illustrating the study selection process.

2.3. Data Extraction

Two reviewers extracted data independently using a predesigned form, including study design,
sample size, glucose management strategy, primary outcome, and main results. If no primary outcome
was specified, we obtained the endpoints deemed most relevant.

2.4. Quality Assessment

The quality of clinical trials was evaluated by two reviewers based on the “Cochrane Risk of Bias
tool” [30]. According to this tool, studies are judged to be of low or high risk for bias based on criteria
to evaluate random sequence generation, allocation concealment, blinding of participants/personnel
and outcome assessment, incomplete outcome data, and selective reporting. Since retrospective
publications have an inherently high risk of bias in most domains, and there is not a standardized
assessment tool available, we refrained them from quality evaluation.
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3. Results

3.1. Study Identification and Selection

We identified in total 745 potentially eligible records. Following screening based on titles
and abstracts, 34 citations were selected for detailed full-text evaluation. Of those, 16 articles met
the selection criteria and were included in the review (Figure 2). One ongoing study was eligible
for inclusion.

3.2. Characteristics of the Included Studies

The included published publications comprised 1170 participants from 15 clinical studies, of which
11 were clinical trials (9 randomized and 2 nonrandomized) and 4 were retrospective observational
studies. One study was an ongoing registered study. Seven studies were conducted in Europe, three in
North America, and five in Asia. Only three studies included more than one center. The study
population represented medical (20%), surgical (27%), or mixed medical and surgical (53%) noncritical
care inpatients. Three studies explicitly stated the inclusion of patients with type 1 diabetes, three studies
explicitly excluded patients with type 1 diabetes, five studies exclusively recruited patients with type 2
diabetes, whereas the remainder did not further characterize the diabetic state of study participants or
the reason for hyperglycemia (n = 4). Nutrition support comprised PN in six studies, EN in seven
studies, and PN and/or EN in two studies. Regarding glucose management strategies, 4 studies
investigated nutritional approaches, and 11 studies explored insulin interventions. No studies were
found that explored noninsulin pharmacological strategies. The study duration ranged from 36 h to
46 days. Study characteristics and findings are summarized in Tables 1 and 2.

Four of the clinical trials were considered of medium quality, indicating a low risk of bias in
all domains except for performance and detection bias, which was deemed reasonable with a near
impossibility of blinding [31–34]. The other studies were deemed to be of limited quality, with high
risk of bias in the domains of lack of primary outcome definition and selective or incomplete reporting
(Supplementary Figure S1). Since retrospective publications have an inherently high risk of bias in
most domains, we refrained from a quality evaluation of the four such studies.

3.3. Studies Examining Nutritional Strategies

Four studies examined nutritional strategies to manage glycaemia in patients receiving nutrition
support. The use of EN formulae with lower glycemic impacts were contrasted against conventional
products in two clinical trials [35,36]. In a nonrandomized crossover study involving inpatients
with type 2 diabetes, Tiyapanjanit et al. tested a formula compounded in-house to contain 50% of
calories as carbohydrates, thereof 67% as fructose, in comparison with an iso-energetic control formula
(53% of calories as carbohydrates and 15% as fructose). Over the study period of 36 h, lower mean
glucose was achieved with the high-fructose formula compared to control (6.8 ± 1.5 vs. 8.0 ± 2.1 mM,
p = 0.022). No insulin or antidiabetic medication was administered in these patients [35]. Similarly,
a four-center randomized controlled parallel trial conducted in 104 inpatients with type 2 diabetes
found a lower nutrition-induced relative change from baseline glycaemia with the use of lower glycemic
impact enteral vs. standard enteral nutrition formula (10% vs. 21%, p = 0.006). The investigated EN
formula contained a reduced amount of carbohydrates (9.4 vs. 12.5 g/100 mL, p = n/a) and higher
amounts of MUFAs (3.8 vs. 1.0 g/100 mL, p = n/a) [36]. Similarly, an ongoing randomized clinical trial
(GlyENStroke, NCT03422900) evaluates the efficacy of a diabetes-specific enteral nutrition formula
to reduce hyperglycemia (glucose levels > 8.3 mM) in nondiabetic patients with hyperglycemia on
nutrition support after stroke [37].
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There was only one study examining a modified nutritional formula in abdominal surgery patients
that were entirely parenterally fed. In this randomized parallel double-blind single-center study,
Valero et al. contrasted a PN formula with glucose as a sole carbohydrate source with an iso-energetic
PN formulation containing a 2:1:1 glucose:fructose:xylitol carbohydrate mixture. The study population
consisted of patients with type 1 diabetes (21%) or type 2 diabetes (79%). Both formulae provided a
similar total amount of carbohydrates (2.9 ± 0.5 vs. 2.9 ± 0.7 g/kg/day), but the test formula under
investigation contained less glucose (2.9 ± 0.5 vs. 1.5 ± 0.4 g/kg/day). Protein and fat quantity were
similar. The time until attaining target glycaemia (8.3–11.1 mM) did not significantly differ (2.5 ± 1.7
vs. 2.4 ± 2.1 day, p = ns), nor did the percentage of patients attaining values below 11.1 mM (75% vs.
85%, p = ns) and total daily insulin dose (45 ± 19 vs. 45 ± 26 U/day, p = ns). However, when stratified
according to the occurrence of sepsis, the nonseptic patients showed lower insulin requirements with
the glucose–fructose–xylitol regime (37 ± 17 vs. 44 ± 17 U/day, p = 0.026) [41].

Managing glycaemia during PN is more demanding than during EN. In this context,
the combination of PN with EN, in addition to its well-established trophic benefits on gastrointestinal
function, may also confer glycemic advantages. This was shown by a randomized controlled parallel
study performed by Lidder et al. in patients undergoing esophagectomy who received nutrition
support for up to five days post-surgery. The study contrasted the coverage of 30% of energy needs by
EN and 70% by PN feeds with 100% coverage by PN. Although no effect was seen in mean glucose
over the five-day study period, the combined use of EN and PN lead to lower glycaemia three days
after surgery (p = 0.002) [34].

3.4. Studies Examining Insulin Strategies

Eleven studies examined insulin-based strategies to manage glucose in patients receiving nutrition
support (five with PN, five with EN, and one with combined PN/EN). A randomized controlled
single-center parallel study involving 212 type 2 diabetic patients who had undergone gastrectomy for
gastric cancer compared protocol-driven intravenous insulin therapy with conventional subcutaneous
sliding scale insulin delivery over 8–10 days of continuous EN. Mean glucose levels were lower (5.4 ± 1.2 vs.
9.5 ± 1.8 mM, p < 0.001), and mean daily insulin doses were higher (55 ± 15 vs. 32 ± 16 U/day, p < 0.001)
in patients receiving intravenous insulin compared with subcutaneous insulin. However, in the
group receiving intravenous insulin, eight participants experienced episodes of severe hypoglycemia
(defined as blood glucose < 2.2 mM), versus only one participant in the subcutaneous group (p = 0.010).
Additionally, this study reported outcomes extending beyond glycemic control, finding a reduced
incidence of surgical site infection in the intravenous insulin group [12].

A second randomized controlled trial (RCT) evaluating different insulin treatments during EN
included 50 patients with non-type 1 diabetes who were randomly assigned to receive sliding scale
subcutaneous regular insulin either with or without once daily subcutaneous glargine. In the group
without glargine administration, subcutaneous neutral protamine Hagedorn (NPH, isophane) was
given as a rescue medication when glucose levels exceeded 10.0 mM. Mean glucose as the primary
outcome was comparable between groups, as were the number of hypoglycemic events and total daily
insulin dose. However, NPH was required in 48% of the control participants, as their glucose levels
were not sufficiently controlled with the regular sliding scale subcutaneous insulin alone [40].

A single-arm trial evaluated the efficacy of a computerized variable rate insulin infusion rate
protocol in previously insulin-naïve stroke patients on continuous EN over five days. Compared to a
historical control population who received enteral bolus feeds accompanied by intravenous insulin
coverage, the intervention resulted in a higher percentage of values in the target range of 4.4–6.1 mM
(55% vs. 19%, p < 0.005) [39].

Additionally, two retrospective observational studies evaluated insulin-based strategies to treat
hyperglycemia in hospitalized patients receiving EN. Hijaze et al. found comparable mean glucose
values, and similar times with glucose values within the target range (7.8–10 mM), in patients receiving
subcutaneous NPH insulin thrice daily vs. basal–bolus insulin therapy with insulin analogues [43].
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In the second such study, Hsia et al. retrospectively evaluated glucose control using three different
insulin regimens in patients with diabetes of type not otherwise specified during at least three days
of continuous EN. Treatment consisted of (1) 70/30 biphasic insulin (NPH/regular) every 8 h (n = 6),
(2) 70/30 biphasic insulin every 12 h (n = 8), and (3) a basal–bolus regimen (glargine and lispro, n = 8).
The 8 h 70/30 biphasic insulin group had the highest proportion of glucose values falling within the
target range (7.8–10.0 mM) (69% vs. 22% vs. 24%, p < 0.01). Hypoglycemic events (<3.9 mM) occurred
five times in glargine/lispro group, twice in the twice-daily biphasic group, and once in the thrice-daily
biphasic group [45]. In patients receiving PN, two randomized controlled parallel trials evaluated
strategies that involved the addition of regular insulin to the PN feeding bag. Olveira et al. recently
compared the use of 100% coverage of insulin needs by regular insulin added to the PN bag with 50%
coverage by regular insulin added to the PN bag and 50% administered subcutaneously as insulin
glargine in a total of 161 mixed surgical and medical patients with type 2 diabetes recruited at 26
different sites. The glucose values of participants were evaluated while receiving total PN (maximum
of 15 days) and two days after cessation of total PN. Mean glucose levels during total PN did not
significantly differ between groups (9.2 ± 2.0 vs. 9.6 ± 2.4 mM, p = ns); however, mean glucose two days
after cessation of total PN was higher in the group that had received 100% of their exogenous insulin
requirements added to the PN feeding bag (8.9 ± 2.5 vs. 7.9 ± 2.4 mM, p = 0.024). The authors did not
provide any details on the requirement for insulin therapy after cessation of nutrition support [32].
Another randomized controlled clinical trial of PN patients contrasted two different basal insulin
regimens. Hakeam et al. compared subcutaneous basal–bolus therapy (insulin glargine + short-acting
insulin analogue) with the addition of regular insulin to the PN bag in a total of 67 non-type 1 diabetic
patients. Both groups received additional corrective regular subcutaneous insulin according to a
sliding scale. Basal insulin delivery dose was titrated based on glucose values by a daily 40%–60%
dose increase if glucose values were still above target. The percentage of glucose values within the
glycemic target range (7.8–10.0 mM) tended to be higher in the group who received s.c. insulin glargine
compared to those who received regular insulin added to the PN bag (52% vs. 48%, p = 0.06). Mean
glucose levels and number of hypoglycemic events did not differ between treatment groups [33].

In contrast to these prospective findings in PN patients, a retrospective evaluation performed by
Truong et al. in 102 patients on PN showed superior glucose control defined as percentage of patients
with ≥5 of 6 glucose values <10 mM over 2 days in those who had received 100% of required insulin
added to the PN bag (n = 78), compared with those treated with subcutaneous insulin glargine (n = 35)
(72% vs. 49%, p = 0.017). Additionally, fewer patients receiving insulin via the PN bag experienced
two or more hypoglycemic events compared to those with subcutaneous administration (9% vs. 17.1%,
p = ns) [42].

As reviewed above in patients receiving EN, a protocol-driven intravenous insulin delivery
approach has proven to confer glycemic benefits in PN patients, according to a retrospective analysis
performed by Neff et al. A total of 53 surgical and medical patients requiring insulin therapy whilst
in the hospital were treated either with protocol-driven variable rate intravenous insulin (n = 32),
or received basal–bolus subcutaneous insulin therapy (n = 21). The insulin infusion group compared
to the group receiving subcutaneous basal–bolus insulin therapy showed lower mean glucose levels
(9.6 ± 2.1 vs. 11.2 ± 2.6 mM, p = 0.009) and a higher percentage of glucose values within the glycemic
target of 4.0–10.0 mM (62% vs. 43%, p = 0.008), without increased risk of hypoglycemia [44].

