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Llobregat) and he has published more than 50 papers on geriatric and palliative care indexed journals.
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Preface

Frontiers in Health Care for Older Adults is the second, but not the last, edition of a challenge that

began in 2021 with the first edition of this monograph focusing on health care for older adults.

In this volume of 14 chapters, we address various concerns and new developments, focusing

on highly prevalent pathologies such as anaemia and stroke; the relationship between successful

longevity and the presence of geriatric syndromes such as frailty and sarcopenia; the benefits of

prehabilitation protocols in reducing adverse events in programmed surgery of oncological aetiology;

the consequences of falls in the older adults, and its relationship with mobility problems and pain

associated with degenerative joint disease, the benefits of intensive home care for the health of the

population with complex co-morbidity profiles and the need to adapt these programmes to rural care

needs; the importance of frailty in the evolution of COPD older patients; not forgetting the role of

pharmacists in detecting polypharmacy and inappropriate prescribing in this population.

In short, a collection of interesting scientific contributions that can help us to improve the quality

of life of a group whose percentage of the total population is increasing every day.

Francisco José Tarazona-Santabalbina, Sebastià Josep Santaeugènia González,

José Augusto Garcı́a Navarro, and José Viña Ribes

Editors
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Abstract: Stroke patients presenting with anemia at the time of stroke onset had a higher risk of
mortality and development of other cardiovascular diseases and comorbidities. The association
between the severity of anemia and the risk of developing a stroke is still uncertain. This retrospective
study aimed to evaluate the association between stroke incidence and anemia severity (by WHO
criteria). A total of 71,787 patients were included, of whom 16,708 (23.27%) were identified as
anemic and 55,079 patients were anemia-free. Female patients (62.98%) were more likely to have
anemia than males (37.02%). The likelihood of having a stroke within eight years after anemia
diagnosis was calculated using Cox proportional hazard regression. Patients with moderate anemia
had a significant increase in stroke risk compared to the non-anemia group in univariate analyses
(hazard ratios [HR] = 2.31, 95% confidence interval [CI], 1.97–2.71, p < 0.001) and in adjusted HRs
(adj-HR = 1.20, 95% CI, 1.02–1.43, p = 0.032). The data reveal that patients with severe anemia received
more anemia treatment, such as blood transfusion and nutritional supplementation, and maintaining
blood homeostasis may be important to preventing stroke. Anemia is an important risk factor, but
other risk factors, including diabetes and hyperlipidemia, also affect stroke development. There is a
heightened awareness of anemia’s severity and the increasing risk of stroke development.

Keywords: anemia; ischemic stroke; elderly; hemoglobin; retrospective cohort study

1. Introduction

Stroke is a leading cause of death and disability worldwide [1]. Stroke survivors suffer
from various impairments and complications affecting motor, sensory, visual, language,
and cognitive functions [2,3]. Therefore, a stroke imposes a great burden on patients as
well as their caregivers and family members. Stroke patients may be hospitalized or may
frequently visit the emergency department owing to their long-term sequelae and disability,
which not only dramatically increases the burden on caregivers and their family’s finances,
but also severely affects their quality of life. There are numerous recognized risk factors
for stroke, such as hypertension, hyperlipidemia, diabetes mellitus, cigarette use, obesity,
age, and physical activity [1,4,5]. Increases in the elderly population and life expectancy
are also key reasons for the increase in number of stroke patients.

Anemia affects 15–32% of the world’s population, is usually present in stroke patients,
and can worsen with aging [6,7]. In 2019, the age groups of 15 to 19 and 95 and older, for
both males and females, had the highest global point prevalence of anemia. The mean
(range) global prevalence rates of mild, moderate, and severe anemia were approximately
54.1%, (53.8–54.4%), 42.5% (42.2–42.7%), and 3.4% (3.3–3.5%), respectively [8]. Elderly
individuals may experience malnutrition and dyspepsia as their physical condition deterio-
rates with age, and this may affect their hematopoiesis functions, thereby causing anemia
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or pancytopenia. Anemia is also a risk factor for ischemic stroke and is related to high
post-stroke mortality [9,10].

Nevertheless, previous research has suggested that anemia may raise the risk of stroke.
However, the new stroke guidelines from the American Stroke Association (ASA) do not list
anemia as a major stroke risk factor [11]. Here, we conducted a retrospective cohort study
to investigate the association between the severity of anemia and stroke incidence. Owing
to Taiwan’s National Health Insurance (NHI) policy, anemia is rarely listed as a primary
condition and may not be documented on patient medical records on the basis of Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) codes. The laboratory data of anemia
status were not available in Taiwan’s NHI system, and the prevalence of anemia could be
underestimated. Moreover, the data of association between anemia and comorbidities in
the Taiwanese population are scarce. An evaluation of the stroke risk factors, especially
anemia severity, could provide important information that may enhance medical care or
even national healthcare planning. This study retrospectively evaluated the prevalence and
characteristics of anemia in hospitalized patients and analyzed whether anemia severity
based on the hemoglobin (Hb) level was associated with stroke development.

2. Materials and Methods

2.1. Study Cohort

This retrospective cohort study included 454,424 patients aged ≥20 years who had vis-
ited or were hospitalized at Taichung Tzu-Chi Hospital, Taiwan, from 2013 to 2019. A total
of 71,787 patients underwent at least 1 blood Hb measurement performed using a Sysmex
XE-5000 hematology analyzer (Sysmex Co., Kobe, Japan) within 1 year to confirm their
anemia status. This study was approved by the Research Ethics Committee of Taichung
Tzu-Chi Hospital (REC 111-02). The need for informed consent was waived owing to the
retrospective nature of the study and the use of anonymous medical records.

2.2. Definition of Anemia and ICD Codes

Adult patients older than the age of 20 were included in this study. All participants
in this study completed at least one Hb measurement, and persons who did not fulfill the
predetermined criteria were not included. The date of laboratory Hb measurement was
defined as the index date, and the anemia severity was classified according to the World
Health Organization (WHO) criteria [12]. We categorized the patients into different groups
according to their anemia severity. Anemia is defined as an Hb level of <13.0 g/dL for
men and <12.0 g/dL for women. The cutoff for Hb in mild anemia was 11.0–11.9 g/dL for
women and 11.0–12.9 g/dL for men, whereas the cutoffs for moderate and severe anemia
were 8.0–10.9 and <8.0 g/dL, respectively, for both men and women. As shown in Figure 1,
the exclusion criteria were as follows: (1) patients without Hb measurements; (2) receiving
a diagnosis that might affect the Hb status, including gastric intestinal bleeding (ICD-10
code K92.2), bleeding (ICD-10 code R58), trauma (ICD-10 code T79.2), excessive bleeding
associated with menopause onset (ICD-10 code N92.4), intraoperative and postprocedural
complications of spleen, endocrine, and nervous system (ICD-10 code D78, E36, G97), exces-
sive bleeding with onset of menstrual bleeding (ICD-10 code N92.2), traumatic hemorrhage
of the cerebrum (ICD-10 code S06.360A), hemorrhage from respiratory passages (ICD-10
code R04.9), nontraumatic intracerebral hemorrhage (ICD-10 code I61.9), spleen diseases
(ICD-10 code D73), pulmonary vessels diseases (ICD-10 code I28), stomach and duodenum
diseases (ICD-10 code K31), acute myocardial infarction (ICD-10 code I21), injury to an
unspecified body region (ICD-10 code T14), or absent, scanty, or rare menstruation (ICD-10
code N91), before their index date until anemia diagnosis; (3) receiving a stroke diagnosis
before the index date on the basis of the ICD-10 codes I63; (4) not visiting our out-patient
clinic or being hospitalized within the last 2 years; and (5) death or leaving against medical
advice (DAMA) less than 1 month after the index date.
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Figure 1. Flowchart of the patient enrollment process in this study. A total of 71,787 patients
were included in this study. In total, 16,708 patients were subgrouped into the anemia group and
55,079 patients were subgrouped into the normal group.

A flowchart of the patient enrollment process is illustrated in Figure 1. All patients
were grouped by sex and age (20–30, 31–40, 41–50, 51–60, 61–70, 71–80, and >80 years).
The Hb status confirmation date was identified as the index date for the case and control
groups, and stroke events were followed subsequently.

2.3. Outcome and Associated Factors

The eligibility of all patients was retrospectively determined in this cohort study.
The severity of anemia was then subgrouped based on Hb level, and the stroke patients
were those who had at least two ICD-10 admission claims for clinic OPD visits or stroke-
related hospitalization in our hospital during the study period. During the monitoring
period, the occurrence of subsequent disease was examined. The occurrence of subsequent
disease was analyzed during the observation period. Patients were individually tracked for
2–8 years, beginning on the index date, and followed thereafter. In this study, the outcome
of stroke was defined as admission claims of ICD-10 codeI63, cerebral infarction. The
accuracy of diagnoses from claims data was verified in a previous study showing that
the PPV and sensitivity of ICD-10-CM code I63 as a primary diagnosis of acute ischemic
stroke were 92.7% and 99.4%, respectively [13]. We also analyzed the hazard ratio for
comorbidities that were potentially linked to stroke: hypertension (I10–I13, I15), diabetes
(E08–E11, E13), chronic kidney disease (CKD; N17–N19, I12, I13), chronic heart failure
(I50), chronic obstructive pulmonary disease (J44, J60–70), hyperlipidemia (E78.0-E78.5),
and atrial fibrillation (I48). The comorbidities were defined as the presence or absence
of accompanying disease within one year before the index date of anemia. The national
health insurance program (NHI) in Taiwan is mandatory for all citizens, and various
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medications and medical procedures were coded with unique code. In this study, six
frequently prescribed drugs were included to investigate the efficacy of various anemia
therapies for patients within six months after the hemoglobin measurement index date.
These medications included iron (hydroxide-polymaltose complex, Yuanchou Chemical and
Pharmaceutical Co., Ltd., Taiwan, NHI code AC46166100), ferric hydroxide sucrose complex
(TCM Biotech international Corp. Taiwan, NHI code AC57884221), sodium ferrous citrate
(Guang Heng Enterprise Co., Ltd. Taiwan, NHI code BC22097100), hydroxocobalamin
(Shinlin Sinseng Pharmaceutical Co., Ltd. Taiwan, ACETATE, NHI code AC09754209),
mecobalmin (Eisai Taiwan Inc., NHI code AC296301G0), folic acid (Johnson Chemical
Pharmaceutical works Co., Ltd. Taiwan, NHI code AC346701G0), and blood transfusion
(NHI code 94001C).

2.4. Statistical Analysis

Statistical analyses were conducted using the SAS statistical package (Version 9.4) and
SPSS (version 28.0, SPSS Inc., Chicago, IL, USA) to examine the prevalence and clinical
trends of anemia among the different age groups, sexes, and comorbidities. The categorical
variables were assessed by applying a Chi-square test. The continuous variables were
assessed by applying a t test. Furthermore, different predictors were used to estimate
relative risks [14]. To examine the stroke risk associations with anemia, the deaths as
competing risks of stroke were analyzed by using a Cox proportional cause-specific hazard
model to calculate hazard ratios (HR), 95% confidence intervals (CIs), and two-sided p
values. A two-sided p value of <0.05 was considered statistically significant. A multivariate
Cox proportional cause-specific hazard regression model was adjusted for age, sex, and
comorbidities. A proportional hazard assumption was evaluated by the Kolmogorov-type
Supremum test; that was not violated.

3. Results

As shown in Figure 1, only 71,787 of the 454,424 patients who visited our facility
qualified for the retrospective cohort research. The baseline characteristics of the case and
control groups are summarized in Table 1. The mean Hb level was 14.2 ± 1.3 g/dL in the
normal group and 10.7 ± 1.6 g/dL in the anemia group.

Table 1. Baseline characteristics of study cohort.

Characteristic
n = 71,787

Normal
n = 55,079 (76.73%)

All Anemia
n = 16,708 (23.27%)

p Mild Anemia
Moderate
Anemia

Severe Anemia

n = 9065 (53.99%) n = 6532 (39.27%) n = 1111 (6.75%)

Hb (g/dL) 14.2 ± 1.3 10.7 ± 1.6 <0.001 11.8 ± 0.5 9.9 ± 0.8 6.7 ± 1.1
Gender

Male 26,184 47.54% 6185 37.02% 3933 43.39% 1880 28.78% 372 33.48%
Female 28,895 52.46% 10, 523 62.98% 5132 56.61% 4652 71.22% 739 66.52%

Age (years) 50.6 ± 16.3 59.1 ± 18.5 <0.001 58.9 ± 18.5 59.7 ± 18.6 57.9 ± 17.5
20–30 7298 13.25% 1123 6.72% <0.001 704 8.1% 705 7.78% 369 5.65%
31–40 9139 16.59% 1961 11.74% 1069 12.3% 1077 11.88% 756 11.57%
41–50 10,423 18.92% 2883 17.26% 1287 14.9% 1316 14.52% 1275 19.52%
51–60 12,475 22.65% 2586 15.48% 1451 16.8% 1489 16.43% 919 14.07%
61–70 9168 16.65% 2754 16.48% 1512 17.5% 1610 17.76% 999 15.29%
71–80 4732 8.59% 2990 17.90% 1536 17.7% 1671 18.43% 1147 17.56%
81 above 1844 3.35% 2411 14.43% 1100 12.7% 1197 13.20% 1067 16.33%

Comorbidities
Hypertension 6497 11.80% 3408 20.40% <0.001 1797 19.82% 1400 21.43% 211 18.99%
Diabetes 3713 6.74% 2467 14.77% <0.001 1254 13.83% 1067 16.33% 146 13.14%
Chronic kidney disease 496 0.90% 1015 6.07% <0.001 300 3.31% 580 8.88% 135 12.15%
Chronic heart failure disease 500 0.91% 446 2.67% <0.001 206 2.27% 208 3.18% 32 2.88%
Chronic obstructive pulmonary

disease 1159 2.10% 495 2.96% <0.001 293 3.23% 179 2.74% 23 2.07%

Hyperlipidemia 2177 3.95% 643 3.85% 0.544 395 4.36% 222 3.40% 26 2.34%
Atrial fibrillation 270 0.49% 169 1.01% <0.001 86 0.95% 73 1.12% 10 0.90%

Treatment
Blood transfusion 1795 3.26% 3273 19.59% <0.001 1017 11.22% 1577 24.14% 679 61.12%
Iron therapy 72 0.13% 662 3.96% <0.001 67 0.74% 388 5.94% 207 18.63%
Folic acid supplement 344 0.62% 469 2.81% <0.001 135 1.49% 226 3.46% 108 9.72%
Vitamin B12 supplement 68 0.12% 94 0.56% <0.001 37 0.41% 38 0.58% 19 1.71%
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Of the 16,708 anemia patients, 6185 (37.02%) were men and 10,523 (62.98%) were
women. The mean age of the case group was 59.1 ± 18.5 years, and that of the control
group was 50.6 ± 16.3 years. The case group had a higher incidence of comorbidities,
including hypertension (11.80% versus 20.40%, p < 0.001), diabetes (6.74% versus 14.77%,
p < 0.001), CKD (0.90% versus 6.07%, p < 0.001), chronic heart failure (0.91% versus 2.67%,
p < 0.001), chronic obstructive pulmonary disease (2.10% versus 2.96%, p < 0.001), and atrial
fibrillation (0.49% versus 1.01%, p < 0.001), than did the control group.

Table 2 presents the anemia severity and subsequent cases of stroke. The patients with
anemia were further divided into three subgroups according to anemia severity, determined
on the basis of Hb levels by WHO criteria [12]. Thus, of the 16,708 patients with anemia,
9065 (54.25%) had mild anemia, 6532 (39.09%) had moderate anemia, and 1111 (6.65%)
had severe anemia. During follow-up, a total of 447 anemia patients (2.68%, 447/16,708)
and 744 controls (1.35%, 744/55,079) were diagnosed as having stroke. Moreover, there
were 740 non-anemia patient deaths and 1229 anemia patient deaths throughout the 8-year
follow-up period (1.34% and 7.63%, respectively).

Table 2. Severity of anemia classified according to WHO criteria and subsequent stroke events.

Severity of
Anemia

WHO Criteria
(Hb, g/dL)

Study Cohort
n = 71,787

Stroke Events
n = 1191

Death Events
n = 1969

Average
Follow Up

Male Female n % n % n % Years

Normal >13.0 >12.0 55,079 — 744 1.35 740 1.34 2.32 ± 2.04
Anemia 16,708 447 2.68 1229 7.63

Mild 11.0–12.9 11.0–11.9 9065 54.25 229 2.53 496 5.47 2.09 ± 1.95
Moderate 8.0–10.9 8.0–10.9 6532 39.09 193 2.95 599 9.17 1.98 ± 1.95
Severe <8.0 <8.0 1111 6.65 25 2.25 134 12.06 1.95 ± 1.94

We observed a positive association between the severity of anemia, determined based
on Hb measurements, and the risk of stroke. Figure 2 illustrates the cumulative incidence
of stroke in the three subgroups of anemia severity during the 8-year follow-up. A higher
incidence of stroke events was noted in the patients with moderate anemia after their
diagnosis during the 8-year follow-up (log-rank test, p < 0.001).

Table 3 illustrates the univariate and adjusted associations between the risk of stroke
and the severity of anemia, sex, age, and comorbidities. The risk of stroke was higher
in the case group than in the control group. In univariate regression analysis, we found
moderate anemia (HR = 2.31; 95% CI, 1.97–2.71) had a significant increase in stroke risk
compared to the non-anemia group. After adjusting, we found the risk of stroke was
higher in the patients with moderate anemia (adj-HR, 1.20; 95% CI, 1.02–1.43, p = 0.032)
than in the controls. The same results were obtained for gender and age by both uni-
variate analysis (HR = 1.66, 95% CI = 1.48–1.87, p < 0.001; HR = 1.07, 95% CI = 1.07–1.08,
p < 0.001, respectively) and adjusted HRs (adj-HR = 1.64, 95% CI = 1.46–1.85, p < 0.001;
adj-HR = 1.07, 95% CI = 1.065–1.074, p < 0.001, respectively). Furthermore, the case group
had a higher prevalence of comorbidities than did the control group. However, only the
comorbidities diabetes mellitus and hyperlipidemia, by both univariate analysis (HR = 2.86,
95% CI = 2.50–3.28, p < 0.001; HR = 1.89, 95% CI = 1.54–2.31, p < 0.001, respectively) and
adjusted HRs (adj-HR, 1.48; 95% CI, 1.27–1.71; p < 0.001), (adj-HR, 1.13; 95% CI, 0.91–1.39;
p = 0.280), were associated with a higher risk of stroke in the case group compared to the
control group.
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Figure 2. Cumulative risk of stroke based on the anemia severity during the 8-year follow-up: mild
anemia (green curve), moderate anemia (red curve), severe anemia (blue curve), and non-anemia
(controls; black curve).

Table 3. Risk associations between stroke and anemia, sex, age, and comorbidities.

Predictors
HR (95% CI)

Univariate p Adjusted p

Severity of anemia
Normal — —
Mild 1.96 (1.69–2.27) <0.001 0.98 (0.84–1.15) 0.795
Moderate 2.31 (1.97–2.71) <0.001 1.20 (1.02–1.43) 0.032
Severe 1.73 (1.16–2.58) 0.007 0.99 (0.66–1.48) 0.943

Gender (male) 1.66 (1.48–1.87) <0.001 1.64 (1.46–1.85) <0.001
Age (years) 1.07 (1.07–1.08) <0.001 1.07 (1.065–1.074) <0.001
Comorbidity

Hypertension 3.11 (2.76–3.50) <0.001 1.26 (1.10–1.45) 0.001
Diabetes mellitus 2.86 (2.50–3.28) <0.001 1.48 (1.27–1.71) <0.001
Chronic kidney disease 2.65 (2.10–3.35) <0.001 1.02 (0.80–1.31) 0.869
Chronic heart failure disease 3.18 (2.41–4.19) <0.001 1.00 (0.74–1.35) 0.988
Chronic obstructive pulmonary disease 1.88 (144–2.46) <0.001 0.76 (0.58–1.00) 0.053
Hyperlipidemia 1.89 (1.54–2.31) <0.001 1.13 (0.91–1.39) 0.280
Atrial fibrillation 5.50 (3.98–7.59) <0.001 1.84 (1.31–2.60) <0.001

HR: hazard ratio; CI: confidence interval. p < 0.05 was considered statistically significant.

4. Discussion

This retrospective study evaluated the prevalence and characteristics of anemia and
the risk of stroke. The strength of this study is that it identified the association between
anemia and the risk of stroke by using a hospital-based database, from which the laboratory
data were retrieved to classify the severity of anemia. In contrast to previous studies, which
have estimated the risk of stroke associated with anemia by using data from Taiwan’s NHI
databases based on ICD codes and lacked conclusive laboratory Hb measurements [15,16],
our study analyzed laboratory data and classified the patients into subgroups according
to the severity of anemia to assess the associations between anemia severity and the risk
of stroke. We also excluded patients with diseases that might interfere with our results,
including those with a tendency of bleeding, other hemorrhagic disease, and persons who
did not fulfill the predetermined criteria were also excluded. All participants in this study
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completed at least one Hb measurement, and persons who did not fulfill the predetermined
criteria were then excluded. Our findings indicate that patients with moderate anemia
showed an increased likelihood of stroke development.

In this retrospective analysis, there were more female anemic patients than male
anemic patients. In the initial stage, the primary signs of mild anemia include fatigue, light
skin, dizziness, debility, and headaches. Patients in the early stage of anemia or mild anemia
may not seek medical care or consultations with physicians, particularly middle-aged men.
Many male patients did not meet the criteria for hospital visits in 2 years. On the other
hand, most women experience menopause at the age of 40–50 years; thus, some anemia
symptoms, such as dizziness, fatigue, or paleness, may be overlooked or misdiagnosed as
menopausal symptoms. Even when individuals visit a hospital or clinic, medical personnel
tend to focus more on other maladies rather than anemia. However, if anemic condition is
left untreated for a longer period, the consequences and complications can become more
severe, causing shortness of breath, low blood pressure, arrhythmia, and even chronic heart
failure. Results from this research demonstrated an increased risk of stroke occurrence in
moderate anemia patients compared with the non-anemia control group. Additionally,
the mortality rate in the severe anemia group was 12%, much higher than that of other
patients with anemia in this study. Patients suffering from severe anemia might die from
other illnesses caused by their feeble condition prior to having a stroke. As a result, the
risk of stroke in the severe anemia group was observed to be lower than in the moderate
anemia group.

According to statistical data from Taiwan’s Ministry of the Interior, the population
aged >65 years increased from 11.15% in 2012 to 16.68% in 2021. In the past two decades, the
average life expectancy also increased from 76.75 to 81.30 years. The Council for Economic
Planning and Development estimated that Taiwan will become a super-aged society by as
early as 2025; moreover, the population aged ≥65 years is expected to account for >20% of
all individuals [17]. This accelerated speed of aging has become a burden to the healthcare
system and society. In this study, there is an upward trend in the prevalence of anemia
with age (from 6.72% in the 20–30 age range to over 15% in the elderly age groups; Table 1).
Our results are consistent with the global prevalence of anemia, indicating that the trend
of anemia burden increases with age [18–20]. We observed that the anemia prevalence
peaked at 17.3% in the 71–80 age group and at 14.4% in the >80 age group. Anemia rates in
the 71–80 age range in this study cohort were 4.2% (2990/71,787) and 3.4% (2411/71,787),
respectively. In this study, the prevalence of anemia in people over 60 is approximately 11%,
which is lower than it is in other Asian countries, such as Korea, where it is 13.8% for people
over 65 [20]. Anemia is a common condition in older adults and can be caused by various
factors such as poor nutrition, chronic diseases, medication, and healthcare. Taiwan has a
relatively high standard of living, and the population has access to a variety of nutritious
foods, which helps to prevent nutrient deficiencies, including iron deficiency. Moreover,
Taiwan has a well-developed healthcare and medical insurance system. The Ministry
of Health and Welfare also promotes and encourages all citizens above the age of 45 to
participate in adult health checkup programs. These programs enable the early detection
of diseases such as cancer and other chronic disease, as well as delivery of comprehensive
healthcare prior to the disease worsening [17]. Therefore, all those factors may contribute
to reduce the overall prevalence of anemia in the population. In elderly people, anemia has
been reported to be associated with cardiovascular disease [21], stroke [6], dementia [22],
frailty [23], and high morbidity as well as mortality [24]. Because of Taiwan’s NHI policy,
however, anemia has rarely been listed as a primary condition in elderly people. According
to the WHO recommendation, an anemia prevalence of >5% is considered to be of public
health significance [12] and may require public health attention and intervention. The
increased prevalence of anemia in the elderly should be considered an important public
issue in Taiwan.

In this study, we also observed a higher prevalence of pre-existing comorbidities
among the anemia group compared to the non-anemia population. The moderate to
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severe anemia patients had higher all-cause mortality compared to the non-anemia group;
this trend was mentioned in previous studies [9,25]. Other unreported comorbidities may
interfere with the association between anemia and stroke. Severe anemia might be corrected
well, but mild to moderate anemia might become a chronic condition which eventually
becomes associated with stroke. In this study, we observed that patients with severe anemia
required blood transfusions more frequently than the group with moderate anemia and the
control group. However, a study by Dr. Ren that was published in Nature Communications
raises the possibility that blood transfusions might be advantageous to health even up to
seven hours after a stroke in a mouse model. Their team discovered that replenishing 20% of
the mouse’s blood was sufficient to significantly lessen brain damage [26]. However, there
are few studies focusing on maintaining hemodynamic condition in severe anemia patients
to prevent stroke. Therefore, more studies might help to clarify the benefit from blood
transfusions on this issue in the future. Furthermore, the different therapeutic strategies
may explain why severe anemia portends lower stroke risk than other anemia severities.

Studies assessing the association between anemia and comorbidities in the Taiwanese
population are rare. Anemia, a direct consequence of decreases in Hb and red blood cell
(RBC) levels in circulation, is a multifactorial condition; lack of iron, folate, and vitamin
B12 are well-known causes of anemia. The most common type of anemia is iron deficiency
anemia, which may account for as much as 50% of all explained anemia cases [27]. Other
diseases such as diabetes, chronic infections, inflammation, and CKD also affect RBC prolif-
eration, erythropoietin production, androgen secretion, and myelodysplasia [28]. Anemia
is also positively associated with impaired renal function. Taiwan has one of the highest
number of cases of CKD and end-stage renal disease in the world; CKD is the most frequent
cause of anemia [8,20,21,29]. The severity of anemia is directly related to the degree of renal
dysfunction. CKD causes reduction in erythropoietin synthesis, subsequently resulting in
decreased cell proliferation. At least one-third of anemia patients aged >65 years have CKD
or autoimmune diseases/chronic infection [30]. Patients with CKD are also at a significant
risk for stroke, including the ischemic and hemorrhagic subtypes. The mechanisms linked
to higher risk of stroke in CKD patients include alterations in cardiac output, platelet
function, regional cerebral perfusion, accelerated systemic atherosclerosis, altered blood
brain barrier, and disordered neurovascular coupling [31]. Additionally, Dr. Poznyak also
identified the atherosclerosis-specific features in chronic kidney disease (CKD) in a recent
study [32]. The major symptoms of anemia may range from mild fatigue to severe systemic
illnesses. In addition, accumulating evidence indicates that anemia engenders outcomes
such as increased stroke [9], heart failure [33], hospitalization [25], and mortality [34], all of
which impose a severe burden on healthcare systems. Furthermore, anemia is associated
with increased iron overload, increased chances of viral infection [35], and increased risks
of myocardial infarction [36]. We also analyzed other known conventional risk factors, such
as hyperlipidemia and atrial fibrillation, that affect the development of stroke; the hazard
ratio was slightly different to other investigations [9]. Hyperlipidemia is an important
risk factor for stroke [4,37]. Atrial fibrillation (AF) is a frequent cardiac rhythm disease
associated with various significant negative health outcomes, such as heart failure and
stroke. Particularly in women, atrial fibrillation is linked to an increased long-term risk of
stroke, heart failure, and all-cause death [38,39]. Many investigations also revealed that
anemia is a frequently observed comorbidity in patients with AF and is associated with
cardiovascular, stroke, and gastrointestinal bleeding [40].

In medical practice, those experiencing moderate to severe anemia are more likely
to receive medical attention than those with mild anemia. This means that patients with
moderate to severe anemia with signs of illness symptoms would be given blood trans-
fusions, iron supplements, and vitamin B12, while mild anemia would more likely be
overlooked [41–43]. Regarding the management of anemic patients, blood transfusions
are often seen as an effective way to increase hemoglobin levels and improve their overall
health. In this study, we examined patients who received transfusions and pharmacological
therapy within six months of the diagnosis index date. According to our results, patients
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with moderate and severe anemia received a greater proportion of blood transfusion than
those with mild anemia (24.14%, 61.12% vs. 11.22%, Table 1). Blood transfusions can
maintain in the body’s hemodynamics and alter the viscosity of the blood. Keeping the
blood in balance in the body’s circulation and offering better care may be a strategy to
prevent stroke. However, blood transfusion is influenced by a number of circumstances
and the decision of the healthcare professionals. Patients who receive frequent transfusions
may also be exposed to an increased risk of stroke. To ascertain the beneficial effects of
anemia therapies such as transfusion and other medication on reducing the chance of
stroke, further research must be conducted.

Despite its strengths, our study has some limitations that should be noted. First, the
different types of anemia, such as iron deficiency anemia or folic acid anemia, were not
correctly defined in this study. Second, we could not analyze data regarding lifestyles
or socioeconomic status, such as smoking, alcohol habits, obesity, education, or financial
condition. Third, in order to confirm the validity of the diagnosis for anemia, we only
included the patients with one Hb measurement, which could cause a potential selection
bias in a retrospective study. The medical service of our hospital serves a population of
approximately 2.8 million in the center area of Taiwan, and more than 700,000 clinical visits
are made each year. Finally, we did not retrieve clinical data on atherosclerosis, nutrition,
pregnancy, or endogenous hormones, which might be predisposing factors for stroke and
the retrospective data from the hospital might still miss a few stroke patients who were
diagnosed in other hospitals or died at home.

5. Conclusions

This study assessed the association between anemia and the risk of stroke. The
prevalence of anemia was found to increase with age. A high prevalence of anemia is
expected to impose a major medical burden in countries becoming super-aged societies.
In this study, the risk of stroke was found to be associated with age, regardless of sex.
Our study reveals that moderate anemia should be considered an increased risk factor
associated with stroke incidence, and monitoring anemia severity as well as other risk
factors and biomarkers is crucial in clinical practice.
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Abstract: Familial longevity confers advantages in terms of health, functionality, and longevity. We
sought to assess potential differences in frailty and sarcopenia in older adults according to a parental
history of extraordinary longevity. A total of 176 community-dwelling subjects aged 65–80 years
were recruited in this observational case–control study, pair-matched 1:1 for gender, age, and place
of birth and residence: 88 centenarians’ offspring (case group) and 88 non-centenarians’ offspring
(control group). The main variables were frailty and sarcopenia based on Fried’s phenotype and
the European Working Group on Sarcopenia in Older People (EWGSOP) definitions, respectively.
Sociodemographics, comorbidities, clinical and functional variables, the presence of geriatric syn-
dromes, and laboratory parameters were also collected. Related sample tests were applied, and
conditional logistic regression was performed. Cases had a higher percentage of robust patients
(31.8% vs. 15.9%), lower percentages of frailty (9.1% vs. 21.6%) and pre-frailty (59.1% vs. 62.5%)
(p = 0.001), and lower levels of IL-6 (p = 0.044) than controls. The robust adjusted OR for cases was
3.00 (95% CI = 1.06–8.47, p = 0.038). No significant differences in muscle mass were found. Familial
longevity was also associated with less obesity, insomnia, pain, and polypharmacy and a higher
education level and total and low-density lipoprotein cholesterol. The results suggest an inherited
genetic component in the frailty phenotype, while the sarcopenia association with familial longevity
remains challenging.

Keywords: aging; function; muscle; interleukin-6; heredity; frailty; sarcopenia; longevity

1. Introduction

The aging of the world population has become a reality, and the proportion of people
aged over 60 years is growing faster than any other age group. In 2018, the population
aged 65 years and over exceeded the number of children under 5 years worldwide for
the first time in history, and by 2050, the number of people aged 80 years and over will
have tripled, from 143 million in 2019 to 426 million (United Nations, Department of
Economic and Social Affairs, Population Division (2019). World Population Prospects 2019:
Highlights. ST/ESA/SER.A/423). This demographic change is particularly fast in the
European Union (EU) as a result of both a longer life expectancy and low fertility rates. The
Spanish population aged 65 or over on 1 January 2022 was 9,620,055 people (20.2% of the
total population), of whom 16.8% were 85 or older, and 6.4% were 90 years old or more [1].
Spain, with the rapid growth of people over 80 and 90 years old in the last decade, is among
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the countries with the oldest populations and could have the highest life expectancy in the
world by 2040 [2]. Such circumstances could lead to an uncontrollable increase in morbidity
and dependency that would compromise the sustainability of the health system. Therefore,
increasing research and knowledge on factors related to comorbidity, geriatric syndromes,
and disability (to prevent and avoid them), as well as longevity and successful aging (to
promote them) should be encouraged.

Frailty and sarcopenia have emerged as two key geriatric syndromes in the aging
process and have been associated with adverse events, including falls, fractures, functional
impairment, disability, cognitive impairment, hospital admissions, and institutionaliza-
tion [3–5]. These events are likely to limit the quality of life and longevity and increase
healthcare costs [6]. Longevity, on the other hand, has been positively associated with a
lower frequency of sarcopenia and a delay in the onset of physical frailty and cognitive
impairment [7]. Their prevalence may vary depending on the characteristics of different
studies, the geographical area, and the gender and age of the participants. In Europe, the
prevalence could range between 6% and 27% for frailty [8] and between 1% and 29% for
sarcopenia [9].

Frailty and sarcopenia, both characterized by the limited capacity of the organism
to cope with stressors, are favored by common underlying illnesses and lifestyle and
environmental factors [10]. Furthermore, they are dynamic processes, with the possibility
of transitions from lower to higher levels and, more difficult, from higher to lower states
in the case of frailty [11,12]. The presence of sarcopenia, on the other hand, also appears
to modulate transitions in frailty status [13]. Regrettably, both syndromes are frequently
detected only when one or both are well established and, often after a seemingly minor
event, the individual is already suffering a health crisis with significant functional loss
and dependency.

Previous studies have suggested the existence of inheritance patterns in frailty- and
sarcopenia-related variables, such as strength, gait speed, and overall physical fitness [14–16].
However, the question of how heritability contributes to the onset of these two syndromes
remains unanswered.

The delay in functional decline observed in individuals with extraordinary longevity [17]
suggests better homeostasis and capacity to adapt and recover from stressors, which might be
related to genetic and epigenetic factors, including greater genomic integrity, more preserved
methylation, and a characteristic microRNA profile [18–20]. The offspring of individuals
with favorable genetic characteristics also seem to inherit some advantages from their parents
regarding overall health, functionality, and longevity [21–30]. However, the link between
genetic and clinical characteristics in these lineages is poorly understood, thus highlighting
the need to investigate heritability in aging-related conditions.

In this study, we used a pair-matched case–control approach to investigate frailty and
sarcopenia in community-dwelling persons 65 years and older who are descendants of
long-lived individuals and compare them with a population-based control group of age-
and gender-matched individuals without a parental history of extraordinary longevity.

2. Materials and Methods

2.1. Study Design and Participants

This was a cross-sectional matched-control analysis of community-dwelling individ-
uals aged 65 to 80 years who had been born in the area and were usual residents (i.e.,
>6 months per year) in the Health Department of La Ribera (249,063 people, 71% in small
urban areas, Valencian Community, Spain). The study was conducted between 9 March
2015 and 6 February 2017.

Inclusion criteria for cases were as follows: Cases must be 65 to 80 years old, have
been born in the study area and lived at least 6 months a year in it, and reside at home
(community-dwelling). Finally, they must have at least one parent alive of 97 years or older.

Inclusion criteria for controls were as follows: The control had to be the same age
(±5 years) as the case he or she was matched with, have been born in the study area and
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lived at least 6 months a year in it, and reside at home (community-dwelling). Finally, his
or her parents must have died before 90 years old.

Exclusion criteria for both groups were as follows: being diagnosed with a terminal
illness, having a life expectancy of fewer than 6 months, or not signing the informed
consent form.

The study was conducted according to the principles of the Declaration of Helsinki,
and the study protocol was approved by the Research Ethics Committee of the Hospital
Universitario de La Ribera de Alzira (Valencia, Spain). Results were reported following
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [31].

2.2. Procedures

Three nurses were hired as field researchers. They were specifically trained by the
research team in all activities in which they were involved: selecting and recruiting patients;
informing patients, relatives, or caregivers and requesting informed consent; organizing
and carrying out home visits; handing out questionnaires for medical histories; performing
comprehensive geriatric assessments; performing physical and functional tests; measuring
bioelectrical impedance; taking blood samples and performing their initial processing; and
transferring the samples to the laboratory. After the training process, it was verified that
the field researchers had a high degree of agreement.

Study candidates were selected by the field researchers following a three-stage pro-
cedure. First, the entire population database of the Health Department was screened for
individuals aged 97 years or more. Candidates were contacted (either directly or via their
relatives/caregivers) and informed about the study. After obtaining oral informed con-
sent, a home visit was scheduled in which candidates were asked about living offspring
aged 65 to 80 years and permission to contact them. Second, offspring candidates were
contacted, informed about the study, and invited to enroll. Candidates who provided
written informed consent were included in the study as cases unless they met any exclusion
criteria. Together with the inclusion of cases, a population-based matched control group
was established by pairing 1:1 for gender, age (±5 years), and place of birth and residence.
Controls were screened among individuals in the population registry of the Valencian
Community. The same eligibility criteria, except that their parents must have deceased
before 90 years old, and the same procedure for obtaining informed consent were used.
During home visits, members of both groups underwent the same physical evaluation,
questionnaires, functional and cognitive tests, bioelectrical impedance measurement, and
blood draws.

The initial protocol can be freely consulted on the internet at https://www.educacion.
gob.es/teseo/mostrarRef.do?ref=1943613# (accessed on 30 December 2022).

2.3. Primary Outcomes

The two co-primary outcomes were frailty and sarcopenia. Frailty was assessed based
on Linda Fried’s phenotypic criteria [32]: unintentional weight loss (>4.5 kg in the last
year), exhaustion (the subject reported that any activity was too strenuous or he/she was
unable to continue carrying it out at least 3 days in the previous week), low physical activity
(weekly time walked was 2 h/week in women and 2.5 h/week in men [33]), weakness
(grip strength, measured with a JAMAR© analog dynamometer, below the cut-off point,
stratified by body mass index (BMI) and gender), and slowness (15-foot (4.572 m) gait
speed above the cut-off point, stratified by gender and height, or inability to complete the
test). Individuals were considered frail if they met 3 or more criteria; pre-frail if they met 1
or 2; and robust if none of the criteria were met.

The presence of sarcopenia was assessed according to the 2018 European Working
Group on Sarcopenia in Older People (EWGSOP) definition [34]. Muscle mass was as-
sessed by electrical bioimpedance analysis (BIA) using a four-sensor measurement device
(OMRON BF500© manufactured by OMRON. ’s-Hertogenbosch, The Nederlands). For low
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muscle quantity, a cut-off point of 7 kg/m2 in men and 6 kg/m2 in women was adopted.
Muscle strength was determined by measuring the grip strength with JAMAR©, and cut-off
points of 27 kg in men and 16 kg in women were used. Muscle performance was measured
by gait speed in 4.572 m; the cut-off point was 0.8 m/s in both genders.

2.4. Secondary Variables

Sociodemographic and clinical variables were also collected to better characterize the
sample, such as educational level, smoking, alcohol intake, medications, physical exercise,
nutritional risk (DETERMINE scale), the performance of instrumental (Lawton and Brody
index) or basic activities of daily living (Barthel index), limitations in physical activity
or disability (modified Rankin scale), mobility ability (Holden’s Functional Ambulation
Classification (FAC)), the presence of comorbidities (age-adjusted Charlson comorbidity
index), cognitive status (Spanish adaptation of the Mini-Mental State Examination, MEC-
Lobo), depression and anxiety (Goldberg depression and anxiety scale), falls in the last 3–6
and 12 months, pain (visual analog scale), quality of life (Spitzer Quality of Life Index),
social assessment (OARS scale), resource consumption, blood pressure, weight in kilograms,
and height in centimeters.

Laboratory parameters included fasting glucose, lipid profile, renal and hepatic profile,
C-reactive protein (CRP), interleukin-6 (IL-6), testosterone, sex-hormone-binding globulin
(SHBG), thyroid-stimulating hormone (TSH), 25-hydroxycholecalciferol (25-OH D), iron
profile, vitamin B12, folic acid, and complete blood count.

2.5. Statistical Analysis

Variables were assessed for normality using the Kolmogorov–Smirnov test. Quantita-
tive variables were described using the mean and standard deviation (SD) and the median
and interquartile range (IQR, defined as the difference between 75th and 25th percentiles)
for normally and non-normally distributed variables, respectively. Categorical variables
were described as frequency and percentage (%). Tests for paired data were used in order
to investigate differences between groups. McNemar’s test was applied for categorical
variables with 2 × 2 contingency tables. In the case of quantitative variables with a normal
distribution, Student’s t-test for related samples was applied to compare means between
the two groups. The Wilcoxon signed-rank test for matched samples was applied when a
quantitative variable did not follow a normal distribution, and also in the case of ordinal
categorical variables with more than two categories [35,36]. For the study of the whole
sample, encompassing both groups together (i.e., some tables in Supplementary Materi-
als), tests for independent samples were applied. Specifically, Chi-squared for categorical
variables, Pearson’s correlation for quantitative variables, and the Kruskal–Wallis test for
quantitative variables that did not meet the normality assumption. The adjusted odds
ratio (OR) for robustness was assessed using a conditional logistic regression (CLR) that
included all variables potentially confounding the effect. We considered a variable to be
a candidate for CLR if it was associated with familial longevity and with robustness in
controls with a p-value less than 0.2 and caused a change in the OR equal to or greater than
10% [37]. A sensitivity analysis was performed for the serum levels of IL-6, CRP, ferritin,
leukocytes, and lymphocytes. We took into consideration that some of the individuals
included in the case group could be siblings. Thus, significant differences between siblings
and nonsiblings in the case group were assessed for age, gender, BMI, comorbidity, frailty,
muscle mass, gait speed, handgrip strength, sarcopenia, inflammatory parameters, and
lipids. Data processing and statistical analysis were performed with SPSS Statistics for
Macintosh v21 (Armonk, NY, USA: IBM Corp) and Stata 16.0 for PC.

3. Results

3.1. Participant Disposition and Characteristics

Sixty-three long-lived people were interviewed, resulting in 96 offspring being con-
tacted for eligibility. After considering the inclusion and exclusion criteria, 88 cases and
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88 controls were analyzed (Figure 1). Sixty percent of the recruited samples were female,
and the median age was 70 years (IQR = 7). The most prevalent comorbidity was hy-
pertension (58%), followed by dyslipidemia (43.2%) and fractures in any location (36.4%)
(Table S1: Comorbidities). The most frequent geriatric syndromes were polypharmacy
(38.1%), followed by insomnia (34.9%), pain (34.7%), depression (21.6%), and falls within
the last year (21.1%) (Table S2: Geriatric Syndromes).

 

Figure 1. Flow chart of subjects’ selection: shaded rectangle = selection process of long-lived; arrow
pointing downward = progress flow; arrow pointing to the right = exit flow; gray arrow = start of
control selection.

Table 1 shows the main demographic, clinical, and functional characteristics. Com-
pared with cases, individuals in the control group had a significantly higher weight (with
a higher obesity prevalence), had a higher frequency of insomnia and pain, and were
prescribed more drugs, with a higher percentage of polypharmacy. The two groups also
differed in their education levels, with a lower percentage of university degrees and a
higher percentage of the non-completion of primary education in controls than in cases.
No significant differences were observed between the groups in smoking, alcohol intake,
exercise/physical activity, nutritional risk, scores on the different functionality scales, falls,
depression, anxiety, cognitive status, quality of life, social resources, and health service
utilization. The age-adjusted Charlson index did not reveal significant differences in the
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overall comorbidity burden; however, in individuals over 70 years, the score was signifi-
cantly lower in the case group (median = 3; IQR = 1) than in controls (median = 4; IQR = 1)
(p = 0.022) (Figure S1: Charlson index).

Table 1. Demographic, health, and functional characteristics.

Overall n = 176 Controls n = 88 Cases n = 88 p-Value a

Age, years, median (IQR) 70 (7) 69 (7) 70 (6) 0.69
Female, n (%) 106 (60) 53 (60) 53 (60) 1
Weight, kg, mean ± SD 74.1 ± 14.4 76.9 ± 13.6 71.2 ± 14.6 0.008 *
BMI, kg/m2, median (IQR) 28.1 (5.6) 29.2 (6.1) 27.6 (4.5) 0.007 *

Underweight, n (%) 5 (2.9) 1 (1.1) 4 (4.6) 0.004 *
Normal weight, n (%) 30 (17.1) 12 (13.6) 18 (20.7)
Overweight, n (%) 79 (45.1) 35 (39.8) 44 (50.6)
Obese, n (%) 61 (34.9) 40 (45.5) 21 (24.1)

Current smoker, n (%) 23 (13.1) 12 (13.6) 11 (12.5) 0.424
Alcohol use, n (%) 46 (26.6) 26 (29.9) 20 (23.9) 0.472
Mild physical activity b, n (%) 96 (56.1) 52 (59.1) 44 (53%) 0.417
Regular exercise b, n (%) 123 (69.9) 64 (72.7) 59 (67) 0.372
Nutritional risk c, n (%) 44 (25) 23 (26.1) 21 (23.8) 0.819
Sleeping hours

Hours per day, median (IQR) 7 (2) 7 (2) 7.5 (1) 0.640
Insomnia, n (%) 59 (34.9) 37 (44.6) 22 (25.6) 0.030 *

Charlson, median (IQR) 3 (2) 3 (2) 3(2) 0.350
Lawton, median (IQR) 8 (0) 8 (0) 8 (0) 0.719
Barthel, median (IQR) 100 (0) 100 (0) 100 (0) 0.305
Rankin ≤1, n (%) 170 (97.7) 84 (96.6) 86 (98.8) 0.613
FAC ≥4, n (%) 133 (95.7) 69 (94.5) 64 (97) 0.461
QL Spitzer, median (IQR) 10 (1) 10 (0) 10 (1) 0.839
Falls ≥1/12 months, n (%) 34 (21.1) 18 (22.2) 16 (19.8) 0.148
Pain d, n (%) 61 (34.7) 38 (43.2) 23 (26.1) 0.029 *
Goldberg scale

Anxiety, n (%) 33 (18.8) 21 (23.9) 12 (13.6) 0.137
Depression, n (%) 38 (21.6) 18 (20.5) 20 (22.7) 0.850

MMSE-Lobo, median (IQR) 32 (4) 33 (3) 32 (5) 0.592
Polypharmacy e, n (%) 67 (38.1) 43 (48.9) 24 (27.3) 0.003 *
Nº of drugs, median (IQR) 3 (3) 3 (5) 2 (3) 0.001 *
OARS good or excellent, n (%) 172 (98.3) 85 (96.6) 88 (100) 0.554
Lives alone, n (%) 8 (4.5) 5 (5.7) 3 (3.4) 0.727
Education, n (%) 0.034 *

No primary 24 (13.8) 16 (18.2) 8 (9.3)
Primary 108 (62.1) 52 (59.1) 56 (65.1)
Secondary 28 (16.1) 17 (19.3) 11 (12.8)
University 14 (8) 3 (3.4) 11 (12.8)

Healthcare utilization, medical visits/year,
median (IQR)

Primary care 2 (3) 2 (3) 2 (2) 0.644
Specialized care 1 (2) 1 (2) 0 (2) 0.518

Notes: Mean and standard deviation (SD) for normal quantitative variables. Median and interquartile range
(IQR) for non-normal quantitative variables; n = patients; % = percentage; BMI = body mass index; FAC =
functional ambulation classification; QL = quality of life; MMSE = Mini-Mental State Examination; OARS =
Older Americans Resources and Services; a = McNemar test for categorical variables, Student’s t-test for related
samples for quantitative variables with normal distribution, and Wilcoxon signed-rank test for matched samples
for non-normal quantitative variables and ordinal categorical variables of more than 2 categories; b = 150 min per
week or more; c = 3 points or more on Determine scale; d = 2 days per week or more; e = regular use of at least five
medications; * p < 0.05.

Regarding analytical variable measurements (Table 2), cases presented significantly
higher levels of total and LDL cholesterol. The percentage of individuals with an LDL/ApoB
ratio lower than 1.3, which is associated with the presence of small and dense LDL particles,
was significantly higher in the control group. Cases showed higher levels of SHBG and
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lower levels of IL-6 than controls. No significant differences were observed in the other
variables analyzed.

Table 2. Laboratory results.

Overall n = 176 Controls n = 88 Cases n = 88 p-Value a

Glucose, mg/dL, median (IQR) 95 (25) 96 (27) 93 (21) 0.113
<100, n (%) 108 (61.4) 49 (55.7) 59 (67) 0.084
100–125, n (%) 40 (22.7) 22 (25) 18 (20.5)
≥126, n (%) 28 (15.9) 17 (19.3) 11 (12.5)

Albumin, g/dL, median (IQR) 4.4 (0.3) 4.4 (0.3) 4.3 (0.3) 0.301
Transferrin, mg/dL, mean ± SD 277.3 ± 40.8 281.3 ± 46.2 273.3 ± 34.4 0.506
Ferritin, ng/dL, median (IQR) 89 (101) 85 (110.5) 89 (96) 0.274
Total cholesterol, mg/dL, mean ± SD 199.1 ± 39.5 191.7 ± 37.3 206.4 ± 40.4 0.015 *
LDL, mg/dL, mean ± SD 115.7 ± 35.3 110.1 ± 32.1 121.3 ± 37.5 0.043 *
HDL, mg/dL, median (IQR) 56.5 (20) 55.5 (18) 58 (22) 0.213
VLDL, mg/dL, median (IQR) 23 (14) 23 (13) 22.5 (14) 0.370
Triglycerides, mg/dL, median (IQR) 113 (70) 115 (68) 112 (72) 0.360
ApoB, mg/dL, mean ± SD 101.5 ± 20.6 98.9 ± 21.3 104 ± 19.7 0.141
LDL/ApoB Ratio < 1.3, n (%) 135 (77.1) 74 (84.1) 61 (70.1) 0.038 *
Vitamin B12, pg/mL, median (IQR) 372 (188) 376 (188) 371 (191) 0.549
Folic acid, ng/mL, median (IQR) 10.5 (6.7) 11.3 (7.1) 9.4 (6.7) 0.360
25-OHD, ng/mL, mean ± SD 19.6 ± 6.5 20.3 ± 6.5 18.8 ± 6.5 0.193
TSH, mcU/mL, median (IQR) 1.59 (1.20) 1.48 (1.12) 1.67 (1.07) 0.562
Total testosterone, ng/mL, median (IQR) 0.58 (3.47) 0.60 (3.13) 0.57 (3.67) 0.328
Free testosterone, ng/mL, median (IQR) 0.08 (0.05) 0.009 (0.05) 0.008 (0.05) 0.334
SHBG, nmol/L, median (IQR) 50.3 (26.2) 47.6 (23.1) 56.1 (33.1) 0.004 *
Hemoglobin, g/dL, mean ± SD 14.4 ± 1.2 14.3 ± 1.2 14.4 ± 1.3 0.502
Leukocytes, ×109/L, mean ± SD 6.72 ± 1.79 6.84 ± 1.89 6.60 ± 1.70 0.475
Lymphocytes, ×109/L, median (IQR) 1.80 (0.75) 1.90 (0.80) 1.80 (0.78) 0.733
CRP, mg/L, median (IQR) 1.49 (2.34) 1.92 (2.24) 1.18 (2.14) 0.155
IL-6, pg/mL, median (IQR) 1.20 (1.26) 1.45 (1.38) 1.03 (0.96) 0.044 *

Notes: Mean and standard deviation (SD) for normal quantitative variables. Median and interquartile range (IQR)
for non-normal quantitative variables; n = patients; % = percentage; LDL = low-density lipoprotein cholesterol;
HDL = high-density lipoprotein cholesterol; VLDL = very-low-density lipoprotein cholesterol; ApoB = apolipopro-
tein B; 25-OHD = 25-hydroxycholecalciferol; TSH = thyroid-stimulating hormone; SHBG = sex-hormone-binding
globulin; CRP = C-reactive protein; IL-6; interleukin-6; a = McNemar test for categorical variables, Student’s
t-test for related samples for quantitative variables with normal distribution, and Wilcoxon signed-rank test for
matched samples for non-normal quantitative variables and ordinal categorical variables of more than 2 categories;
* p < 0.05.

Thirty-eight individuals from the case group were siblings (43.2%), and no statis-
tically significant differences were found between sibling and nonsibling cases for age,
gender, BMI, comorbidity, frailty, muscle mass, gait speed, handgrip strength, sarcopenia,
inflammatory parameters, and lipids.

3.2. Frailty and Sarcopenia

Overall, 27 (15.3%) individuals in the study sample were frail, and 107 (60.8%) were
pre-frail. The prevalence of frailty and pre-frailty was significantly higher in women:
17% and 65.1%, respectively, among women vs. 12.9% and 54.3% among men (p = 0.023).
Reduced physical activity and weakness were the most prevalent frailty criteria (55.4%
and 50.3%, respectively). According to EWGSOP criteria, 4.6% of the overall sample had
sarcopenia, and 1.7% had severe sarcopenia. The overall prevalence of sarcopenia was
higher in women (9.4%) than in men (1.4%) (p = 0.009).

The percentage of robust patients was significantly higher among cases (31.8%) than
controls (15.9%) (p = 0.001). Likewise, lower percentages of frail and pre-frail individuals
were observed in the cases (9.1% and 59.1%, respectively) than in the control group (21.6%
and 62.5%, respectively) (Figure 2A). Of all frailty criteria, weakness, slowness, and exhaus-
tion were significantly less prevalent in cases than in controls (Table 3). The crude OR of
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cases for robustness was 3.33 (95% IC = 1.38–8.06, p = 0.009). The attributable fraction in
the case group was 70% (95% IC = 23–90%) and 22% in the population (95% = IC 7–35%).
After the confounding assessment, the number of medications and blood levels of 25-
hydroxycholecalciferol were selected. Both variables were associated with robustness in
controls and with familial longevity, with a p-value < 0.2, and caused a change in the OR
equal to or greater than 10%. After conditional logistic regression had been performed, the
robust adjusted OR for cases was 3.00 (95% IC = 1.06–8.47, p = 0.038).

p p

Figure 2. Results for frailty (panel A) and sarcopenia (panel B): Y-axis = percentage of subjects within
group; X-axis = categories; blue columns = controls; red columns = cases; p = statistical significance.

Table 3. Frailty and sarcopenia components.

