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Preface to ”Medical Nutrition Therapy in Critically Ill
and COVID-19 Patients”

The COVID-19 pandemic, in addition to the enormous challenges that were placed on the

scientific community when responding to the situation, was accompanied by many questions

regarding the nutritional management of these cases. In particular, the increase in the number of

patients admitted to Intensive Care Units gave rise to a number of questions. The nutritional support

of the critically ill patient who is hospitalized in the Intensive Care Unit is one of the most important

factors for planning treatment and the rehabilitation of dysfunctions.

The present summary attempted to present the basic principles of nutritional support of patients

admitted to the ICU with COVID-19. The purpose of this Special Issue is to provide a comprehensive

approach regarding the factors of a proper and effective nutrition support plan among patients

treated in the ICU, but also to provide scientific studies that provide updates on the importance of

nutritional evaluation and nutritional support in patients with serious cardiorespiratory diseases. The

importance of malnutrition and the complications of artificial nutrition in the clinical picture of the

patient and in the course of his disease, demonstrate the severity of the effects of diet in critically ill

patients in the ICU.

Dimitrios T. Karayiannis and Zafeiria Mastora

Editors
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COVID-19 Disease and Outcomes among Critically Ill Patients:
The Case of Medical Nutritional Therapy
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The recent COVID-19 pandemic, which resulted from SARS CoV-2 coronavirus infec-
tion, contributed toa rapid increasein hospital and intensive care unit (ICU) admissions [1].
Although during the last 3 years there have been numerous research publications on patient
care, data concerning the role of the dietary approach in the overall treatment of the disease
are minimal. Moreover, with regard to the dietary approach during COVID-19 critical
illness, practice guidelines are based on data which were developed too quickly and were
basedontargeted recommendations on feeding the critically ill [2]. Since then, new sources
of data have emerged, which clearly display significant nutritional challenges.

In relation to the organization of the provision of nutritional care, data from the USA
proclaim that only about 1 in 5 centers (21%) have developed a specialized protocol for the
provision of nutritional treatment [3]. Among these centers, some of the key issues raised
by feeding staff included the difficulty of feeding awake patients and the reluctance to add
additional PN in cases of inadequate EN administration. The results of this study reported
that the emphasis given tothe exclusive administration of food through the gastric tract
was rarely effective in this group of patients.

Why are we so interested in providing individualized nutritional therapy to critically
ill patients with COVID-19? Firstly, these patients tend to exhibit a significantly higher
length of hospital stay compared to other subcategories of critically ill patients, while
simultaneously they will need nutritional support for longer periods, according to the data
of Arrieta et al., as presented in the current Special Issue (SI) [4]. In addition, according to
recent findings, about 8 in 10 patients will leave the ICU at high nutritional and sarcopenia
risk [5]. This finding supports the hypothesis that these patients obviously do not receive
optimal nutritional care. Additionally, disease symptoms and de-arrangement of the
nutritional status persists until 6 months after hospital discharge, as an interesting French
study published in this SI informed us [6]. The authors supported the hypothesis that
COVID-19 patients had a much higher risk of developing muscle weakness, malnutrition
and functional loss. On the other hand, the presence of obesity or overweight seems to
be positively related to the likelihood of death during hospitalization among COVID-19
patients [7].

In relation to the energy requirements of the critically ill COVID-19 patients, studies
report that there are substantial differences compared to other groups of critically ill
patients, characterized by a prolonged hypermetabolic state [8]. The hyperinflammatory
response during COVID-19 disease is a systemic phenomenon leading to a cytokine storm
with an increase in systemic markers such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) [9]. This prolonged period of hyperinflammation causes several
metabolic disorders and extremely high levels of energy expenditure, and secondarily other
changes, such as severe insulin resistance, tumor overload and hypernatremia secondary to

Nutrients 2022, 14, 1416. https://doi.org/10.3390/nu14071416 https://www.mdpi.com/journal/nutrients1
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imperceptible loss and osmotic diuresis [10]. Patients usually present with hypocalcaemia,
hyperkalaemia or hypokalaemia, hyperphosphataemia (secondary to muscle breakdown
and mitochondrial insufficiency), and hypertriglyceridaemia.

Are there any data on best nutrition support practices? Unfortunately, there are no data
from randomized clinical trials, with the exception of some micronutrient supplementation
studies with immunomodulating actions [11]. Although reduced levels of vitamin C, D,
Zinc and selenium may be considered as a risk factor for patients with COVID-19, data from
published studies so far highlight the lack of well-designed clinical intervention, evaluating
the effect of the administration of either individual nutrients or their combination [11].
Kakavas et al., in the present SI hypothesized that immunonutrient administration could be
associated with a reduction in the de novo synthesis and/or release of histamine and other
mast cell mediators that could mediate, at least in part, the immune and microvascular
alterations present in COVID-19 [12].

When it comes to the feeding route, retrospective data from 176 patients suggest that
the majority of patients tend to reach protein and caloric requirements through the use of
Parenteral Nutrition during the first week of hospitalization [13]. One recent prospective
monocentric study conducted in a large Greek ICU and published in this SI evaluated the
influence of feeding practices on patient outcomes. In this study, the route for delivery
of full nutritional support (enteral vs. parenteral nutrition) during the second week of
hospitalization was not associated with mortality risk [14]. However, there was a significant
difference in length of hospital stay and duration of mechanical ventilation support, both
being lower in the enteral feeding group.In relation to the macronutrient composition of
the diet, fragmentary reports show a tendency for lower mortality in those who receive
adequate amounts of protein, but these data do not come from high-quality studies [15].
Regarding more critical questions, such as the optimal macronutrient ratio, when to use par-
enteral nutrition, when to start enteral nutrition in patients with vasopressors, how tofeed
prone ventilated patients, how to consider extubation phase and whether there is utility
tousing special feeds (fish oil, immunonutrition), there are choices, but no answersyet.

In conclusion, the key concept identified in this SI was that optimizing dietary practices
for patients both during their ICU stay and beyond is crucial. Clinicians should be capable
of managing their patients both during their hospitalization and rehabilitation phase, in
order to confirm the continuous care and to minimize the susceptibility of adverse events
due to malnutrition.

Author Contributions: Writing—original draft preparation, D.K.; writing—review and editing, D.K.,
S.K., Z.B. and Z.M. All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.
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and Marzena Zielińska 5,7
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Abstract: Background: Coronavirus disease 2019 (COVID-19) has become one of the leading causes
of death worldwide. The impact of poor nutritional status on increased mortality and prolonged
ICU (intensive care unit) stay in critically ill patients is well-documented. This study aims to assess
how nutritional status and BMI (body mass index) affected in-hospital mortality in critically ill
COVID-19 patients Methods: We conducted a retrospective study and analysed medical records
of 286 COVID-19 patients admitted to the intensive care unit of the University Clinical Hospital in
Wroclaw (Poland). Results: A total of 286 patients were analysed. In the sample group, 8% of patients
who died had a BMI within the normal range, 46% were overweight, and 46% were obese. There was
a statistically significantly higher death rate in men (73%) and those with BMIs between 25.0–29.9
(p = 0.011). Nonsurvivors had a statistically significantly higher HF (Heart Failure) rate (p = 0.037) and
HT (hypertension) rate (p < 0.001). Furthermore, nonsurvivors were statistically significantly older
(p < 0.001). The risk of death was higher in overweight patients (HR = 2.13; p = 0.038). Mortality was
influenced by higher scores in parameters such as age (HR = 1.03; p = 0.001), NRS2002 (nutritional risk
score, HR = 1.18; p = 0.019), PCT (procalcitonin, HR = 1.10; p < 0.001) and potassium level (HR = 1.40;
p = 0.023). Conclusions: Being overweight in critically ill COVID-19 patients requiring invasive
mechanical ventilation increases their risk of death significantly. Additional factors indicating a
higher risk of death include the patient’s age, high PCT, potassium levels, and NRS ≥ 3 measured at
the time of admission to the ICU.

Keywords: COVID-19; malnutrition; SARS-CoV-2; nutritional status; intensive care unit

1. Introduction

On 30 August 2021, 216 million people were infected, and 4.5 million had died of
severe coronavirus disease 2019 (COVID-19) [1]. The impact of poor nutritional status on
increased mortality and prolonged ICU (intensive care unit) stays in critically ill patients is
well known and well-documented [2]. Old age, male sex, comorbidities, being overweight,
obesity and malnutrition are some of the known risk factors for severe COVID-19 cases [3].
Moreover, COVID-19 infection lasting several days or even weeks prior to ICU admission
enhances patient malnutrition, which in turn leads to increased pathogenicity of the
infecting agent and disease progression [4,5]. Furthermore, published studies show a risk of

Nutrients 2021, 13, 3302. https://doi.org/10.3390/nu13103302 https://www.mdpi.com/journal/nutrients5
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malnutrition in COVID-19 patients. The incidence of malnutrition in patients hospitalised
for COVID-19 is 50% [6,7]. Due to malnutrition observed in mechanically ventilated
patients even months after discharge from the ICU, both the examination of the nutritional
status of critically ill patients at the beginning of hospitalisation and early initiation of
nutritional treatment are of great importance [8]. Being overweight and obesity are also
factors that worsen prognosis. Individuals coping with these conditions have a higher risk
of CVD (cardiovascular disease) and DM (diabetes mellitus). In addition, overweight and
obese individuals may experience respiratory complications due to increased ventilatory
demand, increased work during breathing, respiratory muscle insufficiency and decreased
respiratory compliance [9].

Patients who require treatment in the ICU should be assessed for nutritional status [10].
According to the criteria for diagnosing malnutrition set out by the Global Leadership
Initiative on Malnutrition (GLIM), every patient at increased risk for malnutrition should
be screened. GLIM indicates that tools such as NRS 2002 (Nutritional Risk Score), SGA
(Subjective Global Assessment), MUST (Malnutrition Universal Screening Tool), or MNA
(Mini Nutritional Assessment) can be used for screening. In Poland, every person admitted
to a hospital ward should undergo a screening test performed using NRS 2002 or SGA (the
test does not apply to patients in a hospital Emergency Department; ED) [11,12]. According
to ESPEN (European Society for Clinical Nutrition and Metabolism) experts, at-risk patients
with more severe COVID-19 should be screened with NRS 2002 if hospitalised [13].

This study aims to assess how nutritional status and BMI (body mass index) affected
in-hospital mortality in critically ill COVID-19 patients.

2. Materials and Methods

2.1. Study Design and Setting

A retrospective study was performed based on an analysis of medical records of active
COVID-19 patients (ICD10: U07) admitted to the ICU of the University Clinical Hospital in
Wroclaw (Poland) between September 2020 and June 2021. The study followed the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) guidelines.

2.2. Study Population

All the patients who met the following inclusion criteria were analysed: primary
diagnosis of COVID-19 (confirmed by RT-PCR), age ≥ 18 years, mechanical ventilation
(invasive ventilation), hospitalisation in the ICU.

A final group of 286 patients’ medical records was analysed. The analysis included
data (collected at the time admission) concerning patients’ age, sex and BMI; test results
such as total cholesterol (TC), triglycerides (TGs), albumins, lymphocytes, potassium,
sodium, C-reactive protein (CRP), procalcitonin (PCT); data concerning medical history
and comorbidities, as well as assessment of the patients’ nutritional status using NRS 2002.

2.3. Nutritional Screening

The NRS 2002 is one of the screening tools recommended by GLIM for risk assessment
of nutritional status. The scale consists of two parts.

1. Impaired nutritional status, in which weight loss and BMI are assessed. The same
applies to the percentage of food intake compared to its requirements within the last
week. The rating scale is 0–3 points, where 0 is lack of deterioration of health status,
and 3 is severe deterioration of health status.

2. Severity of disease (an increase in requirements), in which, depending on the disease,
patients may receive 0–3 points, where 0 is normal nutritional requirements and 3 is
high disease severity (e.g., head injury, bone marrow transplant). Moreover, if patients
are over 70, they get an additional point. Thus, patients can score 0–7 points. Nutri-
tional therapy is indicated in patients with NRS ≥ 3 [14]. The WHO criteria were used
for classifying patients as underweight (BMI < 18.5 kg/m2), with normal weight (BMI:
18.5–24.9 kg/m2), pre-obese (BMI: 25–29.9 kg/m2) and obese (BMI ≥ 30 kg/m2).
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A physician measured the NRS 2002 and BMI at the time of admission to the ICU.

2.4. Statistical Analysis

Statistical analysis was performed using Statistica 13.1 software (TIBCO, Inc., Palo
Alto, CA, USA). First, arithmetic means and standard deviations were calculated for
measurable variables. Next, quantitative variables were examined using the Shapiro-Wilk
test to determine the distribution type. Then, intergroup comparisons were made using
the t-test or the Mann-Whitney U test (if assumptions were met). Finally, the comparison
of results of more than two groups was performed using one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test (if assumptions were met).

Survival analysis was carried out using the Kaplan-Meier method and refers to ICU
mortality. The log-rank test was used for comparing patient survival against selected clini-
cal variables. The Cox proportional hazards model was used for assessing the influence
of qualitative or quantitative variables on patient survival. The analysis included both
categorical variables and continuous variables. The categorical variables included sex,
BMI (18.5–24.9, <18.5, 25.0–29.9, ≥30), NRS (<3 vs. ≥3), HF (heart failure, yes/no), HT
(hypertension, yes/no), DM (diabetes mellitus, yes/no), CVD (cardiovascular disease,
yes/no), CKD (chronic kidney disease, yes/no), CRD (chronic respiratory disease, yes/no),
TGs (triglycerides, <135, 135–200, >200), TC (total cholesterol, <40, >40). The continu-
ous variables included age, BMI [kg/m2], height [m], body weight [kg], TGs [mg/dL],
TC [mg/dL], CRP [mg/L], albumins [g/dL], lymphocytes [%], PCT [ng/mL],
potassium [mmol/l], sodium [mmol/L].

Variables such as BMI, TC, or NRS were analysed as continuous and categorical
variables in the univariate model. Variables were included in the multivariate model in
accordance with the adopted criteria. Those criteria included the outcome of p < 0.30
in a univariate model, a lack of correlation of variables, and clinical recommendations.
Multivariate analysis was performed using backwards elimination to stay in the model. For
the final multivariate model, the variables were selected according to the better fit of the
model based on the assessment of the goodness of fit (AIC). The results were considered
statistically significant at p < 0.05.

3. Results

3.1. Characteristics of the Group

The profile of the whole group with a comparison of the analysed characteristics of the
survivors and nonsurvivors is shown in Table 1. A total of 286 patients were analysed. Due
to a lack of data for some parameters, those numbers are smaller and are provided for each
variable. There was a statistically significantly higher death rate in men (73%, n = 142) and
those with BMI between 25.0–29.9 (46% vs. 26%; p = 0.011). Nonsurvivors had a statistically
significantly higher HF rate (9% vs. 2%; p = 0.037) and HT rate (55% vs. 24%; p < 0.001).
Furthermore, nonsurvivors were statistically significantly older (x = 63.6 vs. x = 53.8 years;
p < 0,001), taller (x = 175.9 vs. x = 172.1 cm; p = 0.008). Considering laboratory test
parameters, PCT levels were statistically significantly higher in nonsurvivors. TC levels
were statistically significantly lower in nonsurvivors (Table 1).
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Table 1. Characteristics of the group with a comparison of survivors and nonsurvivors.

Variables
Total (n = 286)

Death

p-Value *No (n = 92) Yes (n = 194)

n % n % N %

Sex (n = 286) M 194 67.8 52 56.5 142 73.2 0.005

BMI (n = 194)

<18.5 - - - - - -

0.011
18.5–24.9 22 11.3 11 19.3 11 8.03

25.0–29.9 78 40.2 15 26.3 63 45.9

≥30 94 48.5 31 54.4 63 45.9

NRS (n = 286)
<3 28 9.8 9 9.8 19 9.8

0.991≥3 258 90.2 83 90.2 175 90.2

HF (n = 286) Yes 19 6.64 2 2.2 17 8.8 0.037

HT (n = 286) Yes 145 50.7 38 41.3 107 55.2 0.029

DM (n = 286) Yes 92 32.2 25 27.2 67 34.5 0.214

CVD (n = 286) Yes 99 34.6 30 32.6 69 35.6 0.622

CRD (n = 286) Yes 24 9.4 6 6.52 18 9.3 0.433

CKD (n = 286) Yes 8 2.8 1 1.1 7 3.6 0.232

TC (n = 232) >190 49 21.1 20 24.4 29 19.3 0.900

TGs (n = 251) >150 183 72.9 58 73.4 125 72.7 0.372

Variables x SD x SD x SD p-value **

Age (n = 286) 60.5 13.2 53.8 13.5 63.6 11.8 <0.001

ICU length stay (n = 286) 14.2 14.4 20.2 16.0 11.0 12.6 <0.001

NRS (n = 286) 3.3 1.1 3.1 1.1 3.4 1.1 0.061

BMI (n = 194) 31.0 5.7 31.6 6.4 30.7 5.4 0.291

TGs [mg/dL] (n = 251) 250.3 148.3 236.7 160.5 256.5 142.5 0.333

TC [mg/dL] (n = 232) 144.2 50.7 155.8 47.9 137.9 51.2 0.010

Albumins [g/dL] (n = 276) 2.9 0.4 2.9 0.4 2.9 0.4 0.652

Lymphocytes [%] (n = 271) 9.3 10.4 9.4 7.7 9.3 11.5 0.981

Potassium [mmol/L] (n = 280) 4.4 0.8 4.3 0.7 4.5 0.9 0.092

Sodium [mmol/L] (n = 280) 139.6 5.4 140.2 4.2 139.2 5.8 0.141

CRP [mg/L] (n = 281) 140.1 100.2 132.7 87.1 143.5 105.7 0.400

PCT [ng/mL] (n = 280) 2.1 8.7 0.5 0.8 2.9 10.4 0.030

Abbreviations: n, number of participants; x mean; SD, standard deviation; M, males; p, level of significance; BMI, body mass index; NRS,
nutritional risk screening; HF, heart failure; HT, arterial hypertension; DM, diabetes mellitus; CVD, cardiovascular disease; CRD, chronic
respiratory disease; CKD, chronic kidney disease; TGs, triglycerides; TC, total cholesterol; CRP, C-reactive protein; PCT, procalcitonin; * χ2

test; ** t-test.

3.2. Subgroup Analysis According to BMI

A comparison of the assessed variables between groups according to BMI is shown in
Tables 2 and 3. Men showed a statistically significantly higher percentage in the BMI ranges
of 18.5–24.9 kg/m2, 25.0–29.9 and above 30 kg/m2, compared to women. The highest
percentage of deaths was observed in patients with BMI between 25.0 and 29.9 kg/m2

(Table 2). The highest (statistically significant) CRP levels were observed in the group of
patients with BMI between 18.5 and 24.9 kg/m2.
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Table 2. Comparison of assessed parameters (qualitative variables) and BMI range (WHO criteria) values.

Variables

BMI

p-Value *18.5–24.9
n = 22

25.0–29.9
n = 78

≥30
n = 94

n % n % n %

Sex M 21 95.5 65 83.3 53 56.4 <0.001

NRS
<3 2 9.09 8 10.26 4 4.26

0.300≥3 20 90.91 70 89.74 90 95.74

Death Yes 11 50.00 63 80.77 63 67.02 0.011

HF Yes 1 4.55 6 7.69 6 6.38 0.861

HT Yes 9 40.91 41 52.56 55 58.51 0.311

DM Yes 5 22.73 28 35.90 35 37.23 0.433

CVD Yes 6 27.27 27 34.62 28 29.79 0.722

CRD Yes 0 0.00 9 11.54 10 10.64 0.261

CKD Yes 1 4.55 2 2.56 2 2.13 0.811

TC >190 4 21.05 10 16.13 16 20.25 0.792

TGs >150 11 57.89 53 74.65 67 81.71 0.081
Abbreviations: n, number of participants; M, males; p, level of significance; BMI, body mass index; NRS, nutritional
risk screening; HF, heart failure; HT, arterial hypertension; DM, diabetes mellitus; CVD, cardiovascular disease;
CRD, chronic respiratory disease; CKD, chronic kidney disease; TGs, triglycerides; TC, total cholesterol; CRP,
C-reactive protein; PCT, procalcitonin; * χ2 test.

Table 3. Comparison of assessed parameters (quantitative variables) and BMI range (WHO criteria) values.

Variables

BMI

p-Value **18.5–24.9
n = 22

25.0–29.9
n = 78

≥30
n = 94

n x SD n x SD n x SD

Age 22 56.6 17.2 78 62.8 10.0 94 60.2 12.2 0.081

NRS 22 3.4 1.4 78 3.4 1.2 94 3.4 1.0 1.001

TGs [mg/dL] 19 215.8 160.8 71 242.9 123.7 82 259.4 128.7 0.392

TC [mg/dL] 19 143.1 46.1 62 131.2 50.7 79 149.7 48.8 0.091

Albumins [g/dL] 21 3.0 0.4 76 2.9 0.5 91 3.0 0.4 0.202

Lymphocytes [%] 18 6.0 3.7 76 10.2 14.3 90 9.3 6.7 0.322

Potassium
[mmol/L] 21 4.4 0.9 77 4.5 0.9 92 4.3 0.6 0.281

Sodium [mmol/L] 21 138.8 4.0 77 140.6 5.4 92 139.4 5.8 0.242

CRP [mg/L] 21 183.5 115.9 77 122.3 100.8 92 133.8 89.5 0.040

PCT [ng/mL] 21 2.5 8.6 76 1.7 4.7 92 1.9 9.3 0.913
Abbreviations: n, number of participants; x, mean; SD, standard deviation; p, level of significance; BMI, body
mass index; TGs, triglycerides; TC, total cholesterol; CRP, C-reactive protein; PCT, procalcitonin; ** t-test.

3.3. Subgroup Analysis According to NRS

Comparisons of the assessed parameters between groups according to NRS scores are
shown in Tables 4 and 5. Based on the NRS score, two groups were distinguished: NRS <3
and ≥3. There were no statistically significant differences between the groups.
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Table 4. Comparison of assessed parameters (qualitative variables) and NRS scores.

Variables

NRS

p-Value *<3
n = 28

≥3
n = 258

n % n %

Sex M 18 64.39 176 68.22 0.671

BMI

<18.5 2 14.29 20 11.11

0.30118.5–24.9 8 57.14 70 38.89

25.0–29.9 4 28.57 90 50.00

Death Yes 19 67.86 175 67.83 0.994

HF Yes 1 3.57 18 6.98 0.493

HT Yes 11 39.29 134 51.94 0.202

DM Yes 9 32.14 83 32.17 0.992

CVD Yes 13 46.43 86 33.33 0.171

CRD Yes 4 14.29 20 7.75 0.244

CKD Yes 0 0.00 8 3.10 0.343

TC >190 7 30.43 42 20.10 0.253

TGs >150 17 68.00 166 73.45 0.561
Abbreviations: n, number of participants; M, males; p, level of significance; BMI, body mass index; NRS, nutritional
risk screening; HF, heart failure; HT, arterial hypertension; DM, diabetes mellitus; CVD, cardiovascular disease;
CRD, chronic respiratory disease; CKD, chronic kidney disease; TGs, triglycerides; TC, total cholesterol; CRP,
C-reactive protein; PCT, procalcitonin; * χ2 test.

Table 5. Comparison of assessed parameters (quantitative variables) and NRS scores.

Variables

NRS

p-Value **<3
n = 28

≥3
n = 258

n x SD n x SD

Age 28 57.3 13.2 258 60.8 13.2 0.181

BMI 14 29.6 6.7 180 31.1 5.7 0.362

Height [cm] 13 174.5 8.2 180 174.8 9.1 0.901

Body Mass [kg] 13 85.6 13.1 181 94.8 17.7 0.071

TGs [mg/dL] 25 240.1 150.0 226 251.4 148.5 0.722

TC [mg/dL] 23 148.9 61.1 209 143.7 49.6 0.644

Albumins [g/dL] 27 2.8 0.5 249 2.9 0.4 0.071

Lymphocytes [%] 26 8.2 3.9 245 9.5 10.9 0.551

Potassium [mmol/L] 27 4.6 1.1 253 4.4 0.8 0.242

Sodium [mmol/L] 27 141.1 5.4 253 139.4 5.4 0.121

CRP [mg/L] 28 123.5 93.7 253 141.9 100.9 0.364

PCT [ng/mL] 28 3.6 16.0 252 2.0 7.5 0.351
Abbreviations: n, number of participants; x, mean; SD, standard deviation; p, level of significance; BMI, body
mass index; TGs, triglycerides; TC, total cholesterol; CRP, C-reactive protein; PCT, procalcitonin; ** t-test.

3.4. Survival Analysis

Survival analysis is shown in Kaplan-Meier survival curves (Figure 1). The median
survival was 14 days (Table 6). Total survival was 32.2% (n = 92).
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Figure 1. Analysis of survival of the whole group.

Table 6. Survival time.

Survival Time [Days]

Percentiles
25 percentiles (lower quartile) 6.0

50 percentiles (median) 14.3

75 percentiles (upper quartile) 25.3

3.5. Survival Analysis—Group Comparisons

A comparison of survival curves was performed according to BMI and NRS. There
were no statistically significant differences (Table 7, Figures 2 and 3).

 

Figure 2. Comparison of survival curves according to BMI scores.
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Table 7. Descriptive statistics for survival time, number of deaths and survival according to BMI and
NRS scores.

Descriptive Statistics

Me x SD n—Death n—Survivors

BMI

<18.5 - - - - -

18.5–24.9 13.0 18.0 17.8 11 11

25.0–29.9 11.5 10.8 8.2 63 15

≥30 11.0 14.7 16.6 63 31

NRS
<3 10.0 13.2 14.8 19 9

≥3 11.0 14.4 14.3 175 83
Abbreviations: n, number of participants; Me, median; x, mean; SD, standard deviation; BMI, body mass index;
NRS, nutritional risk screening.

 

Figure 3. Comparison of survival curves according to NRS scores.

Assessment of the influence of selected variables on mortality is shown in Table 8 (Cox
proportional hazards regression). It was observed that the risk of death increased in the
group with BMI in the range of 25.0–29.9 (HR = 2.18; p = 0.010). Taking the quantitative
variables into account, the risk of death was lower in patients with higher levels of TC
(HR = 0.996; p = 0.034) and sodium (HR = 0.97; p = 0.033). However, age (HR = 1.03;
p < 0.001), NRS (HR = 1.18; p = 0.019), high potassium (HR = 1.34; p = 0.002) and PCT
(HR = 1.04; p < 0.001) also affected mortality.

Table 8. Assessment of the influence of variables on mortality: the Cox proportional hazards
regression model, a single model.

p-Value HR
95% CI HR

(Lower)
95% CI HR

(Upper)

Sex (n = 286) M 0.451 1.13 0.82 1.56

BMI (n = 194)

18.5–24.9 Ref.

25.0–29.9 0.010 2.18 1.14 4.16

≥30 0.662 1.62 0.85 3.07

NRS (n = 286)
<3 Ref.

≥3 0.661 0.90 0.56 1.44
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Table 8. Cont.

p-Value HR
95% CI HR

(Lower)
95% CI HR

(Upper)

HF (n = 286) Yes 0.281 1.32 0.79 2.21

HT (n = 286) Yes 0.733 1.05 0.79 1.40

DM (n = 286) No 0.344 1.15 0.86 1.55

CVD (n = 286) Yes 0.941 1.01 0.75 1.36

CRD (n = 286) Yes 0.080 1.55 0.95 2.52

CKD (n = 286) Yes 0.641 1.20 0.56 2.55

TGs (n = 251) >150 0.671 1.08 0.77 1.51

TC (n = 232) >190 0.184 0.76 0.51 1.14

Variables

Age (n = 286) 0.000 1.03 1.02 1.04

NRS (n = 286) 0.019 1.18 1.03 1.35

BMI (n = 194) 0.522 0.99 0.96 1.02

Height [cm] (n = 193) 0.762 1.00 0.98 1.02

Body Mass [kg] (n = 194) 0.733 1.00 0.99 1.01

TGs [mg/dL] (n = 251) 0.844 1.00 1.00 1.00

TC [mg/dL] (n = 232) 0.034 1.00 0.99 1.00

Albumins [g/dL] (n = 276) 0.844 1.04 0.74 1.44

Lymphocytes [%] (n = 271) 0.811 1.00 0.99 1.02

Potassium [mmol/L] (n = 280) 0.002 1.34 1.11 1.61

Sodium [mmol/L] (n = 280) 0.033 0.97 0.95 1.00

CRP [mg/L] (n = 281) 0.283 1.00 1.00 1.00

PCT [ng/mL] (n = 280) 0.000 1.04 1.03 1.05
Abbreviations: n, number of participants; M, males; HR, hazard ratio; CI, confidence interval; p, level of
significance; BMI, body mass index; NRS, nutritional risk screening; HF, heart failure; HT, arterial hypertension;
DM, diabetes mellitus; CVD, cardiovascular disease; CRD, chronic respiratory disease; CKD, chronic kidney
disease; TGs, triglycerides; TC, total cholesterol; CRP, C-reactive protein; PCT, procalcitonin.

Variables were included in the multivariate model in accordance with the adopted
criteria. The criteria included the outcome of p < 0.30 in a univariate model, a lack of
correlation of variables, and clinical recommendations. The following variables were
included in the model: BMI (categories), HF, TC (quantitatively), age, NRS (quantitatively),
potassium, sodium, CKD, CRP and PCT (Table 9).

The multivariate analysis showed that age (HR = 1.03, p ≤ 0.001), potassium (HR = 1.40,
p = 0.023), PCT (HR = 0.10, p < 0.001) and BMI 25.00–29.99 correlated with mortality
(HR = 2.13, p = 0.038). Table 9 shows statistically significant variables.
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Table 9. Assessment of the influence of variables on mortality: the Cox proportional hazards regression model, a multivariate model.

n = 153 Beta Standard Error Chi-Square p-Value HR 95% CI HR (Lower) 95% CI HR (Upper)

Age 0.03 0.01 11.2 0.001 1.03 1.01 1.05

Potassium [mmol/L] 0.34 0.15 5.2 0.023 1.40 1.05 1.88

PCT [ng/mL] 0.09 0.02 23.5 <0.001 1.10 1.06 1.14

BMI
25.0–29.9 0.33 0.16 4.3 0.038 2.13 1.03 4.40

≥30 0.09 0.16 0.3 0.561 1.68 0.81 3.47

Abbreviations: n, number of participants; M, males; HR, hazard ratio; CI, confidence interval; p, level of significance; BMI, body mass index;
TC, total cholesterol, PCT, procalcitonin.

4. Discussion

The nutritional status of COVID-19 patients is undoubtedly related to complications,
and increased risk of death during in-patient treatment. The present study showed that
patients with COVID-19 who died in the ICU were statistically significantly more likely
to have comorbidities such as HF (p = 0.037) or HT (p = 0029). Nearly 68% of patients did
not survive to discharge. Men died statistically significantly more often (p = 0.005). Other
authors report between 20 and 62% of deaths during hospitalisation in the ICU and in the
case of mechanically (either noninvasively or invasively) ventilated patients, from 50% to
as much as 97% [15–17].

In the study group, the risk of death more than doubled (HR = 2.18) in patients who
were overweight. The reasons for this may be that overweight patient are often not aware
of their health condition because they do not have symptoms (e.g., metabolic disorders
such as hypertension, insulin resistance, dyslipidemia or prediabetes, which frequently
occur in overweight patients); therefore, they are less likely to undergo health examinations
to diagnose their diseases, and comorbidities can lead to an increasingly severe course of,
and consequent death from, COVID-19. It is widely known that both being overweight
and obesity are risk factors for developing many comorbidities (including hypertension,
CVD, DM2, obstructive sleep apnea) considered as risk factors for severe complications
of COVID-19 [18–20]. In addition, being overweight and obesity alone may cause, e.g.,
chronic inflammation, which may lead to lowered immunity and lung function impairment.
Jingzhou et.al. showed that being overweight was significantly associated with COVID-19
mortality at a global level [21].

Excessive body fat impedes respiratory gas exchange. Subcutaneous adipose tissue in
the frontal part of the chest and at its sides increases its resistance during respiration, and,
as a consequence, the patient might require higher positive pressure during mechanical
ventilation [22]. It is also worth emphasising that abnormal body weight could be a
problem during patient extubation. In such cases, especially in patients with obesity, there
is a higher probability of upper airway obstruction and re-intubation [23]. According to
Kompaniyets et al., in the United States from March to December 2020, among 34,899
patients hospitalised in the ICU for COVID-19, almost 28% were overweight and 50% were
obese. The risk of death increased with increasing BMI [24]. In Europe (England), Gao
et al. revealed in their prospective study that among 1601 patients in the ICU, 31% were
overweight, and 50% were obese [25]. The results of the current study are similar. Among
all inpatients, more than 40% were overweight, and nearly 50% were obese. Similar results
were reported in France, where being overweight and obesity concerned 41.4% and 43.4%
of ICU in-patients, respectively. In the cited study, the death rate was lower and amounted
to 18.5%. Interestingly, multifactorial analysis indicated a paradoxical relationship between
the category of BMI and mortality. Patients whose BMI was ≤29 kg/m2 (OR = 3.64) and
those whose BMI was >39 kg/m2 (OR = 10.45) were more at risk of death compared to those
with a BMI of 29–39 kg/m2 [26]. Researchers point out that the risk of a severe COVID-19
disease course and invasive ventilation in the ICU is higher in patients being overweight
or with obesity [27,28]. On the other hand, they also demonstrated that obesity is not a
predictor of a higher risk of death in the ICU. A study by Zhaozhong et al. confirmed
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that there were more patients with obesity admitted to the ICU compared to those with
a BMI < 30 kg/m2 but, at the same time, obesity did not affect survival in these hospital
units [29]. In another study, severe obesity classified as a BMI > 35 kg/m2, and male
sex, were independently related to the need for patient intubation and death [30]. Some
studies, in this case, refer to the so-called “obesity paradox”. Ironically, in patients with
CVD, despite increased health risks associated with obesity, treatment outcomes were often
better than in slimmer patients [31]. This can be observed, for example, in patients with
HF. One of the possible explanations for this phenomenon is that the disease frequently
develops in patients with obesity at a younger age, and intensive therapy, which might
result in reduced mortality in this group, is provided earlier. In our study there was
no significant difference regarding the age of obese and nonobese patients, but in some
studies people with obesity were up to 10 years younger than individuals with normal
body mass [32]. In these patients, their adipose tissue could serve as a nutrient when
metabolism declines [33,34]. BMI itself is not a good indicator of obesity because it does not
consider exact body composition, i.e., amount of muscle, fat distribution or water retention.
However, due to its ease of use and availability, it is an integral part of the evaluation of
patients with other diseases as well [35]. The index does not distinguish well between
obesity phenotypes; thus, the same patient with a high BMI may be an individual with an
athletic physique or sarcopenic obesity. In a recently published literature review, Dalamaga
et al. confirmed that obesity and increased visceral fat were significant risk factors for poor
outcomes related to COVID-19. Even though the presented study did not find any relation
between obesity and the risk of death, its presence should still be considered a potential
risk factor for severe complications and death.

In this study, univariate analysis revealed that the risk of death increased with the
risk of malnutrition according to NRS2002 (HR = 1.18). Osuna-Padilla et al. showed that
nutritional risk in mechanically ventilated ICU patients was related to an increased risk of
death (OR = 2.4, and was found in 66% of patients [36]. A similar result was reported by
Zhang et al., where nutritional risk was found in more than 60% of hospitalised patients.
The mortality rate was statistically significantly higher in that group. Moreover, those
patients suffered from more comorbidities [37]. In both studies, the nutritional risk was
analysed using the NUTRIC score. In this study, the risk of malnutrition occurred in
90% of patients and the screening assessment of nutritional status was performed using
the validated NRS2002 questionnaire. Studies by other authors show that it is a good
tool to assess the nutritional status of COVID-19 patients [38]. Retrospective and review
studies show a high percentage of patients who are not only critically ill are also affected by
malnutrition. This number is as high as 70%. These studies also show that malnutrition risk
is strongly associated with mortality [39–41]. Malnutrition results in decreased body weight,
muscle weakness, impaired immunity, decreased protein levels and oxygen utilisation [42],
which affects the course of the disease.

In the multivariate analysis, in addition to being overweight, increases in plasma
potassium levels (HR = 1.40) and procalcitonin levels (HR = 1.10) were associated with
higher mortality risk. Abnormal plasma potassium levels may be one of the symptoms of
acid-base imbalance that occurs in patients with acute respiratory failure. It may also cause
cardiac arrhythmia, bradyarrhythmia, complete heart block and circulatory arrest [43,44].
In a study concerning critically ill COVID-19 patients, Shengcong et al. found a significant
increase in mortality rate in patients with potassium levels ≥5.0 mmol/L [45]. On the other
hand, according to Perez, hypokalemia is associated with longer hospital and ICU stay
but does not affect mortality [46]. Research shows that an increase in procalcitonin levels
is one of the indicators of disease severity in COVID-19 patients, and is a risk factor of
mortality [47,48]. The results of this study seem to be consistent with those published so
far and indicate an association between the value of this inflammatory marker and the
increased risk of in-hospital mortality (in multivariate analysis: HR = 1.10; p < 0.001) [49,50].
In the study by Fenk et al., the risk of death increased up to fivefold (OR = 5.65; p < 0.001) in
patients with high procalcitonin levels, indicating that this marker may be useful to reflect
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the degree of lung involvement during SARS-CoV-2 infection [51]. Leoni et al., who studied
242 COVID-19 patients hospitalised in the ICU, also found that predictors of increased
mortality rate in the ICU include, among others, age, obesity and higher procalcitonin
levels (HR = 1.03, p = 0.04). These predictors were independently associated with 28-day
mortality [52].

Study Limitations

This study has some limitations. As it involved critically ill and mechanically venti-
lated (using invasive methods) patients, complete data concerning their medical history
and medications could not always be obtained due to the serious nature of the situation.

Besides, we obtained statistical significance according to our classification, although
other classifications could have been done. In our study, the data with no statistical
significance must be taken with caution, and cannot be excluded.

The inference analysis should be interpreted with the variables we selected, and
considering the whole study. We also do not have information about the time between
the first symptoms of COVID-19 and hospital admission to the ICU. In some cases, NRS
and BMI scores were not included in medical records. Regarding to the high proportion
(90%) of individuals with a NRS ≥ 3, this can interfere with the results. Moreover, body
composition analysis was not conducted in patients, and BMI scores may not be a reliable
indicator for assessing overweight and obesity. Patients did not have their waist-to-hip
ratio (WHR) measured, and data concerning central obesity based on waist circumference
was not reported either. Finally, the long-term survival of COVID-19 patients could not
be assessed due to restrictions on access to personal data because of the anonymity of
medical records.

5. Conclusions

Being overweight in critically ill COVID-19 patients requiring invasive mechanical
ventilation increases their risk of death significantly. Additional factors indicating a higher
risk of death include the patient’s age, high PCT and potassium levels measured at the time
of admission to the ICU. Even though the presented study did not find any association
between obesity and the risk of death, obesity should still be considered a potential risk
factor for severe complications and death. The lack of confirmation of this association in
this study should not be interpreted as providing a potential protective effect. The risk
of malnutrition at the time of ICU admission also increases the risk of in-hospital death.
Undoubtedly, studies concerning the nutritional status of COVID-19 patients hospitalised
in the ICU need further investigation.
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Abstract: Early enteral nutrition (EN) and a nutrition target >60% are recommended for patients
in the intensive care unit (ICU), even for those with acute respiratory distress syndrome (ARDS).
Prolonged prone positioning (PP) therapy (>48 h) is the rescue therapy of ARDS, but it may worsen
the feeding status because it requires the heavy sedation and total paralysis of patients. Our previous
studies demonstrated that energy achievement rate (EAR) >65% was a good prognostic factor in ICU.
However, its impact on the mortality of patients with ARDS requiring prolonged PP therapy remains
unclear. We retrospectively analyzed 79 patients with high nutritional risk (modified nutrition risk in
the critically ill; mNUTRIC score ≥5); and identified factors associated with ICU mortality by using a
Cox regression model. Through univariate analysis, mNUTRIC score, comorbid with malignancy,
actual energy intake, and EAR (%) were associated with ICU mortality. By multivariate analysis,
EAR (%) was a strong predictive factor of ICU mortality (HR: 0.19, 95% CI: 0.07–0.56). EAR >65% was
associated with lower 14-day, 28-day, and ICU mortality after adjustment for confounding factors. We
suggest early EN and increase EAR >65% may benefit patients with ARDS who required prolonged
PP therapy.

Keywords: acute respiratory distress syndrome; energy achievement rate; high nutritional risk;
mortality; modified nutrition risk in the critically ill; prolonged prone positioning

1. Introduction

Early enteral nutrition (EN) initiated within 48 h is recommended for all critically ill
patients treated with invasive mechanical ventilation in the intensive care unit (ICU) [1–4].
According to current guidelines, a systemic survey of nutritional risk within 24 h of
admission is recommended, accompanied by early EN [2–4] to reduce the risk of infectious
complications and organ failure in critically ill patients [4,5]. The modified nutrition risk in
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the critically ill (mNUTRIC) score is a powerful screening tool that uses a cutoff value of
≥5 to identify patients with high nutritional risk [6] and even critically ill patients with
COVID-19 infection [7]. After the identification of higher-risk groups, the second step is
the achievement of feeding goals [1]. The ideal energy achievement rate (EAR) for the first
week in the ICU is 60–70% of the nutritional target according to the 2016 American Society
for Parenteral and Enteral Nutrition (ASPEN) and Society of Critical Care Medicine (SCCM)
guidelines and the 2019 European Society for Clinical Nutrition and Metabolism (ESPN)
guidelines [1,3,4]. Our previous studies have also demonstrated that an EAR of >65%
was associated with lower mortality risk in medical ICUs [8–11]. However, the impact of
EAR on the mortality of patients with high nutritional risk and acute respiratory distress
syndrome (ARDS) requiring prolonged prone positioning (PP) therapy remains unclear.

The most severe condition for patients in medical ICUs is ARDS secondary to pneu-
monia or sepsis because the mortality rate can vary from 34.9% for mild ARDS to 46.1%
for severe ARDS [12,13]. Prolonged PP therapy for at least 16 h per day is the standard
of care for moderate to severe ARDS because a landmark study revealed that it reduced
mortality [14,15]. PP therapy is an effective strategy to improve oxygenation and secretion
clearance in cases of severe COVID-19-associated ARDS (CARDS) [16,17]. However, PP
therapy may affect the achievement of feeding goals [18] because of the elevated intra-
abdominal pressure and decreased gastrointestinal mobility caused by the heavy sedation
induced by midazolam or propofol and the total paralysis caused by neuromuscular block-
ing agents [19]. One study discovered that EN was stopped more frequently for patients in
the prone position than for those in the supine position [20]. Vomiting episodes were also
more frequent for patients with ARDS receiving PP therapy [21]. Because prolonged PP
therapy has become the standard of care for moderate to severe ARDS and CARDS, the
aim of the current study investigated the association between EAR and ICU mortality in
patients with high nutritional risk and ARDS receiving prolonged PP therapy.