Two recently performed randomized controlled parallel design trials evaluated insulin pump
therapy, also known as continuous subcutaneous insulin infusion (CSII), in patients receiving nutrition
support. The study performed by Li et al. compared the use of CSII (n= 50) to basal–bolus therapy using
insulin glargine in combination with insulin aspart (n = 52) in patients receiving PN. Study treatment
was initialized before surgery, and PN began on day 1 after surgery, with comparison of glucose control
with CGM from postoperative day 1 to day 5. Glycemic variability was assessed by mean amplitude of
glucose excursion (MAGE) as the primary outcome. CSII reduced glycemic variability compared to
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basal–bolus injection therapy (3.7 ± 2.8 vs. 6.2 ± 3.0 mM, p < 0.05). No hypoglycemic events occurred
in either treatment group [38].

The second study evaluated CSII as part of a fully automated subcutaneous closed-loop glucose
control (n = 21) against conventional subcutaneous insulin therapy according to local practice (n = 22)
in two different hospitals. Randomization was stratified according to BMI, prestudy total daily insulin
dose, and type of nutrition support to ensure to demographic balance between groups. The closed-loop
system consisted of a subcutaneous insulin pump, a CGM device, and a control algorithm, which
adjusted insulin delivery every 12 min based on real-time CGM values. An example of such fully
automated closed-loop insulin delivery is illustrated in Figure 3. Participants were recruited from
medical and surgical wards and received PN (n = 13), EN (n = 27), or combined PN/EN (n = 3).
The primary outcome was the proportion of time when sensor glucose was within the target range
(5.6–10.0 mM). Participants were followed for up to 15 days or until hospital discharge. The closed-loop
system nearly doubled the proportion of time spent in the glycemic target range compared to control
(68% ± 16% vs. 36% ± 27%, p < 0.0001). Time spent above target, mean glucose level, and glucose
variability were all significantly lower in the closed-loop group. Hypoglycemia was infrequent in both
arms, and its incidence did not differ significantly. The substantially better glycemic control in the
closed-loop compared to the control group was achieved with a similar total daily insulin dose (53.9 vs.
40.3 U, p = ns) [31].

 

Figure 3. Profile of fully automated subcutaneous closed-loop insulin delivery over 24 h in a noncritical
care patient [31]. A control algorithm modulates subcutaneous insulin delivery via an insulin pump
(denoted in blue) according to interstitial sensor glucose values (denoted in red). (Kindly provided by
Professor Roman Hovorka, University of Cambridge, UK).

4. Discussion

Hyperglycemia is a common occurrence in hospitalized patients receiving PN and/or EN, and
its management in noncritical care settings is challenging. The present review summarized the
available evidence for strategies to improve glucose control in this vulnerable population. Improved
glucose control can be achieved either by lowering the glycemic impact of nutrition supply and/or
matching the nutrition-induced glycemic excursions with a tailored pharmacokinetic profile of a given
insulin preparation. Both approaches have been evaluated in a limited number of randomized and
nonrandomized clinical trials and observational studies over the past 20 years.

Altering the macronutrient distribution (an increase of calories as MUFAs at the expense of
carbohydrates) and the use of nonglucose carbohydrate sources along with high fiber content to delay
absorption in EN formulae have proven effective in various studies as well as in meta-analyses [22,23].
The use of diabetes-specific enteral formulae is therefore supported by the expert group of the European
Society of Clinical Nutrition and Metabolism (ESPEN) for patients with a history of diabetes [46].
With respect to PN formulae, glucose substitutes such as fructose or xylitol to lower the glycemic
impact are no longer used in clinical practice. This may relate to previously reported metabolic side
effects of parenteral xylitol and fructose such as formation of oxalate crystals in the kidney and lactate
accumulation [47–49]. To make matters worse, life-threatening metabolic complications can occur in
patients with undeclared hereditary fructose intolerance [50]. There is currently no data on the efficacy
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and safety of PN formulations with reduced carbohydrate content (and consequently higher protein
or lipid fractions) in noncritically ill patients with hyperglycemia. In critically ill patients, however,
lipid-based, compared to iso-energetic glucose-based, PN formulae showed more favorable metabolic
effects [51]. Additionally, lowering the overall carbohydrate and energy provision has proven effective
in reducing hyperglycemia in critically ill patients [52,53].

As an alternative to conventional routes of insulin administration, algorithm-driven intravenous
insulin titration protocols during both PN and EN achieved superior glucose control compared
to subcutaneous approaches with either sliding scale or basal–bolus insulin therapy. However,
this approach poses logistical challenges for ward staff, given the need for frequent glucose draws and
insulin dose adjustments, which are either impractical or simply unfeasible in noncritical care settings
with low nurse-to-patient ratios. Regarding subcutaneous insulin regimens, administering basal plus
supplemental short-acting insulin analogues showed superior efficacy compared to a sliding scale
approach with short-acting insulin. The administration of intermediate or long-acting insulins can thus
be recommended for PN/EN patients receiving subcutaneous insulin therapy. No data exist with regard
to the use of recently introduced ultra-long acting insulins (e.g., degludec). Of note, the required time to
reach steady state insulin levels with ultra-long acting formulations imposes certain constraints on the
titration method, and prediposes to dysglycemia. There is a practical consideration that administering
long-acting insulin in previously insulin-naïve patients brings a risk of hypoglycemia if feeding tubes
are accidentally pulled or obstructed.

The admixture of insulin into the PN feeding bag is a safe and effective alternative to using short-
or rapid-acting subcutaneous insulin. Moreover, further advantages lie in the lesser need for nursing
time, the concomitant discontinuation of insulin delivery upon PN interruption, and the consequently
lower risk of hypoglycemic events. The latter is particularly relevant for patients in whom the transient
need for exogenous insulin is primarily a result of their nutrition support. However, the need for strict
aseptic conditions may render the procedure impractical or not permissible. Furthermore, reservations
exist regarding the diminished or highly variable efficacy of PN insulin due to interference from PN
ingredients or bag surface material [54,55].

Irrespective to the chosen approach for insulin administration, a limiting factor in obtaining tight
glucose control is the risk of inadvertent hypoglycemia [17]. As is the case for hyperglycemia, iatrogenic
hypoglycemia is associated with increased cost and adverse medical outcomes [16]. In this context,
there is an increasing interest in the use of noninsulin glucose-lowering agents (without hypoglycemia
risk) for the treatment of inpatient hyperglycemia. The recent SITA-HOSPITAL randomized controlled
study investigated 279 noncritical care patients with type 2 diabetes and showed that oral sitagliptin
plus basal insulin led to similar glycemic control than the more labor-intensive basal–bolus insulin
regimen [56]. However, challenging patients such as those with high insulin requirements, renal
failure, or use of glucocorticoids were excluded from the study. Currently, there are no data on
the inpatient use of noninsulin glucose-lowering treatments for hyperglycemia in noncritical care
patients on PN and/or EN. Reservations apply to the common side effects of noninsulin treatments
(e.g., incretin-based therapies) on the gastrointestinal tract, which is often the primary pathophysiology
calling for nutrition support. Further research is needed to explore the potential risks and benefits of
noninsulin pharmacotherapy for managing glucose levels in noncritical care settings with EN/PN.

The high prevalence of hyperglycemia amongst noncritical care patients on PN and/or EN support,
in conjunction with the increasing workload burden placed on hospital staff, brings an urgent need
for innovative approaches to improve the efficacy, efficiency, and safety of healthcare delivery in
this context. The advent of novel technologies such as automated closed-loop systems that titrate
insulin delivery based on real-time sensor glucose measurements could potentially address this need,
whilst reducing staff workload burden. Uncertainties remain with respect to interference with certain
medications and inaccurate glucose readouts related to compromised microcirculation. In addition,
we concede that there are short-term costs to purchase, install, and train staff in the use of any novel
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technology. Ongoing studies will further document the potential role of this technology and the
obstacles to its integration into clinical practice without disrupting the usual workflow.

The present systematic review turned up rather few randomized controlled trials and a limited
number of retrospective observational studies addressing hyperglycemia in noncritical care patients
on PN and/or EN. The studies were highly heterogeneous in terms of study population, nutrition
regimen, study endpoints, and glucose measurement techniques. Patients with pre-existing diabetes
already on insulin treatment before their admission to the hospital and those receiving steroids or
showing impaired renal function clearly have different optimal insulin delivery profiles compared
to patients without pre-existing diabetes and/or with stress-induced hyperglycemia. The particular
nutrition regime (i.e., the EN/PN feeding schedule and any additional oral intake) leads to variable
carbohydrate exposures with relevant impact on insulin requirements. The few studies that utilized
CGM more comprehensively assessed both hyper- and hypoglycemic excursions, whilst studies
adopting intermittent (i.e., six-hourly) point-of-care measurements may have missed important events
such as postprandial transients. Most studies were conducted in patients on continuous PN and/or
EN, which may be less demanding for insulin management compared to the less common bolus or
cyclic feeding practices. The scarce evidence and the many factors (e.g., patient comorbidity, staffing
level, hospital guidelines, and policies) that determine the ability and capacity to treat hyperglycemia
effectively and safely challenge the provision of generalizable treatment recommendations. In Figure 4,
we propose a workflow recommendation considering both nutritional and insulin adaptation to
manage hyperglycemia in the noncritical care population receiving nutrition support.

 

Figure 4. Approach to the management of hyperglycemia in patients receiving enteral or parenteral
nutrition. CHO = carbohydrates, EN = enteral nutrition, BG = blood glucose, IV = intravenous, PN =
parenteral nutrition, SC = subcutaneous, and q8h = dosing every 8 h.

The majority of the included studies scored poorly in methodology, with a high or unclear risk of
biases according to Cochrane criteria. Undoubtably, it is sometimes difficult or unethical to undertake
double-blind RCTs with standardized protocols. Also, some studies did not correct for multiple testing,
which may have overestimated outcomes. The included retrospective observational studies were not
evaluated for quality given the known risk of outcome overestimation and confounding biases inherent
in that design. However, we chose to report these studies in this review to cover the widest possible
range of different management possibilities.
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Small sample sizes and short study durations of some studies may have led to an underestimation
of effect sizes, thus hindering the sensitivity to ascertain the efficacy of potential methods to improve
glycemic control or indeed to confirm the impact of superior glucose control on patient outcomes.
There is clearly a need for further research in the form of well-designed and adequately powered
multicenter trials of sufficient duration aiming to examine effects of glucose management strategies on
glucose control, clinical outcome, and also optimization of nutritional status in patients receiving PN
and/or EN.

5. Conclusions

The management of hyperglycemia in patients receiving PN and/or EN presents unique clinical
challenges for both diabetic and nondiabetic hospitalized patients with hyperglycemia. Coherent
approaches to this problem are important to avoid potential complications. Obtaining a better match
between the carbohydrate dose and the insulin supply is likely to improve glucose control. Granting
more attention to the glycemic impact of nutrition regimes in conjunction with deploying novel
technologies such as CGM and glucose-responsive automation of insulin delivery through closed-loop
systems may address these needs without increasing staff workload. Supplemental or alternate use of
noninsulin pharmacological approaches may further open up new lines of research. Well-designed
and adequately powered randomized controlled trials are necessary to define the optimal management
of hyperglycemia and consequent clinical benefits in patients receiving nutrition support.
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Abstract: Inpatients are threatened by global malnutrition, but also by specific micronutrient (i.e., trace
element and vitamins) deficiencies that frequently are overseen in the differential diagnosis of major
organ dysfunctions. Some of them are related to specific geographic risks (iodine, iron, selenium,
zinc, vitamin A), while others are pathology related, and finally many are associated with specific
feeding patterns, including low dose enteral feeding. Among the pathologies in which laboratory
blood investigations should include a micronutrient outwork, anemia is in the front line, followed
by obesity with bariatric surgery, chronic liver disease, kidney disease, inflammatory bowel disease,
cardiomyopathies and heart failure. The micronutrients at the highest risk are iron, zinc, thiamine,
vitamin B12 and vitamin C. Admission to hospital has been linked with an additional risk of
malnutrition—feeding below 1500 kcal/day was frequent and has been associated with a structural
additional risk of insufficient micronutrient intake to cover basal needs. Although not evidence based,
systematic administration of liberal thiamine doses upon admission, and daily complementation of
inpatients’ food and enteral feeding solutions with multi-micronutrient tablets might be considered.

Keywords: iron; copper; selenium; zinc; thiamine; vitamin B12; obesity; inflammation; enteral nutrition

1. Introduction

Malnutrition includes a wide spectrum of conditions [1] that may affect energy, substrates and
micronutrients (i.e., trace elements and vitamins) to variable degrees. Deficiency is defined as a lack,
or shortage of a specific micronutrient that is essential for the proper growth and metabolism of a
human: 11 trace elements and 13 vitamins qualify as essential in humans [2,3].