Controls
n = 88

Cases
n = 88

p-value a

n = 88

Frailty, n (%)
Weight Loss 5 (5.7) 6 (6.8) 1
Exhaustion 15 (17) 4 (4.5) 0.013 *
Reduced activity 54 (61.4) 43 (49.4) 0.082
Weakness 50 (56.8) 38 (43.7) 0.045 *
Slowness 22 (25) 9 (10.3) 0.004 *

Sarcopenia, n (%)
Low muscle mass 8 (9.4) 10 (11.8) 0.815
Weakness 27 (30.7) 25 (28.7) 0.038 *
Slowness 28 (32.6) 14 (16.3) 0.018 *

Notes: a = McNemar test; * p < 0.05.

When using the 2018 EWGSOP criteria, we found no significant differences in sarcopenia
between groups (Figure 2B). Cases showed lower percentages of weakness and slowness;
however, no significant differences were observed regarding muscle mass (Table 3).

4. Discussion

In this pair-matched case–control observational study, a familial history of parental
longevity was associated with greater robustness and lower frailty in their 65–80-year-old
offspring. However, the longevity history did not significantly contribute to the presence
of sarcopenia due to the lack of differences in muscle mass. Besides being more robust,
descendants of long-lived individuals had a higher education level, a lower prevalence
of obesity, lower levels of IL-6, higher total and LDL cholesterol (with a lower percentage
of subjects with an LDL/ApoB ratio of less than 1.3), and a lower prevalence of geriatric
syndromes such as pain, insomnia, and polypharmacy.

The prevalences of frailty, pre-frailty, and robustness in the total sample, as well as
the percentage of women, were within the ranges reported in the existing literature [8].
Previous research on the history of familial longevity and frailty has considered the latter
either with a definition based on the accumulation of deficits or with a phenotypic definition.
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In our opinion, the frailty index could be more appropriate for assessing more complex
geriatric patients, while phenotypic categorization may be more adequate for younger, less
complex older people or those at risk of frailty [38,39], such as those in our sample. Kim
et al. and Arosio et al., with the first approach, found that family longevity was significantly
associated with a lower rate of frailty [40,41]. Nevertheless, research using a phenotypic
definition has not always presented similar results. In the Long-Life Family Study, with
the Scale of Aging Vigor in Epidemiology (SAVE) [42] based on Fried’s criteria, moderate
heritability and less frailty in offspring were found. On the other hand, The LonGenity
study concluded that, though the offspring of parents with exceptional longevity had
better measures of physical function, there were no differences in frailty using Fried’s
criteria [43]. The results obtained in our study could be explained by a different design,
with younger participants from a different geographic location and, presumably, with
greater genetic heterogeneity than the aforementioned study. Furthermore, the cases we
studied had significantly lower levels of IL-6, and this may suggest a lower degree of
age-related inflammation, consistent with their lower degree of frailty [44,45].

Three other geriatric syndromes that were less prevalent in centenarians’ offspring were
insomnia, pain, and polypharmacy. Sleep is one of the processes affected by aging, with
lower sleep efficiency and REM sleep [46], and older adults with more ADL and IADL
limitations have a higher risk of experiencing a decline in sleep quality [47]. A certain
degree of heritability for sleep–wake patterns and insomnia has been suggested [48,49], but
the mechanisms involved are still under investigation, and its association with longevity is
controversial. In fact, the empirical support for an increase in mortality risk with insomnia
is inconsistent, although it might be higher with the use of hypnotic medication [50], and
previous research did not show significant differences in sleep patterns between centenarians’
offspring and their controls [51]. In contrast, our familial longevity case group had significantly
less insomnia than their matched controls. The relationship between sleep disturbances and
frailty status seems more evident [52]; however, the implications of these associations are
not well established. Insomnia may be a marker for different conditions, such as poor
health, comorbidities, disabilities, social impairment, or, interestingly, inflammatory cytokines.
Both conditions, frailty and insomnia, might share some underlying mechanisms. Thus, we
understand that the differences observed for insomnia support the consistency of the results
found for frailty and familial longevity in the present study.

Although no significant differences were found between groups in anxiety, depression,
cognition, falls, fractures, or osteoarthritis (Tables S1 and S2), our control group reported
significantly more pain than offspring enriched for human longevity. Pain is a complex
experience that involves sensory-discriminative, affective-motivational, and cognitive-
evaluative dimensions. When investigating the relationships of parental longevity with the
regional brain structure, some differences in zones involved in transferring and processing
sensory and nociceptive information, which might support our results, have been found,
but more research is needed on this issue [53].

Regarding pharmacological therapy, a lower use of medications has been observed
previously in descendants of centenarians [28], which could be related to their lower
comorbidity incidence, better physical and cognitive function, and health perception. Nev-
ertheless, differences in the Charlson index were observed in our study, being statistically
significant only in people over 70 years of age. Thus, this difference in comorbidity after the
age of 70, in addition to the higher prevalence of pain and insomnia in the control group,
and their probable need for treatment might have influenced differences in polypharmacy.

Some metabolomic and lipidomic studies have been published, trying to identify a
specific profile for aging, longevity, and frailty [54–57]. However, this goal was beyond our
scope. The metabolic profiles of our patients were evaluated with traditional analytical
variables, such as the lipid profile, fasting glucose and others (Table 2), weight, and BMI.
Except for total and LDL cholesterol and BMI, no significant differences were observed
between the case group and the controls.
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The relation between cholesterol, frailty, and longevity is complex. Higher levels
of total and LDL cholesterol have been linked to cardiovascular disease (CVD), and it is
also known that centenarians have lower levels than younger people. Nevertheless, in
some studies [58,59], higher concentrations have been also associated with centenarians’
offspring, theoretically enriched for longevity, and less frail elderly. We also found this
apparently less favorable lipid profile (i.e., higher levels of total and LDL cholesterol) in
our case group with familial longevity. However, in this regard, it is worth mentioning
that small, dense low-density lipoproteins seem to be a better marker for cardiovascular
disease outcomes [60]. We did not have access to any of the different laboratory techniques
used to separate LDL fractions into subfractions. Notwithstanding the above, we found
that the control group, despite having lower cholesterol levels, more frequently showed
an LDL/ApoB ratio of less than 1.3, which suggests the greater presence of small and
dense LDL particles and, therefore, a higher cardiovascular risk for controls [60,61]. This
result is in line with a previous study [58], which suggested that the offspring of long-lived
individuals, despite presenting higher levels of total and LDL cholesterol, could have a
better profile in LDL particles, which might explain the lower incidence of cardiovascular
disease reported in previous research [62]. Hypercholesterolemia is frequently associated
with obesity and overweight, and a positive correlation of total and LDL cholesterol levels
with age and BMI is known, especially up to age 65 [63]. In our sample, total and LDL
cholesterol showed a slight (less than 0.3), but statistically significant, negative correlation
with BMI (Table S3). However, because of the small magnitude of the coefficient and the
loss of significance (except for LDL) when stratified by case group, we cannot draw any
relevant conclusions from this result.

Differences in carbohydrate metabolism, associated with lower insulin resistance and
a lower percentage of diabetes, with family longevity have been extensively reported in
previous studies [22,23,25–27]. Along this line, we found that the case group showed a non-
significant statistical tendency (p = 0.08) to present less diabetes and altered basal glucose,
which could reflect an underpowered sample to detect differences. Notwithstanding the
above, previous studies also found no significant differences in this regard [28,64]. Thus,
we should also consider that different characteristics of the studied populations, in terms
of environmental factors, habits, lifestyle, and diabetes prevalence, might have contributed
to these results.

Previous research has suggested some degree of heritability for both muscle mass and
function [15,65], lower morbidity and mortality, and slower functional loss in centenarians’
offspring [24,64], raising the possibility that they may also have a lower prevalence of
sarcopenia. Still, in the present study, no significant differences were detected, probably
due to the low prevalence found using the EWGSOP criteria [66]. Likewise, it is worth
mentioning that this result was due to the lack of differences in the muscle mass index
between groups, while muscular performance, as assessed by handgrip strength and gait
speed, was clearly better in the offspring of long-lived individuals. This lack of correlation
might suggest that the relationship between mass and function could vary depending on
factors related to the population studied [67].

Chronic inflammation and obesity have been linked to frailty in previous research. In
the present study, familial longevity, in addition to higher robustness and better muscular
performance, was also significantly associated with a lower prevalence of obesity and lower
levels of inflammation, as measured by Il-6 levels. This raises the question of whether
these differences might confound the results. It is worth mentioning in this regard that
neither BMI nor IL-6 levels were significantly associated with robustness or frailty in the
global sample (Table S4). Therefore, statistically, they do not meet the confounding criteria.
Previous research suggests that both frailty and obesity might be influenced by genes
and underlying mechanisms related to inflammation and energy metabolism [57,68–70].
Thus, we understand the lower inflammation, BMI, and frailty prevalence found in our
case group are more likely a question of internal consistency than a source of a potential
confounding effect.
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In contrast to previous studies [28,43], no significant differences were observed in
the cognitive and functional profiles of the two groups. Similarly, no differences were
observed between the groups in nutritional status, toxic habits, exercise, and physical
activity. Existing studies have found that centenarians’ offspring have a lower incidence
of comorbidities, later disease onset, lower polypharmacy, and a lower mortality risk
than their peers without a history of family longevity [21,25,28]. In the present study,
the offspring of long-lived individuals showed a lower polypharmacy prevalence and a
lower Charlson index score, but we only observed this last result when the analysis was
conducted in the 70+ age group (Figure S1), suggesting that the difference in comorbidity
is likely to be more evident at older ages. This might be a consequence of a slower pace of
aging, which would be in line with previous research [26,71].

The biological mechanisms that could explain the advantages for frailty and muscle
performance observed in centenarians’ offspring compared with their controls are still
under investigation. Centenarians have specific characteristics that lead to the deceleration
of the aging rate throughout their lives [72]. Along this line, in previous research, they
showed the differential expression of mRNA and miRNA related to processes, such as
cellular damage protection and the modulation of the immune response, associated with
healthy aging and frailty [20,73]. Additionally, it has been observed that some special
traits of centenarians might be inherited by their offspring, distinguishing them from
non-centenarians’ offspring [57]. The former could possess better-preserved metabolic
patterns in order to face the increase in energy demand associated with the maintenance of
homeostasis, health status, and functionality. Furthermore, in a subsample of subjects from
the present study, we found that offspring overexpressed genes related to bone growth
activation, muscle development, skeletal development, and cell differentiation [74], which
could partly explain the differences found in frailty and muscle performance.

Some limitations in our study should be considered. Its cross-sectional nature increases
its susceptibility to bias, as it is not conducive to the establishment of causal relationships.
The study population was geographically restricted to our Health Department, and thus,
the number of candidates for the study was limited. Assuming the robustness prevalence
found and the matched case–control groups with a paired data design, our sample size
would have been enough for 85% power. Its matched design allowed us to control for
important variables, such as age, gender, birthplace, and residence, as well as increase
efficiency in obtaining identical sample sizes [75].

We must consider the possibility that some variables may have influenced our results,
confounding the association between familial longevity and frailty. In relation to this, it is
worth mentioning that a study variable could have a confounding effect on the results if it
satisfies the three following properties: there must be statistically significant differences
between cases and controls regarding the variable studied, it must have a statistically signif-
icant association with frailty, and it must not be an effect of familial longevity (intermediate
variable) [76]. The last criterion is usually the most complex to address, so the process
normally begins with the verification of the first two, and if they are met, it proceeds to the
verification of the third criterion.

Some lifestyle habits can influence the onset and progression of frailty [77]. Regarding
the presence of habits such as smoking, alcohol intake, or regular physical exercise in our
study, no significant differences were observed between the case group and the controls
(Table 1), and no association was found between these variables and frailty (Table S5). The
results for physical activity were somewhat different. Although no significant differences
were found between the case group and the control group (Table 1), participants with
moderate to vigorous physical activity were significantly more robust and less frail than
those with mild activity in the whole sample (Table S5). This contrast between regular
physical exercise and physical activity might be explained by better accuracy when we
classify the level of physical activity according to the usual tables ([78]) with respect to the
generic question of whether or not a person exercises regularly. After these considerations,
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we consider it unlikely that differences in these habits could have influenced our results in
a decisive way.

The relation between body weight and frailty is still under investigation, with the
probability that the underweight BMI category has a higher risk [79]. As previously
mentioned in this discussion, although BMI was significantly higher in the control group,
there was not a significant association between BMI and frailty in our overall sample
(Table S4). On the other hand, despite the low prevalence of sarcopenia observed, we also
explored the presence of sarcopenic obesity and its possible influence on our results. Only
11 participants met the EWGSOP criteria for sarcopenia; none of them were obese, and
in both groups, the majority were in the normal-weight category (Table S5). Therefore,
despite the important relation between BMI, sarcopenic obesity, and frailty demonstrated in
previous research, it seems unlikely to us that differences in weight, or sarcopenic obesity,
could have a relevant confounding effect on our results.

Additionally, no differences in other potentially confounding variables, such as nutri-
tion and physical activity, were found in the bivariate analysis. Furthermore, two variables
that met the criteria for confounding were identified, and the conditional logistic regression
carried out supports our findings. Therefore, it seems probable that the extent of the genetic
enrichment effect in the case group, besides the study design, might explain the ability to
find significant differences in the frailty phenotype. We should also consider that some
degree of nonresponse bias could be possible due to the unknown characteristics of the
controls who refused to participate. This bias occurs when key characteristics of the study
make a difference between respondents and nonrespondents. In previous research, respon-
dents had higher education levels and reported better health and satisfaction levels than
nonrespondents [80,81]. These aspects, if they occurred in our study, could have reduced
our power to detect differences rather than the opposite, thus highlighting our results.
Additionally, it should be noted that the use of BIA to assess muscle mass might have
influenced the results for sarcopenia. BIA has some advantages, such as portability and
ease of use, but on the other hand, it offers less validity than magnetic resonance imaging
(MRI), computerized tomography (CT), or dual-energy X-ray absorptiometry (DXA). In
addition, using this device requires precise instructions to minimize errors. Regarding this,
it is worth mentioning that the field researchers were trained both in this technique and in
how to conduct the tests and implement questionnaires in order to try to control potential
sources of bias.

Finally, we have to consider that the population studied was clearly delimited and
belonged to an area of the Spanish Mediterranean coast, which might limit the external
validity of the results. Notwithstanding the above, and although long-lived families
may also have healthier living habits or better socioeconomic conditions, the benefits
associated with family longevity appear to be independent of such factors and may be
largely attributable to a genetic influence [82]. In this way, we observed a 22% attributable
fraction in the population, which is similar to the Robustness Index Ratio observed by
Serena Dato et al. in the Longitudinal Study of Aging Danish Twins [6].

5. Conclusions

In summary, our findings indicate that the offspring of long-lived individuals have
significantly lower odds of developing frailty within the age range of 65 to 80 years
compared with an age- and gender-matched control group. This finding suggests an
inherited component of the frailty phenotype, consistent with the lower levels of markers
of underlying inflammatory processes and the better muscular performance. However,
results regarding the prevalence of sarcopenia in this group of offspring are controversial,
and the enhanced muscular performance conflicts with the lack of significant differences in
muscular mass.
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Abstract: Background: The aim of this study was to determine whether the inclusion of older patients
undergoing elective colorectal cancer resection in the Enhanced Recovery After Surgery (ERAS®)
programme could improve clinical outcomes during hospital admission. Methods: A before-and-after
study in ≥70-year-old patients electively admitted for colorectal cancer resection was designed. In
total, 213 patients were included in the ERAS® group, and 158 were included in the control group.
Results: The average age was 77.9 years old (SD 5.31) and 57.14% of them were men, with a Charlson
Index score of 3.42 (SD 3.32). The ERAS® group presented a lower transfusion rate of 42 (19.7%),
compared to 75 (47.5%) in the control group (p < 0.001). The crude odds ratio (OR) for transfusion
was 0.27 (95% CI 0.17–0.43; p < 0.001), and the adjusted odds ratio was 0.26 (95% CI 0.14–0.48;
p < 0.001). The ERAS® group had a lower percentage of patients with moderate–severe malnutrition
on admission, at 23.4% (37 patients) against 36.2% in the control group (42 patients) (p = 0.023),
with an OR of 0.47 (95% CI 0.29–0.75; p < 0.002) and an adjusted OR of 0.48 (95% CI 0.29–0.78;
p = 0.003). The number of patients who required admission to the intensive care unit (ICU) was
also markedly lower: 54 from the ERAS® group (25.4%) versus 71 from the control group (44.9%)
(p < 0.001). Conclusions: The inclusion of ≥70-year-old adults in the ERAS® programme resulted
in a decrease in transfusions, number of erythrocyte concentrates transfused, and number of ICU
admissions, along with improved nutritional status.

Keywords: colorectal surgery; geriatric assessment; ERAS; postoperative complications;
older patients

1. Introduction

Cancer is the leading cause of death in adults in developed countries [1]. Globally,
colorectal cancer (CRC) is the third most common cancer in men and the second most
common in women. In Spain, CRC became the leading cause of death in women in 2020,
surpassing breast cancer [2]. Seven out of ten patients diagnosed with CRC [3] and about
60% of patients undergoing elective or urgent surgery due to colorectal cancer are over
65 years of age [4].

Surgery plays a key role in CRC treatment [5] but is associated with a high complication
rate that can range from 8% to 63% [6] and global perioperative mortality of between 1%
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and 12% [7]. Old age adds further mortality and perioperative complications, hampers
functional recovery, and increases costs [8]. Although some studies found no differences
when age was the only factor taken into consideration [9], ageing-related factors such as frailty
and the presence of geriatric syndromes were associated with an increase in mortality and
morbidity [10,11]. Similarly, factors such as anaemia and malnutrition, which are common in
gastrointestinal pathology, have been associated with worse postoperative outcomes.

Anaemia is an independent risk factor for complications, prolonged hospital stay,
and increased mortality in any type of surgery [12,13]. In the case of CRC, it has been
related to the advanced stage and proximal location of the tumour, and it has also been
attributed prognostic value due to its relationship with overall survival and cancer-specific
survival [14]. It is common in older adults [15], especially in the case of colorectal neo-
plasm, where blood loss is frequent [16]. Moreover, the transfusion rate itself increases
complications and mortality [17,18]. Malnutrition is another strong predictor of morbidity,
mortality, prolonged hospitalisation, and readmissions [19]. Consequently, the Spanish
Multimodal Rehabilitation Group (GERM) and the European Society of Nutrition and
Metabolism (ESPEN) emphasise screening for and correcting nutritional deficiencies before
surgery [20,21] within enhanced recovery programmes like Fast-Track or ERAS® (Enhanced
Recovery After Surgery) [22].

These programmes were developed in order to reduce surgical stress, accelerate recov-
ery, and improve the postoperative outcome in patients undergoing colorectal surgery [23].
The implementation of ERAS® programmes has been shown to reduce complications and
shorten hospital stays over the last few years, improving the cost-effectiveness of these
processes as a result [24]. These improved results have been evinced for both scheduled
and urgent surgeries [25,26]. Several studies have shown the safety of these early recovery
programmes [27], but it remains to be seen to what extent these improve hospital outcomes
in older adults.

The aim of this study was to assess whether the ERAS® programme implemented in
our hospital for ≥70-year-old patients improved their nutritional status and reduced their
transfusion rate, postoperative complications, hospital stay, and mortality.

2. Materials and Methods

A quasi-experimental before-and-after study in a hospital environment was designed
to include all patients consecutively admitted for elective surgery due to colorectal neo-
plasm to the General Surgery Department of Hospital Universitario La Ribera (HULR) from
1 January 2011 to 31 December 2019. The sample consisted of 213 patients who were
included in the ERAS® programme since its introduction in 2016 and a further 158 patients
previously operated on and treated via traditional means who were included in the control
group between 1 January 2011 to 31 December 2015. A bivariate analysis was completed
between two periods in the control group (1 January 2011 to 30 June 2013 versus 1 July
2013 to 31 December 2015) to check the homogeneity in the clinical practice during these
two periods. No statistical differences were found between groups. HULR is a tertiary care
hospital and covers a population of 263,001 inhabitants, of which 19.4% are people aged
65 and over.

2.1. Eligibility Criteria
2.1.1. Inclusion Criteria

Patients aged 70 or over electively admitted to the General and Gastrointestinal Surgery
Department to undergo curative surgery (which seeks to remove the entire tumour, nearby
lymph nodes included) for colorectal cancer resection, stage I–III at diagnosis, were included.

2.1.2. Exclusion Criteria

The study excluded emergency surgery hospital admissions, patients with metastasis
at the time of diagnosis, those who had relapsed or were receiving palliative surgery, and
patients with an expectation of less than 6 months, according to the Palliative Prognosis
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Score (PaP Score) [28]. In total, 9.2% of patients from the initial ERAS group and 8.7% from
the initial control group did not fulfil the eligibility criteria and were excluded from the
sample. The causes were basically progression of the disease at the time of surgery that led
to a palliative approach, unresectability, or rapid deterioration of the patient that did not
allow adherence to the programme.

2.2. Sample Size

The sample size was calculated considering a transfusion rate of 50% prior to the
onset of the ERAS® protocols, with an estimated reduction in said rate of 20% by fixing
alpha and beta error values of 5%. These data evidenced the need to include a minimum
of 154 patients per group. Subsequently, a calculation of the power of the study with the
drafted sample was carried out, obtaining a power of 99.5%.

2.3. Intervention

The ERAS® protocol developed for the preoperative period in HULR consists of the
diagnosis and treatment of anaemia (haemoglobin levels < 13 g/dL in men and <12 g/dL in
women) through dosing ferric carboxymaltose, depending on the Hb levels and according
to the medication data sheet, 2 to 4 weeks prior to surgery [29]. An assessment of nutritional
status through the Controlling Nutritional Status (CONUT) score was performed. Patients
classified as risk-free or with a slight risk of malnutrition (CONUT 0–4) were given dietary
advice. Those who were classified with moderate–severe risk (CONUT > 4) were prescribed
enteral supplements [30]. All patients were referred to a specialised physiotherapist who
instructed them in the management of a respiratory incentive to improve lung function and
assigned them an exercise chart taking into account several characteristics of the patient.
Throughout this time, a telephonic follow-up was carried out by the nursing staff of the
surgery unit, who coordinated the process and stayed in contact with patients and their
families. One of the fundamental objectives was that the time between diagnosis and
surgery should not exceed 4–5 weeks.

From admission to discharge, patients were treated following the recommendations of
the 2014 Enhanced Recovery in Abdominal Surgery (RICA) clinical pathway, elaborated by
the Spanish Multimodal Rehabilitation Group (GERM) [31].

Patients assisted before the introduction of the ERAS® protocol in our hospital were
treated as recommended via the clinical pathways of both anaesthesia and general surgery
of that time, which involved no nutritional intervention, nor iron administration, nor
physical activity guides.

2.4. Variables and Outcomes

Several variables were included: demographic variables (age and sex), anthropometric
variables (weight, height, and body mass index (BMI)), frailty according to the Balducci Scale
(validated for geriatric oncology because of its simplicity and agility) [32] and presence of
geriatric syndromes, comorbidity and Charlson Index [33], tumour location and staging;
laboratory data, proinflammatory state markers (C-reactive protein (PCR) and procalcitonin)
and hospital process data, complications, intensive care unit admissions, hospital stay, number
of reinterventions, readmissions, hospital mortality, and 1-year mortality.

The principal outcome was to determine whether the introduction of the ERAS®

programme reduced the anaemia and malnutrition incidence at the time of surgery. It was
considered that a patient suffered from anaemia if their haemoglobin levels were <13 g/dL
in men and <12 g/dL in women, according to the WHO (World Health Organisation)
classification [34]. The transfusion incidence (percentage of transfused patients out of the
total number of operated patients) and the Total Transfusion Index (number of erythrocyte
concentrates used per operated patient) were registered. The nutritional status was assessed
at admission and discharge by scoring on the CONUT nutritional index, calculated from
albumin serum levels, overall cholesterol, and lymphocyte count. Depending on the
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calculated value, patients were classified as risk-free or with slight risk of malnutrition if
the total was CONUT ≤ 4 and as moderate–severe risk if CONUT > 4.

The effect of our intervention was also studied to determine whether it was reflected
in the incidence of complications, both medical (delirium, heart failure or respiratory insuf-
ficiency, infections, etc.) and surgical (suture dehiscence, intestinal pseudo-obstruction (un-
derstood as a lack of gastrointestinal transit and oral tolerance set out 5 days post-surgery)
and surgical wound infection), in the number of ICU admissions and reinterventions,
hospital stay, readmissions rate, hospital mortality, and 1-year mortality.

2.5. Statistical Analysis

Data were analysed using version 22 of the statistical software program SPSS (SPSS
Inc., Chicago, IL, USA).

A description of the qualitative variables (including dichotomous variables) through
the use of absolute and relative frequencies was made. For quantitative variables, mea-
sures of central tendency (mean) were used, along with measures of dispersion (standard
deviation (SD) or interquartile range (IQR)), depending on whether or not variables met
normal distribution criteria as determined using the Kolmogorov–Smirnov test.

A bivariate calculation was performed for the variables mentioned in the main and
secondary objectives. Student’s t-test was used for quantitative variables with a normal
distribution, and the Chi-Square test was used for qualitative variables. A binary logistic
regression was made for the “transfused erythrocyte concentrates” variable by calculating
the crude and adjusted odds ratio (OR) for the following variables: age, sex, Charlson
Index, frailty, tumour stage, and CONUT score at hospital admission.

A multiple logistic regression model was built in order to study the need for transfu-
sions, presence of malnutrition, need for ICU admissions, and hospital stays of ≤6 days.
Survival was estimated using the Kaplan–Meier statistical method, and the difference
between groups was estimated using the Mantel–Haenszel test.

Variables related to 1-year mortality were assessed using Cox’s proportional hazards
model and defined as deaths that occurred in the following 365 days.

Moreover, the Number Needed to Treat (NNT) calculation was performed using the
NNT macro for SPSS [34], in order to determine the need for transfusion and the presence
of malnutrition, ICU admissions, and stays longer than 6 days.

The significance threshold was set to a value of p < 0.05.

3. Results

In total, 371 patients were included in the study period (213 in the ERAS® group and
158 in the control group), of whom 212 (57.1%) were men. The average age was 77.9 years
old (ranging from 70 to 96 years old), and the average Charlson Index was 3.4 (SD 3.3). The
most frequent tumour location was the colon, with an incidence of 55%. No differences
were found in relation to sex between groups in the bivariate analysis, but age differences
were found: the average age was significantly higher in the ERAS® group, 78.5 years old
(SD 5.14) compared to 77.0 (SD 5.41) in the control group (p = 0.009, Table 1). Likewise,
the ERAS® group presented a higher incidence of myocardial ischaemia, heart failure,
diabetes mellitus, and frailty, together with a significantly higher localisation rate of colon
neoplasm—61.7% compared to 55.1% in the control group (p = 0.018). Table 1 presents the
main features of each group at hospital admission.

The percentage of laparoscopies was substantially higher in the ERAS® group—66%
compared to 45% in the control group (p < 0.001). The duration of surgery was also higher,
with 197 min (SD 65.32) in the ERAS® group against 170 min (SD 64.0) in the control group
(p < 0.001). The number of reoperated patients was higher in the ERAS® group, at 10.3%
compared to 4.4% in the control group (p = 0.049, Table 2).

31



Int. J. Environ. Res. Public Health 2022, 19, 15299

Table 1. Baseline characteristics of the ERAS and control group.

ERAS
(n = 213)

Non-ERAS
(n = 158)

p

Age (years), mean (SD) 78.5 (5.14) 77.0 (5.41) 0.009

Sex n (%)
Male 119 (55.9%) 93 (58.9%)

0.597Female 94 (44.1%) 65 (41.1%)

BMI, mean (SD) 28.7 (4.49) 28.1 (4.64) 0.681

Charlson Comorbidity Index,
mean (SD) 3.37 (3.19) 3.50 (3.53) 0.168

Pathological history

Frailty signs n (%)
0 72 (33.8%) 73 (46.2%)

0.0181 or more 141 (66.2%) 85 (53.8%)

Dementia n (%) 5 (2.3%) 5 (3.2%) 0.749

Stroke n (%) 18 (8.5%) 12 (7.6%) 0.849

Heart failure n (%) 56 (26.3%) 19 (12.0%) 0.001

Myocardial ischaemia n (%) 36 (16.9%) 9 (5.7%) 0.001

Chronic pulmonary disease n (%) 35 (16.4%) 26 (16.5%) 1.000

Diabetes mellitus n (%) 70 (32.9%) 29 (18.4%) 0.002

Chronic renal insufficiency n (%) 14 (6.6%) 13 (8.2%) 0.551

ASA score n (%)
I 85 (39.9%) 63 (39.9%)

0.912II 121 (56.8%) 91 (57.6%)
III 7 (3.3%) 4 (2.5%)

Endovenous iron treatment before
surgery 114 (53.5%) 0(0%) <0.001

Tumour location n (%)
Colon 143 (67.1%) 87 (55.1%)

0.018Rectosigmoid 70 (32.9%) 71 (44.9%)

Stage n (%)
I 68 (31.9%) 36 (22.8%)

0.014
II 64 (30.0%) 55 (34.8%)
III 69 (32.4%) 45 (28.5%)
IV 12 (5.6%) 22 (13.9%)

Legend: ERAS: Enhanced Recovery After Surgery; BMI: body mass index; ASA: American Society of Anaesthesiologists.

Table 2. Results of bivariate analysis of variables during hospital stay and hospital discharge.

ERAS
(n = 213)

Non-ERAS
(n = 158)

p

Type of surgery n (%)
Open 73 (34.3%) 76 (49.0%)

<0.001Laparoscopy 140 (65.7%) 72 (46.5%)

Surgery duration (minutes), mean (SD) 197 (65.32) 170 (63.99) <0.001

Haemoglobin (g/dL) at admission, mean
(SD) 12.3 (1.70) 12.2 (2.01) 0.492

Anaemia n (%) 114 (53.5%) 87 (55.1%) 0.833
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Table 2. Cont.

ERAS
(n = 213)

Non-ERAS
(n = 158)

p

Lymphocytes (1.109/L), mean (SD) 2.35 (0.97) 2.41 (1.00) 0.563

Cholesterol (mg/dL), mean (SD) 147.4 (43.09) 134.7 (43.71) 0.006

Albumin (g/dL), mean (SD) 3.64 (0.65) 3.38 (0.80) 0.001

C-reactive protein (mg/mL), mean (SD) 63.4 (68.92) 51.2 (63.90) 0.127

Procalcitonin (mg/mL), mean (SD) 0.46 (1.30) 0.37 (0.85) 0.409

CONUT score at admission, mean (SD) 2.70 (2.79) 3.64 (3.34) 0.009

CONUT > 4 at admission n (%) 50 (23.6%) 59 (40.2%) 0.010

Hospital stay (days), mean (DS) 11.5 (10.20) 11.4 (8.58) 0.926

Admissions of at most 6 days n (%) 57 (26.8%) 28 (17.7%) 0.046

ICU admissions n (%) 54 (25.4%) 71 (44.9%) <0.001

Adverse events in the postoperative
period n (%) 124 (53.7%) 103 (65.2%) 0.530

Medical complications n (%) 45 (21.1%) 29 (18.4%) 0.599

Delirium n (%) 15 (7.0%) 12 (7.6%) 0.843

Heart complications n (%) 19 (8.9%) 7 (4.4%) 0.104

Respiratory complications n (%) 12 (5.6%) 11 (7.0%) 0.666

Digestive complications n (%) 5 (2.3%) 0 (0.0%) 0.075

Urinary tract infection n (%) 8 (3.8%) 4 (2.5%) 0.568

Surgical infection n (%) 12 (5.6%) 5 (3.2%) 0.321

Surgical complications n (%) 57 (26.8%) 53 (33.5%) 0.169

Intestinal pseudo-obstruction n (%) 50 (23.5%) 46 (29.1%) 0.232

Suture dehiscence n (%) 9 (4.2%) 5 (3.2%) 0.784

Reintervention n (%) 22 (10.3%) 7 (4.4%) 0.049

Transfusion rate n (%) 42 (19.7%) 75 (47.5%) <0.001

TTI (SD) 0.52 (1.24) 1.68 (2.75) <0.001

Minimum haemoglobin (g/dL) at episode,
mean (SD) 10.11 (1.38) 9.73 (1.53) 0.013

Haemoglobin at discharge, mean (SD) 11.03 (1.39) 10.76 (1.27) 0.056

Cholesterol at discharge (mg/dL), mean
(SD) 132.2 (29.84) 124.6 (33.14) 0.023

Albumin at discharge (g/dL), mean (SD) 3.18 (0.39) 3.04 (0.40) 0.001

CONUT at discharge, mean (SD) 4.69 (2.40) 5.72 (2.86) 0.002

CONUT > 4 at discharge n (%) 83 (39.2%) 86 (54.8%) 0.002

Readmissions n (%) 5 (2.3%) 4 (2.5%) 1.000

Hospital mortality n (%) 9 (4.2%) 4 (2.5%) 0.570

1-year mortality n (%) 24 (11.3%) 12 (7.6%) 0.288
Legend: ERAS: Enhanced Recovery After Surgery; TTI: Total Transfusion Index; CONUT: Controlling Nutritional
Status; n: total number; %: percentage; SD: standard deviation; g: grams; dL: decilitres; mg: milligrams; L: litres.

There were no differences in haemoglobin levels at admission or at discharge, but
differences in the minimum levels of haemoglobin registered during the hospital stay were
significant. A meaningful reduction in the transfusion rate was observed in the ERAS®

group—19% against 47% in the control group (p < 0.001). The Total Transfusion Index was
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considerably lower in the ERAS® group, at 0.52 (SD 1.24) compared to 1.68 (SD 2.75) in
the control group (p < 0.001, Table 2). There were no differences in the overall incidence of
medical or surgical complications (Table 2).

It was observed in the multivariate analysis that patients included in the ERAS® group
presented a crude OR of transfusion of 0.27 (95% confidence interval (95% CI) 0.17–0.43;
p < 0.001), with an adjusted OR of 0.26 (CI 95% 0.14–0.48; p < 0.001) (Table 3). The Number
Needed to Treat (NNT) in the ERAS® programme in order to avoid transfusion was 4
(Table 4).

Table 3. Multivariate logistic regression analysis of significant variables in association with participa-
tion in the ERAS® programme, including the following adjusted variables: age, sex, Charlson Index,
frailty, tumour stage, and CONUT score at admission.

Crude OR 95% CI p Adjusted OR 95% CI p

Transfusion 0.27 0.17–0.43 <0.001 0.26 0.14–0.48 <0.001

CONUT > 4 at
admission 0.46 0.29–0.76 0.002 0.48 0.29–0.78 0.003

CONUT > 4 at
discharge 0.52 0.34–0.80 0.003 0.55 0.36–0.85 0.007

ICU admissions 0.34 0.21–0.57 <0.001 0.42 0.27–0.65 <0.001

LOS ≥ 6 days 1.41 0.73–2.75 0.309 1.39 0.75–2.68 0.311

Legend: CONUT: Controlling Nutritional Status; ICU: intensive care unit; LOS: length of stay; OR: odds ratio; CI:
confidence interval.

Table 4. Number Needed to Treat in order to benefit from participation in the programme.

NNT 95% CI

Transfusion 3.6 2.7–5.5

CONUT < 4 at admission 6.9 4.2–18.3

CONUT > 4 at discharge 6.4 3.9–18.7

ICU admissions 5.1 3.4–10.2

LOS ≤ 6 days 4.4 3.2–7.3
Legend: NNT: Number Needed to Treat; CONUT: Controlling Nutritional Status; ICU: intensive care unit; LOS:
length of stay; CI: confidence interval.

In regard to nutritional assessment, the ERAS® group presented a statistically lower
percentage of moderate or severe malnutrition (estimated using the CONUT score) at
admission—23.6% against 40.1% in the control group (p = 0.010). In fact, the average score
in the CONUT nutritional screening was also significantly lower upon admission in ERAS®

group patients—2.7 (SD 2.8) against 3.64 (SD 3.6) in the control group (p = 0.012). The
improvement in nutritional status was also reproduced at hospital discharge, at which
point patients in the ERAS® group had a CONUT score of 4.69 (SD 2.40) compared to 5.72
(SD 2.86) in the control group (p = 0.003).

It was observed in the multivariate analysis that patients in the ERAS® group presented
a lower risk of moderate or severe malnutrition at admission, with an OR of 0.47 (95%
CI 0.29–0.75; p < 0.002) and an adjusted OR of 0.48 (95% CI 0.29–0.78; p = 0.003). The OR
of presenting moderate–severe malnutrition at discharge was significantly lower in the
ERAS® programme patients, at 0.52 (95% CI 0.34–0.80; p < 0.003), with an adjusted OR of
0.55 (95% CI 0.36–0.85; p = 0.007) (Table 3). The NNT calculated in a patient in order to
avoid malnutrition at admission was 7 (Table 4).

This lower transfusion rate and improved nutritional status translated into a higher
percentage of patients with a hospital stay of ≤6 days in the ERAS® group—26.8% against
17.7% of the control group (p = 0.046). There were no differences in the total hospital stay,

34



Int. J. Environ. Res. Public Health 2022, 19, 15299

the mean being 11.5 days (SD 10.2) in the ERAS® group compared to 11.4 days (SD 8.58)
in the control group (p = 0.926). The increased complexity of the profile of patients in the
ERAS® group did not lead to a longer stay, and the percentage of patients that required
admission to the ICU was significantly lower—25.4% compared to 44.9% in the control
group (p ≤ 0.001). No differences were found in the overall incidence of surgical or medical
complications (Table 3). Further, no differences in hospital mortality or 1-year mortality
were found.

4. Discussion

The data from our study show that the participation of older patients in the ERAS®

programme since its implementation in 2016 has resulted in a substantial decrease in the
following variables: the number of patients requiring transfusion, number of erythrocyte
concentrates used, number of patients with moderate or severe malnutrition at the moment
of surgery and at discharge, and ICU admissions.

The progressive population dynamics are leading to an increase in older-age patients
that will eventually need surgical procedures [34,35], and this can be seen in the higher
age of the intervention group compared to the control group. The reduction in the number
of patients requiring transfusion observed in this study after the implementation of the
enhanced recovery programme was previously also described for patients undergoing
thoracic and orthopaedic surgery [36,37].

In this study, the probability of receiving a transfusion was related to the laparoscopic
approach and initial haemoglobin, but the probability of requiring transfusion decreased
for all patients who participated in the ERAS® programme, regardless of preoperative
anaemia levels.

This outcome can be related to the intravenous administration of ferric carboxymaltose
before surgery [29,38], the application of more restrictive transfusion strategies, and less
invasive surgical techniques. These proceedings are included in the ERAS® protocol [39,40].

Although nutritional deficiency is frequent in patients with neoplasm, especially in
gastrointestinal neoplasm, the protocol managed to significantly reduce the percentage
of patients with moderate or severe malnutrition at admission, thanks to the presurgical
nutritional intervention that was carried out. Moreover, the risk of malnutrition is high
in hospitalised patients and increases as hospital stays are prolonged [41]. In our case,
the number of patients with malnutrition increased with the stay duration, but it was
significantly lower in the ERAS® group than in the control group.

These results show the need for pre-surgical prehabilitation protocols like ERAS®,
through which patients who undergo elective colorectal surgery can be optimised and have
an early recovery. In this regard, the diagnosis and early control of anaemia and malnutri-
tion are crucial for decreasing anaemia incidence at the moment of surgery, reducing the in-
take of blood-derivative drugs [36,39,42,43], and improving nutritional status [19,21,40,44].

No reduction was observed in the incidence of medical and surgical complications,
hospital stay, or mortality, as reported in previous studies [38]. However, it is worth noting
that patients in the ERAS® group presented higher prevalence of frailty, diabetes, and
chronic heart disease, which may have influenced the absence of significant differences. In
fact, the higher prevalence of frailty in the ERAS® group, as previously described, could
be associated with an increase in complications, hospital stay, and readmissions and a
reduction in survival [45]; these results correlate better with the presence of frailty than
with age, morbidity, or even the severity of the surgical process [10,46]. Despite this more
complex profile, the ERAS® group presented a significantly higher proportion of patients
with a hospital stay of less than 6 days and a decrease in ICU admissions.

Patients in the ERAS® group underwent laparoscopy to a larger extent than the control
group and presented a longer surgery duration, which was not associated with an increment
in the incidence of intestinal pseudo-obstruction in the postoperative period. In line with
previous studies, our intestinal pseudo-obstruction incidence was high (23.5%), despite the
decreased transfusion rate, use of morphics, and guided management of fluid therapy, as
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all these interventions are included in ERAS® patient management and are also related to
this complication [47].

Limitations

The study presents the typical biases of quasi-experimental studies, such as those of
selection, especially the use of a historical cohort as a comparison group, and of confu-
sion [48]. The main limitation of the study results from its nonrandomised design, which
led to differences between groups in terms of the prevalence of frailty, diabetes, heart
failure, and myocardial ischaemia. The bivariate analysis shows a more complex profile
of patients in the intervention group than in the control, which confers greater internal
validity to the results obtained by the intervention. A registration of patient adherence to
the programme, which would have sustained the obtained outcomes, was not performed.
Personal histories from the non-ERAS® group were retrospectively collected, with biases
resulting from the loss of information this entails.

5. Conclusions

The ERAS® intervention reduced the need for transfusions and the number of trans-
fused erythrocyte concentrates; furthermore, it improved the nutritional status of patients
at admission and discharge, reduced ICU admissions, and increased the percentage of pa-
tients with hospital stays of less than 6 days. These results suggest that elderly patients can
also benefit from participation. Further studies in patients in this age range are necessary
to more exactly determine the true potential of the ERAS® programme in these patients.
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Abstract: Patients with knee osteoarthritis show low stair climbing ability, but a diagnosis of stair
performance time is not enough to identify the early stages of knee osteoarthritis. Therefore, we
developed an indicator named range of the knee joint trajectory (RKJT) as a kinematic parameter
to express more detailed characteristics than stair performance time. To achieve this, we used our
developed “IR-Locomotion”, a markerless measurement system that can track the knee joint trajectory
when climbing stairs. This study aimed to test whether the RKJT effectively identifies patients with
early knee osteoarthritis even after controlling stair performance time. Forty-seven adults with
moderate to severe knee pain (mean age 59.2 years; 68.1% women) underwent the radiographic
examination (Kellgren and Lawrence grade) of both knees and a stair climbing test on 11 stairs. The
RKJT during the stair climbing test was calculated by “IR-Locomotion”. A generalized linear mixed
model was used to evaluate the discriminative capability of RKJT on early knee osteoarthritis (i.e.,
Kellgren and Lawrence grade of 1). As expected, patients with early knee osteoarthritis showed
larger RKJT than non-radiographic controls (95% confidence interval: 1.007, 1.076). Notably, this
finding was consistent even after adjusting stair performance time.

Keywords: IR-Locomotion; non-contact markerless measurement system; knee joint trajectory; early
knee osteoarthritis; stair climbing

1. Introduction

Knee osteoarthritis (KOA) is one of the most common arthropathies in the elderly,
causing pain and limited range of motion in the knee joint [1], eventually bringing total
knee arthroplasty. There has been increasing interest in identifying the early stages of KOA,
as no effective disease modifying treatments are available to postpone or prevent KOA.
Early diagnosis improves treatment outcomes for patients with KOA [2,3].

Previous researchers have investigated the diagnostic ability of knee joint moments
for early KOA during level walking, but these variables were unable to effectively identify
early KOA [4–6]. Poor diagnostic ability may be due, at least in part, to level walking that
is biomechanically easy for patients with early KOA. Biomechanically and physiologically,
more challenging tasks may be suitable for identifying early KOA. Stair walking is known
as one of the most demanding tasks in daily activities [7]. For example, the knee joint load
during stair walking is greater than that during level walking [8–10]. Our previous study
showed that patients with early KOA take longer to climb stairs [11]. This evidence suggests
that stair climbing performance time may identify early KOA, but the prediction accuracy
is inadequate [11]. In addition to stair climbing performance time, other parameters are
required to effectively identify early KOA. Biomechanical outcomes such as joint movement
are effective not only in diagnosing but also in understanding the mechanism of symptom
progression. However, there is little research which is related to the early KOA [12].
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An early KOA detection system is assumed to be installed in houses to daily diagnose
the activities of people because few people will bother to seek medical attention in the
unconscious early stages of the disease. As measuring activities at the house is delicate, an
infrared-based depth sensor, which is non-contact and markerless, to measure kinematic
parameters is reasonable at the point of considering privacy protection and body constraint-
free. Our previously proposed measurement system, “IR-Locomotion” [13] acquires body
joint trajectory based on a depth sensor. In this study, we used a modified version of
“IR-Locomotion” [14] to reveal the kinematic characteristics of early KOA patients during
stair climbing using for feasibility.

Knee flexion angle in the sagittal plane is known as a significant parameter that reflects
the differences between KOA patients and controls [15]. However, the calculation of knee
flexion angle using hip, knee, and ankle joint position has a risk of significant error because
the depth data around ankle joint position has often noises as feet are always near stairs
and are difficult to extract by the depth sensor. Thus, we hypothesized that the knee joint
trajectory in the sagittal plane, which is more simply acquired and less affected by body
shapes than knee flexion angle, reflects the characteristics of knee movements of early
KOA patients. Since patients with KOA are likely to have less knee flexion [15] and lower
external knee flexion moment when climbing stairs [16], the knee joint trajectory of early
KOA patients is likely different from the controls. When the knee flexion angle, which
mainly occurs in the sagittal plane, is slight, the displacement of the knee joint trajectory
should be significant because the hip joint must be flexed significantly to keep the leg at
a sufficient distance from the nosing line.

Our main aim in this paper was to explore the differences between early KOA patients
and control groups based on knee joint trajectory, which can be acquired by “IR-Locomotion,”
for the development of a system that can be introduced into daily life to screen for early
KOA progression as a further aim. In terms of the Kellgren and Lawrence (K&L) grade,
which indicates the level of KOA symptoms, the people suspected as early KOA patients
with osteophytes or subchondral osteosclerosis are classified into K&L grade of 1, and people
without such suspicion are classified into K&L grade of 0. A longitudinal study has shown
that patients who are diagnosed with a K&L grade of 1 are more likely to worsen to a K&L
grade of 2 or higher, which means that patients with a K&L grade of 1 are in the advanced
stages of KOA. The importance of diagnosing KOA at an earlier stage is evident. Throughout
the observation of the knee joint trajectories during stair climbing using “IR-Locomotion”, we
hypothesized that early KOA patients perform a more significant knee joint trajectory than
non-radiographic controls in the sagittal plane even after controlling the stair climbing time.
This study aimed to examine the hypothesis of identifying early KOA patients using a knee
joint trajectories-based indicator during stair climbing.

2. Materials and Methods

2.1. Participants

This study was a secondary cross-sectional baseline analysis of data from a randomized
controlled trial [17]. The data of the community-based adults over the age of 50 interested
in the measurement were collected via the internet. The inclusion criteria were (1) adults
over the age of 50 years; (2) K&L values below grades 0 and 1 were assessed using weight-
bearing anteroposterior radiographs for one or both knees; (3) Average pain experienced
on a numerical rating scale was greater than three and less than ten over the previous
month. The details were based on the previous report [17]. The targets of this study were
distinguished into the K&L grade 0 group (control: OA identified without radiography)
and the K&L grade 1 group (early KOA), focusing on early KOA detection. In this study,
we did not check the type of KOA, so both primary and secondary KOA were mixed.

2.2. Radiographic Severity of Osteoarthritis

A trained examiner (HI) used the original version of the K&L grading system [18]
to assess the radiographic severity of the tibiofemoral joints in both knees. Examiner
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had excellent credibility scores as both intra-examiner (κ: 0.876; 95% CI: 0.829, 0.924) and
inter-examiner (κ: 0.845; 95% CI: 0.793, 0.897) [19].

2.3. Instrumentation of Stair Climbing Test

Kinect v2 (Microsoft, Redmond, WA, USA), an RGB-D sensor, was used to measure
knee joint positions when climbing stairs. Kinect v2 has a skeleton tracking function that
can automatically detect the position of joints based on the machine learning concept.
However, it is often impossible to detect the knee joint positions when climbing stairs. The
reason is that Kinect v2 does not contain the data acquired by the tilted sensor and needs to
be tilted to capture the stair climbing [20]. Therefore, in this study, we used our previously
suggested method to obtain the knee joint trajectories with Kinect v2 [13,14]. According to
the previous method, we only used depth data captured from behind when climbing stairs.
All data were sampled at 20 Hz. The experimental setup is shown in Figure 1. Kinect v2
was set at a distance of 1440 mm from the stairs, a height of 860 mm, and a tilt of 20 degrees
as close as possible without interfering with walking so that it would fit within the angle
of view. Since the start and end of walking included acceleration and deceleration (i.e.,
non-steady), the analysis range was set from an arbitrary step to the step before and was
extracted from seven steps except the first and the last two steps.

 

Y

Z

Figure 1. Experimental setup for stair climbing measurements using “IR-Locomotion” as a non-
contact markerless system. We measured stairs climbing on an 11 steps staircase. The run length,
riser height, and width were 290 mm, 170 mm, and 1350 mm, respectively. Kinect v2, a markerless
RGB-D sensor, was set 1440 mm from the stairs at a height of 860 mm and 20 degrees tilted. Since the
start and end of walking included acceleration and deceleration, namely a non-steady state, the knee
joint trajectory of one step was extracted and analyzed from seven steps, excluding the first and the
last two steps.

2.4. Procedure for Eleven-Step Stair Climb Test (11-SCT)

Participants climbed the stairs wearing their clothes with specified typical shoes
(LD AROUND M, Mizuno, Tokyo, Japan) as fast as possible and following the method
recommended by OARSI [21]. In our 11-SCT, all participants started moving down the
stairs due to environmental constraints, while participants normally moved up the stairs in
the standard SCT. The 11-SCT contained two trials. The stairs consisted of 11 steps. The
run length, riser height, and width of the stairway were 290 mm, 170 mm, and 1350 mm,
respectively. Detailed information is provided in the previous report [17].
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2.5. Range of Knee Joint Trajectory (RKJT)

Since there was no significant difference in the time of the 11-SCT between ascending
and descending in both KOA and the control group [11], we focused on stair ascent in this
paper. As an example, as shown in Figure 2, an arbitrary step knee joint trajectory in the
sagittal plane was extracted for analysis. During stair walking, spatial position information
of the body must be processed based on different reference planes between each step. The
range of target steps on the depth (Z) axis was defined as the observed foot contact step, that
is, the stair nosing of the step and the next step. One cycle of the knee joint trajectory was
extracted for analysis in the range of two steps: the target step, including the stance phase,
and the step before it. The stair climbing motion was divided into five sections: two for the
swing phase and three for the stance phase, according to the previous method [22]. The
swing phase consisted of foot clearance (FCL) and foot placement (FP), while the stance
phase started from the initial contact (IC) and consisted of weight acceptance (WA), pull-up
(PU), and forward continuation (FCN).

Y

Z

Figure 2. Representative image of knee joint trajectory in one cycle of stair climbing. One cycle of
the knee joint trajectory was extracted in the range of two steps. The target step includes the stance
phase and the step before it. The swing phase consisted of foot clearance (FCL) and foot placement
(FP), while the stance phase started from the initial contact (IC) and consisted of weight acceptance
(WA), pull-up (PU), and forward continuation (FCN).

Since RKJT may change by the resolution of the analytical data depending on the
distance from the sensor, the characteristics of the subject’s gait, and the step positions,
it was confirmed in advance that there was no significant difference in the selection of
analysis steps between groups. The arbitrarily extracted step positions for analysis did not
follow a normal distribution pattern (Shapiro–Wilk test; p-value < 0.05), and the medians
were the same at 7 (Mann–Whitney U-test; p-value = 0.601).

We proposed a method to analyze the knee joint trajectories using our previous method.
Figure 3 shows the procedure of the proposed method. The flow is shown in Figure 3A.
First, we calculated the distance from each knee joint position to the nosing line that was
lined between stair nosing and defined as d (Figure 3B). Next, the d value was extracted in
the analysis range on the Z axis (Figure 3(C1)). The minimum value was only detected when
the foot stepped on (Figure 3(C2)), while two maximum values were detected before and
after the minimum value. Since this study focused on the ending of FCL to the beginning
of PU, where the knee joint moves greater in the d direction, the maximum value occurred
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during the swing phase before the minimum value was adopted (Figure 3(C3,4)). Finally,
the range of knee joint trajectory (RKJT), as the proposed index, was calculated as the
difference between the maximum and minimum values of d (Figure 3(C5)). When people
climbed by stepping on the edge of the steps, the maximum value deviated from the target
step, so the range of analysis should include the entire cycle. On the other hand, the wrong
maximum value could be adopted in another case because the range of analysis was too
wide. Therefore, when the maximum value was obtained near the boundary of the range,
the data of ±50 mm from the maximum value was deleted, and the maximum value was
obtained again. The threshold was determined in a try-and-error manner. All processes
were automated.

Z

d

Z

d

Z

d

Z

d

Z

d
C

B

d

C 

C 

C 

C 

C 

B

A
Y

Z

Z

d

Figure 3. Definition and calculation procedure of range of knee joint trajectory (RKJT). (A) The flow
of the procedure. (B) The distance (d) was calculated from the nosing line of the staircase to the
knee joint trajectory. The black dotted line represents the knee joint trajectory. The nosing line of
the staircase connects the stair nosing of all steps shown by the yellow line. The stair angle (θ) is the
angle formed by the nosing line of the staircase and the horizontal lines (Z). (C) The description of the
procedure is as follows: (1) The value d was calculated and extracted in the analytical range; (2) The
minimum value was determined (pink dots); (3) The knee joint trajectory before the minimum value
was extracted (bold black lines); (4) The maximum value was determined (pink dots); and (5) RKJT
was calculated. When the maximum value was obtained near the boundary of the analysis range, the
data of ±50 mm was deleted from the maximum value, and phase (4) was repeated.

Of the two trial data, this study used only the second trial data. Case 1 (ICC (1, 2)) of
the intraclass correlation coefficient (ICC) was applied to the RKJT data of both trials and
assessed in duplicate. The result was 0.759 with good duplicability [23].

2.6. Patients Characteristics and Covariates

Patients self-reported their age, gender, and height. Weight was digitally measured
with clothes on and shoes off. Body mass index (BMI) was calculated by dividing weight
(kg) by height (m) squared. Knee pain severity and disability levels were evaluated by
the Japanese Knee Osteoarthritis Measure (JKOM) subcategories of “pain and stiffness”
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(8 questions, 0–32 points) and “activities of daily living” (10 questions, 0–40 points) [24].
JKOM reflects the Japanese social and cultural background to globally standardized in-
dexes. Comparisons with the Western Ontario and McMaster Universities Arthritis Index
(WOMAC) [25] and the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-
36) [26] have shown adequate reliability and validity [24]. Knee pain during the 11-SCT
trial was reported using a visual analog scale (VAS).