2. Materials and Methods

2.1. Study Design and Patient Enrollment

This retrospective cohort study investigated the respiratory intensive care unit (RICU)
of Taichung Veterans General Hospital (TCVGH), a tertiary referral center in Taiwan, from
January 2014 to June 2018. We enrolled patients with high nutritional risk and a diagnosis
of moderate to severe ARDS requiring mechanical ventilation and prolonged PP therapy
for at least 48 h in the first week of ICU admission. High nutritional risk was defined
as an mNUTRIC score of ≥5 in the first ICU stay or a feeding volume of <750 mL/day
within 48 h of ICU admission, as in our previous publications [8,10]. Moderate to severe
ARDS was defined as partial pressure of oxygen/fraction concentration of inspired oxy-
gen ratio (PaO2/FiO2 ratio) of <150 mm Hg in accordance with the Berlin definition of
ARDS [8,10,22,23]. The following patients were excluded: those requiring surgical inter-
vention for acute abdominal infection or extracorporeal membrane oxygenation support
within 48 h of admission because of failed PP therapy; those with comorbid poor cardiac
function; those with active cancer in the terminal stage and a do not resuscitate order; and
those who did not receive continuous PP therapy for more than 48 h (Figure 1). The demo-
graphic data, comorbidities, severity scores, daily feeding status, and clinical outcomes
were extracted from electronic medical records. The study protocol was reviewed and
approved by the Institutional Review Board of TCVGH (IRB number, CE20308B; date of
approval, 16 September 2020). The study was conducted in accordance with the Declaration
of Helsinki and relevant guidelines and regulations. The requirement for informed consent
was waived because of the retrospective nature of the study, and the patients’ personal
information was deidentified prior to analysis.

2.2. Protocol of Prone Positioning Therapy

The RICU is a 24-bed medical ICU that services adult patients with diagnoses of
sepsis, acute respiratory failure, and ARDS requiring mechanical ventilation. For patients
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diagnosed as having moderate to severe ARDS, the standard of care in the RICU is to
follow a lung protective strategy to maintain plateau pressure at less than 30 cm H2O
by using low-tidal-volume ventilation (4–6 mL/kg) [14,24]. PP therapy is the first choice
for rescue therapy in our RICU [25] when patients with moderate to severe ARDS expe-
rience refractory hypoxemia less than 24 h, a standard modified from that of landmark
studies [14,15,26,27]. Since 2007, the protocol for PP therapy in our RICU was at least
48 h of continuous therapy [25,28]. Once the patients’ hypoxemia improves and their
clinical condition stabilizes (i.e., when peripheral capillary oxygen saturation >90% and
FiO2 <60% for >24 h after at least 48 h of PP therapy), patients are turned to the supine
position. For prolonged PP therapy, patients require heavy sedation with medications such
as midazolam or propofol and total paralysis through neuromuscular blocking agents to
achieve a Richmond Agitation Sedation Scale score of less than −4. During PP therapy,
patients are alternately turned right and left every 2 h to reduce the risk of pressure sore
formation in the facial area, as described in our previous studies [25].

2.3. Protocol of Nutritional Risk Evaluation and Treatment

The evaluation of nutritional risk and suggestions for personalized nutritional pre-
scriptions have been supported by a registered dietitian in our RICU since 2016. The
mNUTRIC score and EAR were recorded, and nutritional prescriptions were suggested by
the dietitian, as in our previous studies [8–11,29]. Early EN, the standard of care, was pro-
vided through a nasogastric tube on the first day of RICU admission for each patient, even
for those requiring PP therapy [25]. The target energy requirement was 25–30 kcal/kg/day,
and the target protein intake was 1.2 g/kg/day in accordance with the guidelines [3,4]. For
patients who could not tolerate the standard feeding target, trophic feeding was provided
to achieve a target of approximately 600 kcal/day, and 8–10 kcal/kg/day was also allowed
during PP therapy [9].

2.4. Data Collection, Assessment, and Outcome Measures

Data on age, gender, body mass index (BMI), severity of illness score (Sequential Organ
Failure Assessment [SOFA], Acute Physiology and Chronic Health Evaluation [APACHE]
II, and mNUTRIC scores), major comorbidities, and PaO2/FiO2 ratio were extracted from
the electronic medical records. The index date was the day of initiating PP therapy for
ARDS. Daily EAR (%) was recorded on the index day and the seven days thereafter. The
energy intake and energy intake achievement rate (%) of each day were calculated as
follows: (actual energy intake/estimated energy requirement) × 100 [8–11]. The primary
outcome was the correlation between energy intake achievement rate and ICU mortality.
We identified an EAR of <65% in the first week of ICU admission as a poor prognostic
factor for patients with high nutritional risk in our previous study [8,11], and this study
was conducted to confirm the power of this predictor of ICU mortality.

2.5. Statistical Analysis

SPSS (version 22.0; International Business Machines Corp, Armonk, NY, USA) was
used to perform the statistical analysis. The categorical variables are presented as frequen-
cies and percentages. A chi-squared test was performed to determine significance. For
nonparametric data distributions, a Mann–Whitney U test was performed to identify the
differences between groups, and the results are presented as medians and interquartile
ranges (IQRs). Cox regression analysis was performed to identify the factors associated
with mortality. The strength of associations is presented with hazard ratios (HRs) and 95%
confidence intervals (CIs). The survival curves were constructed through Kaplan–Meier
analysis. A log-rank test was performed to identify significant differences in survival
outcome between groups. All tests were two sided, with p < 0.05 considered significant.
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3. Results

3.1. Patients’ Clinical and Demographic Characteristics

A total of 79 patients with moderate to severe ARDS receiving prolonged PP therapy
(>48 h) were enrolled in this study (Figure 1). The median mNUTRIC score of this cohort
was 7 (IQR: 5–8), indicating that the enrollees had high nutrition risk and required addi-
tional energy intake to reduce mortality [3,4]. The median APACHE II and SOFA scores
were 31 (IQR: 27–33) and 10 (IQR: 8–14), respectively, and the median PaO2/FiO2 was
92.5 (IQR: 70.1–114.3), indicating high clinical severity, severe hypoxemia, and a higher
probability of mortality. The overall mortality rate in the ICU was 48.1%. The average EAR
(%) was higher during the post–PP therapy period than during PP therapy (64.5% and
42%). However, the median EAR (55.5%, IQR: 33.1–81.8%) was lower than 65% in the first
seven days after the index date (Table 1).

Table 1. Demographic characteristics, severity scores, comorbidities, and clinical outcomes of patients
with moderate to severe ARDS receiving prolonged PP therapy in the ICU.

Characteristics Median (IQR) or n (%) (n = 79)

Demographic data
Age (y/o) (n, %) 61.5 (51.1–74)
Gender-Male (n, %) 48 (60.8%)
mNUTRIC score 7.0 (5–8)
APACHE II score 31.0 (27–33)
SOFA 10.0 (8–14)

Renal replacement therapy (n, %) 35 (44.30%)
Comorbidity

CAD (n, %) 6 (7.59%)
COPD (n, %) 10 (12.66%)
Solid cancer (n, %) 11 (13.92%)
Hematologic malignancies (n, %) 5 (6.33%)
DM (n, %) 24 (30.38%)
CKD (n, %) 27 (34.18%)
Autoimmune disease (n, %) 12 (15.19%)

PaO2/FiO2 (PF ratio) 92.5 (70.1–114.3)
Actual energy intake (kcal/BW)
During prolonged PP (d 1–d 3) 7.9 (4.6–13)
Post prolonged PP (d 4–d 7) 12.0 (7.3–18.8)
Average in the first 7 d 10.8 (6.6–15.2)
Energy achievement rate (%)
During prolonged PP (d 1–d 3) 42.0 (23.8–64.9)
Post prolonged PP (d 4–d 7) 64.5 (36.4–91.8)
Average in the first 7 d 55.5 (33.1–81.8)
ICU mortality (n, %) 38 (48.10%)

Continuous data are expressed as medians and interquartile ranges (IQRs). Categorical data are expressed as
numbers and percentages. APACH II: acute physiology and chronic health evaluation II; SOFA: Sequential
Organ Failure Assessment; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; DM:
diabetes mellitus; CKD: chronic kidney disease. mNUTRIC: modified nutrition risk in the critically ill; PP: prone
positioning; PF ratio: partial pressure of oxygen/fraction concentration of inspired oxygen ratio.
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Figure 1. Study flowchart. ARDS: acute respiratory distress syndrome; ECMO: extracorporeal
member oxygenation; DNR: do not resuscitate; ICU: intensive care unit.

3.2. Differences between Survival and Non-Survival Groups

Figure 2 presents a comparison of the EAR of the survival and non-survival groups
in the first seven days of prolonged PP therapy. In the survival group, the EAR (%)
significantly increased during the post–PP therapy period (days 4–7). However, only a
minimal increase in EAR (%) was observed in the non-survival group. The survival group
was significantly different from the non-survival group in terms of the distribution of the
EAR (%) in the first seven days (p = 0.004; Figure 2).

Figure 2. Comparison of energy achievement rate (EAR) during the first week of intensive care unit
(ICU) admission between the survival and non-survival groups. ** p < 0.01.

The characteristics of the survival and non-survival groups were compared (Table 2).
The non-survival group had a higher mNUTRIC score and lower EAR (%) in the post–PP
therapy period (days 4–7). Significant differences were observed in age and number of
patients who had renal replacement therapy (RRT) in the ICU and had comorbid active solid
or hematologic malignancy between the survival and non-survival groups (all p < 0.05).
For the survival group, the median EAR was 65% for days 4–7 (77.9%, IQR: 47.2–102.7%).
In contrast, the median EAR (%) for the non-survival group was below 65% (51.1%, IQR:
26.6–87.4%), which was a significant difference (p = 0.025; Table 2). A significant difference
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was also observed on day 5 for the survival group compared with the non-survival group
(73.8% and 47.0%, p = 0.033; Appendix A Table A1).

Table 2. Demographic characteristics, severity index, comorbidities, and EAR in survival and non-
survival groups.

Characteristics Survival (n = 41) Non-Survival (n = 38) p Value

Demographic data
Age (y/o) (n, %) 56.8 (46–68.3) 63.8 (56.9–76.5) 0.036 *
Gender-Male (n, %) 27 (65.9%) 21 (55.3%) 0.464
mNUTRIC score 6.0 (4–7) 7.0 (6–8) 0.002 **
APACHE II score 31.0 (26.5–32.5) 31.0 (26.8–34.3) 0.470
SOFA 10.0 (8–14.5) 10.5 (8–14.3) 0.996

Renal replacement therapy (n, %) 13 (31.7%) 22 (57.9%) 0.034 *
Comorbidity

CAD (n, %) f 3 (7.3%) 3 (7.9%) 1.000
COPD (n, %) f 6 (14.6%) 4 (10.5%) 0.739
Solid cancer (n, %) 1 (2.4%) 10 (26.3%) 0.006 **
Hematologic malignancies (n, %) 1 (2.4%) 4 (10.5%) 0.190
DM (n, %) 16 (39.0%) 8 (21.1%) 0.136
CKD (n, %) 12 (29.3%) 15 (39.5%) 0.473
Autoimmune disease (n, %) 5 (12.2%) 7 (18.4%) 0.648

PaO2/FiO2 (PF ratio) 96.5 (73.2–125.2) 88.7 (65.5–104.3) 0.133
Actual energy intake (kcal/BW)

During prolonged PP (d 1–d 3) 6.5 (4–11.6) 9.2 (5.1–14.8) 0.133
Post prolonged PP (d 4–d 7) 12.8 (9–21.2) 10.2 (5.3–16.9) 0.049 *
Average in the first 7 d 10.5 (7.3–16.4) 10.9 (5.6–15.5) 0.638

Energy achievement rate (%)
During prolonged PP (d 1–d 3) 39.3% (19.8–59.4%) 46.1% (29.2–76.0%) 0.192
Post prolonged PP (d 4–d 7) 77.9% (47.2–102.7%) 51.1% (26.6–87.4%) 0.025 *
Average in the first 7 d 57.4% (37.3–82.1%) 55.1% (28.2–82.1%) 0.498

Mann–Whitney U test. Chi-square test. f Fisher’s exact test. * p < 0.05, ** p < 0.01. Continuous data are expressed
as medians and IQRs. Categorical data are expressed as numbers and percentages. APACH II: acute physiology
and chronic health evaluation II; SOFA: Sequential Organ Failure Assessment; CAD: coronary artery disease;
COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; CKD: chronic kidney disease. mNUTRIC:
modified nutrition risk in the critically ill; PP: prone positioning; PF ratio: partial pressure of oxygen/fraction
concentration of inspired oxygen ratio.

3.3. Factors Associated with ICU Mortality for Patients with ARDS Who Received PP Therapy

Table 3 and Figure 3 present the results of the Cox regression analysis of the factors
associated with mortality in the ICU. Univariate analysis revealed five factors associated
with mortality in the ICU: mNUTRIC score (HR: 1.26; 95% CI: 1.01–1.58; p = 0.038), comor-
bid active solid cancer (HR: 2.68; 95% CI: 1.28–5.62; p = 0.009) and hematologic malignancy
(HR: 2.90; 95% CI: 1.01–8.31; p = 0.47), average energy intake (kcal/body weight; HR: 0.94;
95% CI: 0.90–0.98; p = 0.007), and EAR (%) (HR: 0.21; 95% CI: 0.07–0.64; p = 0.006) in the
post–PP therapy period (days 4–7). Multivariate analysis revealed that a higher EAR (%)
for post-admission days 4–7 (HR: 0.19; 95% CI: 0.07–0.56) was a strong predictive factor
in the survival and non-survival groups (Table 3 and Figure 2). The EAR (%) on the fifth
day after the initiation of PP therapy was significantly different between the survival and
non-survival groups (Appendix A Table A1). Therefore, we used an EAR of >65% on the
fifth post–PP therapy day as the cutoff value to create the Kaplan–Meier survival curves
and perform the log-rank test on the survival and non-survival groups. An EAR of >65%
was associated with lower 14-day, 28-day, and ICU mortality (p = 0.021) after adjustment
for age, sex, BMI, and APACHE II and SOFA scores (Figure 4).
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Table 3. Univariate and multivariate analyses of factors associated with ICU mortality.

Characteristics
Univariate Analysis
HR (95% CI) p Value

Multivariate Analysis
HR (95% CI) p Value

Demographic data

Age 1.02 (1.00–1.04) 0.062
Sex (Female/Male) 0.76 (0.40–1.44) 0.401
BMI (kg/m2) 1.01 (0.94–1.08) 0.848
mNUTRIC score 1.26 (1.01–1.58) 0.038 * 1.22 (0.95 0.56) 0.116
APACHE II score 1.04 (0.98–1.09) 0.182
SOFA 1.03 (0.95–1.12) 0.510

Renal replacement therapy (n, %) 1.31 (0.68–2.50) 0.422
Comorbidity
CAD (n, %) f 1.32 (0.40–4.32) 0.648
COPD (n, %) f 0.65 (0.23–1.86) 0.426
Solid cancer (n, %) 2.68 (1.28–5.62) 0.009 ** 2.81 (1.25–6.33) 0.013 *
Hematologic malignancies (n, %) 2.90 (1.01–8.31) 0.047 * 2.74 (0.83–9.10) 0.099
DM (n, %) 1.03 (0.46–2.28) 0.945
CKD (n, %) 1.15 (0.60–2.22) 0.668
Autoimmune disease (n, %) 1.09 (0.48–2.48) 0.839
PaO2/FiO2 (PF ratio) 0.99 (0.98–1.00) 0.084
Actual energy intake (kcal/BW)
During prolonged PP (d 1–d 3) 1.00 (0.96–1.04) 0.994
Post prolonged PP (d 4–d 7) 0.94 (0.90–0.98) 0.007 ** 0.93 (0.89–0.98) 0.006 **
Average in the first 7 d 0.97 (0.92–1.01) 0.144
Energy achievement rate (%)
During prolonged PP (d 1–d 3) 1.00 (0.38–2.59) 0.994
Post prolonged PP (d 4–d 7) 0.21 (0.07–0.64) 0.006 ** 0.19 (0.07–0.56) 0.002 **
Average in the first 7 d 0.42 (0.14–1.27) 0.124

Cox regression. * p < 0.05, ** p < 0.01. APACH II: acute physiology and chronic health evaluation II; SOFA: Sequential Organ Failure
Assessment; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; CKD: chronic kidney
disease. mNUTRIC: modified nutrition risk in the critically ill; PP: prone positioning; PF ratio: partial pressure of oxygen/fraction
concentration of inspired oxygen ratio. f Fisher’s exact test.

Figure 3. Hazard ratio (HR) of ICU mortality of critically ill patients with high nutritional risk and moderate to severe
ARDS receiving prolong prone positioning (PP) therapy. mNUTRIC score: modified nutrition risk in the critically ill score.
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Figure 4. EAR >65% at the fifth ICU day was significantly associated with lower ICU mortality in patients with moderate to
severe ARDS receiving prolonged PP therapy. * p < 0.05.

4. Discussion

This study yielded three major findings. First, ICU mortality was as high as 48.1% for
patients with high nutritional risk and moderate to severe ARDS requiring prolonged PP
therapy, even for those receiving EN within 24 h of admission. This high mortality may
contribute to the severity of the disease and comorbidities, increase nutritional risk, and
decrease EAR within seven days after initiating prolonged PP therapy. Second, although
the average median EAR in the first seven days after PP therapy for the survival and
non-survival groups was less than 65% (57.4% and 55.1%, respectively; p = 0.498), the EAR
increased significantly in the survival group during PP therapy recovery (days 4–7). Third,
an EAR of <65% on day 5 after prolonged PP therapy was an effective predictor of ICU
mortality. To the best of our knowledge, this is the first study to evaluate the association
between EAR and ICU mortality in patients with high nutritional risk and moderate to
severe ARDS requiring prolonged PP therapy.

The prevalence of malnutrition and undernutrition is approximately 50–60% for criti-
cally ill patients admitted to the ICU. High nutritional risk is also correlated with morbidity
and mortality in the ICU [30–32]. The standard to identify patients with malnourishment
and high nutritional risk is uncertain in the current guidelines [1]. However, screening tools
such as the Nutrition Risk Screening 2002 (NRS-2002), the nutrition risk in the critically
ill (NUTRIC) and the mNUTRIC have been widely applied and recommended for use in
the ICU [2–4]. The mNUTRIC score is a composite of five parameters: age, comorbidities,
APACHE II score, SOFA score, and days in hospital before ICU admission [33]. Our pre-
vious study demonstrated that in critically ill patients, high nutritional risk (mNUTRIC
score ≥ 5) was associated with higher ICU mortality [11]. Few studies have investigated
the association between nutritional screening tools and clinical outcomes in critically ill
patients with ARDS. One retrospective study conducted in South Korea proposed that
the geriatric nutritional risk index (GNRI) is associated with 30-day mortality in elderly
patients with ARDS [34]. However, another report noted the GNRI’s low specificity (57.1%)
compared with the specificity of other nutritional indexes such as NRS 2002 and Onodera’s
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prognostic nutritional index for short-term outcomes in geriatric patients with respiratory
failure [35]. In addition, the applicability of the GNRI may be limited because it is used to
evaluate the geriatric population [36]. In our ICUs, the dietitian calculates the mNUTRIC
score and feeding volume for all adult patients rather than only geriatric patients within
48 h to determine nutritional risk. Therefore, our study was the first to demonstrate that
mNUTRIC score, rather than APACHE II or SOFA score, is significantly associated with
ICU mortality for adult patients with ARDS requiring PP therapy. As our previous study
also demonstrated [8–11], mNUTRIC score is a useful tool to evaluate nutritional risk in
critically ill adult patients admitted to medical ICUs.

Several studies have proposed predictive factors associated with mortality in patients
with ARDS requiring PP therapy [25,37,38]. However, few studies have addressed the
effect of nutrition and the achievement of feeding goals on mortality. One retrospective
study enrolled 43 patients who received PP therapy for ARDS and discovered three factors
associated with mortality: APACHE II score, plateau pressure, and driving pressure in
the lung mechanism [37]. Kao et al. retrospectively investigated factors associated with
60-day mortality in 65 patients with influenza-related ARDS who received PP therapy.
The study identified higher pneumonia severity scores, increased driving pressure in the
lung mechanism, and the comorbidity of requiring RRT [38]. Age, APACHE II score,
malignant comorbidity, RRT requirement, and non-influenza-related ARDS were identified
as predictive factors of ICU mortality in an investigation of 116 patients with severe ARDS
requiring PP therapy [25]. However, the effects of nutritional support and the achievement
of feeding goals in the first week of ICU admission on mortality in such patients were
not considered. In the era of the COIVD-19 pandemic, PP therapy began to be widely
recommended in treatment guidelines for patients with severe CARDS [16,17], and the
crucial nature of nutrition support during PP therapy garnered attention [18,39,40]. This
study identified two factors related to nutrition, namely mNUTRIC score (HR: 1.26; 95%
CI: 1.01–1.58) and EAR (HR: 0.21; 95% CI, 0.07–0.64) on the fifth day after the initiation of
PP therapy; this fills a gap in the research regarding the effect of nutritional support on
ICU mortality for patients with ARDS requiring PP therapy.

This study demonstrated that even in patients with ARDS requiring a long period
of PP therapy, an EAR >65% within the first week of ICU admission was associated with
lower mortality risk in medical ICUs than that revealed in our previous studies [8,10,11].
The optimal EAR is 60–70% of the nutritional target in the first week in the ICU, as recom-
mended by the 2016 ASPEN and SCCM guidelines and the 2019 ESPN guidelines [1,3,4].
PP therapy may be perceived as a barrier to providing early nutrition and achieving the
energy target because of concerns regarding feasibility, safety, and tolerance. However,
Reignier et al. revealed a significant improvement in feeding volume after a feeding pro-
tocol implementation in ARDS patients required PP therapy [41]. Because our RICU has
evaluated nutritional risk and implemented the feeding protocol within 24 h of admission
for all critically ill patients since 2016 [8–11], feeding targets are monitored and titrated to
the maximum volume, even for patients requiring PP therapy. Therefore, our study also
revealed that the difference in EAR on each day (Figure 2), rather than the average EAR in
the first week of ICU admission, provides more information regarding mortality risk for
patients receiving the feeding protocol. To the best of our knowledge, this study is the first
to examine the EAR and its effect on ICU mortality in critically ill patients with moderate
to severe ARDS requiring prolonged PP therapy.

This study had several limitations. First, the retrospective design limited the expla-
nation of the results because of heterogeneity among the patients. Second, a single center,
rather than multiple centers, was studied, which may have limited the generalizability of
the results. Third, the enrollment of patients with moderate to severe ARDS may have
confounded the ICU mortality risk. Because few studies have investigated the effect of
nutritional support in patients with ARDS receiving PP therapy for at least 48 h, this study
offers useful information for academic practice. Our RICU has practiced the standard pro-
tocol of lung protection, prolonged PP therapy [25], early EN within 24 h of admission, and
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feeding for all admitted critically ill patients with ARDS since 2007 [8–11]. Therefore, the
limitations of the retrospective, single-center design should have been minimal. Although
the severity of ARDS ranged from moderate to severe, the median PaO2/FiO2 ratio was
less than 100 (median: 92.5; IQR: 70.1–114.3), and the difference in PaO2/FiO2 ratio was not
significant in the univariate analysis of the Cox regression model. Therefore, the PaO2/FiO2
ratio was unlikely to be a confounding factor in the prediction of ICU mortality. Finally, our
results may not be generalizable to critically ill patients in neurosurgical, surgical, cardiac,
and pediatric ICUs because only adult patients admitted to a medical ICU were enrolled.

5. Conclusions

ICU mortality is high for adult patients with ARDS requiring PP therapy. The only
score significantly associated with ICU mortality was mNUTRIC. An EAR of <50% was
observed in both the survival and non-survival groups during PP therapy. However,
only the survival group exhibited a significant increase in EAR during recovery from
prolonged PP in the supine position (days 4–7 after initiation of PP therapy). The key
factor in determining ICU mortality in this population was an EAR of <65% by day 5 after
the initiation of prolonged PP therapy. For patients with high nutrition risk (mNUTRIC
score ≥ 5) and moderate to severe ARDS requiring prolonged PP therapy, we suggest early
EN and increasing the feeding volume to the goal of >65% during the first week of ICU
admission. For patients with an EAR of <65% during the first week, nutrition support
therapy with postpyloric tube placement or partial parenteral nutrition is required.
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Appendix A

Table A1. Comparison of EAR between survival and non-survival groups during the first week of
ICU admission.

Characteristics
Survival (n = 41) Mortality (n = 38) p Value

% IQR % IQR

Energy achievement rate (%)
day 1 18.3% (7.3–46.8%) 50.1% (17.0–79.8%) 0.010 *
day 2 46.8% (19.1–71.3%) 47.4% (22.4–77.1%) 0.603
day 3 49.9% (23.4–74.5%) 46.6% (28.4–76.0%) 0.791
day 4 69.9% (40.7–86.1%) 39.3% (25.5–73.6%) 0.052
day 5 73.8% (44.0–112.4%) 47.0% (30.7–83.0%) 0.033 *
day 6 73.1% (45.6–115.5%) 65.2% (24.6–98.5%) 0.185
day 7 72.3% (52.1–105.3%) 76.0% (24.0–101.2%) 0.388

Mann–Whitney U test. Chi-square test. * p < 0.05.
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Abstract: The outbreak of the new coronavirus strain SARS-CoV-2 (COVID-19) highlighted the need
for appropriate feeding practices among critically ill patients admitted to the intensive care unit
(ICU). This study aimed to describe feeding practices of intubated COVID-19 patients during their
second week of hospitalization in the First Department of Critical Care Medicine, Evaggelismos
General Hospital, and evaluate potential associations with all cause 30-day mortality, length of
hospital stay, and duration of mechanical ventilation. We enrolled adult intubated COVID-19 patients
admitted to the ICU between September 2020 and July 2021 and prospectively monitored until their
hospital discharge. Of the 162 patients analyzed (52.8% men, 51.6% overweight/obese, mean age
63.2 ± 1.9 years), 27.2% of patients used parenteral nutrition, while the rest were fed enterally. By
30 days, 34.2% of the patients in the parenteral group had died compared to 32.7% of the patients in
the enteral group (relative risk (RR) for the group receiving enteral nutrition = 0.97, 95% confidence
interval = 0.88–1.06, p = 0.120). Those in the enteral group demonstrated a lower duration of hospital
stay (RR = 0.91, 95% CI = 0.85-0.97, p = 0.036) as well as mechanical ventilation support (RR = 0.94,
95% CI = 0.89–0.99, p = 0.043). Enteral feeding during second week of ICU hospitalization may be
associated with a shorter duration of hospitalization and stay in mechanical ventilation support
among critically ill intubated patients with COVID-19.

Keywords: SARS-CoV-2 virus; energy target; enteral nutrition; parenteral nutrition; critical illness

1. Introduction

The recent COVID-19 pandemic, which resulted from SARS-CoV-2 coronavirus in-
fection, contributed to a rapid increment in hospital and intensive care unit (ICU) ad-
missions [1]. Most patients exhibit mild to moderate symptoms, such as fever, cough,
fatigue, respiratory failure, and multiple effects on the gastrointestinal tract, which appear
especially in patients who are over 60 years old and those with concomitant diseases [2].
Approximately 5% of patients develop severe disease and require ICU admission, where the
provision of adequate nutritional support is a challenge given the complex and fluctuating
metabolic changes that accompany their nutritional status over time [3]. Critical illness, in
general, is characterized by an inflammatory response that elicits a catabolic response and
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can be divided into different metabolic diseases: the early acute phase, which occurs in the
first 48 h after entering the ICU, and the next, called the late acute phase, which usually lasts
days after admission [4]. In severely ill patients with COVID-19, the acute phase presents
with a prolonged severe inflammatory response, which is associated with a significant
increase in resting energy expenditure [5,6], and current strategies for nutritional therapy
seem to be unsuccessful in covering energy/protein needs [7]. In addition, COVID-19
patients spend extended periods in the ICU compared to the usual severely ill [8], and thus,
metabolic phases of the disease are likely to be different and last longer.

Nutritional support is essential for all critically ill COVID-19 patients because acute
illness carries an increased risk of malnutrition, muscle wasting, and increased mortality
and requires a complex calculation of feeding route, time of onset, and amount and type of
nutrients [4,9]. All the above may significantly affect patient’s outcomes, such as length
of hospital stay or duration of mechanical ventilation [10]. Recently, various guidelines
from international societies were developed and published early in the pandemic without
providing convincing answers to many critical questions [3,11,12]. One important question
is route of nutritional support administration (enteral vs. parenteral), the effects of which on
outcome remain unclear [13,14]. Up to the present moment, administration of energy needs
via the enteral route is the preferred method of choice according to published guidelines [15,16]
although it is affiliated with higher rates of gastrointestinal intolerance [17]. Parenteral
feeding is more invasive, provides higher amounts of calories, and is associated with a
higher risk of complications [18]. There are several published papers comparing different
types of interventions regarding the route of feeding and ICU outcome but mainly among
non COVID-19 patients during their first days of ICU stay [19].

Despite it being quoted in various guidelines, there is lack of data comparing enteral
vs. parenteral feeding among critically ill patients with COVID-19 disease as well as the
effect of full feeding (after 5–7 days of ICU stay) on clinical outcomes [20–23]. Therefore, the
purpose of this study was to describe full feeding practices and highlight their long-term
consequences among intubated patients with COVID-19 disease, who were treated within
ICU at a reference hospital in Athens.

2. Methods

2.1. Participants

We conducted this single-center observational study from September 2020 to July
2021 in the first intensive care unit of Evaggelismos Athens General Hospital (tertiary
hospital). Adult patients (aged > 18 years), requiring mechanical ventilation for >48 h,
projected to receive nutritional support for at least 5 days, and with laboratory-confirmed
COVID-19 by a positive reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay of
a nasopharyngeal swab specimen were eligible. The Institutional Review Board at Athens
Evangelismos Hospital: 116/31-03-2021 approved data collection and waived the need
for informed consent. Exclusion criteria were existence of metabolic diseases requiring
a specific diet (for example phenylketonuria), history of gastrectomy or esophagectomy,
initiation of nutrition support 5–7 days before ICU admission, ICU length of stay (LOS)
shorter than 7 days, pregnancy, or patients that were expected to require no more than 48 h
of invasive mechanical ventilation.

2.2. Study Design

Data were retrieved from patient electronic file and daily hospital sheet on the ad-
mission, 7th day, 14th day, and until discharge from hospital. During ICU hospitalization,
anthropometric data, such as height (in cm) and weight (in kg), were collected, while body
mass index (in kg/m2) was determined. Besides patients’ basic characteristics, the Acute
Physiology and Chronic Health Evaluation (Apache) score was calculated 24 h after ICU ad-
mission. After the initiation of nutrition support, various data, such as pre-existing illness,
initiation/duration of mechanical ventilation, resource to organ support (vasopressors and
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kidney replacement therapy), use of prone position, and laboratory markers, such as serum
albumin and CRP levels, were also computed.

2.3. Feeding Practices

Nutritional support was initiated as soon as possible after admission to the ICU and
no later than 48 h after intubation. Data on feeding practices and tolerance to feeding
were collected every day by the Nutrition Support Team (NST), while nutrient delivery
was based on ESPEN guidelines by the hospital NST [4]. Feeding practices included
enteral and parenteral feeding, while nutritional parameters assessed included calorie (from
nutrient and non-nutrient calorie sources such as propofol and dextrose) and protein intake
Regarding caloric requirements, calculations were based on previously published indirect
calorimetry measurements in a subset of patients [6]. In our ICU, we had established
protocols for nutrition support from the first day of the COVID-19 pandemic, based on the
ESPEN guidelines or local consensus. The NST made the decision on the nutrition regimen
as well as the route of nutrition support in collaboration with the treating physician.

Patients in the enteral nutrition group were fed through a nasogastric or nasoduodenal
catheter depending on tolerance and comorbidities. The aim was to meet the caloric require-
ments by the 7th day of hospitalization using isosmotic, isocaloric, high-protein, polymeric
preparations, after which the decision was at the discretion of the bedside physician [9].
In all cases, nutrition support was administered continuously (mL per h). Malnourished
patients (BMI < 17 or clinical diagnosis) were assigned to a parenteral nutrition proto-
col designed to reduce the risk of refeeding syndrome [11,16]. In the parenteral group
(presence of uncontrolled shock, uncontrolled life-threatening hypoxemia, hypercapnia or
acidosis, hemodynamic instability, or when energy intake was consistently <50% of targets
over 5–7 days), all patients received only parenteral nutrition via a central venous catheter
depending on the results of daily haemodynamic assessments and nonfunctional digestive
tract. We excluded from the analysis patients using supplemental parenteral nutrition
to achieve predefined calorie targets after day 8. Parenteral nutrition was stopped and
replaced with enteral nutrition at the flow rate needed to achieve the pre-defined calorie tar-
get once the patient met pre-defined criteria for haemodynamic stability. Bedside physician
provided extra water, electrolytes, vitamins, and trace elements using standard preparations.

2.4. Outcome

The primary outcome was death by day 30. Secondary outcomes included mortality
up to day 60 of hospitalization, ICU mortality, length of hospital and ICU stay, days of
mechanical ventilation support, days of renal replacement, and percentage of patients who
received mechanical ventilation, vasopressors and renal replacement therapy.

2.5. Statistical Analysis

The categorical variables are expressed as frequencies while the continuous variables as
means (with standard deviations) or medians (with interquartile ranges (IQRs)), according
to the rejection/not rejection of null hypothesis by the Shapiro–Wilk test, and then compared
using Students t-test or Mann–Whitney U test. Due to the lack of information regarding
effect of the feeding route on COVID-19 patients at the time of study design, it was not
possible to perform a sample size calculation prior to the beginning of the current study
when we performed hypothesis testing. The comparison between the groups was made
using the Wilcoxon rank sum tests for continuous variables, while a chi-square test of
independence (χ2) (Fisher exact tests where appropriate) was performed for categorical
variables. We used generalized linear models to test associations between feeding groups
(enteral vs. parenteral nutrition) and study final outcomes. A Poisson distribution with
log-link function was used to test association of number of count data, while a Binomial
distribution with logit link function was used for clinical endpoints. The results are
presented as relative risk (RR) and 95% confidence intervals (CIs). Statistical tests were
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considered significant if p < 0.05. All statistical analyzes were conducted using SPSS
version 21.0.

3. Results

3.1. Patients

From September 2020 to July 2021, 192 patients with a confirmed SARS-CoV-2 infec-
tion during the second and third wave of the COVID-19 pandemic were admitted to the
Evangelismos intensive care unit (ICU). Of these, 16 patients were excluded from the study
because they either died within the first 48 h after admission or were under nutritional
support, while four had mechanical ventilation started more than 24 h earlier, resulting
in 176 patients (Figure 1). Participants were intubated within 24 h of admission, and their
mean age was 62.1 ± 10.9 years, while 51.2% were male. The demographic, baseline, and
nutritional characteristics of the patients analyzed are presented in Table 1. There was no
clear categorization of patients as malnourished or not at admission, as it was not possible
to collect information on dietary intake, weight loss, and the usual body weight. Almost
half of the participants had Nutric Score values >5, indicating a high nutritional risk upon
admission to the ICU.

 

Figure 1. Patient recruitment flow chart.

Table 1. Baseline characteristics of the participants (n = 162).

Characteristics
Parenteral Nutrition Group

n = 45 (27.7%)
Enteral Nutrition Group

n = 117 (72.3%)
p-Value

Age (year) 62.7 ± 10.7 63.2 ± 11.9 0.181

Sex, male (n) % 21 (46.6) 62 (52.9) 0.093

Active Smoker (n)% 9 (20.0) 21 (17.8) 0.233

Comorbidities, (n) % 0.112

Hypertension 23(51.1) 62 (52.9)
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Table 1. Cont.

Characteristics
Parenteral Nutrition Group

n = 45 (27.7%)
Enteral Nutrition Group

n = 117 (72.3%)
p-Value

Diabetes 21 (46.6) 52 (44.4)

COPD 7 (15.5) 16 (13.6)

Chronic Renal Failure 2 (4.4) 3 (2.5)

Nutritional data

BMI on admission, (kg/m2), (n) % 0.233

Normal (18.5–24.9) 16 (36.2) 45 (38.5)

Overweight (25–29.9) 12 (26.6) 31 (26.4)

Obese (≥30) 14 (31.1) 41 (35.0)

NUTRIC Score on admission, (n) % 0.046 *

Low risk (0–4 points) 21 (46.7) 15 (59.7)

High risk (5–9 points) 24 (53.3) 57 (40.3)

Fluid balance (mL/day) 1250 ± 215 1015 ± 188

Coverage of energy need during 7–14th day of ICU stay
(n) % 89.1 86.5 0.076

Protein delivered during ICU (g/kg ideal body
weight/day) 1.09 ± 0.61 1.17 ± 0.68 0.122

Time from ICU admission to start nutrition (IQR)—h 17.8 (13.4–27.2) 22.3 (15.2–31.2) 0.041 *

Calories administered—kcal/kg of body weight/day 27.8 ± 7.8 26.3 ± 6.9 0.098

Clinical Data

APACHE II score on admission 18.3 ± 6.8 17.1 ± 6.2 0.249

Use of prone positioning, n (%) 26 (58.4) 67 (57.2) 0.135

PaO2/FiO2 ratio (mmHg) 126 (92-170) 128 (96–171) 0.338

Serum albumin g/L 3.16 ± 0.80 3.05 ± 0.96 0.224

Vasopressor therapy, n (%) 33 (73.3) 83 (70.9) 0.336

Side effects, n (%) 0.039 *

Electrolyte disturbances 2 (4.4) 1 (0.8%)

Vomiting 10 (22.1) 37 (31.6%)

Diarrhea 13 (29.2) 43 (36.7%)

Hypoglycemia - -

Other (cholestasis, pneumothorax) 1 (1.2) -

Values represent median (IQR) or means (+SD) or number of subjects (n, %). * Denotes statistically significant
different between groups at <0.05 level, p = p value for Students t-test or Mann-Whitney U test or Chi square
test. Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; COPD, chronic obstructive
pulmonary disease; BMI, body mass index; PEEP, positive end expiratory pressure; Nutric Score, Nutrition Risk
in the Critically Ill; Fi02, fraction of inspired oxygen; NMBAs, neuromuscular blocking agents.

3.2. Outcomes

Data on feeding practices are presented in Table 1. A total of 117 individuals were fed
enterally, while the rest were fed through the parenteral route. Of those belonging to the
parenteral nutrition group, 5.6% experienced side effects, such as electrolyte disturbances,
pneumothorax, hypoglycemia, and cholestasis, while in those receiving enteral nutrition,
vomiting (32.3%) was the most common side effect.

Fifteen of 45 patients (33.3%) in the parenteral group and 38 of 117 patients (34.2%) in
the enteral group died, with no significant between-group difference by day 30 even after
adjusting for various baseline factors, such as age, sex, and race, APACHE score, Nutric
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Score (as a dichotomous variable), BMI, diabetes, and chronic kidney disease (relative
risk in the enteral group, 0.97; 95% confidence interval (CI), 0.88 to 1.06, Table 2). There
were significant reductions in the enteral group as compared with the parenteral group
for in-hospital length of stay (RR = 0.92; 95% CI, 0.86 to 0.98; p = 0.039), ventilator days
(RR = 0.94; 95% CI, 0.89 to 0.99; p = 0.043), and elevated liver enzymes ((RR = 0.91; 95% CI,
0.85 to 0.97; p = 0.039); p = 0.022). However, there were also significant differences regarding
the rates of adverse gastrointestinal events between the parenteral group and the enteral
group (32.3% vs. 22.1% for vomiting and 37.2% vs. 29.2% for diarrhea, p < 0.05). There was
no significant difference in the duration of survival up to 60 days. Initiation of feeding was
delayed in 37 patients in the parenteral nutrition group and in 41 patients in the enteral
nutrition group, while caloric and protein intake are shown in Table 1. The energy target of
25–30 calories per kilogram of body weight per day was reached in the majority of patients
in both groups, and the average caloric intake was almost identical in both groups.

Table 2. Patients primary and secondary outcomes (n = 162).

Outcome
Parenteral Nutrition Group

(n = 45)
Enteral Nutrition
Group (n = 117)

Relative Risk
(95% CI) # p-Value

Primary

Death within 30 days, n (%) 15 (33.3) 38 (32.4) 0.97 (0.88–1.06) 0.120

Secondary

Death, n (%)

In-hospital mortality, 14 (31.1%) 36(30.7%) 0.98 (0.86–1.10) 0.132

ICU mortality, 17 (37.9%) 43 (36.7%) 0.96 (0.85–1.08) 0.124

60-day mortality 16 (35.5%) 41 (35%) 0.97 (0.82–1.10) 0.233

Hospital length of stay (days) 35 (7–59) 30 (8–52) 0.92 (0.86–0.98) 0.039 *

ICU length of stay (days) 23 (6–51) 21 (7–49) 0.98 (0.90–1.06) 0.078

Ventilator days
(30-day study period only) 21 (6–28) 17 (6–24) 0.94 (0.89–0.99) 0.043 *

Days on RRT
(30-day study period only) 17 (5–28) 18 (6–29) 0.98 (0.89–1.07) 0.180

Kidney failure requiring RRT 13 (28.8%) 34 (29.1%) 0.95 (0.81–1.09) 0.337

Tracheostomy, n (%) 11 (24.4%) 29 (24.7%) 0.96 (0.83–1.09) 0.197

ICU acquired Infections, n (%) 7 (15.5%) 20 (17.1%) 0.89(0.72–1.06) 0.221

Septic shock, n (%) 30 (66.6%) 75 (64.1%) 0.94 (0.86–1.02) 0.063

Elevated liver enzymes 13 (28.8%) 17 (14.5%) 0.91 (0.85–0.97) 0.022 *

Values represent median (IQR) or means (+SD) or number of subjects (n, %). * Denotes statistically significant
different between groups at <0.05 level # Covariates were selected a priori, incorporating demographic information
(age, sex, and race). APACHE score, Nutric Score (dichotomous variable), BMI, diabetes, and chronic kidney
disease. Abbreviations: ICU, intensive care unit; RRT, renal replacement therapy.

4. Discussion

This single-center prospective study evaluated the effect of the nutritional support
administration route after the seventh day of hospitalization on outcome among critically
ill intubated COVID-19 patients. Our data suggest that enteral feeding is superior to
parenteral feeding in terms of length of hospital stay and mechanical ventilation, but
these findings were not accompanied by a corresponding improvement in mortality both
in-hospital and out-of-hospital at 60 days. These two groups also did not exhibit any
differences regarding infections incidence, days on RRT, and septic shock prevalence.

Are there other data available to date on feeding practices and their effect on outcome
among COVID-19 critically ill patients? Only a few studies so far have provided limited
data about nutrition support. A USA cohort [24] revealed that more than half of the

40



Nutrients 2022, 14, 153

participants (56%) presented intolerance to enteral nutrition, which was associated with
higher ICU stay and in-hospital mortality, whereas a similar study among intubated patients
from Mexico revealed a lower prevalence of intolerance to enteral nutrition—about 32% [25].
A series of 176 critically ill patients with COVID-19 disease [26] managed to reach their
energy and protein requirements during the first week of admission especially through the
use of supplemental parenteral nutrition. Parenteral nutrition use was comparable to our
study, as approximately 35% of patients were fed through the parenteral route compared
with 27.7% of our patients. Reports from another study—the ISIIC point prevalence study—
also suggest that there is a growing interest in the role of nutrition support, which resulted
in providing COVID-19 patients with higher amounts of energy and protein compared to
non-COVID-19 patients [27].

