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Abstract

Background Frailty in older adults is associated with adverse geriatric outcomes. Physical frailty is often accompanied
by problems in the cognitive, psychological, and social domains. This study investigated the ability of physical frailty
combined with other health domains to predict institutionalization and mortality.

Methods A national sample of 9171 Koreans aged 65 years or older were surveyed at baseline in 2008 and 3 year
follow-up. Those who were prefrail or frail according to the Fried criteria were conceived to have physical frailty. Psy-
chological frailty, cognitive frailty, and social frailty were defined as having depressive symptoms, cognitive impair-
ment, and social vulnerabilities, respectively, in addition to physical frailty. Using Cox proportional hazards and
competing-risks regression, the risk of mortality and institutionalization by the number and profiles of different frailty
domains was analysed.

Results At baseline, the 9171 participants were aged 73.1 (£6.8) years on average (median: 72, range: 65 to 103),
and 59.2% were women. Multidomain frailty was highly prevalent (49.3%), with 6.1% concurrently displaying frailty
in all four domains (mixed frailty). The risk of negative health outcomes increased with frailty in a higher number of
domains with a subhazard ratio (SHR) of 3.48 (95% confidence interval [CI]: 1.83, 6.62; P < 0.001) for institutional-
ization and a hazard ratio (HR) of 3.95 (95% CI: 2.62, 5.93; P < 0.001) for mortality among those presenting mixed
frailty. Psychological frailty (depressive symptoms combined with physical frailty) was strongly predictive of institution-
alization (SHR = 2.85; 95% CI: 1.45, 5.59; P = 0.002) and mortality (HR = 2.47; 95% CI: 1.61, 3.78; P < 0.001).
When combined with physical frailty and either depressive symptoms or social vulnerabilities, cognitive impairment
also exhibited a significantly elevated risk of negative events. Physical frailty alone was not a strong predictor of adverse
events, especially for mortality (HR = 1.13; 95% CI: 0.77, 1.67; P = 0.53).

Conclusions  Co-occurrence of physical frailty with other domains is common in late life. The presence of frailty in mul-
tiple domains raises the risk of adverse outcomes, with the effects varying by multidimensional profiles.

Keywords Frailty; Institutionalization; Mortality; Depression; Cognitive impairment; Social vulnerability
Received: 6 January 2022; Revised: 11 April 2022; Accepted: 12 May 2022

*Correspondence to: Yunhwan Lee, Department of Preventive Medicine & Public Health, Ajou University School of Medicine, 164 World cup-ro, Youngtong-gu, Suwon 16499,
Republic of Korea. Tel: +82-31-219-5085, Fax: +82-31-219-5084. Email: yhlee@ajou.ac.kr

© 2022 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of Society on Sarcopenia, Cachexia and Wasting Disorders.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
dium, provided the original work is properly cited and is not used for commercial purposes.


https://orcid.org/0000-0001-8484-4750
mailto:yhlee@ajou.ac.kr
http://creativecommons.org/licenses/by-nc/4.0/

Multiple frailty profiles and adverse outcomes

2323

Introduction

Frailty is a clinical syndrome of accelerated aging that causes
a progressive loss of physiologic reserves, predisposing older
people to increased vulnerability to stress and decreased re-
silience. It affects multiple systems, elevating the risk of ad-
verse outcomes, such as disability, institutionalization, and
mortality.*

Although initially defined as a physical construct, frailty
is closely linked to other health dimensions, such as cog-
nitive, psychological, and social functioning. Although im-
paired physical function is a hallmark of frailty, cognitive
status and psychological well-being are also affected in
frail or prefrail individuals.® In addition, physical frailty
has been demonstrated to be strongly associated with
cognitive impairment,® depression,* and social
vulnerability.”

More recently, increasing attention has been directed to-
wards conceptualizing frailty as a multidimensional
construct.® Various definitions of cognitive frailty,” psycho-
logical frailty,® and social frailty® have been proposed. A mul-
tidimensional approach to frailty encompassing different
domains is useful in predicting adverse outcomes, such as
disability and mortality.*>*' Cognitive frailty, defined as a
combination of physical frailty and cognitive impairment,
increased the risk of functional disability, low quality of
life, and mortality.’>** The co-occurrence of frailty with
depression** and social deficits’ showed a significantly
elevated mortality risk. Given that the core concept of
frailty is grounded in its physical phenotype, it is important
to determine whether different sets of cognitive, psycholog-
ical, and social functioning domains influence or reinforce
physical frailty in predicting adverse outcomes. A
classification of physical frailty into distinct profiles
according to different combinations of multiple domains
would help to characterize and differentiate the impact of
those domains.