2.7. Statistical Analyses

Participants diagnosed with K&L grades of 1 and 0 were selected as the early KOA
group and the control group (without radiographically identified KOA), respectively. RKJT
were calculated based on their knee joint trajectories. Both left and right limb data from the
second trial data were analyzed in this study. Differences in the RKJT mean values of each
group were calculated by an appropriate test after performing the normality test and the
equivariant test. The results of the Shapiro–Wilk’s test rejected the normality hypothesis
(p-value = 0.019), and the results of Levene’s equal variance test adopted the equal variance
hypothesis (p-value = 0.106). Therefore, the Mann–Whitney U-test was used to estimate
differences between the mean values.

A generalized linear mixed model (GLMM) was used, and a binomial logistic re-
gression analysis was performed to calculate the odds ratios and their 95% confidence
intervals (CI) for the evaluation of the proposed index (continuous). Proposed index,
limb side information (0: right; 1: left), age (continuous), gender, BMI (continuous), and
VAS pain score during 11-SCT (continuous) were entered as independent variables. The
K&L grade (0: K&L grade 0, 1: K&L grade 1) was entered as a dependent variable. Limb
side information explained random effects on participant-specific parameters [27,28]. The
remaining independent variables explained fixed effects. Age, gender, BMI, and VAS
pain scores were entered as covariates. All statistical analyses were performed using IBM
SPSS Statistics, version 25 (IBM, Armonk, NY, USA). The p-values less than 0.05 were
considered significant.

3. Results

Fifty-nine participants were included in the test. Eight participants were excluded
because of wearing oversized pants, which could reduce the accuracy of the data. Both
knees were individually considered. This means that 102 samples were calculated from the
data of 51 participants. Among them, 90 samples with K&L grade 0 or 1 were analyzed.
In addition, due to systematic measurement issues and clothing issues, the data of the
first trial were alternatively used in nine samples. According to Table 1, only K&L grade
1 participants were analyzed as early KOA patients (n = 20 participants, n = 35 knees),
and K&L grade 0 participants were taken as controls into account (n = 27 participants,
n = 55 knees). In four participants, only one knee was analyzed because the K&L grade of
the other knee exceeded 1. There were three controls and one early KOA.

Figure 4 shows a visual comparison of the law knee joint trajectory between controls
(Figure 4A) and early KOA (Figure 4B) patients with similar height and BMI.

Table 2 compares the RKJT differences between people with and without early KOA.
Early KOA people showed that RKJT was 10 mm larger than control group people (95%
CI: −17.6, −2.39 mm; p-value = 0.038). Binomial logistic regression shows that a 1 mm
increase in the proposed index was significantly associated with a 1.04-fold increase in the
odds ratio of early KOA after adjusting for covariates. Early KOA people seem to perform
11-SCT [11] for longer. Therefore, when we considered the stopwatch-based 11-SCT time as
an additional covariate, we confirmed whether the identified relationship between RKJT
and early KOA was similar. In fact, after adding 11-SCT in covariates (odds ratio: 1.037;
95% CI: 1.001, 1.073; p-value = 0.044), we found that the early KOA displayed a significantly
larger RKJT.
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Figure 4. Comparison of RKJT values for K&L grades 0 and 1. (A) shows data for participants with
K&L grade 0, and (B) shows data for K&L grade 1. The black lines show the analysis range, and the
pink dots show the maximum and minimum points extracted. The four silhouettes correspond to the
maximum and minimum values.

Table 1. Characteristics of participants and their knees.

Person-Level Characteristics
All

(n = 47 Participants)
Control

(n = 27 Participants)
Early KOA

(n = 20 Participants)

Age, years 59.2 ± 5.98 58.7 ± 6.18 60.0 ± 5.79
Female, no. (%) 32 (68.1) 17 (63.0) 15 (75.0)

Height, m 1.61 ± 0.0817 1.62 ± 0.0853 1.61 ± 0.0782
Mass, kg 59.2 ± 10.1 57.3 ± 8.75 61.8 ± 11.5

BMI, kg/m2 22.7 ± 3.04 21.8 ± 2.61 23.9 ± 3.26
Bilateral disease, no. (%) † 16 (34.0) 0 (0.0) 16 (80.0)

VAS pain score during 11-SCT, mm 14.3 ± 16.5; 8 [0, 63] * 10.7 ± 11.3; 4 [0, 34] * 19.2 ± 21.0; 10 [0, 63] *
JKOM, points

Pain and stiffness 6.70 ± 4.14; 6 [0, 22] * 5.59 ± 3.48; 5 [1, 16] * 8.20 ± 4.56; 7 [0, 22] *
Activities of daily living 2.89 ± 3.30; 2 [0, 14] * 2.00 ± 2.47; 1 [0, 8] * 4.10 ± 3.92; 3 [0, 14] *

Participation in social activities 2.66 ± 2.05; 2 [0, 9] * 2.15 ± 1.68; 2 [0, 7] * 3.35 ± 2.32; 3 [0, 9] *
General health conditions 1.96 ± 1.02; 2 [0, 4] * 1.78 ± 1.05; 2 [0, 3] * 2.20 ± 0.95; 2 [0, 4] *

Total score 14.2 ± 8.22; 12 [3, 49] * 11.5 ± 5.79; 10 [3, 25] * 17.9 ± 9.68; 16 [6, 49] *
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Table 1. Cont.

Person-Level Characteristics
All

(n = 47 Participants)
Control

(n = 27 Participants)
Early KOA

(n = 20 Participants)

Knee-level characteristics All
(n = 90 knees)

Control
(n = 55 knees)

Early KOA
(n = 35 knees)

K&L grade, no. (%)
Grade 0 55 (61.1) 55 (100.0) 0 (0.0)
Grade 1 35 (38.9) 0 (0.0) 35 (100.0)

BMI, body mass index; JKOM, Japanese Knee Osteoarthritis Measure; K&L grade, Kellgren and Lawrence grade;
KOA, knee osteoarthritis; VAS, visual analog scale; 11-SCT, 11-step stair climb test. Unless otherwise stated, the
values are mean ± SD. * Median [lower range–upper range] was provided because of the scattered distribution of
the answered items. † Bilateral disease was defined as K&L grade ≥1 in both knees. Participants diagnosed with
at least one K&L grade 1 knee were considered early KOA patients.

Table 2. Results of a binary logistic regression analysis investigating the relationship between RKJT
and the presence of early KOA.

Independent
Variable

Control
(n = 55 Knees)

Early KOA
(n = 35 Knees)

Difference
between Control
and Early KOA

Model 1 †
Control vs. Early KOA

Model 2 ††
Control vs. Early KOA

Mean ± SD Mean ± SD
Mean

(95% CI)
OR

(95% CI)
p-Value

OR
(95% CI)

p-Value

RKJT, mm 61.7 ± 18.4 71.7 ± 16.5 10.0
(−17.6, −2.39)

1.04
(1.01, 1.08)

0.018
1.04

(1.00, 1.07)
0.044

RKJT, range of knee joint trajectory; KOA, knee osteoarthritis; OR, odds ratio; 95% CI, confidence interval. † For
the presence of early KOA, Model 1 was calculated to indicate the predictive ability of independent variables
and simultaneously included (GLMM) age (continuous), female gender, body mass index (continuous), and VAS
pain score during 11-SCT (continuous) in the binary logistic regression model. †† For the presence of early KOA,
Model 2 was calculated to indicate the predictive ability of independent variables and simultaneously included
(GLMM) and the same variables as model 1 and the stopwatch-based 11-SCT time in the binary logistic regression
model. Bold fonts represent statistically significant results.

In addition, to infer the function of RKJT in early KOA, we calculated the RKJT corre-
lation between the maximum and minimum values. The correlation between RKJT and
the minimum value (Pearson’s correlation coefficients: −0.405; 95% CI: −0.624, −0.126;
p-value = 0.006) was shown to be higher than the correlation between RKJT and the maxi-
mum value (Pearson’s correlation coefficients: 0.296; 95% CI: 0.002, 0.542; p-value = 0.049).

The results without the knees which another knee was diagnosed as having more than
a K&L grade of 1, showed the same tendency. The same tendency was also shown in the
results, including a K&L grade of 2 in the early KOA group.

4. Discussion

This study hypothesized that RKJT in early KOA was greater than the controls during
steady stair climbing. Ninety samples of knee joint trajectories with K&L grades of 0 and 1
were analyzed. The average RKJT in early KOA patients was significantly greater than that
in controls, supporting the hypothesis. The results showed that RKJT could identify early
KOA patients.

4.1. Interpretation of Larger RKJT in People at Early KOA

Patients at early KOA showed larger RKJT than the control group, which means larger
knee joint movement in the sagittal plane. This indicates two theories: (1) Early KOA
patients bend their lower thighs forward and step deeply in the stance phase. (2) They
raise their lower limbs high during the swing phase. The first theory leads to a smaller
minimum value of knee joint trajectory, and the second theory leads to a larger maximum
value. The correlation coefficient results indicate that the correlation between RKJT and the
minimum value was greater than the correlation between RKJT and the maximum value,
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supporting the first theory. It can be considered that early KOA patients unintentionally
adopted a strategy that puts a high knee load on WA.

The larger RKJT in early KOA was independent of these factors, as GLMM included
age, gender, height, BMI, and VAS pain scores. Notably, this trend was similar after the
addition of 11-SCT time, indicating that poor stair walking performance cannot explain the
mechanism of larger RKJT in early KOA.

4.2. Significance and Clinical Impacts of Study

The development of a screening index in early KOA has not been achieved in previous
studies [4–6]. In this study, a new finding was that the range of the knee trajectories during
stair climbing, perpendicular to the nosing line, was significantly larger in patients with
early KOA. The results showed the importance of observing the knee joint trajectories in
early KOA screening. In addition, we proposed a simple diagnostic system that enables
frequent diagnosis. Kinetic parameters such as knee contact forces and external moments
have been considered in previous studies [6], but it was challenging to set up a device to
record kinetic parameters, such as force plates that must be embedded at each step. The
findings are clinically valuable because a simple measurement system can identify patients
at high risk of KOA, either at home or in rehab centers. Identifying patients with early
KOA could be a good screening tool for inclusion in clinical trials aiming to postpone its
radiological progression.

4.3. Study Limitations and Strengths

It is not easy to interpret the difference between RKJT with these results biomechani-
cally. However, the results show the ability of RKJT to distinguish people with K&L grades
of 0 and 1.

As the control group without radiographic KOA markers also complained of knee
pain, the results may not be applicable to asymptomatic healthy subjects. However, pain
cannot explain the difference between K&L grades 0 and 1 because the VAS pain score
was added to the covariates. Additionally, this study could not consider the effect of
patellar-femoral joint arthrosis as a confounding factor as we did not have skyline merchant
views. Still, at least a part of the effect of patellar-femoral joint arthrosis is considered by
adding the VAS pain score related to patellar-femoral joint arthrosis to the covariates, and
the results were robust.

The participants may be unable to walk normally because of wearing specified shoes
during the test. Instead, the effect of shoes was eliminated by unifying the shoe conditions
to reveal the feasibility of our system. On the other hand, we cannot conclude that the effects
of the users’ clothes or the physical conditions, which we did not unify the requirements,
are negligible only from this study.

“IR-Locomotion” has no installation constraints because there is no need to use large
equipment or attach devices to the subject. RKJT has strength in its simplicity for acquisition
compared with other kinematic and kinetic parameters. Therefore, early diagnosis of KOA
using RKJT may be possible in daily life. This study only validated the use of a diagnostic
system on one type of staircase. However, walking also depends on the slope of the stairs.
Future work will validate staircase designs that match those of the house.

5. Conclusions

To distinguish between early KOA (K&L grade 1) and control (K&L grade 0) patients,
we proposed a new index RKJT that uses the knee joint trajectory when climbing stairs.
The results showed a significant relationship between RKJT and K&L grades. Further-
more, RKJT was significantly correlated with K&L grade classification independent of
11-SCT time. These findings provide mechanistic insights into early KOA-related changes
in biomechanics.
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Abstract: (1) Background: The fear of falling (FOF) is a geriatric syndrome that causes a decrease in
daily activities and personal autonomy. Its prevalence is highly variable as are the methodologies
used to assess it. This study aimed at estimating the prevalence and describing the main determinants
of FOF in older adults attending a geriatric day hospital. (2) Methods: Descriptive, cross-sectional
study of individuals aged ≥70 years, who attended an ambulatory functional rehabilitation group in
the metropolitan area of Barcelona. FOF was assessed using the Activities-Specific Balance Confidence
(ABC) scale. Other recorded outcomes were: sex, age, marital status, living alone, level of education,
degree of autonomy, pain, previous falls, visual acuity, and signs of depression. Prevalence was
estimated overall and according to the possible determinants. (3) Results: The study included
62 individuals (66.1% women), with a prevalence of fear of falling of 38.7% (95% CI 26.2–51.2%).
The identified determinants were pain (OR = 7.4, 95% CI 1.4–39.7), a history of falls (OR = 25.3,
95% CI 2.1–303.4), poor visual acuity (OR = 5.6, 95% CI 1.0–29.8), and signs of depression (OR = 19.3,
95% CI 1.4–264.3). (4) Conclusions: The prevalence and determinants of fear of falling in older adults
attending geriatric day hospitals were similar to those described in those dwelling in the community.

Keywords: fear of falling; prevalence; determinants; geriatric day hospital; urban area; Activities-
Specific Balance Confidence (ABC)

1. Introduction

The fear of falling syndrome is defined as a decrease in usual daily activities caused
by said fear both in people with and without a history of falls [1]. The main consequences
of this syndrome are: a decrease in functional autonomy and the ability to perform basic
daily-life activities and usual physical activity; an increased risk of falling, depression
and progressive loss of the quality of life of older adults [2]. These consequences make
individuals frail and vulnerable [3].

The fear of falling syndrome is a significant health problem in older adults living in the
community. In this population, the prevalence of fear of falling is highly variable, ranging
from 20.8 to 85.0%, based on the study methodology and measurement systems used [2].
In Spain, a prevalence between 31.2 and 71.6% has been described [4–6]. On the other hand,
the main determinants of fear of falling in older adults living in the community include the
female sex, alteration of physical function, use of technical help to walk, a history of falls,
frailty, a perception of low quality of health, depression, chronic diseases, limitations of
instrumental activities of daily life, pain, level of education, and visual acuity [7–10].
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Some of the older adults living in the community go to a day hospital. For example, in
Catalonia, there are around 1.1 million people aged 70 years or more [11], of which around
8000 are treated at the 73 geriatric day hospitals that exist in Catalonia [12,13]. These centers
provide ambulatory day care to chronic patients with exacerbations and/or difficulty in
managing their pathology through a portfolio of services, including comprehensive and
interdisciplinary geriatric care, but also the administration of specific treatments such as
cognitive stimulation, functional rehabilitation, or prevention of falls. Patients attending
geriatric day hospitals can be derived from an intermediate care center to reduce the time
spent in hospital, or from primary care to solve a health need that requires specialized
geriatric care.

Several recent studies have described the prevalence of fear of falling and its possible
determinants in the community population. However, no specific data for day-hospital
patients are available—individuals who, although still living in the community and not
requiring hospitalization, need specialized health care. Knowing the prevalence and
determinants of fear of falling in this population would allow us to adopt specific guidelines
and strategies to prevent fear of falling and improve their care. Therefore, the aim of this
study was to estimate prevalence and describe the main determinants of fear of falling in
a sample of older adults attending an ambulatory geriatric care center in the urban area
of Barcelona.

2. Materials and Methods

2.1. Study Design and Population

This was a descriptive, cross-sectional study in community-dwelling individuals aged
≥70 years, who attended a functional rehabilitation group at the geriatric day hospital
of L’Hospitalet de Llobregat Healthcare Center (Barcelona) between September 2017 and
December 2018. Study participants had to be able to walk 10 m without stopping (with
or without technical help) and not present with cognitive deterioration (<2 errors in the
Pfeiffer scale [14]). Illiterate individuals were excluded due to their inability to complete
self-administered questionnaires.

All participants signed an informed consent document. Data were collected by as-
sessing participants’ medical histories and the Activities-Specific Balance Confidence
(ABC) questionnaire. If an individual could not complete this questionnaire on their
own, he/she could get help from relatives or the nurse on duty. The study protocol was
approved by the Clinical Research Ethics Committee of the University Hospital of Bellvitge
(reference PR269/17].

2.2. Study Outcomes

The primary outcome of the study was fear of falling, measured using the Activities-
Specific Balance Confidence (ABC) Scale (reliability 0.96, validity 0.84, sensitivity 0.65), a
16-item questionnaire scored from 0 to 100 measuring degree of confidence of balance in
not falling while performing activities of daily living [15]. An individual is considered to
have a fear of falling when his/her score is lower than 67 points [16].

Other variables analyzed were gender, age, marital status, living alone and level of
education. Degree of autonomy was analyzed based on the Barthel Index (<21 points,
total dependency; 21–60, severe dependency; 61–90, moderate dependency; 91–99, slight
dependency; and 100, independence) [17]. Similarly, participants’ pain was assessed using
the numerical rating scale (NRS): 0 points, no pain; 1–3, mild pain; 4–7, moderate pain; ≥8,
severe pain [18]. To dichotomize this outcome, the values 0–3 and 4–10 were used to define
the absence and presence of pain, respectively. The history of falls in the last six months
was assessed by asking the direct question, “Have you fallen in the last six months?” or
by checking participants’ medical histories; visual acuity was assessed using the Jaeger
chart (<7 points, correct; ≥7 points, incorrect) [19] and depression was assessed using a
short version of the Yesavage scale (0–1 points, no signs of depression; ≥2 points, presence
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of signs of depression) [20]. All these variables were collected from participants’ medical
histories or by asking them.

2.3. Statistical Analysis

Quantitative variables were described using medians and interquartile ranges (IQRs),
and categorical variables were described by absolute and relative frequencies. The preva-
lence of fear of falling was estimated using a 95% confidence interval (95% CI).

To identify the determinants of fear of falling, a bivariate analysis with logistic regres-
sion was performed with the following variables: sex, age, marital status, pain, previous
falls in the last six months, signs of depression, degree of autonomy, and visual acuity.
Then, a multivariate logistic regression model was carried out, with fear of falling as the
dependent variable and, as independent variables, those with a p-value < 0.25 of Wald
test in the bivariate analysis, or those that, when excluded from the model, the estimated
coefficients for the remaining variables changed markedly in magnitude (>10%) [21]. Given
the low number of cases, it was decided not to assess the interactions between possible
determinants. Results were presented as the estimated prevalence of fear of falling and the
corresponding OR for each category, together with their respective 95% CI. The level of
statistical significance was set at a bilateral alpha value of 0.05. All statistical analyses were
performed using the SPSS statistics software for Windows, version 22.

3. Results

3.1. Study Participants’ Characteristic

The study included a total of 62 individuals, whose socio-demographic and clinical
characteristics are shown in Table 1. Approximately two out of three participants were
women, and more than half were aged between 75 and 84 years. Most participants had
a primary education, lived with someone, and were either married or widowed. Over
60% were independent and did not present with pain, and about one in four had poor
visual acuity.

Table 1. Socio-demographic and clinical characteristics of study participants, n (%). n = 62.

Gender
Female Sex 41 (66.1)
Male Sex 21 (33.9)

Age
70–74 years 15 (24.2)
75–84 years 35 (56.5)
>84 years 12 (19.4)

Level of education
Primary (not completed) 4 (6.5)

Primary 57 (91.9)
Secondary 1 (1.6)

Marital status
Widowed 28 (45.2)
Married 32 (51.6)
Divorced 2 (3.2)

Lives alone 23 (37.1)

Degree of autonomy a

Independence 38 (61.3)
Slight dependency 10 (16.1)

Moderate dependency 14 (22.6)
Severe dependency 0 (0.0)
Total dependency 0 (0.0)
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Table 1. Cont.

Pain b

No pain 43 (69.4)
Mild pain 2 (3.2)

Moderate pain 12 (19.4)
Severe pain 5 (8.1)

Falls in the last six months 9 (14.5)
Poor visual acuity c 16 (25.8)

Signs of depression d 10 (16.1)
a Based on the Barthel Index score (100, independence; 91–99, slight dependency; 61–90, moderate dependency;
21–60, severe dependency; <21, total dependency). b Based on the numerical rating scale (NRS) (0, no pain; 1–3,
mild pain; 4–7, moderate pain; ≥8, severe pain). c Score ≥ 7 on the Jaeger chart (≥7). d Score ≥ 2 on the short
version of the Yesavage scale.

3.2. Prevalence of Fear of Falling

The median (IQR) of the ABC scale was 76.57 (37.97). The prevalence of fear of falling
in the population sample under study was 38.7% (95% CI 26.2–51.2%). Based on sex,
the prevalence in women was 36.6% (95% CI 21.0−52.0%) and, in men, 42.9% (95% CI
20.0−66.0%).

Table 2 shows participants’ socio-demographic and clinical characteristics based on
whether they had a fear of falling or not. Regarding individuals with fear of falling, 25%
were over 84 years old, 50% were independent and 54.2% reported no pain. In addition,
25% had fallen in the last six months, and 33.3% had poor visual acuity and showed signs
of depression 37.5%. Regarding individuals without fear of falling, about one in six was
over 84 years old, more than 60% were independent, and over 75% reported no pain.
Approximately 8% had fallen in the last six months, and 21.1% had poor visual acuity and
3% showed signs of depression.

Table 2. Socio-demographic and clinical characteristics of study participants based on the presence of
fear of falling, n (%).

Fear of Falling (n = 24) No Fear of Falling (n = 38)

Gender
Female sex 15 (62.5) 26 (68.4)
Male sex 9 (37.5) 12 (31.6)

Age
70–74 years 6 (25.0) 9 (23.7)
75–84 years 12 (50.0) 23 (60.5)
>84 years 6 (25.0) 6 (15.8)

Level of education
Primary (not completed) 1 (4.2) 3 (7.9)

Primary 22 (91.7) 35 (92.1)
Secondary 1 (4.2) 0 (0.0)

Marital status
Widowed 12 (50.0) 16 (42.1)
Married 10 (41.7) 22 (57.9)
Divorced 2 (8.3) 0 (0.0)

Lives alone 9 (37.5) 14 (36.8)

Degree of autonomy a

Independence 12 (50.0) 26 (68.4)
Slight dependency 5 (20.8) 5 (13.2)

Moderate dependency 7 (29.2) 7 (18.4)
Severe dependency 0 (0.0) 0 (0.0)
Total dependency 0 (0.0) 0 (0.0)
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Table 2. Cont.

Fear of Falling (n = 24) No Fear of Falling (n = 38)

Pain b

No pain 13 (54.2) 30 (78.9)
Mild pain 0 (0.0) 2 (5.3)

Moderate pain 7 (29.2) 5 (13.2)
Severe pain 4 (16.7) 1 (2.6)

Falls in the last six months 6 (25.0) 3 (7.9)
Poor visual acuity c 8 (33.3) 8 (21.1)

Signs of depression d 9 (37.5) 1 (2.6)
a Based on the Barthel Index score (100, independence; 91–99, slight dependency; 61–90, moderate dependency;
21–60, severe dependency; <21, total dependency). b Based on the numerical rating scale (NRS) (0, no pain; 1–3,
mild pain; 4–7, moderate pain; ≥8, severe pain). c Score ≥ 7 on the Jaeger chart (≥7). d Score ≥ 2 on the short
version of the Yesavage scale.

3.3. Determinants of Fear of Falling

Tables 3 and 4 show the influence of the different outcomes on the percentage of
participants with fear of falling. Results from the bivariate analysis showed that the
outcomes associated with a higher prevalence of fear of falling were: presence of pain,
falls in the last six months, and presence of signs of depression (Table 3). These outcomes
remained significant in the multivariate model (Table 4), in a way that individuals that
were more likely to have a fear of falling were those that reported pain (OR = 7.42), had
fallen in the last six months (OR = 25.33), showed signs of depression (OR = 19.33), or had
problems of visual acuity (OR = 5.56).

Table 3. The influence of possible determinants on the prevalence of fear of falling.

Prevalence (%) 95% CI OR 95% CI p

Gender
Male 42.86 (19.77–65.94) 1.00
Female 36.59 (21.19–51.98) 0.83 (0.28–2.45) 0.740

Age
<75 40.00 (11.92–68.08) 1.00
75–84 34.29 (17.74–50.83) 0.70 (0.20–2.47) 0.575
>84 50.00 (16.82–83.13) 1.6 (0.33–7.85) 0.562

Marital status a

Married 31.25 (14.27–48.23) 1.00
Widowed 42.86 (23.32–62.40) 1.89 (0.64–5.52) 0.247

Lives alone
No 38.46 (22.48–54.44) 1.00
Yes 39.13 (17.55–60.71) 1.22 (0.41–3.64) 0.715

Degree of autonomy b

Independence 31.58 (16.1–47.06) 1.00
Slight dependency 50.00 (12.3–87.70) 2.60 (0.59–11.49) 0.206
Moderate dependency 50.00 (20.04–79.96) 2.08 (0.59–7.30) 0.251

Pain c

No 28.89 (15.12–42.66) 1.00
Yes 64.71 (39.38–90.03) 4.60 (1.38–15.20) 0.013 *

Falls in the last six months
No 38.71 (20.55–56.87) 1.00
Yes 50.00 (16.82–83.13) 5.67 (1.04–31.00) 0.045 *

Correct visual acuity d

Yes 34.78 (20.48–49.08) 1.00
No 50.00 (22.48–77.52) 2.50 (0.74–8.50) 0.141
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Table 3. Cont.

Prevalence (%) 95% CI OR 95% CI p

Signs of depression e

No 28.85 (16.11–41.58) 1.00
Yes 90.00 (67.38–112.62) 21.00 (2.44–180.77) 0.006 *

a Divorced individuals were excluded from the analysis due to the low number of cases. b Based on the
Barthel Index score (100, independence; 91–99, slight dependency; 61–90, moderate dependency; 21–60, severe
dependency; <21, total dependency). c Based on the numerical rating scale (NRS) (0–3, absence of pain; 4–10,
presence of pain). d Score ≥ 7 on the Jaeger chart (≥7). e Score ≥ 2 on the short version of the Yesavage scale.
* p < 0.05.

Table 4. Adjusted model of the prevalence of fear of falling.

OR 95% CI p

Marital status a

Married 1
Widowed 4.62 (0.88–24.27) 0.071

Pain b

No 1
Yes 7.42 (1.39–39.69) 0.019 *

Falls in the last six months
No 1
Yes 25.33 (2.12–303.41) 0.011 *

Correct visual acuity c

Yes 1
No 5.56 (1.04–29.77) 0.045 *

Signs of depression d

No 1
Yes 19.33 (1.41–264.33) 0.026 *

a Divorced individuals were excluded from the analysis due to the low number of cases. b Based on the numerical
rating scale (NRS) (0–3, absence of pain; 4–10, presence of pain).c Score ≥ 7 on the Jaeger chart (≥7). d Score ≥ 2 on
the short version of the Yesavage scale. * p < 0.05.

4. Discussion

In this study, we observed that the prevalence of fear of falling in individuals aged
70 years or more attending geriatric day hospitals was 38.7%. Those outcomes associated
with a higher probability of the fear of falling syndrome were: previous falls, presence of
signs of depression, presence of pain, and poor visual acuity.

Although studies of the prevalence of fear of falling in older adults yield highly het-
erogeneous results, our study showed a similar prevalence to that described by other
authors in community-dwelling populations [4,5,8,22]. From the start, patients attend-
ing day hospitals might be expected to have a higher prevalence of fear of falling than
community-dwelling older adults, and a similar prevalence to that observed in pre-frail
and frail populations [23,24]; instead, we found a similar prevalence to that of the general
population. However, although prevalence scores are similar, we must understand the use
of day hospitals as an advantage for these individuals. Having them in the facility for some
time gives us the possibility to detect the fear of falling and perform interventions on the
identified determinants to reduce this fear.

The variability in the prevalence of fear of falling might be explained through the
measurement method. Most prevalence studies are based on a direct question with different
levels of responses, consisting of 3–5 points on a Likert scale [4,5,8,22,25,26]; however,
Thiamwong and Suwanno considered the use of one simple question as a limitation, since
it does not discuss the multifactorial nature of the fear of falling [22]. Other authors use
a validated measurement scale, namely the Falls Efficacy Scale (FES) [6,27], which only
assesses indoor activities and, therefore, usually applies to individuals with limitations or
low mobility. There is a modified version of FES (mFES) expanding four items referring to
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activities in the open air. Another scale used is the ABC that measures balance confidence
in not falling while performing these activities; it is extended to add a further six items
related to the instrumental activities of daily living included in the FES, so it can be applied
to individuals with more functionality. Due to the type of patients attending day hospitals,
we considered it more appropriate to use the ABC scale in our study. According to the
systematic review of Alarcón et al., the prevalence of fear of falling is higher in studies
using the FES scale than in those using the ABC scale [28].

Regarding the determinants of fear of falling, our results showed a higher proba-
bility of fear of falling in those individuals who had fallen in the last six months and
in those who presented with signs of depression, which is consistent with results from
previous studies performed in the general population [8,25–27]. Likewise, the probability
of fear of falling was higher in individuals with sight problems and in those that reported
pain, as described by Liu [27] and Stubbs et al. [9], respectively. However, unlike other
authors [4–6,8,22,26,27], we did not observe any association between fear of falling and
socio-demographic characteristics such as age, level of education, marital status, or gender.
In scientific literature, sex is one of the most common determinants of fear of falling, and
several studies have shown a higher prevalence of fear of falling in women than in men,
being twice as much, in some cases [4–6,8,22,26,27]. Some authors have attributed this
difference to women’s higher concern with their health [29] or a higher tendency to develop
osteoporosis or a weaker musculoskeletal system [30]. However, in our population, the
prevalence of fear of falling was similar in both sexes since, compared with other studies,
the prevalence in women was lower and that in men was higher [4–6,8,22,26,27]. In this
sense, using patients treated in a specialized geriatric center as a starting point, it is possible
that men in our study were as concerned about their health and the consequences of a fall
as women.

To our knowledge, it is the first time that the prevalence and determinants of fear of
falling are described in older adults, who, although still part of the community, already
require assessment and follow-up in a specialized healthcare setting. Initially, we expected
that a person who uses a geriatric health service may have a pre-fragility situation and
probably have higher prevalence of fear of falling, but we observed that they have a similar
situation to older people who live in the community, so it can be concluded that the profile
of the person treated in a geriatric day hospital is similar to other older people who do not
attend such a resource. In addition, when using a validated scale to measure fear of falling,
not only do we assess its presence, but also the limitations entailed in the performance of
normal activities, since scales measure an individual’s confidence to avoid falling during the
performance of daily-life activities. However, our study has some limitations. Being a cross-
sectional study, we were not able to identify possible determinants of fear of falling; we
were only able to analyze the influence of those determinants that were already described
in the literature. In addition, the sample of participants was too small to estimate the
significance of the effect of the determinants with enough accuracy, obtaining very wide
confidence intervals. Another limitation not measured was chronic potential correlates of
fear of falling.

Adults attending geriatric day hospitals are followed up between two and three
months, which represents an opportunity to screen fear of falling and perform the necessary
intervention. Therefore, it would be convenient to include a validated scale of fear of
falling within the comprehensive geriatric assessment that is performed on patients of day
hospitals, to detect it as early as possible and try to improve their efficacy in their daily
lives. Likewise, programs intended to prevent and treat the determinants of fear of falling
in geriatric day hospitals with the final objective of preventing dependency and a decrease
in quality of life should be applied.

Fear of falling can be prevented with physical activity programs that improve walking
and increase the level of confidence to avoid falls during daily-life activities [31]. In
fact, a proper physical activity program may be efficient, even in frail, older adults [32].
In addition, due to the multifactorial nature of fear of falling, the effectiveness of these
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programs improves when combined with health education programs [33], so they should be
applied together to improve individuals’ confidence in the performance of daily activities
and prevent falls. With respect to pain, it might be necessary to perform interventions to
reduce it through pharmacological and non-pharmacological treatments [34]. It would also
be advisable to use screening methods for depression and sight defects in order to refer the
individual to the necessary professional or service. On the other hand, although it is not
an outcome analyzed in this study, polypharmacy should be assessed due to its potential
effects in older adults [35].

5. Conclusions

In conclusion, in our study, more than a third of older adults living in the community
and attending a geriatric day hospital had a fear of falling, which may negatively impact
their quality of life. The prevalence and determinants of fear of falling in patients attending
day hospitals were similar to those in community-dwelling older adults. Future studies
should analyze the possible association of fear of falling with frailty and, particularly, if
fear of falling may be a predictor of frailty.
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Abstract: Functional dependence is associated with an increase in need for resources, mortality, and
institutionalization. Different models of home care have been developed to improve these results,
but very few studies contain relevant information. This quasi-experimental study was conducted to
evaluate two models of home care (HC) in a Primary Care setting: an Integrated Model (IM) (control
model) and a Functional Model (FM) (study model). Material and Methods: Two years follow-up of
patients 65 years old and older from two Primary Health Care Centres (58 IM, 68 FM) was carried
out, recruited between June-October 2018 in Badalona (Barcelona, Spain). Results of the mid-term
evaluation are presented in this article. Health status, quality of care, and resource utilization have
been evaluated through comprehensive geriatric assessment, quality of life and perception of health
care scales, consumption of resources and complementary tests. Results: A significant difference
was detected in the number of hospital admissions (FM/IM 0.71 (1.24)/1.35 (1.90), p: 0.031) in the
Accident and Emergency department (FM/IM 2.01 (2.12)/3.53 (3.59), p: 0.006) and cumulative days
of admission per year (FM/IM 5.43 (10.92)/14.69 (20.90), p: 0.003). Conclusions: FM offers greater
continuity of care at home for the patient and reduces hospital admissions, as well as admission time,
thereby saving on costs.

Keywords: home care models; preventive home visits; primary care; geriatric assessment

1. Introduction

For health services, it is a challenge to manage better the care of those with complex
needs, the majority of whom are the elderly, as a consequence of increased life expectancy,
which leads to more comorbidity, disability and dependency in the population [1–3].
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Currently the percentage of the Spanish population aged 65 and over represents 19.6%
of overall and will reach a peak of 31.4% in around 2050 [4].

In Spain, patients with multimorbidity represent 1.38% of the total population seen
in Primary Care and comprise 5% of those seen in Primary Care over 65 years of age [5].
This leads to a considerable use of healthcare resources, including medical appointments,
Accident and Emergency department visits, hospitalization and medication [1–6].

Multiple studies have analyzed different proposals to improve preventive home care
for the elderly. There is evidence that Comprehensive Geriatric Assessment (CGA) based
interventions for older patients are beneficial [7], and that multidisciplinary teams offer
better quality of care and decrease acute care utilization among high-risk older people [8],
decrease the number of cumulative days of admission [9,10] and facilitate continued
living at home, largely by preventing the need for nursing home admission and reducing
falls [11]. However, Mayo-Wilson et al. published in 2014 a systematic review and meta-
analysis detecting many discrepancies in the studies reviewed on the impact that preventive
home visits may have on patients with good baseline health or frailty, which could be
attributed to the design of these studies, sample sizes or different definitions of the variables
measured [12]. In any case, information on home care models of primary care in Spain is
very scarce in these studies [13–17].

Currently in Spain, patients who cannot attend the Primary Health Care Centre
(PHCC) are included in the Home Care (HC) Programme (ATDOM). Patients included in
this programme must have been assessed by a doctor, nurse or social worker and meet at
least the following criteria: not being able to move to the centre to be cared for, for reasons
of health or physical condition or due to their social or environmental situation, temporarily
or permanently [18].

The healthcare offered by this programme is carried out by primary care teams and in-
volves health promotion and preventive activities, control of chronic and acute pathologies,
treatment, and rehabilitation, with the aim of ensuring that patients achieve a good quality
of life, along with their families, while maintaining the greatest possible autonomy [19].

Traditionally a patient’s home care in Spain is managed from the Basic Care Unit
(BCU) composed by a general practitioner and a nurse who have cared for the patient since
he/she first came into contact with the primary care team from the age of 15 years onwards;
thus a BCU is responsible for the care of a group of people (around 1350 to 1550 patients),
being the same team as that of the primary health care centre that takes care of the assigned
patients, both in the centre and in home visits (integrated or traditional home care model,
IM). There are other models of home care based on nursing care with the occasional support
of the family doctor, or based on hospital health teams that travel to the community [10],
or by interdisciplinary teams based on a reorganization of the Primary Care team that
involves the creation of a home care team (family doctor and nurse) dedicated exclusively
to the Home Care Programme and which are referred to as the Functional Model (FM),
also called the Dispensaries Model. To date, no Spanish studies have been published that
evaluate and compare the different aspects of health, resource consumption and perception
of care received during 2 years of follow-up of this functional model (FM), compared to the
traditional or integrated model (IM). The aim of this study is to compare both models in an
urban area in caring for patients at home.

2. Materials and Methods

2.1. Study Design and Thical Aspects

This quasi-experimental study [20] compared the outcome of two Home Care (HC)
models implemented in two primary health care centres in Badalona (Barcelona, Spain). The
control group consisted of patients following the integrated HC model (IM) provided by the
PHCC Gran Sol, and the study group consisted of patients following the new functional HC
model (FM), linked to the PHCC Apenins. Both HC teams consist of a general practitioner
and a nurse. In the integrated model, HC is given by the same healthcare team providing
medical care at the primary care unit, with an average of 1500 inhabitants assigned to each
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team. By contrast, in the functional model, HC is given by a healthcare team specifically
trained in the management of older, frail and multimorbid patients, providing only full-time
preventive home visits and connecting to other, further required special provision services.
Further details regarding the characteristics of each model are shown in Table 1. The
rationale for choosing these two centres relates to the balanced demographic characteristics
of the reference population (Table 2).

Table 1. Main characteristics of the two investigated models.

Characteristics of the Healthcare Team Integrated HC Functional HC

Team composition Nurse and family physician Nurse and family physician.

Team function

The same healthcare team provides HC
and manages patients in the primary

health care centre independently of their
care needs (prevention, health promotion,
patients with complex needs, patients in
HC program or patients at end of life).

The healthcare team is dedicated
exclusively to HC.

Interprofessional communication
Healthcare professionals are part of the

healthcare team regularly managing
patients in the primary health care centre.

Although not managing patients in the
primary health care centre, the HC team
is part of the health care staff of the centre

and their members participate in the
centre meetings as specialists

Training

Regular training of family doctors,
including regular

stays at mental health and
geriatric units.

Regular training of nurses.

Regular training of family doctors,
including regular stays at mental health

and geriatric units.
Nursing staff and doctor receives
additional training regarding the

management of chronic patients, fragility,
and palliative care.

Continuous updates.
Type of professional in each visit Nurse, family doctor or both. Nurse, family doctor or both.

Preventive visits

Visits of nursing staff scheduled based on
the monitoring requirements of each

disease as established by local guidelines.
Visits of physician scheduled at

physician’s discretion based on the
disease progression and clinical status

of patients.

Visits of nursing staff scheduled based on
the monitoring requirements of each

disease as established by local guidelines.
Visits of physician scheduled at

physician’s discretion based on the
disease progression and clinical status

of patients.

Dedication to the type of care activity
90% Care at the health centre, 10% at

home (depending on the organisation of
the centres).

100% Home care

Non-urgent
acute visits

The patient calls the centre and the
physician schedules the visits at home in

a deferred way, according to agenda.

During working hours, the patient
directly contacts the physician of the

HC team.
Outside working hours: the patient calls
the centre and the physician available at

that moment (not always the one
regularly visiting the patient at the

primary health care centre) visits the
patient at home.

Urgent visits

The patient calls the PHCC and a doctor
from the centre, who is on call, sees

him/her (this may not be the patient’s
usual doctor).

The patient calls the HC team until 15:00.
From 15:00 to 20:00, the patient calls the

PHCC and a doctor from the centre, who
is on call, sees him/her (this may not be

the patient’s usual doctor).

Financial approach
All visits are fully covered by the public

health system.
All visits are fully covered by the public

health system.

HC: home care PHCC: Primary Health Care Centre.
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Table 2. Characteristics of the participating centres a.

Integrated HC (PHCC Gran Sol) Functional HC (PHCC Apenins) p

Location Badalona, Catalonia, Spain Badalona, Catalonia, Spain

Professional profile
MDs and nurses specialized in
family medicine

MDs and nurses specialized in
family medicine

Reference population b, No. 19.442 19.043
Over-Aging index c,% 11% 9.2% <0.001
Foreign population d, n (%) 3499 (17.9%) 3046 (15.9%) <0.001
≥65 years old, n (%) 3480 (17.9%) 2970 (15.6%) <0.001
AMG, adjusted indicator (IC 95%) 1.189 (1.173–1.206) 1.178 (1.161–1.195) –
Mortality, annual (%) 7 5.7 0.143
IT application eCAP eCAP

HC: Home Care, PC Primary Care, MD Medical Doctor, AMG Adjusted Morbidity Groups [21]; IT Information
Technology. a Differences between PHCC Gran Sol and PHCC Apenins. b Data from Msiq (Generalitat de
Catalunya©), period between January and December 2015. c The number of persons aged 74 or over per total of
persons over 64 years old. d The number of subjects with a foreign nationality.

All the HC interventions performed in both programmes are based on current proto-
cols designed following recommendations of the SEMFYC (Spanish Society of Family and
Community medicine) and EUROPREV (European Network for Prevention and Health
Promotion in Family Medicine and General Practice) inside the Program of Preventive Ac-
tivities for Health Promotion (PAPPS) [22]. The study protocol was approved by the IDIAP
Ethics Committee of the Jordi Gol Foundation (Approval code: P17/121). Patients (or their
caregivers) voluntarily signed an informed consent, and all the information gathered was
anonymized before conducting any analysis. All data was handled according to the Span-
ish Data Protection Law (LOPD) 15/1999 and the EU General Data Protection Regulation
2016/679. Considering the routine interventions defined in the study conventional risks
were not expected to increase. Registered in ClinicalTrials.gov (Identifier: NCT03461315;
12 March 2018).

2.2. Selection Criteria

All patients aged over 65 years old and enrolled in the long-term HC programme at any
of the two participating primary health care centres for at least 3 months were considered
for eligibility. Patients were included irrespective of their cognitive status. Exclusion
criteria included patients with a life expectancy of less than a month and patients with a
score of 5 or more in the Pfeiffer’s cognitive impairment test (3–4 mild, 5–7 moderate, 8 or
>severe) [23], who did not have a full-time caregiver or who had a part-time one, because
a severe cognitive impairment is likely to interfere with the study procedure. Patients
that were not registered as Badalona citizens were also excluded because it was assumed
that they had temporary status, as well as patients included in a HC program due to their
reduced mobility, in order to reduce bias when measuring patient-requested interventions,
because the latter could not easily reach the primary health care centre facility.

2.3. Patient Recruitment

All subjects included in the HC programme at the two primary health care centres that
met the selection criteria were contacted by phone and offered the chance to participate in
the study. Patients willing to do so were scheduled a domiciliary visit to receive the study
documents (i.e., the Patient Information Sheet and self-administered questionnaires/scales)
and signed the informed consent themselves or, in case of cognitive impairment, via their
full-time caregivers.

2.4. Study Conduct

The study started in June 2018 and ended in October 2020. On the first preventive
home visit, once informed consents had been accepted, patients, or the caregivers in case of
cognitive impairment (defined as subjects scoring 5 or more in the Pfeiffer’s test), were given
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self-administered questionnaires, such as EuroQoL (an instrument to complement other
quality-of-life measures and to facilitate the collection of a common data set for reference
purposes [24]), IEXPAC (Chronic Patient Experience Assessment Instrument [25]), and Zarit
(Dependent Patient Caregiver Overload Assessment Instrument [26]). All were analyzed
by the investigator, who assessed the patient’s frailty in situ. The self-administered scales
were completed again by the patient and/or caregiver at the end of the second year of
follow-up, during a preventive home visit. Besides these start and end visits, participants
were interviewed by phone every 6 months to solve any issues and find out if any private
hospitalizations or daycare centres had been used. All visits requested by either the
patient or the reference doctor were also reported in a case report form (CRF). The medical
professionals performing the preventive home visits were trained in the use of the scales to
ensure consistency and reinforce their application.

All data, irrespective of source, were recorded in an anonymized CRF, in which
patients were identified with a study code. The study investigator kept a key table with the
study codes and their corresponding medical record identification codes.

In the current article the intermediate analysis of data collected in the first year of
follow-up (October 2018 to September 2019 inclusive) is presented.

2.5. Endpoints and Variables

The primary endpoint was the difference in mean days of hospital stay per year
between patients included in the integrated and functional HC programs. Secondary
endpoints included the assessment of the differences between the two HC models i.e.,
mortality and hospital admissions, based on the IHI Triple Aim (Better Care, Better Health,
Lower Costs) [27]. To this end, variables regarding subjects’ health status, quality of care,
and resource utilization of patients included in the two models were compared (Table 3).
The demographic characteristics of the study participants were also recorded.

Table 3. Socio-demographic variables and baseline CGA 1 outcomes.

Apenins Gran Sol

p(Functional Model) (Integrated Model)

n = 68 n = 58

Average age 86.66 (7.6) 87.2 (6.7) 0.39

Age %:

0.457
Group 1 (between 65 and 74) 5.9 3.4
Group 2 (between 75 and 84) 33.8 25.9
Group 3 (>=85 years) 60.3 70.7

Sex: (%)
Male 23.5 27.6

0.602Female 76.5 72.4

Typologies of patients in the programme ATDOM 2 (%):
Patients with non-complex medical problems 5.9 10.3

0.365Chronically complex patient (CCP 3) 80.9 82.8
Chronically ill patients with advanced disease (MACA 4) 13.2 6.9

ICIP 5 realizado n (%) 45 (66.2) 36 (62.1) 0.632

ICIP with PDA 6 n (%) 39 (57.4) 32 (55.2) 0.806

Adjusted Morbidity Groups (AMG 7) n (%)
0.011Group 1 (1,2,3) 6 (8.8) 15 (25.9)

Group 2 (4,5) 62 (91.2) 43 (74.1)

Degree of dependency (average)
0.0110–1 41 (60.3) 47 (81)

2–3 27 (39.7) 11 (18.9)
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Table 3. Cont.

Apenins Gran Sol

p(Functional Model) (Integrated Model)

n = 68 n = 58

TIRS 8 n (%) 6 (11.5) 12 (26.6) 0.056

No falls n (%) 63 (92.6) 53 (91.3) 0.957

No presence of decubitus ulcers n (%) 62 (91) 52 (89) 0.475

Barthel 55.15 (25,8) 60.5 (21,4) 0.262

Pfeiffer 3.94 (3.2) 2.83 (3.0) 0.078

Braden 17.75 (2.6) 17.64 (2.4) 0.824

Private caregiver No. (%) 22 (32.4) 2 (3.4) 0

Euroqol (subjective assessment) 4.75 (2.32) 4.35 (1.87) 0.291

IEXPAC 9 5.85 (1.69) 5.98 (1.17) 0.004

Caregiver overburden (Zarit) 58.08 (17.1) 29.27 (27.8) 0.001
1 CGA: Comprehensive Geriatric Assessment. 2 ATDOM: Home Care Programme. 3 CCP: Chronically Complex
Patient. 4 MACA: Chronically Patients with Advanced Disease. 5 ICIP: Individual and Shared Intervention Plan.
6 PDA: Advance Healthcare Directive Plan. 7 AMG: Adjusted Morbidity Groups. 8 TIRS: Social Risk Indicator
Scale. 9 IEXPAC: Chronic Patient Experience Assessment Instrument.

Particularly, the baseline health status of study subjects included the Gerontôpole
frailty screening tool and the Adjusted Morbidity Groups (AMG) risk assessment tool,
which considers the type of disease, number of systems affected, and complexity of
each [21,28]. Additionally, a complete baseline Comprehensive Geriatric Assessment
(CGA) was performed, including the following assessments: the ability to perform normal
daily tasks (Barthel scale: <20 total dependence, 20–35 severe dependence, 40–55 moderate
dependence, 60 mild dependence, 100 autonomous) [29], mental health status (Pfeiffer test:
≤2 risk of cognitive impairment, 3–4 mild cognitive impairment, 5–7 moderate cognitive
impairment, 8–10 severe cognitive impairment) [23], decubitus ulceration risk (Braden test:
<12 high risk, 13–14 moderate risk, 15–16 < 75 years low risk, 15–18 > 75 years low risk) [30],
social risk (TIRS: 1 positive indicator = social risk. Yes/no answers) [31], and social status
(degree of dependency 0-1-2-3) [32]. (Seen in Table 3). The health-related quality of life of
study participants and satisfaction of caregiver were assessed at baseline and at the final
follow-up visit using the EuroQoL, IEXPAC, and questionnaires, respectively.

2.6. Statistical Analysis

The sample size calculation was based on an incidence of hospital admission of 40%
and a reduction of 10% in the study group, a 2-year follow-up, and a 1:1 ratio for control and
intervention groups. Under these constrains, fixed alpha and beta errors of 5%, yielded an
estimated size of 581 subjects per group. The statistical power of this sample assumed alpha
and beta errors of 5% was 85.3%. An intermediate analysis was performed when more
than 100 subjects were recruited, with a calculated power for the sample size, comprising
126 subjects of 35.5%.

All collected variables are described for the overall study sample and for both study
groups. Quantitative variables were described as the mean and standard deviation (SD),
and as the median and interquartile range (IR) for normally and non-normally distributed
variables, as confirmed by the Kolmogorov-Smirnov test. Categorical variables were
described as frequencies and percentages. Measures of central tendency were compared
using the t-test for independent samples or ANOVA, or their non-parametric counterparts,
the Mann-Whitney U and Kruskal-Wallis tests. Categorical variables were compared using
the Chi-square test or Fisher’s exact test. Post hoc analyses were performed using the
Bonferroni or the Games-Howell adjustments. Variables with differences in the bivariate
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analysis at baseline (p < 0.1) and those considered clinically relevant for the authors were
included in a linear multiple logistic regression to build a multivariate model in order to
predict the difference in mean days of hospital stay and costs of patients in the HC program.
To address Better Care and Better Health endpoints, the authors applied a binary logistic
regression for mortality and hospital admission variables; age, gender, and comorbidity
were included as adjustment variables. A backward stepwise regression was used to avoid
overfitting of the model obtained.

A significance threshold was set at two-sided alpha value <0.05. The analysis was
performed with SPSS (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version
21.0. Armonk, NY, USA: IBM Corp.).

3. Results

Of the 354 patients admitted to the HC programme (113 PHCC Apenins and 241 PHCC
Gran Sol) at the beginning of the study, 171 (48%) were rejected due to non-compliance with
the inclusion criteria [20]. All 183 patients potentially eligible for the study were asked for
consent, and 57 of them refused to participate in the study (18 PHCC Apenins and 39 from
PHCC Gran Sol). A total of 126 patients, 58 (76% of those eligible) belonging to the Primary
Health Care Centre with integrated home care model (PHCC Gran Sol) and 68 (63.5% of
those eligible) attending under the functional model (PHCC Apenins) finally confirmed
their participation in the study (see Figure 1, Follow-up chart).

Figure 1. Flow diagram of the studied simple. CAP: PHCC Primary Health Care Centre. LOST OF
SAMPLE: loss of patients due to death or transfers to others health areas.

Overall, the sample of 126 patients consisted of 25% men and 75% women, and the
average age of the total participants was 86.95 (±7.22) years. Both groups were comparable
regarding their basic characteristics as can be seen in Table 3. There were no differences
between the two populations in terms of the typology of patients in the ATDOM (home
care) programme included in the study: non-complex patients (FM 5.9 vs. IM 10.3%),
complex chronic patients (CCP) (FM 80.9%, IM 82.8%), and patients with chronic advanced
disease (MACA) (FM: 13.2%, IM: 6.9%), nor in the implementation for these patients of
an Individualized and Shared Intervention Plan (ICIP) (FM: 66.2% IM: 62.1%, p: 0.632),
including advance directives (FM: 57.4%, IM: 55.2%, p: 0.806).

Although the two Primary Health Care Centers were chosen due to the similar overall
socio-demographic profile of the populations attended (as shown in Table 2), it was detected
that the subgroup of the population within the ATDOM (HC) programme presented greater
comorbidity in those attending under the FM than in those attending under the IM, to a
statistically significant degree: Adjusted Morbidity Groups (AMG) 4.5 N (%):, FM 62 (91.2),
IM 43 (74.1), showing a p: 0.011. Significant differences were also observed in the degree
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of functional dependency of the population in both groups (FM/IM% grades 0.1: 60.3/81;
grades 2–3: 39.7/18.9, p: 0.011).

FM patients were found to have more private (non-family) caregivers than IM patients
(FM/IM 22 (32.4)/2 (3.4), p: 0.000).

Regarding the self-assessment conducted at the beginning of the study of patients in
both groups, no differences were found in terms of the perception of health status (Euroqol)
although differences were found in terms of the patients’ perceived experience of care
(IEXPAC) (Table 3).

At the time of admission to the study, patients received a Comprehensive Geriatric
Assessment (CGA) and no differences were observed in the number of patient dimensions
assessed (means FM 5.05 and IM 4.36, p: 0.131). The results of the Comprehensive Geriatric
Assessment in both groups show that both populations are totally comparable in terms of
the main variables analyzed, although a more patient-centred assessment of the patient’s
social needs (TIRS and Zarit) was observed in the FM than in the IM, not allowing for
comparability (Table 3).

Concerning mortality at the first year of follow-up, there is no significant difference
between the two models, higher in FM 20 (29.4%) compared to IM 9 (15.5%) p: 0.089. The
multivariate analysis showed no significance differences between models for the crude OR
2.27 (95% CI 0.94–5.48; p: 0.069), and adjusting by age, sex, CCP, MACA and GMA there
was still no statistical significance: OR 2.18 (95% CI 0.85–5.57; p = 0.107) (Data not in table).

There were differences in the referral of these patients to other specialists in the form
of virtual consultations (13 (19.1%) FM, 4 (6.9%) IM, p: 0.045), but not in person (32 (47.1),
25 (43.1) FM, IM, p: 0.657) (Table 4).

Table 4. Health care needs during the first year of follow-up.

Apenins
(Functional Model)

n = 68

Gran Sol
(Integrated Model)

n = 58
p

Online consultations with a hospital specialist No. (%patients) 13 (19.1) 4 (6.9) 0.045

In-person referrals to hospital specialists No. (%patients) 32 (47.1) 25 (43.1) 0.657

ECG 1 (%patients) 28 (41.2) 0.00 (0.00) 0.000

Conventional XR 2 requested No. (%patients) 44.2% 13.7% 0.053

Ultrasound scans requested No. (%patients) 16.1% 8.6% 0.445

CAT 3 requested No.(%patients) 22% 3.4% 0.021

Blood and urine tests (mean + STD 4) 2.9 (3.9) 1.6 (1.5) 0.020

Prescribed drugs (mean + STD) 10.05 (3.5) 9.81 (5.13) 0.757

Online consultations +G.P. 5 BCU 6 (mean + STD) 9.90 (6.27) 9.07 (6.74) 0.477

In-person consultations G.P. BCU (mean + STD) 6.25 (5.77) 3.98 (3.41) 0.008

In-person consultations G.P. non- BCU (mean + STD) 2.81 (2.55) 0.57 (1.65) 0.000

Online consultations NUR 7 BCU (mean + STD) 1.99 (3.23) 4.90 (5.16) 0.000

In-person consultations NUR BCU (mean + STD) 7.35 (9.50) 4.33 (5.47) 0.028

In-person consultations NUR non- BCU (mean + STD) 3.24 (9.35) 5.33 (10.35) 0.238

MES 8 activation No. (%) 34 (50) 50 (86.2) 0.055
Admissions to private nursing homes No. (%) 3 (4.4) 15 (25.8) 0.003

1 ECG: Electrocardiogram. 2 XR: X-rays. 3 CAT: Computerized axial Tomography. 4 STD: Standard Deviation.
5 G.P.: General Practitioner. 6 BCU: Basic Care Unit. 7 NUR: nurse. 8 MES: Medical Emergency system.