There is also lack of available data regarding the effect of feeding administration after
the first week of ICU hospitalization when energy and protein targets are theoretically
achieved [26]. All previous major studies tried to investigate the effect of either early
administration (during the first 72 h following admission) of nutritional support [28] either
up to the fifth day of hospitalization [19,29] or the first week of hospitalization [14] on
outcome. The two largest multicenter clinical trials among critically ill patients assessing
the effects of nutritional support route during first week of ICU stay suggest nonsignificant
difference in all-cause mortality, frequency of infectious complications, ICU, and hospital
length of stay (LOS) [14,19]. In our cohort, feeding practices were investigated during
the second week of hospitalization and not the first. This was settled for two reasons: so
far, most studies that explore the relationship between feeding practices during the first
week of ICU and outcome have not provided any clear association [10,14,19,21]. The other
reason is that in critically ill patients, energy metabolic demands usually peak within five
to seven days before returning to normal (ebb/flow phases) [30]. Regarding COVID-19
disease, there is a stable hypermetabolic condition probably because of hyperinflammatory
response, which persists during the second week of hospitalization and appears to stabilize
after the 10th day of ICU stay, as recent studies have demonstrated [5,6].

The total length of hospital stay was lower in those patients receiving enteral nutrition
although ICU length of stay (LOS) was not different. A systematic review and meta-analysis
show that early enteral feeding is associated with a reduced postoperative length of stay
among patients undergoing lower gastrointestinal surgery [31], while among critically ill
patients, route of nutrition support during first week of hospitalization was not related
to LOS although there was a trend for reduced ICU stay [14]. Harvey et al. revealed
that there was no difference in both length of hospital and ICU stay among critically ill
patients according to feeding rout e [19]. Another main finding of this study was that those
receiving enteral feeding presented a shorter duration of mechanical ventilation support.
As compared to earlier times, enteral feeding is no longer contraindicated in patients
under mechanical ventilation and is the preferred route of feeding administration [32],
while some data do not suggest that enteral feeding is superior [33]. On the other hand,
parenteral feeding is well recognized for its higher caloric intake, leading to hyperglycemia
and increased ventilator stay [34].

In addition to these findings, parenteral nutrition group was more likely to experience
an increase in liver enzymes during hospitalization. Research on the effects of parenteral
nutrition has focused on the possibility of liver dysfunction as well as an increase in
liver enzymes [35]. This phenomenon is a potential result of cholestasis, which is caused
by biliary obstruction or impaired secretion of bile [36]. On appearance, γ-glutamyl
transpeptidase, alkaline phosphatase, and conjugated bilirubin levels are elevated. This
is a clinical manifestation accompanying long-term parenteral nutrition therapy among
pediatric patients or adults. Long-term PN therapy-induced cholestasis is a significant
consequence that can progress to cirrhosis and liver failure [37].

The present study was not without limitations. First, our study had a relatively small
sample size, which limits the generalizability to other ICUs and countries. Second, the
prospective nature of this study does not define a causal relationship and reflects only
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associations between the implemented nutrition protocols and study outcomes. Moreover,
we did not obtain data regarding energy expenditure by using indirect calorimetry in the
whole sample because it was very time consuming to get such a large quantity of data.
Our study was not a randomized evaluation of feeding practices; even if the indication
for parenteral and enteral nutrition followed guidelines and local treatment protocols, a
selection bias cannot be excluded. We should also point out that a higher proportion of
patients belonging to the parenteral nutrition group exhibited high Nutric Score values, but
we have controlled for this confounding factor in the multivariate models. Furthermore, it
was not possible to assess all possible covariates among our patients, and future studies
might lead to different results regarding the provision of nutrition therapy in critically
ill patients.

5. Conclusions

There are scarce data on feeding practices among critically ill COVID-19 patients and
their effects on outcome. Our study demonstrated that the majority of COVID-19 intubated
patients were fed through the enteral route during their second week of ICU hospitalization.
Enteral nutrition was not superior compared to parenteral feeding in relation to the main
study outcome, which was 30-day mortality, but it was associated with reduced length of
hospital stay, less demand for mechanical ventilation support, and a more favorable profile
for liver enzyme levels.

Author Contributions: Conceptualization, D.K., Z.M. and A.K. (Anastasia Kotanidou); formal
analysis, D.K. and A.A.; methodology, Z.M., A.A., K.M., D.K., E.J. and T.P.; project administration,
D.K.; supervision, D.K. and Z.M.; writing—original draft, D.K.; writing—review and editing, A.K.
(Aggeliki Kanavou), A.M., V.G., D.K., A.S., C.L., S.K., O.K., S.M., A.S. and G.A. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board at Athens Evangelismos Hospital:
116/31-03-2021.

Informed Consent Statement: The Institutional Review Board at Athens Evangelismos Hospital:
116/31-03-2021 approved data collection and waived the need for informed consent.

Acknowledgments: We are grateful to Athina Kardara and Emy Valavani for their assistance in
data collection.

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

Abbreviations

APACHE Acute Physiology And Chronic Health Evaluation
BMI Body mass index
ICU Intensive care unit
LOS Length of stay
NST Nutrition Support Team
Nutric Score Nutrition Risk in the Critically Il
PEEP Positive end expiratory pressure
RR Relative risk

References

1. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef]

2. Struyf, T.; Deeks, J.J.; Dinnes, J.; Takwoingi, Y.; Davenport, C.; Leeflang, M.M.; Spijker, R.; Hooft, L.; Emperador, D.;
Dittrich, S.; et al. Signs and symptoms to determine if a patient presenting in primary care or hospital outpatient settings has
COVID-19 disease. Cochrane Database Syst. Rev. 2020, 7, Cd013665. [CrossRef] [PubMed]

42



Nutrients 2022, 14, 153

3. Barazzoni, R.; Bischoff, S.C.; Breda, J.; Wickramasinghe, K.; Krznaric, Z.; Nitzan, D.; Pirlich, M.; Singer, P. ESPEN expert statements
and practical guidance for nutritional management of individuals with SARS-CoV-2 infection. Clin. Nutr. 2020, 39, 1631–1638.
[CrossRef] [PubMed]

4. Singer, P.; Blaser, A.R.; Berger, M.M.; Alhazzani, W.; Calder, P.C.; Casaer, M.P.; Hiesmayr, M.; Mayer, K.; Montejo, J.C.; Pichard, C.;
et al. ESPEN guideline on clinical nutrition in the intensive care unit. Clin. Nutr. 2019, 38, 48–79. [CrossRef]

5. Whittle, J.; Molinger, J.; MacLeod, D.; Haines, K.; Wischmeyer, P.E. Persistent hypermetabolism and longitudinal energy
expenditure in critically ill patients with COVID-19. Crit. Care 2020, 24, 581. [CrossRef]

6. Karayiannis, D.; Maragkouti, A.; Mikropoulos, T.; Sarri, A.; Kanavou, A.; Katsagoni, C.; Jahaj, E.; Kotanidou, A.; Mastora, Z.
Neuromuscular blockade administration is associated with altered energy expenditure in critically ill intubated patients with
COVID-19. Clin. Nutr. 2021. [CrossRef] [PubMed]

7. Suliman, S.; McClave, S.A.; Taylor, B.E.; Patel, J.; Omer, E.; Martindale, R.G. Barriers to nutrition therapy in the critically ill patient
with COVID-19. J. Parenter. Enteral Nutr. 2021. [CrossRef]
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Abstract: We aimed to study the possible association of stress hyperglycemia in COVID-19 critically
ill patients with prognosis, artificial nutrition, circulating osteocalcin, and other serum markers of
inflammation and compare them with non-COVID-19 patients. Fifty-two critical patients at the
intensive care unit (ICU), 26 with COVID-19 and 26 non-COVID-19, were included. Glycemic control,
delivery of artificial nutrition, serum osteocalcin, total and ICU stays, and mortality were recorded.
Patients with COVID-19 had higher ICU stays, were on artificial nutrition for longer (p = 0.004), and
needed more frequently insulin infusion therapy (p = 0.022) to control stress hyperglycemia. The
need for insulin infusion therapy was associated with higher energy (p = 0.001) and glucose delivered
through artificial nutrition (p = 0.040). Those patients with stress hyperglycemia showed higher ICU
stays (23 ± 17 vs. 11 ± 13 days, p = 0.007). Serum osteocalcin was a good marker for hyperglycemia,
as it inversely correlated with glycemia at admission in the ICU (r = −0.476, p = 0.001) and at days
2 (r = −0.409, p = 0.007) and 3 (r = −0.351, p = 0.049). In conclusion, hyperglycemia in critically ill
COVID-19 patients was associated with longer ICU stays. Low circulating osteocalcin was a good
marker for stress hyperglycemia.

Keywords: COVID-19; hyperglycemia; parenteral nutrition; enteral nutrition; osteocalcin

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of the
coronavirus disease 2019 (COVID-19) pandemic, which has affected more than two hun-
dred million individuals and is the cause of more than four million deaths worldwide
as of this writing (https://coronavirus.jhu.edu/map.html, last accessed on 24 August
2021). Hyperglycemia is a risk factor for a more severe course of the disease, as hospital-
ized COVID-19 patients with diabetes show longer hospital stays than patients without
diabetes [1]. They suffer disproportionately from acute COVID-19, with higher rates of
serious complications and death [2]. Chronic inflammation, increased coagulation activity,
immune response impairment, and potential direct pancreatic damage by SARS-CoV-2
might be among the underlying mechanisms for this association [3]. Furthermore, an
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important proportion of COVID-19 patients need admission to an intensive care unit (ICU)
and may develop stress hyperglycemia—whether or not having a previous history of
diabetes mellitus—which has been shown to be a prognostic factor [4,5].

Among the factors associated with stress hyperglycemia, the need for parenteral
nutrition (PN)—which is normally part of the nutritional therapy together with enteral
nutrition (EN) in critically ill patients [6]—might be one of them, especially in older
individuals [7]. Besides, several interactions between some counter-regulatory hormones,
adipokines, and inflammatory cytokines produce excessive production of glucose by the
liver and insulin resistance at the peripheral tissues [8]. The resultant hyperglycemia
further exacerbates the inflammatory and oxidative stress response, potentially setting up
a vicious cycle whereby hyperglycemia leads to further hyperglycemia [9].

In the last few years, circulating osteocalcin, an osteoblast-specific protein, has shown
extraskeletal metabolic activity, such as promoting insulin secretion and increasing periph-
eral insulin sensitivity [10]. Reduced circulating osteocalcin was found in patients with
type 2 diabetes mellitus and also associated with insulin sensitivity [11,12].

Therefore, given this previous knowledge, we aimed to study the possible association
of stress hyperglycemia in COVID-19 critically ill patients with a worse prognosis com-
pared to non-COVID-19 patients. We also aimed to explore the possible associations of
hyperglycemia with circulating osteocalcin concentrations, the composition of artificial
nutrition, and serum markers of inflammation.

2. Materials and Methods

2.1. Subjects and Measurements

Fifty-two patients were included in this study: 26 consecutive patients with severe
COVID-19 requiring admission to the ICU and 26 non-COVID-19 critically ill postsurgical
patients. The latter were historical controls before the COVID-19 pandemic occurred and
had the following procedures: 7 cardiovascular surgery, 12 renal/urological surgery, 6
pelvic surgery, and 1 surgery for traumatic hemothorax. Patients with COVID-19 were
diagnosed by the presence of SARS-CoV-2 in respiratory specimens by real-time polymerase
chain reaction (RT-PCR) in pharyngeal swabs. All COVID-19 patients were critically-ill
and on mechanical ventilation. They received our standard treatment protocol, including
low molecular-weight heparin, glucocorticoids, and tocilizumab. Non-COVID-19 patients
were all complicated postsurgical ones in need of mechanical ventilation and vasoactive
drugs. Patients under 18 y were excluded as well as those with active cancer, pregnancy, or
with end-stage renal or liver disease before the diagnosis of COVID-19.

Patients in both groups were categorized as with or without diabetes mellitus based
on a previous diagnosis. Stress hyperglycemia was defined as a plasma glucose level of
≥140 mg/dl. Continuous insulin infusion (50 IU of Actrapid in 50 mL of 0.9% saline using
an IV pump) was started when blood glucose was ≥180 mg/dl and adjusted for a glycemic
range of 140–179 mg/dl [13]. Capillary glycemia was measured every one or two hours
to adjust the infusion rate. When blood glucose fell to <140 mg/dl, insulin infusion was
stopped and subcutaneous insulin started. Capillary glycemia was then measured every
six hours. ICU stay and total hospital stay were recorded as well as mortality.

The type of composition of artificial nutrition administered to the included patients
were recorded. PN was delivered through a central line as soon as the patient was hemo-
dynamically stable. Individualized formulae or standardized commercial bags were pre-
pared by the hospital pharmacy. We aimed at 20–25 kcal/Kg/day, with a proportion of
3–6 g/Kg/day for glucose, 1.0 g/Kg/day for amino-acids, and less than 1 g/Kg/day
for lipids, with 7–10 g/day of essential fatty acids. Vitamins and trace elements were
also added by the hospital pharmacy. For those patients with ICU stays above 7 days,
and whenever possible, EN was started with a standard, fiber-free formulation and PN
gradually tapered as EN was tolerated and increased.
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2.2. Ethics

The study protocol was approved by the Institutional Ethics Committee of our center
(study code 147/20) and performed according to the Declaration of Helsinki. Written or
verbal informed consent was obtained from all patients.

2.3. Analytical Assays

Serum concentrations of glucose and other biochemical variables were measured with
an Architect c16000/i2000-analyzer (Abbot Diagnostics, Maidenhead, UK) and HbA1c
by high-performance liquid chromatography (A. Menarini Diagnostics, Bagno a Ripoli,
Italy). Immunoanalysis was employed for the measurement of C-reactive protein (CRP),
procalcitonin (Abbott, Illinois, IL, USA) and D-dimer (Siemens, Münich, Germany), and
interleukins 6 (IL-6) and 12 (IL-12) by enzyme-linked immunosorbent assay (Invitrogen,
Waltham, MA, USA) at ICU admission. Serum osteocalcin was measured by electrochemi-
luminescence Cobas-e601 (Roche Diagnostics, Rotkreuz ZG, Switzerland), with normal
range of 15.0–45.0 μg/L also at ICU admission. The intra- and inter-assay coefficients of
variation were below 10%.

2.4. Statistical Analysis

We used GRANMO 7.12 [14] for sample size analysis. The primary outcome was to
study the possible association of stress hyperglycemia in COVID-19 critically ill patients
with a worse prognosis compared to non-COVID-19 patients. In order to find a mean
difference of 10 days in ICU stay with a SD of 10, we needed a sample size of at least 16
individuals in each group for a two-tail estimates setting α at 0.05 and β at 0.20. Secondary
outcomes were the possible associations of hyperglycemia with circulating osteocalcin
concentrations, the composition of artificial nutrition, and serum markers of inflammation.
Based on our previous results [12], in order to find a mean difference of 7.6 μg/L in osteo-
calcin concentrations with a SD of 8.8, we needed a sample size of at least 21 individuals in
each group for a two-tail estimates setting α at 0.05 and β at 0.20. Sample size analyses for
the composition of artificial nutrition and inflammatory markers were not performed.

Results are expressed as means ± SD unless otherwise stated. The Kolmogorov–
Smirnov statistic was applied to continuous variables. Logarithmic or square root transfor-
mations were used as needed to ensure normal distribution of the variables. To compare
discontinuous variables, we used the χ2 test and Fisher’s exact test as appropriate. Un-
paired t-tests or Mann–Whitney U tests were used to compare the central tendencies of
the different groups as appropriate. Bivariate correlation was employed to study the
association between two continuous variables using Pearson or Spearman’s tests as ap-
propriate. Two-way ANOVA was employed to analyze the effect of both COVID-19 and
stress hyperglycemia on the studied continuous prognostic variables and corrected χ2 test
for categorical ones. Finally a multivariate linear regression analysis was also performed
with a backwards strategy. Analyses were performed using SPSS 17 (SPSS Inc, Chicago, IL,
USA). p < 0.05 was considered statistically significant.

3. Results

3.1. Baseline Characteristics of Patients

Of the 52 initially included patients, the results of 49 patients were finally analyzed,
as three patients with COVID-19 had undetectable levels of osteocalcin (Table 1). Patients
with COVID-19 were younger, with a higher proportion of males. Previous diagnosis of
diabetes mellitus was similar in both groups as well as their HbA1c.
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Table 1. Characteristics of the critically ill included patients.

Patients with
COVID-19 (n = 23)

Non-COVID-19
Patients (n = 26)

p

Male sex (n, %) 19 (83) 14 (54) 0.039

Age (y) 64 ± 9 71 ± 8 0.005
Time to ICU admission (days) 8.1 ± 12.2 4.0 ± 6.7 0.158

Glucose metabolism
Previous diabetes mellitus (n, %) 6 (23) 6 (26) 0.806

HbA1c (%) 6.0 ± 0.9 6.0 ± 0.8 0.977
Glycemia at ICU admission

(mg/dl) 148 ± 62 129 ± 41 0.207

Mean glycemia 1 week at ICU
(mg/dl) 136 ± 37 128 ± 39 0.523

Patients with stress
hyperglycemia (n, %) * 10 (48) 12 (46) 0.920

Patients with insulin infusion
therapy (n, %) 14 (61) 7 (27) 0.022

Artificial nutrition
Time on TPN (days) 15.7 ± 9.6 7.2 ± 10.1 0.004
Time on EN (days) 10.0 ± 12.9 2.1 ± 4.3 0.010

Mean energy delivered
(kcal/day) 1222 ± 180 900 ± 329 <0.001

Mean glucose delivered (g/day) 141 ± 15 137 ± 29 0.600
Metabolic and inflammatory

markers
Osteocalcin (μg/L) 7.0 ± 3.5 12.9 ± 7.0 <0.001
Creatinine (mg/dl) 1.0 ± 0.6 1.3 ± 1.3 0.309

CRP (mg/L) 181 ± 129 161 ± 105 0.652
Procalcitonin (ng/mL) 1.0 ± 2.2 2.4 ± 3.5 0.156

D-dimer (μg/mL) 3791 ± 5403 - -
IL-6 (pg/mL) 280 ± 400 - -
IL-12 (pg/mL) 0.8 ± 1.1 - -

Prognostic parameters
ICU stay (days) 24 ± 16 9 ± 13 <0.001

Total hospital stay (days) 46 ± 19 32 ± 39 0.138
Mortality (n, %) 8 (35) 7 (27) 0.551

Data are means ± SD unless otherwise stated. TPN, total parenteral nutrition; EN, enteral nutrition;
CRP, C-reactive protein; IL, interleukin; ICU, intensive care unit. * Stress hyperglycemia was defined as
glycemia ≥ 140 mg/dl.

We did not find a difference in glycemia at ICU admission in the proportion of patients
with stress hyperglycemia or in mean glycemia at ICU. However, patients with COVID-19
more frequently needed insulin infusion therapy for glycemic control and showed lower
osteocalcin concentrations. Patients with COVID-19 were also on artificial nutrition for
longer (both PN and EN) and received higher energy per day than non-COVID-19 ones
but with similar amounts of delivered glucose per day. Serum CRP and procalcitonin at
ICU admission were similar in both groups (Table 1).

Mortality did not differ between groups. Non-COVID-19 patients died as a result of
cardiac arrest (n = 3), pulmonary embolism (n = 1), and multiorgan failure after septic shock
(n = 3). COVID-19 patients died as a result of respiratory distress syndrome (n = 6) and
pulmonary embolism (n = 2). The possibility of stroke and or any other CNS complications
as the cause of death could not be accurately assessed due to profound sedation in these
patients (Table 1).

3.2. Impact of Stress Hyperglycemia

When both patients with and without COVID-19 were considered together and classi-
fied according to the presence of stress hyperglycemia, the latter group showed a higher
proportion of previous diagnosis of type 2 diabetes mellitus and higher HbA1c levels
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(Table 2). They were on PN for longer, received higher amounts of energy and glucose
from artificial nutrition, and showed higher ICU stays.

Table 2. Characteristics of patients with and without stress hyperglycemia *.

Patients with Stress
Hyperglycemia (n = 22)

Patients without Stress
Hyperglycemia (n = 27)

p

COVID-19 diagnosis
(n, %) 10 (46) 13 (48) 0.851

Male sex (n, %) 14 (64) 19 (70) 0.617
Age (y) 69 ± 9 67 ± 10 0.574

Glucose metabolism
Previous diabetes

mellitus (n, %) 9 (41) 3 (11) 0.022

HbA1c (%) 6.4 ± 0.9 5.7 ± 0.7 0.013
Glycemia at ICU

admission (mg/dl) 162 ± 44 118 ± 42 0.003

Mean glycemia
1-week at ICU

(mg/dl)
161 ± 29 112 ± 26 <0.001

Artificial nutrition
Time on TPN (days) 14.7 ± 11.8 8.3 ± 8.9 0.035
Time on EN (days) 8.6 ± 12.6 3.5 ± 6.8 0.075

Mean energy
delivered (kcal/day) 1185 ± 296 941 ± 287 0.006

Mean glucose
delivered (g/day) 147 ± 24 132 ± 20 0.026

Metabolic and
inflammatory markers
Osteocalcin (μg/L) 8.2 ± 5.3 12.3 ± 7.0 0.034

CRP (mg/L) 170 ± 102 180 ± 144 0.808
Procalcitonin

(ng/mL) 1.8 ± 3.2 0.8 ± 1.5 0.314

Prognostic parameters
ICU stay (days) 23 ± 17 11 ± 13 0.007

Total hospital stay
(days) 47 ± 39 31 ± 23 0.090

Mortality (n, %) 5 (19) 10 (45) 0.085
Data are means ± SD unless otherwise stated. TPN, total parenteral nutrition; EN, enteral nutrition; CRP,
C-reactive protein; ICU, intensive care unit. * Stress hyperglycemia was defined as glycemia ≥ 140 mg/dl.

Total hospital stay did not correlate with glucose control, but ICU stay correlated with
glycemia at admission in ICU (r = 0.337, p = 0.018) and at day 2 (r = 0.427, p = 0.015). Those
patients with stress hyperglycemia showed higher ICU stays. As expected, those patients
with longer ICU stays needed more days on artificial nutrition for both PN (r = 0.741,
p < 0.001) and EN (r = 0.829, p < 0.001).

3.3. Circulating Osteocalcin as a Marker for Hyperglycemia and Prognosis

Circulating osteocalcin was lower in patients with COVID-19 (Table 1). It was lower
in patients with stress hyperglycemia (Table 2) and in those in need for insulin infusion
therapy (7.0 ± 4.7 vs. 12.3 ± 7.0 μg/L for subcutaneous insulin, t = 3.672, p = 0.001).

Circulating osteocalcin concentrations inversely correlated with glycemia at the day
of admission in the ICU (r = −0.476, p = 0.001) and at days 2 (r = −0.409, p = 0.007) and 3
(r = −0.351, p = 0.049) (Figure 1). Osteocalcin did not correlate with HbA1c (r = −0.207,
p = 0.225) or age (r = 0.145, p = 0.319), and their levels were similar in men and women
(t = 0.482, p = 0.632).
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Figure 1. Correlations of circulating osteocalcin with glycemia and HbA1c.

3.4. Impact of the Composition of Artificial Nutrition

The amount of energy delivered through PN did not correlate with glycemia at the day
of admission in the ICU (r = 0.245, p = 0.097), at day 2 (r = 0.211, p = 0.245), or 3 (r = 0.069,
p = 0.750). Conversely, the amount of glucose delivered through PN was positively correlated
with glycemia at the day of admission in the ICU (r = 0.395, p = 0.006). In addition, mean
glucose and energy delivered through artificial nutrition correlated with mean glycemia
during ICU stay (r = 0.399, p = 0.007 and r = 0.291, p = 0.048, respectively) (Figure 2).

Figure 2. Correlations of energy and glucose delivered through artificial nutrition with glycemia.
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Those patients in need of insulin infusion therapy compared with those on sub-
cutaneous insulin received higher energy (1221 ± 256 vs. 923 ± 294 kcal/day, respec-
tively, t = 3.709, p = 0.001) and glucose delivered through artificial nutrition (146 ± 22 vs.
133 ± 22 g/day, respectively, t = 2.112, p = 0.040).

3.5. Circulating Inflammatory Markers

Glycemia at the day of admission in the ICU was positively correlated with IL-12
(r = 0.454, p = 0.038) but not with CRP (r = 0.065, p = 0.722), procalcitonin (r = 0.145,
p = 0.446), IL-6 (r = 0.138, p = 0.551), or D-dimer (r = 0.232, p = 0.312) (Figure 3).

Figure 3. Correlations of serum inflammatory markers with glycemia.

Patients with stress hyperglycemia had more similar inflammatory markers at ICU
admission than those without it (Table 2). The same occurred between those patients in
need for insulin infusion therapy compared with those on subcutaneous insulin (p > 0.05
for IL-12, CRP, procalcitonin, D-dimer, and IL-6).

3.6. Ancillary Analyses

In order to correct for the effects of both the presence of COVID-19 and stress hyper-
glycemia in prognostic parameters and osteocalcin, we performed a two-way analysis of
variance for continuous variables and corrected χ2 test for categorical ones. Separated data
in four groups are shown in Table 3.
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Table 3. Prognosis and serum markers of patients with and without COVID-19 and with or without stress hyperglycemia *,†.

COVID-19
with Stress

Hyper-
glycemia
(n = 10)

COVID-19
without Stress

Hyper-
glycemia
(n = 13)

Non-COVID-
19 with Stress

Hyper-
glycemia
(n = 12)

Non-COVID-
19 without

Stress Hyper-
glycemia
(n = 14)

p for
COVID-19

Effect

p for Hyper-
glycemia

p for
Interaction

Male sex (n, %) 9 (90) 10 (77) 5 (42) 9 (64) 0.031 0.678

Age (y) 65 ± 8 63 ± 10 72 ± 9 71 ± 8 0.006 0.595 0.878

ICU stay
(days) 30 ± 17 20 ± 14 17 ± 15 2 ± 2 <0.001 0.002 0.172

Total hospital
stay (days) 47 ± 20 46 ± 19 47 ± 52 20 ± 20 0.263 0.110 0.255

Mortality (n,
%) 5 (50) 3 (23) 5 (42) 2 (14) 0.391 0.120

Osteocalcin
(μg/L) 6.2 ± 4.2 6.9 ± 4.3 9.8 ± 6.3 15.7 ± 6.2 0.001 0.027 0.172

CRP (mg/L) 192 ± 98 173 ± 153 146 ± 108 230 ± 82 0.926 0.560 0.354

Procalcitonin
(ng/mL) 1.2 ± 2.9 0.7 ± 1.5 2.4 ± 3.7 1.3 ± 0.7 0.373 0.816 0.904

Patients with
insulin

infusion (n, %)
8 (80) 6 (46) 7 (58) 0 (0) 0.040 0.041

Time on TPN
(days) 16.4 ± 11.5 15.2 ± 8.4 13.3 ± 12.5 2.0 ± 1.3 0.003 0.020 0.060

Time on EN
(days) 13.5 ± 17.0 7.2 ± 8.3 4.6 ± 5.5 1.0 ± 0.5 0.004 0.045 0.750

Mean energy
delivered

(kcal/day)
1274 ± 135 1182 ± 205 1109 ± 373 717 ± 121 <0.001 0.001 0.029

Mean glucose
delivered
(g/day)

140 ± 16 141 ± 15 153 ± 29 124 ± 21 0.721 0.029 0.015

Data are means ± SD unless otherwise stated. ICU, intensive care unit; CRP, C-reactive protein. * Stress hyperglycemia was defined as
glycemia ≥ 140 mg/dl. †, p show the results of two-way ANOVA except for categorical variables that were analyzed by corrected χ2 tests.

ICU stay was higher with both COVID-19 diagnosis and the presence of stress hy-
perglycemia, indicating these two were independent prognostic factors. Conversely total
hospital stay and mortality were not associated with either COVID-19 diagnosis or the
presence of stress hyperglycemia. Circulating osteocalcin was lower in both COVID-19
patients and with the presence of stress hyperglycemia, but CRP and procalcitonin showed
no associations (Table 3).

Insulin infusion was more frequent for both COVID-19 diagnosis and the presence of
stress hyperglycemia. The time on artificial nutrition, both on TPN and EN, was longer
in those patients with COVID-19 and with stress hyperglycemia. The amount of energy
and glucose delivered by artificial nutrition were also associated with both the presence of
COVID-19 and stress hyperglycemia and with their interaction (Table 3).

Finally, a multivariate linear regression analysis was also performed with a backwards
strategy, introducing COVID-19 diagnosis, the presence of stress hyperglycemia, the need
for insulin infusion, age, and sex as independent variables and ICU stay as the dependent
variable. Both COVID-19 diagnosis (β = 0.488, p < 0.001) and the presence of stress
hyperglycemia (β = 0.394, p = 0.001) were retained by the model (R2 = 0.383, F = 14.297,
p < 0.001). When osteocalcin was introduced as the dependent variable, both COVID-19
diagnosis (β = −0.375, p = 0.005) and the presence of stress hyperglycemia (β = −0.344,
p = 0.009) were retained by the model (R2 = 0.347, F = 12.224, p < 0.001).

Another multivariate regression analysis model was performed as to take into account
the artificial nutrition characteristics on ICU stay, which was introduced as the dependent
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variable. The independent variables in this model were the days on artificial nutrition,
both TPN and EN, the amount of energy and glucose delivered by artificial nutrition, and
the need for insulin infusion. The presence of COVID-19 and stress hyperglycemia could
not be introduced in the model, as they showed collinearity with the variables of artificial
nutrition. The variables retained by the model (R2 = 0.965, F = 438.5, p < 0.001) were the
days on both TPN (β = 0.535, p < 0.001) and EN (β = 0.652, p < 0.001) and the need for
insulin infusion (β = 0.066, p = 0.031).

4. Discussion

In the present study, we have shown that hyperglycemia in critically ill COVID-19
patients was associated with longer ICU stays and higher amounts of glucose delivered
through artificial nutrition. Low circulating osteocalcin was lower in COVID-19 patients,
in those with stress hyperglycemia, and in those in need for insulin infusion therapy.
Therefore, osteocalcin could be considered a useful marker for stress hyperglycemia and
prognosis at ICU.

Osteocalcin, while playing important roles in bone remodeling, also contributes to
glucose metabolism by affecting both insulin secretion and insulin sensitivity [15]. In vitro,
co-cultures of pancreatic islets and wild-type osteoblasts stimulated insulin secretion,
whereas knockout osteocalcin osteoblasts did not [15]. Furthermore, the link between bone
and glucose metabolism is supported by clinical observations indicating that patients with
diabetes show an increased risk of fractures because of osteopenia or osteoporosis [16,17]
and similarly in animal models [10].

Circulating osteocalcin was reduced in patients with severe COVID-19, in accordance
with a recent report in which 40 patients were compared with 57 non-COVID-19 controls
in a cross-sectional design [18]. We further analyzed the serum osteocalcin association
with glycemia in COVID-19 patients, as we and other authors reported in the past this
relationship in other type of patients [12,19]. We found that circulating osteocalcin was
inversely correlated with glycemia: it was lower in those with stress hyperglycemia, those
in need for insulin infusion therapy, and also associated with longer ICU stays. To our
knowledge, this is the first time that this association is reported in critically ill patients.

Diabetes mellitus has shown to be a risk factor for a worse prognosis in patients with
COVID-19 [20,21] as well as those who develop stress hyperglycemia [4]. Furthermore, the
severity of COVID-19 illness increases progressively in relation to glucose abnormalities
at admission [22], and this has also been shown to happen in patients without a previous
diagnosis of diabetes [23]. Conversely, a recent report has shown no difference in mortality
based on the diabetes status, previous control, or complications [1]. Therefore, glycemic
control may be important to all COVID-19 patients even if they have no pre-existing
diabetes, as most COVID-19 patients are prone to glucose metabolic disorders as a result of
stress hyperglycemia and probably the adverse effects of several treatments.

Among the factors that may influence the appearance of stress hyperglycemia in
critically ill patients, the release of inflammatory mediators might be one of the phys-
iopathological pathways. Inflammatory cytokines excessively produce glucose by the liver
and insulin resistance at the peripheral tissues [8], and the resultant hyperglycemia further
exacerbates the inflammatory and oxidative stress response [9]. The modulation of the
immune response in patients receiving insulin treatment may partially explain a reduction
in morbidity and mortality [24]. In agreement, we have shown that circulating IL-12 con-
centrations correlated with hyperglycemia at ICU admission and that those patients with
stress hyperglycemia showed higher ICU stays.

The amount or glucose delivered through artificial nutrition might be another as-
sociated factor with stress hyperglycemia. It has been shown that among the metabolic
complications of parenteral nutrition, hyperglycemia is one of them, and this may be
especially important in older individuals [7]. Therefore, nutrition-support regimens need
to minimize stress hyperglycemia and assist glucose management [25]. Recent recommen-
dations from the European Society of Clinical Nutrition and Metabolism (ESPEN) state
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that in critically COVID-19 patients who do not tolerate full-dose EN during the first week
in the ICU, initiating PN should be weighed on a case-by-case basis [14]. Conversely, in the
last two decades, evidence-based recommendations suggest PN use in patients in whom
EN cannot be initiated within 24 h of ICU admission or injury [26–28], as it produces similar
outcomes as EN alone. Even a combination of PN and EN in critically ill patients has been
recently recommended as a better approach [29].

However, there is still a paucity of data in critically ill COVID-19 patients regarding
the recommendation of the type of artificial nutrition and also its composition. Our results
showed that the amount of glucose delivered by artificial nutrition did not differ between
COVID-19 and non-COVID-19 patients. It is true that the former needed higher rates of
insulin infusion, but this could be related to the use of glucocorticoids as part of their
treatment. In the present study, we have also shown that the amount of glucose delivered
through parenteral nutrition was associated with higher glycemia at ICU independently of
COVID-19 diagnosis.

An important limitation of our study is that it was enabled to find differences in
ICU stay and serum osteocalcin but not in the composition of artificial nutrition. In
this regard, we showed after performing a multivariate analysis that both ICU stay and
osteocalcin were independently associated with COVID-19 diagnosis and the presence
of stress hyperglycemia. However, the latter were also associated with longer artificial
nutrition support and higher energy needs, so the design of our study precludes us from
reaching valid, nonbiased associations regarding artificial nutrition. Therefore, future
studies are needed to address the role of the type and composition of artificial nutrition in
critically ill COVID-19 patients.

5. Conclusions

Hyperglycemia in critically ill COVID-19 patients was associated with longer ICU
stays and with higher amounts of glucose delivered through artificial nutrition in both
COVID-19 and non-COVID-19 patients. Low circulating osteocalcin was a good marker for
stress hyperglycemia.
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Abstract: Background and aims: Vitamin D inadequacy may be involved in the mechanisms of
SARS-CoV-2 infection and in potential risk factors for disease propagation or control of coronavirus
disease 2019 (COVID-19). This study assessed a short-term evolution of vitamin D status and its
influence upon different clinical parameters in critically ill patients with COVID-19. Methods: A
prospective analytical study in which 37 critically ill volunteers between 41 and 71 years of age with
COVID-19 were evaluated at baseline and three days of intensive care unit (ICU) stay. 25-OH-D3 and
25-OH-D2 were analyzed by liquid chromatography–tandem mass spectrometry and total 25-OH-D
levels were calculated as the sum of both. Results: All patients presented low 25-OH-D levels at
baseline, decreasing total 25-OH-D (p = 0.011) mainly through 25-OH-D2 (p = 0.006) levels during
ICU stay. 25-OH-D2 levels decreased a mean of 41.6% ± 89.6% versus 7.0% ± 23.4% for the 25-OH-D3

form during the ICU stay. Patients who did not need invasive mechanical ventilation presented
higher levels of 25-OH-D2 at baseline and follow-up. Lower 25-OH-D and 25-OH-D3 levels were
associated with higher D-dimer at baseline (p = 0.003; p = 0.001) and at follow up (p = 0.029), higher
procalcitonin levels (p = 0.002; p = 0.018) at follow up, and lower percentage lymphocyte counts
(p = 0.044; p = 0.040) during ICU stay. Conclusions: Deficient vitamin D status in critical patients
was established at the admission and further worsened after three days of stay. Lower vitamin D
levels were related to key altered clinical and biochemical parameters on patients with SARS-CoV-2
infection. Given the different response of the 25-OH-D3 and 25-OH-D2 forms, it would be useful to
monitor them on the evolution of the critically ill patient.

Keywords: coronavirus disease 2019; SARS-CoV-2; Vitamin D; critical care; intensive care patient

1. Introduction

The global public health crisis caused by the SARS-CoV-2 virus has created the need
for urgent actions in order to reduce the risk of infection, progression, and the severity of
coronavirus disease 2019 (COVID-19) [1], which triggers an acute inflammatory process
and uncontrolled oxidative stress [2]. This in turn results in severe acute respiratory distress
syndrome (ARDS) characterized by a cytokine storm, mainly in critical cases [3], which may
lead to multiple organ damage [4] and further complicate the patient’s critical condition
previously described during their ICU stay [5,6].

There is currently great concern regarding the clinical management and intensive care
of patients with critical stages of the disease and who are at a higher risk of death [7]. The
implementation of prompt and appropriate nutritional assessment in COVID-19 must be
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considered, [8,9] because possible modulation of the status of key micronutrients appears
to be a relevant factor influencing the development of this disease [10]. No information
about nutritional monitoring in critical patients with COVID-19 is available to date [11],
and this lack of data precludes the definition of firm micronutrient recommendations in
this particular risk population [12].

Certain micronutrients are essential for adequate immunocompetence and antioxidant de-
fense, which are related to inflammatory response, such as vitamin D [13]. 25-Hydroxyvitamin
D (25-OH-D) is the metabolite used to assess vitamin D status, due to its long half-life
in plasma or serum (one month) [14], and is characterized by synergic action of its two
main forms: 25-hydroxyvitamin D2 (25-OH-D2), which is obtained from plant sources, and
25-hydroxyvitamin D3 (25-OH-D3), which comes from animal products and endogenous
synthesis in skin through exposure to sunlight [15], both of them can be supplemented
with commercial products [16]. Recently, vitamin D has generated particular interest
because of its role in reducing the risk of pneumonia and viral upper respiratory tract
infections at a physical barrier and cellular natural and adaptive immunity level [17,18].
The underlying mechanisms can be grouped into two main actions: anti-inflammatory and
anti-infective [19]. Vitamin D is associated with a decrease in proinflammatory cytokines,
reducing the cytokine storm induced by the innate immune system, which is exacerbated
in COVID-19 [17,20]. Moreover, it must be noted that serum 25-OH-D is considered as a
negative acute phase reactant [21] and low vitamin D status in critical ill patients may be
related to a decrease of binding protein concentration [22]. On the other hand, vitamin D is
able to reduce viral infection and replication rates by inducing transcription of proteins
with antimicrobial functions, enhancing autophagic encapsulation of viral particles, favor-
ing lung epithelial cell barrier integrity, and ultimately regulating both innate and adaptive
immunity [17–20,23,24].

Thus, vitamin D inadequacy has emerged as a factor that may be involved in the
mechanisms of virus infection and in potential risk factors for disease propagation or
control [24,25]. In fact, low vitamin D status in patients with COVID-19 has been re-
ported [26–28], being associated with a poorer prognosis, infection risk, or unregulated
inflammation. Thus, due to the lack of evidence on the importance of monitoring vitamin
D status in critical patients with COVID-19, the present study was designed to assess the
short-term evolution of the status of vitamin D and its influence upon different clinical
parameters in critically ill patients with COVID-19 in the province of Granada, Spain.

2. Materials and Methods

2.1. Study Design and Subjects

A prospective analytical study was carried out of patients monitored from the first day
of admission to the intensive care unit (ICU) (baseline) until day three of stay (follow-up).
Of a total of 43 initially recruited patients, 37 participants from the province of Granada
(Spain), aged 41–74 years, were included in the period from 1 March to 1 June 2020, after
been informed about the study protocol. Six patients died during the study and were
excluded. All eligible participants enrolled in the study were critical patients aged 18 years
or older and hospitalized for more than 48 h, who agreed to participate in the study or for
whom approval of participation was obtained from the family. All patients had a diagnosis
of critical active SARS-CoV-2 infection according to the Chinese Clinical Guideline for the
classification of COVID-19 [29] (analyzed by real-time reverse transcriptase–PCR (RT-PCR))
testing of nasal and pharyngeal swab samples) and had an ICU stay of at least three days
and did not receive vitamin D support. The present study was conducted in accordance
with the principles of the Declaration of Helsinki, following the International Conference
on Harmonization/Good Clinical Practice standards, and was approved by the Ethics
Committee of the University of Granada (Ref. 149/CEIH/2016).
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2.2. Data Collection

Data including age, sex, body mass index (BMI), smoking habits, comorbidities,
respiratory and clinical parameters, ICU length of stay, length of hospitalization, and
28-day mortality were retrieved from the hospital electronic database system and recorded
for each study participant at ICU admission (baseline) and after three days (follow-up).
The Acute Physiology and Chronic Health Evaluation II (APACHE-II) score and Sequential
Organ Failure Assessment (SOFA) score were obtained by intensivists at baseline and
follow-up.

Patient clinical outcomes were recorded both at admission and during the ICU stay:
heart rate (beats per minute); respiratory rate (breaths per minute); mean blood pressure
(mmHg); positive end-expiratory pressure (PEEP); fraction of inspired oxygen (FiO2);
partial oxygen arterial pressure/fraction of inspired oxygen (PaO2/FiO2); ARDS; invasive
mechanical ventilation (IMV).

2.3. Blood Sampling and Biochemical Parameters

Two measurements were performed (baseline and follow-up). Blood sampling was
carried out in the morning under fasting conditions, followed by centrifugation (4 ◦C for
15 min at 3500 rpm) to separate the plasma. The samples were frozen at −80 ◦C until
analysis of the different parameters. All samples were measured in one run, in the same
assay batch, and blinded quality control samples were included in the same assay batches
to determine laboratory error in the measurements.

The recorded biochemical parameters were total proteins, albumin, prealbumin, fer-
ritin, transferrin, glucose, total cholesterol, glutamic oxaloacetic transaminase or aspartate
transaminase (GOT or AST), glutamic pyruvic transaminase or alanine transaminase (GPT
or ALT), lactate dehydrogenase (LDH), C-reactive protein (CRP), procalcitonin (PCT),
hemoglobin, leukocytes, neutrophils, lymphocytes, platelets, D-dimer, fibrinogen, calcium
(Ca), phosphorous (P), and magnesium (Mg), using routine hospital analytical assays
(ECLIA, Elecsys 2010 and Modular Analytics E170, Roche Diagnostics, Mannheim, Germany).

2.4. Analytical Determination of Vitamin D

Vitamin D was measured in plasma samples by liquid chromatography–tandem
mass spectrometry (LC-MS/MS). Plasma sample treatment involved protein precipitation
adding 500 μL of acetonitrile in an Eppendorf flask with 200 μL of plasma and 20 μL
of 25-hydroxyvitamin D3 and 25-hydroxyvitamin D2 deuterated solutions as Internal
Standard (IS) (Sigma Aldrich, St. Louis, MO, USA) (0.5 μg/mL). The samples were slightly
shaken for 1 min on a plate shaker and centrifuged at 10,000 rpm for 15 min at 4 ◦C. The
supernatant was collected in another Eppendorf flask and dried with N2. The dry residue
was vortexed for 30 s after the addition of 200 μL of ethyl acetate and 100 μL of deionized
water and centrifuged at 3000 rpm for 5 min. The supernatant was again collected in
another Eppendorf flask, and the previous steps were repeated with the remaining liquid
phase, subsequently pooling the second supernatant with the first. The total supernatant
was dried with N2.