The combined effects of different dimensions of frailty on
adverse outcomes are poorly understood. Previous studies
using multidimensional frailty scales have primarily focused
on measuring the number of accumulated deficits, commonly
deriving a summed score.'®> Moreover, the few studies exam-
ining the combined effects of multiple frailty domains have
produced mixed results.’®*® The extent to which different
profiles of frailty influence adverse outcomes has not been
rigorously evaluated.

This study explored patterns of different combinations or
profiles of frailty and examined the predictive value of the ac-
cumulation of different functional domains on physical frailty
on institutionalization and mortality in older adults living in
the community.

Methods
Data source

The Living Profiles of Older People (LPOPS) is a national sur-
vey of community-dwelling adults aged 60 years and older
(n = 19 007) in South Korea.'® Details of the survey design
have been provided elsewhere.® Briefly, a stratified
two-stage cluster sampling design was used for which
in-person interviews of 15 146 individuals were completed
at baseline in 2008, with a response rate of 79.7%. Of the
12 087 participants aged 65 years and older, data for the
9171 persons were used in the final analysis after excluding
missing data and those affected in domains other than phys-
ical frailty (Supporting Information, Figure S1). The Institu-
tional Review Board at Keimyung University (IRB No. 08-52),
the administrator of the project, approved the study’s proto-
col. All study participants signed informed consent forms
prior to taking part in the survey.

Measurements

To operationalize multiple profiles of frailty, physical frailty
was considered the core construct, as it is a specific medical
syndrome?® and is known to be the strongest predictor of ad-
verse health outcomes among the different dimensions of
frailty.r”-** Physical frailty was assessed according to the Fried
phenotype model consisting of five criteria: shrinking (unin-
tentional weight loss), weakness, poor endurance (exhaus-
tion), slowness, and low activity.! The shrinkage criterion
was met if the respondent reported losing 5 kg or more in
the past 6 months. Exhaustion was operationalized using
the two items on lack of energy and reduced endurance from
the Center for Epidemiological Studies-Depression.? Low ac-
tivity was determined by the total energy expended based on
the International Physical Activity Questionnaire.>> Slowness
was identified based on the 2.5 m usual gait speed. Weakness
was defined as the lowest quintile of grip strength using a
Tanita hand dynamometer. Details of the frailty assessment
have been reported elsewhere.’ According to the number
of components (out of a total of five) for which participants
had values indicating frailty, the existence of 3 to 5 was de-
fined as frail, 1 to 2 as prefrail, while having none was re-
ferred to as robust. In this study we defined physical frailty
as being prefrail or frail.

Building on the foundation of physical frailty, other do-
mains of functioning were combined to generate multiple
frailty profiles. The two-domain profiles included cognitive
frailty, psychological frailty, and social frailty. Cognitive frailty
was defined as the presence of both cognitive impairment
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and physical frailty. Individuals scoring more than 1.5 stan-
dard deviations below the age-specific, sex-specific, and edu-
cation-specific norm on the Mini-Mental State Examination®*
were considered to have cognitive impairment. Psychological
frailty was conceptualized as having depressive symptoms,
defined as >8 on the short-form of the Geriatric Depression
Scale?” in addition to physical frailty. Social frailty was defined
as the combination of physical frailty and having two or more
among the nine social deficits (no formal education, not
married, low income, living alone, no relatives/friends/
neighbours, rarely having contact with relatives/friends/
neighbours, not receiving social support, not providing social
support, not participating in social activities).” The
three-domain profiles included psycho-cognitive frailty, psy-
chosocial frailty, and socio-cognitive frailty, accordingly. The
presence of all four domains of frailty was termed mixed
frailty. Those without physical frailty or other functional do-
mains affected were considered to be robust.