Disease related malnutrition has shown to be frequent upon admission [4]. The proportion of
patients that have been admitted to hospital in a poor nutritional status varies between nearly zero
in trauma and up to 50% in oncologic pathologies [5,6], and has an important impact on costs [6].
Malnutrition affects all ages from pediatric [7] to geriatric admissions [8]. Elderly subjects constituted
an important, increasing part of our population with specific physiopathologic characteristics [9].
In developing countries, socio-economic factors will generate specific deficiencies [10], which will also
be present in migrant populations [11]. Further, some pathologies threaten more, particularly the
micronutrient status. Finally, the geographic place of living in the world, including some western countries
and the local soil characteristics, will have their own impact [12,13]. Iodine and iron deficiencies are the
most well-known. The below text will review some of these undermining deficiencies.

The definition of deficiency requires knowing the specific needs of diseased patients—this
information is generally not available. Micronutrient requirements have been determined for the
healthy population with age specificities [3]. They are called dietary reference intakes (DRI), a concept
that has replaced the recommended daily allowance (RDA). There is minimal data that exists about the
needs during disease. Therefore, the present review, which is based on searches in PubMed and the
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Cochrane library, is focused on conditions in adults that have been best documented, such as elderly
patients, and some selected conditions. The issue of refeeding syndrome in hospitalized patients is be
given particular attention.

2. Undermining Micronutrients Deficiencies

The causes of deficiency can globally be divided into three: Low availability, reduction of intakes,
and malabsorption. Some geographic soil and nutrition specificities have threatened the entire
populations’ micronutrient status. This knowledge is not new [2], and the below text provides a brief
summary of their impact on acute diseases.

Micronutrient deficiencies have been called the hidden hunger [14], as they are determining
and aggravating factors for one’s health status and quality of life. The close relation between fetal
malnutrition and the development of chronic non-communicable diseases later in life has been
repeatedly confirmed [10,15]. Vitamin A (in developing countries), iodine, and iron deficiencies
(worldwide) are the most important in terms of global public health [16]. The below deficiencies have
affected patients before their hospital admission and should be integrated in the differential diagnosis
of the acute condition.

2.1. Iodine

Deficiencies early in life impairs cognition and growth. Iodine status is also a key determinant of
thyroid disorders in adults. Iodine deficiency disorders have affected 740 million people. A severe
deficiency causes goiter and hypothyroidism because, despite an increase in thyroid activity to
maximize iodine uptake and recycling, iodine concentrations are insufficient to enable synthesis of
thyroid hormones [17].

2.2. Iron

Deficiencies are a public health problem worldwide [18]. In the year 2000, it was estimated
that iron deficiency anemia affected two billion people, mostly women and children. Anemia
concerns roughly a third of the world’s population [19], but anemia represents the end stage of an iron
deficiency [20] which is largely prevalent in all categories of society [21]. The diagnosis of this deficiency
is complex in acute and chronic diseases presenting an inflammatory response that modulates blood
iron concentrations [20,22]. Its efficient treatment has often been prevented by beliefs such as the risk
of iron administration causing additional oxidative stress or favoring infection. These concerns have
not been confirmed [23]. The exploration of the iron status (deficiency < 7.1μg/L or 12.5 mmol/L)
included determining the presence of inflammation reflected by C-reactive protein (CRP)> 10 mg/L [24].
In addition to hemoglobin, and erythrocyte morphology (microcytosis, hypochromia), the following
have been required: Serum ferritin (<30 ng/L), transferrin saturation (<15%), total iron-binding capacity
(>13.1μmol/L), soluble transferrin receptor (increased > 28.1 nmol/L) [20], and hepcidin (ranges men
0.6–23.3 nmol/L, women 0.4–19.7 nmol/L) [25].

With the availability of hepcidin as a marker of deficiency, the diagnosis should become
easier [20,22,25]. Hepcidin is a hormone synthesized in the liver, secreted into the blood that systemically
controls the rate of iron absorption as well as its mobilization from stores [26]. The synthesis of hepcidin
is up-regulated by inflammatory cytokines (particularly interleukin-6), irrespective of the total level
of iron in the body. This relationship most likely accounts for the development of anemia of chronic
disease [27,28] (please see Section 3.7 for specificities in kidney diseases).

2.3. Selenium

Deficiencies have been an issue in Europe and in other parts of the world as the main source of
human exposure is diet, which is related to the soil content [29]. Scientists have claimed that changes
in climate and the organic carbon content of soil will lead to overall decreased soil Se concentrations,
particularly in agricultural areas [30]. Europe and some parts of Australasia are particularly affected,
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while North America is spared by elevated soil content. Borderline Se status reduced endogenous
antioxidant defenses via the reduction of the activity of the glutathione peroxidase (GPX) family of
enzymes [31], which contributed to poor outcomes facing critical illness, and particularly sepsis [32].
In major trauma, the intravenous administration of selenium in combination with other micronutrients
at 5 times DRI doses (see Table 1) resulted in normalization of plasma GPX3 activity and shortened
hospital stays [33]. Nevertheless, the high dose single selenium trials (1000 μg/iv/day) in septic shock
have been negative [34]. Therefore this strategy should not be considered, and has been advised
against in the Surviving Sepsis Campaign 2017 recommendations [35].

Table 1. Micronutrient strategy in critically ill patients admitted to the Lausanne multidisciplinary
ICU, according to disease and nutrition therapy.

Situation
Stress Profile in High Risk
Patients in Organ Failure *

Parenteral Nutrition (and
Combined Feeding)

Enteral Nutrition

Micro-Nutrients

1 vial multi-trace element
(Addaven®, Fresenius Kabi,
Oberdorf, Switzerland)
+ 5 mg Zinc
+ 1 vial multi-vitamin (Cernevit®,
Baxter, Volketswil, Switzerland)
+ 500 mg vitamin C + 100 mg
vitamin B1

Same as stress profile

Multi-micronutrient
providing DRI needs
(Supradyn®, Roche, Basel,
Switzerland)

Duration Route

Diluted in 100 ml de NaCl 0.9% over
6 hours
from admission for first 6 days
during night shift

Daily with parenteral nutrition Daily
Mixed with enteral feeding

*: High risk conditions include shock (cardiogenic, septic, hypovolemic), pancreatitis, severe hepatopathy, major
trauma, organ transplant, and malnutrition.

2.4. Zinc

Deficiencies were first identified in the 1960s [36], and have continued to plague multiple regions
of the planet [37]. It has affected all ages, but particularly the elderly in western regions. Zinc deficiency
affects cell-mediated immune dysfunction, susceptibility to infections, and increases oxidative stress.
A randomized trial including 50 healthy elderly subjects tested the impact of a zinc-supplement (45 mg
elemental Zn/day) orally for 12 months versus placebo [38]. First, the authors showed that compared to
younger, healthy subjects, the elderly study subjects had lower plasma zinc, higher ex vivo generation
of inflammatory cytokines and interleukin 10. The supplement resulted in a significant reduction of
the incidence of infections and ex vivo generation of tumor necrosis factor alpha and plasma oxidative
stress markers compared to the placebo group [38].

2.5. Copper

Deficiencies have also been shown to affect specific geographic areas—drinking water may or
may not be rich in copper depending on the pipe composition. The deficiency is most frequently
acquired [39], e.g., due to insufficient intakes in vulnerable populations, increased demands (pregnancy,
lactation, wound healing), malabsorption (including high phytic content of vegetarian diets), increased
losses (e.g., major burns, continuous renal replacement therapy), and from hereditary diseases [40,41].

2.6. Vitamin A

Deficiency is considered the world’s most important cause of preventable blindness [42]. It affected
2.8 million children under five years of age. Tragically, the numbers have only grown over the last
decades [20].
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2.7. Vitamin D

Long known only for its role in calcium and bone homeostasis, and the development of osteoporosis,
its deficiency seems to be a worldwide problem, and to particularly affect inpatients. The multiple
effects of vitamin D are mediated by genomic and non-genomic effects, and include muscle function
and metabolism, innate and adaptive immune system, lung epithelial function, cardiac function and
numerous other functions as the specific nuclear vitamin D receptor are widely expressed throughout
the body [43]. As shown in Table 1, low values can be found in nearly any severe condition. Many
observational studies have consistently shown an association between low vitamin D levels and
poor clinical outcomes. Nevertheless, high-quality evidence showing the benefits of vitamin D
supplementation in inpatients is still lacking [44]. One of the largest studies (VITdAL-ICU) was
analyzed retrospectively: 475 critically ill patients with 25(OH)D levels < 20 ng/mL [45]. The deficiency
was not associated with persistent critical illness, nor did supplementation with vitamin D3 mitigate
the development of persistent critical illness. The actual evidence does not support general vitamin
D screening and supplementation for the medical inpatient population in an acute care setting [44].
By contrast, screening of chronic kidney disease patients is probably rational (see Section 3.7).

3. Disease Specific Deficiency

The below Table 2 summarizes the most frequent deficits encountered in the different pathologies.

Table 2. Disease specific vitamins and in trace elements deficiencies.

Disease Micronutrients at Risk

Alcoholism Zn
Vitamins A, D, E, K, B12, B9, B6, B1, B2, C

Anemia Fe, Cu, Co
Vitamins B12, B9

Cardiomyopathies/ Heart failure Se, Fe
Vitamin B1, D ?

Inflammatory bowel diseases Se, Zn
Vitamins B12, A, D, E, K

Liver diseases Se, Zn
Vitamins B12, A, D, E

Obesity and Bariatric surgery Cu, Zn, Fe
Vitamins A, D, E, K, B1, B9, B12, C

Kidney diseases (chronic & acute) Chronic: Vitamins K, D
Acute: B1, Fe, Se, Zn, Cu

?: means uncertainty as to deficiency.

3.1. Alcoholism

Micronutrient deficiencies are commonly encountered in alcoholic patients, not only explained by
a decrease of global dietary intake, but also because of maldigestion, malabsorption, impaired hepatic
activation and an increased breakdown and excretion. The risk of developing micro and macronutrient
deficiencies has been known to increase significantly when alcohol makes up more than 30 percent of
total caloric intake [46].

All fat-soluble vitamins (A, D, E and K) are susceptible to be decreased [47], although vitamins A
and K deficiencies are more common in the case of overt hepatic disease or chronic pancreatitis. Among
water soluble vitamins, the vitamin B1 (thiamine) deficiency has been the most frequently described
and feared [48], potentially leading to Wernicke’s encephalopathy and its well-known triad (delirium,
oculomotor abnormalities and ataxia). If left untreated, it can progress to the amnestic-confabulatory
syndrome called Korsakoff. The therapeutic benefit of thiamin has been demonstrated in alcoholic
patients even without severe Wernicke-Korsakoff encephalopathy [49]. In the emergency department,
patients with acute alcohol intoxication have not all suffered thiamine deficiency [50,51]. A systematic
review showed that thiamine and vitamin C were the most frequently identified deficiencies [51,52].
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Nevertheless, considering the elevated prevalence of malnutrition in these patients, it is cautious and
cheap, in case of hospital admission to provide 100–300 mg thiamine prior to any glucose IV infusion
to prevent precipitating Wernicke’s encephalopathy. Excessive alcohol consumption has also been
linked to zinc and copper deficiency, which seems to be associated with a decreased quality of physical
and mental life [53].

There has been one randomized trial testing the administration of 600 mg of benfotiamine in alcohol
dependent patients—this thiamine analog was associated with a reduction of alcohol consumption,
but no metabolic variables were tested [54]. In the absence of other randomized trials, most of the
experts advocated the empiric administration to alcohol dependent patients of multivitamin cocktails,
including in particular, thiamine (200–300 mg), folic acid, vitamin B6, and vitamin C upon admission.

3.2. Anemia

A third of the world’s population is affected by anemia, and iron deficiency is involved in 50% of
the cases [18]. The most common symptoms are paleness, fatigue, dyspnea and headache. Laboratory
tests have shown low blood haemoglobin concentration (Hb < 130 g/L in men, <120 g/L in women
and <110g/L in pregnancy) with microcytosis, hypochromia and serum ferritin below 30 μg/L. Iron
deficiencies can be physiological (e.g., pregnancy), or pathological in case of blood loss (e.g., surgery,
trauma, digestive tract bleeding), malabsorption (e.g., celiac disease, gastrectomy), chronic disease
(cancer, chronic heart failure) or in some genetic disorders [19]. In the presence of iron-deficiency
anemia, investigations to identify a cause of blood loss or malabsorption are required. Preventive iron
supplementation should be prescribed in at-risk patients using the oral route, while treatment of in
patients with a positive diagnosis [19], may require the intravenous route due to the frequent gastric
intolerance and poor absorption of oral supplements.