For samples derivatization, we prepared a solution of 4-phenyl-3H-1,2,4-triazole-
3,5(4H)-dione (PTAD) (Sigma Aldrich, St. Louis, MO, USA) in acetonitrile (0.5 mg/mL),
using 50 μL of this solution in standards and in each sample, with vortexing. All samples
were placed on the plate shaker for 1 h at room temperature and covered with aluminum
foil. Lastly, the samples were transferred to vials, diluted with 50 μL of deionized wa-
ter and stored in freezer at −20 ◦C covered with aluminum foil until injection into the
chromatograph. For the calibration line, increasing concentrations of 1, 2, 5, 10, 25, 50,
and 100 ppb of the standards 25-OH-D3 and 25-OH-D2 (Sigma Aldrich, St. Louis, MO,
USA) with 20 μL of IS were used and dried with N2 and derivatized at the same time
as the samples. For sample measurements, use was made of a Waters Acquity UHPLC
I-Class System chromatograph (Waters, London, UK), with the Acquity UHPLC BEH C18
column 2.1, 50 mm, 1.7 m at room temperature. The mobile phase of channel A was water
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with 50 mM of ammonium formate, while that of channel B was methanol. The injection
volume of the sample was 10 μL and the flow rate was 0.4 mL/min. The detector was a
Waters XEVO-TQ-XS Triple Quadrupole Low Resolution Spectrometer. Total 25-OH-D
was calculated as the sum of the 25-OH-D3 and 25-OH-D2 forms. According to the En-
docrine Society Practice Guidelines on Vitamin D, the threshold for biochemical 25-OH-D
sufficiency values was considered to be >30 ng/mL, with deficiency being defined as
20–29 ng/mL and insufficiency as <20 ng/mL [28].

2.5. Statistical Analysis

Qualitative variables were presented as frequencies and percentages. Quantitative
variables with normal distribution were expressed as the arithmetic mean and standard
deviation (SD), and variables with non-normal distribution were expressed as the median
and the interquartile range. Normal data distribution for continuous variables was tested
using the Shapiro–Wilk test. The Wilcoxon signed-rank test for nonparametric samples was
used for the comparative analyses at baseline and follow-up. The unpaired Student t-test for
parametric samples was used for the comparative analysis based on clinical outcomes. The
effect size (ES) was estimated and interpreted as follows: small = 0.01, moderate = 0.06, and
large = 0.14 [30]. Correlation analyses and partial correlation coefficients were performed
using the Spearman test. Statistical significance was considered for p < 0.05. The SPSS
version 22.0 statistical package (IBM SPSS, Armonk, NY, USA) was used throughout.

3. Results

The demographic and clinical characteristics of the 37 patients enrolled in the study
are shown in Table 1. The median age of the study population was 60 years, and the gender
distribution of the sample was 26 males and 11 females. With regard to the anthropometric
parameters, over a third of the patients were overweight, and more than half of them were
obese. Most of the patients had one or more underlying diseases. With regard to the severity
parameters, the mean APACHE-II and SOFA scores were 12.3 and 6.54, respectively, upon
admission. A total of 26 of 37 patients (70.2%) had at least 1 infection, and 5 of them
had 3 or more infections during their admission in ICU. The most frequent infection was
bacteremia in 25 out of 48 total infections (52%), followed by respiratory infections 15 out
of 48 total infections (31%), and finally urinary tract infections associated with urethral
catheterization in 7 out of 48 total infections (14.5%). The most frequent germs causing
these infections were Gram-positive (39%), followed by Gram-negative bacteria (33%) and
fungi (20%). The mean length of hospitalization was 39.5 days. More than two-thirds of
the patients presented ARDS on admission, requiring invasive mechanical ventilation with
a mean duration of over 20 days. The mortality rate after 28 days of ICU stay was over
two-thirds of the total study population.

The clinical and biochemical parameters of the study population at baseline and
follow-up are shown in Table 2. Respiratory parameters were altered with significant
changes in FiO2 and PEEP after three days. Total proteins (p = 0.012), albumin (p = 0.035),
prealbumin (p = 0.017), LDH (p = 0.002), CRP (p = 0.001), hemoglobin (p = 0.001), and
fibrinogen (p = 0.001) were outside the reference values and decreased significantly after
three days of ICU stay. Parameters such as ferritin, transaminases, or D-dimer were also
outside the reference values although no changes were observed in their evolution during
the ICU stay. The results showed the 25-OH-D, 25-OH-D3, and 25-OH-D2 levels to be
lower at follow-up versus baseline—with statistical significance being reached for 25-OH-D
(p = 0.011) and 25-OH-D2 (p = 0.006).

Figure 1 shows the distribution of patient vitamin D status upon ICU admission and
after three days of stay. In no case were the 25-OH-D levels > 25 ng/mL. Only 16.7% (6/37)
of the patients had 25-OH-D > 20 ng/mL at baseline, versus 3.2% (1/37) at follow-up.
Furthermore, 22.2% (8/37) presented 25-OH-D < 10 ng/mL—this percentage reaching
25.8% (10/37) after three days of stay.

60



Nutrients 2021, 13, 1988

Table 1. Demographic and clinical characteristics of the patients.

Baseline Characteristics (N = 37) Mean ± SD Min–Max 95% CI

Age (years) 60.0 ± 10.2 41.0–74.0 56.6–63.4
Sex (M/F, %) 26/11 (70.3/29.7) - -
BMI (kg/m2) 30.77 ± 4.17 22.8–42.2 29.4–32.2

BMI < 25 kg/m2 (n/N, %) 3/37 (8.10) - -
BMI 25–30 kg/m2 (n/N, %) 14/37 (37.8) - -
BMI > 30 kg/m2 (n/N, %) 20/37 (54.1) - -
Smoking habit (n/N, %)

Smokers 3/37 (8.10) - -
Ex-smokers 12/37 (32.4) - -

Never smokers 22/37 (59.5) - -
Patients with comorbidity (n/N, %) 26/37 (70.3) - -

Diabetes 13/37 (35.1) - -
Hypertension 20/37 (54.1) - -
Dyslipidemia 11/37 (29.7) - -

Chronic kidney disease 2/37 (5.40) - -
COPD 10/37 (27.0) - -

Cardiovascular disease 6/37 (16.2) - -
APACHE-II score 12.3 ± 3.77 6.00–21.0 11.1–13.6

SOFA score 6.54 ± 2.60 2.00–13.0 5.67–7.41
Bacterial and fungal infection (n/N, %) 26/37 (70.3) - -

Sepsis (n/N, %) 7/36 (19.4) - -
PaO2/FiO2 212.9 ± 103.8 15.0–550.0 169.2–248.6

ARDS (PaO2/FiO2 < 300) (n/N, %) 26/37 (70.0) - -
Mild (300 < PaO2/FiO2 ≤ 200) (n/N, %) 12/37 (32.4) - -

Moderate (200 < PaO2/FiO2 ≤ 100) (n/N, %) 10/37 (27.0) - -
Severe (PaO2/FiO2 < 100) (n/N, %) 4/37 (10.8) - -

IMV (n/N, %) 30/37 (81.1) - -
Duration of IMV (days) 21.7 ± 14.6 1.00–73.0 16.0–27.4

ICU length of stay (days) 25.4 ± 22.6 6.00–104.0 17.8–32.9
Length of hospitalization (days) 39.5 ± 27.0 9.00–131.0 30.5–48.5

Patient 28-day mortality (n/N, %) 26/37 (70.3) - -

N = 37. Data expressed as mean ± standard deviation. Abbreviations: SD = standard deviation; Min–Max = minimum–maximum;
CI = confidence interval; M/F = male/female; BMI = body mass index; COPD = chronic obstructive pulmonary disease; APACHE-
II = Acute Physiology and Chronic Health Evaluation II; SOFA = Sequential Organ Failure Assessment; PaO2/FiO2 = partial oxygen arterial
pressure/fraction of inspired oxygen; ARDS = acute respiratory distress syndrome; IMV = invasive mechanical ventilation; ICU = intensive
care unit.

Figure 1. Vitamin D status in the study population at ICU admission (baseline) and after three days
(follow-up).
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Table 2. Clinical and biochemical parameters of the critical patients with COVID-19 at baseline and follow-up.

Reference
Baseline

Median (IQR)
N = 37

Follow-Up
Median (IQR)

N = 37
Z

p-Value
Initial–Final

ES

Clinical
Heart rate (bpm) 60–100 80.0 (28.7) 64.0 (38.0) −1.69 0.091 0.411

Respiratory rate (brpm) 15–20 30.0 (3.50) 22.0 (4.50) −1.63 0.102 0.582
Mean blood pressure (mmHg) 70–105 93.5 (18.0) 91.5 (25.7) −0.31 0.753 0.095

PEEP (cm H2O) 2–5 14.0 (3.50) 12.0 (2.00) −2.76 0.006 0.779
FiO2 >68% 0.70 (0.25) 0.60 (0.15) −3.81 0.001 0.825

PaO2/FiO2 200–300 200.0 (101.5) 222.0 (119.0) −0.05 0.964 0.010
Biochemical

Total Proteins (g/dL) 6.60–8.30 6.40 (0.90) 6.10 (1.13) −2.51 0.012 0.513
Albumin (g/dL) 3.50–5.20 3.20 (0.65) 3.00 (0.60) −2.11 0.035 0.444

Prealbumin (mg/dL) 16.0–42.0 9.00 (16.2) 25.0 (23.0) −2.39 0.017 0.782
Ferritin (ng/mL) 20.0–275.0 1139.3 (1772.9) 1490.1 (1815.7) −0.52 0.603 0.117

Transferrin (mg/dL) 200.0–360.0 132.0 (31.7) 136.0 (68.0) −0.82 0.410 0.269
Glucose (mg/dL) 75.0–115.0 154.0 (81.0) 184.5 (113.5) −1.62 0.106 0.328

Total Cholesterol (mg/dL) 140.0–200.0 138.5 (51.5) 159.0 (103.0) −2.02 0.044 0.574
GOT or AST (U/L) 5.00–40.0 37.0 (32.5) 31.0 (32.0) −1.76 0.078 0.351
GPT or ALT (U/L) 0.00–55.0 35.0 (40.0) 36.5 (46.5) −1.21 0.228 0.248

LDH (U/L) 0.00–248.0 490.5 (183.0) 429.0 (138.0) −3.05 0.002 0.590
CRP (mg/L) 0.00–5.00 153.7 (210.7) 35.4 (56.4) −4.66 0.001 0.991
PCT (ng/dL) 0.02–0.50 0.22 (0.44) 0.11 (0.46) −1.59 0.112 0.360

Hemoglobin (g/dL) 11.0–17.0 13.3 (2.80) 12.6 (3.93) −4.06 0.001 0.789
Leukocytes (*103/μL) 3.50–10.5 9.67 (6.94) 9.45 (7.44) −1.25 0.212 0.240

Neutrophils (%) 42.0–77.0 88.5 (8.15) 88.0 (6.82) −0.34 0.737 0.067
Lymphocytes (%) 20.0–44.0 6.40 (5.68) 5.75 (4.13) −0.28 0.777 0.056

Platelets (*103/μL) 120.0–450.0 212.0 (135.5) 266.0 (131.5) −2.52 0.012 0.482
D-dimer (ng/dL) 0.00–500.0 1080.0 (1647.5) 1520.0 (3050.0) −1.14 0.254 0.231

Fibrinogen (mg/dL) 200.0–350.0 750.5 (356.5) 556.0 (336.7) −3.52 0.001 0.683
Ca (mg/dL) 8.80–10.6 8.40 (0.48) 8.10 (0.98) −0.81 0.421 0.190
P (mg/dL) 2.30–4.50 3.55 (1.93) 3.15 (1.43) −0.02 0.984 0.005

Mg (mg/dL) 1.60–2.60 2.23 (0.37) 2.20 (0.50) −0.80 0.421 0.253
25–OH–D (ng/mL) 20.0–100.0 13.6 (9.02) 12.2 (6.01) −2.53 0.011 0.600
25–OH–D3 (ng/mL) - 8.45 (6.38) 7.92 (5.85) −1.35 0.176 0.520
25–OH–D2 (ng/mL) - 5.85 (2.95) 4.66 (2.02) −2.74 0.006 0.278

N = 37. Data expressed as median (interquartile range, IQR). Abbreviations: SD = standard deviation; ES = effect size; bpm = beats per
minute; brpm = breaths per minute; PEEP = positive end-expiratory pressure; PaO2/FiO2 = partial oxygen arterial pressure/fraction of
inspired oxygen; GOT or AST = glutamic oxaloacetic transaminase or aspartate transaminase; GPT or ALT = glutamic pyruvic transaminase
or alanine transaminase; LDH = lactate dehydrogenase; CRP = C-reactive protein; PCT = procalcitonin; Ca = calcium, P = phosphorous,
Mg = magnesium, *103 = multiplied by 1000. The sixth column reports statistical significance after the Wilcoxon signed-rank test; evolution
is shown after 3 days. ES effect size calculations were also made to determine the effect of ICU stay (ES: small ≤ 0.01, moderate = 0.06, and
large ≤ 0.14) [28]. Statistical significance = p < 0.05.

Figure 2 corresponds to the comparative analysis of clinical parameters in relation to
25-OH-D, 25-OH-D3, and 25-OH-D2 levels upon ICU admission and after three days of
stay. Based on the sepsis (Figure 2A) and infectious processes (Figure 2B), there was a trend
toward statistical significance in the follow-up observing lower levels of 25-OH-D and
25-OH-D3 for septic patients and lower levels of 25-OH-D2 for infected patients. Patients
who did not need invasive mechanical ventilation presented higher levels of 25-OH-D2 at
baseline and 25-OH-D and 25-OH-D2 at follow-up (Figure 2C).

Table 3 shows the Spearman bivariate correlations between the 25-OH-D, 25-OH-
D3, and 25-OH-D2 levels at baseline and follow-up and the clinical and biochemical
parameters analyzed in our study. At baseline, the 25-OH-D levels were correlated to
albumin (p = 0.021), hemoglobin (p = 0.028), D-dimer (p = 0.003), and fibrinogen (p = 0.020)—
with albumin also being correlated to 25-OH-D2 (p = 0.037); and D-dimer (p = 0.001)
and fibrinogen to 25-OH-D3 (p = 0.029). Respiratory rate was negatively correlated to
25-OH-D2 (p = 0.025). At follow-up, 25-OH-D and 25-OH-D3 were significantly correlated

62



Nutrients 2021, 13, 1988

to PCT (p = 0.002; p = 0.018) and lymphocytes (p = 0.044; p = 0.040). In the case of D-
dimer and Ca, an inverse correlation to 25-OH-D3 was observed (p = 0.029 and p = 0.006,
respectively). Finally, the 25-OH-D2 levels showed a significant correlation to both the
fibrinogen (p = 0.003) and Ca levels (p = 0.030). We did not find correlation between
mortality rate after 28 days of ICU stay and 25-OH-D3, 25-OH-D2, and 25-OH-D levels.

 

Figure 2. Comparative analysis of septic and non-septic patients with 25-OH-D and 25-OH-D3 levels
at follow-up (A); infection with 25-OH-D2 levels at follow-up (B); invasive mechanical ventilation
with 25-OH-D2 levels at baseline and 25-OH-D2 and 25-OH-D levels at follow-up (C). Statistical
significance = p < 0.05.

Table 3. Matrix for correlation coefficients (rho) showing the simple linear relationship between clinical and biochemical
parameters with 25-OH-D, 25-OH-D2, and 25-OH-D3 levels.

Baseline Follow-Up

25-OH-D
(ng/mL)

25-OH-D3

(ng/mL)
25-OH-D2

(ng/mL)
25-OH-D
(ng/mL)

25-OH-D3

(ng/mL)
25-OH-D2

(ng/mL)

Age (years) −0.129 −0.132 −0.035 −0.089 −0.132 0.065
BMI (kg/m2) 0.111 0.165 −0.026 0.091 0.261 −0.231
APACHE-II −0.103 −0.066 −0.040 - - -

SOFA −0.154 −0.053 −0.167 −0.133 0.008 −0.290
Respiratory rate (brpm) −0.176 0.053 −0.456 a −0.277 0.047 −0.374

Albumin (g/dL) 0.403 a 0.285 0.390 a 0.015 −0.097 0.234
PCT (ng/dL) −0.270 −0.294 −0.026 −0.587 b −0.458 a −0.331

Hemoglobin (g/dL) 0.387 a 0.307 0.261 0.301 0.223 0.224
Lymphocytes (%) −0.046 −0.059 0.084 0.364 a 0.371 a 0.034
D-dimer (ng/dL) −0.521 b −0.644 b 0.148 −0.264 −0.405 a 0.302

Fibrinogen (mg/dL) 0.350 a 0.370 a 0.128 0.116 0.335 −0.521 b

Ca (mg/dL) 0.285 0.180 0.306 −0.333 −0.527 b 0.426 a

Matrix correlations are presented as correlation coefficients (rho). Abbreviations: BMI = body mass index; APACHE-II = Acute Physiology
and Chronic Health Evaluation II; SOFA = Sequential Organ Failure Assessment; FiO2 = fraction of inspired oxygen; PCT = procalcitonin;
Ca = calcium. Statistical significance a = p < 0.05; b = p < 0.01.
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4. Discussion

The main finding of the present study was the low 25-OH-D levels in the patients
upon admission (baseline), followed by a significant decrease after three days of ICU
stay. The entire population was below the sufficiency reference values for 25-OH-D, and
most of them presented insufficient 25-OH-D status. We also analyzed the 25-OH-D3 and
25-OH-D2 levels, both of which were seen to decrease after three days (though statistical
significance was only reached in the case of 25-OH-D2), thus influencing upon 25-OH-D
decreased levels and presenting a worsening during their stay at 3 days. Moreover, vitamin
D was associated with clinical parameters such as the need for mechanical ventilation or
respiratory frequency and with biochemical parameters also associated with the sever-
ity of the critically ill patient such as albumin, hemoglobin, D-dimer, fibrinogen, PCT,
and lymphocytes.

Previous evidence points to poorer COVID-19 outcomes associated with factors such as
the male gender, older age, BMI > 35 kg/m2, and the presence of certain comorbidities [31].
The demographic and clinical characteristics of our patients (Table 1) are consistent with
this evidence. In effect, the population was fundamentally elderly, two-thirds were males,
and there was a high prevalence of comorbidities and obesity. It should be noted that
metabolically ill patients with obesity may have a high risk of suffering inflammatory
processes [32], which could contribute to a greater probability of poorer outcomes.

Many of the clinical and biochemical parameters in our patients were altered (Table 2).
In the case of PEEP and FiO2, levels were above reference values and, they even decreased
significantly in three days and remained altered in the most cases. It should be noted that
ferritin, CRP, D-dimer, and fibrinogen were well above the reference values. Parameters
related to inflammation (such as CRP) or coagulation (such as D-dimer) have been corre-
lated to a poor prognosis and have been described as possible predictive biomarkers of
COVID-19 [33].

Our results with reference to vitamin D status showed all patients to have insufficient
levels (<30 ng/mL) both upon admission and during the study period—with the vitamin
D status being seen to worsen in only three days. The great majority of patients presented
vitamin D deficiency (<20 ng/mL), while extreme deficient values of <10 ng/mL were
recorded in a quarter of the study sample. It is known that, compared to the general
population, the prevalence of hypovitaminosis D is greater in the critically ill and may
constitute a risk factor for adverse outcomes [34]. Moreover, these levels could be influenced
by seasonality. In an observational study carried out in critical ill patients from Austria,
significant differences were noted in the prevalence of vitamin D deficiency and in the
mean 25-OH-D values between the winter and summer months [35]. Our study covered
the period from March to June; we, therefore, could not demonstrate the influence of
seasonality in our patients.

On the other hand, there is concern about the high prevalence of hypovitaminosis
D in the general population—being regarded as a global health issue with important
consequences [36]. Moreover, SARS-CoV-2 positivity has been strongly and inversely
correlated to circulating 25-OH-D levels—a relationship that persists across latitudes,
races/ethnicities, both genders, and age ranges [37], thereby evidencing that the COVID-
19 fatality rates parallel the vitamin D deficiency rates [38]. These negative correlations
between vitamin D deficiency and the number of COVID-19 cases and mortality have also
been reported in another 20 European countries [39]. It could be expected that countries
such as Spain have a better vitamin D status and therefore less severe consequences than
other countries in northern Europe. However, our results reinforced the evidence of a
possible widespread vitamin D deficiency in the Spanish population. Indeed, vitamin
D deficiency in Italy and Spain (the countries presenting the highest age-specific case
fatality ratio) [40] is more severe than elsewhere in Europe [41], particularly in the aging
population [39].

On the other hand, Maghbooli et al. found 25-OH-D levels >30 ng/mL to reduce
the risk of adverse clinical outcomes in patients with COVID-19 [42]. None of our critical
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patients with COVID-19 presented 25-OH-D levels >25 ng/mL, which is consistent with
the findings of Maghbooli. Low 25-OH-D levels have been reported by many authors in
hospitalized patients with COVID-19 [43], with such deficiency being associated with a
greater mortality risk [26]. In fact, Vassiliou et al. found that low 25-OH-D levels in patients
with COVID-19 at ICU admission could predispose to an increased 28-day mortality
risk [44]. In the present study, although we did not observe an association between
25-OH-D levels with 28-day mortality risk, we found an association with clinical outcomes,
reporting that higher 25-OH-D and 25-OH-D2 levels were associated with those patients
who did not require invasive mechanical ventilation. Moreover, lower 25-OH-D values, as
a result of decreased 25-OH-D3 and 25-OH-D2 levels were observed with the presence of
infection (bacterial/fungal) and sepsis (Figure 2). It should be noted that 25-OH-D2 levels
were in agreement with previous studies in the Spanish population [45], being also similar
to those found in other studies performed in Belgian and Chinese populations [46,47].
Likewise, observational studies have also shown that higher 25-OH-D levels would be
associated with better clinical outcomes in respiratory diseases [48]. Nevertheless, reference
values are needed to have more contrastable evidence on 25-OH-D2 levels.

In relation to infection, a high percentage of our patients (70.3%) showed bacteriologi-
cal or fungal infection, which would support the idea that the daily risk rate of infection
in COVID-critically-ill patients is increased during ICU stay [49]. Recent studies [50],
consistent with the high prevalence of hypovitaminosis D observed in our study, suggest a
possible role of low vitamin D in the increased risk of SARS-CoV-2 infection and subsequent
hospitalization. Likewise, 25-OH-D levels were inversely associated with coagulation and
sepsis, in addition to major comorbidities. Both, 25-OH-D3 and 25-OH-D2 forms tended
to respond differently in patients with bacteriological or fungal infection and in patients
presenting sepsis. On the other hand, it was observed that 25-OH-D2 levels decreased
a mean of 41.6% ± 89.6% versus 7.0% ± 23.4% for the 25-OH-D3 form during the ICU
stay, which would suggest that the lack of vitamin D support during ICU stay could have
allowed this more pronounced decrease in case of the 25-OH-D2 form, since it would
depend on the intake through diet (before the admission) or its supplementation (during
ICU stay). A greater decrease in 25-OH-D2 relative to 25-OH-D3 could be also related to
the lower affinity of 25-OH-D2 for vitamin D–binding protein, leading to a shorter half-life
and a higher rate of clearance from the circulation [51], and in some cases, it even caused a
decline, thereby, precipitating in vitamin D deficiency [52]. This, together with the fact that
there is literature that already reports a possible different role of 25-OH-D3 and 25-OH-D2
forms [51,53], although not in critical patients, could evidence the different correlations
obtained with bacterial/fungal infection or sepsis and invasive mechanical ventilation pre-
viously described. Therefore, it would suggest that a lower vitamin D status at admission
and worsening during three days of ICU stay may be a modifiable risk factor and an early
predictive marker of adverse outcomes in hospitalized patients with COVID-19.

On associating the concentrations of both 25-OH-D and 25-OH-D3 with other biochem-
ical severity parameters, significantly lower vitamin D levels were correlated to higher
D-dimer and PCT levels and a lower percentage of lymphocytes (Table 3). A recent meta-
analysis has demonstrated that patients with severe COVID-19 tend to present increased
leukocyte and neutrophil counts, neutrophil–lymphocyte ratio, PCT and CRP levels, and
a decreased number of total lymphocytes, among parameters, compared to nonsevere
individuals [54]. Furthermore, blood hypercoagulability is common among hospitalized
patients with COVID-19. Elevated D-dimer levels are consistently reported in this sce-
nario, and a gradual increase of this parameter in the course of the disease is particularly
associated with patient worsening. Similarly, lower fibrinogen levels were found in non-
survivor patients with COVID-19 [55]. In this line, the relationship between fibrinogen
and 25-OH-D levels is often reported in the literature in noncritical patients [56,57]. In
our study, 25-OH-D and 25-OH-D3 levels were inversely correlated with D-dimer levels
at baseline. Furthermore, 25-OH-D3 levels have been correlated with fibrinogen levels at
baseline. Our results may reflect a better vitamin D status (mainly due to vitamin D3) in
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patients with a more appropriate hematological profile. We observed a positive correlation
at baseline between albumin (which was below the reference values) and the levels of
both 25-OH-D and 25-OH-D2. Recently, low albumin levels have been regarded as more
of a disease severity marker than as a marker of malnutrition, when such low levels are
detected upon admission to hospital [58].

The present study has limitations and strengths. As limitations, the present study
enrolled fewer patients than desired due to the difficulty in obtaining the sample and
the patient’s own clinical situation and severity both at admission and during the ICU
stay. Therefore, the data should be treated with caution in order to generalize the findings
of the study. Thus, on a comparative level, the effect size was shown for a better under-
standing. We had no reliable data on exposure to sunlight, dietary factors, or vitamin D
supplementation—all of which affect vitamin D status. The overall negative results may be
related to the heterogeneity of the subjects and their underlying disease conditions or sever-
ity, which may all influence the plasma 25-OH-D levels. Our findings cannot be generalized
to other populations or ethnic groups, especially considering the wide range of COVID-19
prevalence. Replicating this study in a larger, prospective, and heterogeneous population
and taking into account a control group, would allow for other stratified analyses based on
demographic and biochemical characteristics, taking seasonality into account, and could
further corroborate our findings. Additional research is therefore needed to validate our
findings. As strengths, the present study used LC-MS/MS, which is the gold standard for
assessing the levels of 25-OH-D [59], affording greater sensitivity, flexibility, and specificity
than the enzymoimmunoassay techniques commonly used in clinical practice, which tend
to overestimate the 25-OH-D values in cases of deficiency [60,61].

Recent studies have reported encouraging results after vitamin D intervention [62,63].
However, further evidence is needed to confirm that improving vitamin D status is of bene-
fit in reducing disease severity and mortality and the probability of developing a critical
clinical condition. It is essential to ensure close patient monitoring before establishing
intervention guidelines [64]. This study is one of the few that have been conducted in this
context, assessing the short-term evolution of the 25-OH-D levels (through 25-OH-D2 and
25-OH-D3 levels) and its impact in critical patients with COVID-19.

5. Conclusions

Our data reflect a high prevalence of hypovitaminosis D in all the critical patients at
ICU admission, which increased after only three days of ICU stay. On the other hand, the
associations observed between 25-OH-D levels, through 25-OH-D3 and 25-OH-D2 values
and key clinical outcomes and biochemical altered parameters, suggests that it might
be helpful to assess vitamin D status in patients with SARS-CoV-2 infection. Given the
different response of the 25-OH-D3 and 25-OH-D2 forms, it would be useful to analyze
them to elucidate the role of each form on the evolution of the critically ill patient. Further
investigations are needed to define underlying mechanisms in vitamin D deficiency and
useful strategies based on vitamin D interventions aimed at preserving vitamin D status
and enhancing the clinical and biochemical profile of critical patients with COVID-19.
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Abstract: Post-acute consequences of COVID-19, also termed long COVID, include signs and symp-
toms persisting for more than 12 weeks with prolonged multisystem involvement; most often,
however, malnutrition is ignored. Method: The objective was to analyze persistent symptoms,
nutritional status, the evolution of muscle strength and performance status (PS) at 6 months post-
discharge in a cohort of COVID-19 survivors. Results: Of 549 consecutive patients hospitalized for
COVID-19 between 1 March and 29 April 2020, 23.7% died and 288 patients were at home at D30
post-discharge. At this date, 136 of them (47.2%) presented persistent malnutrition, a significant
decrease in muscle strength or a PS ≥ 2. These patients received dietary counseling, nutritional
supplementation, adapted physical activity guidance or physiotherapy assistance, or were admitted
to post-care facilities. At 6 months post-discharge, 91.0% of the 136 patients (n = 119) were evaluated
and 36.0% had persistent malnutrition, 14.3% complained of a significant decrease in muscle strength
and 14.9% had a performance status > 2. Obesity was more frequent in patients with impairment
than in those without (52.8% vs. 31.0%; p = 0.0071), with these patients being admitted more fre-
quently to ICUs (50.9% vs. 31.3%; p = 0.010). Among those with persistent symptoms, 10% had
psychiatric co-morbidities (mood disorders, anxiety, or post-traumatic stress syndrome), 7.6% had
prolonged pneumological symptoms and 4.2% had neurological symptoms. Conclusions: Obese
subjects as well as patients who have stayed in intensive care have a higher risk of functional loss or
undernutrition 6 months after a severe COVID infection. Malnutrition and loss of muscle strength
should be considered in the clinical assessment of these patients.

Keywords: long COVID-19; muscle strength; malnutrition; self-evaluation; obesity; cohort study;
performance status; intensive care unit

1. Introduction

Post-acute consequences of COVID-19, also termed long COVID, include signs and
symptoms that develop during or after an infection consistent with COVID-19, and persist
for more than 12 weeks with prolonged multisystem involvement and significant disability.
The most commonly described symptoms are sensory (loss of taste and anosmia), neuro-
logical (loss of concentration and “brain fog”) and cardiorespiratory problems (fatigue,
dyspnea, reduced exercise capacity). In most instances, malnutrition is left ignored as these
patients are often overweight at the time of diagnosis [1].
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Recent studies have reported a high prevalence of malnutrition among hospitalized
patients with COVID-19 depending on the screening and diagnostic tool used [2], and
levels are estimated at about 50% (31.7–66.5%) [2]. This prevalence furthermore appears
particularly high in patients requiring a stay in intensive care [1,3]. Several factors could
explain malnutrition during this acute phase, including marked systemic inflammation
driving hypermetabolism and muscle catabolism, and prolonged periods of bedrest driving
disuse atrophy. Up to 40% of patients with COVID-19 experience gastrointestinal symptoms
ranging from nausea, vomiting, anorexia, diarrhea and abdominal distention, especially
in ICU COVID patients [4], which can further deter eating and impact the tolerance of
nutritional support [5]. Olfactory and gustatory dysfunction [6] may also contribute to
weight loss [7,8].

Muscle loss and/or loss of muscle function appear to be the major nutritional chal-
lenges during this acute period. Both myalgia and muscle loss have been strongly correlated
with disease severity among COVID-19 patients [9]. Protein turnover is also increased in
critical illness in the early stages of COVID-19, in response to massive proteolytic stim-
uli [10]. Suggested mechanisms include direct muscle invasion by ECoV particles and
immune-mediated muscle injury, presenting as myositis, although satisfactory proof of
the direct invasion of SARS-CoV-2 into muscle cells is still lacking [11]. Lastly, muscle
deconditioning due to immobility and corticosteroid treatment has been associated with
diffuse atrophy at muscle biopsy [12]. A retrospective case study from China revealed that
10.7% of patients showed skeletal muscle injury during this acute phase as well as various
neurological manifestations (36.4%) [13].

As a result, studies have mainly focused on the importance of nutritional intervention
during the acute phase of COVID-19 in order to prevent clinical deterioration (review
in [14]). However, the consequences of unintentional weight loss and resulting sarcopenia
can also have major long-term functional impacts [15]. A large number of patients are
being discharged from hospital following COVID-19 without a systematic assessment
of their recovery and need for rehabilitation or further investigation to detect complica-
tions, in particular functional complaints related to loss of muscle strength, persistence
of malnutrition and fatigue [16]. Medical teams have become increasingly aware of the
importance of multidisciplinary care, taking into account fatigue and functional disability,
but nevertheless overlooking the nutritional aspect and the importance of the decrease
in muscle strength [1]. Nowadays, muscle weakness and fatigue appear as a frequent
complaint among these patients [4,5].

In clinical practice, impairment of muscle strength is difficult to assess since, unlike
weight, there is no objective assessment of muscle strength prior to disease. Such objec-
tive evaluation can be quite straightforward, i.e., using the grip test or chair lifting test.
However, these tests are not easily implemented in the context of severe infection or in
the patient’s home, and do not establish whether the alteration is linked to the disease
or whether it existed beforehand. In view of the latter, we found it useful to use a self-
evaluation muscle strength scale, asking the patient how he/she rated his/her muscle
strength compared to before the disease. In a preliminary study, we found a concordance
between the outcome of this subjective functional evaluation (Self Evaluation of Strength
(SES)) and that of the grip test [17].

During the first wave of the pandemic, we rapidly established a post-COVID follow-up
service collecting data to identify unmet health needs and to identify those requiring addi-
tional rehabilitation and/or investigation for complications. All of these patients received
dietary counseling and adapted physical activity guidance, some of whom with severe
disability and being re-admitted to post-care facilities. The others received physiotherapy
assistance and nutritional supplementation.

The aim of this study was to evaluate, at 6 months post-discharge, the evolution of
health status in the group of patients who had a persistent impairment at day 30: namely,
patients with persistent weight loss (>5%) or impaired muscle strength (SES < 7/10), or
with a Performance Status (PS) > 2. The objective was to analyze the frequency and nature
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of their symptoms persisting since the initial infection, their nutritional status as well as
the evolution of their muscle strength and performance status.

2. Methods

2.1. Study Design and Participants

This study, conducted as part of a prospective cohort study, included all adult inpa-
tients (≥18 years old) who were diagnosed with COVID-19 and admitted to an ICU or
non-ICU unit for COVID-19 patients at the Nancy Brabois University Hospital between
1 March 2020 and 29 April 2020 and subsequently discharged alive from hospital. The diag-
nosis of COVID-19 was based on a positive SARS-CoV-2 RT-PCR test on a nasopharyngeal
sample and/or on a typical chest CT scan [18]. The study was approved by the Research
Commission of the University Hospital of Nancy and the requirement for informed consent
was waived by the ethics commission. The ClinicalTrials.gov (accessed on 16 August 2021)
identifier is NCT04451694.

To manage the flow of incoming patients, a certain number were transferred to other
hospitals after a few days. At discharge from the intensive or acute care unit, some patients
were admitted to post-acute care facilities for ongoing skilled nursing care and rehabilitation.

All hospital-discharged patients were offered a teleconsultation 30 days after discharge
(D30) to assess their nutritional status and muscle function, the degree of disability linked
to the degree of malnutrition and subjective functional loss, as well as limitation of daily
activity estimated by the WHO performance status score. Consequently, patients with
persistent weight loss (>5%) at D30 or with impaired muscle strength (Self Evaluation of
Strength < 7/10) or a performance status (PS) ≥ 2 (group of impairment patients) were
invited to be evaluated 6 months after discharge (by teleconsultation or in person).

2.2. Demographics, Comorbidities and Hospitalization Data Collection

Patient characteristics and hospitalization data were collected by manual review of
electronic medical records. Epidemiological, demographic, laboratory and outcome data
were extracted from electronic medical records during hospitalization. Sociodemographic
data included age, sex, living alone or with others, occupational activity (active vs. unem-
ployed and retired), smoking status (active or not) and daily alcohol consumption. Health
characteristics included comorbidities (hypertension, diabetes mellitus, cerebrovascular
disease, cardiovascular disease, chronic lung disease) as well as COVID-19 symptoms
(anosmia and dysgeusia, diarrhea, dyspnea, asthenia, food aversion).

Hospitalization characteristics included: ICU admission (yes/no), time between symp-
tom onset and hospitalization (days) and length of stay (days).

2.3. Recorded Symptoms

Asthenia at discharge, at day 30 and at 6 months post-discharge was evaluated using
a fatigue visual analogue scale (VAS) (0–10) [19].

Dyspnea at discharge, at day 30 and at 6 months post-discharge was evaluated by the
French adaptation of the American Thoracic Society Scale, according to 5 levels (from 1 to
5) [20].

Health status at day 30 and at 6 months was assessed using the WHO/Zubrod
Performance Status Scale which rates patients from 0 to 4 [21].

Neurological symptoms were also explored (neuropathy, headache, impaired memory
and concentration or cognitive impairment).

Depression, anxiety and PTSD diagnoses were based on DSM-V criteria [22,23].

2.4. Nutritional Assessment

Nutritional status prior to hospitalization, on admission, at discharge, at day 30 and
at 6 months post-discharge was assessed using anthropometric measurements (BMI: body
mass index = body weight/height2) and weight loss (%) compared to weight prior to
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illness. In hospital, patients were weighed and their height was measured. On day 30 and
at 6 months post-discharge, patients were instructed to use their own weighing scales.

2.5. SEFI and Self-Assessment of Muscle Function (SES) at Discharge, at Day 30 and at 6
Months Post-Discharge

Food intake was assessed using the 10-point verbal (AVeS) or visual (AViS) analogue
scales (self-evaluation of food intake (SEFI)) [24], graded from 0 to 10. As suggested by
Bouette et al. [24], an SEFI < 7 was considered as the cut-off value.

Self-assessment of strength (SES) was assessed at discharge, at day 30 and at 6 months
post-discharge using the 10-point verbal (AVeS) or visual (AViS) analogue scales via tele-
consultation for evaluating arm and leg strength in comparison to patient strength prior to
hospitalization. In practice, patients were asked to evaluate their arm and leg strength in
comparison with their strength prior to COVID-19. As suggested by Krznaric et al. [14],
patients were asked about their degree of difficulty in lifting or carrying a weight, walking
across the room, rising from a chair or bed, and to evaluate these difficulties using a 10-
point verbal or visual analogue scale (10 = same strength as before illness and 0 = total loss
of strength).

Assessment of physical activity was carried out by completing the International
Physical Activity Questionnaire-Short Form (IPAQ-SF) [25] in order to estimate activity
prior to COVID-19, with activity classified as low, moderate and high physical activity [25].

2.6. Malnutrition Diagnosis

Malnutrition diagnosis was made according to the GLIM criteria and French rec-
ommendations (at least 1 phenotypic criterion and 1 etiological criterion) [26,27]. Severe
malnutrition was defined following the French recommendations as weight loss > 10%
of weight before COVID-19 infection or a BMI < 17 (<18.5 for patients > 70 years old).
Moderate malnutrition was defined as weight loss > 5% of weight before COVID-19 or
BMI < 18.5 (<21 for patients > 70 years old) [27,28].

2.7. Statistical Analysis

Continuous variables are expressed as mean ± SD and categorical variables as absolute
values and percentages. A paired Student’s t-test, chi-square (χ2), ANOVA, Fisher’s exact
test, and Wilcoxon tests were used to compare the values of variables between groups
as appropriate. Pearson’s chi-square test or Fisher’s exact test was used to assess the
association between each of the discrete variables and the impairment status. p < 0.05 was
considered statistically significant. Data were recorded on Excel files. Statistical analysis
was performed using Statistical Analysis Software 9.4, SAS Institute Inc, Cary, NC, USA.

3. Results

Population description (Table 1 and Figure 1).

Table 1. Characteristics of the whole population (n = 288).

Variables n and %

Age (years) 59.8 ± 16.6

Sex (F/M) 132/156 (45.8%/54.2%)

Living alone 54 (18.8%)
Couple 132 (45.8%)
Family 96 (33.3%)

Retirement home 6 (2.1%)

BMI Class
18.5–24.9 69 (24.3%)
25–29.9 112 (39.4%)

>30 103 (36.3%)
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Table 1. Cont.

IPAQ (prior to COVID-19)
Low 162 (56.3%)

Moderate 82 (28.5%)
High 44 (15.3%)

ICU 102 (35.4%)

Active smoking 12 (4.2%)
Daily alcohol 14 (4.9%)

Comorbidities
HBP 113 (39.2%)

Coronary heart disease 41 (14.2%)
Dyslipidemia 64 (22.2%)

Diabetes mellitus 48 (16.7%)
Renal failure 23 (8.0%)

Stroke 9 (3.1%)
Asthma 14 (4.9%)
Apnea 19 (6.6%)

Chronic obstructive bronchitis 13 (4.5%)
Respiratory failure 10 (3.5%)

Active cancer 30 (10.4%)
Neurological disease 13 (4.5%)

BMI, body mass index; IPAQ, International Physical Activity Questionnaire; ICU, intensive care unit; HBP, high
blood pressure.

Figure 1. Flowchart of patients included in the study.
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Of the 549 consecutive patients hospitalized for COVID-19 between 1 March and
29 April 2020, 23.7% died and 288 patients were at home at D30 post-discharge (Figure 1).

The mean age of the 288 interviewed patients was 59.8 ± 16.6 years, 54.2% of whom
were male. The majority had a low physical activity assessed by IPAQ-SF prior to contract-
ing COVID-19 (56.3%). Seventy-six percent of these patients were overweight or obese.
According to the GLIM criteria, 20.7% were already undernourished on admission. The
mean delay between the first symptom and admission was 9.7 ± 8.6 days. The most
frequent comorbidities were cardiovascular diseases (hypertension, dyslipidemia, diabetes
mellitus and coronary artery disease). At admission, anosmia was present in 42.7% of
patients, dyspnea in 22.6%, cough in 25.0% and diarrhea in 9.3% of patients.

As reported previously [17], 13.2% of the patients hospitalized for a severe form
of COVID-19 were still severely malnourished 30 days after hospital discharge (weight
loss > 10% and/or BMI < 17). The highest predictive factors of persistent malnutrition
were ICU stay and male sex. Moreover, 26.3% of these patients complained of impaired
muscle strength and had a subjective functional loss evaluated at <7/10 using a 10-point
verbal (AVeS) or visual (AViS) analogue scale. Lastly, 8.3% (n = 24) concomitantly exhibited
a performance status (PS) ≥ 2, severe malnutrition and subjective functional loss.

At D30, 136 patients (47.2%) presented an impairment with persistent malnutrition
or impaired muscle strength (SES < 7/10) or severe disability with a PS ≥ 2. Of the latter,
119 (91.0%) accepted phone or teleconsultations or in-person interviews at 6 months. Two
patients died during this period, three were still hospitalized, eight were unreachable and
there was one refusal (Figure 1).

The evolution of the characteristics of the 119 patients with impairment at D30 is
shown in Table 2.

Table 2. Characteristics and evolution of nutritional status at 6 months in the sub-group of patients with impairment at day
30 after severe COVID-19 (n and %).