The outcome variables were institutionalization and mor-
tality. Institutionalization included admissions to hospitals or
nursing homes during follow-up. Deaths were registered by
interviewing the next of kin, often a spouse or child of the de-
ceased, during a follow-up survey in 2011. The month and
year of institutionalization or death were recorded for each
person. The longest follow-up before censoring was 3.3 years.

The covariates considered were sociodemographic charac-
teristics, health behaviours, and health conditions. Sociode-
mographic characteristics included age; sex; education (none,
elementary school, middle/high school, and college or
higher); marital status (married or not married [widowed,
single, divorced, or separated]); income (household income
divided by the square root of household size, in quartiles);
and living alone. Health behaviours included smoking (never,
former, or current smoking); alcohol consumption (abstinent,
moderate [up to 7 drinks/week for women and 14 drinks/
week for men], or heavy); and physical activity (recom-
mended level defined as >75 min/week of vigorous-intensity
or >150 min/week of moderate-intensity of aerobic activi-
ties). In addition, physician-diagnosed chronic diseases of
hypertension, angina, stroke, type 2 diabetes, chronic bron-
chitis/emphysema, asthma, arthritis, fracture, chronic renal
failure, and cancer were included, with the number of
co-morbidities being categorized as 0, 1, and >2.

Statistical analysis

The number and profiles of multiple frailty domains by base-
line characteristics were analysed using the chi-square test
and analysis of variance. Kaplan—Meier survival curves were
constructed to observe the probability of mortality during
the follow-up period. A Cox proportional hazards model was
used to analyse the mortality risk by the number of frailty
types and multiple frailty profiles. For calculating the risk of

institutionalization, a competing-risks model,*® treating

mortality as a competing risk, was used to derive cumulative
incidence functions. Subdistribution hazard ratios were
estimated, adjusting for age, sex, smoking, alcohol drinking,
and co-morbidities as covariates. Variables, such as physical
activity and socioeconomic status, comprising the multiple
frailty profiles were not adjusted in the multivariable model.
The absence of violation of the proportionality assumption
was verified by log-minus-log survival plots and the
Schoenfeld test (P > 0.05). The assumption of proportionality
of subhazards was found to be met when a test was con-
ducted for interaction between time and the number of
frailty domains. A sensitivity analysis was performed where
missing values on the predictor variables were imputed using
the multiple imputations with chained equations methods.
All statistical tests were two-sided, with a 0.05 significance
level. Stata 16.1 (StataCorp, College Station, TX, USA) was
used in all analyses, applying sampling weights to account
for the complex survey design.

Results

Among the participants, 30.6% were robust, while 20.1% had
only physical frailty. For those with multiple frailty domains,
25.2% had frailty in two domains, 18.0% in three domains,
and 6.1% in all four domains (Figure S2). Social frailty was the
most frequent two-domain profile (9.8%), while psychosocial
frailty was the most common three-domain profile (10.0%).

At baseline, the respondents were aged 73.1 (+6.8) years
on average (median: 72, range: 65 to 103), and 59.2% were
women, 66.2% had received a formal education, 33.8% were
not married, and 18.1% lived alone (Table 1). Participants
with frailty in more domains tended to be older, women, less
educated, not married, low-income, and living alone. They
were also more likely to be non-smokers and non-drinkers
and less likely to engage in physical activity. Frailty in a higher
number of domains was associated with the presence of
more co-morbidities.

Respondents with frailty in the social domain were more
likely to be older, women, less educated, not married,
lower-income, and living alone (Table 2). Those presenting
only physical frailty were more likely to smoke or consume al-
cohol currently, while those having cognitive frailty or
psycho-cognitive frailty demonstrated a higher likelihood of
having a history of smoking. In the mixed frailty group,
followed by the psychosocial or psychological frailty groups,
few participants engaged in physical activity. Those with
frailty in the psychological domain also tended to exhibit
higher rates of co-morbidities.