Macrocytic anemia can be observed in vitamin B12 or/and vitamin B9 (folate) deficiencies. Vitamin
B12 deficiencies occur in cases of severe malabsorption (bariatric surgery, gastrectomy, or autoimmune
gastritis), in the abuse of nitrous oxide, and in cases of inherited metabolic disorders. Vitamin B12
supply is recommended after confirmed diagnosis. This treatment will be lifelong when the etiology of
the deficiency is irreversible or unknown [55].

Copper deficiencies impair the activity of hephaestin, a copper-dependent ferroxidase responsible
for transporting dietary iron from intestinal enterocytes into the circulatory system—its depression
leads to iron deficiencies and low hemoglobin. Copper deficiency anemia has been treated with oral or
intravenous copper supplementation [56]. Cobalt, a component of hydroxycobalamin, is considered
one the most stimulator of erythrocyte production. In clinical practice, Cobalt administration is rare
considering the high risk of toxicity of cobalt salts in humans [57].

3.3. Cardiomyopathies and Heart Failure

According to the European Society of Cardiology (ESC), cardiomyopathy (CM) is defined as
a myocardial disorder in which the heart muscle is structurally and functionally abnormal, in the
absence of coronary artery disease, hypertension, valvular disease and congenital heart disease [58].
CM can lead to heart failure (HF). Deficiencies in thiamine and selenium are nutritional factors that
may be involved in the occurrence of such myocardial disorders [58,59] in malnutrition conditions,
malabsorption, or exclusive parenteral nutrition (PN) [60–62]. Selenium deficiency cardiomyopathy is
known as the Keshan disease in humans. It was initially described in China in 1935 in selenium-poor
soils, with multiple case reports. In addition to the low plasma selenium levels, low glutathione
peroxidase-1 activity has been reported in animals [63]. Some cases reported have been reversible by
short-term oral or IV administration, and others have been fatal [60–63].

Thiamine plays a fundamental role in cellular metabolism, especially in the carbohydrate pathway.
Severe and chronic thiamine deficiencies are known as Beriberi disease. The classic presentation
includes neurologic features and encephalopathy. HF symptoms have been less frequent and have
been associated to metabolic acidosis and hyperlactatemia (due to an inhibition of the pyruvate
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deshydrogenase) [64,65]. A fulminant form has also been described [64]. It has been shown that about
40% of the patients hospitalized for HF presented thiamine deficiencies [66]. Animal models have
demonstrated that this deficiency causes cardiac disorders (cardiac hypertrophy, depressed cardiac
contractility, and dysrhythmias) in the absence of beriberi. Finally, in human studies, the benefit of
thiamine supplements in cases of chronic HF are unclear [66].

Iron deficiencies in HF are common (about 30–50%) in patients with chronic HF, independent of
anemia, and have lead to skeletal muscle dysfunction. Recent ESC guidelines recommended screening
for iron deficits in HF patients [28,59].

Recently, an association between vitamin D deficiency and HF has been suggested [67].
Vitamin D promoted cardioprotection in animals (anti-inflammatory, anti-apoptotic and anti-fibrotic
mechanisms) [67].

3.4. Inflammatory Bowel Disease

Malnutrition is present in the vast majority of patients with inflammatory bowel disease (IBD),
the deficiencies being more prevalent in Crohn’s disease compared with ulcerative colitis and more
important in active diseases [68]. Micronutrient deficiencies are essentially explained by the reduced
dietary intake and the underlying malabsorption. They have been associated with prolonged
hospitalization and higher mortality [69].

Fat-soluble vitamins are particularly prone to deficiency. A high prevalence of vitamin A and E
deficiencies have been reported [70], but also of vitamin D, which has been suspected to play a role
in the pathogenesis of IBD [71]. Vitamin K deficiencies are also frequent and correlated with disease
activity [72].

Folate deficiencies are common in IBD and aggravated by treatment, such as sulfasalazine or
methotrexate. Vitamin B12 has also been frequently observed, especially in Crohn’s disease and after
ileal resection of ≥30 cm [73]. Thiamin deficiency has also been reported, especially in IBD patients
treated with parenteral nutrition [74].

Among trace elements, selenium deficiencies have been reported and may increase the severity of
gut inflammation—the repletion data are conflicting [75]. Zinc deficiencies are also prevalent [76]. Iron
deficiencies are very frequent and are the leading cause of anemia in patients with IBD. In the presence
of inflammation, this diagnosis can be challenging and relies on the values of serum ferritin values.

3.5. Liver Disease

The liver plays a crucial role in maintaining systemic Zn homeostasis [77]. Chronic liver disease,
such as chronic hepatitis, liver cirrhosis, or fatty liver, impairs Zn metabolism, and has resulted
in Zn deficiency, which in turn has caused multiple metabolic abnormalities, including insulin
resistance, hepatic steatosis and hepatic encephalopathy. Zn deficiency may also favor carcinogenesis
of hepatocellular carcinoma (HCC). In chronic liver disease, low levels of selenium [78] have been
generally observed. In comparison, copper levels have often been elevated [79]. It is argued that doses
required to achieve an effect in chronic hepatitis are far beyond DRI with 150–200 mg/day [80].

In cases of liver disease secondary to alcoholism, please see 3.1 (same picture). Group B vitamin
deficiencies, especially thiamine, are common in cirrhosis [81]. Unlike observations for alcoholic
patients without liver disease, vitamin B12 levels have been frequently elevated in viral hepatitis,
cirrhosis and hepatocellular carcinoma (HCC) [82]. This increase has been explained by the cytolysis
of hepatocytes, and vitamin B12 being mainly stored in the liver.

Fat-soluble vitamin deficiencies have been observed in cases of alcoholism, but also in cholestasis
with malabsorption and bile salt deficiency [83]. Levels of vitamins A, D and E should therefore
be routinely checked as well as prothrombin time. However, prolonged prothrombin time does not
purely reflect vitamin K deficiencies, but also reduced levels of coagulation factor V. Importantly,
vitamin D has pleiotropic effects for liver disease, including anti-inflammatory, immune-modulatory
and anti-fibrotic properties in addition to its classical skeletal effects. This may impact on disease
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progression [84], especially in HCC and non-alcoholic steatohepatitis, although any benefit from its
repletion has not been formally proven by prospective studies [85].

3.6. Obesity & Bariatric Surgery

In patients with grade III obesity (body mass index ≥ 40 kg·m−2 or ≥ 35 kg·m−2 with comorbid
conditions), bariatric surgery has become common. In 2013, over 450,000 bariatric surgeries were
performed worldwide. Roux-en-Y gastric bypass, adjustable gastric band, and sleeve gastrectomy
were the most frequent procedures [86,87]. Micronutrient deficiencies were observed before (in obese
patients, vitamin C deficiency in about 40% and zinc deficiency is up to 50%) and after the surgery.
Due to fat malabsorption and maldigestion, all fat-soluble vitamins are at risk. The bypass of the
duodenum and proximal jejunum lead to thiamine deficiencies [86], leading to a risk of clinical
Wernicke’s encephalopathy [88]. Vitamin B9 is approximately 10%. Vitamin B12 deficiencies have been
widely described in the literature because of their neurologic complications, especially an acquired
myelopathy with paresthesias, ataxia and muscle weakness [89]. It is recalled that the intrinsic factor
produced in the stomach is needed for ileal absorption of vitamin B12. The severity of a vitamin B6
deficiencies vary from peripheral neuropathy to seizures [89]. The common trace elements deficiencies
after bariatric surgery include copper (absorbed in the stomach and the duodenum), iron (absorbed
in the duodenum), and zinc (absorbed in the jejunum). The prevalence of copper deficiency has
been reported to be as high as 90% post- surgery (70% for zinc). Further, systematic supplements of
micronutrients are recommended after bariatric surgery by the American Society for Parenteral and
Enteral Nutrition (ASPEN) [86] and the American Society for Metabolic and Bariatric Surgery clinical
practice guidelines (ASMBS) [90].

3.7. Kidney Disease

Kidney disease, whether chronic (CKD) or acute, affects micronutrient homeostasis and might
lead to either deficiency or toxic excess. Indeed, a decreased glomerular filtration rate might lead to
accumulation of molecules normally excreted by the kidney such as selenium. On the other hand,
renal replacement therapy when applied might lead to uncompensated losses of other micronutrients
(copper). Finally, the loss of renal activation might lead to decreased biological activity (vitamin D).
Unfortunately, the authors knowledge remains limited [91].

Anemia is commonly observed in CKD. Beyond the lack of erythropoietin, which is now clearly
established and easily administered, it might also be associated with alterations in iron metabolism
and inflammation. Oral corrections of iron deficiencies in pre-dialysis CKD patients have been shown
to be an efficient option in a recent randomized trial [92]. The role of hepcidin, a key regulator of
circulating iron level in CKD associated anemia is increasingly recognized. Indeed, the condition
has been associated with elevated hepcidin serum levels as it is typically excreted by the kidney [93].
This leads to reduced iron availability and anemia. Its measurement and potential anti-hepcidin
therapies could help managing anemia in CKD [27,94].

Subclinical vitamin K deficiencies have been shown to be clinically relevant as requirements have
increased due to the vitamin K-dependent proteins required to inhibit calcification [95]. This vitamin
governs the gamma-carboxylation of matrix Gla protein for inhibiting vascular calcification, and the
vitamin D binding protein receptor is related to vitamin K gene expression [96]. Deficiency may favor
vascular calcification.

Chronic dialysis is typically associated with elevated oxidative stress leading to low levels of zinc,
selenium and GPX. A French team showed three decades ago that weekly administration of selenium
with zinc was able to restore GPX activity and reduced thiobarbituric acid reactants (TBARs) plasma
concentrations [97]. In a large cohort of 1278 patients on incident hemodialysis, it was observed that
lower selenium and zinc concentrations were strongly and independently associated with death and
all-cause hospitalization [98]. Trimestrial monitoring of selenium and zinc may thus be justified, with
repletion in case of low values.
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In acute kidney failure requiring continuous renal replacement therapy, other micronutrients such
as thiamine and copper will be lost in the effluent fluid [39,40,99]. Copper losses causing low blood
levels can be associated with severe arrhythmias and wound healing complications. Very low plasma
levels (<8 mmol/L) might require active intravenous repletion with doses 6–10 mg/day, i.e., 5–10 times
the usual DRI [40].

3.8. Migrant Populations

Being a migrant is not a disease, but a difficult social condition frequently associated with
malnutrition for multiple reasons ranging from insufficient food intake, to exposure to unusual food or
unbalanced diet due to incapacity to find the traditional foods. Migrants represent a growing category
of inpatients. Micronutrients of concern have shown to be retinol, vitamin D, magnesium, potassium,
copper, and selenium [11], in addition to iron.

3.9. Laboratory Investigations

Laboratory investigations of micronutrient deficiencies have often not been systematic except for
2 conditions: (1) Anemia outwork, which generally included determination of blood Vitamin B6, B12,
iron, ferritin and transferrin; (2) screening before and the follow-up after bariatric surgery included
thiamine, vitamin B12, folic acid, iron, zinc, copper, calcium and the liposoluble vitamins D, A, E and
K were recommended [90]. In other conditions, the diagnosis lacked standardization. A pragmatic
approach upon admission or during hospitalization could be to draw an additional blood sample for
further diagnostic outwork, and to empirically administer multi-micronutrients without delay.

Inflammation causes a redistribution of micronutrients between the various compartments and
generally reduces circulating levels. The intensity of inflammation has been reflected by CRP levels [24].
The example of vitamin D has been emblematic. While a CRP > 80 mg/L has been associated with a
reduction of its blood concentration by 40% below reference ranges [24], CRP has never been mentioned
in the vitamin D trials. CRP should belong to any micronutrients outwork as low levels do not
necessarily indicate a deficiency.

4. Micronutrient Unavailability as Cause of Deficiency

4.1. Nutritional Sources

Hospital related malnutrition is a well know entity that is observed worldwide and is related to
being bedridden [100]. A large proportion of patients only consume a third or half of the proposed
meals [4]. In our hospital, a standard daily serving provides 1700–1800 kcal. If only half is consumed,
the daily micronutrients cannot be covered.