Admission
(n = 119)

At Discharge
(n = 119)

D30 Home
(n = 119)

At 6 Months
(n = 119)

p

Weight (kg) 82.6 ± 19.06 76.5 ± 16.1 77.6 ± 15.9 81.2 ± 17.9 <10−3

BMI 28.7 ± 5.9 26.7 ± 5.0 27.4 ± 5.0 28.3 ± 5.5 <10−3

Weight variation (%) −3.7 ± 4.9 −5.1 ± 5.9 −7.4 ± 5.0 −3.6 ± 5.9 <10−3

Malnutrition <10−3

No 68/119 (57.1%) 23/119 (19.3%) 22/119 (18.5%) 76/119 (63.9%)
Moderate 21/119 (17.6%) 42/119 (35.3%) 43/119 (36.1%) 25/119 (21.0%)

Severe 12/119 (10.1%) 54/119 (45.4%) 54/119 (45.4%) 18/119 (15.1%)

SEFI 7.2 ± 3.0 9.6 ± 1.2 9.8 ± 0.9 <10−3

SES hands 4.2 ± 2.4 6.9 ± 2.1 9.1 ± 1.7 <10−3

SES legs 4.0 ± 2.3 6.8 ± 2.1 9.1 ± 1.6 <10−3

Subjective functional loss (SES < 7)% 79.8% 55.5% 14.3% <10−3

Asthenia (VAE)> 5/10 (%) 3.2 ± 3.0
35/119 (29.4%)

1.7 ± 2.5
19/119 (16.0%)

<10−3

0.020

Performance Status <10−3

0 22 (18.5%) 30 (25.2%) 70/119 (58.8%)
1 44 (37.0%) 44 (37.0%) 27/119 (22.7%)
2 29 (24.4%) 29 (24.4%) 9/119 (7.6%)

3–4 24 (20.2%) 16 (13.4%) 8/119 (6.7%)

D30, day 30; BMI, body mass index; SEFI, self-evaluation of food intake; SES, self-evaluation of strength.

As shown in Table 2, patients with impairment at D30 regained an average of 3.6 kg
body weight between D30 and 6 months, with mean weight and BMI returning to near
baseline values (admission); on average, patients remained 1.4 kg lighter than on admission.
Forty-three patients (36.0% of the 119 patients with impairment at D30) displayed persistent
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malnutrition at 6 months, with 18 patients exhibiting severe malnutrition (15.1%). On
average, seventeen patients (14.3% of the 119 patients with impairment at D30) complained
of a significant decrease in muscle strength (SES < 7/10 with a mean ± SD = 5.0 ± 2.6 for
arm and 4.9 ± 2.6 for legs). Seventeen patients also had a performance status ≥ 2 (14.9%
of the 119 patients with impairment at D30). SES increased between D30 and 6 months
post-discharge, nearing the index value prior to COVID infection.

3.1. Long COVID Symptoms at 6 Months Post-Discharge

The most frequent symptoms were asthenia (16.0% had fatigue score > 5/10 at
6 months) and psychiatric disorders; 12 patients (10.0%) experienced mood disorders,
anxiety, or post-traumatic stress syndrome. Nine patients (7.6%) presented prolonged
pneumological symptoms (dyspnea), and five patients (4.2%) had neurological symptoms
(neuropathy, headache, impaired memory and concentration or cognitive impairment).

3.2. Characteristics of Patients with Impairment at 6 Months Post-Discharge, Comparison with
Recovered Patients

Overall, at 6 months, 53 patients presented a persistent impairment, as assessed by
malnutrition and/or SES < 7 or performance status ≥ 2. The mean characteristics of this
population with persistent impairment are described in Table 3 and were compared with
the recovered patients (at discharge or at D30).

Table 3. Comparison of the characteristics of recovered patients and of the group of patients with impairment at 6 months.

Recovered Patients Patients with Impairments at 6 Months

Variables N = 217 (80.4%) N = 53 (19.6%) p

Symptoms at discharge
Dyspnea ≥ 2 21 (9.6%) 3 (5.7%) NS

Anosmia at discharge 95 (43.8%) 18 (34%) NS
Diarrhea 10 (4.6%) 2 (3.8%) NS

cough 16 (7.4%) 4 (7.5%) NS

Obesity (BMI ≥ 30) (%) at admission 31.0% 52.8% 0.007

ICU admission 31.3% 50.9% 0.010

SEFI at discharge 7.4 ± 2.9 6.1 ± 3.0 0.003
Dietary aversion at discharge 19 (8.8%) 8 (15.1%) NS

Weight loss (%)
Before admission −2.8% ± 4.1% −5.5 ± 7.0 0.001
Total at discharge −5.2% ± 4.7% −10.5 ± 6% <0.001

Malnutrition at discharge (%) 102 (49.3%) 43 (82.6%) 0.001
Moderate 62 (30.0%) 15 (28.8%)

Severe 40 (19.3%) 28 (53.8%)

SES at discharge
Arms 5.3 ± 2.6 4.3 ± 2.4 0.013
Legs 5.2 ± 2.7 4.0 ± 2.0 0.004

SES < 7 138 (71.9%) 46 (92%) 0.003

Fisher’s exact test for qualitative variables, Student’s t test for quantitative variables. SEFI, self-evaluation of food intake; SES, self-evaluation
of strength.

Comorbidity prevalence did not significantly differ between these two groups, except
for obesity which was more frequent in the group with impairment at 6 months post-
discharge (52.8% vs. 31.0%; p = 0.007), with these patients being admitted more frequently
to ICUs (50.9% vs. 31.3%; p = 0.010). These patients had more difficulties eating after
discharge (SEFI: 6.1 ± 3.0 vs. 7.4 ± 2.9 p = 0.0032) and exhibited greater weight loss, with
an increased prevalence of malnutrition. SES scores were lower at discharge in this group
(4.3 ± 2.4 vs. 5.3 ± 2.6 for arms; p = 0.013, and 4.0 ± 2.0 vs. 5.2 ± 2.7 for legs; p = 0.0045)
with no other significant difference being observed.
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4. Discussion

This is the first report on a prospective observational cohort study of COVID-19 specif-
ically exploring nutritional status, subjective functional loss and disability at 6 months after
discharge. We showed that, at D30, 138/288 of these patients (48%) presented persistent
malnutrition (33%), subjective functional loss (26.3%) and/or performance status ≥ 2
(24.3%). At 6 months, 15% of the initial cohort remained malnourished despite nutritional
counseling during hospitalization and ensuing dietary guidance, oral nutritional supple-
ments, or relocation to rehabilitation centers, 6% complained of a significant decrease in
muscle strength and 6% had a performance status > 2, or 18.5% of this cohort.

Contrary to our results, a study conducted in a cohort of severe COVID-19 patients
assessing nutritional status 3 months after discharge from hospital [29] reported that only
8.4% of patients were malnourished at discharge and none at 3 months. Malnutrition
was correlated with severity of the disease, indirectly inferable from an assessment of
length of hospital stay and need for admission to ICU. However, in this latter study,
malnutrition diagnosis was based on the 2015 ESPEN consensus [30], including different
criteria for malnutrition than those of the international consensus (GLIM criteria [26]), in
particular the postulation that patients with a BMI above 22 are not malnourished. There
are several arguments against this latter assertion. The first is that patients suffering from
obesity have, because of metabolic modifications (insulin resistance, fatty acid metabolism,
hyperglycemia, etc.), higher protein catabolism than subjects of normal weight in the event
of traumatism [31], which was also reported in acute COVID patients with obesity [32].
Secondly, accelerated muscle loss is a major factor of morbidity and mortality in obese
COVID-19 patients [33]. On the contrary, in our study, obese subjects had a higher risk
of functional loss or undernutrition 6 months after a severe COVID infection, as well as
patients with a stay in intensive care.

In our cohort, 20.7% of patients were already undernourished at admission. Malnutri-
tion tended to have begun during the initial phases of the disease occurring at home since,
upon admission, patients declared significant involuntary weight loss when compared to
their habitual weight [29]. However, it is not excluded that malnutrition may precede the
infection. A recent study showed that patients with a recent history of malnutrition could
be at higher risk of severe COVID-19 [34]. The majority of our patients had comorbidities
that could lead to malnutrition. However, we did not observe any influence of these
comorbidities on the evolution of their nutritional status. Weight loss and undernutrition
were seemingly associated very early with a major decrease in food intake, which remained
strongly impaired in half of the patients at hospital discharge, despite nutritional support.
Caccialanza et al. [35] also showed that this reduced self-reported food intake prior to
hospitalization and/or expected by physicians in the days after admission was associated
with negative clinical outcomes in non-critically ill, hospitalized COVID-19 patients. The
other component is the increased energy expenditure secondary to a major inflammatory
syndrome that leads to hypercatabolism which, associated with reduced food intake and
immobilization, significantly contributes to muscle atrophy and sarcopenia.

Acute sarcopenia may mostly affect patient prognosis and incur post-COVID-19
functional and physical deterioration. The degree of muscle mass and functional loss can
be influenced by a multiplicity of factors, including the patient’s general pre-infection
medical and functional condition, especially in older adults [10]. However, this functional
condition prior to infection is typically not analyzed and/or is unknown. The subjective
assessment of muscle strength by an analogue or numeric scale could therefore be useful to
follow the evolution of muscle strength in these patients. Some patients still appeared very
weak 6 months after the infection, despite advice to increase physical activity with protein
support, or referral to physiotherapists or adapted physical activity therapists. Most of
our patients had low physical activity assessed by IPAQ-SF prior to contracting COVID-19
(56.3%), which may represent a risk factor for severe COVID-infection [36,37].

78



Nutrients 2021, 13, 3964

Fifteen percent of patients presented neuro-psychiatric symptoms requiring treatment.
These disorders are well-described in the literature and could be linked to a direct action of
the virus on the nervous system [38,39].

Among the strengths and weaknesses of this analysis, the subjective evaluation of
muscle strength is subject to debate. The strong point of such evaluation is to assess
muscle function in the long term and to judge the evolution of muscle strength, without
knowledge of the level of strength prior to the disease. We evaluated this tool in a small
cohort of hospitalized patients [17] and while we were unable to identify the actual thresh-
old of functional impairment, our assessment was nevertheless based on the threshold
determined according to the questionnaire of Krznaric et al. [14] and on other subjective
visual or numeric scales [40]. This threshold must, however, be validated in a large cohort
study, notably in comparison with the evolution of muscle strength objectively measured
by dynamometry.

Weighing patients at home is also a weak point due to the lack of weight scale control.
Nevertheless, this measurement error was, a priori, the same for the patient’s usual weight
prior to infection.

Lastly, we hypothesized that patients who were not impaired at discharge or who
improved their nutritional status and muscle strength between discharge and D30 had
little risk of having a worse outcome thereafter and were thus not contacted after 6 months.
However, three additional deaths were observed during this latter period, albeit all linked
to an underlying disease.

In conclusion, undernutrition and loss of muscle strength are symptoms of long
COVID and should be considered in the clinical assessment of these patients. Although
there are no current specific treatments for use in patients who have been hospitalized for
COVID-19, treatments should focus on nutritional support and rehabilitation exercises
whenever possible to prevent long-term disability as a result of acute illness due to COVID-
19, as well as on the management of sarcopenia. The data described herein may assist in the
identification of patients outside of expected recovery trajectories who could benefit from
additional rehabilitation and/or further investigation to detect post-COVID nutritional
complications. Of these outlying patients, obese subjects appear particularly at risk, as well
as patients who have stayed in intensive care.
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Abstract: Patients in the neurological ICU are at risk of suffering from disorders of the upper
gastrointestinal tract. Oropharyngeal dysphagia (OD) can be caused by the underlying neurological
disease and/or ICU treatment itself. The latter was also identified as a risk factor for gastrointestinal
dysmotility. However, its association with OD and the impact of the neurological condition is unclear.
Here, we investigated a possible link between OD and gastric residual volume (GRV) in patients in
the neurological ICU. In this retrospective single-center study, patients with an episode of mechanical
ventilation (MV) admitted to the neurological ICU due to an acute neurological disease or acute
deterioration of a chronic neurological condition from 2011–2017 were included. The patients were
submitted to an endoscopic swallowing evaluation within 72 h of the completion of MV. Their GRV
was assessed daily. Patients with ≥1 d of GRV ≥500 mL were compared to all the other patients.
Regression analysis was performed to identify the predictors of GRV ≥500 mL/d. With respect to
GRV, the groups were compared depending on their FEES scores (0–3). A total of 976 patients were
included in this study. A total of 35% demonstrated a GRV of ≥500 mL/d at least once. The significant
predictors of relevant GRV were age, male gender, infratentorial or hemorrhagic stroke, prolonged
MV and poor swallowing function. The patients with the poorest swallowing function presented a
GRV of ≥500 mL/d significantly more often than the patients who scored the best. Conclusions: Our
findings indicate an association between dysphagia severity and delayed gastric emptying in critically
ill neurologic patients. This may partly be due to lesions in the swallowing and gastric network.

Keywords: gastric residual volume; dysphagia; flexible endoscopic evaluation of swallowing; gastric
emptying; intensive care; neurology; swallowing

1. Introduction

The upper gastrointestinal (GI) tract consists of the mouth, pharynx, esophagus,
stomach and duodenum. To provide sufficient nutrition and fluid intake, a finely tuned
interaction between the structures of the GI tract is crucial [1–4], starting with the oropha-
ryngeal phase of swallowing. Oropharyngeal dysphagia (OD) is a key feature of different
neurological diseases, such as stroke, neuromuscular and neurodegenerative disorders [5].
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Particularly in the context of neurocritical care, OD is associated with an increased risk
of complications, such as malnutrition and aspiration pneumonia, and is also intimately
linked to an overall poor prognosis [2,6,7]. The pathophysiology of OD is complex and
may, according to the specific disease in question, involve damage to the central and/or
peripheral levels of the swallowing network [2]. Furthermore, in the critically ill, direct
trauma to the pharyngeal and laryngeal mucosa caused, for example, by endotracheal
or nasogastric tubes, may worsen peripheral sensory feedback and thereby aggravate
swallowing impairment [8].

GI motility is also frequently disordered in the critically ill, with up to 60% of pa-
tients having been reported to experience GI dysmotility of some form and necessitating
therapeutic intervention [3,4]. GI dysmotility of the upper GI tract has significant clinical
consequences, being associated with diminished provision of enteral nutrition and subse-
quent malnutrition, gastroesophageal reflux, and aspiration, as well as longer length of stay
(LOS) in the intensive care unit (ICU) and increased mortality [9]. The pathophysiology
of GI dysmotility in the critically ill is complex and, to a large extent, still unclear [4].
Interestingly, apart from the consequences of ICU treatment itself and, in particular, the
GI side-effects of opioids and sedatives, alterations of hormonal pathways and impaired
intrinsic modulation via enteric nerves [10], there is some evidence that dysfunction of the
different parts of the nervous system may also contribute to GI dysmotility. Thus, probably
because they also cause lesions to the cortical representation of the esophagus [11,12], acute
strokes were shown to be related to esophageal dysmotility [13,14] and gastroesophageal
reflux [15], ultimately increasing the risk of aspiration and subsequent pneumonia in af-
fected patients [16]. In addition, patients with brain injuries have frequently been reported
to present with delayed gastric emptying, resulting in gastric feeding intolerance and its
sequelae [17–22].

In the present study, therefore, we investigate whether there is a correlation between
OD and GI dysmotility, in particular delayed gastric emptying, in a comparatively large
cohort of critically ill neurological patients requiring treatment in the ICU and mechanical
ventilation (MV).

2. Materials and Methods

2.1. Study Design and Setting

This retrospective single-center investigation was conducted using the data of patients
admitted to the neurological ICU of Münster University Hospital between January 2011
and December 2017. The inclusion criteria were: admittance to the neurological ICU due to
an acute neurological disease, or the acute deterioration of a chronic neurological condition,
an episode of MV and flexible fiberoptic endoscopic evaluation of swallowing (FEES)
within 72 h of the completion of MV (either extubation or, in tracheotomized patients, the
completion of weaning). The exclusion criteria were FEES ≥ 72 h after end of MV, palliative
care and reduced vigilance (≤8 points on the Glasgow Coma scale), due to its impact on
swallowing function. The data were derived from the clinical documentation system.

2.2. Patient Characteristics and Clinical Parameters

The epidemiological data, including sex and age, the Body Mass Index, the modified
Rankin Scale (mRS) [23] on admission and discharge, the Functional Oral Intake Scale
on discharge (FOIS) [24], the RASS (Richmond-Agitation-Sedation-Scale) [25] at the time
of initial FEES after the completion of weaning from MV, the Acute Physiology And
Chronic Health Evaluation (APACHE) II [26] on admission and discharge, the occurrence
of pneumonia [27], sepsis [28] or ileus, the duration of treatment with anti-infectives and, in
the case of ischemic or hemorrhagic stroke, the supra- and/or infratentorial lesion location
were extracted from the patients’ files. Furthermore, if the volume of enteral nutrition (EN)
was reduced and/or prokinetics were administered due to high gastric residual volume
(GRV), this was recorded as well.
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2.3. Dysphagia Assessment

According to our in-house guidelines, all the patients were examined at their bedside
in an upright position by an experienced neurologist, together with a speech-language
pathologist. The FEES were assessed according to the items ‘secretion management’,
‘spontaneous swallowing’ and ‘laryngeal sensibility/cough’. These items were scored, as
previously described, according to the “Standardized Endoscopic Swallowing Evaluation
for Tracheostomy Decannulation in Critically Ill Neurologic Patients” (SESETD) [29,30].
For this purpose and for better comparability across the patient collective, the items were
similarly rated in non-tracheotomized patients as well. The item ‘saliva management’ was
considered failed if massive pooling (not only coating) causing an impaired view of the
vocal folds and/or silent penetration and/or aspiration of pooled saliva (permanently
without any reaction) occurred. ‘Spontaneous swallows’ were considered failed if ≤2
swallows occurred during 2 min of observation. If no reaction to touch of the arytenoids
with the tip of the endoscope on both sides could be elicited, the item ‘laryngeal sensibility’
was rated as “not passed”. Deriving from these three single items with passing = 1 point and
failing = 0 points, a sum score was built, reaching from 0 to 3, as previously described [30].
All the examinations were part of local routine clinical care. The FEES were carried out
using a 3.1-mm-diameter flexible fiberoptic rhinolaryngoscope (11101 RP2, Karl Storz,
Tuttlingen, Germany), a combined light source and camera system (rp CAM-X, rpSzene®,
Rehder/Partner, Hamburg, Germany) and a Medical Panel PC (WMP-226, Wincomm
Corporation, Hsinchu, Taiwan) for display and recording. The videos were produced in
standard definition quality. The data acquisition and analysis were approved by the local
ethics committee.

2.4. Evaluation of Gastric Residual Volume

The amount of GRV was recorded daily (6 a.m. to 6 a.m.). For this purpose, the GRV
drained into a reservoir connected to the gastric tube following gravity, according to our
clinical routine and as previously described [31,32]. The reservoir was connected to the
nasogastric tube (NGT) every 12 h for 1 h 30 min after the conclusion of EN. If vomiting or a
significant amount of GRV were detected by our nursing staff, the EN was paused for 12 h.
The patients were managed in a semi-recumbent position (30–45◦) during the drainage of
the GRV to prevent aspiration. Patients who had received in vivo thrombolysis and/or
thrombectomy or surgery (e.g., external ventricular drainage) were kept nil-by-mouth
for the first 24 h and EN was started thereafter. A GRV ≥500 mL/d on at least one day
during the stay on the neurological ICU was defined as significant. This cut-off was chosen
according to current recommendations and previous studies assuming this amount of GRV
to be clinically relevant [31,32].

2.5. Statistical Analysis

The characteristics and clinical parameters of patients with vs. without increased GRV
were compared. To test for a normal distribution of continuous variables, the Kolmogorov–
Smirnov test was applied. For normally distributed data, the t-test was performed for group
comparison, otherwise the Mann–Whitney U-test was used. The categorical variables were
tested using the Fisher exact test in case the contingency tables included fewer than five
cases and the chi2-test was used in case of a larger sample size. The significance level was
set at 0.05. The significant variables in these univariate analyses were later included in
a multivariate binary logistic regression analysis to identify the independent predictors
of relevant GRV. The variables that were only gathered at discharge were not included.
Pearson correlation was applied to test for an association between initial FEES sum score
and days with significant GRV. All the analyses were performed using SPSS 26.0 (IBM,
Armonk, NY, USA).
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3. Results

Of the 1461 patients admitted to the neurological ICU with an episode of MV during
the observational period, for further analysis, 295 had to be excluded (see patient recruit-
ment diagram, Figure 1). Hence, 976 patients (423 females) were included in this study
(Figure 1) of whom 627 (64.2%) were tracheotomized.

Figure 1. Recruitment flowchart; MV = mechanical ventilation; FEES = flexible endoscopic evaluation
of swallowing; GRV = gastric residual volume; mL = milliliters.

The epidemiological and clinical parameters are summarized in Table 1. On the initial
FEES following the conclusion of MV, 360 patients received a score of 0, indicating severe
dysphagia (36.9%); 145 passed one of the three items used to evaluate swallowing function
(14.9%); and 173 received a score of 2 (17.7%). A total of 297 patients passed all three
items (30.4%).

Table 1. Epidemiological and clinical parameters and group test according to GRV.

All
n = 976

Max. GRV <
500 mL/d

n = 634 (65.0%)

Max. GRV ≥
500 mL/d

n = 342 (35.0%)
p-Value

Age, mean (SD) 64.79 (±16.06) 66.78 (±16.06) 61.08 (±15.41) <0.001 †

Female/Male, n (%)
423 (43.3)/553

(56.7)
301 (47.5)/333

(52.5)
122 (35.7)/220

(64.3) <0.001 ‡

Body mass index, mean (SD) 26.61 (±5.15) 26.41 (±4.88) 26.92 (±5.59) 0.116 †

Ischemic stroke, n (%) 546 (55.9) 355 (60.0) 191 (55.8) 0.932 ‡

Hemorrhagic stroke, n (%) 155 (15.9) 85 (13.4) 70 (20.5) 0.004 ‡

Lesion location strokes
Supratentorial, n (%) 569 (58.3) 367 (57.9) 202 (59.1) 0.722 ‡
Infratentorial, n (%) 132 (13.5) 73 (11.5) 59 (17.3) 0.014 ‡

Meningitis/Encephalitis,
n (%)

76 (7.8) 55 (8.7) 21 (6.1) 0.159 ‡

GBS/AMAN, n (%) 24 (2.5) 15 (2.4) 9 (2.6) 0.798 ‡
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Table 1. Cont.

All
n = 976

Max. GRV <
500 mL/d

n = 634 (65.0%)

Max. GRV ≥
500 mL/d

n = 342 (35.0%)
p-Value

Myopathy/Myasthenia/Myositis,
n (%)

13 (1.3) 9 (1.4) 4 (1.2) 1.000 §

Epilepsy, n (%) 82 (8.4) 58 (9.1) 24 (7.0) 0.252 ‡

Amyotrophic lateral sclerosis,
n (%)

11 (1.1) 9 (1.4) 2 (0.6) 0.346 §

Others, n (%) 69 (7.1) 46 (7.3) 23 (6.7) 0.758 ‡

mRS on admission, mean
[median]

4.57 [5 (4–5)] 4.59 [5 (4–5)] 4.54 [5 (4–5)] 0.135 †

APACHE II on admission,
mean [median]

13.67 [13 (10–17)] 14.02 [14 (10–18)] 13.04 [13 (9–17)] 0.008 †

Mechanical ventilation (h),
mean (SD)

334.05 (±355.18) 264.88 (±314.32) 462.28 (±389.77) <0.001 †

LOS ICU (d), mean (SD) 27.94 (±20.62) 23.71 (±19.33) 35.76 (±20.67) <0.001 †

FEES sum score after end of
MV, mean [median]

1.42 [1 (0–3)] 1.55 [2 (0–3)] 1.17 [1 (0–2)] <0.001 †

Aspiration/pooling, n (%) 463 (47.4) 269 (42.4) 194 (56.7) <0.001 ‡

Swallowing frequency
<2x/2 min, n (%)

457 (46.8) 268 (42.3) 189 (55.3) <0.001 ‡

Failing sensory testing, n (%) 625 (64.0) 381 (60.1) 244 (71.3) <0.001 ‡

Antiinfective treatment (d),
mean (SD)

19.71 (±13.73) 17.40 (±13.34) 23.99 (±14.26) <0.001 †

Pneumonia, n (%) 691 (70.8) 434 (68.5) 257 (75.1) 0.028 ‡

Sepsis, n (%) 78 (8.0) 39 (6.2) 39 (11.41) 0.004 ‡

Diabetes mellitus, n (%) 226 (23.2) 154 (24.3) 72 (21.1) 0.253 ‡

Medication due to high GRV,
n (%)

465 (47.8) 203 (32.0) 334 (97.7) <0.001 ‡

NGT/PEG on discharge, n (%) 533 (58.7) 318 (54.1) 215 (67.2) <0.001 ‡

FOIS at discharge, mean
[median]

3.25 [3 (1–5)] 3.49 [3 (1–6)] 2.83 [2 (1–5)] <0.001 †

Deceased on ICU, n (%) 59 (6.0) 38 (6.0) 21 (6.1) 0.927 ‡

mRS at discharge, mean
[median]

4.33 [5 (4–5)] 4.29 [5 (4–5)] 4.41 [5 (4–5)] 0.168 †

SD = standard deviation; h = hours; d = days; LOS = length of stay; ICU = intensive care unit; GRV = gastric
residual volume; GBS = Guillain-Barré syndrome; AMAN = acute motor axonal neuropathy; mRS = modified
Rankin Scale; FEES = flexible endoscopic evaluation of swallowing; EN = enteral nutrition; NGT = nasogastric
tube, FOIS = Functional Oral Intake Scale; † = Mann–Whitney U-test; ‡ = chi2-test; § = Fisher-exact test.

We observed a significant negative correlation between FEES score and the number of
days with relevant GRV (Pearson correlation coefficient −0.125, p < 0.01). The number of
days of GRV ≥500 mL/d according to the initial FEES score after the conclusion of MV can
be seen in Figure 2.

Comparing groups without vs. with significant GRV, the latter demonstrated a longer
LOS in the ICU (p < 0.001) and duration of MV (p < 0.001), suffered from hemorrhagic
stroke (p = 0.004) and infratentorial lesions more often (p = 0.014), were younger (p < 0.001),
included more males (p < 0.001), received a lower APACHE II on admission (p = 0.008),
scored worse on the initial FEES after the conclusion of weaning (p < 0.001), including
every single item of the sum score, suffered more often from pneumonia (p = 0.028) or
sepsis (p = 0.004) and were discharged from the hospital with PEG or NGT significantly
more often (p < 0.001). Multivariate logistic regression analysis (Table 2) indicated the
following factors as significant independent predictors of GRV ≥500 mL/d on at least one
day: dysphagia severity as evaluated by the FEES sum score (p = 0.010), duration of MV
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(p = 0.004), hemorrhagic stroke (p = 0.042), infratentorial lesion location of stroke (p = 0.019),
age (p < 0.001) and male gender (p = 0.018).

Figure 2. Days of gastric residual volume ≥500 mL/d, according to sum score on the first flexible
endoscopic evaluation of swallowing (FEES) within 72 h of the conclusion of mechanical ventilation.
Score 0: n = 360; Score 1: n = 146; Score 2: n = 173; Score 3: n = 297; GRV = gastric residual volume;
mL = milliliters.

Table 2. Multivariate binary logistic regression analysis; outcome variable: GRV ≥ 500 mL/d on at
least one day.

Regression
Coefficient

Adjusted Odds
Ratio [95% CI]

p-Value

Age −0.019 0.981 [0.971–0.991] <0.001

Male gender (cat.) 0.351 1.421 [1.061–1.903] 0.018

Hemorrhagic stroke (cat.) 0.394 1.483 [1.015–2.166] 0.042

Infratentorial lesion location
(stroke) (cat.)

0.491 1.634 [1.083–2.465] 0.019

Mechanical ventilation (hours) 0.001 1.001 [1.001–1.002] 0.004

LOS on the ICU (days) 0.012 1.102 [0.996–1.028] 0.146

FEES sum score initial FEES
after end of weaning (cat.)

−0.155 0.857 [0.762–0.963] 0.010

APACHE II −0.025 0.975 [0.948–1.002] 0.073

Days of antiinfective treatment 0.004 0.996 [0.978–1.015] 0.688

Sepsis (cat.) 0.322 1.380 [0.820–2.324] 0.226
cat = categorical; LOS = length of stay; ICU = Intensive Care Unit.

4. Discussion

In this study, we assessed the relationship between the occurrence and degree of GI
dysmotility and OD in ventilated patients in the neurological ICU and tried to identify
predictors of GI dysmotility in this cohort. In support of our hypothesis, our first main
finding was that the impairment of swallowing function diagnosed at the conclusion of
MV was associated with relevant GRV as a surrogate marker of GI dysmotility. While the
GI tract possesses intrinsic neural plexus that allow a certain degree of autonomy over
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digestion and nutrient absorption, the central nervous system provides extrinsic input
that regulates, modulates and controls these functions [33]. The small and large intestines
exert comparatively independent neural control; the stomach, however, is considerably
dependent on extrinsic neural inputs, particularly from the parasympathetic and sympa-
thetic pathways connected to nuclei located in the caudal brainstem [33,34]. In line with
this, relevant GRV was observed in patients with an infratentorial lesion significantly more
often in our data. Recently, Rebollo et al. identified delayed connectivity between the brain
and the slow electrical rhythm generated in the stomach using gastric-BOLD coupling,
indicating a functional brain–gut link [35]. Within the brain, different nodes of this ‘gastric
network’ were coupled to the gastric rhythm with different phase delays, indicating a
temporal sequence of activations within this network—which, in principle, is similar to the
central control of the swallowing network [36]. Interestingly, the gastric network partly
comprises regions (‘nodes’) that are similarly found to be activated during swallowing, e.g.,
the primary and secondary somatosensory cortex and the supplementary motor area, as
well as the insula [37–39]. Thus, the close clinical relation of both functions, in the present
study may have been due to lesions that affected swallowing as well as the gastric network.

Our second main finding was that prolonged MV was a significant predictor of
impaired gastric emptying, which was in line with previous findings [40]. There are indi-
cations that positive pressure mechanical ventilation leads to splanchnic vasoconstriction
and gut-hypoperfusion, which is linked with increased plasma catecholamines and proin-
flammatory cytokine levels, both of which are related to delayed gastric emptying [41].
Furthermore, alterations in hormone levels in the critically ill have an impact on GI motil-
ity. Lowered ghrelin levels, as well as increased levels of cholecystokinin and peptide
YY, were found in the critically ill and are linked with slower gastric emptying [42,43].
Sedatives such as Propofol and the use of opioids to provide sufficient analgesia during
mechanical ventilation were shown to be associated with delayed gastric emptying, as well
as the use of catecholamines/vasopressors [3,40,43]. Interestingly, swallowing function has
also been shown to be worse in patients with prolonged mechanical ventilation and longer
ICU treatment, as well as following the use of sedatives [44], supporting the hypothesis
that—at least partly—the underlying mechanisms that cause impaired swallowing function
and slowed gastric motility may be similar.

The third main finding was that patients suffering from intracranial hemorrhage seem
to be at a particularly high risk of slowed gastric emptying. It was previously shown
that intracranial hemorrhage is a risk factor for inferior swallowing function compared
to ischemic stroke in patients with and without tracheostomy [45,46]. It was proposed
that besides the specific localization [47] and volume of the intracranial hemorrhage [48],
this may at least partly be attributed to secondary consequences of the hemorrhage, e.g.,
vasospasms [49], cisternal and interventricular blood or hydrocephalus [48]. There is more
evidence that increased intracranial pressure is related to delayed gastric emptying. Thus,
in a study of 21 brain-injured patients requiring sedation, MV and intracranial pressure
monitoring for ≥24 h, increased intracranial pressure (>20 mmHg) was associated with
reduced gastric emptying, as measured by the paracetamol absorption technique, possibly
due to a decreased parasympathetic tonus [18]. In a study by Kao et al., 80% of head-injury
patients exhibited abnormal gastric emptying halfway through liquid meals compared
to healthy age-matched control subjects [20]. Using electrogastrography, it was further
shown that brain trauma or coma cause gastric dysrhythmias and intolerance to feeding,
supporting the hypothesis of an altered functional brain–gut link that causes delayed
gastric emptying in patients with acquired brain injury [21].

As our fourth and fifth main findings, younger age and male gender were demon-
strated to be related to delayed gastric emptying. Findings on the effects of ageing in the
context of gastric motor function are inconsistent. Studies in healthy as well as critically ill
patients found indications of declining gastric motor function with increasing age [43,50],
whereas others identified a trend towards increased gastric emptying depending on increas-
ing age in healthy adults [51]. In the neuro-ICU setting, as mentioned above, the influence
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of the intensive care treatment as well as the underlying condition causing the need for
treatment may have caused the differing findings in the recent study. This can similarly
be assumed for the gender differences. In general, gastric motility seems to be slower in
healthy women than in healthy men [52] but there are indications that gastric motility may
be less gender-specific depending on the consistency of administered boluses [53]. For a
better understanding, the role of age as well as gender in the intensive care setting needs
be investigated more closely.

The clinical relevance of GRV is still a matter of discussion. Generally, the intermittent
measurement of GRV is a widely used practice to evaluate impaired gastric motility and
feeding intolerance [4]. Several studies, including a meta-analysis, indicated that not
monitoring GRV was not inferior to routine GRV measurement with regard to ICU-related
infections, LOS in the ICU, length of MV and mortality. Furthermore, not monitoring GRV
even improved the delivery of enteral nutrition [54–56]. These data were mainly derived
from mixed cohorts. In stroke patients, who often suffer from dysphagia and impaired
protective reflexes, Chen et al. observed that aspiration occurred significantly less often if
GRV was monitored and the infusion rate of the EN was adjusted accordingly [57]. In our
cohort of critically ill neurologic patients, relevant amounts of GRV were associated with
pneumonia and sepsis. Pneumonia in the context of delayed gastric emptying in the criti-
cally ill is thought to be caused by aspiration due to gastro-esophageal reflux, which itself
is a consequence of reduced esophageal sphincter tonus and increased residual volume
in the stomach [4]. Dysphagia is another risk factor for pneumonia, notably as a result
of aspiration [2]. Since patients with relevant GRV presented with a worse swallowing
function, both disorders may foster each other. In line with this, patients with GI dys-
motility presented a worse FOIS score at discharge and were more likely to be discharged
with a feeding tube. Moreover, during systemic inflammation, intestinal edema deriving
from capillary leakage influences GI function and cytokine release during sepsis, impedes
intestinal myocyte function and inhibits enteric neuromuscular transmission [58–62].

Certain limitations to our study should be considered. First, the retrospective design
may have introduced a bias into our data, which possibly include imprecise documentation
of the patients’ records. Second, all the patients were recruited on a single neurological ICU;
hence, the transfer of findings to other environments and, in particular, to groups of patients
with a different spectrum of diseases may be only be possible only to a limited extent. Third,
bedside measures were previously shown to be imprecise in the identification of motility
disorders [63]. While the intermittent measurement of GRV may be the most common
practice through which gastric motility disorders are evaluated, indirect tests, such as the
carbohydrate absorption (3-OMG), the radio-isotope breath (13CO2) or the aforementioned
paracetamol absorption test, as well as gastric scintigraphy, evaluate gastric dysmotility
with more precision, although they are not always applicable in the ICU setting [4]. Fourth,
with regards to the impact of our findings, no long-term outcome assessment was available.

5. Conclusions

The findings in this study indicate an association between delayed gastric emptying
and dysphagia severity in critically ill neurologic patients in the ICU. Beside the effects
of intensive care treatment, there are indications that central lesions in the swallowing
and gastric network both add to the deterioration of swallowing function as well as to the
impairment of upper GI motility.
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Abstract: In December 2019, 27 cases of pneumonia were reported in Wuhan. In 2020, the causative
agent was identified as a virus called SARS-CoV-2. The disease was called “coronavirus disease 2019”
(COVID-19) and was determined as a Public Health Emergency. The main measures taken to cope
with this included a state of lockdown. The aim of this study was to assess how the unhealthy lifestyles
that ensued influenced different parameters. A prospective study was carried out on 6236 workers in
a Spanish population between March 2019 and March 2021. Anthropometric, clinical, and analytical
measurements were performed, revealing differences in the mean values of anthropometric and
clinical parameters before and after lockdown due to the pandemic, namely increased body weight
(41.1 ± 9.9–43.1 ± 9.9), BMI (25.1 ± 4.7–25.9 ± 4.7), and percentage of body fat (24.5 ± 9.1–26.9 ± 8.8);
higher total cholesterol levels, with a statistically significant increase in LDL levels and a reduction
in HDL; and worse glucose levels (90.5 ± 16.4–95.4 ± 15.8). Lockdown can be concluded to have
had a negative effect on health parameters in both sexes in all age ranges, causing a worsening of
cardiovascular risk factors.

Keywords: COVID-19; cardiovascular risk factors; lockdown; disease

1. Introduction

In December 2019, 27 cases of severe pneumonia of unknown cause were reported in
the city of Wuhan (Hubei, China), which had in common their appearance in a wholesale
market for fish and live animals [1]. On 7 January 2020, the causative agent was identified
as a new virus (Coronaviridae), called SARS-CoV-2 [2]. The disease caused by this virus
became internationally known as “coronavirus disease 2019” (COVID-19). The most
common clinical manifestations were fever, cough, fatigue, and gastrointestinal symptoms.
Respiratory or gastrointestinal symptoms could coexist or be found in isolation [3–5].
Depending on individual genetics, ethnic origin, age and geographical location, it has
been seen that the clinical manifestations and morbidity and mortality from COVID-19
are different [6–8]. On 30 January 2020, COVID-19 was determined as a Public Health
Emergency of International Importance (ESPII) and later, on 11 March 2020, declared a
global pandemic by the WHO [5].
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The rapid spread and severity of the COVID-19 pandemic became a threat to public
health, with the lack of effective drugs or vaccines at that time leading governments of
more than 100 countries to apply strict measures in their efforts to limit and control the
spread of the disease [9,10]. Measures such as a lockdown, quarantine, or isolation of their
populations were put in place, in such a way that in April 2020 more than a third of the
world’s population was under some type of lockdown [11]. In Spain this was established
by Royal Decree 463/2020 of March 14, declaring a state of emergency [12].

This state of lockdown had a negative impact on the physical and mental health of the
population, with a decrease in physical activity and a significant change in eating patterns at
all ages [13–18]. Lifestyle modifications and withdrawal from work, university, or school are
all related to boredom and were discovered to cause bingeing or loss of appetite [13,19,20].
A decrease in the consumption of fish, seafood, fruit, and vegetables was found, along
with [21] a rise in the consumption of salty and sugary snacks (including desserts, sweets,
chips, nuts, crackers, popcorn, peanuts, pistachios, sunflower seeds, etc.) [22,23]. There
was also a high prevalence of sleep [24–26] and physical activity disorders [6], which are
related to unbalanced nutritional patterns in adults and adolescents [27,28].

Consequently, there was an increase in weight in the world population range from
11.1% to 72.4% during the lockdown period. In Spain, the weight gain reported by patients
themselves ranged between 12.8% and 44% [29]. People who put on weight during the
lockdown also had a more sedentary lifestyle most of the time - watching television and
doing on-screen leisure activities, using smartphones, the internet, or socializing online.
This weight gain related to COVID-19 will cause an increased risk of developing metabolic
disorders in the population with a previous diagnosis of disease [30], but also in the
population who had not suffered from these disorders beforehand [31]. Moreover, it has
been observed that the population with previous pathology has a higher risk of becoming
severely ill if infected by the virus [31,32].

Our objective was to evaluate how these unhealthy lifestyles influenced different
anthropometric parameters, blood glucose levels, lipid profile, and blood pressure in a
sample of 6236 workers in Spain, with the aim that if at some future time a similar situation
occurs, we would be able to take adequate preventive measures to reduce its side effects on
people’s health and the development of disease.

2. Materials and Methods

A prospective study was carried out on 6283 workers in the Balearic Islands and the
Valencian Community in companies from different productive sectors, the most represented
were working at hotels, construction, commerce, health and public administration, trans-
port, education and the cleaning industry between March 2019 and March 2021. Employees
were selected from among those who attended the periodic occupational medical check-ups
during those years. Of these, 47 were excluded (19 since they did not agree to participate
and 28 since they did not undergo the second medical examination), leaving 6236 finally
included in the study (Figure 1).

Inclusion criteria

- Aged between 18 and 69 years;
- Being an active worker;
- Healthy population, without underlying diseases that do not allow passing the annual

medical check-up;
- Belonging to one of the companies collaborating in the study;
- Agreeing to participate in the study.

Anthropometric, clinical, and analytical measurements were performed by the health
personnel of the different occupational health units participating in the study, after homog-
enizing the measurement techniques. To measure weight, expressed in kilograms, and
height, expressed in cm, a scale with a measuring rod was used, namely model SECA 700
with a capacity of 200 kg and 50-g divisions, with a SECA 220 telescopic measuring rod
with millimetric division and a 60–200 cm interval.

96



Nutrients 2022, 14, 1237

Figure 1. Flowchart of participants.

Abdominal waist circumference was measured in cm with a measuring tape (SECA
model 20, with an interval of 1–200 cm and millimeter division). The person stood feet
together and trunk erect, abdomen relaxed, and upper limbs hanging on both sides of the
body. The tape measure was placed parallel to the floor at the level of the last floating
rib. Hip circumference was measured with a SECA model 200 tape with a measuring
interval of 12–200 cm and millimeter division. The same position was adopted as for waist
circumference and the measuring tape was passed horizontally at hip level. Waist/height
and waist/hip indices were obtained by dividing waist circumference by height and hip
circumference, respectively. The cut-off point for the former was 0.50 while for the latter it
was 0.85 for females and 0.95 for males [33].

Blood pressure was measured in the supine position with a calibrated OMRON M3
automatic sphygmomanometer after 10 min of rest. Three measurements were taken
at one-minute intervals and the mean of the three was calculated. Blood tests were ob-
tained by peripheral venepuncture after a 12-h fast, sent to reference laboratories, and
processed within 48–72 h. Automated enzymatic methods were used for blood glucose, to-
tal cholesterol, and triglycerides. Values are expressed in mg/dL. HDL was determined by
precipitation with dextran sulphate Cl2Mg, and values are expressed in mg/dL. LDL was
calculated using the Friedewald formula (provided triglycerides were less than 400 mg/dL).
Values are expressed in mg/dL.

Friedewald’s formula:

LDL = total cholesterol − HDL − triglycerides/5

BMI was calculated by dividing weight by height in meters squared. Obesity was
considered to be over 30 [33]. Body fat percentage was determined by bioimpedance using
a Tanita model MC-780MA S.

A smoker was considered to be a person who had regularly consumed at least one
cigarette/day (or the equivalent in other types of consumption) in the previous month or
had stopped smoking less than a year before.
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Physical activity was determined by means of the International Physical Activity
Questionnaire (IPAQ) [34], a seven-question self-administered questionnaire that assesses
the type of physical activity performed in daily life during the previous seven days which
was performed at each medical check-up.

2.1. Statistical Analysis

A descriptive analysis of the categorical variables was carried out by calculating the
frequency and distribution of responses for each one. For quantitative variables, the mean
and standard deviation were calculated, whereas for qualitative variables, the percentage
was calculated. Bivariate association analysis was performed using the X2 test (with
correction of Fisher’s exact statistic when conditions so required) and Student’s t test for
independent samples. For multivariate analysis, binary logistic regression was used with
the Wald method, with calculation of the odds ratio and the Hosmer-Lemeshow goodness-
of-fit test. The statistical analysis was performed with the SPSS 27.0 (IBM, New York, USA)
program, with an accepted statistical significance level of 0.05.

2.2. Ethical Considerations and Aspects

The study was approved by the Clinical Research Ethics Committee of the Balearic
Islands Health Area no. IB 4383/20. All procedures were performed in accordance with the
ethical standards of the institutional research committee and with the 2013 Declaration of
Helsinki. All patients signed written informed consent documents before participating in
the study.