Patients seen under the FM requested significantly more complementary tests to
study their health status during this first year of follow-up: more electrocardiograms
(FM/IM 28(41.2)/000 (000), p: 0.000), computerized axial tomography (CAT) scans (FM/IM
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22%/3.4%, p: 0.021) and blood and urine tests (FM/IM 2.9 (3.9)/1.6 (1.5), p: 0.020). In
contrast, no differences were found in the number of drugs prescribed, nor in the number
of X-rays or ultrasound scans performed (Table 4).

During the first year of follow-up, significant differences were found in the number of
home visits made by both the referring physician (FM/IM 6.25 (5.77)/3.98 (3.41), p: 0.008)
and nurse (FM/IM 7.35 (9.50)/4.33 (5.47) p: 0.028). More non-referring physician visits
were also detected in the FM than in the IM, FM 2.81 (2.55), IM 0.57 (1.65) significantly
(p: 0.000). However, a trend towards less activation of the emergency medical service was
observed in the FM population compared to the IM population, although not statistically
significant (FM/IM 34 (50)/50 (86), p: 0.055) (Table 4).

As shown in Table 5, during the first year follow-up, patients treated under the FM
had a lower rate of institutionalization than IM patients, FM/IM 3 (4.4)/15 (25.8), p: 0.003;
however, there was a higher demand for respite care (RESPIR) in the population being cared
for under the FM than in the IM (FM/IM 19 (27.9)/7 (12.1), p: 0.028, with no significant
differences found in access to teleassistance or home health services between both models
of care.

Table 5. Health and social outcomes after one year follow-up.

Apenins
(Functional Model)

n = 68

Gran Sol
(Integrated Model)

n = 58
p

Respite care (up to 30 days) (Respir 1) 19 (27.9) 7 (12.1) 0.028

Teleassistance 60 (88.2) 54 (93.1) 0.353

HHS 2 53 (77.9) 50 (86.2) 0.231

Admissions to hospital ward (No.) 0.71 (1.24) 1.35 (1.90) 0.031

A&E 3 admissions (No.) 2.01 (2.12) 3.53 (3.59) 0.006

Admission in Intermediate Care Hospital. (No.) 0.21 (0.47) 0.12 (0.32) 0.239

No. of cumulative days of admission (on ward) per year. 5.43 (10.92) 14.69 (20.90) 0.003

No. Admission in Hospital at home 0.01 (0.12) 0.19 (0.68) 0.060

No. Admission in PADES 4 0.03 (0.17) 0.14 (0.34) 0.033
1 RESPIR: Limited temporary stays in private residential centres for the elderly or provision of private home care
services for the elderly financed by the Barcelona City Council. 2 HHS: Home Help Service. 3 A&E: Accident and
Emergency Department. 4 PADES: palliative care support team.

Concerning the consumption of health resources, during the first year of follow-up,
the population treated under the FM showed a significantly lower number of hospital ward
admissions (FM/IM 0.71 (1.24)/1.35 (1.90), p: 0.031), fewer A&E admissions (FM/IM 2.01
(2.12)/3.53 (3.59), p: 0.006) and fewer cumulative days of ward admission (FM/IM 5.43
(10.92)/14.69 (20.90), p: 0.003) (Table 5), as well as less need for activation of specialized pal-
liative care support teams (PADES) (FM/IM 0.03 (0.17)/0.14 (0.34) p: 0.033). No differences
were found in Home Hospitalization activations (FM/IM 0.01 (0.12)/0.19 (0.68) p: 0.060)
and Intermediate Care Hospital admissions (FM/IM 0.21 (0.47)/0.12 (0.32) p: 0.239)

A multivariate analysis was performed using ANCOVA adjusting for age, sex and
comorbidity categorized by AMG, obtaining a mean difference for cumulative days of
hospital admission of 5.57 (SD 10.99) in the functional model compared to 13.88 (SD 16.91),
p < 0.001. ANCOVA analysis was repeated including, in addition to age, sex and comor-
bidity, degree of dependency, private caregiver, and overburden as variables. In addition,
the new results showed a mean difference for cumulative days of hospital admission of
6.04 (SD 11.38) in the functional model compared to 13.09 (SD 16.44), p < 0.001. (Data not
in table).
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4. Discussion

The present study shows clearly differentiated health outcomes in two populations
with similar socio-demographic characteristics (except for a higher comorbidity at the time
of inclusion in the FM population), treated under two different models of home care.

Despite being models of healthcare with similar characteristics in terms of patients,
based on IGV and individualized care plans, the FM shows a greater intensity of home
follow-up, with a greater number of visits and complementary examinations to study
the health status of the assigned population. As already evidenced in Stuck’s systematic
review [33], this fact has clear benefits for the health status of the population under FM.
The present study found that the population under FM showed, already in the first year
of follow-up (despite having a higher comorbidity than those under IM), a lower risk of
institutionalization, admission to acute hospital, emergency care and a higher probability
of continuing to live at home after one year despite needing respite care (minimum 30 days
per year) [34]. This is possibly related to the initial situation of families cared for under FM,
in which the caregiver is more overburdened (see Table 3), although it was not possible to
compare this possibility in this first analysis.

The authors consider that the increase in the consumption of intermediate products
in the population under FM is associated with the greater comorbidity of these patients
(compared to those treated under IM), and probably also with the greater proactivity and
follow-up of such patients due to the greater number of follow-up visits made during this
first year. This is consistent with different published articles [35,36], to the point of being
considered a predictor of healthcare expenditure, since this population, known as high
need/high cost [37], is in fact the one that concentrates healthcare expenditure and has the
highest risk of mortality. This is confirmed in our study, although there is no statistical
significance in terms of mortality.

Recently, a study on the characteristics and resource consumption of PCCs showed
the need to find efficient and evaluable models of social and health care [1]. Accordingly,
our study shows that the accessibility and intensive follow-up of patients cared for at home
under the FM does not lead to an increase in the number of referrals to other specialties
or a greater number of pharmacological prescriptions, compared to the IM. Therefore, by
being more accessible, the FM could plan the overall care of the person’s needs in a more
individualized way, adapting this plan to the evolutionary characteristics (comorbidity
situation, dependence, family environment, etc.), which results in greater dedication from
the team, avoiding unnecessary referral to other specialists and not over-prescribing drugs
(exercising a more person-centred vision of prescription, as has been reported in other
research). [38].

The FM shows a better resolution of healthcare crises in its population attended at
home resulting, as shown in the follow-up at year one, in a lower number of admissions
to the A&E and a lower number of admissions to a hospital ward, with a clear trend
towards a lower activation of the EMS (p: 0.055), possibly not significant due to the sample
size obtained. This result is consistent with the publication of Vila et al. [10] in 2017 in
which, with a population of 261 people of similar mean age, it was shown that there was
a reduction in the number of cumulative days of admission per year from 3.5 to 1 day
(p < 0.001) after including patients in a multidisciplinary care programme that included
professionals from Primary Care and Hospital Care.

In this mid-term evaluation of this study, it was found that there is a highly significant
difference in the number of cumulative days of admission per year between the two models
of care, being lower in the FM than in the IM (FM/IM 5.43 (10.92)/14.69 (20.90), p: 0.003)
with the repercussion on costs that this represents. In line with what was published this
year comparing the institutionalized population with patients who remained at home,
revealing important clinical, demographic and mortality differences [39], the present study
shows that patients treated in the FM remain at home more often, despite the fact that no
greater social risk was detected in the IM than in the FM.
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Finally, at the time of recruitment, no differences were found in both models in terms
of the perception of quality of life. However, differences were observed in terms of the
experience of care received. FM implies a change in the healthcare team from the moment
the patient is admitted to the Home Care Programme, leaving aside longitudinally, which is
one of the main pillars of primary care and which has been classically associated with better
health outcomes than decentralized care. Results will be re-evaluated at the end of the study
to find out whether or not the results are consistent with those published by Hogg et al. [40],
showing that patients experience an improvement in their subjective quality of life with
the introduction of multidisciplinary care models, or with other research, such as that
conducted by Marta Gorina et al. [14] in 2013, which concluded that populations cared for
under a FM have a higher degree of satisfaction and perceived quality of care, although
the tool used to assess this fact is different (IEXPAC in the present study vs. Satisfaction
Assessment of Home Care Service (SATISFAD-12).

As mentioned in the calculation of the sample size, due to the characteristics of the
patients treated under the primary healthcare domiciliary models, it was expected that
there would be a 15% loss of sample over the course of the study. However, in this first
year of follow-up, losses amounted to 42.6% in the FM and 22.4% in the IM, of which
31% and 30.7% were due to transfers of the patient to another health area and the rest to
exitus, respectively.

Limitations

A limitation of the present study is the impossibility of carrying out a randomized
clinical trial due to the type of population and the services provided. Both groups presented
significant differences at baseline in comorbidity, dependency, caregiver support and
caregiver over-burning that could possibly influence the results obtained, constituting a
selection bias. Certainly, both groups are not similar at baseline, but the differences have
been minimized via the statistical approach. Although these variables were included as
adjustment variables in the multivariate analysis, there is a selection bias.

As this is a comparison study of two healthcare models in two different Primary Health-
care Centres, a quasi-experimental study has been designed with a possible Hawthorne
effect (participants in a study may alter their behavior when they are aware of being
observed) [41], which is not avoidable.

Likewise, the sample size is reduced to the population included in the Home Care
Programme, affecting patient recruitment, as it represents a small percentage of the total
population. The Gran Sol PHCC is located in an urban area with many architectural barriers
that impede patients from reaching the PHCC, and who are therefore attended at home,
despite having one or no chronic pathology. To avoid selection bias, patients included in
the HC programme were excluded from the study protocol. This justifies the fact that in the
Gran sol PHCC there were, initially, 114 patients who did not meet the inclusion/exclusion
criteria, as shown in the arrow diagram (Figure 1). Similarly, the study potential is reduced
by the fact that some of the patients are MACA, or are in their last days, or in a situation of
fragility and refuse to participate in the study.

As this is the frailest and most comorbid segment of the population, many mortality
losses were detected.

In this study, two Primary Care Health Centres located in densely populated areas
were compared. The authors question whether the results obtained would be expected
in other population settings, such as suburban or rural areas. The power of the recruited
sample size is low, as expected for an intermediate analysis. Despite this low power, beta
error increases, resulting in differences which are more difficult to find, when they do exist.
However, the results are conclusive about the advantages of the functional model over the
integrated model.
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5. Conclusions

In the present comparative study of models of preventive home visits in Primary Care,
it is observed that the FM is a more accessible model, of higher effectiveness and greater
efficiency in the consumption of acute hospitalization resources, in spite of attending a
population with greater morbidity and mortality due to greater comorbidity based on
AMG. In addition, it has a favorable impact on permanence at home throughout this first
year, avoiding the institutionalization of patients who require a high level of social support
at home (as can be seen in the need for respite care or the need to hire a home caregiver)
which, when not guaranteed (integrated social and health care at home), leads to greater
institutionalization (population under IM). The present study has been carried out in a
densely populated city and it would be interesting to test the results also in semi-urban
or rural settings. Likewise, due to the high mortality (higher than expected in the initial
sample design in both populations), it would be advisable to apply the model to a larger
population so that an analysis with greater statistical power could be carried out.
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Abstract: This study aimed to explore the health service needs of empty nest families from a house-
hold perspective. A multistage random sampling strategy was conducted to select 1606 individuals
in 803 empty nest households in this study. A questionnaire was used to ask each individual about
their health service needs in each household. The consistency rate was calculated based on their
consistent answers to the questionnaire. We used a collective household model to analyze individuals’
public health service needs on the family level. According to the results, individuals’ consistency
rates of health service needs in empty nest households, such as diagnosis and treatment service
(H1), chronic disease management service (H2), telemedicine care (H3), physical examination service
(H4), health education service (H5), mental healthcare (H6), and traditional Chinese medicine service
(H7) were 40.30%, 89.13%, 98.85%, 58.93%, 57.95%, 72.84%, and 63.40%, respectively. Therefore,
family-level health service needs could be studied from a family level. Health service needs of H1,
H3, H4, H5, and H7 for individuals in empty nest households have significant correlations with each
other (r = 0.404, 0.177, 0.286, 0.265, 0.220, p < 0.001). This will be helpful for health management in
primary care in rural China; the concordance will alleviate the pressure of primary care and increase
the effectiveness of doctor–patient communication. Health service needs in empty nest households
who took individuals’ public needs as household needs (n = 746) included the H4 (43.3%) and H5
(24.9%) and were always with a male householder (94.0%) or at least one had chronic diseases (82.4%).
Health service needs in empty nest households that considered one member’s needs as household
needs (n = 46) included the H1 (56.5%), H4 (65.2%), H5 (63.0%), and H7 (45.7%), and the member
would be the householder of the family (90.5%) or had a disease within two weeks (100.0%). In
conclusion, family members’ roles and health status play an important role in health service needs in
empty nest households. Additionally, physical examination and health education services are the
two health services that are most needed by empty nest households, and are suitable for delivering
within a household unit.

Keywords: health services need; household unit; empty nest household; collective model;
empirical research

1. Introduction

The family plays an important role in the care and rehabilitation of individuals [1,2].
The family function is complex and focuses on the whole system rather than on the indi-
viduals, including roles (e.g., family structure), relationships, well-being, and belonging,
and significantly takes place in the context of some public concerns, such as health prob-
lems [3,4]. In fact, the role of the family has been widely concerned in primary care in
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many countries. In the United States, family-centered care has incorporated into the stan-
dards and requirements in the performance system [5]. A Canadian study developed a
Calgary Family Assessment and Intervention Model to evaluate family functioning in
health research and family care [6]. Moreover, family functioning can influence health
literacy among members. For example, children have e reported good health literacy within
a better family context (better education, higher economic level, etc.) [7]. It is suggested
that individuals in the same family could play their respective roles, achieve their prac-
tical goals, and maintain the relationships with each other; these are supportive factors
to promote individual health [8,9]. In general, understanding the family experience of
health and illness within the family’s social and cultural context helps health professionals
provide targeted health services [10]. In the COVID-19 context, the pandemic poses an
acute threat to the well-being of the whole family, which emphasizes the importance of
family health [11,12].

Individuals’ health could affect other members’ health service needs in the same
households. For example, for patients with chronic disease, their family caregivers take
responsibility for maintaining treatment compliance, supervising medication intake, and
providing emotional and economic support. However, family caregivers often show poorer
health than those in families without a patient, and they are more likely to suffer from a host
of problems, such as anger, fear, and depression [13,14]. People’s health is also associated
with those with whom they are living. Support from the patients’ families, especially their
spouse’s support, can affect their health-seeking behavior. For example, support from
husbands plays an essential role in encouraging women’s health [15]. Additionally, because
of the critical role of family members, some countries such as Canada, have tried to expand
their efforts to actively involve patients’ family members in health service improvement
and system redesign initiatives [16]. Hughes and Waite [17] found that married couples
(age 51–61) living alone or with children are the most advantaged in health, but single
women living with children are disadvantaged on all health outcomes. In China, old adults
living alone and living with their children showed both advantages and disadvantages in
health, while those with a spouse in the household provided the best health protection [18].

In China, the limited doctor–patient interactions are often confined to the brief consul-
tation time and care facilities. However, family members’ behavior concordance and daily
support could compensate for the situation [19], and family involvement could be critical
for health management [20]. Therefore, many health services that could be delivered based
on a household unit. In 2016, the Chinese Government proposed a family doctor system, in
which general practitioners would establish a long-term service relationship with families
that signed a contract with them. The family doctors would offer 95% of the family’s
primary care and play a vital role as the primary health gatekeeper [21–23]. However, due
to a lack of several essential uniform features such as health insurance support, appropriate
incentive mechanisms, objective evaluation methods, and an effective way of delivering
service, so there is some difficulty implementing the family doctor contracting services in
China [24]. The family-centered care model has been promoted as a contemporary model of
health service delivery, and evidence has shown that family-centered care for older adults
is positive [25,26]. In the Chinese community-based healthcare setting, family-centered care
showed a positive effect on seniors with diabetes [27]. Moreover, some health-promotion
programs have tried to consider families, but due to a lack of funding and policy, it is
difficult to maintain family-centered interests in associating interventions [28]. Therefore,
it is crucial to clarify health service needs from a household perspective, which would be
indicators for services, such as a family doctor contracting service.

In China, an empty nest household usually refers to households without children or
whose children have left their parents’ home [29,30]. The accelerated urbanization and
inequity of economic development in urban and country areas have resulted in the empty
nest becoming the main family pattern in rural China. In 2016, empty nesters accounted
for 51.1% of the elderly in China, and this proportion will reach 90% by 2030 according to
China’s National Committee on Aging [31]. Often associated with low income, poor living
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conditions, and the lack of social and emotional support, residents in empty nest households
are more likely to be vulnerable to different health problems and irreversible decreases in
functional capacity [30,32,33]. Moreover, empty nest individuals are usually older adults
who are likely to suffer from a high prevalence of chronic conditions and disability [34–36].
When their children move out of their homes, their empty nest parents are more likely to
suffer from empty nest syndrome, resulting in loneliness, anxiety, frustration, etc. [37–39].
An investigation conducted in Sichuan, a western province in China, found that 30.11%
of elderly empty nesters had anxiety-related symptoms [40,41]. These negative emotions
are consistently tied to a subjective feeling of increased pain, disease, and tiredness [42–44].
In general, members in empty nest families are often concerned with poor health statuses,
poor mobility, and a high risk of chronic diseases. Therefore, primary care facilities in rural
areas are always under significant pressure in health service delivery, such as diagnosis
and treatment, chronic disease management, physical examination, and mental health.
Otherwise, with the advancement of the internet and social media, older adults have a
high demand for remote assessment, such as telemedicine services, to help them become
more independent in daily living activities [45,46]. Moreover, some empty nesters use
complementary medicine, such as traditional Chinese medicine, to replace other kinds of
treatment for economic or preference reasons [47].

Therefore, we assume that health services delivered based on a household unit should
be more efficient, especially for empty nest households who have more health service
needs but limited support. However, there is little concern about health service needs
from a household perspective, the difficulty to collect sufficient family and individual
information, and a lack of proper methods to analyze individuals’ health service needs
from a household perspective. In this study, we conducted empirical research to determine
the health service needs in empty nest households in Sinan and Dangyang in China from a
household perspective.

2. Methods

2.1. Setting

This study was conducted in Sinan County in Guizhou Province and Dangyang
County in Hubei Province, located in western and central China. Both counties are at the
first-class economic level (GDP ranked 2/10, 4/13 in their cities in 2020). Sinan County has
7 townships, and Sinan County has 17 townships. Both countries are located in relatively
flat areas, and the distribution of households is dense. Households in these counties are
equipped with at least one village clinic, one township hospital, and county hospitals, and
residents can access different health services from any health facility.

2.2. Study Design and Data Collection

With a 95% confidence level, the calculation is based on the requirement that the
absolute sampling error does not exceed 3%. Due to the use of multistage complex sampling,
the design effect will generally be between 2 and 2.5 [48,49]. This study considers the design
effect at 2.5.

ni = u2
a · p · (1 − p)/δ2 (1)

Ni = ni · DEFF (2)

Equation (1) calculates the sample size of simple random sampling. ni represents the
number of samples required for the i stage. The ua corresponds to the inspection level of u
value, and δ is the allowable error. Equation (2) calculates the sample size of multistage
stratified random cluster sampling. Ni is the sample size of multistage stratified random
cluster sampling. DEFF is sampling efficiency, referring to how many samples in this
sampling process can provide the information that one sample could in a simple random
sampling. The absolute sampling error is 21.338% of the chronic disease prevalence of the
whole population based on the number of patients in China according to the 2013 National
Health Service Survey, while the is 1.96 with a 95% confidence level [50]. Sampling efficiency
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could be affected by the intra-group correlation coefficient (ICC), sample stratification, the
average number of respondents in each set, internal heterogeneity. Among them, the design
efficiency of the National Census in China is 1.4, which serves as a reference value in this
study. Therefore, the sample size in each county was 3584 individuals. According to the
Fifth National Health Service Survey, the average amount of individuals per household
was 2.9 [34]. Lastly, at least 1200 households in each county should be investigated. The
sampling process could be found in Figure 1.

Figure 1. Selection process of empty nest households.

This study was conducted in Sinan County in Guizhou Province and Dangyang
County in Hubei Province. The counties were selected with a purposive sampling strategy
in central and western China. A multistage stratified random sampling strategy was used
to select the households. Five townships in each county were selected randomly, and
six villages were considered according to their distance away from each township, with
two villages selected randomly far, medium distance, and near the central township. We
conducted face-to-face interviews with around 40 households in each village, and each
individual was questioned. Finally, we investigated 7293 individuals in 2735 households.
The following criteria were used to select the empty nest households: (1) households with
only two members in the house first entered the study; (2) households with two members
must be spouses; (3) respondents must have lived at the survey site for at least six months;
(4) at least one member in an empty nest household could participate in the study via
face-to-face interview. Finally, 1606 empty nest people in 803 empty nest households
were included (803 × 2 = 1606). Informed consent was obtained from all participants in
this study.

2.3. Health Service Needs

According to Nobile [51], the WHO definition of health is a dynamic state of wellbeing
characterized by a physical, mental, and social potential, satisfying the demands of life com-
mensurate with age, culture, and personal responsibility. Accordingly, this study divided
health service needs into physical health service needs and mental health service needs
generally. In China, the health system is always concerned with healthcare and public
health [52]. The healthcare system is designed to satisfy people’s medical needs, such as di-
agnosis and treatment and chronic disease management [50]. Public health is the collective
action for sustained population-wide health improvement, such as health surveillance and
preventive care [53,54]. With the advancement of social media, telemedicine has played an
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important role in providing health services in China, which should be considered when
studying health service needs [55]. Therefore, we finally made the health service needs
in this study as diagnosis and treatment services, chronic disease management service,
telemedicine, physical examination service, health education service, mental healthcare,
and traditional Chinese medicine service.

2.4. Health Service Needs Consistency Rates

According to individuals’ answers to the questionnaire, consistency rates of individu-
als’ health service needs could be calculated as:

Consistency rate = COUNT n (x1ij = x2ij, i = 1,2, . . . . . . ,N; j = 1,2, . . . . . . ,8)/N (3)

x1ij refers to the health service need of one member in an empty nest household, x2ij
and refers to the other member’s health service need in the same empty nest household.
When both selections of two individuals were the same, then this empty nest household
would be counted into this study. i is the code of empty nest households, and j refers to
different health service needs. n is the number when x1ij = x2ij, and N is the total count of
empty nest households in this study. If individuals’ health service needs in empty nest
households do have consistency to some extent, then it is feasible to explore the health
service needs from a household perspective.

2.5. Health Service Needs from a Household Perspective
Collective Household Model

Becker first illustrated the collective household model, in which the household is
characterized as a collection of individuals. This model assumes that family consumption
decisions result from multi-person decision making. An intrinsic feature of the collective
model is the sharing rule, which governs the within-household distribution of household
capitals. This sharing rule is always an indicator of the bargaining power of individual
household members. The ultimate consumption decision on each good or service is always
dependent on household characteristics, income levels, etc. However, these factors only
affect different weights of individuals’ bargaining power in a household’s model but not
the preferences of individual household members [56,57].

When there are two individuals (1 and 2) in the same household consuming a set of
services, the health service needs in a household unit would be [57]:

u(Q,qf,qm) = max(Q,qf,qm){b1 uf (Q,qf,qm) + b2 um(Q,qf,qm)} (4)

Q refers to the public health service needs and qf and qm are the private health service
needs. uf and um are the expected health utilities people would obtain from different
health services. In this study, we investigated people’s subjective health score, and the gap
between their status to full-health status is the utility they would get from receiving health
services. b1 and b2 refer to individuals’ bargaining power in the same empty nest household.
It can be affected by individuals’ education level, role in their family (householder or not)
and their objective health status valued by EQ-5D.

This study took the mean score of different factors as individuals’ bargaining power.
If the educational level was divided into three levels, the higher level of an individual, the
stronger their bargaining power. If individual 1 is a householder, then b1 = 1, b2 = 0. The
value estimated by EQ-5D refers to the objective health status.

3. Results

3.1. Consistency Rates of Different Health Service Needs in Empty Nest Households

In this study, individuals’ consistency rates in diagnosis and treatment service, chronic
disease management service, telemedicine care, physical examination service, health edu-
cation service, mental healthcare, and traditional Chinese medicine service were 40.30%,
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89.13%, 98.85%, 58.93%, 57.95%, 72.84%, and 63.40%, respectively. Therefore, family level
health service needs could be studied based on this concordance.

3.2. Correlations between Individual’s Health Service Need in Empty Nest Households

In Table 1, health service needs, diagnosis and treatment service (r = 0.404), telemedicine
care (r = 0.177), physical examination service (r = 0.286), health education service (r = 0.265),
and traditional Chinese medicine service (r = 0.220) of individuals in an empty nest house-
hold have significant correlations with each other (p < 0.001).

Table 1. Correlations between individuals’ health service needs (r).

Individual 1
H1 H2 H3 H4 H5 H6 H7

Individual 2

H1 0.404 ** 0.049 0.034 0.063 −0.044 −0.086 −0.045
H2 0.059 0.003 0.004 0.026 −0.036 0.006 0.025
H3 0.059 0.005 0.177 ** 0.037 0.002 0.009 0.039
H4 0.003 0.033 −0.004 0.286 ** 0.115 ** −0.013 0.015
H5 −0.032 −0.018 0.037 0.104 ** 0.265 ** −0.018 0.051
H6 0.005 0.022 0.026 0.015 0.024 0.053 0.036
H7 0.007 0.027 0.031 −0.002 0.085 * −0.035 0.220 **

Notes: H1: diagnosis and treatment service; H2: chronic disease management service; H3: telemedicine care;
H4: physical examination service; H5: health education service; H6: mental healthcare; H7: traditional Chinese
medicine service. * p < 0.05, ** p < 0.001.

3.3. Health Service Needs from a Household Perspective in Empty Nest Households

As shown in Table 2, individuals in empty nest households have similar subjective
and objective health mean scores. Individuals with educational levels less than primary
school accounted for over 50%.

Table 2. Characteristics for each individual in empty nest households (n = 803).

Characteristics Categories Individual 1 Individual 2

Subjective health score Mean score 69.95 67.69
Objective health score Mean score 0.887 0.865

Educational level
Less than primary school 50.7% 60.0%

Junior and senior high school 47.8% 36.6%
More than undergraduate 0.3% 0.8%

Householder
Yes 74.5% 27.9%
No 25.4% 71.8%

As seen in Table 3, households with public health service needs as their household
needs accounted for 93.4% (n = 746), and households that take one individual’s health
service needs as their household needs accounted for 5.7% (n = 46). The public needs at
the household level mainly include the physical examination service (43.3%) and health
education service (24.9%). The individual needs mainly include the diagnosis and treatment
service (56.5%), physical examination service (65.2%), health education service (63.0%), and
traditional Chinese medical service (45.7%). In general, the health service needs in empty
nest households mainly include the diagnosis and treatment service (12.4%), physical
examination service (44.2%), health education service (26.9%), and traditional Chinese
medicine service (18.9%).
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Table 3. Health service needs in empty nest households (n, %).

Health Service Needs
Public Needs as

Household Needs

Individual Needs as Household Needs
Total

Individual 1 Individual 2 Total

H1 73 (9.8) 11 (52.4) 15 (60.0) 26 (56.5) 99 (12.4)
H2 39 (5.2) 0 (0.0) 0 (0.0) 0 (0.0) 39 (4.9)
H3 1 (0.1) 1 (4.8) 0 (0.0) 1 (2.2) 2 (0.3)
H4 323 (43.3) 15 (71.4) 15 (60.0) 30 (65.2) 353 (44.2)
H5 186 (24.9) 16 (76.2) 13 (52.0) 29 (63.0) 215 (26.9)
H6 29 (3.9) 7 (33.3) 1 (4.0) 8 (17.4) 37 (4.6)
H7 130 (18.1) 11 (52.4) 10 (40.0) 21 (45.7) 151 (18.9)

Notes: H1: diagnosis and treatment service; H2: chronic disease management service; H3: telemedicine care;
H4: physical examination service; H5: health education service; H6: mental healthcare; H7: traditional Chinese
medicine service.

3.4. Characteristics for Health Service Needs in a Household Unit

According to Table 4, the empty nest households who take public health service
needs as household needs are mainly male householders, accounting for 94.0% (n = 803).
Additionally, 69.3% of these households had at least one individual who had an illness
within two weeks while we conducted the survey, and 82.4% of households had at least
one individual with chronic disease. Therefore, households with at least one individual
who had an illness within two weeks or chronic conditions were more likely to take public
health needs as household needs.

Table 4. Characteristics for health service needs in a household unit in empty nest households (n, %).

Public Needs as Household Needs

n %

Family characteristics Householder’s gender
Male 701 94.0

Female 45 6.0

Two-week prevalence
both 154 20.7

One individual 335 47.7
None 236 31.7

Chronic disease
Both 228 30.7

One individual 384 51.7
None 131 17.6

Individual Needs as Household Needs

Individual 1 Individual 2

n % n %

Individual characteristics Householder
Yes 19 90.5 0 0.0
No 2 9.5 25 100.0

Two-week prevalence
Yes 21 100.0 25 100.0
No 0 0.0 0 0.0

Chronic disease
Yes 16 76.2 22 89.0
No 5 23.8 3 12.0

Households that consider an individual’s health service needs as household needs are
more concerned with the individual’s health. The individual usually had a disease within
two weeks (100.0%) or was the householder in the family (90.5%). The results could be
found in Figure 2.
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Figure 2. Health service needs in empty nest households.

4. Discussion

In this study, the health service needs of individuals in empty nest households have a
high degree of consistency. This may be a credit to the shared family context they have,
where their family culture and living habits originate, resulting in individuals in the same
household having similar health literacy. For example, Wong et al. [58] found a health
literacy information sharing system among family members; the health literacy among
family members could be shared and could change individuals’ health behaviors. Ishikawa
and Kiuchi [59] found that although an individual’s ability to achieve health-related literacy
is limited, it could be compensated by other family members’ abilities. This may lead to
the high degree of consistency in their health service needs.

According to the results of this study, the consistency rate was relatively low for
diagnosis and treatment service needs. It is believed that people’s well-being and severity
could be affected by their subjective feeling, so that people may have different health service
needs, even though they have the same kind of disease [60]. However, service needs, such
as physical examination, health education, and consecutive chronic disease prescription,
are commonly considered as essential health service needs, and were added to the family
doctor contract services [61], which are suitable to be delivered within a household unit.

In this study, individuals’ health service needs in empty nest households have been
found to be positively correlated with each other. The environment and lifestyle that
individuals share within a household result in similar health service needs [62]. Addition-
ally, when one becomes sick, their spouse usually worries about catching the same illness,
leading to a change in the individual’s health service needs. Therefore, family-oriented
health promotion and disease prevention are promising strategies as family members may
support and nurture one another through life stages [28]. In particular, empty nesters may
live together with each other for a long time.

There are still difficulties faced in conducting family-centered health services in pri-
mary care. In this study, health service needs on a family level in empty nest households
mainly include physical examination services, health education services, etc. People in
empty nest households are almost always old, suffering from poor health status, and
lacking economic support. For these people, only a basic level of health is required, and
is hoped for to reduce the children’s burden [63]. In China, people over 65 years old
could access free physical examination services, which showed positive outcomes in the
timely discovery of health problems [64,65]. Health education can popularize common
disease prevention knowledge, chronic disease prevention, daily maintenance, and acute
disease measures for residents in rural areas with low educational levels. This kind of
health education provided by primary care institutions is the main source for empty nest
households’ health information [66]. However, these health services are not delivered from
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a family unit, although some are taken into family doctor contracting services [24]. The
Chinese Government issued “Guiding Opinions on Regulating the Management of Family
Doctor Contracting Services” in 2018, and it proposed that the number of residents signed
to each family doctor should not exceed 2000, but there is more demand in reality. For
example, the number of contract resident visits for each family doctor from 2013 to 2016 in
Pudong, Shanghai, was more than 8000 per year [67].

Family members’ roles are essential in producing health service needs. In this study,
residents in empty nest households may take householders’ health service needs as house-
hold needs, especially when the householder is male. This is also proven in other families.
For example, Meydanlioglu et al. [68] found father’s educational status determined factors
associated with their children being overweight and obese. Dongn et al. [69] mentioned
that fathers with cognitive empathy could alleviate depression caused by mothers’ parental
stress. Additionally, parents are critical in guiding children’s behavioral changes, such as
food choice and physical activity [70,71]. Therefore, some health service needs could be
delivered based on this concept. For example, it may be more efficient to provide health
services, such as health education to householders in empty nest households, for which
other family members would be affected.

Health service needs from a household perspective are dynamic, for the family envi-
ronment is always changing via family relationships, interactions, beliefs, values, routines,
and practices [71]. Any family member’s health change will lead to a change in a family’s
health service needs. When someone has an emergency illness or severe disease, it is more
likely that their health service needs should be satisfied first. In contrast, health service
needs from a household perspective are also stable. When both individuals in the same
households have similar health status, they may consider their common health service
needs as their household needs [72], which is common among empty nest households.

According to the United Nations, the first goal of sustainable development is erad-
icating poverty and the divisive implications of its pathology [73]. Evidence has shown
that “poverty due to illness” and “return to poverty due to illness” are the main cause
of poverty in remote rural areas in China [74,75]. Empty nest families always have a risk
of health-related poverty problems due to their fragility in economy and health. Making
health service needs clear from the household perspective would be helpful to locate fami-
lies with severe health problems that may result in poverty, which will improve sustainable
development in rural China.

5. Conclusions

Families are vital to the health of individuals as they promote family members’ healthy
choices and encourage health behavioral change. Family involvement in health services
delivery has been taken into consideration in many countries. However, the relationship
of individuals’ health services needs is less evident, and few studies have focused on the
family-level health service needs. In this study, we took empty nest households in rural
China as an example, and explored the health service needs from a household perspective
based on a cross-sectional study. A wide range of samples were selected with a multi-level
sampling strategy, and a family model was applied to determine family-level health service
needs for empty nest households. According to the results, individuals’ health service needs
in empty nest households are highly consistent and are positively correlated with each other,
indicating that health service needs could be studied based on a household unit. It could
be served as a reference for policymakers of primary care to improve the effectiveness of
health management and reduce the pressure of primary care. It is also a promising strategy
to promote doctor–patient communication with limited interaction. This will be helpful for
health management in primary care in rural China, for the concordance will alleviate the
pressure of primary care and increase the effectiveness of doctor–patient communication.
Empty nest households who considered individuals’ public needs as household needs
were usually with a male householder or were experiencing a chronic condition; the
health service needs mainly included physical examination and health education. Health
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service needs in empty nest households who took one member’s needs as household needs
included diagnosis and treatment, physical examination, health education, and traditional
Chinese medicine services. The member was more likely to be the householder of the family
or had a disease within two weeks. Therefore, family members’ roles and health status
play an important role in health service needs in empty nest households. Additionally,
family-level health services needs in empty nest households mainly included physical
examination and health education, which could be indicators to deliver health services for
a family unit. In addition, figuring out health service needs from a household perspective
is helpful to locate health-related poverty families and improve sustainable development
in rural China.
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Abstract: An elderly person who lives alone must often be autonomous and self-sufficient in daily
living activities. We explored if living alone and marital status were associated with mild cognitive
impairment and low cognitive reserve in a sample of Mexican women aged 60+ attending continuing
education courses using a cross-sectional design. Objective cognitive functions were assessed using
the MMSE and Blessed Dementia Scale. We administered the Cognitive Reserve Questionnaire.
Independence skills were assessed with the Katz index and Lawton index. Multivariate logistic
regression analysis was used. We recruited 269 participants (x = 69.0 ± 5.8 years). Single, widowed,
separated, and divorced women comprised 73% of the participants. A third lived alone and 84% had
completed high school. Mild cognitive deficit was observed among 24.5–29.0%; the upper range for
cognitive reserve was 61.7%. Living alone versus living with someone was associated with cognitive
impairment (OR = 0.51, p = 0.04) and with low to medium cognitive reserve (OR = 0.51, p = 0.02)
after adjusting for confounding variables. Living alone was an independent factor associated with a
lower probability of displaying mild cognitive impairment and a higher probability of displaying
high cognitive reserve. Women living alone in this study had a more robust cognitive framework
and had built their own support networks.

Keywords: cognitive reserve; living alone; cognitive impairment; elderly women; Mexico

1. Introduction

In 2000, Mexico’s annual growth rate among the elderly was 5.1%, a figure that if kept
stable would place the current older adult population at 7.6%. If this were to double every
19 years, by 2050, this age group will represent 21% of the total population [1]. In addi-
tion, for every 100 young adults (under 15 years), Mexico City will have approximately
209.7 inhabitants aged 65 and over [2].

Int. J. Environ. Res. Public Health 2021, 18, 10939. https://doi.org/10.3390/ijerph182010939 https://www.mdpi.com/journal/ijerph



Int. J. Environ. Res. Public Health 2021, 18, 10939

Among the elderly, a supportive social network has a positive effect on their emotional
wellbeing and self-esteem [3,4]. Lack of social support has also been documented as a
consistent risk factor for poor health and quality of life among those who live alone [5].
However, a person who lives alone may also need to be autonomous and self-sufficient
in daily living activities, both basic and instrumented [6,7]; the latter requires the need
to develop more robust memory skills, which in turn brings about a higher cognitive
reserve [8,9]. Cognitive reserve (CR) is defined as the ability a person has to adapt to age-
related brain changes or damage caused by certain brain pathologies [10]. It is a difficult to
measure construct; education and verbal intelligence have been widely used as proxies of
CR, since direct measurement of an individual’ s CR is elusive [11]. CR is construed as an
active skill because it is dynamic and can be modified by circumstances and cognitive expe-
riences. It is determined by several modifiable factors, including occupational attainment,
engagement in leisure activities, physical activity, social engagement, or brain-challenging
tasks. CR has been shown to mitigate the negative impact of aging on cognitive function
and it is worth noting that there are modifiable factors that can increase it [12].

Gender, a history of chronic disease, displaying cognitive and functional impair-
ment, personality traits, experiencing stressful life events, family history of depression,
experiencing sensory losses, social losses, insufficient physical activity, increased levels of
dependency, lack of support, and loneliness are among the predisposing factors associated
with depression [13]. Caring for an ailing partner has also been shown to have an impact
on the burden of care, as this increases over time. This burden is greater for female than for
male caregivers. However, psychosocial stressors also increase the severity of caregiving
activities among both genders. [14,15].

Some individuals are more vulnerable to developing feelings of loneliness in response
to environmental triggers than others [16]. Elderly men face widowhood under more
challenging circumstances compared to elderly women, especially in traditional contexts
such as Mexico’s, where the burden of household chores falls mainly on women and where
a generational effect is also markedly prevalent [17–19]. A widowed woman may have the
ability and resources to acquire the adaptative tools that living alone entails [20,21]. It is
therefore important to make a distinction between experiencing loneliness and living alone.
The first represents a feeling of abandonment and lack of contact with someone, while the
second implies autonomy. Loneliness has been associated with an increased predisposition
to illness, greater cognitive decline, and even premature mortality. On the other hand,
people living alone can seek and receive emotional support outside the home and build
their own support networks [22,23].

We explored if living alone in a megacity such as Mexico City (population: 21,782,000)
or living with someone was associated with displaying mild cognitive impairment and
low cognitive reserve. We surveyed a sample of Mexican women aged 60 and older who
had on average completed high school or college.

2. Materials and Methods

We carried out a cross-sectional study among elderly women who were enrolled in
the University of the Elderly (Universidad de la Tercera Edad), a public educational institution
in Mexico City that offers continuing education courses. During 2017–2019, we recruited
subjects in a consecutive way as they agreed to participate in the study and signed a written
informed consent form. All interviews were conducted face to face. The approximate
student enrollment at the time the study was fielded was estimated at 2000. The main
reason women declined to participate was that the study instruments took on average 1.5 h
to administer and they did not have sufficient time to respond.

The inclusion criteria were being 60 years or older, being female, not being totally deaf
or blind, and not presenting with severe mental illness (i.e., schizophrenia) or cognitive
decline (i.e., dementia). Participants needed to be able to respond to the survey questions
by themselves without the help of a carer (caregiver) or proxy. Those who did not comply,
did not complete the survey, or did not agree to participate were excluded.

87



Int. J. Environ. Res. Public Health 2021, 18, 10939

The sociodemographic variables in the survey included age, marital status (single,
married, cohabitating, widowed, separated, or divorced), the person or people that the
participant was living with (alone, with a partner, with offspring, with another relative
or a non-relative), current occupation (unemployed, homemaker, worker, retired, or re-
ceiving public funds (pensionado), and other), the financial independence of the participant
(does or does not get any financial support), comorbidities (overweight, obesity, diabetes,
systemic arterial hypertension, vascular cerebral disease, chronic pulmonary disease, hy-
pothyroidism, history of cancer, current cancer, chronic renal disease, or depression).

Memory Cognitive Reserve was measured using the Cognitive Reserve Questionnaire
with the following dimensions [24,25]: (i) academic background (primary, junior, and
senior high-school, college/graduate school), (ii) parents’ academic background (can read
and write, junior and high-school or college/graduate school), (iii) continuing education
courses (did not attend, attended 1 to 2, 3 to 5, and >5), (iv) prior occupation (administrative,
management, and executive level), (v) musical training (does not play at all, plays a little,
received formal musical training), (vi) languages (speaks 1 or more aside from mother
tongue, 2, 3, >3),(vii) reading habit measured by number of books read per year (never,
occasionally, 2–5 a year, 6–10 a year, >10 a year), and (viii) plays memory-challenge
games (never, occasionally, regularly). The final cognitive reserve classification comprised
four categories: low range (≤6 points), low-medium range (7–9 points), high-medium
range (10–14 points), and upper range (≥15 points). In this study, we added the lowest
three categories that were considered as having low cognitive reserve: the lower range
in addition to the medium-low range plus the medium-upper range (≤14 points). These
values were compared with the upper range category (≥15 points). We decided this because
the figures in the first categories were few and we had to create a dichotomous variable.

Objective cognitive functions were assessed using (i) Folstein´s Mini Mental State
Evaluation (MMSE), with the following cut-off scores: normal ≥27, suspected cognitive
impairment 25–26, and mild cognitive impairment ≤24 [26,27]; (ii) the Blessed Dementia
Scale, which measures changes in daily living skills and personal habits (in personality and
behavior it is also used to screen for dementia, with the following cut-off scores: normal
(<4), mild impairment (4 to 9), moderate (from 10 to 14), and severe (>15) [28]); and (iii) the
Clock Test, which assesses visuospatial abilities, visual motor memory programming, and
other abilities with the following cut-off scores: unaltered (0 mistakes), slightly altered
(1–2 mistakes), moderate (3–4 mistakes), and severe (5 or more mistakes). This test has
been shown to correlate with scores in the MMSE [29].

Basic activities of daily living (BADL) were measured using the Katz index as pre-
served (score = 6 shows total self-feeding, mobility, continence, toileting, dressing, and
bathing abilities) or altered in one or more functions [30]. We administered the Lawton
instrumental activities of daily living (IADL), which assesses the ability to use the phone,
go shopping, prepare meals, perform household chores, use public transportation, and han-
dle prescription drugs and money, and is classified as total independence (=8), slight (6–7),
moderate (4–5), mild (2–3), and total dependency (0–1) [31]. In addition to this, gait speed
was calculated by measuring the time in seconds it took the patient to walk 8 m in a straight
line (4 m back and forth) [32,33].

The statistical analysis included the description of continuous variables through the
mean and standard deviation as well as categorical variables through relative frequencies.
The comparison of independent variables (sociodemographic, comorbidities, cognitive
functions, functionality, and gait speed) among women with low cognitive reserve com-
pared with participants that scored in the normal range in cognitive reserve was performed
through logistic regression analysis deriving odds ratios (OR) by the exponential of regres-
sion coefficients. We reported the values of statistical significance with 95% confidence
intervals and p-values. Multivariate models were built to test the main effect of living alone
versus living with someone on cognitive impairment and cognitive reserve after adjusting
by confounding variables. All analyses were carried out with SPSS/PC v25.0. The research
protocol was submitted and registered by the Institutional Review Board (Research and
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Ethics Committee) at the Faculty of Medicine of the National Autonomous University of
Mexico (FMED/CI/GRD/014/2011).

3. Results

We collected information on 269 women aged 60 and older. The mean age was
69.0 ± 5.8 years (minimum 60 to maximum 86). From the total sample, women that were
single, widowed, separated, and divorced comprised 73%. A third of the participants
(33%) lived alone, and this was our main effect variable to test. A total of 225 women
(84%) had a high level of schooling (had completed high school, college, or a graduate
degree). They were currently retired (58%) or homemakers (32%) and the majority received
non-governmental financial aid (87%). Their prior work history included administrative
(33%), management (32%), and executive level jobs (27%). Among the prevalence of
chronic diseases, overweight and obesity were the most common (both added up to 71%),
followed by hypertension (36%), hypothyroidism (17%), and diabetes (13%). This latter
figure is lower than the one expected for their age group in Mexico. The prevalence
of mild or suspected cognitive impairment on the MMSE was 29%. The prevalence of
cognitive impairment (low, moderate, and severe) with the Blessed Orientation Memory
Concentration Test was 24.5%. According to the Cognitive Reserve Questionnaire, 62%
of women scored in the highest category (upper range) of cognitive reserve. Two-thirds
reported reading as their main hobby. Over 40% of the participants frequently solved
memory-challenge games, more than half played a musical instrument, and a third spoke
two or more languages. It is worth noting the percentage of women that fulfilled Fried’s
criteria for prefrailty (76%) and frailty (13%) despite having a reasonably sound health
status. The percentage of women with total independence for instrumental activities of
daily living was 89%, while 36% reported some degree of dependence when carrying out
basic activities of daily living (see Table 1).

Table 1. Characteristics of functionally independent study participants aged 60 years.

Variable n = 269

Age (years) 69.0 ± 5.8

BMI (kg/m2) 27.1 ± 3.9

Gait speed test for 8 m (seconds) 4.6 ± 1.1

N◦ %

Marital status
Single 109 40.5

Married or common-law 72 26.8
Widowed 64 23.8
Separated 11 4.1
Divorced 13 4.8

Who does she currently live with?
Alone 88 33

Partner 71 26.6
Children 78 29.2

Other: relative 24 9
Other: non-relative 6 2.2

Did not respond 2 -

Level of schooling
Elementary and middle school 44 16.4

High school 96 35.7
College 113 42

Graduate school 16 5.9
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Table 1. Cont.

N◦ %

Current occupation
Retired 156 58.2

Homemaker 86 32.1
Self employed 17 6.3
Unemployed 3 1.1

Other 7 2.2

Financial dependency
Does not get aid 34 12.7

Gets aid 234 87.3
Did not respond 1 -

Comorbidity
Overweight 135 50.8

Obesity 53 19.9
Diabetes 34 12.7

Hypertension 98 36.4
Cerebrovascular disease 9 3.3

Chronic obstructive pulmonary disease 11 4.1
Hypothyroidism 45 16.7

Cancer 28 10.5
Chronic kidney disease 5 1.9

Depression 15 5.6

Exhaustion
Fatigue (by self-report) 37 13.8

Cognitive Reserve Questionnaire (CRQ)
Level of schooling

Elementary-middle school 44 16.4
High-School 96 35.7

College or Graduate school 129 47.9

Parents´ level of schooling
Can read and write 19 7.1
Junior high-school 137 50.9

High-school or College 113 42

Attended continuing education courses
None 51 19
1 to 2 7 2.6
3 to 5 23 8.6

>5 188 69.9

Prior occupation (work history)
Administrative work 111 41.3
Middle management 85 31.6

Executive level 73 27.1

Musical training
Does not play at all 118 43.9

Plays a little 140 52
Formal musical training 11 4.1

Languages
1 (mother tongue only) 179 66.5

2 78 29
3 7 2.6

>3 5 1.9
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Table 1. Cont.

N◦ %

Reading activity
Never 33 12.3

Occasionally 56 20.8
2–5 books in one year 106 39.4

6–10 books in one year 45 16.7
>10 books in one year 29 10.8

Memory-challenge games
Never plays 78 29
Occasionally 81 30.1

Regularly 110 40.9

Cognitive Reserve Questionnaire (CRQ)
15.2 ± 3.2

Score 1 0.4
16 5.9

Low range 86 32
Medium-low range 166 61.7
Medium-high range

Upper range

Cognitive Function (Mini Mental State Evaluation)
Score

Normal 27.3 ± 2.1
Suspected cognitive impairment 191 71

Mild cognitive impairment 53 19.7
25 9.3

Blessed Dementia Scale
Score 2.02 ± 3.2

Normal 203 75.5
Mild impairment 56 20.8

Moderate impairment 8 3
Severe impairment 2 0.7

Clock-Test
Unaltered 184 68.4

Mild alteration 50 18.6
Moderate alteration 30 11.2

Severe alteration 5 1.9

Fried’s frailty criteria
Not frail 28 10.4
Prefrail 205 76.2

Frail 36 13.4

Basic activities of daily living (Katz index)
Total independence 171 63.6
Some dependence 98 36.4

Instrumental activities of daily living (Lawton index)
Total independence 240 89.2
Slight dependency 28 10.4

Moderate dependency 1 0.4
Moderate dependency

Living alone had a statistical trend of association with a lower probability of display-
ing mild, moderate, or severe impairment as measured by the Blessed Dementia Scale
(OR = 0.52, p = 0.05) as well as with a lower probability of having cognitive impairment or
suspected cognitive impairment as measured by the MMSE (OR = 0.57, p = 0.07). The above
results seem to indicate that a woman in our study who lived alone had 92% (inverse value
of 0.52) and 75% (inverse value of 0.57), respectively, lower probability of having some
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degree of cognitive impairment compared with a woman who lived with someone. Fur-
thermore, living alone was also statistically associated with a lower probability of having a
low, medium-low, or medium-high range of cognitive reserve (OR = 0.52, p = 0.02), namely,
a 92% lower probability of displaying decreased cognitive reserve. The clock test did not
yield statistical significance (see Table 2).

Table 2. Association between living alone, displaying cognitive impairment (MMSE and Blessed), and cognitive reserve.

Dependent Variable

Living Alone Living with Someone

OR 95% CI p-ValueN = 88 N = 181

N◦ % N◦ %

MMSE
Mild cognitive impairment or suspected cognitive

impairment 19 21.6 59 32.6 0.57 0.31–1.03 0.07

Blessed Dementia Scale
Mild, moderate, or severe impairment 15 17 51 28.2 0.52 0.28–0.99 0.05

Cognitive Reserve Questionnaire
Low, medium-low, or medium-high range 25 28.4 78 43.1 0.52 0.30–0.91 0.02

Clock test
Mild, moderate, or severe alteration 24 27.3 61 33.7 0.74 0.42–1.29 0.33

When we compared the variables associated with social support, mild or moderate
physical activities including walking outside the home, perception of satisfaction and
memory status compared to their peers, and the prevalence of comorbidity, we did not find
statistically significant differences among women who lived alone compared to those who
lived with someone. There was a trend towards being more physically active (walking
outside the home or gardening) among women who lived with someone and less physically
active among women who lived alone. However, there was a significant difference in the
percentage of women who lived alone and were primary caregivers (8%) compared to
women who lived with someone and cared for someone (21%) (p = 0.008) (see Table 3).

Table 3. Association between living alone or with someone, social and physical activities, and comorbidity variables.

Variable

Lives Alone
n = 88

Lives with Someone
n = 181 p-Value

N◦ % N◦ %

Do you have someone to take care you? 2 2.3 5 2.8 1.00

Do you receive financial aid? 79 89.8 155 86.1 0.44

Do you carry out activities outside the home? 85 97.7 177 98.3 0.66

Do you feel satisfied with life? 77 87.5 160 88.4 0.84

Do you prefer to stay home rather than go out? 14 15.9 34 18.8 0.61

Do you think you have more memory problems than most people? 9 10.2 14 7.7 0.49

Do you think other people have a better sense of well being compared to you? 3 3.4 7 3.9 1.00

In the last 7 days, did you carry out activities outside the home? 83 95.4 179 98.9 0.09

In the last 7 days, did you practice gardening at home? 19 21.8 60 33.1 0.06

In the last 7 days, were you someone else’s primary caregiver? 7 8.0 38 21.0 0.008

Do you suffer from hypertension? 29 33.0 69 38.1 0.42

Do you suffer from diabetes? 7 8.0 27 15.0 0.12

Do you suffer from chronic kidney disease? 3 3.4 2 1.1 0.34

Do you suffer from cerebrovascular disease? 3 3.4 6 3.3 1.00

Do you suffer from chronic obstructive pulmonary disease? 5 5.7 6 3.3 0.35

Do you suffer from hypothyroidism? 15 17.0 30 16.6 1.00
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For further analysis, we tested the main effect of low cognitive reserve associated with
the probability of displaying cognitive impairment with an OR = 1.9, 95% CI: 1.05–3.43,
and p = 0.03, regardless of the effect of age, living alone, functional dependence (measured
by the Lawton scale), schooling (had completed college or more vs. an incomplete college
degree or less), and caring for someone.

Table 4 shows that living alone is an independent factor associated with a lower
probability of displaying mild, moderate, and severe impairment, and low, medium-low,
and medium-high cognitive reserve. The main effect of living alone was adjusted in
multivariate models by age (years), the number of Fried’s criteria for frailty syndrome,
history of stroke, fatigue (by self-report), and gait speed (seconds).

Table 4. Multivariate models to test the main effect of living alone on cognitive impairment (MMSE and Blessed) and
cognitive reserve.

Model 1—MMSE * Model 2—Blessed * Model 3—CRQ *

Dependent variable:
mild or suspected cognitive impairment

vs. no cognitive impairment

Dependent variable:
cognitive impairment (mild, moderate,

and severe) vs. no cognitive impairment

Dependent variable:
low, medium-low, and medium-high

cognitive reserve vs. high
cognitive reserve

Main effect:
living alone vs. living with someone

Main effect:
living alone vs. living with someone

Main effect:
living alone vs. living with someone

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

0.57 0.31–1.03 0.06 0.51 0.26–0.97 0.04 0.51 0.29–0.89 0.02

* All models were adjusted for age (years) and number of Fried’s criteria for frailty syndrome, history of stroke, fatigue (by self-report), and
gait speed (seconds).