Kaplan—Meier survival curves for mortality revealed a sig-
nificant difference in the survival probability for mortality
(log-rank test, X(Z4) = 179.52, P < 0.001), demonstrating a
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Table 1 Baseline sample characteristics by number of frailty domains (n = 9171)
Number of frailty domains
Total 0 1 2 3 4

Age, year 73.1 = 6.8 703 = 4.8 723 = 6.1 742 +7.0 754 +7.4 78.0 = 8.9
Women 59.2 48.6 53.5 66.7 69.8 68.4
Education

None 33.8 14.3 25.8 43.8 53.5 59.0

Elementary school 37.4 42.5 42.3 36.2 28.2 27.7

Middle/high school 21.5 28.8 23.4 171 16.3 12.0

>College 7.3 14.4 8.5 3.0 2.0 1.3
Not married 33.8 15.3 21.5 41.4 56.7 68.8
Income (Q,)? 25.6 1.4 14.8 31.6 44.7 52.0
Living alone 18.1 5.7 5.5 23.9 37.8 39.3
Smoking

Never 65.8 61.0 66.2 69.6 67.5 67.3

Former 20.6 24.4 19.2 17.6 20.0 20.3

Current 13.6 14.6 14.6 12.8 12.5 12.4
Alcohol drinkingb

None 68.0 59.1 64.5 72.0 77.4 80.9

Moderate 23.3 29.9 25.9 20.6 16.5 12.8

Heavy 8.7 11.0 9.6 7.4 6.1 6.3
Physical activity® 16.9 31.0 16.2 11.5 6.0 3.6
Co-morbidities®

0 26.6 37.4 28.0 21.8 17.2 16.4

1 36.6 37.0 38.1 36.6 34.0 37.0

>2 36.8 25.6 33.9 41.6 48.8 46.6

Values denote percentages or mean = standard deviation. The chi-square test and analysis of variance yielded significant results (P < 0.01)

in all cases.

°Equivalent income (household income divided by the square root of household size) in the lowest quartile.

"Moderate: up to 7 drinks/week for women and 14 drinks/week for men.

‘Recommended aerobic physical activity (> 75 min/week of vigorous-intensity or > 150 min/week of moderate-intensity).

‘Number of co-morbid conditions (hypertension, stroke, angina, diabetes mellitus, arthritis, chronic bronchitisfemphysema, asthma, can-

cer, chronic renal failure, fracture).

trend (P < 0.001) of increasing risk with frailty in a higher
number of domains (Figure 1). In addition, there was a posi-
tive association between the number of domains of frailty
and the cumulative incidence of institutionalization,
exhibiting a widening difference over time between the mul-
tiple frailty groups and the single (physical only) frailty group.

The risk of adverse outcomes increased with the presence
of frailty in a higher number of domains (Table 3). Physical
frailty alone was significantly predictive of institutionalization
but not mortality, whereas the presentation of two or more
frailty domains was significantly associated with increased
hazards for both outcomes. In the adjusted analysis, com-
pared with the robust group, the mixed frailty group, in
whom all four domains were affected, demonstrated a 3.5-
fold and 4-fold increase in the risk of institutionalization
and death, respectively.

The risk of adverse outcomes varied by different frailty
profiles (Table 4). Among the two-frailty profiles, psychologi-
cal frailty was significantly associated with institutionalization
(subhazard ratio [SHR] = 3.83, 95% Cl: 1.97, 7.44) and mortal-
ity (hazard ratio [HR] = 3.01, 95% ClI: 2.02, 4.49), even after
adjusting for covariates. Social frailty was significantly predic-
tive of the two negative outcomes in the unadjusted analysis,
but the association became nonsignificant when adjusted for
covariates. However, socially frail participants with either de-
pressive symptoms or cognitive impairment were signifi-

cantly at risk of adverse events. Cognitive frailty was signifi-
cant for predicting mortality, but not institutionalization;
however, when it was combined with the psychological
domain (psycho-cognitive frailty) or social domain (socio-
cognitive frailty), there was a 3.2-fold and 3.9-fold increased
risk, respectively. Those with mixed frailty displayed the
highest risk of mortality.

Sensitivity analyses using multiple imputations did not sig-
nificantly alter the results (Tables S1 and S2). Minor excep-
tions were noted. For those with physical frailty alone, the
risk for institutionalization was slightly reduced (P = 0.050).
The strength of the association between cognitive frailty
and mortality was also diminished to borderline significance
(P = 0.060).