3. Results

Lockdown began for all participants on 15 March 2020, and post-lockdown anthro-
pometric measurements were carried out by the same health personnel from the different
occupational health units. Of the 6283 workers, 51.9% were female and 48.1% were male,
constituting a proportional representation of both sexes. Participant characteristics, in-
cluding anthropometric characteristics, physical activity, and smoking before and after
lockdown, are all summarized in Table 1. The number of participants was the same each
year, being a total of 6236 Spanish workers.

Table 1 shows the statistically significant differences in the mean values of anthropo-
metric and clinical parameters before and after lockdown due to the COVID-19 pandemic.

An increase in body weight and therefore also in BMI can be seen in the population
studied; as well as an increase in the percentage of body fat, and hip and waist circum-
ference; being this the one with the highest increase. Regarding clinical parameters, the
elevation of total cholesterol levels stands out, with a statistically significant increase in
LDL levels (going from mean values of 117.4 mg/dL to 131 mg/dL) and a reduction in
HDL levels. Triglyceride values also rose.

Comparing blood pressure levels, during lockdown there was a tendency to higher
diastolic blood pressure levels. Systolic blood pressure was also affected. Glucose levels
increased during lockdown such as the previously analyzed parameters.

The percentage of people who increased their smoking habit during lockdown was 2%,
while an 11% decrease their physical activity, causing an elevation of 4.1% in overweight
and 2.5% in obesity.

Comparing the mean values of the anthropometric, clinical, and laboratory parameters
in different ranges of years according to whether this change occurred before or during the
COVID-19 pandemic lockdown, it is possible to observe a tendency to a worsening of the
values of the different parameters analyzed, as shown in Table 2.
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Table 1. Characteristics of the population.

Year 2018 Year 2019 Year 2020

N = 6236 Mean ± SD Mean ± SD Mean ± SD p-Value

Age (years) 41.1 ± 9.9 42.1 ± 9.9 43.1 ± 9.9 <0.001

Weight (kg) 71.7 ± 16.3 72.2 ± 16.4 73.8 ± 16.5 <0.001

BMI (kg/m2) 25.1 ± 4.7 25.3 ± 4,7 25.9 ± 4.7 <0.001

Waist circumference (cm) 82.8 ± 14.0 84.6 ± 14.1 87.6 ± 14.1 <0.001

Hip circumference (cm) 98.7 ± 9.4 99.8 ± 9.4 101.5 ± 9.5 <0.001

Waist to Height ratio 0.49 ± 0.08 0.50 ± 0.08 0.52 ± 0.08 <0.001

Waist to hip ratio 0.84 ± 0.10 0.85 ± 0.09 0.86 ± 0.09 <0.001

Body fat (%) 24.5 ± 9.1 25.3 ± 8.7 26.9 ± 8.8 <0.001

SBP (mmHg) 120.0 ± 16.8 121.3 ± 16.3 124.6 ± 16.3 <0.001

DBP (mmHg) 76.9 ± 10.7 78.2 ± 10.5 82.8 ± 10.6 <0.001

Glycaemia (mg/dL) 90.5 ± 16.4 91.9 ± 15.7 95.4 ± 15.8 <0.001

Total cholesterol (mg/dL) 190.7 ± 37.3 194.3 ± 35.3 202.8 ± 35.7 <0.001

HDL-c (mg/dL) 53.9 ± 13.7 53.1 ± 13.4 50.7 ± 13.7 <0.001

LDL-c (mg/dL) 117.4 ± 40.3 121.4 ± 38.5 131.0 ± 39.0 <0.001

Triglycerides (mg/dL) 96.8 ± 79.2 98.7 ± 78.5 105.8 ± 78.9 <0.001

N (%) N (%) N (%) p-value

Smokers 1176 (18.9) 1202 (19.3) 1302 (20.9) <0.001

Physical exercise 2732 (43.8) 2600 (41.7) 2044 (32.8) <0.001

Normal weight 3500 (56.1) 3398 (54.5) 3085 (49.5) <0.001

Overweight 1890 (30.3) 1978 (31.7) 2144 (34.4)

Obesity 846 (13.6) 860 (13.8) 1007 (16.1)

Waist to height ratio high 2526 (40.5) 2826 (45.3) 3368 (54.0) <0.001

Waist to hip ratio high 1460 (23.4) 1612 (25.8) 1944 (31.2) <0.001

Body fat normal 4115 (66.0) 3996 (64.1) 3722 (59.7) <0.001

Body fat high 1394 (22.4) 1428 (22.9) 1466 (23.5)
SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoproteins; LDL: low
density lipoproteins.

Figure 2 shows the graphs of the parameters related to cardiovascular risk factors. It
can be observed that over the years, the trend in all of them was towards an increase in
mean values, with an exponential, statistically significant increase during the year of the
pandemic due to COVID-19. It can be seen an increase in BMI levels, percentage of fat mass,
laboratory values of glucose and total cholesterol, as well as higher blood pressure levels.
The alteration encountered in mean blood pressure values was less pronounced compared
to the rest of the parameters analyzed, which underwent greater changes, causing an
increase in cardiovascular risk in the population studied.
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Table 2. Changes in anthropometric, clinical, laboratory, and healthy habit variables in different
pre-COVID and COVID years.

2018–2019 Change 2019–2020 Change

Weight (kg) 0.47 ± 1.04 1.61 ± 1.28

BMI (kg/m2) 0.16 ± 0.37 0.57 ± 0.46

Waist circumference (cm) 1.82 ± 4.87 2.92 ± 1.17

Hip circumference (cm) 1.14 ± 0.85 1.69 ± 1.15

Waist to Height ratio 0.01 ± 0.03 0.02 ± 0.01

Waist to hip ratio 0.01 ± 0.05 0.01 ± 0.02

Body fat (%) 0.88 ± 2.14 1.58 ± 1.68

SBP (mmHg) 1.28 ± 4.08 3.26 ± 3.68

DBP (mmHg) 1.35 ± 1.48 4.62 ± 1.82

Glycaemia (mg/dL) 1.47 ± 5.16 3.49 ± 2.30

Total cholesterol (mg/dL) 3.59 ± 17.30 8.52 ± 13.40

HDL-c (mg/dL) −0.82 ± 3.97 −2.44 ± 1.78

LDL-c (mg/dL) 4.04 ± 17.64 9.54 ± 13.41

Triglycerides (mg/dL) 1.83 ± 8.74 7.09 ± 4.63

Figure 2. Changes in cardiovascular risk factors in 2018, 2019, and 2020: BMI, waist, lean mass,
glucose, blood pressure, and total cholesterol.

Comparing the different cardiovascular risk parameters that had worse mean values
after COVID (and considering an increased risk when the category changed to a worse
one according to the corresponding risk factor), it can be observed in Figure 3 that by
analyzing the parameters according to relative risk, with a 95% confidence interval, and
odds ratio, the changes in the mean values of triglyceride levels were not related to the
other parameters analyzed. In the other variables analyzed, blood pressure levels were
those with the highest RR (1.261–1.306) along with OR (1.283). The rest of the parameters
can be seen in the figure.
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Figure 3. Relative Risk (RR) of patients who had worsened cardiovascular risk factors in the 2019–2020
season when compared with the 2018–2019 season. Patients were considered to have worsened when
they changed to a worse category in the corresponding risk factor: BMI (normal, overweight, obesity);
glycemic status (normal, prediabetes, diabetes); blood pressure status (normal, pre-AHT, AHT1,
AHT2); waist (normal, high); fat mass (normal, high); total cholesterol (normal, high); LDL (normal,
high, very high); HDL (normal, low); and TG (normal, high).

The parameters of BMI, glycemic status, blood pressure, waist circumference, and
percentage of fat mass were analyzed in relation to age, sex, BMI, glycemic status, and
blood pressure levels. It can be observed in Table 3 that upon analyzing by age variable,
there is a statistically significant worsening of the values of BMI, glycemic status, blood
pressure, and waist circumference, which does not occur in the percentage of fat mass,
although this relationship is not statistically significant with age. In the group over 50 years
of age, the RR is higher.

When analyzing by sex, the BMI values obtained are not considered statistically
significant, although there is statistical significance for the rest of the variables studied. It
should be noted that, in males, there is no causal relationship with an increase in percentage
of fat mass, while in females there is.

There is no clear association between overweight or obesity and glucose levels, with a
RR < 1 and a p-value of 0.241. In terms of BMI, despite having a causal relationship with the
percentage of fat mass with a RR > 1, the values obtained have a p-value of 0.704, therefore
this relationship and the levels obtained could be caused by other factors as they are not
statistically significant. Changes in BMI are not always related to a higher percentage of
fat mass; patients with high muscle mass and a low percentage of fat mass, for instance,
could also have altered BMI values since this parameter does not differentiate between
muscle or fat.

By analyzing glycemic status, workers with prediabetes did reveal a direct relationship
with alterations in percentage of fat mass, but not with blood pressure levels or waist
circumference. When relating baseline blood glucose levels to BMI, despite observing a
causal relationship with a RR > 1, the values obtained were not statistically significant
(p-value 0.065) and would therefore not be interpretable for this reason.

Blood pressure levels do not have a statistically significant relationship with glycemic
status. Although the relationship between blood pressure and waist circumference and
percentage of fat mass have been statistically related to a p-value < 0.001, in the group of
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workers with type 1 hypertension, there was no increase in blood glucose levels as there
was no direct association with the anthropometric parameters analyzed.

When analyzing according to age of participants, a statistically significant increase in
total cholesterol levels was observed, with a greater association in workers aged 40–50 years)
with a p-value of < 0.001. There are also statistically significant differences with p-value < 0.001
in LDL cholesterol levels with a lower association in workers over 50 years old), as can be
seen in Table 4.

When the relationship between age, HDL cholesterol, and triglyceride levels is ana-
lyzed, the differences are not statistically significant with a p-value of > 0.05, so the changes
in the parameters could be due to other factors and not by age.

According to the sex of the patient studied, a statistically significant worsening stands
out with a direct association for the clinical parameters of total cholesterol, HDL cholesterol,
and LDL cholesterol in both males and females, but not for triglyceride levels where the
differences between males) and females are not statistically significant.

In the population studied that was overweight or obese, the increased analytical
values of total cholesterol and the decrease in HDL cholesterol were statistically significant
(p-value < 0.05) even though in the group of overweight patients, there was no direct
association with HDL cholesterol values. No statistically significant relationship was found
with LDL cholesterol or triglyceride levels in the overweight and obese population.

The glycemic level of the workers studied was found to have a direct, statistically
significant association with a p-value of < 0.05 for HDL cholesterol and LDL cholesterol, but
not with total cholesterol or triglyceride levels. In the group of patients with prediabetes,
no direct relationship with changes in LDL cholesterol was observed.

If we analyze according to blood pressure levels, patients with normal blood pressure
or type II hypertension are associated with a higher risk (RR: 1.106; 95% CI 1.081–1.132) and
(RR: 1.053; 95% CI 0.620–1.787) for total cholesterol and a RR: 1.005; 95% CI 0.987–1.024 and
RR: 1.003; 95% CI 0.955–1.053 for HDL cholesterol, respectively; but with a non-statistically
significant association for LDL cholesterol levels with a p-value of 0.072.

Regarding triglyceride levels, according to blood pressure levels, no direct relationship
was found in patients with hypertension, but was found in normotensive patients with a
p-value of 0.036.

In relation to physical activity, the changes caused by lockdown, measured through
the IPAQ questionnaire, can be seen in Table 5. A decrease in physical activity is observed
in both sexes for the group that exercised before lockdown, as well as an increase in
sedentary lifestyle in groups that did not perform physical activity before lockdown on a
regular basis.

The decrease in physical activity is statistically significant for both sexes, with a
p-value < 0.0001 compared to the time before the pandemic.
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Table 5. Percentage of physical activity, before and during lockdown in men and women separated
into groups according to whether or not they previously performed physical activity.

Year 2018 Year 2019 Year 2020 p-Value

Women non physical exercise 57.0 57.4 69.2 <0.0001

Women yes physical exercise 43.0 42.6 30.8

Men non physical exercise 55.3 59.3 65.1 <0.0001

Men yes physical exercise 44.7 40.7 34.9

4. Discussion

The global pandemic caused by COVID-19 has had a great impact on health popula-
tion [35]. Not only due to the infection caused by the virus, which has left complications
and consequences of the disease from which some people are yet to fully recover, but also
due to the pathology derived from lockdown, social distancing, and isolation, in which
chronic diseases have worsened [36–39]. These measures taken by governments to protect
public health have produced a psychological impact on the population that has caused
overeating, a more sedentary lifestyle, and modification of several anthropometric, clinical,
and laboratory health parameters affecting all body systems [40,41].

In this study, we objectify the changes produced in the population due to lockdown, in
a population of Spanish workers. Although it is true that, in recent decades, the population
has had a tendency to obesity and overweight due to a sedentary lifestyle [13,16], what
can be seen in this study is that, during lockdown, many of the parameters that influence
cardiovascular risk were affected, such as obesity, alcoholism, and a sedentary lifestyle,
changing their values, leading to a greater risk of suffering from cardiovascular diseases.
Our results are similar to those published by other authors from different countries such as
Lithuania, China, Korea, Israel, UK, amongst others [40–45].

In the study carried out by Paltrienteri et al., the changes produced during lockdown
in relation to physical activity, diet, alcohol consumption, and tobacco were studied through
a self-administered survey. The results showed there had been a reduction in physical
activity without a change in diet [46]. In our study, these modifications were studied
through anthropometric, clinical, and laboratory parameters, and their changes could be
observed with a statistically significant increase in both obesity and overweight, as seen in
our results.

A simultaneous to the increase in cardiovascular risk, as detailed in Table 1, the
4.1% increase in the rate of overweight and obesity, as well as the 11% decrease in physical
activity and 2% increase in smoking brought about the development of other diseases, both
acute and chronic, which have modified the health status of the population and increased
morbidity and mortality from other causes, not only due to infection with COVID-19. These
consequences were also pointed out by Palmer et al. [47,48].

The results of our study reveal statistically significant differences when comparing
clinical, laboratory, and anthropometric parameters in a population of workers due to a
lockdown. The increase in body weight and therefore BMI is a consequence of the dietary
habits and sedentary lifestyle of the population during this period [49,50]. An increase in
percentage of fat mass and waist and abdominal perimeter was also observed [42,44,45].
There are studies in the literature that compare body weight during and after lockdown,
such as the study by Blautani S, et al. which shows that it was not the entire population
that suffered an increase in body weight, with 18.2% of the population in their study losing
weight during lockdown. At the end of lockdown, those who had gained weight continued
to gain, so it is likely that their health effects associated to body changes will persist over
time [51] if lifestyle modifications are not made [52].

Not only were anthropometric parameters affected, but alterations were also found in
biochemical parameters. In the lipid profile, for instance, an increase in total cholesterol
levels was detected, which corresponded to an additional increase in LDL cholesterol levels
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and decrease in HDL cholesterol levels, with statistically significant differences. These
results are similar to those published in other studies, although their sample sizes were
much smaller than ours [40,53].

Plasma glucose levels deteriorated, probably in connection with the increased rate
of obesity, overweight, and decrease in physical exercise [54]. In patients with blood
glucose levels in the range of diabetes mellitus, a statistically significant decrease of LDL
cholesterol levels was detected, although this was not statistically significant in patients
with prediabetes values, in whom there was no clear relationship with changes in LDL
cholesterol values. At a general level, there was an increase of triglyceride levels with
statistically significant results. The combined increase in serum triglycerides points to the
role of a variation in eating habits and reinforces the need not to attenuate attention to an
adequate lifestyle program, with regular physical activity and a correct dietary approach,
even when successful pharmacological treatment is ongoing [54]. A high-carbohydrate
diet is known to raise fasting triglyceride levels more than a high-fat diet, which is also
related to greater mortality [55]. Our results are similar to those obtained in previous
studies [40,53].

Regarding blood pressure levels, lockdown also caused a deterioration in people who
were not previously hypertensive, probably due to their lifestyle during these months and
the worsening of the population’s health status owing to a change in dietary habits and
physical activity. In the literature consulted, we have found very few studies that refer
to changes in blood pressure during lockdown due to COVID-19. However, the studies
published are similar to our results [40,56].

The lockdown adversely affected multiple risk factors for disease, especially car-
diovascular disease. Plasma concentrations for LDL and HDL cholesterol, respectively
increased and decreased. Concurrently, blood glucose concentrations and blood pressures
increased. According to the increases in ratio of waist to hip circumferences, these ef-
fects were associated with increased central obesity [57]. Notably, low HDL cholesterol,
a large waist circumference, hyperglycemia, hypertension, and hypertriglyceridemia are
components of metabolic syndrome, a global measure of risk for cardiovascular disease
and developing type 2 diabetes mellitus [58]. According to the latest guidelines, the
metabolic syndrome is described as a set of analytical and anthropometric alterations, in
which the patient must have at least three altered parameters in order to be diagnosed
of metabolic syndrome. These parameters are: waist circumference in men ≥102 cm
and ≥88 cm in women, triglyceride values ≥150 mg/dL or being on pharmacological
treatment, HDL levels <40 mg/dL in men and <50 mg/dL in women. Blood pressure
values ≥130/85 mmHg or being on pharmacological treatment with antihypertensives and
fasting blood glucose levels ≥100 mg/dL or being on antihyperglycemic treatment [59].

According to the results obtained in our study, which have been explained previously,
a global worsening of these parameters could be detected, secondary to the change in
lifestyle caused by lockdown. The increased metabolic syndrome has been able to develop
the appearance of different cardiovascular and metabolic complications that have caused
an increase in morbidity and mortality, as well as an increased risk of COVID-19 infection
with greater potential for severity as has been seen in recent studies [60–62] as shown in
the study carried out by Li B et al., which shows how the population with cardiovascular
risk factors has a higher risk of severe infection by COVID-19 [63].

Periodic medical check-ups, in the case of our study, of Spanish workers, has allowed
the detection of these alterations and the possibility of applying preventive measures to
avoid the development of diseases in the future as well as complications in the event of
infection by COVID-19 [60,61].

In the different tables of results, the worsening of blood pressure levels, glycaemia, waist-
abdominal perimeter as well as analytical levels of triglycerides and HDL cholesterol are
observed. Early application of preventive measures in the different altered parameters could
prevent the development of metabolic syndrome and its possible complications [59,62,64].

106



Nutrients 2022, 14, 1237

Despite being known as a syndrome, there is no single approach, since the objective is
to apply preventive or therapeutic measures individually according to the altered param-
eters [65,66] in each individual, always starting with lifestyle modifications, a factor that
has been greatly influenced by lockdown due to the increase in sedentary lifestyle, with a
decrease in physical activity [67–69] and the complications driven by COVID-19.

The aim of treating or preventing these altered analytical and anthropometric pa-
rameters produced by the state of lockdown would be to prevent the development of
cardiovascular diseases and therefore reduce cardiovascular risk at the population and its
potential morbidity and mortality. In the study conducted by Yangjing X, et al., people with
established cardiovascular disease or altered cardiovascular risk parameters are shown to
have a worse prognosis when faced with COVID-19 infection [70].

In our study, many of these cardiovascular risks are seen to have modified their levels
during lockdown, leading to an increase in cardiovascular risk. Also, the fact of decreasing
physical activity and increasing sedentary lifestyle is associated with an increase and
worsening in the different parameters studied and also with a tendency to obesity and
therefore to the complications derived from it, causing an increase in cardiovascular risk
factors in the population [71], as has also been seen in other studies such as the ones from
Hendren et al. or Hu L et al. [72,73].

In our study, we found a significant decrease in physical activity both in men and women,
being higher in women. Our results are consistent with other published studies [74,75], and
differ from those obtained by Castañeda-Barbarro et al.’s. in which a greater decrease in
physical exercise in men is found [76].

Regular physical activity helps reduce cardiovascular risk [68], by reducing the per-
centage of fat mass and improving laboratory and clinical values such as blood pressure,
insulin resistance . . . helping in the prevention of developing diseases derived from an
unhealthy lifestyle and preventing cardiovascular diseases [69,77].

With all this, it can be stated that the COVID-19 pandemic has increased the risk of
developing pathologies derived from lifestyle modifications, in addition to raising the risk
of COVID-19 infection by altering parameters that increase the risk of illness [54,69,78].

5. Strengths and Limitations

Several studies compare the effects of the pandemic and COVID-19 infection with
changes in obesity and overweight parameters, as well as cardiovascular risk factors and
other pathologies, but we have not found any study in which so many parameters are
compared in the same population as in our study.

Further, none of the studies that present the evaluation of the different parameters
separately have a sample size such as ours, with 6283 patients.

The limitations found in this study are the fact that it was carried out in a specific
geographic area, with a Caucasian working population, over a certain period of time, which
could limit the generalization of the results to other areas where lifestyles may be different.

Selection bias is another limitation of our study, since it is limited to workers who
voluntarily attended company medical examinations during those years.

Therefore, the results do not apply to other populations, and specific studies would
have to be carried out.

6. Conclusions

Health behaviors have been negatively affected during lockdown, leading to an in-
crease in sedentary behavior in all age groups, an unhealthy diet, and, therefore, associated
with weight gain, as well as an increased consumption of tobacco.

With the parameters and results described above, it can be concluded that the months
of lockdown caused a statistically significant deterioration of several health parameters
due to increased sedentary behavior in a similar way in males and females in all age ranges,
although the over 40-year-old group is the one where the worst values of the variables
analyzed were observed, causing an increase in the magnitude of multiple risk factors for
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cardiovascular disease and the appearance of new pathologies that have resulted in an
increase in morbidity and mortality due to all causes.
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Abstract: COVID-19 is a pandemic disease that causes severe pulmonary damage and hyperinflam-
mation. Vitamin A is a crucial factor in the development of immune functions and is known to be
reduced in cases of acute inflammation. This prospective, multicenter observational cross-sectional
study analyzed vitamin A plasma levels in SARS-CoV-2 infected individuals, and 40 hospitalized
patients were included. Of these, 22 developed critical disease (Acute Respiratory Distress Syndrome
[ARDS]/Extracorporeal membrane oxygenation [ECMO]), 9 developed severe disease (oxygen
supplementation), and 9 developed moderate disease (no oxygen supplementation). A total of
47 age-matched convalescent persons that had been earlier infected with SARS-CoV-2 were included
as the control group. Vitamin A plasma levels were determined by high-performance liquid chro-
matography. Reduced vitamin A plasma levels correlated significantly with increased levels of
inflammatory markers (CRP, ferritin) and with markers of acute SARS-CoV-2 infection (reduced
lymphocyte count, LDH). Vitamin A levels were significantly lower in hospitalized patients than in
convalescent persons (p < 0.01). Of the hospitalized patients, those who were critically ill showed
significantly lower vitamin A levels than those who were moderately ill (p < 0.05). Vitamin A plasma
levels below 0.2 mg/L were significantly associated with the development of ARDS (OR = 5.54
[1.01–30.26]; p = 0.048) and mortality (OR 5.21 [1.06–25.5], p = 0.042). Taken together, we conclude
that vitamin A plasma levels in COVID-19 patients are reduced during acute inflammation and that
severely reduced plasma levels of vitamin A are significantly associated with ARDS and mortality.

Keywords: COVID-19; vitamin A; retinol; retinoic acid; ARDS; pneumonia; pandemic; SARS-CoV-
2; inflammation

1. Introduction

Coronavirus disease 2019 (COVID-19) is a novel infectious disease that has been
spreading worldwide [1]. The clinical manifestation of COVID-19 can range from asymp-
tomatic infection to critical illness with severe pneumonia, respiratory failure, and death [2].
Worse clinical outcomes are related to dysregulated immune responses in the host, lead-
ing to the uncontrolled release of proinflammatory cytokines such as interleukin-6 (IL-6).
This cytokine storm mediates the progression of lung damage and respiratory failure
in a relevant number of cases [3]. The understanding of host parameters leading to the
susceptibility of immune dysregulation is incomplete. A standard therapy has not yet
been established. To date, the RNA-polymerase inhibitor remdesivir and the immuno-
suppressive corticosteroid dexamethasone are the only Food and Drug Administration
(FDA) approved drugs for COVID-19 therapy with demonstrated effects on mortality and
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disease outcome [4,5]. Despite certain therapeutic approaches, the lethality of hospitalized,
mechanically ventilated patients remains high [6].

Vitamin A is of special interest in the field of infectious diseases, especially for pul-
monary infections. It is crucial for the development of normal lung tissue and tissue
repair after injury due to infection [7]; therefore, it may play a role in recovery after severe
COVID-19 pneumonia. Vitamin A has immune regulatory functions [8] and positively
affects both the innate and adaptive immune cell response [9,10]. Malnutrition leads to
relevant incidences of vitamin A deficiency worldwide. Vitamin A deficiency can disrupt
vaccine-induced antibody-forming cells and negatively influences immunoglobulin devel-
opment in the upper and lower respiratory tract [11]. Several studies revealed increased
risks of severe illness due to respiratory tract infections in vitamin A-deficient individuals,
whereas vitamin A supplementation can reduce the risks of severe illness and death, as
was shown for children with measles and in influenza pneumonia in mice models [12–14].
The occurrence of severe infections and inflammation can also negatively affect vitamin A
status, and several mechanisms such as urinary loss of vitamin A [15], decreased vitamin A
hepatic mobilization [16], and reduced intestinal vitamin A absorption [17] during infection
have been described.

Data concerning vitamin A plasma levels in COVID-19 patients are lacking. Therefore,
this study aimed at characterizing vitamin A plasma levels in acute COVID-19 and analyzed
the association of plasma levels with disease severity and outcome. Vitamin A plasma
levels were found to be significantly reduced in COVID-19 patients during the acute phase
of disease compared to plasma levels in convalescent patients, and a reduction in vitamin
A levels correlated significantly with an increase in inflammatory parameters. Critically ill
patients showed lower vitamin A levels compared to moderately ill patients and severely
reduced vitamin A levels were associated with ARDS and mortality. Further research is
necessary to investigate the role of vitamin A as a possible therapeutic agent for COVID-19.

2. Materials and Methods

2.1. Participant Selection and Patient Samples

This multicenter, prospective observational cross-sectional study included 40 hospi-
talized patients with laboratory-confirmed SARS-CoV-2 infection (nasopharyngeal swab
and test by polymerase-chain reaction), admitted to the University Hospital Muenster and
Marien-Hospital Steinfurt in Germany between March and June 2020. Details of medical
history and laboratory data were collected. Blood from hospitalized patients was collected
during acute phase of disease. Disease severity was defined as critical (presence of acute
respiratory distress syndrome [ARDS]; n = 22), severe (requiring oxygen supplementation;
n = 9) or moderate (neither ARDS was present nor oxygen supplementation required;
n = 9). ARDS was diagnosed according to the Berlin definition (bilateral opacities on chest
radiograph, exclusion of other causes of respiratory failure) [18]. COVID-19 patients were
categorized according to their condition at the time of blood collection. One blood sample
per patient was taken within the first 24 h after admission.

Additionally, 91 individuals with laboratory-confirmed SARS-CoV-2 infection who
had recovered from infection were contacted for donation of convalescent plasma in our
outpatient clinic. The blood sample was taken after recovery from disease. Of these, 47 were
manually selected to match the age and gender of inpatients (Supplementary Figure S1).
This group of patients had only moderate symptoms, and hospitalization was not necessary
(Supplementary Figure S2).

Plasma samples were obtained from each participant after they provided informed
consent. The Ethics Committee of Muenster University approved the current study (local
ethics committee approval AZ 2020-220-f-S and AZ 2020-210-f-S), and the procedures were
in accordance with the Helsinki Declaration of 1975 as revised in 1983. None of the patients
received antiviral, experimental, or immunosuppressive therapies. Plasma samples were
protected from light and frozen (−80 ◦C) until measurement.

114



Nutrients 2021, 13, 2173

2.2. Vitamin A Measurement

Vitamin A (both free/unbound vitamin A and vitamin A bound to retinol bind-
ing protein [RBD]) was assayed on EDTA-plasma using a commercially available high-
performance liquid chromatography kit (Chromsystems, Munich, Germany) following the
manufacturer’s instructions. Vitamin A levels were given in mg/L. For further analysis,
participants were divided in to two groups (Group 1: vitamin A plasma levels ≥ 0.2 mg/L;
Group 2: vitamin A plasma levels < 0.2 mg/L) following international guidelines on vita-
min A deficiency from the World Health Organization (WHO, clinically relevant nutritional
Vitamin A deficiency defined as Vitamin A plasma levels < 0.2 mg/L) [19].

2.3. Laboratory Measurements and Validation of the Clinical Status

Clinical laboratory assessment included complete blood count and levels of D-dimer,
creatinine, C-reactive protein (CRP), albumin, lactate dehydrogenase (LDH), pseudo-
cholinesterase (PCHe), and alanine aminotransferase (ALT). SAPS II (Simplified Acute
Physiology Score [20]) was determined on the day of laboratory measurement and used to
characterize the physiological conditions of hospitalized patients.

2.4. Data Analysis/Statistics

For continuous variables, we report the median with the interquartile range, and val-
ues were compared using the Mann–Whitney U (Wilcoxon) test. For categorical variables,
we report absolute numbers and percentages, and values were compared with Chi-square
tests of association or Fisher’s exact tests. A Kruskal–Wallis test was conducted to compare
more than two groups. To compare subgroups, the Bonferroni correction post hoc test
was performed when variance was equal (Levene’s test), and the Games-Howell test was
performed when variance was different. The Pearson correlation coefficient was deter-
mined to analyze the correlation of vitamin A levels with clinical laboratory parameters.
Univariable logistic regression analysis was conducted to determine the association of
severely reduced vitamin A plasma levels with the risk of acute respiratory distress syn-
drome (ARDS) and mortality due to COVID-19 in hospitalized patients (n = 40). All the
tests were two-tailed, and p < 0.05 was considered to indicate a statistically significant
difference. All the statistical analyses were performed using SPSS (Version 26IBM Corp.,
Armonk, NY, USA).

3. Results

3.1. Cohort Characteristics

Most participants were male (77.8–100%) in all groups. The median interval between
symptom onset and sample collection in hospitalized patients was 12 days (IQR 8, 3–17), in
outpatients 52 days (IQR 40–75). The median age was 50–58 years and did not significantly
differ between groups, nor too did the interval from the first symptom to the collection of
the blood sample. Preexisting diseases were prevalent almost exclusively in the group of
critically ill patients. SAPS II differed significantly between hospitalized patients, as did
inflammatory and blood count parameters (for example C-reactive protein and lymphocyte
count) (Table 1). The correlations of the subgroups are shown in Supplementary Figure S3.

3.2. Correlation of Vitamin A Plasma Levels with Laboratory Parameters

In the overall study group (n = 87), reduced vitamin A plasma levels correlated sig-
nificantly with increased levels of the inflammation markers C-reactive protein (r = −0.54,
p < 0.001) and ferritin (r = −0.45, p < 0.001). Reduced absolute (r = 0.4, p < 0.001) and
relative lymphocyte counts (r = 0.43, p < 0.001), reduced albumin levels (r = 0.65, p < 0.001),
and elevated lactate dehydrogenase levels (r = −0.53, p < 0.001) correlated significantly
with reduced vitamin A plasma levels. Elevated levels of liver markers (AST: r = −0.22,
p < 0.05; gamma-GT: r = −0.29, p < 0.01) also correlated significantly with reduced vitamin
A levels. Reduced vitamin A levels were associated with reduced pseudocholinesterase
(PCHe) levels as a parameter of the liver synthetic capacity (r = 0.53, p < 0.001) (Figure 1).
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Table 1. Cohort characteristics; differences were calculated via the Kruskal–Wallis test; BMI = body mass index,
SAPS II = Simplified Acute Physiology Score II; IQR = interquartile range; LDH = lactate dehydrogenase; PCHe = pseudo-
cholinesterase, ALT = alanine aminotransferase; abs. = absolute; n.d. = not defined.

Moderate
Disease (n = 9)

Severe Disease
(n = 9)

Critical Disease
(n = 22)

Convalescent
Patients (n =

47)
p-Value

Age, median (min–max) 54 (30–81) 50 (39–73) 58 (41–82) 54 (41–70) 0.24

Gender, male (%) 77.8 100.0 90.9 97.9 0.29

BMI, median (IQR) 24 (23–26) 24 (23–26) 27 (24–30) 26 (24–28) 0.05

Interval from first symptom to acquisition
of blood sample in days, median (IQR)

52 (40–75)

8 (6–14) 13 (8.5–17) 12 (10–22) 0.15

Cardiovascular disease (abs.) 1 0 4 0

Respiratory disease abs.) 0 0 2 0

Kidney insufficiency (abs.) 0 0 0 0

Metastatic neoplasm (abs.) 0 0 0 0

Diabetes (abs.) 0 0 1 0

Hematologic malignancy (abs.) 2 0 4 0

Death (abs.) 0 0 9 0

SAPS II, median (IQR) 15 (13–25) 19 (13–22) 54 (35–72) n.d. <0.001

Leukocytes × 109/L, median (IQR) 4.4 (3.4–6.4) 5.4 (3.8–7.6) 9.2 (5.8–11) 5.4 (4.9–6.8) 0.21

Lymphocytes (rel., %), median (IQR) 19.5 (12.6–29.9) 21.3 (15.0–22.8) 10.3 (7.3–14.0) 29.0
(25.3–32.5) 0.003

D-Dimer (mg/L), median (IQR) 0.75 (0.32–2.31) 0.76 (0.55–2.02) 2.56 (1.42–7.42) n.d. 0.005

Creatinine (mg/dL), median (IQR) 1.0 (0.9–1.2) 0.8 (0.8–1.0) 1 (0.6–1.7) 1 (0.9–1) 0.36

Ferritin (μg/L), median (IQR) 449 (200–665) 692 (370–938) 917 (665–1560) 188 (89–325) 0.003

Interleukin-6 (pg/mL), median (IQR) 16 (10–30) 30 (17–70) 107 (39–239) 2 (2–2) <0.001

Procalcitonin (ng/mL), median (IQR) 0.11 (0.07–0.18) 0.08 (0.07–0.12) 0.64 (0.18–2.04) 0.05
(0.04–0.07) <0.001

C-reactive protein (mg/dL), median (IQR) 1.6 (0.5–3.2) 6 (3.3–9.4) 14.8 (6.2–24.8) 0.5 (0.5–0.5) <0.001

PCHe (U/L), median (IQR) 7746
(5524–9193) 6960 (6173–8321) 3668 (2749–4788) 8699

(7754–10082) <0.001

Gamma-GT (U/L), median (IQR) 43 (30–126) 40 (30–60) 113 (54–185) 29 (21–47) <0.001

ALT (U/L), median (IQR) 26 (22–46) 33 (29–58) 41 (29–67) 29 (24–40) 0.079

Albumin (g/dL), median (IQR) 3.9 (3.3–4.5) 3.8 (3.5–4.4) 2.3 (3.0–2.7) 4.6 (4.4–4.7) <0.001

Vitamin A (mg/L), median (IQR) 0.48 (0.29–0.56) 0.32 (0.21–0.42) 0.25 (0.16–0.38) 0.60
(0.51–0.69) <0.001

3.3. Vitamin A Plasma Levels in COVID-19 Patients

Vitamin A plasma levels differed significantly depending on disease severity. Hospi-
talized patients of all groups (mild, moderate, severe, and critical disease) revealed signif-
icantly reduced vitamin A plasma levels compared to convalescent outpatients (p < 0.01
to p < 0.001). In hospitalized patients, the vitamin A plasma levels of critically ill patients
were significantly reduced compared to patients with moderate disease (p < 0.05). Patients
with severe disease also had reduced plasma levels compared to patients with moderate
disease, but this finding did not reach statistical significance (median: 0.32 vs. 0.48 mg/L)
(Figure 2).
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Figure 1. Correlation of vitamin A plasma levels with laboratory parameters.

Figure 2. Vitamin A plasma levels in patients with moderate, severe, and critical disease, and in
convalescent patients; the Wilcoxon rank test showed significant differences (p < 0.001). Subgroups
were tested for differences in the Bonferroni correction (* p < 0.05, ** p < 0.01, *** p < 0.001). Mann–
Whitney U test was used to compare groups (* p < 0.05, ** p < 0.01, *** p < 0.001).

3.4. Association of Severely Reduced Vitamin A Plasma Levels with the Development of ARDS
and Mortality

As described in the methods section, Vitamin A plasma levels <0.2 mg/L were consid-
ered clinically relevant reduced. In the overall study group, 14% (n = 11/87) of participants
revealed clinically relevant reduced vitamin A plasma levels. Looking at different patient
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groups, 41% (n = 9/22) of critically ill, 11% (n = 1/9) of moderately ill, and 11% (n = 1/9) of
severely ill patients had vitamin A plasma levels <2 mg/L, while none of the participants in
the convalescent group had clinically relevant reduced vitamin A levels (0/47) (Figure 3).

Figure 3. Percentages of patients with vitamin A plasma levels <2 mg/L in different patient groups: moderate disease
(n = 9), severe disease (n = 9), critical disease (n = 22), and convalescent patients (n = 47). Representation of significances
according to Bonferroni correction (* p < 0.05).

After dividing the hospitalized patients into two groups (Group 1: Vitamin A < 2 mg/L;
Group 2: Vitamin A ≥ 2 mg/L), Group 1 patients (n = 11) revealed significantly higher
C-reactive protein levels (median 13.9 vs. 6 mg/dL, p = 0.03), lower absolute lymphocyte
counts (median 0.69 Tsd/μL vs. 1.13 Tsd/μL, p = 0.01), and lower relative lymphocyte
counts (median 9.4% vs. 15.2%, p = 0.049) compared to Group 2 (n = 29). Patients in Group
1 developed ARDS much more frequently (p = 0.038), and mortality was significantly
higher (p = 0.047) (Table 2). Logistic regression analysis revealed significant associations
of clinically relevant reduced vitamin A plasma levels with the development of ARDS
(OR = 5.54 [1.01–30.26] p = 0.048) and with mortality (OR 5.21 [1.06–25.5], p = 0.042) in the
hospitalized patient group (n = 40).

Table 2. Clinical outcomes and inflammation parameters based on vitamin A plasma levels; differences were calculated
using the Mann–Whitney U test or Fisher’s exact test (both 2-tailed); SAPS II = Simplified Acute Physiology Score II; BMI =
body mass index; ARDS = acute respiratory distress syndrome; IQR = interquartile range; LDH = lactate dehydrogenase;
PCHe = pseudocholinesterase, ALT = alanine aminotransferase.

Vitamin A < 2 mg/L (n = 11)
Vitamin A ≥ 2 mg/L (n =

29)
p-Value

Age, median (min–max) 52.6 (30–66) 57.1 (33–82) 0.52

Gender, male (%) 91 90 0.56

BMI, median (IQR) 25 (24–28) 25 (23–28) 0.51

Interval from first symptom to acquisition
of blood sample in days, median (IQR) 11 (9–12) 13 (8–17.5) 0.42

Preexisting disease (%) 45 48 0.45

ARDS (abs.) 9 13 0.038

Death (abs.) 5 4 0.047
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Table 2. Cont.

Vitamin A < 2 mg/L (n = 11)
Vitamin A ≥ 2 mg/L (n =

29)
p-Value

SAPS II score, median (IQR) 43 (22–61) 28 (15.5–55.5) 0.39

Leukocytes × 109/L, median (IQR) 5.99 (2.67–11.9) 6.97 (4.56–9.89) 0.56

Lymphocytes (rel., %), median (IQR) 9.4 (7.2–16.9) 15.2 (9.35–22.1) 0.049

Lymphocytes (abs., Tsd/μL), median (IQR) 0.69 (0.47–1.01) 1.13 (0.79–1.38) 0.01

D-Dimer (mg/L), median (IQR) 2.01 (0.78–4.25) 1.78 (0.65–3.57) 0.84

Creatinine mg/dL, median (IQR) 0.15

Ferritin (μg/L), median (IQR) 917 (554–1788) 738 (465–1008) 0.39

Interleukin-6 (pg/mL), median (IQR) 88 (37–199) 33 (16–95) 0.05

Procalcitonin (ng/mL), median (IQR) 0.31 (0.12–0.80) 0.13 (0.08–0.7) 0.3

C-reactive protein (mg/dL), median (IQR) 13.9 (8.5–26.9) 6 (1.95–13.7) 0.03

PCHe (U/L), median (IQR) 4082 (3012–5643) 5555 (3566–7814) 0.15

Gamma-GT (U/L), median (IQR) 116 (40–211) 55 (34–130) 0.13

ALT (U/L), median (IQR) 44 (39–70) 31 (26–48) 0.11

Albumin g/dL, median (IQR) 2.7 (2.2–3.3) 3.1 (2.2–4.0) 0.25

Vitamin A (mg/L), median (IQR) 0.17 (0.16–0.19) 0.38 (0.28–0.52) <0.0001

4. Discussion

This study analyzed associations of vitamin A plasma levels with inflammatory
parameters, disease severity, and outcomes in moderately, severely, and critically ill COVID-
19 patients during the acute phase of the disease and in comparison to convalescent patients.

Age, gender, and time from disease onset to collection of blood sample adequately
matched and did not differ significantly between hospitalized groups in the acute phase of
the disease. Our cohort characteristics showed significantly higher levels of inflammatory
markers (CRP, IL-6, ferritin) and lower lymphocyte counts in patients with critical disease
cases compared to moderately and severely ill and convalescent patients. These data
are in line with other studies as both increased inflammatory parameters and decreased
lymphocyte counts are well-defined markers of active disease and predictive of a severe
course of COVID-19 [21]. D-Dimer is also an established predictive marker [22] and
its levels were found to be significantly increased along with disease severity in our
study cohort.

This study revealed significantly decreased vitamin A plasma levels in the acute phase
of moderately, severely, and critically ill patients compared to convalescent patients after
recovery from acute disease. In the acute phase, critically ill patients had significantly
lower vitamin A plasma levels compared to moderately ill patients. In the overall study
cohort, correlation analysis provided evidence that higher inflammatory parameters such
as C-reactive protein, ferritin, and albumin significantly correlated with reduced vitamin
A plasma levels. This finding supports existing data showing reduced vitamin A plasma
levels due to several mechanisms such as urinary loss [15], decreased hepatic mobiliza-
tion [16], and reduced absorption [17] during infection and acute inflammatory conditions.
Moreover, lymphopenia, an established disease activity marker and predictor of worse out-
comes in COVID-19 patients [21], significantly correlated with reduced vitamin A plasma
levels. Reduced serum albumin levels [23] and elevated LDH levels [24], also established
predictors of severe disease and worse outcome, were both significantly correlated with
lower vitamin A plasma levels. Liver damage is often found in severely ill COVID-19
patients [25]. Elevated levels of liver enzymes also correlated significantly with reduced
vitamin A levels. Interestingly, a reduction in the levels of pseudocholinesterase (PChE),
a parameter for liver synthetic capacity, correlated with reduced vitamin A levels. The
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association with decreased hepatic vitamin A mobilization during acute inflammation
remains speculative but conceivable and needs further analysis.