The sickest patients are fed with enteral nutrition. Due to regulatory constraints, the industry must
respect micronutrient recommendations intended for the general healthy population, the previously
mentioned DRI. The concentrations of the products are calculated for feeding doses varying between
1500 and 2500 kcal/day. However, worldwide it has been shown that many patients receive no more
than 1000 kcal/day by this route [101]. In addition, the most recent nutrition guidelines for critical care
patients recommended ramping up the feeding over several days [102]. The consequences might be an
even further reduction of nutrition delivery. By design, the enteral feeding solutions will not be able to
cover needs as long as quantities below 1500 kcal per day are provided. Table 3 shows the detailed
micronutrient provision for 1000 kcal/day provided by the 10 most frequently used enteral feeding
solutions provided by 4 international companies on the Swiss market. While intakes below DRI of fluor
and iodine may be less important during an acute phase, low intakes of iron and of the B vitamin group
are a concern considering their essential role in energy (ATP synthesis) and carbohydrate metabolism.
Moreover, as absorption is unreliable and as needs might be higher, several micronutrients such as
vitamin C are just in the reference range, which may be insufficient.
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Regarding these low micronutrient doses, it might be justified to deliver standard multivitamin
and trace element products daily providing DRI doses to the majority of inpatients. This strategy has
been applied for many years in the Lausanne university hospital’s ICU, as critically ill patients do have
higher needs. In the sickest patients, multi-micronutrients cocktails have been delivered IV for the first
5 days [33], resulting in a shortening of the hospital stay, particularly in major trauma patients.

4.2. Geriatric Population

The qualification, elderly, encompasses patients aged 60 to over 100 years. While the younger
seniors often are fit until the seventies, some physiological changes already occur that become
exacerbated with growing age. The elderly often present with anorexia which is considered a complex
geriatric syndrome and a risk factor for frailty [9]. These changes are associated with lower weight, and
lower energy expenditure. The body undergoes specific changes—the gastric mucosa tends to atrophy,
reducing vitamin B12 absorption. Indeed, the decline in vitamin B12 is independent of nutrition but
caused by a decline of both the intestinal uptake and the renal reabsorption system for vitamin B12 [103].
The elderly also require higher doses of vitamin B6 and D to maintain health, which has been integrated
into DRI recommendations for older subjects. Deficiencies can be overcome by supplementation,
as shown by a large randomized controlled trial including 652 geriatric patients—daily oral nutrition
supplements enriched with proteins, hydroxy-methyl-butyrate, vitamin D and other micronutrients
reduced mortality [104].

4.3. Partial or Complete Starving upon Hospital Admission and Refeeding

The incidence and importance of the refeeding has often been underestimated [105]. The absence
of a uniform definition participates in its underestimation [105]. Refeeding syndrome consists of
metabolic changes that occur on the reintroduction of food or simply a glucose infusion. A few days of
feeding grossly below needs will be sufficient to create the metabolic crisis which is characterized by
sudden shifts in the electrolytes that are needed for energy and substrate (mainly glucose) metabolism.
The NutritionDay survey, an initiative that analysed the relation between nutritional intakes and
outcomes of a wide range of institutionalized and hospitalized patients worldwide, has shown that
more than half of the patients admitted to hospital were eating less than half of their normal food intake
before admission [106]. This places the majority of hospitalized patients at risk of a refeeding syndrome.

Some categories of patients, such as chronic, alcohol consumers, which are largely prevalent in
western countries, being present in nearly 30% of hospital admissions, are at higher risk of thiamine
deficiencies—these patients are at particularly high risk of refeeding syndrome and its worst neurologic
complication, the Wernicke encephalopathy. A recent review of the literature confirmed the importance
of administering intravenous thiamine to these patients in order to prevent severe sequelae [107].
The recommended doses ranged from 50–100 mg/day to 250–500 mg 3 times a day. The IV route was
recommended due to the frequent presence of gastritis in these patients, which reduced absorption.

4.4. Economic Considerations

A Canadian prospective cohort study showed that approximately 40% of the 956 patients admitted
to hospital were moderately to severely malnourished. These patients had longer hospital stays, and
as a result, cost more than the well-nourished patients [108]. A European narrative review showed
that malnutrition increased the length of hospital stays by 2.4 to 7.2 days [5]. Malnutrition led to an
additional individual cost ranging between 1640 € and 5829 €.

Clinical evidences are lacking for empirical multi-micronutrient supplements. The cost of
malnutrition attributable to micronutrient deficiencies have not been assessed in adult inpatients
and several studies have failed to demonstrate significant beneficial effects of various micronutrient
supplements in the general population [109]. Nevertheless, there are data suggesting a benefit, at least
in the sickest patients [33,110].
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However, data exists for children. A study focusing on estimates of disability-adjusted life years
and their monetization showed that short-term economic costs of micronutrient malnutrition in India
amounted to 0.8% to 2.5% of the gross domestic product [14]. The health and cost consequences
of iodine, iron, vitamin A, and zinc deficiencies were assessed in Pakistani children: Societal costs
amounted to 1.44% of gross domestic product and 4.45% of disability-adjusted life-years in Pakistan in
2013, which hindered the country’s development [111].

When deciding about an empirical administration of micronutrients, the analytical costs of
deficiency diagnosis must be considered. The European Society for Clinical Nutrition and Metabolism
(ESPEN) monitoring recommendations indicate that some vitamin and trace element analysis
(inductively coupled plasma mass spectrometry: ICP-MS) are expensive [112]. They are actually
more expensive than the empirical administration. A semi-automatic weekly determination of blood
selenium levels in our ICU resulted in major costs that could be contained by the decision to let blood
sampling be prescribed only by the ICU nutritionists and dieticians in patients at risk [113].

A multi-micronutrient tablet costs 0.80 € (the IV dose in Table 1 costs 25 €), which is negligible
compared to the cost of one day in hospital, or worse, in the ICU. This prescription is likely to be
beneficial if the administration is standardized, and limited to the first week of hospitalization, and to
patients on enteral feeding.

5. Conclusions

Micronutrient deficiencies and borderline status are more frequent than generally acknowledged.
The most important potential acute deficiency that may compromise outcome is thiamine deficiency.
Other deficiencies will impact on immune defenses and anabolic capacity. Therefore, an empirical and
cheap complementation strategy, based on daily oral multi-micronutrient products providing DRI,
may be justified for hospital inpatients for one week. It is important to state that the evidence from
trials is still missing.
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DRI Dietary Reference Intakes
CKD Chronic kidney disease
CM cardiomyopathy
CRP C-reactive protein
ESC
ESPEN

European Society of Cardiology
European Society for Clinical Nutrition and Metabolism

GPX Glutathione peroxidase
HF Heat failure
IBD inflammatory bowel disease
IV Intravenous
RDA recommended daily allowance
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Abstract: In critically ill children admitted to pediatric intensive care units (PICUs), enteral nutrition
(EN) is often delayed due to gastrointestinal dysfunction or interrupted. Since a macronutrient deficit
in these patients has been associated with adverse outcomes in observational studies, supplemental
parenteral nutrition (PN) in PICUs has long been widely advised to meeting nutritional requirements.
However, uncertainty of timing of initiation, optimal dose and composition of PN has led to a
wide variation in previous guidelines and current clinical practices. The PEPaNIC (Early versus
Late Parenteral Nutrition in the Pediatric ICU) randomized controlled trial recently showed that
withholding PN in the first week in PICUs reduced incidence of new infections and accelerated
recovery as compared with providing supplemental PN early (within 24 h after PICU admission),
irrespective of diagnosis, severity of illness, risk of malnutrition or age. The early withholding
of amino acids in particular, which are powerful suppressors of intracellular quality control by
autophagy, statistically explained this outcome benefit. Importantly, two years after PICU admission,
not providing supplemental PN early in PICUs did not negatively affect mortality, growth or health
status, and significantly improved neurocognitive development. These findings have an important
impact on the recently issued guidelines for PN administration to critically ill children. In this review,
we summarize the most recent literature that provides evidence on the implications for clinical
practice with regard to the use of early supplemental PN in critically ill children.

Keywords: Pediatric Intensive Care Unit; enteral nutrition; early parenteral nutrition; critical illness

1. Introduction

Optimal nutritional support is considered of paramount importance for critically ill children
admitted to the pediatric intensive care unit (PICU), since malnutrition and inadequate nutrient
delivery have been associated with worse clinical outcome [1,2]. Moreover, critically ill children
have limited macronutrient stores and relatively higher energy requirements than adults admitted to
the intensive care unit (ICU), which can lead to substantial caloric and macronutrient deficits [2–4].
The feeding is thought to attenuate the metabolic stress response, prevent oxidative cellular injury
and modulate immune responses, and has led to a shift from nutritional support as adjunctive care to
actual therapy of the critically ill child [5]. The enteral route is preferred for providing nutrition [5].
However, critically ill children are often too ill to be fed normally by mouth, and nasogastric or
nasoduodenal tube feeding is often not tolerated because of gastric dysmotility or ileus. Interruption
of enteral feeding also occurs frequently for various reasons, like medical or surgical contraindications,
or radiology, bedside or surgical procedures [6]. Therefore, parenteral nutrition (PN) is often initiated
to supplement the insufficient enteral intake. Nonetheless, official guidelines on timing and thresholds
of initiation, composition and doses of supplemental PN vary widely [5,7–9]. Moreover, concerns about
overfeeding have led to even more uncertainty [9]. A recent survey showed significant differences
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in nutritional practices in PICUs worldwide, in terms of macronutrient goals, estimation of energy
requirements, timing of nutrient delivery and thresholds for starting supplemental PN [10]. In this
review, we summarize the most recent literature findings affecting evidence and clinical practices
with regard to the use of early PN in critically ill children. We searched PubMed up to April 2019,
without language restrictions, using different combinations of the search terms “parenteral nutrition”,
“PICU”, “early” and “pediatric critical illness”. We focused on publications of the last eight years,
discussed in the context of earlier work.

2. Timing of PN Initiation

Several observational studies have shown that malnutrition is associated with worse clinical
outcome [1,2,11]. A macronutrient deficit has been associated with infections, weakness, prolonged
mechanical ventilation and delayed recovery. For that reason, guidelines used to recommend that when
provision of enteral nutrition (EN) is insufficient, impossible or contraindicated, supplemental PN
should be initiated [7,12,13]. However, observational studies cannot assign causality to an association.
Hence, the association between inadequate nutrition and worse clinical outcome might merely exist
because of a non-optimal nutritional support for the sickest children, which are at the highest risk of
adverse outcome. Although it seems intuitive that providing early nutrition will be beneficial, it does
not necessarily mean that nutritional support in the early phase of critical illness will improve clinical
outcome [9]. In critically ill adults, the large multicenter EPaNIC (Early versus Late Parenteral Nutrition
in ICU, n = 4640) randomized controlled trial (RCT) showed that withholding supplemental PN until
day eight of an ICU stay (late PN), and thus accepting a substantial macronutrient deficit, was associated
with fewer ICU infections, a shorter duration of mechanical ventilation and renal-replacement therapy
and a shorter ICU and total hospital stay as compared with initiating supplemental PN early (within 48 h
after ICU admission) [14]. Data generated by the broad international yearly survey of clinical nutrition
practices “nutritionDay” revealed an important change in the pattern of PN prescription after publication
of the EPaNIC results (Personal communication kindly shared by Prof. Dr. M. Hiesmayr, nutritionDay
Project Leader). As compared with adults, critically ill children have limited stores of energy, fat and
protein, as well as relatively higher energy requirements [2,3]. Since this makes them more vulnerable
to a substantial caloric and macronutrient deficit, the effect of withholding supplemental PN in critically
ill children could be different than in adults. Therefore, a multicenter PEPaNIC RCT (Early versus Late
Parenteral Nutrition in the Pediatric ICU) was conducted [15] that investigated the same intervention
in 1440 critically ill children aged 0–17 years in three PICUs in Belgium, the Netherlands and Canada.
Withholding supplemental PN during the first week in critically ill children resulted in fewer new
infections, a shorter dependency on mechanical ventilation and general intensive care and a shorter
hospital stay as compared with providing PN early (within 24 h after PICU admission; see Figure 1).
The clinical superiority of late PN was more pronounced in children than it was in adults, and was
shown irrespective of diagnosis, severity of illness, risk of malnutrition or age of the child [15]. This last
finding was surprising, since neonates are more susceptible to macronutrient deficits than older
children [7], raising concerns by experts [16–18]. To address these concerns, a secondary analysis of
the PEPaNIC trial was performed to investigate the effects of withholding PN for one week in 209
critically ill neonates who did not (or could hardly) tolerate EN [19]. Analyses were performed for
term neonates aged up to four weeks, up to one week and younger than one day. Late PN resulted
in fewer nosocomial infections in neonates aged up to one week and younger than one day, and in
shorter dependency on intensive care and mechanical ventilation for all studied age groups of neonates.
Hence, term neonates also benefited from withholding PN during the first week in the PICU, which is in
agreement with findings for older children and adults [14,15]. Moreover, there was a more pronounced
benefit of late PN in the youngest children, as shown in Figure 1. Since a macronutrient deficiency
is presumed to be more detrimental during acute illness in undernourished children [5], a second
subanalysis of the PEPaNIC RCT was performed, investigating the effects of withholding supplemental
PN during the first PICU week in a subgroup of critically ill children who were undernourished upon
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admission to the PICU [20]. Undernourishment was defined as a weight-for-age z score lower than −2
in children younger than one year, and a body mass index-for-age z score lower than −2 in children one
year or older. This identified 289 of 1440 PEPaNIC patients (20%) with undernourishment upon PICU
admission. Among the undernourished patients, late PN reduced the absolute risk of new infections
and shortened the duration of PICU stay. These effect sizes of late PN were even larger than in the main
trial cohort of the PEPaNIC RCT. Late PN did not affect the safety outcomes of mortality, incidence
of hypoglycemia or weight deterioration during PICU stay in the undernourished patients. A larger
longitudinal study of all PEPaNIC patients with weight z scores available on admission and on the
last day in the PICU showed that weight deterioration during PICU stay was associated with worse
clinical outcomes, but that withholding supplemental PN during the first week did not alter weight z
score deterioration during the PICU stay [21].