4. Discussion

Our results show that in our sample of Mexican elderly women, living alone is an
independent factor associated with a lower probability of displaying mild cognitive im-
pairment as assessed by two standardized international tests and with a higher probability
of showing high cognitive reserve. When we tested the main effect of low cognitive reserve
on the probability of displaying cognitive impairment, we found that it was a risk factor
independently associated with different covariates, including living alone. Women that
were single, widowed, separated, or divorced did not show an association with the same
variables of cognitive decline or cognitive reserve. In our study, marital status did not
necessarily imply women lived alone; for example, they could report being widowed and
still live with a family member. However, women that reported being widowed, divorced,
and separated did not have a higher risk of displaying mild cognitive impairment com-
pared with married women. We may speculate that a woman who lives alone comprises
one factor representing different dimensions [20]. They are able and used to carrying
out household chores by themselves, and they may have overcome widowhood and/or
divorce with perhaps more resilience than men [19,20,34,35]. These conditions may favor
their sense of autonomy, independence, and functionality, and thus increase their cognitive
reserve and decrease their risk of developing cognitive impairment [8,36].

Different social theories have been put forth to explain the ageing process [37]. Suc-
cessful ageing and healthy ageing are two well-known examples. However, in 2002 the
World Health Organization (WHO) made a call to consider another construct, that of active
ageing [38]. Under this paradigm, active ageing entails the optimization of resources and
opportunities to further a person’s health which in turn will translate into an enhanced
quality of life as we age. Because ours is an aging world, it is of paramount importance
that we find the mechanisms that allow people not to stagnate. Societies and health care
systems need to recognize what their aging population’s needs are and satisfy them based
on the complexities involved in growing old. Furthermore, this process could potentiate
different abilities, including physical, social, and mental, both at the individual and collec-
tive levels. Our results seem to highlight the ways in which social participation becomes
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relevant for women and men to build supportive social networks by attending continuing
education courses with a curriculum that also included arts and drama. As Teater and
Chonody illustrated [37], active ageing is multidimensional and includes “being active
and participating in social, economic, cultural, spiritual, and civic issues”. Therefore, our
findings seem to indicate that women in our sample adhere to WHO’s definition of active,
successful, and healthy ageing. There is evidence to suggest that social isolation is also
associated with higher mortality (more prevalent among widowed men than widowed
women) and that the effect of long-term isolation increases the risk of depression and
dementia. As an older person ages, their social networks decrease, reducing their cognitive
stimulus and lowering their cognitive reserve. Thus, the lack of social interaction together
with loneliness have negative effects on cognitive reserve and impairment. This interaction
could be mediated by the capacity for neuronal plasticity in analogous pathways at the
level of the hippocampus and the prefrontal region [39].

Our study has several limitations: ours is a sample with characteristics that differ
from the “average” Mexican woman aged 60 and older. According to the 2020 National
Population and Housing Census, there was a total of 8,276,286 women aged 60+. Of them,
only 11% (892,107) had completed higher education (college or graduate school). In our
study, participants that comprised this level of educational attainment was 47.9% [40].
It was also a sample of reasonably healthy elderly women whose prevalence of chronic
diseases was lower than the that reported at the national level for similarly aged women.
According to the 2018–19 National Survey of Nutrition and Health of Mexico [41]: the
prevalence of diabetes was 27.1% versus 12.7% in our study, hypertension was 47.8%
versus 36.4%, overweight was 38.7% versus 50.8%, and obesity was 33.0% versus 19.9%.
We also observed a difference in the functional dependence in instrumental activities of
daily living of our participants compared to the one reported in the 2012 National Survey
of Nutrition and Health of Mexico [42]: 10.8% versus 28.4%. However, our study sample
had a higher prevalence in dependence of basic activities of daily living than reported
in the latter survey: 36.4% versus 29.6%. It is also important to note that our subject’s
mean age was 69 years. These factors may have influenced their memory skills and high
cognitive reserve. Nevertheless, we were able to find statistically significant differences
between women living alone versus women who reported living with someone as an
associated independent factor. It is also possible that women with more independence may
have had prior professional development that contributed to this, and while in our study
only seven participants reported having an executive level job, most held professional
positions (administrative or middle management); thus, we assume the probability of bias
is low. However, we are aware that our results cannot be generalized to older women in
Mexico City since ours is a selected sample with the characteristics described above. Our
choice of screening instruments—the MMSE, the Blessed Dementia Scale, and the Clock
Test, in terms of its sensitivity to detect cognitive impairment in a population without
severe memory pathology—have been described in the literature and could be considered
another study limitation. Our study design (cross-sectional) did not allow us to accurately
distinguish whether women who lived with someone displayed cognitive decline or were
physically frail and thus required assistance from a caregiver, unlike women who lived
alone who were healthier and more independent. However, we think this possibility
is not supported by our results, which showed that women who lived alone were not
different from those who lived with someone in terms of sociodemographic characteristics,
social support, perception of health, and comorbidities. In daily routines such as physical
activities (walking outside the home, gardening, etc.) women who lived alone showed
a trend towards statistical significance in performing better than women who lived with
someone. Being a primary caregiver also stood out when we compared both groups of
women; it was higher (21%) among women who lived with someone compared to those
who lived alone (8%). This finding suggests that women who live with someone and
are primary caregivers must be physically and cognitively fit, so this may not be a group
displaying a bias towards a greater deficit in overall functioning.
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5. Conclusions

While our sample of elderly women had higher levels of schooling compared to
Mexico’s national average of 9.2 years, [43] had a low prevalence of some of the most
common and epidemic chronic conditions that plague this country (diabetes, overweight,
and obesity) [41,42], and belonged to a middle income bracket, living alone was an inde-
pendent factor associated with a lower probability of displaying mild cognitive impairment
assessed with a higher probability of showing high cognitive reserve. Our study partic-
ipants could be construed as a “privileged” sample in terms of social determinants of
health; however, they were also self-motivated and disciplined to further their education
by attending continuing education courses at a public university. They played a musical
instrument, spoke more than one language, read often, played memory-challenge games,
and most probably created a robust social network while attending these intellectual and
artistic activities. When we enquired if they received financial aid from the government
(in the form of a pension), a very small percentage did (13%), which meant they perhaps
led frugal lives. Since we did not find statistical differences between women who lived
alone and those who lived with someone in terms of the prevalence of chronic diseases
and activity outside the home, except for having cared for someone in the last week, we
can assume that the former group of women displayed a more robust cognitive framework
and were able to build their own support networks.

Author Contributions: Conceptualization, E.G., A.M.V., R.S.-A., M.A.O.-R., B.G.-L. and C.D.-O.;
data curation, A.R.V., M.A.O.-R. and B.G.-L.; formal analysis, A.R.V., A.M.V., R.S.-A. and M.A.O.-R.;
funding acquisition, C.D.-O.; research, R.S.-A., M.A.O.-R., B.G.-L. and C.D.-O.; methodology, A.R.V.,
E.G. and M.A.O.-R.; project administration, A.R.V., V.C.-S., I.V.-H., C.D.-O. and M.A.-C.; resources,
B.G.-L., I.V.-H. and G.E.F.-D.; writing—original draft, V.C.-S. and C.D.-O.; writing—review and
editing, V.C.-S., I.V.-H., M.A.-C. and C.D.-O. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was partially supported by PAPIIT (Programa de Apoyo a Proyectos de Investi-
gación e Innovación Tecnológica, PAPIIT # IA304221, Diaz-Olavarrieta C, Villa AR).

Institutional Review Board Statement: The research protocol was submitted and registered by
the Institutional Review Board (Research and Ethics Committee) at the Faculty of Medicine of the
National Autonomous University of Mexico (FMED/CI/GRD/014/2011).

Informed Consent Statement: We recruited subjects in a consecutive way as they agreed to parti
cipate in the study and signed a written informed consent form.

Acknowledgments: The authors wish to extend their gratitude to the women who kindly partici-
pated in this study and to the University of the Elderly (Universidad de la Tercera Edad) for allowing
us to carry out data collection.

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

References

1. Partida-Bush, V. Proyecciones de la Población de México 2005–2050. Consejo Nacional de Población y Vivienda.
México. 2006. Available online: http://www.alianzacivica.org.mx/guia_transparencia/Files/pdf/desarrollo/14
_PROYECCIONESDELAPOBLACIONDEMEXICO/14_PROYECCIONESDELAPOBLACIONDEMEXICO.pdf (accessed on
29 May 2021).

2. Consejo Nacional de Población. Cuadernillos Estatales de las Proyecciones de la Población de México y de las Entidades
Fe-derativas, 2016–2050, República Mexicana. Primera edición. July 2019; ISBN 978-607-427-320-5. Available online:
https://www.gob.mx/conapo/documentos/cuadernillos-estatales-de-las-proyecciones-de-la-poblacion-de-mexico-y-de-las-
entidades-federativas-2016-2050-208243?idiom=es (accessed on 16 July 2021).

3. Cornwell, B.; Laumann, E.O. The health benefits of network growth: New evidence from a national survey of older adults. Soc.
Sci. Med. 2015, 125, 94–106. [CrossRef] [PubMed]

4. Werner-Seidler, A.; Afzali, M.H.; Chapman, C.; Sunderland, M.; Slade, T. The relationship between social support networks and
depression in the 2007 National Survey of Mental Health and Well-being. Soc. Psychiatry Psychiatr. Epidemiol. 2017, 52, 1463–1473.
[CrossRef] [PubMed]

95



Int. J. Environ. Res. Public Health 2021, 18, 10939

5. Kim, J.; Lee, J.-E. Social Support and Health-Related Quality of Life Among Elderly Individuals Living Alone in South Korea:
A Cross-Sectional Study. J. Nurs. Res. 2018, 26, 316–323. [CrossRef] [PubMed]

6. Sun, W.; Watanabe, M.; Tanimoto, Y.; Shibutani, T.; Kono, R.; Saito, M.; Usuda, K.; Kono, K. Factors associated with good self-rated
health of non-disabled elderly living alone in Japan: A cross-sectional study. BMC Public Health 2007, 7, 297. [CrossRef] [PubMed]

7. Henning-Smith, C.; Gonzales, G. The Relationship Between Living Alone and Self-Rated Health Varies by Age: Evidence From
the National Health Interview Survey. J. Appl. Gerontol. 2019, 39, 971–980. [CrossRef]

8. Cabeza, R.; Albert, M.; Belleville, S.; Craik, F.I.M.; Duarte, A.; Grady, C.L.; Lindenberger, U.; Nyberg, L.; Park, D.C.; Reuter-Lorenz,
P.A.; et al. Maintenance, reserve and compensation: The cognitive neuroscience of healthy ageing. Nat. Rev. Neurosci. 2018,
19, 701–710. [CrossRef]

9. Stern, Y.; Barnes, C.A.; Grady, C.; Jones, R.N.; Raz, N. Brain reserve, cognitive reserve, compensation, and maintenance:
Operationalization, validity, and mechanisms of cognitive resilience. Neurobiol. Aging 2019, 83, 124–129. [CrossRef]

10. Stern, Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol. 2012, 11, 1006–1012. [CrossRef]
11. Kwak, S.; Shin, M.; Kim, H.; Cho, B.; Ha, J.H.; Han, G.; Kim, H.; Koo, Y.; Kwon, S.; Lee, C.; et al. Moderating effect of cognitive

reserve on the association between grey matter atrophy and memory varies with age in older adults. Psychogeriatrics 2020,
20, 87–95. [CrossRef]

12. Amanollahi, M.; Amanollahi, S.; Anjomshoa, A.; Dolatshahi, M. Mitigating the negative impacts of aging on cognitive function;
modifiable factors associated with increasing cognitive reserve. Eur. J. Neurosci. 2021, 53, 3109–3124. [CrossRef]
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Abstract: The Chronic Care Program introduced in Catalonia in 2011 focuses on improving the
identification and management of complex chronic (CCPs) and advanced chronic patients (ACPs) by
implementing an individualized care model. Its first stage is their identification based on chronicity,
difficult clinical management (i.e., complexity), and, in ACPs, limited life prognosis. Subsequent
stages are individual evaluation and implementation of a shared personalized care plan. This
retrospective study, including all CCPs and ACPs identified in Catalonia between 2013 and 2019, was
aimed at describing the characteristics and healthcare service utilization among these patients. Data
were obtained from an administrative database and included sociodemographic, clinical, and service
utilization variables and morbidity-associated risk according to the Adjusted Morbidity Groups
(GMA) stratification. During the study period, CCPs’ and ACPs’ prevalence increased and was
higher in lower-income populations; most cases were women. CCPs and ACPs had all comorbidities
at higher frequencies, higher utilization of healthcare services, and were more frequently at high risk
(63% and 71%, respectively) than age-, sex-, and income level-adjusted non-CCP (23%) and non-ACP
populations (30%). These results show effective identification of the program’s target population and
demonstrate that CCPs and ACPs have a higher burden of multimorbidity and healthcare needs.

Keywords: chronic care; integrated care; geriatric care; palliative care; primary health care; multi-
morbidity; complexity; healthcare services utilization; complex needs; advanced chronic patients

1. Introduction

Catalonia (Northeast of Spain) is one of the regions with the oldest population in
the world due to its ever-increasing life expectancy and its lower fertility rate (83.5 years
and 35.6%, respectively, in 2019) [1,2]. In 2016, public health expenditure per capita
was 2137 (USD PPP), total health expenditure was 7.6% of the gross domestic product
(GDP), and hospital beds supply was 1.7 per 1000, below the 3.7 per 1000 average of EU15.
Currently, 19% of the Catalan population is aged >65 years, and this figure is projected to
increase to >33%, with 12–15% of the population >80 years old by 2050. It is also one of
the most intensively aging populations in the world [3,4]. This demographic evolution is
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associated with a higher prevalence of people with chronic diseases, who are currently a
major healthcare and social concern, and constitute a burden for healthcare systems [5–7].

The national Catalan healthcare system provides free universal coverage, except for
pharmaceuticals, which require a user co-payment, to a population of 7.6 million. One
of its main distinguishing features is the separation of planning and financing functions,
allowing for commissioning of healthcare services from public and private-owned centers,
including acute care hospitals (67 centers and 12,776 beds), intermediate care hospitals
(98 post-acute and long-term care centers with 8261 beds), mental health (40 acute mental
health centers (3805 beds) and 129 community mental health network facilities) and primary
care system facilities (377 primary care centers). The health plan is the main strategic
planning instrument for all health interventions of the Government of Catalonia and,
for the 2011–2015 period, was focused on improving care for patients who used it most:
persons with chronic conditions and complex needs (CCPs) and those with advanced
chronic conditions (ACPs) [8].

Compared with the general population, CCPs and ACPs have higher utilization of
healthcare resources, including emergency admissions, consultations, and accident and
emergency (A&E) services, higher drug use, and tend to be dependent [9,10]. However,
healthcare systems are organized to treat singular diseases and, despite the increasing
number of people with multiple chronic conditions and complex needs, still provide frag-
mented care [11,12]. As a result, standardized plans developed from a disease management
perspective fail to fulfill CCPs’ and ACPs’ needs, increasing the risk of poor outcomes,
such as emergency admissions, readmissions, and a higher number of primary healthcare
visits [13]. Considering the concern raised by these unadjusted healthcare plans, new
integrated and patient-centered care models have been developed worldwide, and these
new interventions are being evaluated in other countries [12,14–18].

1.1. Patient Definition, Identification, and Specific Model of Care of CCPs and ACPs in Catalonia

To improve the main outcomes and care for CCPs and ACPs, the Catalan Chronic Care
Program of late 2011 focused on developing a specific toolkit to define and identify CCPs
and ACPs [10,16,19,20]. For the definition of CCPs, the Catalan program broadened the
multimorbidity paradigm used in other regions of Spain and Europe and adopted people
with complex care needs as population targets. Complexity was defined, following this
new paradigm, in three dimensions, including clinical, social/contextual, and healthcare
system complexities, and was treated as the result of the interaction between variables
associated with each of the dimensions [21] (Figure 1).

Figure 1. Dimensions of complexity. Adapted from de Kuipers et al. [21].
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Patients with chronic conditions and complex care needs (CCPs) were defined as
those whose situation reflected the difficulty of their management and care and the need to
adopt specific individual plans, owing to concurrent diseases, their utilization of healthcare
services, and their context [22]. Complex care needs are the common feature among CCPs,
who are estimated to account for 3.5–4% of the population [23]. The identification of CCPs
is based on detecting relationships between different clinical, context-related, and health
and social care system-related criteria. Clinical criteria include multimorbidity, dynamic
and unpredictable outcome, and classification within the 5% at higher risk according to
the Adjusted Morbidity Groups (GMA, from Spanish “Grupos de Morbilidad Ajustados”)
model. Context-related criteria include dysfunctional or risky social situations to meet
the person’s needs, and health and social care system-related criteria include, among
other factors, patient management differences among each healthcare professional settings.
Unlike specific screening instruments, a specific, unequivocal guideline to define CCPs has
not been established. Despite the lack of a perfect algorithm to identify CCPs, a perceptive
decision related to complexity criteria has been established as the basis of the model and is
used by healthcare professionals to define a patient as CCP. The definitions of complexity
and their associated criteria are summarized in Table S1.

In addition to complex care needs, people with advanced chronic conditions (ACPs)
need palliative care and have a limited life prognosis (from a few days up to one year).
Considering the previous evidence regarding the benefits of early identification and pallia-
tive care in this population (i.e., first end-of-life transition) [24], the Catalan healthcare plan
has changed its paradigm of care for people needing palliative care from the classical di-
chotomic perspective (i.e., curative vs. palliative care) applicable to cancer patients in their
last days or weeks in palliative care units, to a dynamic synchronous perspective applicable
to any disease and advanced chronic condition, regardless of the person’s location [25]. This
view of palliative care is different compared to other countries and seeks to identify patients
in end-of-life transition needing early palliative care. To facilitate the early identification
of ACPs in Catalonia, the Department of Health and the Chair of Palliative Care of Vic
University developed a screening tool for the early identification of the need for palliative
care among individuals with limited life expectancy: the NECesidades PALiativas tool
(NECPAL-CCOMS-ICO) [26]. The NECPAL tool is a validated instrument to screen and
identify people with palliative care needs that combines the surprise question (‘Would you
be surprised if this patient dies in the next year?’) with other items, including the request
for palliative care by the patient or family and the need for palliative care as identified
by professionals, general clinical indicators, psychosocial factors, multimorbidity, use of
resources, and specific indicators to evaluate disease severity and progression. Previous
studies in the Catalan setting have shown a 1–1.5% prevalence of APCs, with advanced
frailty and/or dementia (55%), advanced organ disease (32%), and cancer (13%) [26].

Providing optimal care to CCPs and ACPs requires combining the points of view of
healthcare systems, responsible for facilitating a better response to these patients through
healthcare planning and resource management, and healthcare professionals responsible
for providing care based on the multidimensional needs of people. Furthermore, success
relies on incorporating the population view, based on care and organizational models to
respond to the needs of this population, and the individual view, based on patient-centered
models providing individualized care, considering that the main goal is to obtain good
results from the patients’ perspective [27]. Along these lines, the Department of Health of
Catalonia developed the Chronic and Integrated Healthcare program, an individualized
care model that integrated the population perspective, aimed at improving provision
of services and integrating care, which revolves around primary care teams, with the
individual perspective, aimed at customizing care for each individual patient (Figure 2).
This individual care model included four stages, of which patient identification as CCPs
and ACPs is the first.
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Figure 2. Diagram depicting the model of care for persons with complex chronic conditions and advanced chronic conditions
of the Catalan health program 2011–2015 from the individualized and population perspectives. The model is organized in
four main stages. ACPs, advanced chronic patients; CCPs, complex chronic patients.

1.2. Justification and Aims of This Study

Even though the Chronic and Integrated Healthcare program has been implemented
for several years, the populations identified as CCPs and ACPs remain to be analyzed.
Furthermore, few studies have evaluated other initiatives aimed at providing integrated
care for people with chronic conditions and complex needs, often with unexpected re-
sults [28]. The healthcare system of Catalonia registers patient stratification based on the
GMA categories and identification as CCP or ACP on electronic healthcare records, making
this information available for its monitorization and evaluation. In this study, we used the
Catalan electronic administrative clinical database to describe the sociodemographic and
clinical characteristics of patients identified as CCPs and ACPs with the goal of assessing
the first stage of the Chronic Care program in the first few years of its implementation.
Additionally, we evaluated the clinical characteristics and utilization of healthcare services
among these populations.

2. Materials and Methods

2.1. Study Design, Participants, and Database

This was a retrospective analysis of an administrative database that included all
individuals identified as CCPs or ACPs in Catalonia (northwest of Spain) between 2013
and 2019. CCPs and ACPs were identified by primary care specialists in 377 primary
care centers based on the criteria previously presented (Table S1). Owing to the use
of an electronic database as the data source and the irreversible anonymization of the
data extracted, patient informed consent was not applicable in this study. This study was
conducted in accordance with the Ethical Principles for Medical Research Involving Human
Subjects of the Helsinki Declaration and the local Personal Data Protection Law (LOPD
15/1999); it was approved by the Research Ethics Committee of University of Vic/Central
University of Catalonia (UVIC-UCC) reference number 63/2018.
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2.2. Data Source

Sociodemographic and clinical data were obtained from the Catalan Health Surveil-
lance System (CHSS) that, since 2011, has been collecting detailed information about the uti-
lization of healthcare by/among the entire population of Catalonia (7,600,000 inhabitants).
This record, which has been analyzed in previous publications in other areas [29–31],
gathers data recorded in multiple settings, including primary care, acute care hospitals,
intermediate care hospitals, mental health centers, outpatient clinics, and emergency ser-
vices. Furthermore, this record collects information regarding prescriptions and pharmacy
expenses and invoices, including outpatient clinics, non-urgent medical transportation, out-
patient rehabilitation, home oxygen therapy, and dialysis. No data about private healthcare
could be collected because these centers use different codes for patient identification.

2.3. Variables

The sociodemographic variables considered in this study were age, sex, and income
level, classified as high (annual income > 100,000 €), intermediate (18,000–100,000 €), low
(<18,000 €), and very low (receiving welfare support from the government). Clinical
variables were diagnoses, as they appear in the CHSS database according to the usual
clinical practice, and coded according to the International Classification of Diseases, ninth
revision, Clinical Modification (ICD-9-CM). The multimorbidity burden was stratified
based on the Adjusted Morbidity Groups (GMA), which considers the type of disease—
acute or chronic—, number of systems affected, and complexity of each disease [32,33].
The GMA enable the classification of all the population into four strata based on their
morbidity-associated risk. The four strata are (1) Baseline risk (healthy stage), with an
GMA score up to the 50th percentile of the total population; (2) Low risk, with a GMA
score between the 50th–80th percentiles; (3) Moderate risk, with a GMA score between the
80–95th percentiles; and (4) High risk, with a GMA score above the 95th percentile [32,34].
Variables associated with the utilization of healthcare services during the first year after
identification of CCPs and ACPs were number of (1) visits to primary healthcare centers;
(2) outpatient visits; (3) emergency service admissions; (4) acute care hospital admissions
and length of stay (days); (5) admissions to intermediate care hospitals and length of stay
(days); (6) admissions to psychiatric centers and length of stay (days), and (7) prescribed
drugs, according to the different chemical and therapeutic classification groups, and units.

In order to describe the evolution of epidemiological and clinical characteristics among
CCPs and ACPs, an annual incidence study was conducted. Health expenditure was
calculated according to the standard costs of each service provided by the Department of
Health (Generalitat de Catalunya) for each year [35].

2.4. Statistical Methods

Categorical variables were described as frequencies and percentages and quantitative
variables as the mean and standard deviation (SD) and/or the median and interquartile
range (IQR; Q1, Q3). Incidence and prevalence rates were expressed per 1000 inhabitants
and mortality rates per 100. Categorical variables were compared using Pearson’s Chi-
squared test with Yates’ continuity correction. Survival curves were calculated using the
Kaplan–Meier estimator and compared using the Gehan test. The statistical significance
threshold was set at a bilateral alpha value of 0.05. The utilization of healthcare services and
associated expenditure of CCPs and ACPs were compared with the population of patients
not identified as complex adjusted by age, sex, and income level, hereinafter referred
to as “non-CCP” and “non-ACP”, respectively. Comorbidities and healthcare services
utilization were compared using the rate ratio by median-unbiased estimation (mid-p),
and healthcare services expenditure was compared using the Student’s t-test. To analyze
geographic variability, the Poisson regression was used to calculate cumulative incidence
rates for the 2017–2019 period, adjusted by age, sex, morbidity (GMA), and income level.
Data after the first few years of implementation of the Chronic Care program (2017–2019)
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were considered to be more stable and were aggregated to increase the robustness of these
analyses. All analyses were performed using the R statistical package (version 4.0.3).

3. Results

3.1. Characteristics of the Overall Cohort (2013–2019)

During the study period, 303 357 individuals with a median (IQR) age of 82 (74.0,
86.0) years were identified as CCPs, and 98,587 persons with a median (IQR) age of 84.0
(75.0–90.0) years were identified as ACPs. Table 1 summarizes the sociodemographic and
clinical characteristics of the overall study population according to their identification as
CCP and ACP. Sociodemographic and clinical characteristics of CCPs and ACPs identified
throughout the study period (2013–2019) were significantly different between groups,
although differences were small. ACPs were older and, as expected, were more frequently
classified in the high-risk GMA stratification category compared to CCPs. Dementia was
more frequent in ACPs compared to CCPs.

Table 1. Sociodemographic and clinical characteristics of the overall study cohort (2013–2019)
according to their identification as complex chronic patients and advanced chronic patients, n (%).

CCP ACP p-Value a

N = 303,357 N = 98,587

Sociodemographic characteristics
Sex

Male 133,454 (44.0) 46,007 (46.7)
<0.001Female 169,903 (56.0) 52,580 (53.3)

Age, years
<15 1020 (0.34) 134 (0.14)

<0.001

15–44 5060 (1.67) 1074 (1.09)
45–64 25,466 (8.39) 8921 (9.05)
65–74 45,554 (15.0) 12,871 (13.1)
75–84 113,495 (37.4) 28,701 (29.1)
>84 112,762 (37.2) 46,886 (47.6)

Income level
High 701 (0.23) 350 (0.36)

<0.001
Medium 46,586 (15.4) 16,439 (16.7)

Low 244,127 (80.5) 78,429 (79.6)
Very Low 11,930 (3.93) 3358 (3.41)

Clinical Characteristics
GMA stratification

Baseline risk 1704 (0.56) 304 (0.31)

<0.001
Low risk 19,826 (6.54) 3508 (3.56)

Moderate risk 119,234 (39.3) 26,512 (26.9)
High risk 162,593 (53.6) 68,263 (69.2)

Comorbidities
Arterial hypertension 247,001 (81.4) 76,284 (77.4) <0.001

Arthrosis 157,006 (51.8) 47,320 (48.0) <0.001
Diabetes mellitus 124,762 (41.1) 35,848 (36.4) <0.001

Heart failure 100,330 (33.1) 35,084 (35.6) <0.001
Chronic kidney disease 98,985 (32.6) 34,539 (35.0) <0.001

Chronic obstructive pulmonary disease 87,748 (28.9) 29,954 (30.4) <0.001
Depression 91,961 (30.3) 28,305 (28.7) <0.001

Ictus 71,847 (23.7) 25,735 (26.1) <0.001
Ischemic heart disease 70,247 (23.2) 21,187 (21.5) <0.001

Dementia 43,957 (14.5) 20,492 (20.8) <0.001
Osteoporosis 53,707 (17.7) 16,572 (16.8) <0.001

Arthritis 28,422 (9.37) 9031 (9.16) 0.051
Cirrhosis 6853 (2.26) 3173 (3.22) <0.001

HIV infection 1617 (0.53) 360 (0.37) <0.001
Abbreviations: ACP, advanced chronic patients; GMA, adjusted morbidity groups (in Spanish “Grupos de
morbilidad ajustados”); CCP, complex chronic patients; HIV, human immunodeficiency virus. a Pearson’s
Chi-squared test with Yates’ continuity correction.

Survival analysis showed a significantly decreased probability of survival of ACPs
compared to CCPs (Figure 3). One-, 3-, and 5-year survival rates were 82.4% and 37.0%,
58.2% and 14.8%, and 39.3% and 5.4% for CCP and ACP, respectively.
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Figure 3. Probability of survival up to 5 years of the overall population of chronic complex patients
and advanced chronic patients identified throughout the study period (2013–2019).

3.2. Epidemiological Evolution of the Identification of CCPs and ACPs

During the study period (2013–2019), the prevalence rates of both CCPs and ACPs in
the general population increased from 8.8 and 1.2 cases per 1000 people in 2013 to 21.7 and
2.6 cases per 1000 people in 2019, respectively. Conversely, incidence rates decreased from
2013 to 2019 in both populations, from 9.1 to 3.9 new cases per 1000 individuals for CCPs
and from 1.8 to 1.6 new cases per 1000 individuals for ACPs, respectively. CCP prevalence
and incidence rates were more variable during the study period compared with those of
ACP (Figure 4).

Figure 4. Prevalence and incidence rates of (A) CCPs and (B) ACPs throughout the study period
(2013–2019).
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Analysis of survival rates according to the year of identification showed significantly
and progressively decreased survival of ACPs and, even though survival curves of CCPs
showed a similar significant trend, differences between years were more modest (Figure 5).

Figure 5. Probability of survival up to 3 years of (A) chronic complex patients (CCPs) and (B) advanced chronic patients
(ACPs) according to year of identification.

From the beginning and until the end of the study period, the mean age of CCP and
ACP incident cases increased in men and women. Mean ages of patients identified as
CCP and ACP were persistently higher in women throughout the whole study period:
Age differences ranged from 3.8 to 4.3 years for CCP and from 4.9 to 5.7 years for ACP.
Sociodemographic and clinical characteristics of patients identified as CCP and ACP
showed significant changes throughout the study period. The ages of patients identified
as CCPs and ACPs increased gradually and slowly (1.5-year and 1.7-year differences for
CCPs and ACPs, respectively, in 7 years), and the proportion of patients at a high and very
high GMA risk progressively increased, with a concomitant decrease in patients at low
and moderate risk. The prevalence of different morbidities throughout the study period
significantly changed (Tables 2 and 3).

Table 2. Evolution of the sociodemographic and clinical characteristics of complex chronic patients throughout the study
period, n (%).

2013 2014 2015 2016 2017 2018 2019
p-Value a

N = 68,382 N = 70,996 N = 39,770 N = 29,098 N = 37,907 N = 33,916 N = 23,288

Sociodemographic
characteristics

Sex
Male 30,738 (45.0) 31,081 (43.8) 17,252 (43.4) 12,902 (44.3) 16,664 (44.0) 14,710 (43.4) 10,107 (43.4)

<0.001Female 37,644 (55.0) 39,915 (56.2) 22,518 (56.6) 16,196 (55.7) 21,243 (56.0) 19,206 (56.6) 13,181 (56.6)
Age, years

<15 250 (0.37) 263 (0.37) 126 (0.32) 80 (0.27) 60 (0.16) 104 (0.31) 137 (0.59)

<0.001

15–44 1222 (1.79) 1596 (2.25) 593 (1.49) 453 (1.56) 534 (1.41) 364 (1.07) 298 (1.28)
45–64 6319 (9.24) 6243 (8.79) 3109 (7.82) 2342 (8.05) 2992 (7.89) 2536 (7.48) 1925 (8.27)
65–74 10,738 (15.7) 10,766 (15.2) 5787 (14.6) 4231 (14.5) 5714 (15.1) 4950 (14.6) 3368 (14.5)
75–84 27,234 (39.8) 27,078 (38.1) 14,867 (37.4) 10,634 (36.5) 13,906 (36.7) 11,835 (34.9) 7941 (34.1)
>84 22,619 (33.1) 25,050 (35.3) 15,288 (38.4) 11,358 (39.0) 14,701 (38.8) 14,127 (41.7) 9619 (41.3)

Income level
High 118 (0.17) 129 (0.18) 83 (0.21) 71 (0.24) 110 (0.29) 97 (0.29) 93 (0.40)

0.0000
Medium 9409 (13.8) 9663 (13.6) 5812 (14.6) 4826 (16.6) 6406 (16.9) 5886 (17.4) 4584 (19.7)

Low 54,858 (80.2) 60,332 (85.0) 31,908 (80.2) 22,858 (78.6) 29,919 (78.9) 26,604 (78.4) 17,648 (75.8)
Very Low 3991 (5.84) 869 (1.22) 1963 (4.94) 1343 (4.62) 1472 (3.88) 1329 (3.92) 963 (4.14)

Clinical characteristics
GMA stratification

Baseline risk 558 (0.82) 461 (0.65) 248 (0.62) 177 (0.61) 120 (0.32) 71 (0.21) 69 (0.30)

0.0000
Low risk 6296 (9.21) 5285 (7.44) 2584 (6.50) 1628 (5.59) 1841 (4.86) 1285 (3.79) 907 (3.89)

Moderate risk 29,499 (43.1) 29,241 (41.2) 16,310 (41.0) 11,004 (37.8) 13,834 (36.5) 11,634 (34.3) 7712 (33.1)
High risk 32,029 (46.8) 36,009 (50.7) 20,628 (51.9) 16,289 (56.0) 22,112 (58.3) 20,926 (61.7) 14,600 (62.7)
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Table 2. Cont.

2013 2014 2015 2016 2017 2018 2019
p-Value a

N = 68,382 N = 70,996 N = 39,770 N = 29,098 N = 37,907 N = 33,916 N = 23,288

Comorbidities
Diabetes mellitus 30,682 (44.9) 30,241 (42.6) 15,705 (39.5) 11,326 (38.9) 15,044 (39.7) 12,976 (38.3) 8788 (37.7) <0.001

Heart failure 24,134 (35.3) 23,634 (33.3) 13,075 (32.9) 9554 (32.8) 11,937 (31.5) 10,672 (31.5) 7324 (31.4) <0.001
COPD 21,552 (31.5) 21,044 (29.6) 11,076 (27.9) 8083 (27.8) 10,557 (27.8) 9164 (27.0) 6272 (26.9) <0.001

Arterial hypertension 55,972 (81.9) 57,452 (80.9) 32,304 (81.2) 23,620 (81.2) 31,069 (82.0) 27,682 (81.6) 18,902 (81.2) <0.001
Depression 18,709 (27.4) 20,893 (29.4) 11,895 (29.9) 9188 (31.6) 12,181 (32.1) 11,217 (33.1) 7878 (33.8) <0.001

HIV infection 428 (0.63) 526 (0.74) 197 (0.50) 111 (0.38) 140 (0.37) 130 (0.38) 85 (0.36) <0.001
Ischemic heart disease 17,327 (25.3) 17,116 (24.1) 8937 (22.5) 6499 (22.3) 8322 (22.0) 7189 (21.2) 4857 (20.9) <0.001

Ictus 15,671 (22.9) 16,442 (23.2) 9478 (23.8) 7004 (24.1) 9107 (24.0) 8383 (24.7) 5762 (24.7) <0.001
Chronic kidney disease 20,601 (30.1) 21,667 (30.5) 12,603 (31.7) 9745 (33.5) 13,558 (35.8) 12,469 (36.8) 8342 (35.8) <0.001

Cirrhosis 1559 (2.28) 1640 (2.31) 956 (2.40) 653 (2.24) 845 (2.23) 677 (2.00) 523 (2.25) 0.016
Osteoporosis 10,591 (15.5) 12,082 (17.0) 6900 (17.3) 5260 (18.1) 7491 (19.8) 6752 (19.9) 4631 (19.9) <0.001

Arthrosis 32,201 (47.1) 35,116 (49.5) 20,336 (51.1) 15,501 (53.3) 21,187 (55.9) 19,258 (56.8) 13,407 (57.6) 0.000
Arthritis 4927 (7.21) 6089 (8.58) 3374 (8.48) 2859 (9.83) 4221 (11.1) 3955 (11.7) 2997 (12.9) <0.001

Dementia 7846 (11.5) 9288 (13.1) 5841 (14.7) 4424 (15.2) 6051 (16.0) 6174 (18.2) 4333 (18.6) <0.001

Abbreviations: GMA, adjusted morbidity groups (in Spanish “Grupos de Morbilidad Ajustados”); COPD, chronic obstructive pul-
monary disease; HIV, human immunodeficiency virus. a Pearson’s Chi-squared test with Yates’ continuity correction.

Table 3. Evolution of the sociodemographic and clinical characteristics of advanced chronic patients throughout the study
period, n (%).

2013 2014 2015 2016 2017 2018 2019
p-Value a

N = 13,206 N = 18,137 N = 14,755 N = 12,918 N = 14,587 N = 14,040 N = 10,944

Sociodemographic
characteristics

Sex
Male 6122 (46.4) 8440 (46.5) 6950 (47.1) 6134 (47.5) 6828 (46.8) 6495 (46.3) 5038 (46.0)

0.236Female 7084 (53.6) 9697 (53.5) 7805 (52.9) 6784 (52.5) 7759 (53.2) 7545 (53.7) 5906 (54.0)
Age, years

<15 31 (0.23) 18 (0.10) 15 (0.10) 13 (0.10) 11 (0.08) 27 (0.19) 137 (0.59)

<0.001

15–44 208 (1.58) 213 (1.17) 158 (1.07) 126 (0.98) 152 (1.04) 123 (0.88) 298 (1.28)
45–64 1310 (9.92) 1623 (8.95) 1292 (8.76) 1167 (9.03) 1333 (9.14) 1286 (9.16) 1925 (8.27)
65–74 1694 (12.8) 2380 (13.1) 1944 (13.2) 1720 (13.3) 1894 (13.0) 1840 (13.1) 3368 (14.5)
75–84 4306 (32.6) 5557 (30.6) 4439 (30.1) 3606 (27.9) 4107 (28.2) 3796 (27.0) 7941 (34.1)
>84 5657 (42.8) 8346 (46.0) 6907 (46.8) 6286 (48.7) 7090 (48.6) 6968 (49.6) 9619 (41.3)

Income level
High 40 (0.30) 45 (0.25) 42 (0.28) 45 (0.35) 52 (0.36) 66 (0.47) 19 (0.17)

<0.001
Medium 1829 (13.9) 2563 (14.1) 2310 (15.7) 2294 (17.8) 2717 (18.6) 2600 (18.5) 94 (0.86)

Low 10,622 (80.5) 15,284 (84.3) 11,791 (79.9) 10,110 (78.3) 1130 (77.5) 10,893 (77.6) 910 (8.32)
Very Low 708 (5.36) 244 (1.35) 609 (4.13) 469 (3.63) 517 (3.54) 481 (3.43) 1399 (12.8)

Clinical characteristics
GMA stratification

Baseline risk 88 (0.67) 65 (0.36) 60 (0.41) 33 (0.26) 26 (0.18) 19 (0.14) 13 (0.12)

0.0000
Low risk 840 (6.36) 888 (4.90) 615 (4.17) 378 (2.93) 331 (2.27) 276 (1.97) 180 (1.64)

Moderate risk 4562 (34.5) 5627 (31.0) 4258 (28.9) 3393 (26.3) 3485 (23.9) 3015 (21.5) 2172 (19.8)
High risk 7716 (58.4) 11,557 (63.7) 9822 (66.6) 9114 (70.6) 10,745 (73.7) 10,730 (76.4) 8579 (78.4)

Comorbidities
Diabetes mellitus 4963 (37.6) 6627 (36.5) 5262 (35.7) 4646 (36.0) 5350 (36.7) 4983 (35.5) 4017 (36.7) 0.005

Heart failure 4768 (36.1) 6390 (35.2) 5204 (35.3) 4539 (35.1) 5221 (35.8) 4891 (34.8) 4071 (37.2) 0.002
COPD 3992 (30.2) 5590 (30.8) 4522 (30.6) 3861 (29.9) 4428 (30.4) 4144 (29.5) 3417 (31.2) 0.053

Arterial hypertension 10,060 (76.2) 13,823 (76.2) 11,290 (76.5) 10,048 (77.8) 11,471 (78.6) 10,923 (77.8) 8669 (79.2) <0.001
Depression 3304 (25.0) 4835 (26.7) 4098 (27.8) 3684 (28.5) 4460 (30.6) 340 (30.9) 3584 (32.7) <0.001

HIV infection 63 (0.48) 68 (0.37) 55 (0.37) 41 (0.32) 48 (0.33) 45 (0.32) 40 (0.37) 0.348
Ischemic heart disease 3090 (23.4) 4031 (22.2) 3086 (20.9) 2678 (20.7) 3089 (21.2) 2917 (20.8) 2296 (21.0) <0.001

Ictus 3122 (23.6) 4574 (25.2) 3771 (25.6) 3301 (25.6) 3963 (27.2) 3887 (27.7) 3117 (28.5) <0.001
Chronic kidney disease 4121 (31.2) 5778 (31.9) 4855 (32.9) 4535 (35.1) 5485 (37.6) 5381 (38.3) 4384 (40.1) <0.001

Cirrhosis 425 (3.22) 616 (3.40) 495 (3.35) 420 (3.25) 506 (3.47) 398 (2.83) 313 (2.86) 0.010
Osteoporosis 1839 (13.9) 2823 (15.6) 2317 (15.7) 2163 (16.7) 2658 (18.2) 2604 (18.5) 2168 (19.8) <0.001

Arthrosis 5556 (42.1) 7966 (43.9) 6863 (46.5) 6275 (48.6) 7452 (51.1) 7286 (51.9) 5922 (54.1) <0.001
Arthritis 914 (6.92) 1352 (7.45) 1212 (8.21) 1219 (9.44) 1506 (10.3) 1474 (10.5) 1354 (12.4) <0.001

Dementia 2050 (15.5) 3257 (18.0) 2761 (18.7) 2581 (20.0) 3172 (21.7) 3766 (26.8) 2905 (26.5) <0.001

Abbreviations: GMA, adjusted morbidity groups (in Spanish “Grupos de Morbilidad Ajustados”); COPD, chronic obstructive pulmonary
disease; HIV, human immunodeficiency virus. a Pearson’s Chi-squared test with Yates’ continuity correction.

3.3. Evaluation of Demographic and Clinical Characteristics of CCPs and ACPs (2019)

In 2019, the total number of CCP cases (prevalence) was 167,892, of which 98,676 were
women and 69,216 were men. The prevalence of ACP was lower, with 19,741 individuals,
of which 11,907 were women and 7834 were men. The distribution of these populations by
age and gender is shown in Figure S1.
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Regarding the distribution of CCPs and ACPs according to socioeconomic level and
sex, the prevalence of both CCPs and ACPs progressively increased as the socioeconomic
level decreased for both women and men, with an overall higher prevalence of both CCPs
and ACPs in the low- and very low-income categories. The population of women with very
low and low-income had the highest prevalence of CCPs and ACPs, respectively (Table 4).

Table 4. Prevalence rates of complex chronic and advanced chronic patients according to income
level (year 2019), rate per 1000 people.

CCP ACP

Women Men Women Men

Income level, €/year
High (>100,000) 8.0 6.0 1.6 1.4

Intermediate (18,000–100,000) 12.0 13.1 2.1 2.3
Low (<18,000) 36.4 27.0 6.2 4.6

Very low (unemployed/receiving welfare support) 36.8 25.7 5.1 3.9
Abbreviations: ACP, advanced chronic patients; CCP, complex chronic patients.

The clinical characteristics of CCPs and ACPs were compared to those of adjusted
non-CCP and non-ACP populations. According to the GMA stratification of the morbidity-
associated risk, most CCP and ACP cases were at high risk, representing an increased
proportion of patients in this risk level compared with their respective adjusted non-CCP
and non-ACP populations (63% vs. 23% for CCP and 71% vs. 30% for ACP, respectively)
(Figure 6).

Figure 6. GMA stratification according to comorbidity risks of (A) total Catalan population, (B) CCPs,
and (C) ACPs and their corresponding age-, sex-, and income level-adjusted non-CCP and non-ACP
populations in 2019.
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Accordingly, all comorbidities were present at significantly higher frequencies in CCPs
and ACPs compared with their adjusted non-CCP and non-ACP populations (Table 5).
The most frequent comorbidity in CCP patients was diabetes, followed, in this order, by
chronic kidney disease, heart failure, cancer, and chronic obstructive pulmonary disease
(COPD), whereas in ACPs, cancer was the most frequent comorbidity, followed by chronic
kidney disease, heart failure, dementia, and diabetes. The distribution of morbidities by
sex is shown in Figure S2 (Supplementary file).

Table 5. Main comorbidities in complex chronic and advanced chronic patients and their corresponding non-CCP and
non-ACP populations adjusted by age, sex, and annual income (year 2019), %.

CCP
Adjusted Non-CCP

Population
p-Value a ACP

Adjusted Non-ACP
Population

p-Value a

Diabetes 43.8 24.4 <0.001 38.3 26.6 <0.001
Chronic kidney disease 41.5 24.2 <0.001 42.0 29.2 <0.001

Heart failure 39.0 13.8 <0.001 40.7 20.0 <0.001
Cancer 34.2 25.0 <0.001 48.5 26.4 <0.001
COPD 32.3 15.3 <0.001 32.5 18.0 <0.001

Dementia 30.4 13.9 <0.001 38.8 18.2 <0.001
Stroke 29.3 13.9 <0.001 31.2 17.0 <0.001

Ischemic heart disease 26.1 12.7 <0.001 24.1 15.3 <0.001
Arthritis 14.7 9.4 <0.001 13.0 10.1 <0.001
Asthma 12.8 7.2 <0.001 11.3 7.9 <0.001

Alcoholism 5.9 2.0 <0.001 5.9 2.2 <0.001
Atypical psychosis 4.6 1.6 <0.001 5.1 2.2 <0.001

Major depressive disorder 4.2 2.0 <0.001 3.4 2.1 <0.001
Cirrhosis 2.8 0.9 <0.001 3.4 1.0 <0.001

Schizophrenia 1.8 0.6 <0.001 1.3 0.7 <0.001
Bipolar disorder 1.4 0.6 <0.001 - - <0.001

Abbreviations: ACP, advanced chronic patients; CCP, complex chronic patients; COPD, chronic obstructive pulmonary disease. a Rate ratio
by median-unbiased estimation (mid-p).

3.4. Evaluation of Health Service Utilization and Associated Expenditures of CCPs and ACPs
(2019)

Table 6 summarizes the utilization of healthcare services by CCPs and ACPs and their
associated expenditure. Compared with their adjusted non-CCP and non-ACP populations,
CCPs and ACPs had significantly higher utilization of the different healthcare services,
including primary care, outpatient care, emergency admissions, day hospital, and mental
health, and were prescribed a higher number of drugs.

Admission rates in acute care hospitals, intermediate care hospitals, and psychiatric
centers were also higher in CCPs and ACPs than in their respective non-CCP and non-ACP
populations. Differences with their corresponding age, sex, and income level-adjusted non-
CCP and non-ACP populations were particularly higher for utilization of mental health
services and admission to psychiatric centers in CCPs and day hospital and intermediate
care hospital admissions in ACPs. Expenditures derived from primary care, outpatient care,
hospital admissions, emergency departments, mental health, intermediate care hospitals,
prescribed drugs, and other healthcare services were also significantly higher for CCPs
and ACPs compared to the non-CCP and non-ACP populations adjusted by age, sex, and
income level, with the exception of ACPs’ mental health services expenditure. Accordingly,
total expenditures on healthcare services were substantially and significantly higher for
CCPs and ACPs than for their corresponding adjusted non-CCP and non-ACP populations
(Table 6). While hospital admissions and prescribed drugs were the main expenses in all
patient groups (i.e., CCPs, ACPs, and the corresponding non-CCP and non-ACP popu-
lations), differences in expenditures associated with mental health and outpatient care
between CCPs and ACPs and their corresponding non-CCP and non-ACP populations,
respectively, were higher than those of other expenditures.
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Table 6. Utilization of healthcare services by complex chronic (CCPs) and advanced chronic (ACPs) patients and their corre-
sponding non-CCP and non-ACP populations adjusted by age, sex, and annual income, and their associated expenditures
(year 2019).

CCP
Adjusted Non-CCP

Population
p-Value a ACP

Adjusted Non-ACP
Population

p-Value a

Healthcare services
utilization

Ambulatory healthcare
services (visits or admissions
per patient and year), mean

Primary care 21.1 11.3 <0.001 22.2 12.8 <0.001
Outpatient care 4.3 2.6 <0.001 4.7 2.5 <0.001

Emergency department 1.3 0.6 <0.001 1.6 0.7 <0.001
Day hospital 0.7 0.2 <0.001 1.5 0.3 <0.001
Mental health 0.2 0.1 <0.001 0.1 0.1 <0.001

Prescribed drugs (number per
patient and year) 12.6 8.0 <0.001 12.7 8.7 <0.001

Rate of admissions
(institutionalizations),

admissions per 100 patients
and year

Acute care hospital 64.4 27.1 <0.001 88.4 31.9 <0.001
Intermediate care hospital 17.0 5.7 <0.001 35.5 8.1 <0.001

Psychiatric center 0.5 0.1 <0.001 0.2 0.1 <0.001
Healthcare services

expenditure (€ per person
and year) (%) b

p-value c p-value c

Primary care 653.5
(10.75)

367.8
(14.98) <0.001 667.3

(8.35)
413.5

(14.59) <0.001

Outpatient care 441.2
(7.26)

225.1
(9.17) <0.001 618.1

(7.73)
221.9
(7.83) <0.001

Hospital admissions 1713.6
(28.19)

698.8
(28.46) <0.001 2385.9

(29.84)
821.1

(28.98) <0.001

Emergency department 551.4
(9.07)

223.9
(9.12) <0.001 696.3

(8.71)
286.0

(10.09) <0.001

Mental health 30.8 (0.51) 10.4
(0.42) <0.001 11.5

(0.14)
9.5

(0.34) 0.167

Intermediate care center 475.9
(7.83)

163.5
(6.66) <0.001 774.4

(9.69)
224.4
(7.92) <0.001

Prescribed drugs 1709.2
(28.12)

684.9
(27.90) <0.001 2211.6

(27.66)
742.4

(26.20) <0.001

Other healthcare services 502.8
(8.27)

80.9
(3.30) <0.001 630.1

(7.88)
114.4
(4.04) <0.001

Total healthcare costs 6078.3 2455.2 <0.001 7995.2 2833.3 <0.001

Abbreviations: ACPs, advanced chronic patients; CCPs, complex chronic patients. a Rate ratio test by median-unbiased estimation (mid-p);
b Calculated over the total healthcare costs for each group; c Student’s t-test.

3.5. Geographical Variability of CCPs and ACPs Incidence in Catalonia

CCPs’ and ACPs’ cumulative incidence for the 2017–2019 period in the different
regions of Catalonia was adjusted to the population’s age, sex, morbidity, and income level,
revealing regions with increased and decreased case incidence compared to the expected
rates (Figure 7). Overall, adjusted incidence indexes of CCPs and ACPs were similar in
each individual region.
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Figure 7. Incidence of (A) chronic complex patients (CCPs) and (B) advanced chronic patients (ACPs) adjusted by age, sex,
comorbidities, and income level in the different regions of Catalonia in 2019.

4. Discussion

Owing to the healthcare needs and service utilization rates of individuals with chronic
conditions and complex needs, the health plan of the Government of Catalonia for the
2011–2015 period prioritized this highly demanding population for the implementation
of the chronic care program. To provide them with the best possible care, the Catalan
Department of Health developed an integrated and individualized model of care structured
in four stages, of which the first entails the screening and identification of CCPs and ACPs.
In the healthcare system of Catalonia, the GMA stratification category and identification
as CCP and ACP are registered on patients’ medical records, enabling the use of this
information. This observational, retrospective study, including all CCPs and ACPs from
Catalonia identified between 2013 and 2019, assessed the first stage of this model during its
initial implementation. During the study period, prevalence and incidence rates of CCPs
and ACPs increased and decreased, respectively, while the probability of survival was
significantly lower in ACPs compared to CCPs, and progressively decreased in both groups.
The evolution of prevalence and incidence rates and survival probabilities are compatible
with the progressive identification of CCPs and ACPs during the initial implementation
of a novel, innovative care model. Likewise, the overall sociodemographic and clinical
characteristics of CCPs and ACPs significantly changed. The prevalence of both CCPs
and ACPs was higher in populations with low and very low income, and most cases were
women. Compared to their respective age-, sex-, and income level-adjusted non-CCP
and non-ACP populations, CCPs and ACPs were at higher morbidity-associated risk, had
higher rates of all comorbidities, and higher utilization of healthcare services and associated
health expenditure.

This observational study analyzed the implementation of a novel, innovative health-
care model centered on persons with complex conditions and care needs and advanced
chronic diseases. Specifically, this study assessed the identification of the model’s target
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population during the first years of implementation. The initial stages of the implementa-
tion of a novel model are likely associated with a learning curve for the identification of
both CCPs and ACPs, and increased efforts to implement the program among physicians,
which may explain the progressively decreased case incidence and increased case preva-
lence. In this regard, prevalence rates are expected to increase as the model is consolidated
and reaches expected rates [23]. The incidence and prevalence rates found throughout the
study revealed a faster identification of CCPs compared to ACPs. In this regard, given that
patient identification relies on physicians’ criteria and expertise applying the established
perceptive criteria, effective identification is likely to be associated with a learning curve,
even though GMAs have been published in the eHealth records since their introduction.
Additionally, considering the time during visits required for identification, the substantial
burden of primary care teams in our setting may have likely impacted the identification
of CCPs and ACPs. Other shortcomings of this model are associated with ethical discus-
sions during the first years, likely leading to a reluctance by some clinicians to identify
these populations, particularly ACPs, given their palliative connotation. Ethical issues are
particularly relevant in the case of ACPs, given the previously acknowledged prejudices
and fears towards the identification and care of people needing palliative care, who may
not receive appropriate care in case of a health crisis [36]. Furthermore, clinicians who
need clear rules and guidelines may regard the need to combine objective and professional
(subjective) perceptions of complexity as a barrier for identification, further contributing
to increased reluctance. Future interventions from the Department of Health should fo-
cus on highlighting the benefits of early identification of the model’s target population
to overcome these shortcomings and implement an individual intervention plan shared
among clinicians (second and third stage of the integrated care model), as depicted in
Figure 2. In this respect, the patient identification information is accessible and visible to
all the healthcare system, including acute and intermediate care centers, mental health
centers, emergency services, and, in certain territories, social services. Despite the model’s
shortcomings, most CCP and ACP prevalent cases were identified during the first years. In
this regard, in the first years of implementation of the model (2013–2017), identification
was encouraged with economic incentives to clinicians, partly explaining the decreased
identification after this period. The economic incentives were objectives introduced in
the commissioning process and incorporated a variable pay based on the achievement of
goals. Despite expediting identification, economic incentives raised clinical and ethical
controversies among professionals, and, currently, quality (i.e., added value to the patient)
of identification is prioritized over quantity. Case identification (i.e., incidence of CCPs and
ACPs) peaked during the first years (in 2014 for both CCPs and ACPs) and decreased from
0.96% and 0.25% in 2014 to 0.39% and 0.16% in 2019, respectively. The higher incidence
rates observed during the first years are compatible with the implementation of the first
stage of the novel model and reflect the effective identification of CCPs and ACPs.