Clinically relevant decreased vitamin A plasma levels (defined as <2 mg/L following
the WHO definition for vitamin A deficiency [19]) were almost exclusively found in the
acute phase of disease in critically ill patients. To analyze the correlation of severely
reduced vitamin A plasma levels with disease outcome, we divided the hospitalized
patient cohort in two groups (patients with vitamin A levels ≥2 and <2 mg/L). This
subgroup analysis showed that patients with vitamin A plasma levels <2 mg/L developed
ARDS at a significantly higher rate (p < 0.05), and mortality was also much higher in
this group (p < 0.05). Levels of C-reactive protein were higher and lymphopenia more
distinctive, indicating a more severe disease course [21]. These results provide evidence
that the reduction of vitamin A plasma levels in COVID-19 is dependent on disease severity
and that plasma levels are reduced due to acute infection and inflammation rather than
preexisting vitamin A deficiency and malnutrition, as convalescent patients had normal
levels of vitamin A in plasma. Furthermore, malnutrition and vitamin A deficiency are
rare in Germany. Nonetheless, vitamin A deficiency due to malnutrition is still one of the
most prevalent micronutrient deficiencies worldwide, affecting approximately one-third
of preschool-age children, especially in underdeveloped countries. Vitamin A deficiency
is associated with increased mortality in children and pregnant women due to severe
gastrointestinal and respiratory infections [19,26]. Several studies have highlighted the
importance of vitamin A for lung function and development [27]. Other studies confirmed
that vitamin A has immune-modulating properties and plays an important role in the
immune response to infections, mainly through retinoic acid, its main metabolite. Early
randomized clinical trials studying the effect of vitamin A supplementation showed it
resulted in a significant reduction of mortality and less severe manifestations of several
infectious diseases in cases of vitamin A deficiency due to malnutrition [12,28]. On the
contrary, the consequences of reduced vitamin A levels that are due to acute inflammation
are not well understood.

Vitamin A influences cellular immunity in a wide variety. A number of studies have
shown that vitamin A has a central function in the development and differentiation of
dendritic cells (DCs), the most important antigen-presenting cells for activating naive
T-cells. DCs express three isotypes of RA receptor and, therefore, directly respond to
vitamin A [29]. After receptor activation, DCs drive T-cell differentiation into either anti-
inflammatory regulating T-cells (Treg) or proinflammatory effector T-cells, and through this,
they maintain homeostasis between anti-inflammatory and proinflammatory stimuli [30].
To resolve infection, vitamin A leads to the migration of effector T-cells to the inflammatory
site via the induction of leukocyte-homing receptors such as CCR9 and α4β7 integrin [31].
Vitamin A initiates the production of proinflammatory cytokines such as interferon-gamma
to resolve viral infection [32]. Vitamin A also drives the humoral immune response, as it
crucially promotes B-cell maturation and antibody responses in viral clearance [33,34]. To
limit proinflammatory stimuli, vitamin A promotes the differentiation and extravasation of
anti-inflammatory Treg cells to the site of inflammation [35]. Taken together, vitamin A can
promote both proinflammatory and anti-inflammatory cellular immune responses.

In COVID-19, immune imbalance and the disruption of T-cell responses may be
important drivers of severe disease. Real-world data suggest a strong antiviral T-cell
response after infection with SARS-CoV-2. The majority of SARS-CoV-2-specific T-cells
show an effector phenotype with the dominant production of antiviral proteins, such as
interferon-gamma, to terminate infection [36]. However, in patients with severe and critical
disease, T-cells exhibit lower levels of antiviral interferon-gamma compared to patients
with mild disease [37]. This is known as COVID-19-associated “T-cell exhaustion” and may
lead to impaired viral clearance. The resulting massive replication of SARS-CoV-2 and viral
infection of cells and organs and subsequent viral release from dying cells is considered as
an initial driver of cytokine storming, leading to uncontrolled immune reactions and often
fatal outcomes due to multiple organ failure [38]. Furthermore, levels of anti-inflammatory
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Treg cells in critically ill COVID-19 patients are lower than those in patients with mild
disease [39], possibly leading to further uncontrolled immune reactions. As described
above, vitamin A influences the production of interferon-gamma through effector T-cells
as well as the differentiation of anti-inflammatory Treg cells. Our study results show a
significant reduction of vitamin A levels in critically ill COVID-19 patients. Owing to these
study results, vitamin A should be considered a relevant agent in maintaining immune
balance in mild and moderate COVID-19. Immune imbalance and disruption of antiviral T-
cell responses in cases of severe and critical COVID-19 may, in part, be driven by decreased
vitamin A plasma levels during the acute phase.

This study has some limitations. First, this study can only reveal descriptive data
and does not prove causality. Further studies are needed to clarify whether COVID-19
disease course worsens as a result of Vitamin A reduction in patients serum, or Vitamin
A levels decrease as a consequence of severe COVID-19 and whether this reduction itself
has an impact on disease course. Second, it has to be pointed out that in this study both
unbound vitamin A and vitamin A bound to retinol binding protein (RBP) were measured.
It is known that hepatic synthesis of RBP is reduced following acute phase reactions in
terms of prioritization of the liver for synthesis of acute phase proteins such as CRP and
ferritin [40]. Further studies including analysis of free (unbound) vitamin A in plasma
are needed to clarify whether vitamin A reduction in plasma in COVID-19 patients is a
consequence of reduced RBD synthesis or free (unbound) vitamin A is reduced as well.
Third, the sample size in cohort subgroups is small, which can lead to bias especially in
analyses for associations between Vitamin A levels and ARDS/mortality. The small number
of events in univariate analyses could possibly lead to confounding factors and lead to
misinterpretation. Taking these limitations into account the consequences of reduced
vitamin A plasma levels in COVID-19 patients require further research to investigate
possible therapeutic approaches of vitamin A supplementation during acute infection.
Finally, controlled prospective studies are needed to investigate the therapeutic effect of
vitamin A supplementation in cases of acute COVID-19.
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Abstract: Good nutritional support is crucial for the immune system to fight against coronavirus
disease 2019 (COVID-19). However, in the context of a pandemic with a highly transmissible
coronavirus, implementation of nutrition practice may be difficult. A multicenter electronic survey
involving 62 dieticians was conducted, in order to understand barriers associated with dieticians’
adherence to nutrition guidelines for hospitalized COVID-19 patients in Indonesia. 69% of dieticians
felt under stress when performing nutrition care, and 90% took supplements to boost their own
immunity against the coronavirus. The concerns related to clinical practice included a lack of clear
guidelines (74%), a lack of access to medical records (55%), inadequate experience or knowledge
(48%), and a lack of self-efficacy/confidence (29%) in performing nutritional care. Half (52%) of
the dieticians had performed nutrition education/counseling, 47% had monitored a patient’s body
weight, and 76% had monitored a patient’s dietary intake. An adjusted linear regression showed that
guideline adherence independently predicted the dieticians’ nutrition care behaviors of nutrition
counselling (ß: 0.24 (0.002, 0.08); p = 0.04), and monitoring of body weight (ß: 0.43 (0.04, 0.11);
p = 0.001) and dietary intake (ß: 0.47(0.03, 0.10); p = 0.001) of COVID-19 patients. Overall, adherence
to COVID-19 nutrition guidelines is associated with better nutritional management behaviors in
hospitalized COVID-19 patients.

Keywords: COVID-19; nutrition care; guidelines adherence; length of stay; mortality; Indonesia

1. Introduction

Indonesia is among the 20 countries currently most severely affected by coronavirus
disease 2019 (COVID-19) worldwide, with the fifth highest observed case–fatality ratio
(3.0% per 100 confirmed cases) [1]. The clinical characteristics of COVID-19 are diverse,
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and symptoms range from asymptomatic, mild with nonspecific symptoms (e.g., fever,
cough, sore throat, and headaches), moderate/severe pneumonia with acute respiratory
distress syndrome (ARDS) demanding mechanical ventilation, and multi-organ failure
to death [2]. Currently, remdesivir is the only antiviral drug approved by the U.S. Food
and Drug Administration (FDA) for treating COVID-19. Since there are limited effective
antiviral drugs, supportive care with good nutritional support is crucial for the immune
system to fight against coronavirus infection in hospitalized COVID-19 patients [2–5].

Dieticians are an integral part of healthcare systems, and are responsible for assessing
the nutritional needs of hospitalized COVID-19 patients. However, one of the practical
challenges of nutritional management with COVID-19 is the lack of clear guidelines, as the
emerging coronavirus and its impacts on health are constantly evolving [2–5]. Although
nutritional management of COVID-19 disease is, in principle, similar to that of hospital-
ized patients or patients in intensive care units (ICUs) [6], implementation of nutrition
guidelines into clinical practice is a great challenge in the context of this pandemic with the
highly transmissible coronavirus [7]. For example, dieticians might not be allowed to meet
patients or perform nutritional assessments due to the risk of contracting or transmitting
COVID-19. Frequently, some instruments for evaluating nutritional status are not readily
available in most settings dedicated to COVID-19 patients. Indeed, dieticians should rely
on rapid/alternative measures [8]. With the ongoing pandemic, health workers are burned
out and are suffering from psychological symptoms (e.g., depression, anxiety, and insom-
nia), and these may also affect their motivation to implement nutrition guidelines [9,10].
Currently, little is known about the challenges and barriers that affect dieticians’ implemen-
tation of COVID-19 nutritional guidelines. The broad aim of this study was to investigate
barriers to dieticians’ adherence to nutritional guidelines in hospitalized COVID-19 patients
in Indonesia. Specific aims were: (1) to understand the practical challenges and concerns
associated with nutritional care, and (2) to understand barriers (guideline knowledge,
attitudes, and environmental factors) associated with nutritional management behaviors of
dieticians (as indicated by monitoring a patient’s body weight (BW) and dietary intake, as
well as performing nutrition counseling/education).

2. Materials and Methods

2.1. Study Participants

This study was a multicenter electronic survey designed to understand the barriers
associated with dieticians’ adherence to clinical practice of nutrition care for hospitalized
COVID-19 patients in Indonesia. This study was conducted during November 2020–
January 2021. The link of the questionnaire (as a Google Form) was sent to social media
groups of Indonesian dietetic association networks, where an estimated number of 210 of
the group members were working as dieticians in a hospital. In total, 62 dieticians from
44 hospitals completed the online questionnaire, giving a response rate of 29.5%. Out of
the 44 participating hospitals, 39 (88.6%) were located in Jakarta and Java Island, and had
higher COVID-19 cases compared to other regions in Indonesia. In addition, 20 participat-
ing hospitals (45%) were hospitals designated for COVID-19 by the Indonesia Ministry of
Health. The study was conducted anonymously, and no personal data were collected (e.g.,
name or contact address). Participants were informed of the purpose of the online survey,
and their consent to participate in the study was assumed if they completed the online
survey. Each participant was allowed to complete the online survey only once. Participants
were included if they were of Indonesian nationality, were employed as a dietician in a hos-
pital, had performed nutritional care for hospitalized COVID-19 patients, and completed
the online surveys. Exclusion criteria were a non-Indonesian nationality, dieticians who
never performed nutritional care for hospitalized COVID-19 patients, and those who did
not complete the online survey questionnaires. The study was approved by the Research
Ethic Committee of Alma Alta University, Indonesia (KE/AA/XI/10323/EC/2020).
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2.2. Survey Questionnaire: Barriers to Dietician Adherence to Nutrition Care for Hospitalized
COVID-19 Patients

The questionnaire was developed based on the framework of “barriers to physician
adherence to practice guidelines in relation to behavior change”, which was proposed by
Cabana et al. and published in the Journal of the American Medical Association (JAMA)
in 1999 [11]. The questionnaire consisted of four domains: knowledge (12 questions),
attitudes (six questions), environmental factors (seven questions), and behaviors (three
questions) (Supplementary Table S1). Depending on a participant’s answers, each question
was awarded 1 or 0 points, with a maximum of 28 points in total (Supplementary Table S1).
For example, 1 point was awarded to a participant if they know “ESPEN guidelines on
clinical nutrition in the intensive care unit” [6] or if they had “monitored the body weight
of hospitalized COVID-19 patients”. A higher total score of guideline knowledge, atti-
tudes, environment, and behavior indicates better dietician adherence to clinical nutrition
practices for hospitalized COVID-19 patients.

The “guideline knowledge section” (12 questions in total) included awareness of the
guidelines (four questions) and familiarity with clinical nutrition practice of the guidelines
(eight questions). The four guidelines were published between February 2019 and July 2020,
and included the Coronavirus Disease 2019 (COVID-19) Treatment Guidelines (National
Institutes of Health, USA) [2], ESPEN guidelines on clinical nutrition care in the intensive
care unit (ICU) [6], ESPEN expert statements and practical guidance for nutritional manage-
ment of individuals with SARS-CoV-2-infection [3], and Nutrition Therapy in the Patient
with COVID-19 Disease Requiring ICU Care (reviewed and approved by the Society of
Critical Care Medicine and the American Society for Parenteral and Enteral Nutrition) [5].
Familiarity with clinical practice associated with the guidelines included questions such as
“is it important to conduct nutritional screening and nutritional assessment for hospitalized
COVID-19 patients?” and “must the nutritional assessment and early nutritional care
management of COVID-19 patients be integrated into the overall therapeutic strategy?”
Respondents answered with “agree” or “disagree”.

The “attitude section” (six question in total) consisted of two parts: self-efficacy or
confidence (three questions) and motivation (three questions) in performing nutritional
care for hospitalized COVID-19 patients. Examples of the statements included: “lack of self-
efficacy or confidence in performing nutrition care for hospitalized COVID-19 patients?”,
and “feel stress when performing nutrition care for hospitalized COVID-19 patients?”
Respondents answered with “agree” or “disagree”. “Environmental factors” included
seven questions including “lack of time, lack of resources, limited budget, limited food
supply, lack of access to meet hospitalized COVID-19 patients, lack of access to medical
records, and inadequate authority to perform nutritional care for hospitalized COVID-19
patients”. “Dieticians’ behavior” mainly focused on three nutrition care behaviors: (1) “Do
you give nutrition education/counseling to hospitalized COVID-19 patients? If yes, how
do you give nutrition education/counseling: educational video, educational leaflet, phone
call, or text message?”; (2) “Do you monitor COVID-19 patient’s body weight change? If
yes, who monitors body weight and how do you do it?”; and (3) “Do you monitor dietary
intake of hospitalized COVID-19 patients? If yes, who monitors it and how do you do
it?” Total guidelines adherence score (maximum 28 points) was defined as knowledge
(12 points), attitudes (six points), environmental factors (seven points), and dieticians’
nutrition practice behaviors (three points). A high total score indicated a better adherence
to nutrition guidelines for hospitalized COVID-19 patients.

2.3. Primary Outcome

The primary outcomes were dieticians’ behaviors of nutrition care and self-efficacy
or confidence in providing nutrition care for hospitalized COVID-19 patients. The dieti-
cians’ behaviors of nutrition care included: (1) conducting nutrition counseling/education,
(2) monitoring patients’ weight changes, and (3) monitoring patients’ dietary intake.
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2.4. Data Analysis

Statistical analyses were conducted using SPSS 19 (IBM, Armonk, NY, USA). Contin-
uous data are presented as the mean and standard deviation (SD), and categorical data
are presented as the number (n) and percentage (%). Differences between two groups
were analyzed by an unpaired t-test. Chi-squared or Fisher’s exact test was employed
to compare proportions. An age, gender, years of practice, and type of hospital-adjusted
multivariate linear regression model was employed to examine relationships between de-
pendent variables (dieticians’ nutrition practice behaviors) and potential variables related
to guideline adherence (total adherence score and its individual components: knowledge,
attitude, and environmental factors). p < 0.05 was considered statistically significant.

3. Results

3.1. Participant Characteristics

Table 1 shows baseline characteristics of study participants. In total, 62 Indonesian
dieticians participated in the survey; 89% were female and 56% had ≤5 years of clinical
experience. Most participants worked in hospitals located in Jakarta (40%), East Java (21%),
and Central Java (16%). All participants (100%) had experience in performing nutritional
therapy for hospitalized COVID-19 patients, with 48% conducting nutritional therapy for
severely and critically ill patients, 40% for patients with mild and moderate illness, and
12% for asymptomatic patients. However, 69% of dieticians felt stress when performing
nutritional therapy for hospitalized COVID-19 patients. Ninety percent of participants took
supplements or herbal remedies to boost their own immunity against COVID-19, with 63%
taking vitamin C, 45% taking vitamin B complex, 30% taking multivitamins and minerals,
and 25% consuming ginger (Table 1).

3.2. Concerns Related to Nutritional Practices of COVID-19

Table 2 shows concerns related to clinical practices of nutrition care of COVID-19
patients. The most commonly used nutritional screening tools were malnutrition universal
screening tools (MUST) (34%) and malnutrition screening tools (MST) (34%), and nutri-
tion assessments were mainly performed by nurses (58%) and dieticians (40%) (Table 2).
Seventy-six percent of participants had monitored a patient’s dietary intake; however, only
half had monitored a patient’s weight change (47%) or had provided nutrition education
or counseling (52%). Ninety-seven percent of participants had recommended supplements
for hospitalized COVID-19 patients, of which vitamin C (61%), vitamin B complex (60%),
multivitamins/minerals (48%), zinc (40%), and omega 3 fatty acids (27%) were the most
frequently recommended supplements. Sixty-eight percent of participants had experience
in designing individual diets for hospitalized COVID-19 patients, with 68% modifying
the protein content and 63% modifying the total energy. Concerns related to nutritional
practices of hospitalized COVID-19 patients included a lack of clear guidelines (74%), a lack
of access to meet COVID-19 patients (55%), inadequate experience or knowledge (48%), a
lack of self-efficacy or confidence in performing nutrition care (29%), a lack of resources
(29%), a limited food supply (29%), and a limited budget (26%) (Table 2).

3.3. Barriers to Dieticians’ Adherence to Nutrition Guidelines for COVID-19

Next, we evaluated barriers to dieticians’ adherence to clinical guidelines (Table 3).
More than half of the dieticians were aware of “COVID-19 treatment guidelines” (total:
65%; among those with >5 years of experience: 74%; and among those with ≤5 years of
experience: 57%) and “ESPEN guideline on clinical nutrition in the intensive care unit”
(total: 58%; among those with >5 years of experience: 48%; and among those with ≤5 years
of experience: 66%), but to a lesser extent, “nutrition therapy in the patient with COVID-19
disease requiring ICU care” (total: 35%; among those with >5 years of experience: 37%;
and among those with ≤5 years of experience: 34%), and “ESPEN expert statements and
practical guidance for nutritional management of individuals with SARS-CoV-2 infection”
(total: 24%; among those with >5 years of experience: 26%; and among those with ≤5 years
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of experience: 23%). Most participants were familiar with knowledge of nutrition practice
(95–100%) (Table 3). However, 74% of participants thought that there was a lack of clear
guidelines for COVID-19, and this rate was slightly higher among junior dieticians (those
with ≤5 years of experience: 83%) than senior (those with >5 years of experience: 63%)
(p = 0.076) (Table 3: Knowledge: Familiarity with clinical practice). Junior dieticians also
had lower agreement rates on questions of “I am knowledgeable about the role of nutrition
therapy for hospitalized COVID-19 patients” (junior: 43% vs. senior: 81%, p = 0.004) and
“self-efficacy or confidence in performing nutrition care for hospitalized COVID-19 patients”
(junior: 57% vs. senior: 89%, p = 0.006), but had a higher rate of “feeling stress when
performing nutrition care for hospitalized COVID-19 patients” (junior: 83% vs. senior: 52%,
p = 0.009). Although 95% of participants agreed that “nutrition counseling is important
for hospitalized COVID-19 patients” (Table 3: Knowledge: Familiarity of the guidelines),
only half of dieticians (total: 52%) had conducted nutrition education/counseling for
hospitalized COVID-19 patients, and this rate was much higher among junior dieticians
(junior: 71% vs. senior: 26%; p < 0.0001). Only 47% (junior: 54% vs. senior: 37%, p = 0.177)
had monitored BW changes and 76% (junior: 74% vs. senior: 78%) had monitored dietary
intake of hospitalized COVID-19 patients (Table 3: Behavior)

Table 1. Characteristics of the study participants (N = 62).

Characteristic Responses

Hospital Characteristic

Type of hospital (n, %)
Government hospital 23 (52%)
Private hospital 21 (48%)

Region of hospital (n, %)
Yogyakarta and Central Java 10 (23%)
East Java 11 (25%)
Jakarta 12 (27%)
West Java 5 (11%)
Bali and others 6 (14%)

Number of hospitalized COVID-19 patients 14,898.69 ± 23,441.78
Mortality rate (n, ratio) 1186 (0.02)
Average length of stay of COVID-19 patients (day) 19.58 ± 1.61

Asymptomatic N/A
Mild Illness 12.58 ± 1.61
Moderate Illness 16.04 ± 1.55
Severe Illness 21.50 ± 2.13
Critical Illness 27.54 ± 2.64

Dieticians’ characteristics

Age (years) 29.27 ± 6.10
Female (n, %) 55 (89%)
Years of practice

<1 year 16 (26%)
1~5 years 19 (31%)
5~10 years 14 (23%)
>10 years 13 (21%)

Have you ever performed nutrition therapy for COVID-19 patients? (yes) 62 (100%)
Stages of COVID-19 patients treated? (n, %)

Asymptomatic 4 (6%)
Mild and moderate illness 20 (32%)
Severe and critical illness 38 (61%)

Feel stress when performing nutritional therapy for COVID-19 patients? 43 (69%)
Take supplements to boost your own immunity against COVID-19? 56 (90%)

B complex 25 (45%)
Vitamin C 35 (63%)
Multivitamins and minerals 17 (30%)
Ginger 14 (25%)

Continuous variables are presented as the mean ± standard deviation (SD), and categorical data as the number
(n) (percentage). Mortality rate (case fatality rate) was defined as the number of deaths divided by the number of
confirmed cases.
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Table 2. Nutrition practice and concerns related to hospitalized COVID-19 patients (N = 62).

Nutritional Practice Responses

Nutritional screening tools used?
Nutrition Risk Screening-2002 (NRS-2002) 7 (11%)
Mini Nutritional Assessment (MNA) 12 (19%)
Malnutrition Universal Screening Tools (MUST) 21 (34%)
Subjective Global Assessment (SGA) 4 (6%)
Malnutrition Screening Tools (MST) 21 (34%)

Who performs nutritional screening for COVID-19 patients?
Dietitian 25 (40%)
Doctor 1 (2%)
Nurse 36 (58%)

Monitor weight change in COVID-19 patients? (yes: n, %) 29 (47%)
If yes, who monitors it?

Dietitian 21 (34%)
Nurse 6 (20%)
Self-reported by patient 2 (3%)

Monitor dietary intake of COVID-19 patients? (yes: n, %) 47 (76%)
If yes, who monitors it?

Dietitian 28 (35%)
Nurse 13(27%)
Health care 4 (8%)
Reported by patient 6 (10%)

Performed nutritional counseling for COVID-19 patients? (yes: n, %) 32 (52%)
If yes, how do you do it?

Educational leaflet 8 (13%)
Phone call 19 (31%)
Text message 10 (16%)
Meet the patient in person 4 (6%)
Video call 1 (2%)
Give education to the family 1 (2%)

Recommend supplements for COVID-19 patients? (yes: n, %) 60 (97%)
B complex 37 (60%)
Vitamin C 38 (61%)
Multivitamins and minerals 30 (48%)
Zinc 25 (40%)
Omega-3 fatty acids 17 (27%)

Designed individual diets for hospitalized COVID-19 patients? (yes: n, %) 42 (68%)
Modify total energy 39 (63%)
Modify carbohydrate content 15 (24%)
Modify protein content 42 (68%)
Modify lipid content 10 (16%)
Modify fruits and vegetables 20 (32%)
Give supplements 13 (21%)
No differences 7 (11%)

Confidence in performing nutritional support for COVID-19 patients
with poly-comorbidities (5: very confident; 3: slightly confident; 1:
not confident)

3.37 ± 0.96

Concerns related to nutrition care for COVID-19 patients

Lack of clear guidelines 46 (74%)
Lack of self-efficacy or confidence in performing nutritional care 18 (29%)
Inadequate experience or knowledge 30 (48%)
Limited budget 16 (26%)
Lack of time 7 (11%)
Lack of resources 18 (29%)
Limited food supply 18 (29%)
Lack of access to meet COVID-19 patients 34 (55%)
Lack of access to medical records 9 (15%)

Continuous variables are presented as the mean ± standard deviation (SD). Categorical variables are presented
as number (n) (percentage).
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Table 3. Barriers to dietician adherence to nutritional guidelines in relation to nutritional practice behaviors of hospitalized
COVID-19 patients.

Barriers
Total Years of Practice

p Value *
(N = 62) ≤5 Years (N = 35) >5 Years (N = 27)

Knowledge

Awareness of guidelines
ESPEN guidelines on clinical nutrition in the intensive care unit [6] 36 (58%) 23 (66%) 13 (48%) 0.165
ESPEN expert statements and practical guidance for nutritional
management of individuals with SARS-CoV-2-infection (Europe) [3] 15 (24%) 8 (23%) 7 (26%) 0.780

Nutrition Therapy in Patients with COVID-19 Disease Requiring ICU
Care (reviewed and approved by the Society of Critical Care Medicine
and the American Society for Parenteral and Enteral Nutrition) [5]

22 (35%) 12 (34%) 10 (37%) 0.822

Coronavirus Disease 2019 (COVID-19) Treatment Guidelines (National
Institutes of Health, USA) [2] 40 (65%) 20 (57%) 20 (74%) 0.167

Familiarity with the guidelines
The nutritional assessment and early nutritional care management
of COVID-19 patients must be integrated into the overall
therapeutic strategy

62 (100%) 35 (100%) 27 (100%) NA

It is important to conduct nutritional screening and nutritional
assessment of hospitalized Covid-19 patients 61 (98%) 34 (97%) 27 (100%) 0.376

It is important to monitor the body weight change in hospitalized
COVID-19 patients 48 (77%) 27 (77%) 21 (78%) 0.953

It is important to monitor the dietary intake of hospitalized
COVID-19 patients 62 (100%) 35 (100%) 27 (100%) NA

Nutrition therapy plays an important role in the outcomes of
COVID-19 treatment 62 (100%) 35 (100%) 27 (100%) NA

Nutrition supplementation is useful for treating COVID-19 patients 60 (97%) 33 (94%) 27 (100%) 0.207
Nutrition counseling is important for COVID-19 patients 59 (95%) 32 (91%) 27 (100%) 0.119
Lack of clear guidelines 46 (74%) 29 (83%) 17 (63%) 0.076

Attitudes

Self-efficacy/confidence in performing nutritional care
I am knowledgeable about the role of nutrition therapy for
COVID-19 patients 37 (60%) 15 (43%) 22 (81%) 0.004

Self-efficacy or confidence in performing nutrition care for
hospitalized COVID-19 patients 44 (71%) 20 (45%) 24 (89%) 0.006

I have adequate knowledge to design meals for hospitalized
COVID-19 patients 32 (52%) 16 (50%) 16 (50%) 0.290

Motivation in performing nutritional care
I regularly make decisions regarding nutrition therapy as part of the
management of COVID-19 patients 50 (81%) 28 (80%) 22 (81%) 0.884

I have an obligation to improve the health of COVID-19 patients by
discussing nutrition with them 59 (95%) 33 (94%) 26 (96%) 0.715

I feel stress when performing nutrition care for hospitalized
COVID-19 patients 43 (69%) 29 (83%) 14 (52%) 0.009

Environmental factors

Lack of time 7 (11%) 4 (11%) 3 (11%) 0.969
Lack of resources 18 (29%) 11 (31%) 7 (26%) 0.636
Limited budget 16 (26%) 8 (23%) 8 (30%) 0.546
Limited food supplies 18 (29%) 13 (37%) 5 (19%) 0.109
Lack of access to meet hospitalized COVID-19 patients 34 (55%) 16 (46%) 18 (67%) 0.100
Lack of access to medical records 9 (15%) 4 (11%) 5 (19%) 0.432
Inadequate authority to perform nutritional care for hospitalized
COVID-19 patients 4 (6%) 3 (9%) 1 (4%) 0.439

Nutritional practice behaviors

Perform nutrition education or counseling for hospitalized COVID-19
patients 32 (52%) 25 (71%) 7 (26%) <0.0001

Monitor body weight of hospitalized COVID-19 patients 29 (47%) 19 (54%) 10 (37%) 0.177
Monitor dietary intake of hospitalized COVID-19 patients 47 (76%) 26 (74%) 21 (78%) 0.502

All variables are expressed as the number (n), percentage (%). * The p value was analyzed using unpaired Student’s t-test for continuous
variables or Chi-squared test for categorical variables.
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3.4. Factors Predicting Nutrition Care Behaviors of COVID-19 Patients
3.4.1. Self-Efficacy or Confidence in Providing Nutrition Care

Next, we performed a multivariate linear regression analysis to identify factors as-
sociated with behaviors of nutrition care for hospitalized COVID-19 patients (Table 4).
Age, gender and years of practice-adjusted regression showed that nutrition guideline
adherence score (ß: −0.25 (−0.07, −0.01); p = 0.03) was negatively correlated with lack
of self-efficacy, and, to a lesser extent, disease severity (ß: 0.22 (−0.01, 0.33); p = 0.057)
(Table 4).

Table 4. Adjusted multivariate regression coefficient (ß) and 95% confidence intervals (CIs) of barriers of nutrition practice
behaviors of COVID-19 patients.

Variables
Lack of

Self-Efficacy *
p-Value

Nutrition
Counseling *

p-Value
Monitor Body

Weight *
p-Value

Monitor Dietary
Intake *

p-Value

Disease severity 0.22 (−0.01, 0.33) 0.057 0.24 (−0.02, 0.41) 0.077 0.05 (−0.17, 0.25) 0.690 0.15 (−0.09, 0.28) 0.286
Type of hospital −0.07 (−0.29, 0.15) 0.527 0.05 (−0.20, 0.30) 0.674 0.03 (−0.29, 0.24) 0.844 0.11 (−0.32, 0.14) 0.435

Total adherence score −0.25 (−0.07, −0.01) 0.030 0.24 (0.01, 0.08) 0.040 0.43 (0.04, 0.11) 0.001 0.47 (0.03, 0.10) 0.001
Knowledge (total score) −0.15 (−0.12, 0.03) 0.209 0.19 (−0.03, 0.15) 0.157 0.13 (−0.04, 0.13) 0.287 0.05 (−0.06, 0.09) 0.708

Guideline awareness −0.01 (−0.08, 0.08) 0.969 0.70 (0.18, 0.31) <0.0001 0.15 (−0.04, 0.15) 0.273 0.35 (0.03, 0.19) 0.010
Guideline Familiarity −0.05 (−0.22, 0.14) 0.666 0.11 (0.13, 0.33) 0.402 0.01 (−0.19, 0.18) 0.936 0.03 (−0.22, 0.17) 0.173
Attitude (total score) NA 0.07 (−0.08, 0.14) 0.584 0.15 (−0.30, 0.13) 0.210 0.03 (0.02, 0.15) 0.012

Self-efficacy
or confidence NA 0.05 (−0.45, 0.03) 0.660 0.08 (−0.10, 0.19) 0.643 0.31 (0.03, 0.26) 0.013

Motivation −0.18 (−0.04, 0.35) 0.112 0.03 (−0.26, 0.20) 0.800 0.07 (−0.17, 0.30) 0.568 0.23 (0.02, 0.39) 0.040
Feel stress 0.23 (−0.48, 0.31) 0.080 −0.37 (−0.67, −0.12) 0.006 −0.24 (−0.57, 0.04) 0.091 −0.21 (−0.46, 0.08) 0.172

Environmental factor
(total score)

−0.15 (−0.15, 0.03) 0.186 0.08 (−0.15, 0.08) 0.535 0.15 (−0.04, 0.18) 0.217 0.12 (−0.06, 0.14) 0.384

Total adherence score (maximum 28 points) was defined as knowledge (12 questions), attitudes (six questions), environmental factors
(seven questions), and behaviors (three questions). * Results were adjusted for age, gender, years of practice, and type of hospital.

3.4.2. Nutrition Care Behaviors: Nutrition Counseling, and Monitoring of BW and
Dietary Intake

A regression analysis adjusted for age, gender and years of practice showed that
guideline adherence scores also independently predicted dieticians’ nutrition care behav-
iors of nutrition counselling (ß: 0.24 (0.002, 0.08); p = 0.04), and monitoring of BW (ß: 0.43
(0.04, 0.11); p = 0.001) and dietary intake (ß: 0.47(0.03, 0.10); p = 0.001) of hospitalized
COVID-19 patients (Table 4). Detail analysis of barriers to dieticians’ adherence to nutrition
guidelines found that awareness of guidelines was positively correlated with nutrition
counselling (ß: 0.70 (0.18, 0.31); p < 0.0001), and monitoring patient’s dietary intake (ß: 0.35
(0.03, 0.19); p = 0.01). Those dieticians who had better attitude (total score) (ß: 0.03 (0.02,
0.15); p = 0.012), self-efficacy or confidence (ß: 0.31 (0.03, 0.26); p = 0.013) or motivation
(ß: 0.23 (0.02, 0.39); p = 0.04) in performing nutrition care were more likely to monitor a
patient’s BW (Table 4: adjusted for age, gender, years of practice, and type of hospital).

Next, we investigated the relationship between dieticians’ adherence to nutrition
guidelines, length of stay and COVID-19 mortality. Adjusted linear regression analysis
showed that guideline awareness was negatively correlated with the length of stay for
moderate symptoms (ß: −0.51 (−1.22, −0.14); p = 0.017), severe symptoms (ß: −0.31
(−1.48, −0.26); p = 0.04) and critical illness (ß: −0.46 (−1.45, −0.16); p = 0.029), but not
mild symptoms. Guideline familiarity also independently predicted COVID-19 mortality
(ß: −40.95 (−63.95, −17.95); p = 0.001) (Supplementary Table S2).

4. Discussion

Our study results indicated that adherence to COVID-19 nutrition guidelines is as-
sociated with better nutritional management and, possibly, related to clinical outcome.
Studies showed that adherence to nutrition guidelines in critically ill patients is associated
with better survival outcomes [12,13]. Currently, Indonesia is not only facing capacity
constraints in the health care sector (e.g., man power, funding and facility) but also the
unprecedented economic burden of the direct medical cost of COVID-19. It is estimated
that median lengths of stay of hospitalized COVID-19 patients were 4~53 days in China
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and 4~21 days outside of China [14]. In the United States, a single symptomatic COVID-19
infection would cost a direct medical cost of USD 3,045 and one hospitalized case would
cost a median of USD 14,366, which only covers costs during the course of the infection
and not the follow-up care [15]. The importance of appropriate nutritional assessments and
treatments cannot be overstated. The health of COVID-19 patients may rapidly deteriorate
after being hospitalized, and patients may develop progressive hypermetabolism 1 week
after being intubated in the ICU, which may require 1.6~1.8-times higher energy inputs
by the third week post-intubation [16]. Screening and monitoring of a patient’s BW and
dietary intake can help doctors and dieticians identify patients at risk of poor outcomes,
and also allow planning of individualized nutrition care to support a patient’s immune
system in fighting the coronavirus [17]. This is of particular importance for COVID-19,
since supportive care is the major treatment method for hospitalized COVID-19 patients,
and most severe and critically ill COVID-19 patients are at risk of malnutrition [18,19].

Awareness of guidelines also predicts a dietician’s adherence to nutrition guidelines
for COVID-19. In the context of a constantly evolving and highly contagious coronavirus,
implementation of nutrition guidelines might not be straightforward. Dieticians need to
quickly adapt to a wide range of work environments and upgrade their nutrition care pro-
grams through training, self-study, or discussing practical problems in real-time through
online social networks with fellow dieticians to provide optimal service to COVID-19
patients. Our study found that major concerns related to the nutrition care of COVID-19
patients were a lack of clear guidelines (74%), a lack of self-efficacy (29%), and inadequate
experience or knowledge (48%). Dissemination of COVID-19 guidelines with their manage-
ment algorithm may improve dieticians’ knowledge and promote adherence to guidelines.
However, passive dissemination of guidelines might not be effective in the context of the
ever-changing COVID-19 pandemic, as the guidelines need to be adapted to local health-
care environments. It is likely that active dissemination or targeted approaches together
with supportive networks would improve awareness of, and adherence to, guidelines. For
example, Canadian dieticians launched a “COVID-19 response group” on Facebook for
dieticians and nutrition students to discuss nutrition care issues, share experiences, and
seek advice. Online supportive networks may be particularly important for junior dieti-
cians as our study showed that they had lower self-efficacy/confidence and knowledge
than senior dieticians.

Currently, Indonesian hospitals are overwhelmed by COVID-19 and our study found
that most Indonesia dieticians, in particularly junior dieticians, are suffering from psycho-
logical stress when performing nutritional care for hospitalized COVID-19 patients. In-
creased psychological stress among junior dieticians is likely due to the combination factors
of a higher rate of performing nutritional counseling and a lack of self-efficacy/confidence
in performing nutritional care for hospitalized COVID-19 patients. The current study
found that psychological stress not only predicted dieticians’ self-efficacy/confidence but
also their behaviors of nutrition care of COVID-19. Lu and Dollahite showed that years
of nutrition counselling experience significantly predicted self-efficacy scores [20]. Cur-
rently, we do not know why Indonesian junior dieticians had a higher rate of performing
nutritional counseling for hospitalized COVID-19 patients than senior dieticians, despite
the lack of clinical experience. Another interesting finding is that most of dieticians (90%)
took supplements as well as recommending supplements (Vitamins C and B complex,
multivitamins and zinc) to COVID-19 patients, despite the fact that the COVID-19 Treat-
ment Guidelines stated that there are insufficient data for the panel to recommend the
use of vitamins or minerals for the treatment of COVID-19 [2]. Using Google Trends to
analyze worldwide concerns with immune-boosting nutrients/herbs during the COVID-19
pandemic, our previous study found that vitamin C, D, E and zinc were the most searched
nutrients during the first wave of COVID-19 pandemic [21]. Vitamins and minerals have
anti-inflammatory and antioxidant properties, which may support a healthy immune
system against coronavirus infection. However, the effects of vitamin and mineral sup-
plementation on COVID-19 remain inconclusive [22,23]. It is very important to prevent
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or treat nutritional deficiencies. However, supplementation with a supraphysiologic or
supratherapeutic amount of micronutrients has not been recommended in the prevention
or improvement of clinical outcomes of COVID-19 infection. Therefore, the provision of
daily allowances for vitamins and trace elements has been suggested [3,24].

Our study found that environmental factors such as a lack of access to meet COVID-
19 patients in person was not a barrier to nutrition care practice. To overcome physical
barriers, Indonesian dieticians have employed telemedicine to perform nutrition counseling
and monitor patients’ food intake and weight changes. However, feeling stress when
independently performing nutrition care predicts the behavior of monitoring a patient’s
BW. This suggests that, even when upgrading one’s skills through telehealth channels,
dieticians still suffer from psychological stress when dealing with COVID-19. Health
organizations need to identify sources of stress and adapt their clinical practice to support
nutrition care. Another barrier that predicts the behavior of monitoring a patient’s food
intake is the lack of access to medical records. Nutrition care might not be considered a
priority in the COVID-19 pandemic, as acknowledged by Thibault and colleagues [7]. Based
on their experiences with the COVID-19 pandemic in France, those authors emphasized
the need to adapt protocols of nutrition care that are simple and easily applied [7]. Overall,
our study results suggest that dieticians need to upgrade their skills in telemedicine and
adapt to the local healthcare environment in order to strategize plans for performing
individualized nutrition care during the ever-changing COVID-19 pandemic.

The strength of this study includes its novelty, as it is the first to investigate barriers af-
fecting COVID-19 nutrition care, as well as being a multicenter survey with all participants
having experience in nutrition care of hospitalized COVID-19 patients. The present study
also has several limitations. Firstly, there was a relatively small sample size (n = 62) with
only one country surveyed (Indonesia) and a low response rate (29.5%). We recognized
that a regional study with small sample size may not provide a complete picture of dietetic
practice in Indonesia and other countries during the COVID-19 outbreak. The low response
rate in our study is due, in part, to the exclusion of dieticians who never performed nutri-
tional care for hospitalized COVID-19 patients in Indonesia. The COVID-19 outbreak itself
may also contribute to the low response rate. A recent study in UK also found a limited
number of dietitians was able to participate in the online survey due to COVID-19 outbreak,
though no response rate was reported [25]. Secondly, information was collected online and
not through face-to face interviews. Limitations of online surveys have been noted and
intensively discussed [26]. The major strengths of the online survey were its cost effective-
ness and the ability to be conducted in a short period of time with no regional restrictions;
however, there were concerns about internet accessibility, a lack of control of the sampling
or response rate, and ethical issues (e.g., consent, anonymity, and confidentiality) [26].
Nonetheless, it was performed in the context of social distancing during the COVID-19
pandemic, and consent was obtained through participation in the online survey, and all
responses were anonymous; the research ethics committee in Indonesia approved the
current study. Other limitations include the fact that more confounding factors are needed
for the linear regression model when analyzing the relationship between the predictive
effect of dieticians’ adherence to nutrition guidelines and the clinical outcomes (survival
and length of stay).

5. Conclusions

Our study results indicate that adherence to COVID-19 nutrition guidelines is associ-
ated with better nutritional management and, possibly, better clinical outcomes. A further
validation study is needed in order to provide some definitive guidance on how to imple-
ment nutrition guidelines, as well as how the adherence to COVID-19 nutrition guidelines
may affect medical cost and economy during the ever-changing COVID-19 pandemic.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13061918/s1, Supplementary Table S1: Barriers to dietician adherence to clinical practice
of nutrition guidelines for hospitalized COVID-19 patients. Supplementary Table S2: Adjusted
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multivariate regression coefficient (β) and 95% Confidence Intervals (95% CI) for length of stay and
mortality of hospitalized COVID-19 patients in Indonesia.
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Abstract: There is an ongoing need for new therapeutic modalities against SARS-CoV-2 infection.
Mast cell histamine has been implicated in the pathophysiology of COVID-19 as a regulator of
proinflammatory, fibrotic, and thrombogenic processes. Consequently, mast cell histamine and its
receptors represent promising pharmacological targets. At the same time, nutritional modulation of
immune system function has been proposed and is being investigated for the prevention of COVID-
19 or as an adjunctive strategy combined with conventional therapy. Several studies indicate that
several immunonutrients can regulate mast cell activity to reduce the de novo synthesis and/or
release of histamine and other mediators that are considered to mediate, at least in part, the complex
pathophysiology present in COVID-19. This review summarizes the effects on mast cell histamine of
common immunonutrients that have been investigated for use in COVID-19.

Keywords: immunonutrition; COVID-19; histamine

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is an enveloped single-
stranded positive-sense ribonucleic acid (RNA) virus that was first detected in China and
has caused an ongoing global pandemic [1]. SARS-CoV-2 comprises four identified struc-
tural proteins, namely, spike (S), membrane (M), envelope (E), and nucleocapsid (N) [2].
In general, the virus infects by binding its S protein to the host’s angiotensin-converting
enzyme 2 (ACE2) receptors, then entering by endocytosis into airway epithelium cells, lung
macrophages, alveolar epithelial cells, and vascular endothelial cells [3,4]. Patients may
remain asymptomatic or develop symptoms of varying severity [5,6]. In the resulting coron-
avirus disease 2019 (COVID-19), activation of the innate immunity, specific antibodies, and
activated T cells represent basic defensive factors, while in more severe cases, lung injury
progresses and leads to respiratory failure [5,7]. Severe lung injury in SARS-CoV-2 patients
is considered the result of immune hyperreaction that involves both innate and adaptive
immune responses [6,8]. Briefly, coronavirus infection activates antigen-presenting cells,
such as macrophages, that display viral antigens to T and B cells resulting in antibody
production and increased cytokine secretion in the form of a cytokine storm. Other immune
cells are also implicated, including mast cells, which are important coordinators for both
innate and adaptive immunity [9]. Endothelial injury and microthromboses ensue in the
lungs and other organs of COVID-19 patients [10,11]. Patients may require mechanical
ventilation and develop multiple organ failure [5,6].