Figure 1. Bars represent incidence of (A) the risk of acquiring a new infection in PICUs (percentage),
(B) duration (days) of PICU stay, (C) duration (days) of mechanical ventilation, and (D) duration (days)
of total hospital stay. Whiskers indicate standard errors of the mean. Asterisks represent p values < 0.05
obtained with multivariable analysis adjusting for baseline risk factors (treatment center, age, risk of
malnutrition (STRONGkids score), diagnosis upon admission and severity of illness (Pediatric Logistic
Organ Dysfunction (PeLOD) score, and Pediatric Risk of Mortality 2 (PIM2) score) for all patients;
treatment center, risk of malnutrition, diagnosis upon admission and severity of illness for children
and infants; and treatment center, type of illness upon admission (medical, surgical cardiac, surgical
other), severity of illness and weight for age z score for neonates).

The benefits of withholding supplemental PN during the first week in the PICU appeared not only
present from a clinical point of view, but also from a health–economic perspective. A cost-effectiveness
study indeed showed that the total direct medical costs were considerably lower with late PN as
compared with early supplemental PN initiation [22]. This cost saving was beyond the expected
lower costs for the use of PN itself, since avoidance of new infections by late PN yielded the largest
cost reduction.
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A possible limitation of the PEPaNIC RCT is the use of standard equations for the estimation of
energy requirements instead of indirect calorimetry [23]. However, the use of indirect calorimetry for
estimating energy expenditure does not seem to be accurate [24], or feasible [25], and is not frequently
used in daily practice [10,26].

Apart from the PEPaNIC RCT, no other randomized controlled trial investigating the use or
timing of supplemental PN in critically ill children has been published in the last eight years. A limited
number of observational studies on the use of supplemental PN and over- and underfeeding in
PICUs showed different results [2,24,27]. A retrospective single center study showed that late
initiation of supplemental PN was associated with a higher nosocomial infection rate as compared
with early initiation of supplemental PN [27]. In contrast, an observational study in 31 PICUs
showed that the use of PN in general was associated with higher mortality [2]. Another retrospective
study determining the incidence of over- and underfeeding in 139 children admitted to a tertiary
PICU showed that underfeeding was associated with shorter durations of PICU and hospital stays,
as well as with fewer ventilation days, as compared with appropriately fed and overfed patients [24].
However, the observational design of these studies holds a risk of bias by confounding variables,
especially in nutritional research [28]. Therefore, comparison with the results of the PEPaNIC RCT is
challenging. Further randomized controlled trials are warranted to determine the ideal time point for
initiation of supplemental PN in PICUs.

3. Early PN Composition and the Role of Macronutrients

Although extensive guidelines on the composition of PN in critically ill children are available [5],
a recent survey on nutritional practices in PICUs worldwide showed a wide variation in parenterally
administered doses of protein, lipids and glucose [10]. Protein targets in particular seem to be a point
of discussion. Several studies have assessed the association between protein delivery to and clinical
outcome of critically ill children [2,29,30]. In an observational international cohort study that included
500 critically ill children, mortality at 60 days was higher in patients who received PN independently
of the amount of energy or protein intake [2]. However, an important severity of illness bias has to be
taken into account, since patients who are less sick are more likely to better tolerate EN. The study
adjusted for severity of illness using admission scores, but data for calculating this severity of illness
score were missing in 31% of the included patients, and the choice of severity of illness score differed
between the participating centers [2]. Another large multicenter observational study of the same
group showed an association between higher enteral protein intake and lower odds of mortality in
more than 1200 mechanically ventilated critically ill children [29]. The effect was dose-dependent, and
independent of energy intake. Again, the incomplete datasets and the lack of uniform usage for severity
of illness scores, and the substantial number of patients who received EN, could potentially bias these
observations. The authors reasoned that an increased demand in amino acids in catabolic disease,
such as critical illness, could contribute to increased higher protein degradation from muscle to ensure
bodily functions [29], which is associated with poor outcome [31]. By providing proteins, the synthesis
of muscle proteins might be boosted, and thereby muscle loss could be prevented, possibly limiting the
severity of intensive care unit-acquired weakness [32]. Nevertheless, a preplanned secondary analysis
of the adult EPaNIC study did not support this concept, as increased macronutrient intake with early
PN, including more amino acids, did not counteract muscle atrophy and actually increased the risk
of developing clinically relevant muscle weakness in the ICU [33]. Interestingly, in a preplanned
secondary analysis of the PEPaNIC RCT, the dose of amino acids was actually associated with more
infections and a longer dependency on mechanical ventilation and other intensive medical care in
children admitted to the PICU [30]. This risk of harm associated with early amino acid administration
was elevated even at low doses of administered amino acids. A possible explanation for the difference
between these results and the ones from the previously cited observational studies is the randomized
design of the PEPaNIC trial, in which the doses of macronutrients differed from patient to patient
and ranged widely [30]. In critically ill adults, three RCTs could not show benefits from early amino
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acid supplementation [34–37], but clinical trials on the effects of amino acid administration on clinical
outcome in critically ill children in a randomized manner are lacking [38]. In contrast with the harm
of amino acid administration, the secondary analysis of the PEPaNIC RCT suggested a benefit of
glucose and lipid administration. Indeed, administering more glucose during the first three days of
PICU stay was independently associated with fewer infections, and administering more lipids was
independently associated with earlier PICU discharge [30]. Clearly, large-scale prospective RCTs in
critically ill children are needed to identify the optimal composition of supplemental PN [9,38].

4. Impact of Early PN on Long-Term Outcome

Because of new insights in diagnostic and therapeutic measures in the field of pediatric critical
care medicine [39], centralization of care [40] and specialized staff training and education [41,42],
there has been an important decline in the mortality rate in PICUs over the last decades [43,44].
However, this improved survival has led towards a shift to considerable long-term morbidity,
years after discharge [45,46]. This has been most thoroughly documented in regards to impairment of
neurocognitive development, but it also includes growth retardation and may comprise poor physical
functioning and reduced quality of life [47–50]. The fact that children are treated in the PICU during
crucial developmental phases likely plays a role. Interestingly, it appears that, to a certain extent,
neurocognitive outcome is modifiable, as shown by the attenuation of neurocognitive impairment
with the prevention of hyperglycemia during intensive care [51]. Treatments in PICUs that have
been shown to cause neurodevelopmental harm, such as anesthetic and analgesic agents [52,53] and
toxicants such as phthalates that leach from indwelling medical devices [54], may also be targets for
research into safer alternatives. Concerning nutrition in PICUs, in relation to long-term outcome,
experts were concerned about the safety of withholding early supplemental PN in neonates in
view of the more frequent episodes of hypoglycemia observed in the late PN arm of the PEPaNIC
RCT [15,17]. However, in a previous large randomized controlled trial investigating the effect of tight
glycemic control on morbidity and mortality in PICUs and on long-term neurocognitive development,
a high incidence of brief hypoglycemia with tight glycemic control was not associated with harm to
neurocognitive development, as documented four years later [51]. The proportion of neonates included
in the PEPaNIC RCT was similar to that in the tight glycemic control trial [15,55]. In a preplanned
two-year follow-up study, in which all patients included in the PEPaNIC RCT were approached
for possible assessment of physical and neurocognitive development, exposure to hypoglycemia
also did not associate with the investigated long-term outcomes [53]. Moreover, the main results of
this follow-up study showed no adverse effects of withholding supplemental PN during the first
week in PICUs on survival, anthropometrics, health status and neurocognitive development. In fact,
omitting early supplemental PN in PICUs improved parent-reported executive functioning (inhibition,
working memory, metacognition and overall executive functioning), externalizing behavioral problems
and visual-motor integration two years later, as compared with early supplemental PN. In particular,
a better inhibitory control was observed (Figure 2). Since poor inhibitory control in children contributes
to impulsive and destructive behaviors that upset or harm others [56], delaying supplemental PN
can have important consequences on daily life and social environments later in life. The long-term
effects of late versus early supplemental PN were more pronounced in patients who were younger than
one year of age at the time of PICU admission as compared with older children. This age-dependent
vulnerability supports the hypothesis that the harm induced by early supplemental PN might be
caused by a direct metabolic insult to the developing brain, since it was not statistically explained by
the acute effects of the intervention itself, such as the increased incidence of new infections or delayed
recovery. However, further research is warranted to unravel the underlying mechanisms that would
provide support for this hypothesis. Although long-term outcomes and quality-of-life years after PICU
discharge have gained great importance in research [45,46], investigating these outcomes is logistically
challenging, expensive and time-consuming. To investigate whether these long-term effects persist or
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change over time, a four-year follow-up study of the PEPaNIC RCT is currently ongoing, of which the
results are expected by 2020.

Figure 2. Density estimates for inhibitory function as reported by parents or caregivers.
Densities, which correspond to the proportions of children with a certain score (equivalent to a
smoothed histogram), are shown separately for healthy control children and for PEPaNIC participants
who were randomly assigned to receive late PN or early PN. Higher scores indicate worse functioning.
Each line corresponds to one of 31 imputed datasets. Figure reprinted from [53] with permission
from Elsevier.

5. Potential Mechanisms Underlying Harm by Early PN

Several mechanisms may contribute to an adverse clinical impact of administering PN in the early
phase of critical illness in children. As early PN has affected both short-term and long-term outcomes
of patients, carryover effects persisting in the long term must play a role.

5.1. Potential Mechanisms Underlying the Adverse Impact of Early PN on Short-Term Outcome

As discussed, it was the administration of more amino acids that was associated with adverse
short-term outcomes evoked by early PN in the PEPaNIC study [30]. The mechanisms underlying the
potential harm of amino acids in this context remain to be unraveled, but it is possible to speculate.
First, amino acids are powerful suppressors of autophagy [57], a pathway shown to be crucial in
critically ill humans and animals for innate immunity and the removal of cellular damage [58,59].
Autophagy activation appeared suppressed in muscle from randomized adult patients exposed to
early PN as compared with late PN in the EPaNIC trial, and amino acids in particular suppressed
autophagy activation in a rabbit model of prolonged critical illness [33,58,59]. Second, macronutrients
and amino acids in particular have long been assumed to counteract the hypercatabolic response
to critical illness, which mobilizes amino acids by (mainly muscle) protein breakdown to guarantee
substrate delivery to vital tissues [60]. More specifically, administration of exogenous amino acids was
thought to circumvent the need for endogenous amino acid release and to stimulate muscle protein
synthesis. However, once amino acid doses exceed anabolic capacity, they no longer stimulate muscle
protein synthesis but are shuttled towards the liver for production of urea [61]. Such increased plasma
urea concentrations were observed in early PN patients in the PEPaNIC RCT as compared with late
PN patients [15]. In critically ill adults who received early PN, the administered amino acids did not
counteract muscle wasting [33], but increased plasma urea and urinary nitrogen excretion (with a net
waste of 63% of the extra nitrogen intake from early PN in the first two weeks) [62], which can cause



J. Clin. Med. 2019, 8, 830

harm to both liver and kidney. These results are in line with the EAT-ICU trial (Early goal-directed
nutrition in ICU patients) results, in which increased urea production—but no beneficial effect on
outcome—was seen with early goal-directed nutrition versus standard nutritional care in critically ill
adults [63]. Altogether, these findings suggest that muscle wasting during the acute phase of critical
illness may be considered an adaptive response designed to provide substrates for gluconeogenesis in
order to meet the energy requirements of vital organs [32].