ACPs had a lower probability of survival, consistent with their identification as
patients with low life expectancy prognosis, indirectly confirming the validity of ACP
definition [16]. Regarding the prevalence of ACPs, previous cross-sectional studies using
validated tools (i.e., NECPAL) to identify patients with chronic conditions in need of
palliative care (similar to the ACP definition) reported rates of 1–1.5%, higher than the
0.26% found in this study [25,26]. However, whereas these previous studies aimed at
prospectively identifying these patients, this study was conducted in a real-world setting
and reflected the heterogeneity among clinicians, similar to the geographical variability,
likely explaining the observed differences. As explained earlier, this heterogeneity may
be related to ethical issues associated with the identification of ACPs. Furthermore, the
reluctance of some clinicians to identify CCPs as ACPs may have additionally contributed
to these discrepancies. In this regard, clinicians have shown increased reluctance to use the
ACP identification, likely resulting in decreased identification of this subgroup of CCPs.
Nevertheless, the decreased prevalence of ACPs compared to that estimated in previous
cross-sectional studies (20% of estimated ACP prevalence) and the limited availability of
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international experiences in the field of chronicity focused on the proactive identification
of ACPs warrant further research [25,26].

The use of the concepts of complexity and multimorbidity to define and identify CCPs
and ACPs is novel and unique in this model. The concept of complexity in the context of
healthcare lacks a precise definition and, in addition to clinical factors (i.e., chronic diseases),
it encompasses other patient-related factors (i.e., socioeconomic), physician-related factors,
including training, expertise, and experience, factors related to the organization of care,
including decision-making, workflow, technology, and availability of time, team-related
factors (i.e., leadership), contextual factors (physical and social), and organizational factors,
including structures, politics, and procedures [21,37,38]. Unlike clinical variables, rou-
tine electronic clinical records do not systematically record most social factors and clinical
fragmentation variables that determine the complexity and, overall, the availability of struc-
tured information regarding social variables is limited. Given the diversity of constructs
that have been associated with complexity, an international consensus on its definition
is needed to homogenize results from different studies and understand the care needs of
complex patients [20,39]. In contrast, the availability of validated screening instruments
enabled the identification of ACPs based on a robust construct. In our setting, the NECPAL
tool, a validated instrument for the early identification of the need for palliative care among
individuals with limited life expectancy, is routinely used [26,40,41]. Despite differences in
the application of the concept of palliative care among countries (i.e., patients with onco-
logic conditions and in the last weeks or days of life vs. management of advanced chronic
conditions), the definition of ACPs included in the Catalan healthcare plan used a robust
method for identification, similar to other countries, potentially enabling comparisons
among different countries/settings.

While the identification of CCPs depended on professionals’ subjectivity (i.e., percep-
tion) regarding the concept of complexity, which was supported by information communi-
cation technology tools for stratification, the initial screening considered unique functional
identifications related to patients’ complexity status, regardless of the number of chronic
conditions, using the automatic and hence, objective, GMA stratification system [16,32].
A complexity status detected by the initial GMA stratification system is likely to be associ-
ated with difficult management and decision-making. In this context, the GMA algorithm
is a useful non-invasive support stratification tool for the initial identification by primary
healthcare teams of people with potentially complex healthcare needs, candidates to be
identified as CCPs, and to whom the integrated and individualized healthcare model
developed by the Department of Health is applicable. This screening allows labeling
patients and prioritizing them for their subsequent evaluation and identification as CCPs
and ACPs. The results obtained regarding their demographic and clinical characteristics
and their healthcare services utilization using the support stratification method (i.e., GMA)
support the validity of the CCP and ACP constructs defined in the Integrated Chronic Care
program to identify patients with specific care needs.

Analysis of the prevalence of comorbidities revealed that all of them were more
frequent in CCPs and ACPs than in age-, sex-, and income level-adjusted non-CCP and
non-ACP populations, showing an increased morbidity burden. Despite ranking in similar
positions regarding frequency, cancer ranked fourth in CCPs (34.2%) and was the most
frequent comorbidity in ACPs (48.5%) and, conversely, diabetes ranked as the most frequent
comorbidity in CCPs (43.8%) and fifth in ACPs (38.3%), showing trends consistent with
patients’ end-of-life situation. In this regard, while most patients needing palliative care
identified in previous studies using the NECPAL tool were in the dementia trajectory
(55%), in this study, cancer was the most frequent comorbidity in patients identified
as ACP. Even though patients with complex statuses included in this study may only
have one chronic disease, considering the fact that most people with chronic disease
have multimorbidity and the overall high prevalence of chronic conditions in CCPs and
ACPs, most of this study’s population likely had multimorbidity [42]. Regardless of the
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frequencies of comorbidities and the number of chronic diseases, CCPs and ACPs were at
substantially higher morbidity-associated risk.

Despite potential differences in the definition of complexity, patients with multimor-
bidity and functional limitations have higher needs compared to multimorbid patients [43].
Accordingly, compared with age-, sex-, and income-level-adjusted non-CCP and non-ACP
populations, CCPs and ACPs had substantially higher utilization of healthcare services.
Primary care and acute care hospital admissions were the most frequently used. Further-
more, low- and very low-income population segments had a higher prevalence of CCPs
and ACPs, indicating a relationship between socioeconomic and complex chronic statuses,
similar to previous studies showing relationships between multimorbidity and income and
educational levels [42,44–46]. In this regard, patients were classified according to income
arbitrarily using data available from pharmacy records. These classification criteria used
ad hoc precluded comparisons with other studies. The previously reported relationships
between low income and more intensive use of primary care and high income and higher
use of specialists and the higher prevalence of CCPs and ACPs in populations with lower
income may explain their higher use of primary care services [47]. The substantial increase
in the use of all healthcare resources and their associated expenditures in CCPs and ACPs
compared to their corresponding adjusted non-CCP and non-ACP populations underscores
the anticipated impact of complex chronic patients on the healthcare system.

The healthcare system of Catalonia uses a stratification algorithm (i.e., GMA) and
specific identifiers for CCPs and ACPs, which are registered on the electronic health records,
allowing us to monitor and use this information. To our knowledge, the availability of
this information is unique to the Catalan healthcare system or is at least very rare in other
settings. Furthermore, the tools (i.e., information system data and individual patient
assessment) and criteria (i.e., clinical, context-related, and health and social care system-
related) used for CCPs and ACPs identification are unique of the Chronic Care program
precluding direct comparisons with previous reports. Previous studies have described
similar populations using the high needs, high costs concept, corresponding to those
patients who use the healthcare system the most. This criterion is typically used to define
and identify patients with multiple chronic conditions [8]. A meta-analysis of studies
evaluating patients with high needs, high costs showed that similar to this study, these
patients had increased healthcare resource utilization, were more likely to die, and their
most frequent comorbidities were similar to those of CCPs and ACPs [48]. Additionally,
both social and material deprivation (similar to the context-related criteria considered in
this model) were associated with higher costs [48]. However, the high needs, high costs
patients identified in these previous studies using information system data were younger
than the population identified in this study: half were younger than 65 years, whereas in
this study, only 10.4% and 10.3% of CCPs and ACPs, respectively, were within this age
range [48].

Regarding the prevalence of patients equivalent to CCPs, the previously reported
prevalence rates of patients with multimorbidity differed across studies and settings [49].
Overall, prevalence rates in low- and middle-income countries were lower compared to
those in high-income countries. Regarding ACPs, several previous models aiming to
identify persons needing palliative care have been evaluated, but specific data regarding
the prevalence of ACPs was not reported [50].

The results of this study should be interpreted in the context of some methodologi-
cal limitations associated with its retrospective design and real-world setting, including
variability in recorded data and the tools used for patient identification. In this regard, the
GMA algorithm considers clinical variables of chronic diseases to measure the morbidity
burden, and clinicians’ subjective criteria are fundamental to evaluate other areas of com-
plexity excluded from the GMA, including classification of chronic diseases according to
severity and stages. In this regard, additional tools measuring the social- and healthcare
system-related complexity dimensions are needed to gather structured, good-quality data
on social variables, such as dependency, poverty, poor housing, and loneliness, beyond the
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management perspective of current algorithms. As structured variables become progres-
sively available, they will be incorporated in the assessment of the different complexity
dimensions. An additional limitation of this study is related to the identification of ACPs
and their lack of validation on a case-by-case basis. Given the ethical issues associated with
ACP identification, some clinicians may be hesitant to identify patients as ACP, potentially
resulting in inaccurate ACP identifications of some cases. In this regard, future studies
aimed at assessing healthcare service utilization and characteristics of the ACP population
may require a prospective design to ensure data reliability. Nevertheless, the use of a large
dataset including all people using the public healthcare system lacked selection bias and
likely compensated for missing data and potential inaccuracies, at least partly, allowing
us to capture the characteristics of chronic complex patients at the population level. The
classification used in this study is unique to the Catalan Healthcare system. Therefore, the
results of this study may not be applicable to other countries using other screening tools,
identifiers, and other strategies to manage patients with multimorbidity and those with a
short life prognosis [11,51,52]. Furthermore, the results from this model are unlikely to be
applicable to healthcare systems of developing countries with poorly established primary
healthcare systems.

Despite these limitations, this study assessed basic demographic and health indicators,
allowing the characterization of the population with chronic complex conditions and
describe their evolution in the context of the Chronic and Integrated Care Program. Future
studies should focus on assessing trends in healthcare service utilization and expenditures
to assess the impact of the Integrated Chronic Care Program in the management of these
patients and their outcomes. Nevertheless, the results from this and future studies will
be very useful to identify the challenges of implementing an integrated care model by the
Department of Health. Future studies should assess other patient-related factors, such
as patient experience outcome measures (PREMs), satisfaction, self-perceived health, and
early access to palliative care, which may influence health-related quality of life, survival,
healthcare costs, and end-of-life care, to ultimately improve the Integrated Care Program.

5. Conclusions

In the framework of the Chronic and Integrated Healthcare Program, the target
populations of CCPs and ACPs were effectively identified, revealing their higher prevalence
in low- and very low-income populations. CCPs and ACPs showed a higher frequency of
multimorbidity, morbidity-associated risk, and utilization of healthcare services compared
with the population of the same age, sex, and income level, reflecting their higher needs
and expenditure. These results underscore the need to provide integrated care to complex
chronic patients from the healthcare and social perspectives to improve and optimize
their management. In the context of the increasing prevalence of people with complex
chronic conditions, strategies, such as the Chronic Care Plan assessed in this study, which
focus on this population of patients, should be implemented and assessed with the goal of
decreasing their burden on the healthcare system.
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Abstract: Primary care (PC) professionals have been considered the most appropriate practitioners
for leading Advance care planning (ACP) processes with advanced chronic patients. Aim: To explore
how PC doctors’ and nurses’ self-efficacy surrounding ACP is linked to their sociodemographic
characteristics, background and perceptions of ACP practices. Methods: A cross-sectional study was
performed. Sociodemographics, background and perceptions about ACP in practice were collected
using an online survey. The Advance Care Planning Self-Efficacy Spanish (ACP-SEs) scale was used
for the self-efficacy measurement. Statistical analysis: Bivariate, multivariate and backward stepwise
logistic regression analyses were performed to identify variables independently related to a higher
score on the ACP-SEs. Results: N = 465 participants, 70.04% doctors, 81.47% female. The participants
had a mean age of 46.45 years and 66.16% had spent >15 years in their current practice. The logistic
regression model showed that scoring ≤ 75 on the ACP-SEs was related to a higher score on feeling
sufficiently trained, having participated in ACP processes, perceiving that ACP facilitates knowledge
of preferences and values, and perceiving that ACP improves patients’ quality of life. Conclusion:
Professionals with previous background and those who have a positive perception of ACP are more
likely to feel able to carry out ACP processes with patients.
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1. Introduction

Advance care planning (ACP) enables individuals to define goals, values, and pref-
erences for future medical treatment and care, to discuss these matters with their family
and care providers, and to record and review preferences as necessary [1]. In recent years,
several international initiatives have been developed to improve ACP implementation
in clinical practice. Initiatives have explored, for instance, the factors that make ACP
processes feasible in daily practice [2], the main benefits for patients and families [3] and
the health outcomes expected from an ACP process [4,5]. In this sense, proposals about
how to integrate models of ACP into health systems [6–8] and how to adapt ACP content
to individuals’ health condition [9] and to specific settings [10,11] have been studied.

A wide range of studies define the professional profile that should lead the ACP
process. A multidisciplinary approach seems to be the most appropriate to ensure a broad,
multidimensional and individualised ACP process [12]. Specifically, primary care (PC)
professionals have been recognized as the most suited to promote ACP processes, since
the long-term nature of the relationships between PC professionals and patients is unique
compared to other fields within the public health system [13–15]. This characteristic might
help PC professionals build trust with patients, and it could explain the positive attitudes
expressed to ACP process and its value on the improvement of the end-of life process [16].
However, PC professionals express difficulties in initiating ACP processes, such as lack
of time and skills (skills that are common in other disciplines [6]) and lack of knowledge
about how to choose the best moment to initiate an ACP [17]. These obstacles are especially
important in the PC setting, where professionals take care of people with diverse disease
trajectories [18], and some differences have been found in the approach of physicians and
allied health professionals to ACP process [15].

In Spain, recent initiatives have emerged to promote the development of ACP. For
example, the ACP model of Spain’s Catalonia region was established within the framework
of the 2011–2015 health plan and started in 2014 [19]. Some key aspects of this project
included a consensus of experts about the concept of ACP, a practical guide to ACP for
clinical practice, and a training programme, including a 10 h online course and face-to-face
workshops lasting from 4 to 8 h [19]. In addition, a dedicated section for documenting the
ACP process was added to the medical record of complex chronic patients and advanced
chronic patients.

In Catalonia, as in other places, advanced chronic patients are considered to benefit
when the ACP process begins early [20,21]. These patients are coded as advanced chronic
patients using the NECPAL©(Palliative Needs) tool (Chair of Palliative Care, Vic, Spain,
2012), which includes the question, “Would I be surprised if this patient died in the
next twelve months?” [22,23]. PC professionals are responsible both for coding these
patients and recording their ACP process. Documentation of the process is visible to all
health professionals in the public health system through a shared clinical record, which
is accessible throughout the Catalan public health system [24]. It is understood that
having a specific section in the medical record for documenting the ACP is a quality
indicator of the implementation of this process [1]. Considering the importance of recording
the ACP process, the Catalan model of ACP defined the ACP as a recurring continuity
improvement cycle, divided into six phases. One phase was to record preferences and
other medical decisions explored in an ACP process as part of the medical record [19].
However, the low quality and accuracy of this documentation in Catalonia are currently
areas for improvement, especially considering the ACP record’s potential impact on patient
safety [25].

Self-efficacy refers to the individual’s belief in his/her ability to carry out a particular
task [26]. This topic has frequently been recommended as an indicator for measuring
the impact of ACP programs [1,27] and measuring how training programmes improve
self-efficacy in ACP [28]. Bandura stated that a person is more self-efficacious when the
activity to be carried out (or the learning to be integrated) makes sense and the person
also feels prepared to carry it out [26]. In a previous work, the Advance Care Planning
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Self-Efficacy Spanish scale (ACP-SEs) has been validated to evaluate the self-efficacy of
PC, palliative specialists and geriatricians surrounding ACP [29]. These professionals are
frequently responsible for carrying out ACP processes with advanced chronic patients.
The ACP-SEs scale is composed of 19 items and shows adequate psychometric properties
(Cronbach’s alpha = 0.95) to be used with these professionals [29]. Having a validated scale
to measure self-efficacy in ACP will facilitate an understanding of this item in our context
in order to design and develop public health programs of ACP.

Several projects have been carried out to evaluate the impact of ACP programmes in
PC settings with good results [20,30]. However, to our knowledge, the link between, on the
one hand, self-efficacy surrounding ACP and, on the other hand, the demographic char-
acteristics, background, and perception of PC doctors and nurses has not been described.
Understanding the relationships among these variables in PC in a public health system
could help not only the development of public ACP programs but also the integration of
ACP in models of care for people with advanced chronic illness.

We aim to explore the relationship between, on the one hand, PC doctors’ and nurses’
self-efficacy in ACP and, on the other, their sociodemographic characteristics, training and
experience, and perception of ACP and to analyse differences between the two disciplines.

2. Materials and Methods

2.1. Study Design and Selection of Study Subjects

A cross-sectional study was performed. The sample was composed of doctors and
nurses from the Catalan society of family and community medicine (CAMFiC) and the
Association of family and community nursing of Catalonia (AIFiCC), which represents a
large amount of doctors and nurses that work in primary care in Catalonia.

2.2. Procedure and Measurements

We created a survey on the RedCap platform (https://www.project-redcap.org/, ac-
cessed on 12 November 2020). All members of the two scientific societies were invited to
participate via a link sent by the presidents of both societies in October 2018. We did not
have access to the email addresses of participants. By responding to the survey, participants
demonstrated their consent to take part in the study, which was voluntary and anonymous.
Three reminders were sent (final reminder in December 2018). The estimated time required
to respond to the survey was between 15 and 20 min.

2.3. Measurement Instruments

The survey was composed of four sections: (1) sociodemographic variables: age,
gender, profession and years in current practice; (2) 9 variables about background: knowl-
edge about ACP, previous training in ACP and practical experience in conducting ACP
processes; (3) 12 items were created ad-hoc to measure perception, including applicability,
of ACP practices (scored from a minimum of 1 to a maximum of 10); (4) the ACP-SEs scale,
in its Spanish version [29], containing 19 items rated on a 5-point Likert-type scale (1 = not
at all capable and 5 = completely capable).

2.4. Institutional Review Board Statement

All research procedures used in this study were established in accordance with the
Declaration of Helsinki. The ethics committee at the University of Vic reviewed and ap-
proved the study protocol (code RS005_S). Moreover, we designed the study in accordance
with the ethics criteria established by Spanish Organic Law 3/2018 of 5 December on per-
sonal data protection and the guarantee of digital rights, following the General Regulation
(EU) 2016/679 of 27 April 2016 on data protection.
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2.5. Statistical Analysis

Categorical variables were described with absolute frequencies and percentages.
Quantitative variables were described using the mean and standard deviation (SD). The
Kolmogorov-Smirnov test was used to assess the normality of distributions.

We analysed the variables related to sociodemographics, background and perception
according to field (medicine vs. nursing). The total score on the ACP-SEs was calculated as
the sum of scores for the items, which was rescaled from 0 (minimum) to 100 (maximum).
In the case of quantitative variables, the Student’s t-test (Mann-Whitney U-test if normality
was not assumed) or ANOVA tests (in the case of variables with more than two categories)
were carried out. The Chi-squared test (Fisher test for frequencies < 5) was used for the
comparison of categorical variables.

To identify the variables related to a high score on the ACP-SEs, we transformed the
total score of the scale into a binary variable using the third quartile as a cut-off point
(≤ and >75 points). For the bivariate analysis, the variables related to sociodemographics
and ACP background were included. From the group about perceptions’ variables, eight
were also included: we also transformed these quantitative items into binary variables
(< and ≥8 points/10) and included those with a score ≥8 points.

In the multivariate analysis, we performed a backward stepwise logistic regression
analysis to identify variables independently related to ACP > 75 points. Variables with a
p-value < 0.2 in the bivariate analysis were included as independent factors. The results
were described with odds ratios (OR), 95% confidence interval (CI) and p-values. The
combination of predictors from the final model was used to calculate the probabilities
of ACP-SEs > 75 points. A receiver operating characteristic (ROC) analysis and Hosmer-
Lemeshow goodness-of-fit test were performed to assess the overall fit of the model [31].
For all the tests, p-values < 0.05 were considered statistically significant. We used the
statistics package R Studio (V2.5.1) (The R Project for Statistical Computing, Viena, Austria),
for the analysis.

3. Results

A total of 465 professionals participated in the study, of whom 70.04% were doctors
and 29.96% were nurses (one social worker was excluded from the analysis based on
field). The mean age was 46.45 years, 81.47% were women, and 66.16% had more than 15
years of professional experience (Table 1). Table 2 shows the results for ACP background
(knowledge, training, and experience in ACP). A total percentage of 70.26% had completed
training in the subject, of which 30.58% (n = 100) had completed more than 8 h. A sum of
52.89% of the participants had carried out an ACP with patients, of which 30.39% (n = 141)
stated that they had experienced difficulties. The professionals frequently carried out ACPs
with people with advanced chronic disease (71.02%), advanced cancer (64.49%) and frailty
(62.04%).

Table 1. Sociodemographic characteristics and field.

Total n = 464 *
Medicine

n = 325
Nursing
n = 139

Age Mean (SD) 46.45 (10.17) 46.38 (10.23) 46.61 (10.04)

Gender
Female 379 (81.47%) 253 (77.85%) 125 (89.93%)
Male 86 (18.53%) 72 (22.15%) 14 (10.07%)

Years in current
practice

<1 year 1 (0.22%) 1 (0.31%) 0
1–5 years 60 (12.93%) 47 (14.46%) 13 (9.35%)

6–10 years 45 (9.7%) 35 (10.77%) 10 (7.19%)
11–15 years 45 (9.7%) 34 (10.46%) 11 (7.91%)
>15 years 307 (66.16%) 204 (62.77%) 103 (74.1%)
No active 6 (1.29%) 4 (1.23%) 2 (1.44%)

* The social worker has been excluded.
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Table 2. Training and professional experience in ACP 1 according to field.

Total n = 464 Medicine n = 325 Nursing n = 139

Have you heard of ACP? No 12 (2.59%) 9 (2.77%) 3 (2.16%)
Yes 452 (97.41%) 316 (97.23%) 136 (97.84%)

Have you completed training
in ACP?

No 138 (29.74%) 108 (33.23%) 30 (21.58%)
Yes 326 (70.26%) 217 (66.77%) 109 (78.42%)

Number of hours of training
completed (n = 326)

<1 h 9 (2,75%) 7 (3.23%) 2 (1.83%)
1 h–2 h 66 (26.61%) 50(23.04%) 16 (18.35%)
2 h–4 h 87 (19.88%) 55 (25.35%) 32 (14.68%)
4 h–8 h 64 (20.18%) 44 (20.28%) 20 (29.36%)

>8 h 100(30.58%) 61 (28.11%) 39 (35.78%)
Do you consider yourself to be
sufficiently trained to carry out

ACP processes?

Value: 1 to 10
x (SD) 5.54 (2.29) 5.44 (2.26) 5.78 (2.37)

Have you participated in an
ACP process with a patient?

No 219 (47.2%) 149 (45.85%) 70 (50.36%)
Yes 245 (52.89%) 176 (54.15%) 69 (49.64%)

Number of ACP processes per
month (n = 245)

None 81 (33.06%) 59 (33.52%) 22 (31.88%)
1–5 155 (63.27%) 112 (63.64%) 43 (62.32%)
6–10 6 (2.45%) 3 (1.7%) 3 (4.35%)

11–20 3 (1.22%) 2 (1.14%) 1 (1.45%)

Time since the last ACP
process

Less than one week 34 (13.88%) 19 (10.8%) 15 (21.74%)
Between one week and

one month 70 (28.57%) 54 (30.68%) 16 (23.19%)

More than one month 141 (57.55%) 103 (58.52%) 38 (55.07%)
Have you had any difficulties
in carrying out ACP processes?

No 104 (22.41%) 75 (23.08%) 29 (20.86%)
Yes 141 (30.39%) 101 (31.08%) 40 (28.78%)

Main disease of the patients
with whom you carried out

ACP processes (more than one
option was possible)

Advanced organ failure
disease 174 (71.02%) 126 (71.59%) 48 (69.57%)

Advanced cancer 158 (64.49%) 116 (65.91%) 42 (60.87%)
Advanced dementia 99 (40.41%) 67 (38.07%) 32 (46.38%)

Advanced neurological
disease 77 (31.43%) 53 (30.11%) 24 (34.78%)

Frailty 152 (62.04%) 108 (61.36%) 44 (63.77%)
Another chronic

disease 88 (35.92%) 65 (36.93%) 23 (33.33%)

1 ACP = advance care planning.

The mean score for the item “Do you consider yourself to be sufficiently trained to
carry out ACP processes?” was 5.54 out of 10.

Table 3 describes the professionals’ perception of ACP in practice according to field.
Of the 12 items explored, 8 show a mean greater than 8 on a scale from 1 to 10. In the set of
overall means, the item with the highest score, with a mean of 9.08 (SD = 1.19), is “The ACP
process facilitates the expression of wishes and preferences to be taken into consideration
when the patient is not able to express by him or herself” and is followed by “ACP is
important for complex chronic patients and advanced chronic patients”, with a mean of
8.99 (SD = 1.19). The two items with the lowest score are “ACP is important for healthy
people” (mean = 6.77; SD = 2.47) and “The ACP process is feasible in my professional
setting” (mean = 7.11; SD = 2.17).

Table 4 shows the results in relation to the 19 ACP-SEs items by field. The ACP-SEs
scale shows an overall mean of 65.90 (SD = 16.01) out of 100, with no statistically significant
differences between doctors and nurses.
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Table 3. Perception of ACP 1 practices by field.

Total
n = 464

(Mean, SD)

Medicine
n = 325

(Mean, SD)

Nurse
n = 139

(Mean, SD)

The ACP process facilitates the expression of wishes and preferences to
take into account when the patient is not able to express him or herself 9.08 (1.19) 9.01 (1.22) 9.26 (1.1)

ACP is important for complex chronic patients and advanced
chronic patients 8.99 (1.19) 8.91 (1.21) 9.18 (1.14)

ACP facilitates knowledge of patients’ values and preference 8.98 (1.11) 8.91 (1.12) 9.13 (1.08)
ACP makes it possible to identify the patient’s personal representative 8.78 (1.46) 8.76 (1.44) 8.82 (1.5)

ACP enables the patient to die at the place he/she wishes 8.40 (1.66) 8.33 (1.63) 8.58 (1.72)
ACP process makes it possible to adapt treatments to realistic

therapeutic options 8.26 (1.58) 8.15 (1.57) 8.5 (1.59)

ACP is important for patients with a chronic disease even they are not
identified as complex chronic patients or advanced chronic patients 8.24 (1.71) 8.23 (1.68) 8.28 (1.79)

The ACP process contributes to improving patients’ quality of life 8.12 (1.71) 8.05 (1.7) 8.27 (1.71)
ACP helps me to coordinate with other professionals 7.97 (1.85) 7.78 (1.92) 8.41 (1.61)

ACP gives me confidence as a professional that I’m caring for
patients properly 7.92 (1.88) 7.9 (1.85) 7.96 (1.96)

The ACP process is feasible in my professional setting 7.11 (2.17) 6.95 (2.23) 7.46 (2.01)
ACP is important to healthy people 6.77 (2.47) 6.74 (2.37) 6.83 (2.69)

1 ACP = advance care planning; Correlation between the ACP-SEs and the Groups of Interest.

Table 4. Relation between the ACP-SEs 1 and field.

Total
n = 464

(Mean, SD)

Medicine
n = 325

(Mean, SD)

Nurse
n = 139

(Mean, SD)
p-Value

1. Find the time to discuss the patient’s prognosis preferences and care
plan with the patient 3.48 (0.98) 3.49 (0.98) 3.45 (0.97) 0.60

2. Determine how much the patient wants to know about the prognosis 3.68 (0.82) 3.73 (0.78) 3.58 (0.89) 0.10
3. Determine the level of involvement the patient wants in
decision-making 3.65 (0.81) 3.69 (0.78) 3.54 (0.86) 0.07

4. Determine who else (e.g., family members) the patient would like to
be involved in decision-making 3.98 (0.75) 4.03 (0.73) 3.88 (0.8) 0.07

5. Provide the desired level of information and guidance needed to help
the patient in decision-making 3.69 (0.81) 3.71 (0.77) 3.64 (0.88) 0.40

6. Describe the pros and cons of different life-sustaining treatments 3.5 (0.92) 3.56 (0.87) 3.37 (1.02) 0.049
7. Determine the patient’s specific wishes for types of medical treatment 3.53 (0.85) 3.58 (0.84) 3.41 (0.86) 0.049
8. Discuss and negotiate individualised treatment goals and plans
with patient 3.55 (0.89) 3.6 (0.86) 3.42 (0.93) 0.049

9. Ensure that patient’s treatment preferences will be honoured at
your facility 3.98 (0.83) 4.01 (0.81) 3.93 (0.87) 0.40

10. Ensure that patient’s treatment preferences will be honoured at a
hospital if patient is hospitalised 2.77 (1.13) 2.73 (1.1) 2.87 (1.2) 0.20

11. Discuss how to complete a living will with the patient 3.5 (1.1) 3.46 (1.11) 3.6 (1.09) 0.20
12. Determine when there should be a shift in care goals 3.4 (0.98) 3.36 (0.96) 3.5 (1.04) 0.20
13. Reassess the patient’s wishes when a shift in care goals is needed 3.59 (0.95) 3.57 (0.96) 3.65 (0.92) 0.40
14. Openly discuss uncertainty with patient when it exists 3.81 (0.85) 3.87 (0.82) 3.67 (0.9) 0.02
15. Educate patient and clarify any misperceptions about the disease
or prognosis 3.8 (0.77) 3.86 (0.72) 3.63 (0.86) 0.006

16. Respond empathetically to patient’s and family’s concerns 4.11 (0.72) 4.18 (0.67) 3.95 (0.81) 0.003
17. Communicate “bad news” to patients and their families 3.67 (0.84) 3.84 (0.71) 3.29 (0.99) <0.001
18. Engage patients in ACP conversations 3.69 (0.88) 3.71 (0.82) 3.64 (1.01) 0.50
19. Correctly register the decisions and care plan agreed to over the
course of the ACP 3.69 (1.06) 3.62 (1.08) 3.83 (1.01) 0.049

TOTAL SCORE Mean (SD) (re-scaled to 100) 65.90 (16.01) 66.59 (15.40) 64.28 (17.30) 0.200
1 ACP-SEs = Advance Care Planning Self-Efficacy Spanish. p-values < 0.05; Statistically significant differences have been marked in bold.
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Of the 19 items, 7 show significant differences between doctors and nurses (6, 7, 8, 14,
15, 16, 17, 19). Doctors scored higher on all of these except item 19.

Table 5 shows the bivariate analysis of the main variables of Tables 1 and 2 and the
high-scoring variables from Table 3 (≥8 points), categorised as binary variables, and the
score obtained in the ACP-SEs with the cut-off point of the third quartile (≤ and >75 points).
A total of 24.52% (n = 114) of the participants scored >75 points out of 100. Years in current
practice, hours of training in ACP, having previously participated in ACP processes, and
believing that ACP offers greater knowledge of patients’ values and preferences, among
others, showed statistically significant differences (Table 5).

Table 5. Comparison of the total ACP score categorized according to Q3 cut-off of 75 points on the APC-SEs scale and
sample characteristics and variables of interest in the questionnaire. Bivariate analysis.

N = 465 1

(100%)

Total Score ACPS-SEs 2 (100 Points)

<= 75 >75 p-Value

Age
<50 years 273 (58.71%) 208 (59.26%) 65 (57.02%)

0.754≥50 years 192 (41.29%) 143 (40.74%) 49 (42.98%)

Gender
Female 379 (81.51%) 291 (82.91%) 88 (77.19%)

0.220Male 86 (18.49%) 60 (17.09%) 26 (22.81%)

Field
Medicine 325 (69.89%) 243 (69.43%) 82 (71.93%)

0.698Nursing 139 (29.89%) 107 (30.57%) 32 (28.07%)

Years in current practice ≤15 years 151 (32.90%) 120 (34.38%) 31 (28.18%)
<0.001>15 years 308 (67.10%) 229 (65.62%) 79 (71.82%)

Have you completed training in ACP? No 138 (29.68%) 111 (31.62%) 27 (23.68%)
0.135Yes 327 (70.32%) 240 (68.38%) 87 (76.32%)

Number of hours of training completed ≤4 h 162 (49.54%) 131 (54.58%) 31 (35.63%)
0.004>4 h 165 (50.46%) 109 (45.42%) 56 (64.37%)

Do you consider yourself to be sufficiently trained to
carry out ACP processes?

<8 points 361 (77.63%) 302 (86.04%) 59 (51.75%)
0.001≥8 points 104 (22.37%) 49 (13.96%) 55 (48.25%)

Have you participated in an ACP process with a
patient?

No 219 (47.1%) 186 (52.99%) 33 (28.95%)
<0.001Yes 246 (52.9%) 165 (47.01%) 81 (71.05%)

Number of ACP processes per month None 81 (32.93%) 56 (33.94%) 25 (30.86%)
<0.001≥1 156 (63.42%) 109 (66.06%) 56 (69.14%)

Have you had any difficult in carrying out ACP
processes?

No 105 (22.58%) 56 (33.94%) 49 (60.49%)
<0.001Yes 141 (30.32%) 109 (66.06%) 32 (39.51%)

ACP is important for complex chronic patients and
advanced chronic patients

≤8 points 135 (29.03%) 119 (33.90%) 16 (14.04%)
0.003>8 points 330 (70.97%) 232 (66.10%) 98 (85.96%)

ACP is important for patients with a chronic disease
even they are not identified as complex chronic

patients or advanced chronic patients

≤8 points 237 (50.97%) 197 (56.13%) 40 (35.09%)
0.632>8 points 228 (49.03%) 154 (43.87%) 74 (64.91%)

The ACP process facilitates expression of wishes and
preferences to taken into account when the patient is

not able to express him or herself

≤8 points 114 (24.52%) 97 (27.64%) 17 (14.91%) 0.097
>8 points 351 (75.48%) 254 (72.36%) 97 (85.09%)

ACP makes it possible to identify the patient’s
personal representative

≤8 points 153 (32.90%) 130 (37.04%) 23 (20.18%)
0.013>8 points 312 (67.10%) 221 (62.96%) 91 (79.82%)

The ACP process contributes to improving patients’
quality of life

≤8 points 241 (51.83%) 203 (57.83%) 38 (33.36%)
<0.001>8 points 224 (48.17%) 148 (42.17%) 76 (66.67%)

ACP enables the patient to die at the place he/she
wishes

≤8 points 202 (43.44%) 171 (48.72%) 31 (27.19%)
<0.001>8 points 263 (56.56%) 180 (51.28%) 83 (72.81%)

The ACP process makes it possible to adapt the
treatments to realistic therapeutic options

≤8 points 120 (25.81%) 97 (27.64%) 23 (20.18%)
<0.001>8 points 345 (74.19%) 254 (72.36%) 91 (79.82%)

ACP facilitates knowledge of patients’ values and
preferences

≤8 points 46 (9.89%) 42 (11.97%) 4 (3.51%)
<0.001

>8 points 419 (90.11%) 309 (88.03%) 110
(96.49%)

1 Including the social worker. 2 ACP-SEs = Advance Care Planning Self Efficacy Spanish p-values < 0.05; Statistically significant differences
have been marked in bold

The result of the logistic regression analysis shows four variables independently
related to the increase in the probability of scoring >75 points on the ACP-SEs: having
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previously participated in ACP processes (OR = 1.70; p-value = 0.043), perceiving that ACP
contributes to improving people’s quality of life (OR = 1.93; p-value = 0.013), perceiving
that ACP facilitates the knowledge about patients’ values and preferences (OR = 2.24;
p-value = 0.028) and considering oneself to be sufficiently trained in ACP (OR = 3.98;
p-value < 0.001) (Table S1).

The probabilities for scoring above 75 on the ACP-SEs were obtained by the following
formula: Exp(β)/(1 + Exp(β)), where β = −2.838 + 1381 (in case of consider yourself to be
sufficiently trained to carry out ACP processes ≥8 points) + 0.528 (previous participation
in an ACP process with a patient) + 0.656 (ACP process contributes to improving the
patients’ quality of life >8 points) + 0.807 (ACP facilitates knowledge of patients’ values
and preferences >8 points). The probability of having >75 points on the ACP-SEs increased
with the number of predictors, from 5% when no factor was present to 68% for patients
having all four variables (Table S2). The model is well calibrated with a Hosmer-Lemeshow
p = 0.875. The predictive power of the final model was AUC = 0.739 ((0.688–0.79)) (Figure 1).

Figure 1. ROC curve 1. Predictive value of the model. AUC = 0.739 (0.688–0.79) 2. (1 ROC = Receiver
operating characteristic curve; 2 AUC = Area Under Curve).

4. Discussion

This study describes the relationship between, on the one hand, PC doctors’ and
nurses’ self-efficacy in ACP and, on the other, variables related to their sociodemographics,
background and perception of ACP. We have shown that, for the most part, professionals
are familiar with ACP, have received prior training, and positively value the ACP process
for use with people with advanced chronic diseases. Additionally, the factors related
to greater self-efficacy in ACP are associated with considering oneself to be sufficiently
trained in ACP, having previously participated in ACP processes, believing that ACP can
contribute to improving the quality of life of the people cared for and believing that ACP
makes it easier to know patients’ values and preferences.

Although we observed no statistical differences across fields in the overall data of the
ACP-SEs, there are significant differences in certain items of the scale. These differences are
related to the fact that certain aspects explored by the ACP-SEs have to do with medical
processes in which nurses are less comfortable to participate, coinciding with findings
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from international settings [32]. However, nurses have the competencies and skills to lead
ACP processes [16,33] and to be able to talk with patients about all aspects of the ACP.
Conversations about ACP should focus on promoting people’s autonomy and participation
in shared decision-making about their health, their illness, their concerns and preferences,
and their values [34] and not exclusively about medical decisions. This holistic conception
of the ACP could contribute to strengthen the involvement of all health fields in the process.

One of the most important aspects of our study is that training and implementation of
ACP processes as part of the clinical routine are linked to greater self-efficacy in ACP. In
this sense, training can improve self-efficacy in ACP [28,35], because it is key to promoting
the development of safe practices in professionals who feel insecure or describe barriers
when carrying out these processes.

Although, to our knowledge, there are no standard training models, specific short
training sessions can stimulate the implementation of ACP processes among profession-
als [36], which is consistent with our results. The self-efficacy measurement can be useful
for exploring the design and impact of training programmes [27] and recognising gold
standard professionals who have a greater predisposition to lead ACP processes. This
will allow the identification of ACP experts or facilitators within teams, especially in
nursing [37].

In light of the data from our study, we suggest that ACP training include awareness
of the importance of the ACP process for patients, reflections about barriers in practice and
how to manage them, and the specification of aspects to be discussed with the sick person.
The content of the training should promote a multidisciplinary approach that integrates
all the dimensions of the individual, beyond discussion about medical treatments [33].
Finally, it could be useful to use simulation practices and reflective diaries about daily
practice, which facilitate a learning process focussed on the professional’s real environment.
Education about ACP should proceed gradually, training professionals in how to discuss
ACP with patients firstly with a low degree of complexity and later with patients with
more complex needs, according to the experience of the professional. This would allow the
professional responsible for driving the ACP to gain confidence and greater self-efficacy in
facing more complex ACP processes that necessitate wide-ranging reflection.

Another result to be highlighted is related to the feasibility of implementing ACP,
since this category received one of the lowest scores. Further analysis could examine the
specific relationships between feasibility and other variables. Previous studies have shown
that one of the barriers to ACP is the lack of time and the unavailability of spaces that
facilitate respectful dialogue [14]. Policymakers and administrators who develop ACP
programmes should consider not only the motivation and training of professionals, but also
the improvement of ACP processes, their incorporation into team planning, the creation of
meeting spaces to carry out the process, the development of incentives for professionals
and the recording of the ACP process in medical records in a way that is both accessible
and visible [25].

Finally, our participants gave high scores to the importance of ACP in patients with
advanced and complex diseases, mainly cancer, organ disease, and frailty. Although a PC
professional is best positioned to conduct the PCA process [38], given the high prevalence
of people with chronic diseases and palliative care needs in the community [22], future
studies should analyse facilitators and barriers to the implementation of ACP within
an integrated health system [18,20], including the participation of professionals from
multiple disciplines and different settings (acute care hospitals, intermediate care hospitals,
mental health facilities and palliative home care teams). Such an approach would facilitate
decision-making in patients with diverse trajectories and diseases.

ACP has the potential to promote shared decision-making and it is therefore essential
that professionals feel prepared and motivated to lead the process. After the health threat
caused by the SARS-COVID-19 pandemic, it is especially crucial that institutions, healthcare
professionals in general and PC in particular, strengthen their efforts to improve healthcare
quality by continuing to integrate practices of ACP in their daily routine [4,39].
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4.1. Strengths

The results are based on a large sample of doctors and nurses from all over Catalonia
who care for people with advanced chronic diseases and who work in a public health
system that adopted an ACP process more than 5 years ago. Another strength is that we
included both doctors and nurses and broke down the results by field, allowing us to see
differences in the link between ACP self-efficacy and the other variables across the two
fields. Finally, we used a validated self-efficacy scale, improving the accuracy of the results.

4.2. Limitations of Study

Since participation in the study was voluntary, the survey responses may be biased
by participants’ motivation towards and interest in the subject. This could explain the
high scores in most of the survey items. Additionally, because only PC professionals were
surveyed, we must be cautious when extrapolating the data to other healthcare settings.
Such settings could be examined in future studies. The variables related to ACP were
measured with a numerical scale that was not accompanied by qualitative descriptors,
making it somewhat difficult to interpret participants’ responses. The cut-off point of
8 was decided by the team and may have been influenced by the team members’ own
interpretation of the numerical scale. Finally, the data obtained cannot be extrapolated or
applied to healthcare systems that are very different from the Catalan system.

4.3. Implications for Practice

The data from this study can contribute to improving the design and implementation
of ACP programmes in PC settings, especially in relation to the definition of possible
competencies and levels of responsibility in the implementation of ACP processes by the
professionals involved. The study makes it possible to identify professionals that are most
suited to act as facilitators of ACP processes, especially for complex cases.

5. Conclusions

To our knowledge, this is the first study that analyses in detail the relationship between
self-efficacy and the perception of PC professionals about ACP practices in the context
of an integrated ACP model within a public health system. We have identified that
considering oneself to be sufficiently trained in ACP, having previously participated in
ACP processes, believing that ACP can contribute to improving the quality of life of the
people cared for and believing that ACP makes it easier to know patients’ values and
preferences are factors linked to PC professionals feeling more able to carry out ACP
processes with patients. Strategies to improve the feasibility of ACP in practice could
include systematically integrating ACP into care models, improving recording systems
in medical records, and identifying and promoting predictive and facilitating factors for
the implementation of ACP in care for people with advanced chronic diseases. This
article provides important information about the role of self-efficacy in ACP practices in
interdisciplinary PC teams, and it may help policy makers and administrators to promote
the ACP process within public health systems.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18179034/s1, Table S1: Supplemental table. Multivariate analysis. Logistic regression
model (dependent variable ACP-SEs > 75 points), Table S2: Supplemental table. Statistical probability
of showing a condition and scoring the ACP-SEs > 75 points.
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J.J.M.; et al. Advance care planning in patients with advanced cancer: A 6-country, cluster-randomised clinical trial. PLoS Med.
2020, 17, e1003422. [CrossRef]

10. Lakin, J.R.; Neal, B.J.; Maloney, F.L.; Paladino, J.; Vogeli, C.; Tumblin, J.; Vienneau, M.; Fromme, E.; Cunningham, R.; Block, S.D.;
et al. A systematic intervention to improve serious illness communication in primary care: Effect on expenses at the end of life.
Healthcare 2020, 8, 26–31. [CrossRef]

11. Der Schmitten, J.I.; Rothärmel, S.; Mellert, C.; Rixen, S.; Hammes, B.J.; Briggs, L.; Wegscheider, K.; Marckmann, G. A complex
regional intervention to implement advance care planning in one town’s nursing homes: Protocol of a controlled inter-regional

128



Int. J. Environ. Res. Public Health 2021, 18, 9034

study. BMC Health Serv. Res. 2011, 11, 14. Available online: http://www.ncbi.nlm.nih.gov/pubmed/21261952 (accessed on
24 July 2021).

12. Arnett, K.; Sudore, R.L.; Nowels, D.; Feng, C.X.; Levy, C.R.; Lum, H.D. Advance Care Planning: Understanding Clinical Routines
and Experiences of Interprofessional Team Members in Diverse Health Care Settings. Am. J. Hosp. Palliat. Med. 2017, 34, 946–953.
[CrossRef]

13. Nelson-Brantley, H.; Buller, C.; Befort, C.; Ellerbeck, E.; Shifter, A.; Ellis, S. Using Implementation Science to Further the Adoption
and Implementation of Advance Care Planning in Rural Primary Care. J. Nurs. Scholarsh. 2020, 52, 55–64. [CrossRef] [PubMed]

14. Howard, M.; Bernard, C.; Klein, D.; Elston, D.; Tan, A.; Slaven, M.; Barwich, D.; You, J.J.; Heyland, D.K. Survey of health care
providers Barriers to and enablers of advance care planning with patients in primary care. Can. Fam. Physician Médecin Fam.
Can. 2018, 64, 190–198. Available online: https://www-cfp-ca.proxy.queensu.ca/content/cfp/64/4/e190.full.pdf (accessed on
24 July 2021).

15. Hafid, A.; Howard, M.; Guenter, D.; Elston, D.; Fikree, S.; Gallagher, E.; Winemaker, S.; Waters, H. Advance care planning
conversations in primary care: A quality improvement project using the Serious Illness Care Program. BMC Palliat. Care 2021,
20, 122. [CrossRef]

16. Fan, E.; Rhee, J.J. A self-reported survey on the confidence levels and motivation of New South Wales practice nurses on
conducting advance-care planning (ACP) initiatives in the general-practice setting. Aust. J. Prim. Health 2017, 23, 80–86.
[CrossRef] [PubMed]

17. De Vleminck, A.; Pardon, K.; Beernaert, K.; Deschepper, R.; Houttekier, D.; Van Audenhove, C.; Deliens, L.; Stichele, R.V. Barriers
to advance care planning in cancer, heart failure and dementia patients: A focus group study on general practitioners’ views
and experiences. PLoS ONE 2014, 9, e84905. Available online: http://www.ncbi.nlm.nih.gov/pubmed/24465450 (accessed on
22 June 2021).

18. Howard, M.; Day, A.G.; Bernard, C.; Tan, A.; You, J.; Klein, D.; Heyland, D.K. Development and Psychometric Properties of a
Survey to Assess Barriers to Implementing Advance Care Planning in Primary Care. J. Pain Symptom Manag. 2018, 55, 12–21.
[CrossRef]

19. Lasmarías, C.; Aradilla-Herrero, A.; Santaeugènia, S.; Blay, C.; Delgado, S.; Ela, S.; Terribas, N.; Gómez-Batiste, X. Development
and implementation of an advance care planning program in Catalonia, Spain. Palliat. Support. Care 2019, 17, 415–424. [CrossRef]
[PubMed]

20. De Vleminck, A.; Houttekier, D.; Deliens, L.; Vander Stichele, R.; Pardon, K. Development of a complex intervention to support
the initiation of advance care planning by general practitioners in patients at risk of deteriorating or dying: A phase 0–1 study.
BMC Palliat. Care 2016, 15, 17. Available online: http://www.ncbi.nlm.nih.gov/pubmed/26868650 (accessed on 22 June 2021).

21. Miller, H.; Tan, J.; Clayton, J.M.; Meller, A.; Hermiz, O.; Zwar, N.; Rhee, J. Patient experiences of nurse-facilitated advance care
planning in a general practice setting: A qualitative study. BMC Palliat. Care 2019, 18, 25. [CrossRef] [PubMed]

22. Gómez-Batiste, X.; Martínez-Muñoz, M.; Blay, C.; Amblàs, J.; Vila, L.; Costa, X.; Espaulella, J.; Espinosa, J.; Constante, C.;
Mitchell, G.K. Prevalence and characteristics of patients with advanced chronic conditions in need of palliative care in the general
population: A cross-sectional study. Palliat. Med. 2014, 28, 302–311. Available online: http://www.ncbi.nlm.nih.gov/pubmed/24
403380 (accessed on 20 January 2021).

23. Lakin, J.R.; Robinson, M.G.; Obermeyer, Z.; Powers, B.W.; Block, S.D.; Cunningham, R.; Tumblin, J.M.; Vogeli, C.; Bernacki, R.E.
Prioritizing Primary Care Patients for a Communication Intervention Using the “Surprise Question”: A Prospective Cohort Study.
J. Gen. Intern. Med. 2019, 34, 1467–1474. [CrossRef]

24. Contel, J.C.; Ledesma, A.; Blay, C.; González -Mestre, A.; Cabezas, C.; Puigdollers, M.; Zara, C.; Amil, P.; Sarquella, E.; Constante,
C. Chronic and integrated care in Catalonia. Int. J. Integr. Care 2015, 15, 1–13. Available online: http://www.ijic.org/article/10.5
334/ijic.2205/ (accessed on 20 August 2021). [CrossRef]

25. Walker, E.; McMahan, R.; Barnes, D.; Katen, M.; Lamas, D.; Sudore, R. Advance Care Planning Documentation Practices and
Accessibility in the Electronic Health Record: Implications for Patient Safety. J. Pain Symptom Manag. 2018, 55, 256–264. [CrossRef]

26. Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol. Rev. 1977, 84, 191–215. [CrossRef]
27. Baughman, K.; Ludwick, R.; Fischbein, R.; McCormick, K.; Meeker, J.; Hewit, M.; Drost, J.; Kropp, D. Development of a Scale to

Assess Physician Advance Care Planning Self-Efficacy. Am. J. Hosp. Palliat. Care 2016, 34, 435–441. [CrossRef] [PubMed]
28. Detering, K.; Silvester, W.; Corke, C.; Milnes, S.; Fullam, R.; Lewis, V.; Renton, J. Teaching general practitioners and doctors-in-

training to discuss advance care planning: Evaluation of a brief multimodality education programme. BMJ Support. Palliat. Care
2014, 4, 313–321. Available online: http://www-ncbi-nlm-nih-gov.sire.ub.edu/pubmed/24844586 (accessed on 24 July 2021).

29. Lasmarías, C.; Subirana-Casacuberta, M.; Mancho, N.; Aradilla-Herrero, A. Spanish Cross-Cultural Adaptation and Psychometric
Properties of the Advance Care Planning Self-Efficacy: A Cross-Sectional Study. J. Palliat. Med. 2021. Available online:
http://www.ncbi.nlm.nih.gov/pubmed/34143670 (accessed on 24 July 2021).

30. Rose, B.L.; Leung, S.; Gustin, J.; Childers, J. Initiating Advance Care Planning in Primary Care: A Model for Success. J. Palliat.
Med. 2019, 22, 427–431. [CrossRef] [PubMed]

31. Hosmer, D.W.; Lemeshow, S.; Sturdivant, R.X. Applied Logistic Regression; Wiley Series in Probability and Statistics; John Wiley &
Sons: Hoboken, NJ, USA, 2013. [CrossRef]

129



Int. J. Environ. Res. Public Health 2021, 18, 9034

32. Howard, M.; Langevin, J.; Bernard, C.; Tan, A.; Klein, D.; Slaven, M.; Barwich, D.; Elston, D.; Arora, N.; Heyland, D.K. Primary
care clinicians’ confidence, willingness participation and perceptions of roles in advance care planning discussions with patients:
A multi-site survey. Fam. Pract. 2020, 37, 219–226. [CrossRef] [PubMed]

33. Seymour, J.; Almack, K.; Kennedy, S. Implementing advance care planning: A qualitative study of community nurses’ views
and experiences. BMC Palliat. Care 2010, 9, 4. Available online: http://www.ncbi.nlm.nih.gov/pubmed/20377876 (accessed on
24 July 2021).

34. Doukas, D.J.; McCullough, L.B. The Values History: The evaluation of the patient’s values and advance directives. J. Fam. Pract.
1991, 32, 145–153.

35. Pan, H.-H.; Wu, L.-F.; Chang, L.-F.; Hung, Y.-C.; Lin, C.; Ho, C.-L. Effects of Dispositional Resilience and Self-Efficacy on Practice
in Advanced Care Planning of Terminally Ill Patients among Taiwanese Nurses: A Study Using Path Modeling. Int. J. Environ.
Res. Public Health 2021, 18, 1236. Available online: https://www.mdpi.com/1660-4601/18/3/1236 (accessed on 20 August 2021).
[CrossRef]

36. Lakin, J.R.; Koritsanszky, L.A.; Cunningham, R.; Maloney, F.L.; Neal, B.J.; Paladino, J.; Palmor, M.C.; Vogeli, C.; Ferris, T.G.; Block,
S.D.; et al. A Systematic Intervention to Improve Serious Illness Communication In Primary Care. Health Aff. 2017, 36, 1258–1264.
[CrossRef]

37. Risk, J.; Mohammadi, L.; Rhee, J.; Walters, L.; Ward, P.R. Barriers, enablers and initiatives for uptake of advance care planning in
general practice: A systematic review and critical interpretive synthesis. BMJ Open 2019, 9, e030275. [CrossRef]

38. De Vleminck, A.; Pardon, K.; Beernaert, K.; Houttekier, D.; Vander Stichele, R.; Deliens, L. How Do General Practitioners
Conceptualise Advance Care Planning in Their Practice? A Qualitative Study. PLoS ONE 2016, 11, e0153747. Available online:
http://www.ncbi.nlm.nih.gov/pubmed/27096846 (accessed on 24 July 2021).

39. Block, B.L.; Smith, A.K.; Sudore, R.L. During COVID-19, Outpatient Advance Care Planning is Imperative: We need All Hands
on Deck. J. Am. Geriatr. Soc. 2020, 68, 1–8. [CrossRef]

130



Citation: Ohta, R.; Sano, C.

Differentiating between Seronegative

Elderly-Onset Rheumatoid Arthritis

and Polymyalgia Rheumatica: A

Qualitative Synthesis of Narrative

Reviews. Int. J. Environ. Res. Public

Health 2023, 20, 1789. https://

doi.org/10.3390/ijerph20031789

Academic Editors: Francisco

José Tarazona Santabalbina,

Sebastià Josep Santaeugènia

Gonzàlez, José Augusto García

Navarro and José Viña

Received: 21 December 2022

Revised: 11 January 2023

Accepted: 16 January 2023

Published: 18 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Review

Differentiating between Seronegative
Elderly-Onset Rheumatoid Arthritis and Polymyalgia
Rheumatica: A Qualitative Synthesis of Narrative Reviews

Ryuichi Ohta 1,* and Chiaki Sano 2

1 Community Care, Unnan City Hospital, Unnan 699-1221, Japan
2 Department of Community Medicine Management, Faculty of Medicine, Shimane University,

Izumo 690-0823, Japan
* Correspondence: ryuichiohta0120@gmail.com; Tel.: +81-90-5060-5330

Abstract: Elderly-onset rheumatoid arthritis (EORA) is prevalent among older patients, and its
incidence is increasing due to aging societies. However, differentiating between EORA and polymyal-
gia rheumatica (PMR) is challenging for clinicians and hinders the initiation of effective treatment
for rheumatoid arthritis among older generations, thereby allowing its progression. Therefore, we
conducted a qualitative synthesis of narrative reviews via meta-ethnography regarding seronegative
EORA diagnosis to clarify the methods to differentiate seronegative EORA from PMR. Three databases
(PubMed, EMBASE, and Web of Science) were searched for relevant reviews published between
January 2011 and October 2022. The extracted articles were synthesized using meta-ethnography,
and 185 studies were selected following the protocol. Seven reviews were analyzed, and four themes
and nine concepts were identified. The four themes included difficulty in differentiation, mandatory
follow-up, and factors favoring rheumatoid arthritis and those favoring PMR. Factors favoring
seronegative EORA and PMR should be considered for effective diagnosis and prompt initiation
of disease-modifying anti-rheumatic drugs. Mandatory and long follow-ups of suspected patients
are essential for differentiating the two diseases. The attitude of rheumatologists toward tentatively
diagnosing seronegative EORA and flexibly modifying their hypotheses based on new or altered
symptoms can aid in effective management and avoiding misdiagnosis.