Histamine is an endogenous biogenic amine that functions as a neurotransmitter
and an immunoregulatory factor. In the immune system, histamine is mainly stored in
cytoplasmic granules of mast cells and basophils and is released upon triggering along
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with other mediators such as serotonin, proteases (e.g., tryptase and chymase), heparin,
a variety of cytokines, and angiogenic factors [12]. Histamine release can be activated
by numerous innate signals or exogenous triggers [13] including allergens, toxins, and
viruses [14]. The high-affinity immunoglobulin (Ig)E receptor, FcepsilonRI (FcεRI), is the
primary receptor in mast cells that mediates IgE-dependent (allergic) reactions [12]. Yet,
it is apparent that non-IgE-mediated mechanisms of mast cell activation also exist [13].
Histamine exerts its biological actions through four types of G protein-coupled histamine
receptors (i.e., H1 receptor, H2 receptor, H3 receptor, and H4 receptor) [15]. It also activates
acute immune-mediated reactions and enhances vascular smooth muscle contraction and
the migration of other immune cells, antibodies, and mediators to the site of insult [7]. The
release of histamine by perivascular mast cells may also affect adjacent lymphatic vessel
function inducing immune cell trafficking through its lumen, which potentially contribute
to acute inflammatory stimulus [16]. In the lungs, this may cause bronchoconstriction,
increased mucus production, increased vasopermeability with edema, microthrombosis,
and infiltration by leukocytes, predominantly neutrophils [17]. Histamine can regulate
the balance between Th1 and Th2 effector cells [18]. During histamine-mediated lung
inflammation, secretion of Th2 cytokines is enhanced, while production of Th1 cytokines is
suppressed [19]. This response may increase susceptibility to viral and bacterial infections
of the respiratory tract [5]. In addition, viral remnants may prolong and exaggerate the
inflammatory process, causing a histamine-induced release of more pro-inflammatory Th2
cytokines through an IgE-mediated positive feedback vicious cycle [5].

A growing body of evidence has implicated histamine and mast cells in COVID-
19 [20–22]. In animal models of COVID-19, mast cells detected in the lungs were chymase
positive [23]. Mast cells are shown to express histamine receptors by themselves which,
in an autocrine fashion, can potentially ensue a feedback regulation further enhancing
inflammatory response [16,24]. The SARS-CoV-2 infection has been shown to activate mast
cells leading to histamine release that increases IL-1 levels, causing hyper-inflammation
and cytokine storm [25]. Mast cell degranulation has been reported in alveolar septa of
deceased patients with COVID-19 and in SARS-CoV-2-infected mice and non-human pri-
mates [23,26]. Furthermore, this mast cell activation was associated with interstitial edema
and immunothrombosis [27], while the levels of the mast cell-specific protease, chymase,
correlated significantly with disease severity [23]. Moreover, studies have reported that
H1 as well as H2 receptor antagonists, such as famotidine, are associated with a reduced
risk of infection and deterioration leading to intubation or death from COVID-19 [28,29].
These agents are considered to improve pulmonary symptoms of SARS-CoV-2 infection by
blocking the histamine-mediated cytokine storm [30]. Nevertheless, these observational
findings need further validation by the ongoing randomized clinical trials.

Given that limited therapeutic modalities are available for the treatment of COVID-19,
nutritional modulation of the immune system function has been proposed and is being
investigated [31–34]. It is widely accepted that normal nutritional status is vital for immune
homeostasis [35], while a number of recently published key studies suggest promising
effects of immunonutrition on acute respiratory infections [36,37]. Briefly, immunonutrition
can be defined as modulation of either the activity of the immune system or modulation of
the consequences of activation of the immune system by nutrients or specific food items
fed in amounts above those normally encountered in the diet [38]. Until now, specific
immunonutrients have been proposed as effective for the prevention of COVID-19 or as
an adjunctive strategy combined with conventional therapy [39]. At the same time, these
nutraceuticals have been reported to modulate mast cell activation and histamine release
with similar potency to pharmacological interventions [40,41]. This review summarizes the
effects on mast cell and histamine signaling of common immunonutrients that have been
investigated for use in COVID-19.
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2. Vitamins

2.1. Vitamin D

Vitamin D has been linked to the susceptibility to SARS-CoV-2 infection and the
prognosis of COVID-19 based on a series of data [32]. There is evidence that vitamin
D inhibits the entry and replication of SARS-CoV-2 and suppresses the levels of pro-
inflammatory cytokines while enhancing the production of anti-inflammatory cytokines
and antimicrobial peptides [42]. According to epidemiological observations, vitamin D
deficiency has been associated with a higher risk, severity, and mortality rate of COVID-
19 [43,44]. However, conflicting results have been reported concerning the effects of vitamin
D supplementation in outpatients and hospitalized patients after COVID-19 diagnosis in
terms of disease severity, hospital length of stay, ICU admission, or mortality rate [45–48].
Although, no official guidelines exist, it has been proposed to aim for adequate serum
25(OH)D levels of at least 30 ng/mL (75 nmol/L) during the pandemic [49]. Further results
are pending ongoing clinical trials [50].

Vitamin D seems to preserve the stability of mast cells, possibly by maintaining
the expression of vitamin D receptors. In a vitamin D-deficient environment, mast cell
activation occurs automatically, even in the absence of specific triggering [51]. In addition,
it has been shown that vitamin D inhibits histamine release from mast cell activation
including IgE-mediated activation [52]. Likewise, decreased levels of serum histamine
have been found after the antigenic challenging of sensitized mice previously receiving a
vitamin D supplemented diet [51]. According to this study, vitamin D receptor binding
inhibits mast cell activation by blocking the non-receptor tyrosine kinase Lyn. Lyn is
recruited immediately during mast cell activation following the crosslinking of FcεRI–IgE
complexes by multivalent antigens or exposure to the bacterial lipopolysaccharide [53,54].
Furthermore, the phosphorylation of the Syk tyrosine kinase was also suppressed by
vitamin D receptor binding to the β chain of FcεRI. Syk activation can be triggered by Lyn
and is involved in mast cell degranulation [55]. Recent data also indicate a positive effect
of vitamin D supplementation on functional humoral immunity levels as determined by
IgG levels [56].

2.2. Vitamin E

Vitamin E is a lipid-soluble vitamin with antioxidant and immunomodulatory prop-
erties. In addition to scavenging free radicals, vitamin E can affect immune function by
modulating signal transduction and gene expression [57–59]. In this way, vitamin E has
been found to reduce susceptibility to respiratory infections as well as allergy-related dis-
eases such as asthma [59]. Vitamin E has been implicated in the treatment of SARS-CoV-2
infection in an effort to minimize oxidative damage in these patients [33]. However, limited
evidence exists on the use of vitamin E as an adjuvant agent for the treatment of COVID-19
patients, and information resulting from clinical trials is wanted [60].

Vitamin E has been shown to have an inhibitory effect on the proliferation, secretion,
and survival of mast cells [61]. This effect originates from the modulation of protein kinase
C, protein phosphatase 2A, and protein kinase B in mast cells. Furthermore, in vitro studies
in various mast cell lines have shown that vitamin E affects mast cell activation, resulting
in a decreased release of proinflammatory mediators including histamine [62,63]. The
effects of vitamin E on mast cell function could be related with the antioxidative properties
of the vitamin [61]. Interestingly, oxidative stress and mast cells interact and participate
in acute lung injury. Reactive oxygen species generation promotes pulmonary mast cell
degranulation which, in turn, can increase oxidative stress and inflammation during acute
lung injury [64].

2.3. Vitamin C

Vitamin C or ascorbic acid is a water-soluble antioxidant vitamin that possesses anti-
inflammatory and immunomodulatory properties [5]. Although the value of vitamin C has
not yet been demonstrated in COVID-19, it has gained interest in this context because of its
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antiviral action [65] and beneficial effects in oxidative damage and inflammation [66]. Vita-
min C has previously been implicated in sepsis and ARDS, both of which represent major
complications of COVID-19 [67]. Although low levels of vitamin C have been reported in
sepsis, conflicting results have been produced by studies evaluating vitamin C supplemen-
tation in septic shock and ARDS [68,69]. At present, we are awaiting the results of several
ongoing trials evaluating the value of oral or intravenous vitamin C supplementation
in the treatment of COVID-19. A daily oral dosage of 1–2 g/day of vitamin C has been
proposed as beneficial for the prevention or treatment of COVID-19, while higher doses
of intravenous vitamin C, up to 24 gm/day, are being evaluated in critically ill patients
with COVID-19. Proposed mechanisms for the ability of vitamin C to benefit patients with
COVID-19 point to the prevention of IL-6 increase in several (pro)inflammatory conditions
and the inhibition of increases for a range of inflammatory cytokines [70,71].

Previous studies have shown that vitamin C administration attenuates a robust im-
mune response [72]. In fact, mast cell-mediated bronchial hypersensitivity caused by
the common cold was inhibited by the administration of vitamin C [73]. These patients
exhibited decreased bronchial hypersensitivity to histamine and bronchoconstriction after
vitamin C administration [40]. Both preclinical [74–76] and clinical studies [76–78] have
evaluated histamine blood levels after vitamin C administration. In a recent study, 7.5 g of
vitamin C administered intravenously in 89 patients with allergies or upper respiratory
infections caused a significant reduction in serum histamine [79]. Several mechanisms
may be responsible for the inhibitory effect of vitamin C on histamine [79,80]; vitamin C
may inhibit mast cell activation, increase histamine degradation by diamine oxidase or,
alternatively, decrease histamine production by inhibiting histidine decarboxylase [81].

3. Minerals

3.1. Zinc

Zinc is the second most abundant essential trace element that plays important roles
in the development, differentiation, and function of immune cells [33]. The perceived
antiviral properties of zinc against upper respiratory tract viral infections derive from
its participation in metallothioneins [82]. In this context, zinc may interfere with viral
infection in many ways [83,84]. First, zinc may prevent viral attachment to nasopharyngeal
mucous as well as fusion with the host’s membrane and virus entry into cells. In particular,
zinc has been shown to decrease the activity of the ACE2 receptor, which is essential
for SARS-CoV-2 binding and the provocation of cytokine storm. Moreover, this trace
element has been shown to hinder SARS-CoV-1 viral replication by inhibiting SARS-
CoV RNA polymerase [85]. Further antiviral effects of zinc include the impairment of
viral protein translation and the blockade of viral particle release [86]. Zinc deficiency is
common in COVID-19 patients and is associated with more complications and increased
mortality [42]. In older adults, supplementation with 45 mg elemental zinc per day has
been shown to reduce the risk of infection [31]. In summary, it has been proposed that
zinc supplementation may be beneficial in the prevention and treatment of SARS-CoV-2
infection and the associated inflammation [87–89]. At present, a series of clinical trials have
been registered to test the efficacy of various regimens containing zinc against COVID-19.

Zinc deficiency has been demonstrated to affect the function of various types of
immune cells including mast cells [90,91]. Zinc seems to be essential for mast cell activation.
In an in vitro study, the release of histamine from human basophils and lung mast cells
was inhibited from physiological concentrations of zinc [92]. A possible mechanism may
include the blockade of Ca2+ influx induced by the IgE-mediated activation of mast cells [6].
On the other hand, a zinc chelator (N,N,N,N-tetrakis (2-pyridylmethyl) ethylenediamine)
has been recently shown to contribute to the inhibition of histamine release from mast cells
and this effect was reversed by zinc supplementation [93]. Zinc may regulate mast cell
activation and function by modulating the PKC/NF-κB signaling pathway [90]. Various
mechanisms have been suggested, but modulation of the NF-kB pathway could be the result
of the inhibition of cyclic nucleotide phosphodiesterase, cross activation of protein kinase
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A, and inhibitory phosphorylation of protein kinase Raf-1 [94]. In addition, activation of
NF-kB can also activate mast cells thereby releasing histamine secretion and an ensuing
inflammatory response along with cytokine secretion [95].

3.2. Selenium

Selenium is a trace element that serves as an essential component of antioxidant
enzymes. In this way, it exhibits a protective effect against respiratory infections including
viral infections [96,97] (33, 97, 98). It has been suggested that selenium deficiency might
be implicated in the evolution of SARS-CoV-2 [87]. Moreover, a number of studies have
linked selenium with SARS-CoV2 infection and recovery rates [98–100]. Selenium may
halt oxidative stress in patients with COVID-19 [33,39]. Interestingly, oxidative stress and
mast cells show a bidirectional interaction. Intracellular reactive oxygen species production
is the result of mast cells by various triggers [101], while mast cell degranulation can be
controlled via the decrease in reactive oxygen species generation using antioxidants [62].
In accordance with this, an in vitro study showed that selenium can suppress the IgE-
mediated release of inflammatory mediators in a murine mast cell line, although histamine
release only slightly decreased [102]. The regulation of redox-sensitive transcription factors
is considered the responsible mechanism by which selenium affects mast cell histamine
release [103]. Published data also highlight the important role of biological functions that
occur via incorporation of selenium into selenoproteins in the form of selenocysteine amino
acid residue. Selenocysteine (Sec-Cys) is involved in a variety of prostanoid metabolism
processes and, therefore, have an impact on immunity [104].

4. Omega-3 Fatty Acids

Omega-3 fatty acids are polyunsaturated fatty acids (PUFAs) obtained mainly from
two dietary sources: marine and plant oils. These fatty acids incorporate into the bi-
phospholipid layer of the cell membrane and result in the reduced production of pro-
inflammatory mediators [105]. To date, sparse evidence has implicated omega-3 fatty
acids in the prevention and treatment of COVID-19 [106,107]. Nevertheless, it has been
shown that the omega-3 PUFAs inactivate enveloped viruses like SARS-CoV2 and inhibit
ACE2-mediated binding and cellular entry of SARS-CoV-2 [108]. Furthermore, beneficial
reports of omega-3 PUFAs have been reported in patients with sepsis and sepsis-induced
ARDS [109,110]. Several clinical trials assessing the effect of omega-3 PUFAs in COVID-19
management are currently registered (ZPD37). In a recent double-blind, randomized clini-
cal trial, enteral supplementation with omega-3 PUFAs significantly improved respiratory
and renal function indices as well as one-month survival rates in critically ill patients with
COVID-19 [111].

Similar to other immune cells, fatty acids are incorporated into mast cell membranes
and can differentially influence mast cell secretive properties [62,112,113]. Collectively,
the actions of omega-3 PUFAs on mast cells are mainly inhibitory. A series of studies
in animal models and in human cells has demonstrated the inhibitory effect of omega-
3 PUFAs on IgE-mediated activation of mast cells [26,114,115]. This effect is mediated
by the inhibition of GATA transcription factors in mast cells and leads to suppressed
Th2 cytokine expression [116]. As expected, this action of omega-3 PUFAs was tested
to ameliorate the severity of mast cell-associated diseases [117,118]. In a canine atopic
dermatitis model mast cell histamine release was reduced after treatment by γ-linolenic
acid or α-linolenic acid. On the other hand, linoleic acid or arachidonic acid enhanced
histamine release [113,119]. However, in a model of stress-induced visceral hypersensitivity
in maternally separated rats, neither mast cell degranulation nor hypersensitivity were
affected by the administration of an omega-3 PUFA-enriched diet [120]. Clinical trials of
the dietary omega-3 supplementation in asthma patients have reported beneficial effects on
airway inflammation but inconsistent clinical benefits in terms of lung function indices [121].
Nonetheless, it should be noted that two of these studies reported clinical benefits of dietary
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supplementation with omega-3 PUFAs in asthma patients without an accompanying
decrease in mast cell activation and histamine release [122,123].

5. Phytochemicals

5.1. Flavonoids

Flavonoids are a group of naturally occurring polyphenolic substances with anti-
oxidative and anti-inflammatory actions in various disease states [124]. They may also
have antiviral properties and several representatives of this family, such as quercetin, have
been proposed as a potential treatment of COVID-19 [125,126]. Luteolin from Veronica
linariifolia may also be beneficial, since it has been shown to prevent viral entry into
the host cell by inhibiting the binding of the SARS-CoV spike protein [127]. A potential
antiviral activity via the inhibition of the SARS-CoV helicase has been reported for luteolin,
myricetin (from Myricanagi), and scutellarin (from Scutellaria barbata) [128]. Finally, the
antiviral activity of kaempferol has been suggested to derive from the inhibition of the
3a-channel protein of SARS-CoV [129].

Several flavonoids inhibit in vitro the expression and/or release of mediators, such
as histamine, by human and rodent mast cells [130–132]. More specifically, quercetin
inhibits mast cell activation and release of histamine and may modulate airway inflam-
mation [133,134]. Likewise, luteolin or a structural analog of luteolin inhibit mast cell
activation and histamine release from animal and human mast cells [135–137]. The mod-
ulatory action of flavonoids on mast cell secretory function affects both IgE-dependent
and independent processes and appears to be selective [130]. Some flavonoids, such as
caffeic acid, inhibit selective histamine release, while others, such as luteolin and myricetin,
inhibit both histamine and β-hexosaminidase release [138]. This inhibitory action may
involve the suppression of NF-κB activation [137,139]. The inhibition of calcium influx and
protein kinase C translocation and activity mediate the actions of luteolin and quercetin
on histamine release from murine bone marrow-derived mast cells, rat peritoneal mast
cells, and human cultured cord blood-derived mast cells [131,140,141]. Similarly, quercetin,
kaempferol, and myricetin suppressed IgE-mediated activation and histamine release
from human umbilical cord blood-derived cultured mast cells. The proposed mechanism
includes the decrease of intracellular calcium influx and the inhibition of protein kinase C-
theta isoenzyme signaling [140]. Finally, luteolin inhibits neuropeptide (non-IgE mediated)
stimulation of mast cells via the mammalian target of rapamycin (mTOR) signaling [142].

5.2. Curcumin

Curcumin is a natural yellow constituent of turmeric or curry powder that is de-
rived from the rhizome of Curcuma longa plants [143]. Curcumin has been reported
as a pleiotropic molecule with various biological actions including antioxidant and anti-
inflammatory effects [144]. The oral or intranasal administration of curcumin has been
shown to suppress airway inflammation and remodeling and to inhibit airway hyper-
reactivity to histamine and bronchoconstriction in animal models of asthma [145,146].
Curcumin may also exhibit antiviral activities and has been shown to hamper the replica-
tion and proliferation of SARS-CoV-1, the first beta-coronavirus that caused the 2003 SARS
outbreak and shares a substantial genetic similarity with SARS-CoV-2 [147]. Moreover, in a
rat experimental model, curcumin administration resulted in the attenuation of myocardial
fibrosis by modulating angiotensin receptors and ACE2 [4,148]. A similar role could be pro-
posed in the fibrotic process that emerges as a secondary event in severe COVID-19 [148].
Along with its well-known anti-inflammatory effects, curcumin has been reported to inhibit
mast cell degranulation and histamine release in vitro and in vivo [149–151]. A possible
mechanism may include the in vivo suppression of the Syk-dependent phosphorylations,
which are critical for mast cell activation. Although the phosphorylation of Syk itself was
not affected, curcumin directly inhibited Syk kinase activity in vitro [149]. Curcumin also
inhibited the phosphorylation of additional down-stream signaling molecules including
Akt, p38, and JNK [149].
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6. Conclusions

There is an ongoing need for new therapeutic modalities against SARS-CoV-2 infec-
tion that continues to spread rapidly around the world. Mounting evidence shows that
hyper-inflammation is the hallmark of COVID-19 pathophysiology leading to significant
morbidity and mortality. The majority of the histamine secreted by mast cells may play
an important role in the pathophysiology of COVID-19 and is regarded as a promising
pharmacological target. The activation of pulmonary mast cells releases mediators with
proinflammatory, fibrotic, and thrombogenic properties. Moreover, observational studies
have shown the potential benefits of H2 receptor antagonists in patients with COVID-19.
However, given the relative paucity of agents targeting mast cells, it may be rational to
consider alternative treatments with pleiotropic properties including the modulation of
histamine release. Mast cell-derived histamine can regulate not only adaptive and im-
mune system responses but also vasodilatation by binding to endothelial H1 receptors
and enhancing NO production. In an inverse way, histamine-induced NO can negatively
modulate mast cell activation, mediator expression, and secretion, thus creating an au-
tocrine loop [152]. In this context, several in vivo and in vitro studies indicate that mast
cell activity can be regulated by various nutraceuticals that have gained interest for the
treatment of COVID-19. In this way, immunonutrition could lead to a reduction in the
de novo synthesis and/or release of histamine and other mast cell mediators that are
considered to mediate, at least in part, the immune and microvascular alterations present
in COVID-19 (Figure 1). These regimens could be used prophylactically or adjunctively
to the conventional treatment of patients infected with SARS-CoV-2. We should point out
that for other nutrients, such as glutamine and arginine that have been extensively studied
for their immune modifying effect, there are no data available regarding their role on mast
cells and histamine during SARS-CoV-2 infection. Nevertheless, the clinical evidence is still
limited, and further investigations are necessary to validate the efficacy of nutraceuticals
in managing the immune response in COVID-19, and, in particular, modulating mast
cell activity.

Figure 1. Schematic representation of the modulatory activity of immunonutrients with potential use
in COVID-19 on mast cells and histamine during SARS-CoV-2 infection. APC: antigen-producing
cells (macrophages or dendritic cells).
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Abstract: Severe obesity is associated with an increased risk of admission to intensive care units and
need for invasive mechanical ventilation in patients with COVID-19. The association of obesity and
COVID-19 prognosis may be related to many different factors, such as chronic systemic inflammation,
the predisposition to severe respiratory conditions and viral infections. The ketogenic diet is an
approach that can be extremely effective in reducing body weight and visceral fat in the short term,
preserving the lean mass and reducing systemic inflammation. Therefore, it is a precious preventive
measure for severely obese people and may be considered as an adjuvant therapy for patients with
respiratory compromise.

Keywords: SARS-CoV-2; COVID-19; obesity; ketogenic diet; VLCKD; inflammation; viral infections;
respiratory failure

1. Introduction

Coronavirus 2019 disease (COVID-19), caused by SARS-CoV-2 virus, has spread world-
wide causing a pandemic since March 2020, now leading to new waves of infection. Overall
fatality rate reached 2.3% [1] and, to date, 2,343,069 cases of COVID-19 and 80,253 (3.4%)
deaths have been registered in Italy [2].

In most cases the clinical presentation is characterized by fever, dry cough, fatigue
and mild pneumonia, although critical forms with desaturation and respiratory failure,
septic shock, and/or multiple organ dysfunction can also occur; it has been estimated that
moderate and severe forms can affect 14% and 5% of patients, respectively [1]. COVID-
19 management consists of supportive therapy and preventing respiratory insufficiency
through oxygen therapy or positive ventilation. The most widely adopted therapeutic
protocol is based on the use of antibiotic prophylaxis, steroids and anticoagulant therapy,
although there is no conclusive evidence supporting their role [3]. In order to limit the
typical coagulative hyperactivation and the well-known condition of thrombosis suscepti-
bility [4,5], heparin is now used in early stage COVID-19 patients; however, intensive care
units are gradually filling up again, fearing the national health system collapse.

COVID-19 mortality is highly correlated to the severity of the inflammation-related
cytokine storm and to the presence of multiple comorbidities (obesity, type 2 diabetes, hy-
pertension, chronic obstructive pulmonary disease) increasing the risk of developing critical
forms of infection [6]. In light of these considerations, it is therefore mandatory to pursue
new strategies to reduce risk factors and to limit the development of the cytokine storm
syndrome (CSS) in order to prevent patients’ worsening and access to emergency rooms.

The nutritional approach to COVID-19 patients is extremely important to ensure the
correct amount of nutrients, necessary to face the infection and the body’s capacity to
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face and fight the virus. Current European Society for Clinical Nutrition and Metabolism
(ESPEN) expert statements for COVID-19 patients recommend considering energy needs
of 27–30 kcal per kg body weight and day, and 1–1.3 g per Kg of proteins, depending on
disease status. Fat and carbohydrate ratio are currently suggested to be 30:70 for patients
without respiratory deficiency and 50:50 for ventilated patients [7].

The ketogenic diet (KD), reducing carbohydrates oral intake, allows the hepatic pro-
duction of ketone bodies and the onset of nutritional ketosis as a result of an increased
utilization of fat as metabolic fuel when the availability of glucose is low. Ketone bod-
ies are attracting more and more attention for their anti-inflammatory role and immune
metabolism modulation [8]. Besides the well-known metabolic advantages (better hyper-
glycemia control, reduction of insulin resistance, improvement of hepatic steatosis), several
“non-classical” beneficial effects have been attributed to KDs, including growth factors,
leptin or IGF-1 modulation [9], together with the protection of renal, brain function and
anti-viral effects [10].

KDs provide for a deprivation of carbohydrate content equal to 5–10% of total kcal
daily intake, although the specific macronutrient composition may vary. As reported by
Watanabe et al. [11], ketogenic diets differ mainly in calorie intake and protein content.
High Fat Ketogenic Diets (HFKD) are characterized by a restriction of carbohydrates
(CHO) < 50 g per day with unrestricted intake of fat, a relative increase of protein (0.8–1.2 g
per day), and ad libitum caloric intake; very low-calorie ketogenic diets (VLCKD) are
characterized by approximately the same amount of CHO and protein as in HFKDs, but
significantly lower fat and therefore calorie intake, which goes as low as 600 kcal/daily.
Very low-calorie diets (VLCD), providing a marked restriction of daily calorie intake, are
characterized instead by a variable amount of carbohydrate intake which may or may not
be able to induce ketosis [12] (Table 1).

Table 1. Main differences between ketogenic and low-carbohydrate diets (with the kind permission
of Watanabe et al. [11]).

Kcal/Day CHO/Day Fat/Day Ketosis

High fat ketogenic
diet (HFKD)

Usually
unrestricted <20–50 g Unrestricted Yes

Very low-calorie
ketogenic diet

(VLCKD)
<800 kcal <20–50 g Low Yes

Very low-calorie diet
(VLCD) <800 kcal <20–50 g Low Usually not

Low carbohydrate
diet (LCD) Variable <130 g Low No

While HFKDs are still used in refractory epilepsy in children, VLCKD are now rec-
ommended in severe or sarcopenic obesity, prior to bariatric surgery, to improve glycemic
control, dyslipidemia and for a rapid reduction of cardiovascular risk factors in obese
patients, not responsive to standard diets [12].

Current contraindications to the VLCKD include type 1 diabetes mellitus, kidney
or liver failure, heart failure, cardiac arrhythmias, recent stroke, myocardial infarction,
pregnancy and breastfeeding. Of note, active/severe infections and respiratory failure are
currently among the conditions not recommended for implementing a VLCKD regimen
for a hypothesized immunosuppression and acidosis risk, respectively [13]. Nevertheless,
studies conducted in the past have reported good results, also highlighting some benefits
derived from ketosis [13]. As per HFKDs, patients with CVD, heart, liver or kidney
disease need close medical supervision in order to safely undergo such regimen, and those
with severe dyslipidemia or a history of hypertriglyceridemia associated pancreatitis are
recommended against undergoing this dietary regimen [14].
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The aim of this work is to highlight the potential role of KDs in the management and
prevention of COVID-19, focusing on the beneficial effects that may exert on inflammation,
immune system and respiratory function.

2. Low Chronic Inflammation, COVID-19 and Ketogenic Diet

As described above, severe forms of COVID-19 are characterized by an ineffective
adaptive immune response that leads to a persistence in C-reactive protein (CRP) and
interleukin (IL) -6 elevation [15]. This pattern falls within the so-called chronic low-grade
inflammatory phenotype (CLIP), a phenomenon that underlies many of the diseases asso-
ciated with more critical forms of COVID-19, such as diabetes, obesity, insulin-resistance,
hypertension and atherosclerosis [16]. All these metabolic derangements are closely related
to inflammation triggered by the abnormal expansion of visceral adipose tissue, which
has been shown to predict poor COVID-19 prognosis as well as respiratory indicators [17].
Specifically, the white adipose tissue M1 macrophages secretion of pro-inflammatory cy-
tokines including tumor necrosis factor (TNF) alpha, IL-6, CRP, IL-1, is increased, whereas
a steep decline occurs in the production of anti-inflammatory cytokines like IL-10, the
interleukin-1 receptor antagonist (IL-1RA), and adiponectin. Not only the adipose tissue,
but also the immune cells, liver, brain, muscles and pancreas suffer from the inflammatory
insult in subjects with obesity. Macrophage-like Kupffer cells initiate the inflammatory
process in the liver preceding the inflammatory signals produced by the white adipose
tissue, which may further lead to hepatic-necro-inflammation [18]. Moreover, role of P-loop
domain belonging to the STAND class of NTPases with homology to the oligomerization
module found in AAA+ ATPases (NACHT), Leucine-rich repeat (LRR), and NOD-like
receptors (NLRs) Pyrin Domain-Containing 3 Protein (NLRP3) for maintenance of chronic
inflammation is crucial. In fact, in response to activation of innate immune receptors by
stimuli such as microbial ligands, transcription of pro-inflammatory genes, including those
encoding NLRP3 and pro-IL1β, is induced [19].

KDs inhibit aerobic glycolysis, which has been proven to occur following inflam-
matory activation of cells from both myeloid and lymphoid lineage; in particular, KDs
prevent the differentiation and effector functions of inflammatory cells, while promoting
the differentiation of regulatory subsets. Moreover, the ketone body β- hydroxybutyrate
blocks NLRP3 inflammasome activation [20].

3. Immune System, COVID-19 and Ketogenic Diet

SARS-CoV-2 infects lung cells and enters host epithelial cells through Transmembrane
Serine Protease 2 (TMPRSS2) action and spike protein binding Angiotensin Converting
Enzyme 2 (ACE-2) receptor. After alveolar epithelial cells pyroptosis-induced death and
damage-associated molecular patterns (DAMPs) release, macrophages and monocytes are
recruited and cytokines secreted. More specifically, in case of a dysfunctional immune
response, we observe an abnormal monocytes, macrophages and T-cells infiltration favored
by vascular permeability, a systemic cytokine storm (IL-6, IFN gamma, IL-2, IL-10, Granu-
locyte colony-stimulating factor G-CSF, TNF), clinical worsening (pulmonary oedema and
pneumonia) and widespread inflammation and/or multiorgan damage due to excessive
TNF and reactive oxygen species (ROS) production. On the contrary, in a healthy immune
system, initial inflammation attracts virus specific T-cells to the site of infection, where
they can eliminate the infected cells before the virus spreads. Neutralizing antibodies in
these individuals can block viral infection resulting in early recovery [15]. Noteworthy,
viral infection can also result in an aberrant cytokine production by the immune cells such
as monocytes and macrophages. Elderly people seem to be more susceptible to critical
forms of COVID-19 due to an ageing lung microenvironment causing altered dendritic cell
maturation and migration to the lymphoid organs and to an inefficient IFN response [21].

Karagiannis et al. [22] demonstrated that restricting dietary glucose by feeding mice a
HFKD (72% fat, 2.4% sugar) largely ablates lung-resident type 2 Innate Lymphoid Cells
(ILC-2) and reduces airway inflammation by impairing fatty acid metabolism and the
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formation of lipid droplets. Chronic activation of ILCs, typical of allergenic airway in-
flammation, needs exogenous fatty acids which are transiently stored in lipid droplets
and therefore converted into phospholipids to promote ILCs proliferation. This metabolic
program, imprinted by IL-33 and regulated by the genes Peroxisome proliferator-activated
receptor gamma (PPAR-γ) and Diacylglycerol O-Acyltransferase 1 (Dgat1), is controlled by
glucose availability as well as mammalian target of rapamycin (mTOR) signaling. Moreover,
Goldberg et al. reported that a HFKD allows for better survival and increased protective
IL-17-secreting γδ T cells in the lungs of mice with influenza virus [10], while Ryu et al.
have recently provided preclinical evidence that a HFKD is capable of providing a protec-
tive effect against the animal equivalent of COVID-19 in aged mice, with the maintenance
of a better oxygen saturation and an increase in γδ T cells [23].

4. Obesity, Viral Infections and Respiratory Function

Weight excess is associated with a higher susceptibility to viral infections [3], as
seasonal and H1N1 influenza [24,25], and a higher risk of hospitalization for these con-
ditions [26–29]. In recent years, during the H1N1 influenza pandemic, obesity has been
shown to be associated with hospitalization and death [29] and critically ill patients were
frequently morbidly obese [25]. Similarly to other viral infections, severe obesity is asso-
ciated with a high risk of COVID-19 complications [30]. Among obesity comorbidities,
hypertension, dyslipidemia, prediabetes and insulin resistance might predispose individu-
als to cardiovascular events and increased susceptibility to infection via atherosclerosis.
Resulting cardiac dysfunction and kidney failure can more easily lead to pneumonia-
associated organ failures [31]. Moreover, visceral adipose tissue—a reliable and specific
marker of insulin resistance—has been independently associated with the need of intensive
care unit (ICU) resulting as the strongest predictor of worse prognosis in patients with
COVID-19 [17]. Considered this, a nutritional approach that can break down insulin re-
sistance such a HFKD, might have beneficial implications in COVID-19 prognosis likely
without any detrimental effects.

Obese patients are predisposed to the development of chronic and acute respiratory
illnesses [32,33], including respiratory tract infections [34]. The reasons for this suscepti-
bility to respiratory disease are many and not completely elucidated yet [35,36]. Obese
people have alterations in respiratory physiology [37] and immune response [24,33] and,
consequently, develop a lower response to antiviral therapies and vaccinations [24]. The
alterations in respiratory physiology consist in a decreased functional residual capacity
and reduced expiratory reserve volume, hypoxemia and ventilation perfusion abnormali-
ties [28,37]. The presence of Obstructive Sleep Apnea Syndrome (OSAS), which is common
in obese people, may predispose the patients to COVID-19 complications [38].

Obesity is characterized by low-grade systemic inflammation, that may be related
to the pathogenesis of respiratory conditions [33]. Fat tissue may accumulate within the
lungs, as observed in the airways of obese humans [39] and in the alveolar interstitium of
obese diabetic rats [40]. Adipose tissue accumulation in the outer wall of large airways
positively correlated with inflammatory infiltrate of eosinophils and neutrophils in patients
with fatal asthma [39].

Animal models of obesity showed that during influenza infection there is increased
lung permeability, leading to protein leakage into the bronchoalveolar lavage fluid. For
the resolution of the infection, the repair of the damaged epithelial surface is required, but
wound repair is impaired. Increased lung oedema and oxidative stress have been observed
as well [24].

There is evidence that immune system functioning is altered in obesity. T-cells diversity
is reduced and this may be related to the T-cells poor response to influenza virus [24].
CD8+ T memory cells has been shown to be impaired, with consequent exacerbates lung
complications and mortality [33]. These cells are responsible for an efficient immune
response to vaccination [33], with consequent reduced response to vaccination in obese
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people [24]. Moreover, obesity may be a factor that exacerbates the aging of the immune
system [24].

In addition, the high ACE-2 expression in adipose tissue may play a role in obese
patients’ susceptibility to COVID-19 infection, since SARS-CoV-2 shows high affinity for
this enzyme [41].

Therefore, interventions aimed to weight loss in obese patients are warranted to pre-
vent viral infection susceptibility and their complications and theoretically may ameliorate
respiratory function.

5. Low-Carbohydrate Ketogenic Diets and Respiratory Function

VLCKDs are, to date, contraindicated for obese patients with respiratory failure [12].
However, some studies reported some beneficial effects from high-fat low-carbohydrate
diets and detrimental effects of carbohydrate loads on respiratory parameters. These
studies, anyway, often did not specify if patients were in ketosis, but used low amount of
CHO, possibly leading to ketosis.

Two studies on a total of 40 healthy patients [42,43] reported that a VLCKD
(848 kcal/day; protein: carbohydrate: fat = 43:14:43%) and a HFKD (10% calories from
carbohydrate) diet reduced CO2 output without modifying oxygen uptake. Moreover, Ru-
bini et al. compared a VLCKD regimen to a hypocaloric Mediterranean diet showing that
only the VLCKD significantly decreased respiratory exchange ratio (p < 0.05) in addition to
higher fat mass loss in healthy patients. Therefore, these diets may be helpful in respiratory
patients for reducing CO2 body stores levels and dyspnea at rest. On the other hand, a
study on 17 healthy women who were administered a HFKD (2400 kcal/day), reported
earlier muscle fatigue during daily life activities [44].

Chronic Obstructive Pulmonary Disease (COPD) is often accompanied with hypercap-
nia and hypoxemia. A reduction in carbon dioxide production would reduce the workload
of respiratory muscles and therefore be beneficial for these patients. Some studies focused
on the administration of HFKD in COPD patients, and beneficial or, at least, neutral results
were observed.

In twelve clinically stable COPD patients, the administration of a high-fat meal had
a small effect on gas exchange parameters compared to 12 healthy controls, whereas a
high-carbohydrate diet was detrimental on gas exchange parameters, especially in COPD
patients [45]. No differences in pulmonary function were detected in 36 COPD patients
comparing the administration of a moderate-fat meal with a high-fat meal [46]. On the other
hand, the administration of a HFKD in COPD patients with hypercapnia led to an amelio-
ration of respiratory parameters in an overall sample of 74 underweight patients [47,48].

In patients with respiratory failure, providing an adequate protein intake is extremely
important to preserve skeletal muscle mass and function [7]. A high-fat low-carbohydrate
diet has been reported as a potential useful tool to ameliorate respiratory failure [49–51].

In the literature, there are some evidences of a beneficial effect of a high-fat low-
carbohydrate diet in mechanically ventilated patients [52–54], since it was able to reduce
PaCO2 levels [52,53,55] and the time of mechanical ventilation [52,53].

6. COVID-19, Lockdown and KDs

Both HFKD and VLCKD represent valuable treatments despite being characterized by
the presence of contraindications and capable of causing side effects. Therefore, they should
be followed under strict medical supervision and be considered similar to pharmacologic
treatment. A concern may be that during the isolation imposed during the pandemic, it is
difficult to monitor a patient on the ketogenic diet undergoing rehabilitation. Just a few
studies reporting the administration of a ketogenic diet during this pandemic have been
published, and to the best of our knowledge none published results on its use in COVID-19
infected and/or respiratory patients yet.

Kossof et al. [56] administered a HFKD to patients with uncontrolled seizures, mainly
children, during the pandemic, using a combined approach with in person meetings and
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telemedicine. The authors and the other members of the International Ketogenic Diet Study
Group, pediatric consensus group, reported no issues regarding the maintenance of ketosis
and seizure control in their group, and raised no questions about the safety of the ketogenic
diet in case of respiratory infection. A similar approach in similar setting was used by
Ferraris et al. [57] and no major issues were reported, but they did not specify if any of
their patients was infected by COVID-19.

Soliman et al. [58] proposed the use of a ketogenic diet and intermittent fasting,
with administration of medium-chain triglycerides, as a prophylactic measure and an
adjuvant therapy for COVID-19. In fact many viruses, as the varicella-zoster [59], the
cytomegalovirus [60] and the hepatitis C [61], need the fatty acid metabolism pathway for
their replication, therefore the diet-induced metabolic switch leading to a reduction in the
fatty acid synthesis pathways may help in reducing viral replication [58].

7. Conclusion and Future Perspective

7.1. KDs in COVID-19 Prevention

Obesity, and in particular visceral abdominal fat, has been indicated as an indepen-
dent risk factor for worse prognosis in COVID-19, often associated with the need for
intensive care [17,30,41,62]. These may be due to the impaired respiratory mechanics, in-
creased airway resistance and impaired gas exchange [25,28,54], as well as obesity-related
comorbidities [63], which appear to be directly related to the onset of complications and
severe course of COVID-19. In particular, OSAS [38], metabolic syndrome, hypertension,
Non-Alcoholic Fatty Liver Disease (NAFLD) and diabetes or insulin resistance have all
shown to affect COVID-19 outcome negatively [55–58]. Finally, it should not be overlooked
that obesity is associated with low chronic inflammation within a state of immunological
dysfunction that can lead to increased risk of allergies [64] or ineffective response against
infections [35] and vaccines [65].

KDs, and specifically VLCKDs, demonstrated to induce weight loss and diabetes
remission. VLCKDs are currently used in bariatric surgery preparation [12] thanks to
the ability in reducing hepatic volume [11] with a subsequent improvement in intra and
post-operative care. Recent findings underlined immune advantages derived from ketone
bodies, such as blockage NLRP3 inflammasome [20], reduction in chronic activation of
ILCs and induction of protective γδ T-cells against infections [10]. Taken together, in
addition to the benefit of airway inflammation prevention by impairing the formation of
lipid droplets [22], KDs could be an excellent tool to prevent the infection and stem the
damage induced by COVID-19 in the fragile population affected from obesity.

7.2. KDs in Supportive Care of COVID-19

Studies conducted in mice highlighted the beneficial effect of HFD- induced ketone
bodies in COVID-19 models [10,23]. In humans, HFKDs has been experimented in Inten-
sive Care Units (ICU) and good results have been reported in mechanically ventilated
patients [52,55]. Moreover, telemedicine achieved good results in pediatric epileptic pa-
tients under HFKDs, either for safety and compliance, proving that it can be a valid tool to
be adopted even in the event of quarantine and fiduciary isolation. On the basis of these
considerations, several authors proposed KDs in COVID-19 management and some clinical
trials are ongoing [66,67].

7.3. KDs during Rehabilitation Post SARS-CoV-2 Infection

Patients affected from COVID-19, especially elderly ones, often require ICU for a
longer period (up to 20 days) than other more typical uses of ICU. Among Post Inten-
sive Care Syndrome (PICS), impaired exercise tolerance, neuropathies, muscle weak-
ness/paresis, severe fatigue are responsible for decreased exercise capacity, disability
and compromised quality of life for months, even years after intensive care [68]. Mus-
cle atrophy, as well as obesity and immune dysregulation, is associated with Growth
Hormone/Insulin-like Growth Factor 1 (GH/IGF-1) impaired axis and might be a link
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between IGF-1 downregulation and COVID-19 severity [69]. Preserving muscle mass is
essential in order to improve rehabilitation and to reduce costs for recovering people.

VLCKDs preserved muscle mass in obese patients [70,71] when a protein intake of
at least 1.2 gr of protein/Kg was ensured; the same results have been confirmed when
isocaloric KDs have been used in patients affected from multiple sclerosis, reporting a
superiority compared to Mediterranean diet [72]. Furthermore, HFKD (75–80% calories
from fat, carbohydrates <50 g per day and <10 g per meal) improves quality of life,
lean mass and metabolic parameters (included IGF-1) in oncologic patients, compared to
standard diet [73].

In conclusion, VLCKDs administration might be considered in severely obese patients
as an effective adjuvant therapy for COVID-19, first of all as a preventive measure, to
achieve a fast weight loss [67], and secondly as an adjuvant therapy during rehabilitation
(see Figure 1). More challenging is the hypothesis of administering HFKD during hospital-
ization or even more in delicate settings such as an intensive care unit or during positive
ventilation; although several data support the evidence that limiting carbohydrate intake
and promoting ketone formation may be helpful in ameliorating respiratory parameters.
Furthermore, as extensively discussed, HFKDs show a strong anti-inflammatory effect and
some data suggest that they may be useful for reducing viral replication. However, many
studies are old, the samples small, and the ketosis not specifically addressed, therefore new
clinical trials are needed. Hoping that the promising results observed in animal studies can
be passed on to humans, we herein suggest considering KDs as an option to be considered
for COVID-19 management within the current indications.

Figure 1. Mechanisms through which VLCKD with its consequent weight loss may reduce the
susceptibility to severe SARS-CoV-2 infection and stem the damage induced by the virus.
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