5.2. Potential Mechanisms Underlying the Adverse Impact of Early PN on Long-Term Outcome

Underlying mechanisms of the long-term harm caused by early PN in the context of critical
illness remain largely unraveled. The clinical benefits of late PN observed far beyond the
intervention window suggests that early PN induces carry-over “memory” effects with a negative
impact on long-term outcome. Poor long-term outcomes in other conditions have been related
to accelerated telomere shortening and the induction of aberrant so-called “epigenetic” changes.
Importantly, inadequate nutrition may cause both adverse effects. Hence, these processes may also
play a role in the developmental impairment of critically ill children and the adverse impact of early
PN on neurocognitive development.

Telomeres are nucleoprotein complexes at the end of human chromosomes that shorten with
each cell cycle. Telomere shortening can be accelerated by environmental and lifestyle factors [64,65],
including excessive food consumption and/or unhealthy nutrition [66,67]. It has been demonstrated
that critically ill children enter the PICU with significantly shorter leukocyte telomeres than matched
healthy children [68]. More importantly, early PN had a telomere-shortening effect as compared with
late PN in critically ill children between PICU admission and discharge, independent of baseline risk
factors and post-randomization factors. Whether this accelerated telomere shortening contributes to
long-term developmental impairment, and particularly the neurocognitive impairment caused by early
PN, remains to be investigated.

The involvement of aberrant epigenetic changes in long-term consequences after acute events in
life appears plausible. Epigenetics refers to the study of heritable changes in gene expression that do
not involve changes in the underlying DNA sequence. Epigenetic changes play an important role in
physical and neurocognitive development [69–72]. The most stable epigenetic change is the methylation
or de-methylation of DNA. This is the attachment to or removal of a methyl group from a nucleotide,
which occurs almost exclusively at the 5’ carbon in the cytosine residue of a CpG dinucleotide [69,70].
Alterations in DNA methylation have been implicated in the adverse effects of various environmental
stressors, such as inadequate nutrition (both undernutrition and overfeeding), that have been shown
to impact long-term health and disease [73]. Particularly during early life, DNA methylation changes
may bring about long-term effects [71,72,74]. Data are needed on whether nutritional management in
the early phase of critical illness induces aberrant changes in DNA methylation, which could explain
the adverse impact of early PN on neurocognitive development.

6. Conclusions and Newest Guidelines

Nutritional support is considered to be an important aspect of patient care in PICUs [26], with large
differences in PICUs worldwide regarding practices of supplemental PN for patients in whom EN as the
preferred route is insufficient or impossible [5,10]. A large multicenter RCT showed that withholding
supplemental PN throughout the first week in the PICU was clinically superior for short-term outcome
as compared with initiating supplemental PN within 24 h after admission [19]. This was the case
independent of age [19] or nutritional status [20]. The administered amino acids in particular appeared
to explain the adverse impact of early provision of PN, possibly via suppression of required autophagy
activation and the shuttling of amino acids to urea production with harmful effects to the liver and
kidney. In the long-term, omitting PN during the first week of pediatric critical illness did not
show harm, and actually improved executive functioning, behavioral problems and visual-motor
integration, as compared with administering PN early. These findings had an important impact
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on recent ESPGHAN (European Society for Pediatric Gastroenterology Hepatology and Nutrition)
pediatric PN guidelines [60], in which it is advised to consider withholding PN, including amino acids,
for one week in critically ill infants, children and adolescents. However, the lack of other RCTs in
this specific field makes it challenging to compare these findings with other available recent studies.
Further research, in the form of multicenter RCTs, is warranted to determine the optimal composition
and ideal timing of initiation of supplemental PN in critically ill children.
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Abstract: Serum visceral proteins such as albumin and prealbumin have traditionally been used as
markers of the nutritional status of patients. Prealbumin is nowadays often preferred over albumin
due to its shorter half live, reflecting more rapid changes of the nutritional state. However, recent focus
has been on an appropriate nutrition-focused physical examination and on the patient’s history for
diagnosing malnutrition, and the role of inflammation as a risk factor for malnutrition has been
more and more recognized. Inflammatory signals are potent inhibitors of visceral protein synthesis,
and the use of these proteins as biomarkers of the nutritional status has been debated since they are
strongly influenced by inflammation and less so by protein energy stores. The current consensus
is that laboratory markers could be used as a complement to a thorough physical examination.
Other markers of the nutritional status such as urinary creatinine or 3-methylhistidine as indicators
of muscle protein breakdown have not found widespread use. Serum IGF-1 is less influenced by
inflammation and falls during malnutrition. However, its concentration changes are not sufficiently
specific to be useful clinically as a marker of malnutrition, and serum IGF-1 has less been used in
clinical trials. Nevertheless, biomarkers of malnutrition such as prealbumin may be of interest as easily
measurable predictors of the prognosis for surgical outcomes and of mortality in severe illnesses.

Keywords: malnutrition; inflammation; nutritional assessment; biomarkers; albumin; prealbumin;
IGF-1; elderly; prognostic marker

1. Introduction

Malnutrition has a substantial clinical and socioeconomic significance; it increases rates of
complications in hospitalized patients and healthcare-associated costs. Its prevalence has been
estimated in hospitals of Western countries to be 30–50% and in long-term care facilities up to 85%
depending on the definition and the type of population studied [1–3].

One of the problems of diagnosing malnutrition is the lack of a unified definition and of standard
methods for screening and diagnosis.

Malnutrition results from a mismatch of nutritional requirements with intake. In many
malnourished patients, there is an associated disease-related inflammation, resulting in a complex
interplay between the two. Inflammation influences both, requirements and intake. It promotes
malnutrition and adverse outcomes by provoking anorexia and by altering metabolism with elevation
of resting energy expenditure and by increasing muscle catabolism [4].

The appreciation that inflammation plays a major role in the pathophysiology of malnutrition is
often lacking, and many clinicians assume that weight loss is the single most important criterion for a
malnourished state. This has led to frequent underrecognition of the condition [5].

The purpose of this review is to review the published literature on the role of laboratory biomarkers
as a tool to diagnose malnutrition, to assess nutritional risk and to monitor nutritional intervention.
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2. Role of Biomarkers in Published Screening Tools to Assess the Risk of Malnutrition

About half of all published risk scores of malnutrition use serum laboratory markers such as
visceral proteins, and others do not (Table 1).

Table 1. Anthropometric parameters and biomarkers in various nutritional assessment and screening
tools (adapted from [3] with an update, in chronological order of publication.

Nutritional Assessment and
Screening Tool

Anthropometric Parameters and History Biomarkers

Prognostic Nutritional Index [6] Triceps skin fold Albumin, transferrin,
skin sensitivity

Prognostic Inflammatory and
Nutritional Index [7] None Albumin, prealbumin, C-reactive

protein, α1-acid glycoprotein

Subjective Global Assessment
(SGA) [8]

Weight history, diet history, primary
diagnosis, stress level, physical symptoms

(s.c. fat, muscle wasting, edema), functional
capacity, gastrointestinal symptoms

None

Birmingham Nutrition
Risk Score [9]

Weight loss, BMI, appetite, ability to eat,
stress factor, (severity of diagnosis) None

Nutrition Risk Classification [10] Weight loss, percentage ideal body weight,
dietary intake, gastrointestinal function None

Mini Nutritional Assessment
(MNA; [11]

Weight data, height, mid-arm
circumference, calf circumference, diet

history, appetite, feeding mode

Albumin, prealbumin, cholesterol,
lymphocyte count

Malnutrition Screening Tool [12] Appetite, unintentional weight loss None

Simple Screening Tool [13] Body mass index (BMI), percentage
weight loss Albumin

Full nutritional assessment [14]
BMI, information on unintended weight
loss, triceps skinfold thickness, mid-arm

muscle circumference

Serum albumin, prealbumin, and
total lymphocyte count

Malnutrition Universal Screening
Tool (MUST) [15]

BMI, change in weight, presence of
acute disease None

Nutritional Risk Screening (NRS)
2002 [1]

Weight loss, BMI, food intake,
diagnosis (severity) None

Short Nutrition Assessment
Questionnaire [16]

Recent weight history, appetite, use of oral
supplement or tube feeding None

Controlling nutritional status
(CONUT) [17] None Serum albumin, total cholesterol

and total lymphocyte count

Maastricht Index [18] Percentage ideal body weight Albumin, prealbumin,
lymphocyte count

Nutritional Risk Index [19] Present and usual body weight Albumin

Elderly Nutritional Indicators for
Geriatric Malnutrition Assessment

(ENIGMA) [20]
Nutritional history Albumin, hemoglobin, total

cholesterol and lymphocyte count

Results of these screening tests vary considerably, as shown in a Greek study in elderly subjects [2].
These authors found the highest validity coefficient for MUST but a lower specificity for NRS 2000
which has frequently been used.

A consensus committee of the European and US nutritional societies (ESPEN and ASPEN) proposed
three sub-definitions of malnutrition. “Starvation-related malnutrition” is present when there is chronic
starvation without inflammation; “chronic disease-related malnutrition” is defined as a condition
when inflammation is chronic and of mild to moderate degree, and “acute disease or injury-related
malnutrition” occurs when inflammation is acute and of severe degree [21]. The criteria for diagnosis
of these sub-definitions were energy intake, weight loss, body fat, muscle mass, fluid accumulation
and grip strength but no biomarkers [22]. Among ancillary parameters, serum visceral proteins were
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mentioned, but since they would rather reflect the state of inflammation it was proposed to use them
with caution to diagnose malnutrition.

A meta-regression published recently [23] assessed the role of biomarkers in describing the
severity of malnutrition according to established and validated nutritional assessment tools. A total of
111 studies (observational and cohort studies; randomized controlled trials were not available) were
included, representing 52,911 participants from various clinical settings. The BMI (p < 0.001) and
concentrations of albumin (p < 0.001), hemoglobin (p < 0.001), total cholesterol (p < 0.001), prealbumin
(p < 0.001) and total protein (p < 0.05) among subjects at high risk of malnutrition assessed by MNA
were significantly lower than those with low risk. Similar results were observed for malnutrition
identified by SGA and NRS 2002. When patients with acute illnesses were included, the predictive
value of albumin and prealbumin was distinctly reduced, confirming the conclusion that they are more
markers of inflammation than of malnutrition. The authors concluded that BMI, hemoglobin, and total
cholesterol were useful markers of malnutrition in older adults.

3. Serum Visceral Proteins as Biomarkers of the Nutritional Status

Visceral proteins are mostly synthesized in the liver. Poor protein and energy intake, impaired liver
synthetic function as well as inflammatory status result in low circulating levels of visceral proteins.
During inflammatory states and increased production of acute-phase proteins the liver reprioritizes
protein synthesis, and lowers as a mirror visceral protein synthesis to a degree which correlates with
the severity of the injury.

3.1. Serum Albumin

Albumin is the most abundant protein in human serum. It has been used for decades as an
indicator of malnutrition in patients in clinically stable conditions (review and meta-analysis [24]).
Serum albumin concentrations decrease with increasing age by approx. by 0.1 g/L per year; however,
age itself is not a cause of distinct hypoalbuminemia.

There is a clear relationship between serum albumin concentrations and all-cause mortality in
elderly subjects [25]. In patients with a hip fracture, albumin levels below 35 g/L were associated with
higher rates of post-operative complications such as sepsis and higher overall mortality. Significant loss
of muscle mass has been observed in elderly people with low albumin levels. Inflammatory states and
in particular, high concentrations of the cytokines IL-6 and TNF-alpha, were two of the main factors
causing low levels of serum albumin [24]. Systemic inflammation not only reduces albumin synthesis
but increases its degradation and promotes its transcapillary leakage.

Other studies also found this protein to be a good predictor of surgical outcome [26,27].
Compared to nine other risk variables, serum albumin was the strongest predictor. These findings
were confirmed in a later study [26], but whether hypoalbuminemia was due to undernutrition or
advanced disease was not clarified in these trials.

When serum albumin as a biomarker for the differential diagnosis of unexplained weight loss
(involuntary weight loss of more than 5 kg in the previous 6 months) was included in a study from
Spain in 306 referred patients, a little more than one-third were ultimately diagnosed with a malignancy.
Multivariate analysis found the strongest predictors of a neoplasm were age >80 years, white blood
cell count > 12,000/mm3 and serum albumin < 3.5 g/dL [28].

Albumin has been criticized as a player in nutritional assessment due to its lack of specificity and
long half-life (approximately 20 days) [29]. Serum albumin concentrations not only decrease during
decreased synthesis due to inflammatory cytokines as mentioned above or to hepatic insufficiency,
they may also decrease following renal losses in nephrotic syndrome and to losses via the GI tract in
protein-losing enteropathies [30].
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3.2. Serum Prealbumin

Prealbumin, also named transthyretin, is a transport protein for thyroid hormone and is synthesized
by the liver and partly catabolized by the kidneys. Serum prealbumin concentrations less than 10 mg/dL
are associated with malnutrition [31].