Keywords: seronegative; elderly; aged; older; rheumatoid arthritis; polymyalgia rheumatica; follow;
differentiation

1. Introduction

Early diagnosis and treatment of rheumatoid arthritis is essential to improving the
quality of life of patients. Rheumatoid arthritis is prevalent in 0.5–1% of the total popu-
lation, primarily occurs in middle-aged women [1], and commonly exists as peripheral
arthritis with a progressive clinical course [2]. Rheumatoid arthritis is diagnosed based on
classification criteria that comprise clinical findings, inflammatory markers, and autoanti-
bodies [3]. Early treatment of rheumatoid arthritis is crucial to preventing progressive joint
destruction [4,5]. Early initiation of disease-modifying anti-rheumatic drugs (DMARDs)
can mitigate disease progression and preserve the quality of life of patients [4,5].

As society ages, the number of older patients suffering from rheumatoid arthritis
increases [6]. Elderly-onset rheumatoid arthritis (EORA) is prevalent among older patients
and differs in presentation from rheumatoid arthritis that affects younger generations. Ad-
ditionally, rheumatoid arthritis in patients aged over 65 years has a different presentation
than in younger patients [7]. The onset of EORA is more drastic than young-onset rheuma-
toid arthritis (YORA) [8]. Joint involvements may differ between EORA and YORA. EORA
can involve proximal joints, such as the shoulder, neck, and femoral joints [9]. Furthermore,
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EORA and YORA vary genetically; namely, in the presence of HLA DRB1 [7]. To avoid
misdiagnosing EORA, physicians should be aware of these varied clinical presentations.

The difficulty in differentiating between EORA and polymyalgia rheumatica (PMR)
hinders the initiation of effective treatment for rheumatoid arthritis among older patients.
PMR is another rheumatic disease that is common among older populations; its symptoms
include musculoskeletal pains in the shoulders and girdles [10]. PMR symptoms can be
similar to those of EORA when they appear peripherally [11]. Although joint swelling or
evidence of synovitis/tenosynovitis is an important differentiating feature in EORA, these
also might be an initial presentation in PMR due to high inflammation [10,11]. Furthermore,
seronegative EORA can be difficult to differentiate from PMR because serological tests
such as rheumatoid factors and anti-citrullinated protein antibodies are critical for the
differential diagnosis [7]. In aging societies, differentiating seronegative EORA and PMR is
a challenge for rheumatologists.

Clarifying the ways to differentiate between the two diseases can ensure effective
initiation of DMARDs by clinicians to prevent the progression of rheumatoid arthritis.
Several publications have reviewed the diagnosis and treatment of rheumatoid arthri-
tis; however, only a few comprehensive reports described the differentiation between
seronegative EORA and PMR [12–14]. Various reviews have partially dealt with this
differentiation and suggested tips for it. To effectively diagnose EORA, it is important
to clarify the qualitative summary of each tip. Seronegative EORA is a vague concept
and is a challenge to diagnose for physicians. There are various qualitative descriptions
regarding seronegative EORA in narrative reviews by experts in the field of rheumatology
that include clinical tips. We consider the qualitative synthesis of descriptions of clinical
tips based on their experiences and reviews to be beneficial in future studies of seronega-
tive EORA. The qualitative synthesis of these descriptions is crucial to a comprehensive
understanding of the differentiation between seronegative EORA and PMR. Therefore,
our research question was: “How can clinicians differentiate seronegative EORA from
PMR?” This study aimed to synthesize the differentiating factors between seronegative
EORA and PMR among older patients through a meta-ethnography of narrative reviews
of clinical tips.

2. Methods

We performed a qualitative synthesis using the meta-ethnography method, which is
used for the synthesis of qualitative data [15,16]. The original articles on meta-ethnography
suggested that this method can be also used for the synthesis of qualitative data in any
scientific paper. Originally, meta-ethnography was developed to synthesize all qualitative
studies that clarified the deep parts of the real world. In clinical medicine, there are
various context-based experiences and knowledge of specialists summarized as narrative
reviews. These experiences and wisdom of narrative reviews cannot be synthesized by
using quantitative methods [15,16]. To synthesize these data, meta-ethnography can be a
useful methodology. This process can be applied to the qualitative synthesis of narrative
review articles [15,16]. We used meta-ethnography to synthesize qualitative evidence of
narrative reviews regarding the differentiation between seronegative EORA and PMR.

Based on the research question, we decided on the search terms using the framework
of population, types of study, and included contents. Our search terms were: “seronega-
tive”, “elderly onset”, “late onset”, “rheumatoid arthritis”, “polymyalgia rheumatica”, and
“review”. We searched for the relevant reviews on PubMed, Web of Science, and Embase to
collect the related reviews comprehensively. The search strategy used was: “seronegative”
and [“elderly onset” OR “late onset”] AND [rheumatoid arthritis] AND “polymyalgia
rheumatica” AND “review.”
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2.1. Study Selection

The inclusion and exclusion criteria are listed in Table 1. Narrative articles were
included in the meta-analysis, whereas conference presentations, original articles, and
duplicate articles were excluded.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Population EORA Other diseases

Types of study Reviews Original articles, non-empirical studies
(editorial, news, and conference papers)

Included content Differentiation between EORA and PMR -

Other Abstract available
Full text available in English

Abstract not available
Full text not available in English

Note: EORA, elderly-onset rheumatoid arthritis; PMR, polymyalgia rheumatica.

2.2. Data Extraction

Literature searches and data extraction were independently conducted by the first in-
vestigator (R.O.), who extracted information regarding the differentiation between seroneg-
ative EORA and PMR from each review using a purpose-designed data extraction form.
The second investigator (C.S.) checked the extracted contents, which were synthesized
using meta-ethnography.

For credibility, the extracted data were discussed among the investigators. Any dis-
crepancies were resolved via discussion with them. Databases were searched for narrative
reviews regarding the differentiation between seronegative EORA and PMR. Studies with-
out clear descriptions of the aims, participants, or outcomes were excluded (Table 1). In
case of difficulty in the categorization and extraction of data, the investigators discussed
the contents until agreement.

2.3. Statistical Analysis

A qualitative synthesis conducted via meta-ethnography was performed using the
following eight steps: getting started, deciding what was relevant to our initial interest,
reading the studies, determining how the studies were related, rereading the studies,
translating the studies into one another, synthesizing translations, and detailing the syn-
thesis [15,16]. The first step involved searching for related articles using search engines.
To decide what was relevant to our initial interest, the first investigator selected reviews
to be included in the meta-ethnography by reading the abstracts and checking for con-
cordance with the inclusion criteria. Subsequently, the first investigator repeatedly read
all the selected reviews and extracted the sections relevant to the differentiation between
seronegative EORA and PMR. Vague sections were discussed with the second investigator
to decide on their inclusion in the analysis. The studies were then translated into one
another by inductively coding the extracted content. For the translation synthesis, we
thematically synthesized the concepts and themes that appeared in each review. For trian-
gulation, the concepts and themes were discussed among the researchers and also analyzed
iteratively during the review period after the completion of a tentative analysis of reviews
for theoretical saturation.

3. Results

Of the 185 studies analyzed, 5 were excluded due to duplication based on the names
of authors and titles. After reviewing the abstracts, 159 studies were excluded because they
did not include review content. Ultimately, 7 reviews were included in the final analysis
after excluding 14 reviews based on the absence of contents regarding the differentiation
between seronegative EORA and PMR (Figure 1). The seven articles are listed in Table 2.
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Figure 1. Selection flow. Note: EORA, elderly-onset rheumatoid arthritis; PMR, polymyalgia rheumatica.

Table 2. Studies included in the review.

Year Title Purpose Included Codes

2009
[8]

Elderly Onset
Rheumatoid Arthritis

Differential Diagnosis and
Choice of First Line and

Subsequent Therapy

To review the EORA subset of
patients with regard to

demographic and clinical
features, therapeutic options,

outcomes, and differential
diagnosis of EORA from

other elderly
rheumatological conditions

Duration (in months
and years)

Asymmetrical small
joint involvement

2014
[17]

Polymyalgia rheumatica—
diagnosis and classification

To differentiate PMR from
other diseases

Symptomatic similarity at
initial presentation

Duration (in months
and years)

2016
[18]

Targeting Low Disease
Activity in Elderly-Onset

Rheumatoid Arthritis:
Current and Future Roles of

Biological Disease-Modifying
Antirheumatic Drugs

To review the clinical features
of EORA and obstacles that

prevent rheumatologists from
providing standard treatment

to patients with EORA

Symptom similarity at
initial presentation

Duration (in months
and years)

2018
[19]

An autumn tale: geriatric
rheumatoid arthritis

To review the clinical
characteristics, prognosis, and
treatment principles of EORA

Clinical picture of EORA with
PMR phenotype

Follow-up for peripheral
lesions leading

to EORA diagnosis
Initial radiographic change

Peripheral arthritis
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Table 2. Cont.

Year Title Purpose Included Codes

2018
[20]

Morning Stiffness in Elderly
Patients with Rheumatoid

Arthritis: What is Known About
the Effect of Biological and

Targeted Agents?

To review the impact of morning
stiffness in patients with
rheumatoid arthritis and

summarize the efficacy of the
biologic and targeted synthetic

disease-modifying anti-rheumatic
drugs in the alleviation of

morning stiffness

Clinical picture of EORA with
PMR phenotype

Duration (in months
and years)

2019
[21]

Polymyalgia Rheumatica and
Seronegative Elderly-Onset
Rheumatoid Arthritis: Two

Different Diseases with
Many Similarities

To highlight the main differences
and similarities between

seronegative EORA, PMR, and
PMR-like EORA

Symptom similarity at
initial presentation

Duration (in months
and years)

Initial radiographic change
Peripheral arthritis

2022
[22]

Treatment strategies for
elderly-onset rheumatoid arthritis

in the new era

To review effective differential
diagnosis and treatment

for EORA

Peripheral pain occurring in
EORA and PMR

Hip joint pain favoring PMR
Extracapsular inflammation of

peripheral lesions
suggesting PMR

Follow-up of peripheral lesions
leading to

EORA diagnosis
Initial radiographic change

Peripheral arthritis

Note: EORA, elderly-onset rheumatoid arthritis; PMR, polymyalgia rheumatica.

3.1. Meta-Ethnography Results

Through meta-ethnography, four themes and nine concepts were identified (Table 3).
The four themes included difficulty in differentiation, mandatory follow-up, and factors
favoring rheumatoid arthritis and PMR. Each theme was described after reviewing the
quotes and concepts appearing in the included articles.

Table 3. Thematic analysis results in meta-ethnography.

Theme Concept

Difficulty in differentiation Symptom similarity at initial presentation
Clinical picture of EORA with PMR phenotype

Mandatory follow-up Duration (in months and years)
Peripheral lesions follow-up leading to EORA diagnosis

Favoring rheumatoid arthritis Initial radiographic change
Peripheral arthritis

Favoring PMR
Hip joint pain

Extracapsular inflammation of peripheral lesions
Asymmetrical small joint involvement

EORA, elderly-onset rheumatoid arthritis; PMR, polymyalgia rheumatica.

3.2. Difficulty in Differentiation

Differentiating between seronegative EORA and PMR presents various difficulties,
primarily due to two disease traits: symptom similarity at initial presentation and the
clinical picture of EORA with PMR phenotype.

135



Int. J. Environ. Res. Public Health 2023, 20, 1789

3.2.1. Symptom Similarity at Initial Presentation

The presentation of EORA and PMR may be similar at the time of initial presentation.
EORA may present with proximal joint and muscular symptoms that are similar to those
of PMR. One review stated the difficulty in distinguishing between patients with PMR and
those with early-stage EORA and PMR-like presentation [17]. It also mentioned that PMR
symptoms are the principal initial manifestation in 25% of patients with EORA, of whom
10% eventually develop characteristic rheumatoid arthritis features [17].

This difficulty is caused by the presence of arthralgia due to joint pain in PMR. The
presence of joint pain does not rule out the possibility of PMR. Accordingly, another
review revealed not only the similarity between the two at the initial presentation but
also the continuity from PMR to seronegative EORA, which may hinder diagnosis [21].
Furthermore, shoulder pain and arthritis can appear in both diseases; therefore, shoulder
symptoms are not used for their differentiation. One review demonstrated that 13–23% of
patients with early EORA have an explosive onset of shoulder arthritis, which resembles
PMR symptoms [18].

3.2.2. Clinical Picture of EORA with PMR Phenotype

One of the EORA presentations may include PMR symptoms throughout its clinical
course. Differentiation from PMR can be achieved in the presence of autoimmune an-
tibodies. Some types of seronegative EORA have symptoms that mirror those of PMR.
One review suggested that one of the forms of EORA presentation is a PMR-like pattern
that involves proximal limb joints and more acute disease onset with lower RF positivity
and erosive disease [20]. Moreover, EORA displays a large joint involvement with the
possibility of small joint involvement as well. Several reviews have suggested that there
are three distinct clinical patterns within EORA’s heterogeneity. A PMR-like and usually
RF-negative form has an acute onset, non-eroding joints, and a good prognosis. A quarter
of PMR patients may also have asymmetric non-erosive polyarthritis, which highlights the
need for a good differential diagnosis [19]. Another review reported that >20% of patients
with PMR were later diagnosed with rheumatoid arthritis, which lent to the theory that
PMR and EORA are components of a single disease process [21]. Some types of seroneg-
ative EORA involve PMR presentation; therefore, the differentiation from PMR can be
challenging because this disease is a part of the EORA clinical disease picture.

3.3. Mandatory Follow-Up

For an effective diagnosis, mandatory follow-up for a duration of months and years
is essential.

3.3.1. Duration of Months and Years

Similar initial presentation and the clinical picture of EORA with PMR symptoms
demand symptomatic follow-up of patients suspected to have seronegative EORA. One
review suggested that follow-up is required in cases in which differentiating between PMR
and seronegative EORA with PMR-like presentation is a challenge [18]. Moreover, the
same review stated that patients who initially present with polymyalgia may evolve into a
clinical situation closer to seronegative rheumatoid arthritis [18]. However, the duration of
follow-up remains unclear. One review suggested, “A follow-up of several months may be
required to make a definite distinction between PMR and EORA” [17]. In another, “EORA
pattern is characterized by clinical and prognostic similarity to PMR. It is characterized by
sudden onset, wrist tenosynovitis, common pitting edema in the hands, and spontaneous
remission within 3–18 months” [19]. Another review reported, “The least common pattern
is characterized by a sudden onset of symptoms, wrist tenosynovitis, pitting edema in the
hands, and spontaneous remission within 3–18 months. Every attempt must be made to
rule out other differential diagnoses (such as PMR, polyarticular gout, systemic vasculitis,
and paraneoplastic manifestations) in older patients presenting with joint symptoms” [20].
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Thus, year-long observations can help differentiate seronegative EORA from PMR
because PMR can undergo remission in this duration.

3.3.2. Peripheral Lesions Follow-Up Leading to EORA Diagnosis

During follow-up, peripheral joint pain and arthritis appear in patients with seroneg-
ative EORA. Therefore, a follow-up to detect peripheral lesions is useful for diagnosing
seronegative EORA. One review suggested that approximately 50% of patients with PMR
with peripheral lesions were diagnosed with EORA 1 year post-treatment [22]. The obser-
vation of patients suspected of having seronegative EORA can focus on the appearance of
peripheral lesions to effectively diagnose the disease.

3.4. Factors Favoring Rheumatoid Arthritis

In the differentiation between seronegative EORA and PMR, initial radiographic
change and the presence of peripheral arthritis are factors that favor seronegative EORA.

3.4.1. Initial Radiographic Change

Rheumatoid arthritis is an inflammatory disease of the joints that progressively de-
stroys them. Signs of deformities and joint destruction on radiography indicate the diagno-
sis of seronegative rheumatoid arthritis. One review suggested that “ACPA-positive EORA
or ACPA-seronegative EORA with bone erosion at baseline is clearly different from PMR
in terms of the progression of joint destruction, while seronegative EORA without bone
erosion might have a benign course in terms of radiological joint destruction. Progression
of bone erosion is essential for precise differential diagnosis, but rheumatoid factor- or
anti-citrullinated protein antibody-negative early EORA with a PMR phenotype would not
progress to erosive arthritis if initially treated with csDMARDs with or without GC therapy.
These findings suggest a phenotypic overlap of PMR and seronegative early EORA with a
PMR phenotype” [22]. To diagnose seronegative EORA at initial presentation, performing
radiography is crucial for detecting the presence of deformities and erosions.

3.4.2. Peripheral Arthritis

The presence of peripheral arthritis may indicate seronegative rheumatoid arthritis
and differentiate it from PMR at initial presentation. Arthritis of various peripheral joints
suggests seronegative EORA. One review suggested, “An erosive arthritis or the symmet-
rical involvement of metacarpophalangeal and/or proximal interphalangeal joints can
help to diagnose seronegative EORA” [21]. Another reported, “The presence of metacar-
pophalangeal (MCP)/proximal interphalangeal (PIP) joint arthritis with proximal limb
joint involvement is considered a predictive factor for seronegative EORA” [19]. Detecting
peripheral arthritis such as MCP and PIP joint arthritis can aid in the effective diagnosis of
seronegative EORA.

3.5. Factors Favoring Polymyalgia Rheumatica

In the differentiation between seronegative EORA and PMR, hip joint pain, extracap-
sular inflammation of peripheral lesions, and asymmetrical small joint involvement are
factors that favor polymyalgia rheumatica.

3.5.1. Hip Joint Pain

To diagnose seronegative EORA, the characteristics of PMR should be considered.
Compared to EORA, PMR tends to involve the proximal joints with muscle pain with
morning stiffness. One review suggested that in 50% and 20% of patients with PMR and
EORA with shoulder lesions, respectively, pain and limited range of motion of the hip joints
were reported; therefore, both shoulder and hip lesions are PMR phenotypic features [22].
The dominant symptoms such as hip and shoulder pain and limited range of motion of the
joints indicate the possibility of PMR.
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3.5.2. Extracapsular Inflammation of Peripheral Lesions

In addition to joint and muscle pain, surrounding tissues are involved in PMR patho-
physiology. Even if peripheral pain occurs, whether the pain originates from the joints
should be examined. As one review suggested, “Extracapsular inflammation of peripheral
lesions with tenosynovitis and surrounding pitting edema is reportedly characteristic of
PMR” [22]. Examining the joints and extracapsular tissues is essential for the effective
diagnosis of seronegative EORA. PMR should be suspected in the presence of extracapsular
tissue inflammation.

3.5.3. Asymmetrical Small Joint Involvement

The distribution of joint pain should be considered to differentiate seronegative EORA
from PMR. When patients have peripheral symptoms, the laterality of the symptoms should
be taken into account. One review showed that approximately 25% of patients with PMR
present with peripheral synovitis that is frequently asymmetrical and non-erosive [8]. The
peripheral joint examination should include an observation of the distribution of positive
physical findings. When laterality exists in the findings, PMR should be considered as a
possible diagnosis.

4. Discussion

This meta-ethnography of narrative reviews regarding the differentiation between
seronegative EORA and PMR clarified four themes: difficulty in differentiation, mandatory
follow-up, and factors favoring rheumatoid arthritis and those favoring PMR. Although the
clear differentiation of the two diseases is challenging, factors favoring seronegative EORA
and PMR should be considered for an effective diagnosis. The fundamental method for
differentiating between the two diseases is the mandatory follow-up of suspected patients
for months and years. The attitude of rheumatologists toward tentatively diagnosing
seronegative EORA and flexibly changing their hypothesis based on the appearance or new
or changed symptoms can be critical.

Differential diagnosis of seronegative EORA and PMR is difficult; therefore, a defini-
tive diagnosis at the initial stage may be challenging. As this article showed, this difficulty
mainly stems from symptom similarity at initial presentation and the clinical picture of
EORA with a PMR phenotype. Therefore, clinicians may not be able to differentiate
the two diseases in the initial phases [23,24]. Both diseases can have an acute onset with
systemic symptoms rather than only joint pain in seropositive rheumatoid arthritis or
YORA [25]. In addition, seronegative EORA can present with symptoms of PMR [23,24,26].
Thus, rheumatologists and family physicians who deal with these diseases should be care-
ful when proposing a definitive diagnosis to suspected patients. For effective management,
meticulous follow-up of symptoms is required.

Continuous follow-up can help effectively diagnose seronegative EORA because symp-
toms can change during the clinical course and reach the spectrum of either seronegative
EORA or PMR. This study showed that mandatory follow-up involves durations of months
and years in addition to follow-up of peripheral lesions for EORA diagnosis. The duration
of follow-up varied depending on the review [8,17–20]. The clinical courses of seronegative
EORA and PMR are acute and affect the activities of daily living in older patients [27,28].
Steroids can be initiated to mitigate the acute symptoms of seronegative EORA and PMR
after ruling out other diseases such as bacteremia, sepsis, and other systemic inflamma-
tions [29]. While tapering steroids, several symptoms such as joint and muscular pain
may appear [21]. PMR symptoms may not reappear for months and years after tapering
steroids [17,21,30]; however, those of seronegative EORA may recur [26,31], which can
be a sign of seronegative rheumatoid arthritis [26,31]. Furthermore, the appearance of
peripheral arthritis during the follow-up period can be used to diagnose seronegative
EORA. As this study showed, peripheral arthritis can appear during follow-up with steroid
tapering. Thus, for an effective diagnosis, extensive follow-up is essential during steroid
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tapering, during which detecting recurrences and the appearance of peripheral arthritis
is useful.

Investigating the factors that favor rheumatoid arthritis may aid in the diagnosis
of seronegative rheumatoid arthritis after ruling out PMR and contribute to the smooth
initiation of DMARDs for rheumatoid arthritis. The factors that favor rheumatoid arthritis
are initial radiographic changes and the presence of peripheral arthritis. Radiographic
changes in peripheral joints such as the PIP and MP joints suggest the possibility of seroneg-
ative EORA rather than PMR [32,33]. During the initial diagnosis of patients suspected to
have seronegative EORA, peripheral radiography is essential for an effective diagnosis. In
addition, initial examinations should focus on detecting peripheral arthritis to differentiate
EORA and PMR because the presence of peripheral arthritis can indicate the possibility
of seronegative EORA [31]. Effective and comprehensive physical joint examination is
crucial to diagnose seronegative EORA. Regarding the treatment of seronegative EORA,
prompt initiation of DMARDs is necessary to prevent joint destruction and deformities [4,5].
Based on these results, DMARDs should be prescribed for older patients suspected to have
EORA with initial radiographic changes of the peripheral joints or physical findings of
peripheral arthritis.

Contrary to the factors that favor seronegative EORA, PMR-favoring factors such as
hip joint pain, extracapsular inflammation of peripheral lesions, and asymmetrical small
joint involvement should be considered when predicting the clinical course. PMR can be
a self-limiting condition in some cases; therefore, discontinuation of steroids without the
use of DMARDs may be possible after steroid intake for a period ranging from months
to 2 years [17,30]. Patients with hip pain, extracapsular inflammation, and asymmetrical
small joint involvement should be followed up after tapering steroids without prescrib-
ing DMARDs.

This study had some limitations. Only a few review articles were found that investi-
gated the differentiation between seronegative EORA and PMR. Rheumatology is more
commonly studied among young to middle-aged patients; therefore, EORA and PMR
may be differentiated according to the different clinical courses among older patients, but
the research available is limited. Future studies should prospectively investigate ways
to differentiate between these two diseases. In addition, this meta-ethnography did not
include original articles to confirm the evidence present in the review articles. The inclu-
sion criterion used in this study may have excluded some grey articles by experienced
practitioners. Furthermore, due to accessibility limitations, this review may have missed
relevant articles published in languages other than English. To overcome this limitation,
we employed global search engines. Future studies can define the findings of this review
as clinical factors and analyze older patients diagnosed with seronegative EORA and PMR
to identify the sensitivity and specificity of each factor.

5. Conclusions

This meta-ethnography of narrative reviews regarding the differentiation between
seronegative EORA and PMR clarified four themes: difficulty in differentiation, mandatory
follow-up, and factors favoring rheumatoid arthritis and those favoring PMR. The favoring
factors for both conditions should be checked for an effective diagnosis and a prompt initi-
ation of DMARDs. Additionally, mandatory follow-up of suspected patients for months
and years is essential for differentiating between the two diseases. The attitude of rheuma-
tologists toward tentatively diagnosing seronegative EORA and flexibly changing their
hypothesis based on the appearance of new or altered symptoms can be important. With
the rise of aging societies globally, differentiating between EORA and PMR is becoming
increasingly important for physicians.
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Abstract: Frailty is prevalent in older adults and is related to a worsening functionality, quality of life,
and health outcomes. Though there is an increasing interest in this field, the relationship between
frailty and worsening COPD outcomes remains unknown. A narrative review of the literature with
studies published between 2018 and 2022 was carried out to address three questions: the prevalence
of frailty and other geriatric syndromes in COPD patients, the link between frailty and worsening
health outcomes in COPD patients, and the non-pharmacological interventions performed in order to
reverse frailty in these patients. A total of 25 articles were selected. Frailty prevalence ranged from
6% and 85.9%, depending on the COPD severity and the frailty measurement tool used. Frailty in
COPD patients was related to a high prevalence of geriatric syndromes and to a high incidence of
adverse events such as exacerbations, admissions, readmissions, and mortality. One study showed
improvements in functionality after physical intervention. In conclusion, the prevalence of frailty is
associated with a high incidence of geriatric syndromes and adverse events in COPD patients. The
use of frailty screenings and a comprehensive geriatric assessment of COPD patients is advisable in
order to detect associated problems and to establish individualized approaches for better outcomes.

Keywords: COPD; frailty; comprehensive geriatric assessment; outcomes; interventions; geriatric
syndromes

1. Introduction

The generally agreed-upon definition of frailty states that frailty pertains to “a medi-
cal syndrome with multiple causes and contributors that is characterized by diminished
strength, endurance, and reduced physiological function that increases an individual’s
vulnerability for developing increased dependency and/or death” [1]. From a clinical per-
spective, frailty implies a decrease in physiological reserves and an increased vulnerability
to stressors, leading to greater overall vulnerability [2]. This vulnerability increases the risk
of adverse health outcomes, such as disability, hospitalizations, and mortality [2]. Frailty is
dynamic in nature, and it is possible to identify positive and negative trajectories among
the robust, pre-frailty, and frailty categories, both spontaneously and after interventions [3].
Despite having previously mentioned the generally accepted definition of frailty, there
are a large number of operational definitions and measurement tools [4], including the
phenotypic model established by Linda Fried (FFP, short for Fried frailty phenotype), one
of the most used tools [2]. This model is defined by the presence of at least three of the
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following criteria: weight loss, self-reported exhaustion, weakness, slowed gait speed, and
lower energy expenditure. The pre-frailty condition is defined by the presence of one or
two of these criteria, and a fit adult is defined as someone who does not meet any of these
five criteria.

Frailty has been misleadingly associated with aging, comorbidity, or disability, al-
though it does increase the risks of increased morbidity and lower survival. In addition,
frailty is bidirectionally associated with chronic diseases. The presence of chronic conditions
increases the risk of frailty [5], and the presence of frailty increases the risk of morbidity
and mortality by accelerating the physical impairment of patients [6]. Therefore, a frailty
assessment is of great importance in older adults, regardless of the main diagnosis [2].

Frailty, as a geriatric syndrome, is traditionally underdiagnosed outside the field of
geriatric medicine. However, an increasing interest in inquiring about the relationship
between chronic obstructive pulmonary disease (COPD) and frailty has been recently
observed. COPD is one of the most prevalent and disabling chronic diseases in older adults,
and it leads to a relevant decrease in survival [7]. The prevalence of frailty in older adults
with COPD is high, even in younger populations (under 65 years old), ranging between 4%
and 59% [8], although the use of the FFP decreases the prevalence down to 9.9% [8].

A significant increase in scientific works about the relationship between frailty and
COPD has been observed in the last few years, in which the important prognostic role of a
frailty diagnosis in the progression of COPD has been highlighted [9,10].

Likewise, COPD is the third leading cause of death worldwide. Many factors con-
tribute to the development of COPD, including genetic factors (alpha1-antitrypsin defi-
ciency), pollution, cigarette smoking, and occupational exposure to various chemicals.
COPD manifests as an inflammatory disease that affects the airways, lung parenchyma,
and pulmonary vasculature. Inhalation exposure can trigger an inflammatory response,
leading to a decrease in forced expiratory volume and tissue destruction and eventually to
airflow limitation. Airflow limitation is the main pathophysiological feature of COPD [11].
This relationship between the two may be because COPD and frailty share some risk factors,
including aging, smoking, and inflammation [12] as well as clinical manifestations, such as
fatigue, anorexia, muscle weakness, and slowed walking speed [13]. In this sense, Lahousse
et al. suggested that both pathologies might have a single physiopathology in common [14].

Finally, it should not be forgotten that several common risk factors shared by COPD
and frailty have been identified, including alcohol consumption, cigarette smoking, lower
physical activity, poor diet, and older age [15]. All are related to functional and cognitive
declines. For these reasons, an early diagnosis of frailty is needed to provide a specific and
individualized care plan for the recovery and mitigation of the deleterious effects of frailty
in these patients. Clinicians should actively screen frailty in COPD patients to improve
their outcomes [15,16].

A systematic review and meta-analysis recently showed that the risk of frailty among
patients with COPD diagnoses was twice as high as those of adults of the same age without
COPD [17]. Both COPD and frailty share some risk factors, such as less favorable aging
trajectories, nicotinism, and inflammation [18], along with clinical signs such as anorexia,
fatigue, muscular weakness and slower gait speed (the latter three are the phenotypic
criteria of frailty syndrome) [18], which could be due to their shared physiopathology [13].

However, the choice of the frailty assessment is one of the most common problems in
frailty studies in different clinical settings. Given the increase in scientific literature on this
topic, the authors of this paper considered it important to perform a narrative review of the
literature in order to understand the actual prevalence of frailty in patients with COPD,
the association of frailty with other geriatric syndromes in these patients, the influence of
frailty on patient clinical evolution and survival, and the therapeutic approaches to reverse
or reduce frailty in COPD patients.
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2. Materials and Methods

The present review was carried out by conducting an electronic search in OVID®

(Ovid Technologies, Inc., Wolters Kluwer Health, NY, USA) (Medline and Embase) and
PubMed® (National Library of Medicine, Bethesda, MD, USA), combining the following
MeSH keywords: “pulmonary disease, chronic obstructive”, and “frailty”. The search was
completed on 30 September 2022 and limited to publications posted in the last 5 years; in
English and Spanish; and in human subjects aged 60 or older. A total of 575 articles were
obtained, of which 25 were finally selected. Details of the evaluation and selection process
of the items are shown in Figure 1.

Figure 1. PRISMA flow diagram for database search and study selection process. Based on Moher
et al. [19].

The articles were selected by four researchers based on the following eligibility criteria:
The articles included in the criteria were meta-analyses, randomized clinical trials, cohort
studies, case-control studies, observational studies, and before-and-after studies; the popu-
lation needed for the review were patients 65 years old or older with an established COPD
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diagnosis; and prevalence and incidence studies using reported frailty assessment tools
and reporting frailty prevalence were included, along with interventions to reverse frailty.
It was stated in the exclusion criteria that letters-to-the-editor; case reports, narrative and
systematic reviews without meta-analyses; articles with no available abstracts or those with
only the abstract published; and studies that met the inclusion criteria but less than 50%
of their study sample was under the age of 65 (i.e., predominantly non-geriatric), which
indicated these were not in compliance with the aim of this review.

The review authors re-evaluated all articles, and the final inclusion was restricted to
those of high enough quality with information relevant to the objectives of this review.
The outcome measures examined were mortality, length of hospital stay, functional status,
medical complications, destination after discharge, functional recovery, frailty reversion,
readmissions, and survival. The authors used an Excel® spreadsheet to record all the
bibliographic references in order to identify and exclude duplicate papers. The Excel
spreadsheet was also used to work with the selected articles and proceed to the selection of
the articles. For this process, a bibliographic manager was used.

3. Results

The 25 selected articles for this review were classified according to their type:
1 meta-analysis, 1 cohort study, 1 retrospective cohort study, 8 longitudinal studies, 8 cross-
sectional studies, 2 case-control studies and 4 retrospective studies. Most studies (22)
reported frailty prevalence, which ranged from 6% to 85.9% and was partly related to the
variability of the recruited patients’ age, ranging from 61.2 to 75.9 years, and most of the
sample being male. There was a considerable variation in the frailty measurement tools, as
up to 13 tools used in the studies included in the review were found: the hospital frailty risk
score (HFRS) in two studies; the Fried frailty phenotype (FFP) in eight studies; the frailty
index (FI) in four studies; the Kihon checklist (KCL) in two studies; the fatigue, resistance,
ambulation, illnesses, and loss of weight (FRAIL) in two studies; the reported Edmonton
frail scale (REFS), the Chinese–Canadian study of health and aging clinical frailty scale, the
evaluative frailty index for physical activity (EFIP), the clinical frailty scale (CFS), the short
physical performance test (SPPB), and the frail non-disabled questionnaire (FiND), in one
study each; and the timed up and go (TUG) and the FI-lab in one study.

3.1. Frailty Prevalence

Out of the 25 selected studies, 22 of them included frailty prevalence data in the
studied sample, which, as discussed in the previous section, ranged from 6% to 85.9%. The
frailty prevalence reported by each study included in this narrative review are reported in
Table 1.

Table 1. Summary of studies with reported prevalence of frailty in COPD patients.

Article Type Sample
Age

(Years)
Tool Used

Frailty
Prevalence

Spirometric
COPD

Confirmation

Ushida, K.
et al. [20]

Retrospective
cohort

3396 COPD
patients 75.9 (SD 11.2) HFRS 14%

No
(ICD-10 codes:

J41–J44)

Neo, H.Y. et al. [21]

Prospective,
propensity

score-match
study

100 matched
pairs 73.9 (SD 8.2) HFRS 57% No

Kennedy, C. C.
et al. [22]

Retrospective
cohort

902 COPD
patients 67 [IQR 63–70] FFP 6% Yes

145



Int. J. Environ. Res. Public Health 2023, 20, 1678

Table 1. Cont.

Article Type Sample
Age

(Years)
Tool Used

Frailty
Prevalence

Spirometric
COPD

Confirmation

Witt, L. J. et al. [23] Observational
study

70 patients
admitted due to

COPD
exacerbation

63.5 (SD 58.1,
71.3) FFP 67% Yes

Luo, J. et al. [24] Cross-sectional
study

309 COPD
patients 86 [IQR 80–90] FFP 49.8% Yes

Yee, N. et al. [25] Prospective
cohort

280 COPD
patients 68.6 (SD 9.2) FFP 23% Yes

Bernabeu-Mora, R.
et al. [26]

Prospective
study

119 COPD
patients 66.9 (SD 7.9) FFP 7.6% Yes

Naval, E. et al. [27] Cross-sectional
study

127 COPD
patients 66.5 (SD 7.9) FFP 24.4% Yes

Hanlon, P. et al. [28] Observational
study

3132 COPD
patients 61.9 (SD 5.9) FFP

FI
17% FFP
32% FI Yes

Zhang, D. et al. [29] Prospective
study

302 COPD
patients 86 [IQR 80–90]

FFP
CFS

FI-CD
SPPB

FFP 51%
CFS 64%
FI 58.6%

SPPB 59.6%

Yes

Soni, N. et al. [30] Case-control
study

150 COPD
150 Controls

65.98 (SD 5.43)
65.72 (SD 5.65) FRAIL 25.3% Yes

Dias, L. S. et al. [31] Cross-sectional
study

150 COPD
patients

67.0 (SD
61.0–71.5) FRAIL 50.3% Yes

Gale, N. S.
et al. [32]

Case-control
study

520 COPD
150 controls

(66.1 (SD 7.6))
(65 (SD 7.4)) FI 28% Yes

Albarrati, A. M.
et al. [33]

Case-control
study

520 COPD
120 controls

66.1 (SD 7.6)
(65 (SD 7.4)) FI 76% Yes

Gu, J. J. et al. [34]
Observational
retrospective

study

154 COPD
patients 79.73 (SD 8.38) FI-lab 75.3% Yes

Takahashi, S.
et al. [35]

Cross-sectional
study

40 COPD
patients 70.6 (SD 8.21) KCL 50% Yes

Oishi, K. et al. [36] Observational
study

128 COPD
patients 73 [IQR 69–78] KCL 37.5% Yes

Witt, L. J. et al. [37] Cross-sectional
study

322 COPD
patients 69.6 (SD 7.4) modified

frailty 16% No

Bernabeu-Mora, R.
et al. [38]

Prospective
cohort

103
hospitalized

COPD patients
71 (SD 9.1) REFS 35.9% moderate

or severe frailty Yes

Chen, P. J. et al. [39] Cross-sectional
study

125 COPD
patients 77.36 (SD 10.26)

Chinese
Canadian
study of

health and
aging

clinical
frailty scale

85.9% dyspnea
group
26.7%

non-dyspnea
group

Yes

Ter Beek, L.
et al. [40]

Cross-sectional
study

57 COPD
patients 61.2 (SD 8.7) EFIP 83% Yes
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Table 1. Cont.

Article Type Sample
Age

(Years)
Tool Used

Frailty
Prevalence

Spirometric
COPD

Confirmation

Chin, M. et al. [41] Prospective
study

46 patients
admitted due to

COPD
exacerbation
Mild frailty
Moderate

frailty
Severe frailty

72 (SD 9)
72 (SD 10)
76 (SD 12)

CFS 54% No described

Ierodiakonou, D.
et al. [42]

Cross-sectional
study

257 COPD
patients (65 (SD 12.3))

FiND
(frail non-
disabled)

82% Yes

Legend: COPD = chronic obstructive pulmonary disease; HFRS = hospital frailty risk score; EFIP = evaluative
frailty index for physical activity; FFP = Fried frailty phenotype; FI = frailty index; REFS = reported Edmonton
frail scale; FRAIL = the fatigue, resistance, ambulation, illnesses, and loss of weight; KCL = Kihon checklist;
Chinese–Canadian Study of health and aging clinical frailty scale; FI-lab = frailty index based on deficits in
laboratory test; CFS = clinical frailty scale; SPPB = short physical performance test; FiND = the frail non-disabled
questionnaire; SD = standard deviation; IQR = interquartile range.

Two studies, including a retrospective cohort study [20] and a prospective propensity
score-match study [21] that used the HFRS as a frailty screening tool, showed a disparate
prevalence of 14% and 57%, respectively, in samples of similar age. The former was
conducted in hospitalized patients, with 68.7% of the sample having the highest degree
of dyspnea (score 4 and 5) estimated with the Hugh–Jones dyspnea scale score while the
latter had no data on disease severity.

However, the most widely used tool for the diagnosis of frailty was Linda Fried’s
phenotypic criteria, as it was used in eight COPD studies [22–29]. Thus, when using the FFP,
the prevalence of frailty was 6% [23] and 67% [24], respectively. The ages of the participants
in these two studies were similar. In the first study, which used FFP to detect frailty, patients
had to have moderate or severe COPD while the second study was performed in patients
admitted for an acute exacerbation of COPD. Of the 8 studies that used FFP as a screening
tool for frailty, the second with the highest prevalence (49.8%) was completed in patients
almost 20 years older than the 2 previous studies and who were diagnosed with COPD
based on the 2017 Global Initiative for COPD (GOLD) guidelines. They had respiratory
symptoms or risk factors and a post-bronchodilator ratio of forced expiratory volume in 1 s
(FEV1) to forced vital capacity (FVC) < 0.70. The study by Kennedy et al. [22] reported an
estimated incidence of frailty of 6.4 per 100 human years and the presence of frailty being
associated with a lower quality of life. The fourth study that used FFP for the diagnosis of
frailty had patients of an age similar to the first described with these criteria and showed
a prevalence of frailty of 23% in patients with a diagnosis of COPD (post-bronchodilator
FEV1/FVC < 80% and FEV1% predicted < 80%) and who also had been stable for at least the
last 4 weeks [25]. A prospective study conducted in 119 patients with stable COPD during
a 2-year follow-up assessed transitions between non-frail, pre-frail, and frail conditions
using the FFP. A frailty prevalence of 7.6% and a pre-frailty prevalence of 73.1% were
reported at the beginning of the study. After 2 years, 11.7% of patients worsened, 17.6%
improved, and 70.5% remained the same. The variables associated with deterioration were
dyspnea, disability, and lower handgrip strength, while those who improved presented
greater handgrip and quadricep strength. The authors concluded that frailty is a dynamic
condition, and therefore, the transitions between the states of frailty are related to significant
changes in the clinical outcomes [26]. Furthermore, the authors of this narrative review
designed a cross-sectional study in a prospective cohort of 127 patients with stable COPD
(diagnosis based on the GOLD 2017 guideline) and classified 24.4% of the recruited sample
as frail. The variables with independent associations with frailty included the mMRC,
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HAD-DEP, and age [27]. The last two articles that used FFP as a frailty screening tool
compared this measure to the IF [28] and to the IF, SPPB, and CFS [29], respectively. The
first analyzed data extracted from the UK Biobank of patients with COPD, who had been
identified by linked primary care data, using a previously validated list of diagnostic codes
and a severity assessment of the disease that was measured with spirometry data (20% of
patients with FEV1 < 50%) and then compared two frailty measurements, the FFP and the
FI, during an 8-year follow-up period. Frailty prevalence was high regardless of the frailty
assessment tool used (17% frail according to the FFP and 28% moderate and 4% severely
frail according to the FI), but only the FFP was associated with a lower FEV1 [28] while
the second, a prospective study with a 2.18-year [IQR 1.56–2.62] follow-up of 302 COPD
patients (diagnosis based on the GOLD 2017 guidelines), assessed the predictive capacity
of 4 frailty scales: FFP, CFS, FI, and SPPB. Frailty prevalence was lower when using the FI
(18%) and higher when using the other three tools (FFP, 51%; SPPB, 58.6%; CFS, 64.2%) [29].

Two papers measured frailty prevalence with FRAIL [30,31]. The first one, a case-
control study [30], found a frailty prevalence of 25.3% in COPD patients (FEV1 to forced
vital capacity of <0.7) assessed by the outpatient department and measured with the
FRAIL scale, and these were linked to a higher prevalence of geriatric syndromes in COPD
patients. The second one, an observational cross-sectional study in stable COPD patients
(FEV1/FVC ratio of <0.7), found a greater risk of frailty in the GOLD groups B and D. Frailty
was significantly correlated to the COPD assessment test score (CAT) and the MRC. The
authors reported that the combination of CAT/MRC ≥ 5.5 was associated with the presence
of frailty (odds ratio (OR) 6.7; 95% CI: 3.2–13.9) [31]. Two articles from the same research
group used the IF as a diagnostic tool for frailty [32,33]. The first one, a cross-sectional
study conducted in 520 community-based patients with COPD (confirmed by spirometry
at entry), showed that patients with COPD presented a higher likelihood in the FI (0.16
(SD 0.08)) than the controls (0.05 (SD 0.03)), and the frailty prediction factors were the
distance covered in a 6-minute walk distance (6MWD), the number of comorbidities,
handgrip strength, and the number of acute exacerbations [32]. The second one, a case-
control study, assessed the possible usefulness of the timed-up-and-go (TUG) tool for frailty
detection. COPD patients presented a higher FI and a higher time using TUG (11.55 (SD
4.03 s)) than the controls (9.2 (SD 1.6 s)) [33]. This difference remained after adjusting for
age and pulmonary function. The frailty predictive capacity using TUG (a cut-off point of
0.09 for the FI and 8 s for the TUG) was OR 2.67 (95% CI: 1.5–4.6) [33].

A retrospective study assessed the possible usefulness of a frailty evaluation tool
(FI-lab) in COPD patients (primary clinical diagnosis of AECOPD at hospital admission)
distributed between survivors and deceased. The FI-lab values were classified into 4 groups:
<0.2, 0.2–0.4, 0.4–0.6, and >0.6. FI-lab < 0.4 values were seen in 88.3% of survivors while
75.3% of the deceased presented those values. The difference in the FI-lab was statistically
significant between survivors (0.5 (SD 0.1)) and deceased (0.3 (SD 0.1)), p < 0.001 [34].
Two papers used KLC as a frailty detection tool in COPD patients (GOLD 2021) [35,36]. The
first one, a cross-sectional study, found a frailty prevalence of 50% and reported negative
effects of COPD on the central nervous system, along with depressive symptoms [36]. At
the same time, a cross-sectional study conducted in 128 COPD patients found a frailty
prevalence of 37.5% and estimated the relationship between the patient-reported outcome
measures for dyspnea-related behavior, activity limitation (PROMs-D, which was consistent
between the activity-limiting dyspnea scale (ADS) and the self-limiting dyspnea scale
(SDS)), and frailty. Both ADS and SDS presented a high predictive capacity for frailty,
although it was the PROMs-D (the sum of ADS and SDS) that was the most effective
measure to classify frailty. For this reason, the authors found that the PROMs-D could be
used as a frailty screening measure in patients with COPD [36].

A cross-sectional study conducted in COPD patients that lived in the community
(posing the question, “Has a medical doctor ever told you that you have any of the following
conditions: emphysema, chronic bronchitis, or chronic obstructive lung disease?”) analyzed
the prevalence of geriatric syndromes in the recruited sample, including frailty (at 16%,
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evaluated according to the modified frailty scale) [37]. A prospective observational study
conducted in hospitalized patients with acute exacerbations of COPD (AECOPD) reported
a prevalence of moderate or severe frailty of 35.9% (18.4% severe frailty) using the REFS
tool within 48–96 h of hospital admission [38]. At the same time, a cross-sectional study
recruited 125 patients with COPD and assessed frailty using the Chinese–Canadian Study
of health and aging clinical frailty scale and dyspnea using the modified medical research
council questionnaire. The patients were divided into two groups: dyspnea and non-
dyspnea. The prevalence of frailty in the non-dyspnea group was 26.7%, and it was 85.9%
in the dyspnea group. The predicting factor of frailty in the dyspnea group was the number
of prescribed drugs, and both the polypharmacy and the CAT were positively correlated
with the conversion time from fit to frail in both groups [39].

A cross-sectional study of 57 patients with COPD (GOLD 1–4) had the highest preva-
lence of frailty (EFIP) detected in this narrative review at 83%, which was associated with
malnutrition and physical frailty [40]. On the other hand, the prevalence of slight-to-
moderate frailty assessed using the CFS was 54% in 46 patients admitted to the hospital
due to AECOPD [41]. Finally, similar results were reported in a study in primary care.
Thus, a cross-sectional study conducted in 257 COPD patients in primary care assessed the
frailty determinants of these patients. A frailty prevalence of 82% was reported using the
FiND questionnaire. The risk of presenting frailty was associated with age, hypertension,
uncontrolled disease (CAT ≥ 10), and mMRC ≥ 2, or the presence of ≥2 AECOPD and
GOLD status (B and D vs. A and C groups). The authors concluded that the severity of
COPD increased frailty prevalence [42].

This frailty prevalence was consistent with the one published in a meta-analysis
(27 studies: 23 were cross-sectional, 3 were longitudinal, and 1 was mixed (both cross-
sectional and longitudinal)). These established a collective prevalence of frailty of 20% in
COPD patients (95% CI: 15–24%; I2 = 94.4%) while pre-frailty prevalence was 56% (95% CI:
52–60%; I2 = 80.8%). Patients with COPD showed an OR of presenting frailty of 1.97 (95%
CI: 1.53–2.53) [17].

The Prevalence of Geriatric Syndromes Linked to Frailty in COPD Patients

The frailty prevalence in COPD patients was linked to a high prevalence of geriatric
syndromes, as four of the studies included in this narrative review showed. Thus, malnu-
trition and frailty coexisted in 40% of the COPD patients, malnutrition and physical frailty
coexisted in 18%, and malnutrition and disability coexisted in 21% of the cases in a cross-
sectional study [40]. This overlap of geriatric patients indicates the need for nutritional
intervention in COPD patients, especially before starting a rehabilitation program [40]. The
EFIP and PG-SGA scores were significantly correlated (r = 0.43, p = 0.001), as well as the
Fried’s criteria and the PG-SGA score (r = 0.37, p = 0.005). A nutritional intervention should
be delivered by health care professionals in COPD patients before starting a rehabilitation
program [40]. A case-control study [30] assessed the prevalence of geriatric syndromes in
150 COPD patients. Frailty was linked to a high prevalence of geriatric syndromes, such as
impairment in instrumental activities of daily living (IADL), 37.3%; cognitive impairment,
35.3%; urinary incontinence, 20.7%; and malnutrition (20.7%). Two variables increased
the risk of the prevalence of geriatric syndromes: dyspnea (≥2 mMRC grade) and low
socioeconomic status [30]. The authors emphasized the importance of frail COPD patient
performance in the comprehensive geriatric assessment (CGA). Frailty has been associated
with mood disorders in COPD patients. A cross-sectional study of 40 COPD patients
reported a low perception of quality of life. In addition, patients classified as frail using
the KCL score presented lower left and right hippocampal, subiculum, and presubiculum
volume, as compared to non-frail patients. The authors concluded by pointing to the impact
of frailty on the hippocampal volume and its combined associations with a poor quality of
life [35]. Finally, a cross-sectional study conducted in 3222 older adults (69.6 (SD 7.4) years)
with COPD who lived in the community analyzed the prevalence of geriatric syndromes in
the recruited sample, including frailty, functional disability, physical function impairment,
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lower physical activity, falls, polypharmacy, loneliness, depression, cognitive impairment,
urinary incontinence, and comorbidity [37]. The prevalence of geriatric syndromes was
higher in COPD patients than in non-COPD patients: 16%, frailty; 53.9%, urinary inconti-
nence; 57.7%, loneliness perception; 58.1%, functional disability; 12.9%, moderate cognitive
impairment; 32%, depressive symptoms; and 37.5%, severe polypharmacy (>10 prescribed
drugs). As compared to non-COPD patients, the frailty-adjusted OR was 6.3 (95% CI: 3.0,
13.0). This meant that the COPD patients had a risk of frailty more than six times higher
than the controls. Likewise, the adjusted OR for functional disability was 1.4 (95% CI:
1.01, 2.0); for impaired physical function, the adjusted OR was 2.1 (95% CI: 1.1, 3.7); for
extreme low physical activity, the adjusted OR was 2.3 (95% CI: 1.5, 3.5); for polypharmacy
(≥10 medications), the adjusted OR was 2.9 (95% CI: 2.0, 4.2); and for depression, the
adjusted OR was 1.9 (95% CI: 1.4, 2.7) [37].

3.2. Frailty as a Predictive Factor of Poor Outcomes

Out of the 25 articles selected for this review, 12 associated the presence of frailty with
worsening outcomes, such as AECOPD, hospitalization, length of stay, greater difficulty in
returning home, hospital readmissions, and mortality. Table 2 summarizes the association
between frailty and poor outcomes in COPD patients, as reported by the studies included
in this narrative review.

Table 2. Relationship between health outcomes and frailty in COPD patients.

Article Type Sample Poor Outcomes Associated with Frailty

Ushida, K. et al. [20] Retrospective cohort 3396
COPD patients

Hospital admissions (32.9% vs. 17.5%)
In-hospital mortality (16.4% vs. 12.5%)

Greater difficulty in returning home
(34.6% vs. 22.9%)

Kennedy, C. C.
et al. [22] Retrospective cohort 902

Increased rate of hospitalization:
Adjusted HR, 1.6 (95% CI: 1.1–2.5)
Increase in hospital use of 8.0 days:

(95% CI: 4.4–11.6)
Higher mortality rate:

Adjusted HR 1.4 (95% CI: 0.97–2.0); p = 0.07

Witt, L. J. et al. [23] Observational study 70 patients admitted due
to COPD exacerbation 30-day readmissions: OR 11.2 (95% CI: 1.3–93.2)

Luo, J. et al. [24] Cross-sectional study 309

AECOPD: IRR = 1.75 (95% CI: 1.09–2.82)
All-cause hospitalizations: IRR = 1.4

(95% CI: 1.0–1.9)
All-cause mortality risk: HR = 2.5

(95% CI: 1.0–6.4)

Yee, N. et al. [25] Cohort study 280 Handgrip strength increased AECOPD risk:
IRR 1.46 (95% CI: 1.09–1.97)

Naval, E. et al. [26] Cross-sectional study 127
AECOPD:

Frail COPD patients 2.2 (SD 1.7) vs. fit COPD
patients 1.0 (SD 1.0)
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Table 2. Cont.

Article Type Sample Poor Outcomes Associated with Frailty

Hanlon, P. et al. [27] Observational study 3132

FFP
Mortality risk: HR 2.3 (95% CI: 1.8–3.0)

MACE: HR 2.7; 95% CI: 1.7–4.5
Hospital admissions HR 3.4 (95% CI: 2.8–4.1)

AECOPD hospital admissions: HR 5.2;
95% CI: 3.8–7.1

Community exacerbations: HR 2.1
(95% CI: 1.8–2.5)

FI
Mortality HR 2.6 (95% CI: 1.7–4.0)
MACE HR 6.8 (95% CI: 2.7–17.0)

Hospital admission HR 3.7 (95% CI: 2.5–5.4)
AECOP hospital admissions HR 4.3;

95% CI: 2.4–7.7
Community exacerbations HR 2.4

(95% CI: 1.7–3.3)

Zhang, D. et al. [28] Prospective study 302

1-year mortality risk
FFP: HR = 3.11 (95% CI: 1.30–7.44)

CFS: HR = 3.68 (95% CI: 1.03–13.16)
SPPB: HR = 3.74 (95% CI: 1.39–10.06)

Gu, J. J. et al. [34] Observational
retrospective study 154 FI-lab increased AECOPD and mortality:

OR 8.705 (95% CI: 3.646–20.782)

Bernabeu-Mora, R.
et al. [38] Prospective cohort 103 hospitalized COPD

patients

Hospital readmission (45% vs. 18%)
90-day readmission (OR = 5.19; 95% CI:

1.26–21.50)

Chin, M. et al. [41] Prospective study 46

Severe frailty vs. managing well and vulnerable:
Total length of stay: 11 days [IQR 10–12] vs.

4 [IQR 2–7]
Total cost CAD 14,109 [IQR 13,182–15,037] vs.

4366 [IQR 2490–7094]
Previous hospitalization in the last 2 years,

6 [IQR 6–6] vs. 1 [IQR 0–2]

Patino-Hernandez, D.
et al. [42] Longitudinal study 2706 patients (76.4 years) 3-year mortality risk

HR 1.95 (95% CI: 1.18–3.2)

Legend: COPD = chronic obstructive pulmonary disease; OR = odds ratio; HR = hazard ratio; AECOPD =
acute exacerbation chronic obstructive pulmonary disease; IRR = incidence rate ratio; IQR = interquartile rank;
CAD = Canadian dollars; MACE = major adverse cardiovascular events; FFP = Fried frailty phenotype; FI = frailty
index; CFS = clinical frailty scale; SPPB = short physical performance battery.