The use of prealbumin has been advocated as a nutritional marker, particularly during refeeding
and in the elderly [32]. The main advantage of prealbumin compared to albumin is its shorter half-life
(two to three days) (Table 2), making it a more favorable marker of acute changes of the nutritional state.
In addition, prealbumin was not influenced by intestinal protein losses in patients with protein-losing
enteropathy [30].

Table 2. Characteristics of serum visceral proteins used as nutritional markers.

Protein Molecular Weight Half-Life Reference Range

Albumin 65,000 20 days 3.30 to 4.80 g per dL
Transferrin 76,000 10 days 0.16 to 0.36 g per dL
Prealbumin 54,980 2 days 16 to 35 mg per dL

Retinol-binding protein 21,000 1/2 day 3–6 mg/dL

Table adapted from Spiekerman AM [33].

Prealbumin levels may be increased in the setting of renal dysfunction, corticosteroid therapy or
dehydration, whereas they can be decreased during physiological stress, infection, liver dysfunction,
and over-hydration [34].

An algorithm that uses prealbumin has recently been proposed as a practical guide to help the
clinician to stratify general medical and intensive care patients by risk of complications and outcome [34].
Prealbumin screening should only performed when an acute inflammatory state (CRP > 15 mg/L) was
excluded. A prealbumin level of < 0.11 g/L was associated with increased mortality and length of stay,
and an increase by less than 0.04 g/L per week indicated failure of nutritional therapy.

An increase in the C-reactive protein/prealbumin ratio in medical intensive care unit patients has
been associated with mortality [35], and a low C-reactive protein/prealbumin ratio in surgical patients
predicted the successful closure of gastrointestinal fistulas [36]. Routine measurement of prealbumin
has been advocated to be a useful nutritional and prognostic indicator in non-ICU patients without
inflammation [34].

Several publications reported a role for prealbumin in predicting prognosis (mostly survival) in
various clinical conditions such as gastric cancer [37], lung cancer [38] and cardiovascular diseases [39].

3.3. Albumin and Prealbumin in Starved and Otherwise Healthy Malnourished Subjects

A systematic review assessed the role of albumin and prealbumin in otherwise healthy subjects
who were severely nutrient- deprived due to poor access to food or unwillingness to eat, mostly due to
anorexia nervosa [40]. The study showed that serum albumin and prealbumin levels were maintained
even in the presence of distinct weight loss, and they were lowered only during extreme starvation
(BMI < 11 kg/m2). The authors concluded that serum visceral proteins are not predictive of nutritional
deprivation and should not be used to guide nutritional therapy in this group of patients.

3.4. Transferrin

This acute-phase reactant is a transport protein for iron. It has a relatively long half-life
(approx. 10 days), and has also been used as a marker of the nutritional status [41] It is influenced
by other factors including iron status, liver disease and inflammatory state. Like prealbumin,
transferrin levels increase with renal failure [42]. Some authors found transferrin measurements useful
for nutritional assessment [43], other did not [44].

During iron-deficiency the levels of transferrin are elevated whereas they are decreased in
iron-overload states. Serum transferrin increased in parallel to prealbumin during nutritional
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intervention in critically ill children [45]. Serum levels decrease in the setting of severe malnutrition,
but this marker has been found to be unreliable in the assessment of mild malnutrition and of fat-free
mass in a group of elderly Italian patients [46].

3.5. Retinol-Binding Protein (RBP)

This is a low molecular weight protein with the physiological role to transport retinol from the
liver to target organs. It represents the visceral protein with the shortest half-life (approx. 12 h) [33].
According to a review [47] it provides similar responses to energy intake to prealbumin, but it is more
difficult to measure than the latter and it is influenced by the vitamin A status. For these reasons there
RBP measurements have not found widespread application.

4. Laboratory Markers of Malnutrition Other Than Visceral Proteins

4.1. Urinary Creatinine

Creatinine is the end product of creatine which consists of 3 amino acids and is mainly present in
muscle. Provided that renal function is intact its excretion reflects creatinine production which in turn
is a mirror of skeletal muscle turnover. Each mmol of creatinine in urine is derived from 1.9 kg skeletal
muscle [47]. The disadvantages are that it is slowly responding to changes of the nutritional status and
that it depends on renal function and requires 24 h urine collections.

4.2. Urinary 3-Methylhistidine

3-methylhistidine is a component of muscle fibers and is not reutilized by the body. Its urinary
excretion reflects the amount of fat-free mass and it can be used as a measure of the rate of muscle
protein breakdown. It is less dependent on renal function than creatinine; it is often expressed per mmol
of urinary creatinine [47]. Both assay of urinary creatinine and 3-methylhistidine have not found
widespread use mainly due to the fact that urinary collections are often cumbersome, their excretion
may increase after meat intake and they show a relatively poor sensitivity to monitor changes of body
protein stores.

4.3. Serum Cholesterol

As can be seen in Table 1, some nutritional screening tools used total serum cholesterol as
parameter of malnutrition. Serum cholesterol concentrations show a U-shaped relationship with
mortality, and low levels have been associated with increased mortality [48]. However, sensitivity and
specificity to monitor malnutrition are low.

4.4. Delayed Hypersensitivity and Blood Lymphocyte Count

The local inflammatory response to a s.c. injection of an antigen is impaired during severe malnutrition.
At the same time, maturation of lymphocytes may be reduced in malnourished patients so that total
circulating lymphocyte concentration falls to less than 1500/mm3 (reference range 2000–3500) [47].

These abnormalities can be taken as supporting evidence for protein-energy malnutrition, however,
they are not specific and insensitive, and concomitant diseases and a severe stress reaction may also
have an effect. Both markers respond slowly to correction of the nutritional status. These reasons limit
their use as diagnostic tools for malnutrition.

4.5. Serum Insulin-Like Growth Factor 1 (IGF-1)

IGF-1 (formerly called Somatomedin C) is a ubiquitous growth factor, and the circulating form is
mainly produced by the liver. Pituitary growth hormone stimulates its release. Its serum half-life is short
(approx. 24 h), and it is largely bound in plasma to binding proteins (mainly IGF BP 3). Fasting lowers
plasma IGF-1 levels more than 4 fold and IGF-1 concentrations increases during nutritional repletion.
A correlation between energy intake (and less so of protein intake) and plasma IGF-1 concentrations
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has been reported [49]. IGF-1 levels were a reliable index of protein-energy undernutrition in elderly
patients in the recovery period after surgery for hip fracture; however, according to this trial, this marker
was also influenced by inflammation [50]. In contrast, IGF-1 levels were not clearly influenced by
inflammation in other groups of surgical patients [51,52]. IGF-1 concentrations are altered by liver
disease, renal impairment and severe trauma such as burns [47]. Nevertheless, IGF-1 performed better
during nutritional rehabilitation to monitor protein and energy status than albumin or transferrin [53].
Drawback of IGF-1 measurements is the fact that their serum concentrations are influenced by
other factors such as the acute-phase response. More recently, there has been interest in free IGF-I
which holds promise as a nutritional marker (review in [54]. In spite of the earlier positive reports,
IFG-1 measurements have not been advocated in more recent publications.

4.6. Serum Leptin

Decreased serum leptin concentrations combined with elevated prothrombin time has been
reported in malnourished hospitalized patients with end-stage liver disease [55].

4.7. Serum Nesfatin-1

Nesfatin-1 is an anorexigenic molecule and seems to play a role in appetite regulation and
energy homeostasis. Serum nesfatin-1 concentrations have been shown to be increased in chronically
malnourished but otherwise healthy children [56].

4.8. Serum Zinc

Zinc is the most abundant trace element in man beside iron; it is present in all body tissues
and fluids and is an essential component of many enzymes. Zinc deficiency has been associated
with impaired taste and smell, reduced immunity and increased risk of pneumonia [57]. In cases
of severe zinc deficiency, skin lesions, anemia, diarrhea, anorexia, decreased lymphocyte function,
impaired visual function and mental retardation may be observed. Several psychological functions
were impaired in elderly subjects with zinc deficiency [58].

Zinc deficiency is due to low intake of zinc-containing foods such as meat and to decreased
absorption caused by intestinal malabsorption [57]. According to a large sample of the TromsØ study,
the risk of zinc deficiency was increased 3 fold in subjects at high risk of malnutrition, particularly in
men [59]. Assessment of the zinc status carries the problems that only a small fraction of body
zinc is circulating, and most serum zinc is bound to albumin. Therefore, albumin deficiency makes
interpretation of serum zinc levels difficult. In spite of the widespread functions of zinc in the
body and the potential importance replacing zinc in subjects with zinc deficiency, there is little
high-quality evidence of the therapeutic benefit of zinc replacement in adult subjects. A randomized
controlled trial in children with protein-energy malnutrition and zinc deficiency showed benefits
of zinc replacement [60]. It is likely that zinc deficiency in subjects at risk of malnutrition remains
often unrecognized.

4.9. Other Essential Micronutrients (Trace Elements and Vitamins)

Laboratory assessment of other trace elements such as iron is not specifically mentioned as part
of current nutritional screening tools. This does not mean that in cases with clinical suspicion of
micronutrient deficiency this should not be performed. The same can be stated for laboratory screening
for vitamin deficiencies, in particular, those of vitamins A, B1, B6, B12, D, and folate.

5. Biomarkers of Nutritional Risk in Some Specific Clinical Conditions

5.1. Geriatric Patients

Dementia: Eating and swallowing problems increase the risk of malnutrition. According to a
study from a memory clinic in the Netherlands, about 14% of community-dwelling subjects with newly
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diagnosed dementia were at risk of malnutrition [61]. These authors pointed out that it is important to
detect malnutrition in dementia as early as possible.

In patients with dementia, the nutritional history may only be obtainable by asking family
caregivers about appetite and weight change of patients. However, it is unknown whether nutritional
information provided by family caregivers are reliable, and therefore biomarkers of malnutrition
would be of particular interest.

A recent study compared biochemical blood markers among patients with Alzheimer’s disease
(AD), dementia with Lewy bodies (DLB), and frontotemporal lobar degeneration (FTLD) [62]. A total
of 339 dementia outpatients and their family caregivers participated. Low serum albumin was 7.2 times
more prevalent among patients with DLB and 10.1 times more prevalent among those with FTLD
than among those with AD, with adjustment for age. The levels of biochemical markers were not
significantly correlated with cognitive function. These authors proposed that a multidimensional
approach including serological biomarkers such as albumin are needed to assess malnutrition in
patients with dementia.

Sarcopenia in the elderly: A clinical investigation performed in elderly persons supported the
view that prealbumin levels are useful surrogate indicators of lean body mass (LBM). Compared to
serum albumin and RBP, prealbumin showed the highest positive correlation with LBM [46]. In order to
improve its predictive potency for sarcopenia the reference values for prealbumin should be adapted to
the corresponding age and sex [32]. Ingenbleek proposed that routine screening for protein malnutrition
using prealbumin should be performed in elderly subjects [63].

5.2. Chronic Kidney Disease

A position paper from the International Society of Renal Nutrition and Metabolism (ISRNM)
stated that serum biomarkers played a particular role in diagnosing malnutrition in patients with
kidney failure [64]. Protein-energy wasting can be observed in chronic and in acute kidney disease,
and protein-energy wasting is diagnosed according to this publication when low serum biomarkers
(albumin, prealbumin, or cholesterol), reduced body mass and reduced muscle mass are present.

Serum prealbumin levels were positively correlated with body cell mass in pre-dialytic kidney
patients [65]. Serum biomarkers were part of a new nutritional risk index for predicting mortality
in Japanese hemodialysis patients [66]. Cox proportional hazard models indicated that in addition
to low BMI, low albumin, low creatinine, and low serum cholesterol predicted independently and
significantly mortality within one year.

6. Conclusions

The role played by serum biomarkers in diagnosing or monitoring malnutrition is controversial,
particularly in more recent reports. This is explained by their relatively low specificity and by the fact
that underlying diseases such as inflammation exert a major influence, particularly on serum visceral
proteins. In addition, the role of biomarkers to guide nutritional therapy has not been studied in large
randomized controlled trials. A recent randomized controlled multicenter trial in hospitalized patients
with malnutrition might fill this gap in the near future [67]. Nevertheless, biomarkers such as prealbumin
are valid prognostic indicators of disease outcome and of mortality in patients at risk of malnutrition.
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