3.3. Frailty as a Predictive Factor of Poor Outcomes

Out of the 25 articles selected for this review, 12 of them associated the presence of
frailty with worsening outcomes such as AECOPD, hospitalization, length of stay, greater
difficulty in returning home, hospital readmissions, and mortality. Thus, in a retrospective
cohort study [20], frailty was associated with an increase in hospitalization (32.9% vs.
17.5%), in-hospital mortality (16.4% vs. 12.5%), greater difficulty in returning home (34.6%
vs. 22.9%), and a poorer quality of life at discharge (8.7% vs. 12.4%) [20]. The higher
HFRS score was independently associated with a prolonged hospital admission (length of
stay ≥ 30 days) (OR 2.0; 95% CI: 1.4–2.9) [20]. The ability of the HFRS to predict prolonged
hospitalization was slightly higher than that of the Charlson comorbidity index (CCI) [21].
In a similar way, the severely frail patients were also much more likely to be readmitted
than the non-frail patients (45% vs. 18%), and after adjusting for age and relevant disease-
related factors, severe frailty remained an independent risk factor for 90-day readmission
(OR = 5.19; 95% CI: 1.26–21.50) [38]. Frail participants also had an increased rate of
hospitalization (adjusted hazard ratio (HR), 1.6; 95% CI: 1.1–2.5; p = 0.02), an adjusted
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increase in hospital use of 8.0 days (95% CI: 4.4–11.6; p = 0.001), and a higher mortality
rate (adjusted HR 1.4; 95% CI: 0.97–2.0; p = 0.07) [22]. Likewise, after adjustment, frailty
increased the incidence of AECOPD (IRR = 1.75, 95% CI: 1.09–2.82) and all-cause hospital
admissions (IRR = 1.39, 95% CI: 1.04–1.87). All-cause mortality risk also increased during
the 1-year follow-up, which was higher in frail patients (HR = 2.54, 95% CI: 1.01–6.36) [24].

However, in another study, the global frailty rate was not associated with the incidence
of AECOPD, although the estimated weakness component was associated with a higher
risk of AECOPD, which was assessed by handgrip strength (IRR 1.46, 95% CI: 1.09–1.97);
moreover, frailty was associated with the risk of having non-COPD hospital admissions [25].
In contrast, the FI-lab scores statistically increased the risk of AECOPD and mortality [41],
and greater frailty severity was associated with an increase in care costs, a longer hospital
stay, more previous hospitalizations, and subsequent hospitalizations with an “alternate
level of care” (ALC) [41].

It was previously mentioned that weakness, established by handgrip strength per-
formance, was a predictor of AECOPD. This indicator was also present in another study
that had a 30-day readmission predictive capacity (OR 11.2; 95% CI: 1.3–93.2) [23]. Frailty
assessed by the FFP was associated with a higher risk of mortality (HR 2.3; 95% CI: 1.8–3.0),
major adverse cardiovascular events (MACE) (HR 2.7; 95% CI: 1.7–4.5), hospital admissions
(HR 3.4; 95% CI: 2.8–4.1), hospital exacerbations (HR 5.2; 95% CI: 3.8–7.1), and community
exacerbations (HR 2.1; 95% CI: 1.8–2.5). The FI (severe frailty compared to the robust
condition) obtained similar outcomes as to mortality (HR 2.6; 95% CI: 1.7–4.0), MACE (HR
6.8; 95% CI: 2.7–17.0), hospital admissions (HR 3.7; 95% CI: 2.5–5.4), hospital exacerbations
(HR 4.3; 95% CI: 2.4–7.7), and community exacerbations (HR 2.4; 95% CI: 1.7–3.3) [28].
Similarly, in a different study, all assessed scales (FFP, FI, CFS, and SPPB) were associated
with an increase in 1-year mortality [29]. During the follow-up, all tools, except for the FI,
were associated with mortality in a multivariate analysis: FFP, HR = 3.11 (95% CI: 1.30–7.44);
CFS, HR = 3.68 (95% CI: 1.03–13.16); and SPPB, HR = 3.74 (95% CI: 1.39–10.06). The FFP
was associated with AECOPD, and the FFP, the CFS, and the FI-CD were associated with
the number of hospital admissions [29]. The CFS and the FI showed a sensitivity of 96% for
predicting all-cause 1-year mortality in COPD patients, but all scales showed low specificity
that ranged from 39% to 44% [30]. The receiver-operating characteristic (ROC) curves for
the four frailty scales each had a similar capacity for predicting mortality, presenting no
statistically significant differences. When associating variables, such as age, sex, medication,
CCI: GOLD severity, and CAT, the tools improved their capacity to predict mortality [29].

The last two papers included in this section showed that frailty was associated with
more COPD exacerbations, being 2.2 (SD 1.7) in frail patients and 1.0 (SD 1.0) in fit COPD
patients [27]; at the same time, a longitudinal study conducted in 2706 patients (76.4 years)
assessed the link between the presence of frailty, which was estimated with the FI, and the
presence of COPD, and highlighted that the presence of both conditions increased 3-year
mortality risk up to a 95% (HR 1.95; 95% CI: 1.18–3.2) [43].

3.4. Interventions in Frailty COPD Patients

Only one article focusing on frailty intervention was found in this narrative review.
The intervention consisted of an integrative multidisciplinary approach that included
evidence-based pharmacological and non-pharmacological interventions, such as palliative,
respiratory, and rehabilitative therapies. The physical intervention consisted of physiother-
apy and occupational therapy 4–5 times a week, each session lasting from 30 to 45 min,
in which limb strengthening and aerobic activities were performed and tailored to the
individual baseline function. In this study, 100 older-adult-matched pairs were recruited
(73.9 (SD 8.2) years). High HFRS was present in 57%, and 71% had overlapping respiratory
diagnoses. In this sample, integrated care for advanced respiratory disorders was asso-
ciated with a further reduction in the length of hospital stay, down to 9.1 (SD 19.9) days;
fewer admission days, 0.8 (SD 1.9); and fewer ED visits, 0.6 (SD 2.2). The 6MWD and the
MBI scores improved. Greater improvement was observed in patients with lower baselines
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in their 6MWD and MBI scores. Prescriptions of slow-release opioids rose from 9% to 49%,
and treatments for anxiety and depression rose from 5% to 19% [21].

4. Discussion

In the present review, the authors observed a significant variability in the frailty mea-
surement tools used, in the associations among the presence of frailty, a high prevalence of
geriatric syndromes and COPD-related aspects, in the close relationship between the pres-
ence of frailty and poorer health outcomes, and finally, in a single study that explored the
potential benefits of a combined intervention (pharmacological and non-pharmacological,
including rehabilitation and a nutritional approach), which showed improvements in
functional parameters.

Despite having a generally accepted definition of frailty [1], the number of operational
frailty definitions was high [44], along with the number of frailty assessment tools, which
presented a significant heterogeneity for the validation in different settings [4]. This exact
situation was observed in the review, in which up to 13 different measurement tools used for
the assessment of frailty in COPD patients were identified. Only one study [29] compared
frailty prevalence and its prognostic capacity for adverse health outcomes according to
four scales (FFP, CFS, FI, and SPPB). The FI presented the lowest frailty prevalence, but
the rest (FFP, CFS, and SPPB) presented similar outcomes. The FI is an index based on
the accumulation of deficiencies and detects more advanced severity than the FFP. In
fact, as the authors of a cross-sectional study highlighted, different frailty instruments
may capture overlapping, albeit distinct, parameters, and thus, they should not be used
interchangeably [45]. Therefore, the prevalence of frailty was lower when using the FFP
(17%), as compared to the FI [28]. Although when using four tools (FFP, 51%; SPPB,
58.6%; FI-CD 59.6%; CFS, 64.2%), the authors reported a moderate-to-substantial agreement
between the instruments [29]. Despite the concordance reported in a previous study [30],
the heterogeneity in the assessed domains of the different frailty tools [4], and the severity of
COPD, the prevalence of frailty was inconsistent among the studies included in this review,
regardless of the stability of the COPD, the setting where the patients were recruited, the
age range of the sample, or the instrument (even within the same instrument). Nevertheless,
the prognostic capacity of frailty in patients with COPD persisted despite the variance
in ages, instruments, and the degrees of severity of COPD, confirming the importance of
frailty as an indicator of disease progression in these patients.

The only meta-analysis included in this review [17] highlighted that the risk of frailty
in COPD patients was 97%, and it had important clinical implications, which required the
use of the CGA in patients with positive frailty screenings to order to establish appropriate
programs for reversing or reducing frailty. The authors of the aforementioned meta-analysis
emphasized the common mechanisms and risk factors of COPD and frailty as well as the
increased risks of mortality and hospital readmissions in the acute exacerbation of COPD
in frail patients. However, the relationship among frailty, geriatric syndromes, and COPD
were not assessed in the meta-analysis, as reflected in this narrative review, nor were other
types of adverse events associated with frail COPD patients reported, as described in this
narrative review.

Likewise, frailty has been related to the severity of COPD [20]. Since frailty prevalence
is high in COPD patients, regular assessments of frailty in clinical practices with COPD
patients should be performed to prevent or mitigate the progression of the disease [42].
Since the CGA is time-consuming, the TUG could be used as a screening tool [33] due to its
ability to predict frailty in COPD patients.

Frailty prevalence increases with each decade of life. In fact, the only meta-analysis
included in the study stated that age was one of the variables that increased the risk of
frailty. However, most of the prevalence risks reported in these studies were higher, as
compared to those measured in populations of similar age without COPD. Some published
studies have linked the higher prevalence of frailty to the severity level of COPD and found
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a direct association using such measurements as mMRC [27,30,31,42], CAT [31,39,42],
GOLD [31,42], FEV1 [28], PROMs-D (ADS plus SDS) [36].

Just as the progression of diseases such as HIV/AIDS and higher rates of inflammatory
activity increased frailty prevalence, as compared to patients of the same age without these
diseases [46], the prevalence of frailty in COPD patients was also higher, which was likely
due to higher inflammatory activity. Therefore, it would be interesting to explore whether
pathophysiological factors (Figure 2) or possible adverse effects of drugs given for active
disease management, such as corticosteroids, may accelerate the onset of frailty and other
geriatric syndromes such as sarcopenia, which is an important element in the functional
performance in older adults. As a recent review described, beyond chronic inflammation
and reduced physical activity, factors that decrease muscle strength and endurance in
COPD patients include oxidative stress, inactivity, hypoxemia, hormone abnormality, lack
of nutrients such as protein and vitamin D, and the use of corticosteroids [15].

Figure 2. Graphic description of the link between environmental factors, pathobiological disorders,
genetic factors, immunosenescence, and frailty.

Despite the high prevalence of sarcopenia in COPD patients (15.5%) and its relation to
the severity of pulmonary disease, the FEV1, poor exercise tolerance, and poor quality of
life [47], none of the studies included in the review assessed the presence of sarcopenia in
their samples.

The presence of frailty has been related to the high prevalence of geriatric syndromes
in COPD patients. Malnutrition, cognitive impairment, polypharmacy, disability, and
depressive symptomatology have been frequently reported in these patients. Consequently,
various studies have highlighted the importance of early detection and using the CGA
for the global assessment of these patients, with the aim of defining individualized care
programs for the improvement of their clinical and functional outcomes. Thus, six of the
included articles linked the presence of frailty in COPD patients with a high prevalence
of other geriatric syndromes, such as malnutrition [30,40], IADL impairment [30], cogni-
tive impairment [22,30,35,36], urinary incontinence [28,30], physical disabilities [22,26,28],
depression [27,28,35], polypharmacy [28], falls [28], loneliness [28], and poor quality of
life [22,35]. Given the increased presence of geriatric syndromes in older adult patients
with COPD, the authors of various studies have highlighted the importance of the regular
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use of the CGA [22,32] for a complete multidimensional assessment that detects potentially
correctable impairments and comorbidities, with the aim of reducing mortality rates [32].
An approach “beyond the lung” [37] is necessary in the care of these patients and should be
focused on the management of geriatric syndromes and conditions, as their improvement
enhances patient quality of life and clinical COPD outcomes.

Frailty and comorbidity are predictors of a worsening progression in patients under
different clinical conditions [48]. A study in the present review stated that frailty was a
better predictor of adverse events than the CCI [20]. Frailty, as a recent review highlighted,
presents limited evidence regarding the increase in morbidity and mortality in COPD
patients [49], as it is a better indicator of functional capacity and the need for palliative
care in the future than a prognostic indicator. However, frailty has been described as a
factor linked to the higher incidence of both adverse events [50] and higher mortality [51]
in adults that live in a community. Similarly, several studies included in this review em-
phasize frailty as a risk factor of worsening outcomes, such as AECOPD [20,25,27,28,34,39],
hospitalization [20,24,25,28,29,41], length of stay [20,24,39], greater difficulty in returning
home [20], hospital readmission [20,23,24], MACE [28], medical costs [41], transition to
a higher level of care [41], and mortality [20,24,28,29,34,43]. The authors of one of these
studies [43] emphasized that vulnerability caused by frailty increased adverse outcomes
in older adults, and the increment of a worsening prognosis for frailty in these patients
requires regular assessment in clinical practice. As previously mentioned, frailty was a
predictor of worsening health outcomes [50] and mortality [51] in older adults, as well as
in older adults with COPD [20,22–25,27–29,34,38,41,43]. In fact, COPD patients who were
also frail had worsening outcomes than COPD patients without frailty. Therefore, we can
consider frailty an indicator of a worsening progression of COPD, and it should be detected
early using a CGA in order to slow or reverse its impact.

The CGA is completed with the design of an individualized care plan, in which non-
pharmacological measures are suggested to reverse or reduce present geriatric syndromes.
Only one study focused on frailty intervention was found in this narrative review [21]. The
physical intervention improved the functional performance of the recruited patients, lead-
ing the authors to highlight that the integration of functional rehabilitation with palliative
care could improve the functional capacity of patients, along with better treatments for
symptoms such as anxiety and depression, which are typically reported. These findings
are consistent with some suggestions outlined in a recent review [52] that highlighted that
the ability to reverse frailty without intervention was minimal but still possible through
pulmonary rehabilitation (PR) programs, which also improved the prognosis of these pa-
tients. However, the mechanism by which PR reversed frailty in this patient population was
not elucidated. PR programs with multidisciplinary components could reverse frailty by
addressing the five components of the frailty phenotype; however, the heterogeneity of the
COPD population hampers the uniformity of scheduled exercise programs, as well as the
objectives. Once again, it would be necessary to individually design programs according
to the patient’s outcomes based on their CGA. Likewise, another review [53] highlighted
the significant association between frailty and COPD that requires the early detection
and treatment of frailty in order to reduce the risk of worsening health outcomes, such
as increased functional impairment, disability, hospital admissions, presence of geriatric
syndromes, institutionalization, and death. Similarly, a review that included 20 scientific
papers that described interventions using pulmonary rehabilitation, electrical stimulation,
home-based programs, geriatric rehabilitation, hospital-based exercises, physical activity,
and non-standardized exercise, reported that different programs were successful when
they sought a therapeutic partnership with the patient, were individualized, increased
patient engagement, and improved robustness and adaptive capacity [54]. Building trust,
individualizing priorities, and approaching multidimensional problems appropriately was
necessary for the success of the programs. Home-based pulmonary rehabilitation was
another method by which to treat frailty in these patients in order to improve functional
capacity, frailty status, quality of life, and pulmonary symptoms, such as fatigue [55]. Pallia-
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tive care should not be overlooked. As a recent review noted, palliative care is much more
than hospice or end-of-life care [56] and could be integrated with the above-mentioned in-
terventions and approaches to provide a holistic, comprehensive assessment and treatment,
pharmacological and non-pharmacological, to manage symptoms and enhance quality of
care for these patients.

Lastly, another review highlighted the need to improve the comprehension of the
frailty phenotype in different chronic diseases, given its high prevalence in COPD patients.
From a clinical perspective, it requires interdisciplinary cooperation in order to mitigate the
impact of frailty in COPD patients [57]. In this sense, and given the particular characteristics
of frail patients with COPD, not only would it be necessary to establish a “COPD–frail”
phenotype but also to develop specific interventions in order to reduce the prevalence of
geriatric syndromes and improve functionality, quality of life, and survival while reducing
acute exacerbations and hospitalizations. Certainly, the authors were unable to determine
through this narrative review which frailty tool was optimal for patients with COPD
or whether it was necessary to use several scales simultaneously (nor could the authors
suggest the appropriate combination of instruments) to improve diagnostic sensitivity
and specificity. Once again, given the importance of frailty in the clinical course of COPD
patients, the authors considered the need to emphasize the standardization of frailty
screenings in both outpatient and inpatient settings. It could increase the inclusion of
patients when selecting the appropriate interventions. It could improve or reverse frailty
and other associated geriatric syndromes as well as the evolution of the disease (reducing
AECOPD, hospital admissions, and mortality), and it could maintain or improve the quality
of life in COPD patients. Though the discussion section is appropriate for any speculation
concerning new hypotheses, such hypotheses need to be ratified by relevant studies that, at
best, confirm them or, at worst, refute them.

The limitations of this review stem from the absence of randomized clinical trials and
a considerable number of cross-sectional studies that identified associations but not causal-
ities. The authors evaluated the published articles in the OVID and PubMed databases
in order to include articles published in journals with the greatest impact. However, this
decision was not unbiased, as publications in other databases that could have been of
interest were not evaluated. Likewise, the authors are aware that a systematic review could
have provided more evidence on the topics covered. However, the heterogeneity of the
frailty assessment instruments, the different settings in which the patients were recruited,
and the varied degrees of severity of disease in the selected studies led the authors to
dismiss this possibility. Given the growing interest in this topic, the authors of this review
are considering the development of a systematic review in a near future.

5. Conclusions

Frailty prevalence is high in COPD patients. The heterogeneity of frailty measurement
tools challenges drawing broad conclusions about the results obtained with such tools.
Regardless of the assessment tool used, frailty prevalence in COPD patients has been
associated with a high prevalence of geriatric syndromes and worsening clinical outcomes,
including mortality. It is recommended to use frailty screenings for COPD patients, re-
gardless of the setting in which they are assessed, and to perform CGAs in order to detect
associated problems and to establish individualized treatment plans in order to improve
clinical outcomes in these patients.
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Abstract: Help-seeking behaviors (HSBs) refer to approaches taken by individuals towards their
health and symptoms, and they are supported by healthcare professionals. Outreach interventions
aimed at older people in rural communities can mitigate difficulties in implementing HSBs and
help them remain healthy. This systematic review investigated evidence regarding family medicine-
involved outreach aimed at HSBs among older individuals in rural areas. We searched three databases
(PubMed, EMBASE, and Web of Science) for international and original interventional articles regard-
ing family physicians involved in outreach to older people in rural or underserved areas between
April 2000 and October 2022. The articles were analyzed and summarized based on the setting,
country, health issues, and outreach outcomes. Of the 376 studies identified, four were included in
this review. Our findings showed that family physician-involved outreach to rural and underserved
areas improved health outcomes, including anxiety, subjective physical function, and diabetic care.
The challenges of outreach interventions include the duration and continuity of outreach, the active
participation of family physicians and patients in the outreach programs, and the focus of outreach
participants. Although the number of studies included was small, family physician-involved outreach
to rural and underserved areas was shown to improve various health outcomes.

Keywords: help-seeking; rural; family medicine; physician; outreach; older people; elderly

1. Introduction

An individual’s health can be affected by their approaches to health and symptoms in
their everyday lives. These health-related behaviors are known as help-seeking behaviors
(HSBs), which refer to concrete behaviors, including taking rest, gathering information,
and consulting with relatives and healthcare professionals [1,2]. HSBs are categorized
into lay and professional care. Lay care is provided by those with lay knowledge and
non-professionals [1]. It involves self-management; gathering knowledge; consulting
with families, relatives, and friends; buying and using over-the-counter drugs; and home
remedies [1,2]. Meanwhile, professional care is provided by professionals and involves
visiting primary care doctors, pharmacists, and emergency rooms in general hospitals [1,2].
According to their symptoms, effective lay and professional care are critical for people’s
health conditions [3,4].

HSBs may be related to subjective health conditions, including quality of life (QOL).
Previous research has demonstrated that self-management as a form of lay care can be
related to a high QOL [5]. Another study showed that self-medication could also be
associated with high QOL [6]. Furthermore, self-management of common symptoms
have been shown to improve QOL, including during the 2019 coronavirus pandemic [7].
Therefore, improvements to self-management methods and medication use may improve
QOL. Notably, older people tend to experience more symptoms than younger generations
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and use various HSBs [8–10]. Thus, the HSBs of older people should be modified to improve
their health conditions [10].

HSBs may be influenced by the environment, particularly in older people. Globally,
HSBs in older people are a critical public health issue [11]. Aging causes the deterioration of
physical and cognitive abilities, and older people lose accessibility to various social resources,
owing to the loss of capacity to drive and difficulty in using public transportation [12,13].
Moreover, living in rural areas can affect older people’s lives because of the scarcity of social
resources and public transportation systems [12,13], and such conditions may prevent them
from utilizing healthcare systems. Furthermore, delays in using healthcare resources may
cause the progression of critical diseases, leading to morbidity and mortality.

Therefore, in the rural context, older people’s HSBs should be improved for their health
and the sustainability of rural healthcare systems. For sustainability, outreach by healthcare
professionals to rural older people who cannot access healthcare institutions because of low
accessibility and availability is an effective approach for early detection of modifiable risk fac-
tors using healthcare resources [14]. Among older people, delays in using healthcare resources
in critical situations, including cardiovascular diseases and malignancy, are detrimental to
their lives [15,16]. Therefore, outreach aimed at these populations in rural communities can
mitigate the risks of acute diseases, helping them remain healthy. In addition, because aging
is progressing, effective outreach to rural communities can reduce multimorbidity issues,
healthcare usage irregularity, and the burden on rural healthcare professionals.

Family physicians who specialize in person-centered care and promoting health con-
ditions should lead effective outreach projects as family medicine can address various
health issues that occur within communities [17]. Regarding health promotion through
HSBs, family physicians can collaborate with people and other healthcare professionals
in communities to improve their perceptions of HSBs and concrete behaviors regarding
their health [17]. Globally, there are various healthcare resources and professionals to help
improve HSBs [12]. Clarifying evidence-based outreach interventions involving family
physicians for improving HSBs can enhance family physician-driven outreach regarding
HSBs. Therefore, this systematic review aimed to investigate current evidence regarding
outreach involving family medicine aimed at HSBs in older people in rural areas.

2. Materials and Methods

This systematic review was conducted according to the PRISMA guidelines [18]. This
study was registered on the PROSPERO platform with registration number 371095. In
addition, we searched for interventions for HSBs related to family medicine in PubMed,
Web of Science, and Embase between April 2000 and October 2022. The words used in
the search were [“rural” or “remote” or “underserved”] AND [“older” or “elderly”] AND
[“family physician” or “general practitioner” or “primary care”] AND “outreach” AND
“community.”

2.1. Study Selection

The inclusion and exclusion criteria are presented in Table 1. Original interventional
articles were included in the international context, whereas conference presentations,
reviews, and duplicate articles in the search results were excluded.

Table 1. Inclusion and exclusion criteria.

Criteria Inclusion Exclusion

Population People > 60 to 65 years old Other people
Setting Rural or underserved community Other settings

Types of study Interventional study Non-empirical studies
(editorial, news, review, conference papers)

Interventions Outreach including family physicians Without outreach
Outcome Health-related Not health-related

Other Abstract available
Full text available in English

Abstract unavailable
Full text unavailable in English
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2.2. Data Extraction

The literature search, data extraction, and review were conducted by three investi-
gators (RO, TK, and CS), and any discrepancies were resolved through discussion. The
databases were searched for original studies on the health promotion through HSBs. Studies
without clear descriptions of the aims, participants, or outcomes were excluded (Table 1).

Concretely, one of the investigators (R.O.) extracted the data from each original study
using a purpose-designed data-extraction form. Two other investigators (T.K. and C.S.)
examined the extracted data, which were categorized as follows: country, publication year,
participants, purpose, research methodology, health issues, types of intervention, involved
professionals, and outcomes concerning outreach.

2.3. Statistical Analysis

This study excluded statistical analysis because of the small number of included
articles. However, the data from each study are presented descriptively. The quality of each
study was assessed based on the best evidence medical education scale (1 to 5): grade 1
indicated that no definite conclusions could be drawn, that is, the data were not significant;
grade 2 showed that the results were ambiguous, although there appeared to be a trend;
grade 3 indicated that conclusions could be drawn based on the results; grade 4 indicated
that the results were clear and probably very true; grade 5 indicated that the results were
unequivocal [19].

3. Results

Overall, 376 studies were identified. Of these, 25 duplicate studies were excluded.
After reviewing the abstracts, 333 studies were excluded for the following reasons: 69,
different settings; 123, different participants; 103, no interventions; and 38, no clear health
outcomes. Finally, a total of four studies were identified in the final analysis after excluding
14 articles through the assessment of eligibility (10, unoriginal articles; 4, no outreach to
communities) (Figure 1). The details of the four articles are presented in Table 2. Each
article was summarized in the categories of study design, participants, countries, health
issues, interventions, involved professionals, and outcomes.

Figure 1. Study selection flow.
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3.1. Summary of the Study Results

In terms of the study designs, all the studies were comparative interventional studies,
and two were randomized controlled trials. The participants were over 60–65 years of
age. Two studies were from the United States [22,23] and two were from Canada [20,21].
In regard to the range of health issues, one study dealt with functional decline in usual
life [21], one with worry and generalized anxiety disorder [22], one with diabetes con-
trol [20], and one with physical dysfunction [23]. The setting of two studies included rural
communities [20,21], while the other two studies included underserved areas [22,23]. All of
the study interventions included multiple professionals: All studies, with family physicians
or general practitioners; three, with community workers; one each, with family, patients,
social workers, therapists, specialists, dieticians, and pharmacists; and two, with nurses.
Considering the outcome measurements, one study measured the QOL based on a ques-
tionnaire [22], one measured the worry and general anxiety disorder (GAD) severity with
multiple questionnaires [21], one measured the satisfaction of care in diabetes [20], and one
measured the perceived and objective physical functions using multiple questionnaires [23].
All of the studies demonstrated unequivocal data considering community outreach; the
study grade was rated five.

3.2. Suggested limitations of the interventions

First, the involvement of family physicians in the interdisciplinary teams was limited,
considering the implication on care decision-making. A previous study suggested that
mutual collaboration among specialists, family physicians, and patients in chronic care
can improve the objective health outcomes [20]. Second, the established primary care
sufficiently supported older people, and the outreach projects may not improve the health
outcomes; thus, outreach projects should be conducted in rural and underserved areas [21].
Third, the involvement of various professionals was limited. A previous study suggested
that the involvement of general physicians and other healthcare professionals could im-
prove the health outcomes of the participants [22]. Fourth, the duration of the intervention
was short. Continual involvement of family physicians and multiple healthcare profession-
als in the healthcare of older individuals is needed for objective improvement [23].

4. Discussion

This study shows that family physician-involved outreach to rural and underserved
areas can improve various health outcomes, including anxiety, subjective physical function,
and diabetic care. The issues of outreach interventions are the duration and continuity of
outreach, the active participation of family physicians and patients in outreach programs,
and the focus of outreach participants.

For effective outreach, the focus should be specifically targeted to assessing rural
community conditions. One article included in this systematic review showed no effec-
tiveness of QOL changes among older people, based on the assessment of home care
nurses [21]. As QOL is a patient-reported outcome, the patient’s perception is essential
for improvement [24]. If the participants were satisfied with the present conditions, the
additional interventions, without considering the true needs of the participants, may not
change their perceptions of their QOL, eventually leading to no improvement in research
outcomes [9,25]. However, other studies of outreach focusing on rural community needs
regarding the gap between primary care clinics and local people improved the participants’
perceived physical functions and worries [20,22,23]. Therefore, considering the principle
of family medicine, family physicians should focus on the needs of each community to
improve their health conditions [26,27]. The need assessment for interventions is essential
in public health for establishing effective outreach [28], and thus should include actual
need assessments in communities.

The duration of outreach interventions is crucial to improve the subjective and ob-
jective outcomes in rural communities. This review reveals that some outreach involving
various healthcare professionals and patients improves the subjective health conditions, in-
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cluding worry, subjective physical functions, and diabetic care quality [20,22,23]. However,
these studies cannot change the objective health outcomes, including physical function and
other chronic disease outcomes. These results could be attributed to the short intervention
duration of outreach influencing changes in these outcomes. These studies may not be able
to take advantage of the continuity of the care, which is crucial for improving patient health
in family medicine [29,30]. Furthermore, the continuity of care improves various health out-
comes in primary care [31,32]. All the included studies had less than a year of intervention.
However, this duration was longer than that in other scientific studies regarding medicine.
Therefore, community outreach programs should evaluate social needs and the acceptance
of interventions in rural communities for effective implementation [28]. Moreover, effective
acceptance of rural older people and the continuous implementation of outreach in rural
communities can facilitate efficient implementation, changing the objective outcomes in
healthcare [28]. Therefore, family physicians should respect the continuity of care in rural
outreach programs and continue outreach to communities in collaboration with various
healthcare professionals and stakeholders in order to change the objective outcomes.

The active participation of family physicians and patients in outreach programs should
be promoted. Person-centered care and continuity of care are the competencies of fam-
ily physicians ana are essential for effective outreach in rural contexts [26,33]. In this
study, family physicians were members of outreach interdisciplinary teams [20–23]. How-
ever, the primary interventions were conducted by individuals in other specialties and
healthcare professionals, including geriatricians, home care nurses, care workers, and
counselors [20–23]. Each professional could approach a specific set of older individuals
and patients; however, the systemic and holistic approaches in collaboration with patients,
community members, and family physicians are lacking in the studies of this review. In
addition, the empowerment of rural people and patients is crucial for health promotion
in rural communities [34]. Without this empowerment, outreach interventions may not
make sufficient changes to rural community health [35]. The reviewed studies assessed
subjective and objective health rather than the perception and motivation for behavioral
changes and perceptions regarding outreach. For effective outreach intervention, family
physicians can create rural outreach programs in collaboration with various professionals
and lay people, respecting the principles of person-centered care and the continuity of care
in rural contexts [36].

This study had some limitations. First, few original studies investigated outreach
programs involving family physicians and general practitioners. Many family physicians
may approach this field in rural places; however, their effectiveness in rural people’s health
conditions may not be clarified. Therefore, future studies should use longitudinal research
designs to assess outreach programs in rural contexts regarding improving health programs,
which could motivate more family physicians to conduct outreach programs in their
communities. Second, this systematic review excluded articles other than interventional
studies to clarify the current evidence regarding rural outreach to communities. This
inclusion criterion may exclude some grey studies from rural outreach by family physicians,
including the term “regional” as a search term. Third, because of accessibility limitations,
the review may have missed studies published in languages other than English. However,
to overcome this limitation, we used search engines worldwide. As the world population
is gradually aging, all countries are experiencing the issues of aging societies, in turn
necessitating rural outreach from family physicians or general practitioners. Therefore,
future reviews can include rural outreach research in other global contexts for other focuses,
including the difficulty of implementation.

5. Conclusions

Despite the small number of included studies, this systematic review shows that
family physician-involved outreach to rural and underserved areas can improve various
health outcomes, including anxiety, subjective physical function, and diabetic care. The
issues with outreach interventions are the duration and continuity of outreach, the active
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participation of family physicians and patients, and the focus of outreach participants.
Therefore, future studies should use longitudinal research designs to assess outreach
programs in rural contexts regarding improving health outcomes, which could motivate
more family physicians to conduct outreach programs in their communities.
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26. Göktaş, O. The Goktas definition of family medicine/general practice. Aten. Primaria. 2022, 54, 102468. [CrossRef] [PubMed]
27. Freeman, T.R. Principles of family medicine. In TR, in McWhinney’s Textbook of Family Medicine; Oxford Academic: New York, NY,

USA, 2016.
28. Mazloomymahmoodabad, S.; Masoudy, G.; Fallahzadeh, H.; Jalili, Z. Education based on precede-proceed on quality of life in

elderly. Glob. J. Health Sci. 2014, 6, 178–184. [CrossRef] [PubMed]
29. De Maeseneer, J.M.; De Prins, L.; Gosset, C.; Heyerick, J. Provider continuity in family medicine: Does it make a difference for

total health care costs? Ann. Fam. Med. 2003, 1, 144–148. [CrossRef] [PubMed]
30. Tourigny, A.; Aubin, M.; Haggerty, J.; Bonin, L.; Morin, D.; Reinharz, D.; Leduc, Y.; St-Pierre, M.; Houle, N.; Giguère, A.; et al.

Patients’ perceptions of the quality of care after primary care reform: Family medicine groups in Quebec. Can. Fam. Physician
2010, 56, e273–e282. [PubMed]

31. Bazemore, A.; Petterson, S.; Peterson, L.E.; Bruno, R.; Chung, Y.; Phillips, R.L. Higher primary care physician continuity is
associated with lower costs and hospitalizations. Ann. Fam. Med. 2018, 16, 492–497. [CrossRef] [PubMed]

32. Tammes, P.; Purdy, S.; Salisbury, C.; MacKichan, F.; Lasserson, D.; Morris, R.W. Continuity of primary care and emergency
hospital admissions among older patients in England. Ann. Fam. Med. 2017, 15, 515–522. [CrossRef]

33. Ventres, W.B. Looking within: Intentions of practice for person-centered care. Ann. Fam. Med. 2017, 15, 171–174. [CrossRef]
34. Ocloo, J.; Matthews, R. From tokenism to empowerment: Progressing patient and public involvement in healthcare improvement.

BMJ Qual. Saf. 2016, 25, 626–632. [CrossRef] [PubMed]
35. Barcham, R.; Silas, E.; Irie, J. Health promotion and empowerment in Henganofi District, Papua New Guinea. Rural Remote Health

2016, 16, 3553. [CrossRef]
36. Kaneko, M.; Motomura, K.; Mori, H.; Ohta, R.; Matsuzawa, H.; Shimabukuro, A.; Matsushima, M. Gatekeeping function of

primary care physicians under Japan’s free-access system: A prospective open cohort study involving 14 isolated islands. Fam.
Pract. 2019, 36, 452–459. [CrossRef]

167



International  Journal  of

Environmental Research

and Public Health

Review

Pharmacists’ Role in Older Adults’ Medication Regimen
Complexity: A Systematic Review

Catharine Falch and Gilberto Alves *

Citation: Falch, C.; Alves, G.

Pharmacists’ Role in Older Adults’

Medication Regimen Complexity: A

Systematic Review. Int. J. Environ.

Res. Public Health 2021, 18, 8824.

https://doi.org/10.3390/

ijerph18168824

Academic Editors: Francisco José

Tarazona Santabalbina, Sebastià Josep

Santaeugènia Gonzàlez, José Augusto

García Navarro and José Viña

Received: 5 July 2021

Accepted: 16 August 2021

Published: 21 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

CICS-UBI-Health Sciences Research Centre, University of Beira Interior, Av. Infante D. Henrique,
6200-506 Covilhã, Portugal; cathyfalch@gmail.com
* Correspondence: gilberto@fcsaude.ubi.pt; Tel.: +351-275329002

Abstract: Medication regimen complexity (MRC) may influence health outcomes, such as hospi-
talisation, hospital readmission and medication adherence. Pharmacists have been referred to as
health professionals with the opportunity to act on MRC reduction. This study aimed to investigate
pharmacists’ role in studies about older adults’ medication regimen complexity. A literature search
was performed in PubMed, Web of Science and the Cochrane Library—CENTRAL—up to October
2019. Out of 653 potentially relevant studies, 17 articles met the inclusion criteria for this review.
Most studies used the 65-item medication regimen complexity index (MRCI) to assess medication
complexity. Pharmacists’ role was mainly confined to data collection. It seems that pharmacists’
active role in older adults’ medication complexity has not been studied in depth so far. However,
the few existing interventional ones suggest that, after previous training, regimen simplification
is feasible.

Keywords: older adults; medication regimen complexity; pharmacist; systematic review

1. Introduction

Nowadays the world faces global ageing, often associated with a high prevalence of
multimorbidities. As a natural consequence, older age frequently stands out for polyphar-
macy and complex medication regimens [1–3]. When considering medication regimen
complexity (MRC), there is so far no clear definition for it [4,5]. However, it has already
been shown that the number of drugs is only one of the relevant factors to consider, and
that, in addition, dosage form, dosage frequency and administration instructions also
have to be considered [6–14]. Furthermore, there is also no agreement about the reference
instrument for MRC determination [4,5]. Several tools have been used, with the 65-item
medication regimen complexity index (MRCI), developed by George et al. [15], being
the most common, reliable and validated tool for this purpose, which has already been
translated and validated to a few languages [16–18] and even standardised for older adults
in primary care [19]. It is an open-ended index, with higher total MRCI scores representing
more complex medication regimens.

Interest in this subject has grown because numerous studies have associated high
MRC with non-adherence [4,20,21], higher hospitalisation rates [20], hospital discharge
destination different than home [22] and low overall quality of life [23]. Indeed, medication
management may frequently be demanding for the older population, their caregivers
and healthcare professionals. In fact, older adults often present reduced manual dex-
terity in addition to cognitive and sensory impairment that can lead to a higher risk of
medication errors and drug-related problems (DRPs) [2,3,6–8]. In order to reduce these
negative aspects, it seems imperative to attempt medication regimen simplifications in
many circumstances. Some research has already investigated its feasibility, with evidence
suggesting that complexity can be reduced, and referring to pharmacists as healthcare
professionals with a great potential to perform it in routine pharmaceutical dispensing or
as part of medication reviews [2,9,11,13,14]. Indeed, pharmacists have a privileged access
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to the population’s medication, both in community pharmacies and hospital settings, and
awareness of this topic is needed, especially in the older population, for whom managing
their daily medication may often represent a considerable challenge.

Up to the present date, to the best of our knowledge, there are no systematic reviews
available about the role that pharmacists play in the older population’s MRC and the
effort made to simplify it. To address this gap, this study aimed to examine and describe
pharmacists’ role in studies on older adults’ MRC.

2. Materials and Methods

2.1. Search Strategy

A systematic literature search was conducted in three databases (PubMed, Web of
Science and the Cochrane Library—CENTRAL) from their inceptions to October 2019. The
search strategy considered the PICOS elements, representing P—Population, older adults;
I—Intervention, pharmacists’ role in MRC; O—Outcomes of interest, any outcome related to
MRC; and S—Study design, original peer-reviewed observational or experimental studies.
The comprehensive search expression included the combination of keywords related to
pharmacists (e.g., pharmacists, pharmaceutical services/care/intervention), older people
(e.g., aged, elderly, old age, geriatric, retired, ancient) and medication regimen complexity
(e.g., treatment/medicine/drug complexity) [24]. The detailed PubMed search strategy is
provided in Table S1. To ensure literature saturation, references lists from included articles
were screened for potential further relevant studies. The PRISMA guideline was used to
perform and report items in the present review [25,26].

2.2. Study Selection

To be included in this review the article had to meet the following criteria:

• all study participants had to be aged 60 or over, since, according to the World Health
Organisation (WHO), the definition of older person “varies among countries but is
often associated with the age of normal retirement” (60 or 65 years) [27];

• pharmacists’ role in MRC had to be mentioned in the article (for this purpose all phar-
macists’ actions were regarded, beginning with simple data collection and ending with
pharmacist intervention). Sabater’s et al. [28] definition of pharmacist intervention
was considered: “pharmacist intervention is defined as the pharmacist’s activity con-
sisting in a suggested action on the patient treatment and/or an action on the patient
oriented towards finding a solution for or preventing a negative clinical outcome of
the pharmacotherapy”;

• medication complexity had to be assessed, and for this purpose all tools were consid-
ered;

• be an original peer-reviewed observational study (i.e., cohort study, cross-sectional
study, case study) or an experimental study (i.e., randomised controlled trial, quasi-
experimental study);

• be written in English, Portuguese or German.

Articles were excluded if they:

• were not performed exclusively on the older population;
• did not mention any role of pharmacists in MRC, or MRC assessment was not per-

formed;
• were qualitative studies, reviews, protocols, congress abstracts, editorials, letters,

dissertations, theses, feasibility or pilot studies;
• did not fulfil the language restrictions.

Additionally, no timing or setting restrictions were applied, and only published studies
were included.
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2.3. Data Extraction

Literature search results were uploaded to the Covidence platform, removing dupli-
cates using the “duplicate” function. The remaining duplicates were removed manually.

Two independent reviewers (CF and GA) analysed the studies by screening titles and
abstracts to verify potential inclusion criteria correspondence. If an article potentially met
the inclusion criteria or provided insufficient information in the abstract to be excluded,
the full text was obtained and screened by the same investigators. Any disagreement
between reviewers was solved through discussion. Data extraction was performed using a
previously created data extraction form (Microsoft Word format) by a single reviewer (CF)
and was independently checked afterwards by the second reviewer (GA). Reviewers were
not blinded to the authors or journals when screening articles and extracting data.

The following information was collected: authors, year of publication, country, study
design, participants’ demographics (no. of participants, age, gender), setting, study aim,
medication data (source, type of medication included, instrument to assess MRC), pharma-
cists’ role and main outcomes.

2.4. Quality Assessment

To evaluate the risk of bias and study design, two reviewers (CF and GA) inde-
pendently used the Effective Public Health Practice Project (EPHPP) quality assessment
tool [29]. Any disagreement between reviewers was to be solved by discussion.

The EPHPP quality assessment tool is a generic tool that assesses six domains (a.
selection bias, b. study design, c. confounders, d. blinding, e. data collection methods
and f. withdrawals and dropouts); it was chosen because of its applicability in a variety of
study designs [30].

3. Results

A total of 653 potentially relevant studies were identified from the databases. After
title and abstract screening in addition to full-text assessment against inclusion criteria, 16
studies remained to be included in this systematic review. One study was identified from
the searching reference list and added to the selection, resulting in 17 included studies
(Figure 1) [10,12,22,31–44].

3.1. Study Characteristics

Characteristics of the included studies in this systematic review are shown in
Tables 1 and 2. The included studies were performed in Australia (n = 7) [10,12,22,33,34,
42,44], Brazil (n = 2) [31,41], Israel (n = 1) [39], Spain (n = 1) [43] and the United States
(n = 6) [32,35–38,40], and were reported between 1990 and 2018. Most articles were
written in English, except one that was written in Portuguese [31]. In regard to study
design, most studies were cross-sectional (n = 7) [31,32,36–38,41,43] and cohort studies
(n = 8) [10,12,22,33,34,39,42,44], but a quasi-experimental (n = 1) [40] and a prospective
controlled trial (n = 1) [35] were also included. The majority of the studies were conducted
in health care settings: hospital wards/units/clinics (n = 10) [10,12,22,33–35,38,39,43,44],
primary health care units (n = 1) [41], continuing care retirement communities (n = 1) [36]
and a residential aged care facility (n = 1) [42], but data were also obtained by home visits
(n = 2) [31,37], in churches (n = 1) [32] or through a telephone consultation (n = 1) [40].
The total number of participants included in the 17 articles was 3652, with sample sizes
ranging from 79 to 400 individuals. Participants’ mean age ranged from 71.2 to 86.8 years,
with females representing between 39.5 and 79.8% of participants.
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Figure 1. Study selection process using the PRISMA flowchart.
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3.2. Study Quality

Concerning quality assessment, using the EPHPP global rating decision tool, only two
studies were rated as being of strong quality [33,34], eight of moderate [10,12,22,34,35,39,40,42]
and seven of weak quality [31,32,36–38,41,43] (Table S2).

3.3. Medication Regimen Complexity Assessment

To assess MRC, six studies considered only prescription medication [31–33,35,40,42],
while four included both prescription and non-prescription medication [22,36,38,44]. Other
studies did not mention the prescription/non-prescription status of medication, consider-
ing instead long-term, short-term and “when required” medication (n = 3) [10,12,34], or
only long-term medication (n = 1) [39]. Additionally, one study included all medication
that subjects take a day, without any other mention [37] and another one included patients’
routine chronic medication [43].

In regard to the instrument used to assess MRC, the majority of studies (n = 11) [10,
12,22,32,33,39–44] applied the 65-item MRCI, which is an open-ended tool, where the
final score is the result of the sum of three sections (dosage forms, dosage frequency and
additional instructions). Besides this, one study used the medication complexity index
(MCI) [31], two studies calculated a complexity score by summing the different dosage
intervals, weighted for frequency [35,36], one study calculated the number of times that
medications were taken in a 24 h period for each subject [37] and another study did not
make reference to the instrument used to determine regimen complexity [34]. Additionally,
one study [38] used the patient-level MRCI (pMRCI), which is the sum of three MRCI
sub-scores for: prescription disease state medications, prescription for other non-disease
medications and over-the-counter (OTC) medications [45,46].

3.4. Pharmacists’ Role on Older People’s Medication Regimen Complexity and Main Outcomes
When Intervention Is Performed

In most studies pharmacists’ role was limited to data collection (n = 8) [22,31,33,35,
36,39,41,44]. In two studies, pharmacists acted as coders [37,38] and in two other they
contributed to data analysis [32,43]. Four studies referred specifically to pharmacists’
actions on MRC [10,12,34,42]: in one, pharmacists only determined regimen simplifica-
tion potential [10], in two [12,34], simplifications were implemented, and at last, in the
fourth study [42], the impact of pharmacists’ residential medication management reviews
(RMMRs) on the MRCI were retrospectively analysed. Furthermore, another study re-
ported pharmacists’ intervention on medication- and health-related problems (MHRPs),
with MRC being one of the health-related covariates that could be changed [40].

Concerning the main outcomes when pharmacist intervention is performed, Elliot [34]
states the proportion of identified and implemented regimen simplifications, and the rea-
sons for non-implementation, as endpoints, while Elliot et al. [12] consider the change
in MRCI score between hospital admission and discharge as main outcome measures.
Moreover, Pouranayatihosseinabad et al. [42] present their outcomes as MRCI score change
(at baseline, after pharmacists’ recommendation and after general practitioners (GPs) accep-
tance of those recommendations) and number and type of pharmacists’ recommendations
and further GPs’ acceptance. Finally, Moczygemba et al. [40] present their study results
as clinical (change in MHRPs and medication adherence) and economic outcomes (Part D
drug costs).

Lack of time [12,34], non-acceptance of recommendations by the physicians and
patients [12,34,35] as well as medication prescribed by another physician [35] were pointed
out as the main reasons for non-implementation of regimen simplifications.

4. Discussion

Three recent systematic reviews focused on MRC: Wimmer et al. [20] reviewed the as-
sociation of clinical outcomes with MRC in older people, Pantuzza et al. [4] investigated the
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association between MRC and pharmacotherapy adherence and Alves-Conceição et al. [47]
identified health outcomes related to MRC measured by MRCI.

This work is the first systematic review to explore pharmacists’ role in studies on MRC
of the older population to the best of our knowledge.

4.1. Medication Regimen Complexity Assessment

At first, it is essential to mention the heterogeneity of instruments used to assess MRC.
Several instruments were used in the different studies, including the medication complexity
index (MCI) [31], which failed to show satisfactory reliability with complex regimens,
and did not demonstrate any significant correlation with outcomes such as medication
adherence [15,48]. However, most studies already use the MRCI, which already shows good
evidence of classifying complexity better than a simple medication count [6], discriminating
between regimens with an equal number of medications, resulting in higher complexity
scores for regimens with fewer drugs [15] and being a better overall predictor of all-cause
mortality [49] and discharge destination [22] than polypharmacy. Additionally, in a few
studies, the MRCI has been regarded as beneficial in targeting patients who may benefit
from additional services such as domiciliary reviews and medication therapy management
(MTM) services [14,15,45]. These strengths of the MRCI over other instruments should be
taken into account in future investigations, especially regarding the importance of using a
universal tool for MRC determination.

A greater consensus should also be achieved about the type of medication included
to determine regimen complexity, which varied from prescription to non-prescription;
long-term, short-term and “when required” as well as routine chronic medication. Even
concerning the MRCI, there is no uniformity in the medications to be included. Although
the instrument was initially developed and validated only for prescribed medications [15],
several studies already indicate that prescription and non-prescription medications con-
tribute to regimen complexity and should be considered [14,20,22,44–46]. However, even
in that case, there is still no harmony in the practical applicability of the instrument: some
authors [22,44] use the original MRCI, while Linnebur et al. [38] use the pMRCI. This aspect
may be relevant to set high and low complexity scores, which has not yet been achieved
despite some research in that area [9].

4.2. Measured Outcomes

Regarding the overall measured outcomes, in pharmacy practice research, the Eco-
nomic, Clinical and Humanistic Outcomes (ECHO) model should be followed, with clin-
ically meaningful outcomes being the most desirable [50,51]. However, in the present
review none of the included studies present their results entirely according to this recom-
mendation. Despite that, most of the reported results were related to the type of regimen
simplification and its feasibility, reasons for non-implementation, change in the MRCI, the
effect of recommendations as well as knowledge and preference of patients, which are
endpoints whose relation to better patient outcomes are unknown [51]. Collection and
further publication of relevant outcomes should be considered in future research.

4.3. Study Setting

In contrast with what was expected, most of the included studies were conducted in
hospitals or clinics, but none in community pharmacies. This can reflect different factors: on
the one hand there may exist an underreporting of provided pharmaceutical services, while
on the other hand, it is also possible that still little attention has been given to this subject,
even though several studies already state that the MRCI may be a valuable tool to prioritise
patients who could take advantage of medication reviews or drug therapy management
services [14,15,45]. At that time, MRC determination tools can be included, side by side
with those that identify potentially inappropriate medications (PIMs), such as Beers [52]
and STOPP criteria [53], as starting points for medication reduction, which are already
an onset for regimen simplification. The frequently polymedicated older population may
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benefit most from this proximity, as the study findings show that overcomplexity is frequent
among seniors [37] and that regimen complexities are higher in older adults with worse
socio-economic and health conditions [31]. Additionally, insufficient pharmacotherapy
understanding was high, especially among older adults with low levels of education and
dependency on medication use [41]. These findings reinforce the need for pharmacists’
intervention regarding older peoples’ medication.

4.4. Pharmacists’ Role

Only four [12,34,40,42] of the 17 included studies mention pharmacists’ intervention:
two studies focused directly on regimen complexity simplification while the other focused
on MHRPS, with MRC being one of the variables. Elliot [34] demonstrated that a clini-
cal pharmacist’s simplification of older inpatients’ medication is feasible when previous
training about simplification is provided. In addition, Elliot et al. [12] concluded that after
an educational intervention, a pharmacist-led medication review reduced the impact of
hospitalisation on the complexity of older patients’ medication regimens. Furthermore,
Moczygemba et al. [40] obtained results that show that a telephone MTM telephone pro-
gram from a pharmacist reduced MHRPs. Finally, Pouranayatihosseinabad et al. [42]
concluded that pharmacists could use the MRCI to identify older adults with complex
medication regimens, but they failed to show significant benefits of RMMRs in reducing
MRC. However, other of the included studies refer to pharmacists’ potential role in MRC:
Elliot et al. [8] concluded that “most regimens had potential to be simplified by a clinical
pharmacist review”; Lakey et al. [36] mentioned that “Educational strategies are needed
to increase awareness of the pharmacist’s role in facilitating medication management and
the option of simplifying complex regimens” (p. 1011); Lindquist et al. [37] stated that
“health care professionals need to be aware of how patients are taking their medications.
. . . another option would be to partner with pharmacists in reducing medication regimen
complexity” (p.96); and Linnebur et al. [38] indicated that “our results suggest a need
for pharmacist review of the patient’s entire medication regimen . . . to assess and reduce
complexity to a manageable level for the patient if possible” (p. 1545).

One aspect that has to be mentioned under this topic is that the included studies
were performed in many countries, where factors like national policies and culture may
influence the recognition of pharmacists as a trusted profession in the community and for
other health care providers, and therefore may be responsible for the differences observed
in pharmacists’ roles [54]. This fact may explain why Australia and the USA were the
most representative countries in this review, with three of the four studies mentioning
pharmacists’ intervention being performed in Australia [12,34,42].

Given all the above, the present review highlights that the pharmacist’s active role in
improving MRC in the older population has been minimal. Nevertheless, the little evidence
where pharmacists had an active role showed that medication regimen simplifications
are feasible and emphasise the pharmacist’s role to achieve them. However, it is also
essential to bear in mind that several studies point out that previous educational sessions
for pharmacists are necessary to raise awareness of this topic and give them the skills
and practice to minimise regimen complexities [12,34,36]. Even so, a vital opponent to
achieve regimen simplification in daily practice seems to be the lack of time of healthcare
professionals [12,34]. Having this in mind, pharmacists can, however, take regimen simpli-
fications into account in a more general way whenever they perform OTC advice in their
daily routine, and more carefully when performing medication review services.

At last, one of the biggest challenges seems to be multidisciplinary collaboration.
Among the findings of the studies, non-acceptance of recommendations by the prescribers
is mentioned as one of the most common reasons for noncompliance with suggested
regimen changes. As difficulties in the relationship between pharmacists/physicians are
well known, we think it is also imperative to sensitise physicians to this subject and make
clear that the ultimate goal of this collaboration is health gain, including optimising patients’
health care.
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Based on the present review findings, it seems that, until now, pharmacists have not
played a relevant role in older people’s MRC. For this reason, future high-quality research
should focus on this subject, and in particular should include community pharmacists’
interventions and the resulting possible benefits, not only for patients, e.g., in terms of
safety, clinical outcomes and quality of life, but also for the healthcare system, in particular
in terms of cost reductions.

4.5. Limitations

Although the search was conducted in three major databases, it is always possible that
some studies have not been included. Scanning the reference list of the included studies
only added one study to the selected ones, indicating that selection bias was minimal. The
keywords and synonyms used in the search strategy may have been too restrictive, which
may have led to the possible loss of some papers. Despite language bias being frequently
reported, only one study has been rejected based on language in our review. Publication
bias may also have occurred because only published full papers were included, leading to
possibly missing relevant information. Moreover, the included studies were heterogeneous
in study design, setting, data collection method, pharmacists’ role and outcomes, which
made the comparison difficult and meta-analysis impossible. Finally, it should be noted
that this review took under consideration studies performed until October 2019, that is, in
a pre-COVID-19 pandemic period. During the COVID-19 pandemic, pharmacists faced
new approaches and had to adapt their routine procedures, therefore their role on older
adults’ MRC may have been different, and it may be reviewed and eventually compared to
the pre-pandemic period.

5. Conclusions

Old age is often synonymous with multiple comorbidities and consequently polyphar-
macy and complex medication regimens. As the latter has been associated with several
negative outcomes, particularly in the older population, an effort should be made to reduce
MRC whenever possible. Pharmacists may play a relevant role at this point after previous
training, which has, however, been underexplored. There is almost no research on pharma-
cists’ intervention on older people’s MRC; that which does exist is of moderate quality. This
aspect leaves an open door for future high-quality evidence investigations on pharmacists’
interventions and their relation to better outcomes. Therefore, pharmacists should be pro-
vided with the necessary skills, either during graduation or in post-graduate education and
training programs, and encouraged to assess the possibility of simplifying the medication
regimen in their daily routine or even on a service-based remuneration model.
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