Discussion

In community-dwelling older adults, the presence of frailty in
multiple domains (cognitive, psychological, and social) in ad-
dition to physical frailty was predictive of institutionalization
and mortality in patterns specific to particular multidomain
profiles. Multidimensional frailty was prevalent, with about
a half of older participants exhibiting frailty in two or more
functional domains. The presence of frailty in multiple do-
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Table 2 Baseline sample characteristics by multiple frailty profiles (n = 9171)
Number of frailty domains/frailty profiles
0 1 2 3 4
Total Robust Phys Cog Psy Soc PsyCog PsySoc SocCog Mixed

Age, year 73.1+6.8 703 +49723+6.1724+6.0729+6.1765+78728=+6.076.0=+72781+87780=8.9
Women 59.2 48.6 53.5 44.6 65.4 82.9 42.0 85.2 68.5 68.4
Education

None 33.8 14.3 25.8 8.7 37.6 73.2 15.8 75.4 48.1 59.0

Elementary 37.4 42.5 42.3 50.7 43.7 19.6 45.6 18.6 28.7 27.7
school

Middle/high 21.5 28.8 23.4 34.4 15.8 6.4 33.1 5.4 23.2 12.0
school

>College 7.3 14.4 8.5 6.2 2.9 0.8 5.5 0.6 0.0 1.3
Not married 33.8 15.3 21.5 15.6 22.0 76.2 12.7 78.3 65.7 68.8
Income (Q,)? 25.6 11.4 14.8 14.9 22.8 50.8 16.5 58.5 50.5 52.0
Living alone 18.1 5.7 5.5 4.2 3.9 55.1 3.2 56.9 36.5 39.3
Smoking

Never 65.8 61.0 66.2 60.4 65.9 79.2 51.1 74.0 76.8 67.3

Former 20.6 24.4 19.2 25.8 19.6 10.3 35.1 13.2 14.6 20.3

Current 13.6 14.6 14.6 13.8 14.5 10.5 13.8 12.8 8.6 12.4
Alcohol drinking®

None 68.0 59.1 64.5 62.3 74.9 76.0 72.8 78.5 82.5 80.9

Moderate 23.3 29.9 25.9 25.8 18.8 18.7 20.2 15.8 12.0 12.8

Heavy 8.7 11.0 9.6 11.9 6.3 5.3 7.1 5.7 5.5 6.3
Physical activity® 16.9 31.0 16.2 20.0 7.7 9.0 9.0 4.3 6.2 3.6
Co-morbidities

0 26.6 37.4 28.0 23.5 16.8 24.9 16.0 15.0 28.1 16.4

1 36.6 36.9 38.1 39.4 36.2 35.2 32.9 33.5 38.0 37.0

>2 36.8 25.6 33.9 37.1 47.0 39.9 51.1 51.5 33.9 46.6

Phys, physical frailty only; Cog, cognitive frailty; Psy, psychological frailty; Soc, social frailty; PsyCog, psycho-cognitive frailty; PsySoc, psy-
chosocial frailty; SocCog, socio-cognitive frailty; Mixed, psychosocio-cognitive frailty.
Values denote percentages or mean = standard deviation. The ° test and analysis of variance yielded significant results (P < 0.01) in all

cases.

°Equivalent income (household income divided by the square root of household size), in the lowest quartile.

"Moderate: up to 7 drinks/week for women and 14 drinks/week for men.

‘Recommended aerobic physical activity (=75 min/week of vigorous-intensity or >150 min/week of moderate-intensity).

‘Number of co-morbid conditions (hypertension, stroke, angina, diabetes mellitus, arthritis, chronic bronchitis’emphysema, asthma, can-
cer, chronic renal failure, and fracture).
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Figure 1 Cumulative incidence curves for institutionalization (left) and Kaplan—Meier survival curves for mortality (right) according to the baseline
number of frailty domains.

mains reinforced the effect of physical frailty on adverse

outcomes.

Our finding that frailty in multiple domains had predic-
tive power is consistent with the results from two prior

studies. First, a study of rural residents aged 75 years or
older in Spain reported 3 year mortality hazard ratios of
1.9, 3.9, and 10.4 for participants with 1, 2, and 3 domains
of frailty (physical, mental, and social), respectively.*® Simi-
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Table 3 Risk of institutionalization and mortality by number of frailty
domains (n = 9171)

Institutionalization, SHR (95% Cl)

Unadjusted model
0 1.00 1.00
1 2.39(1.29, 4.44) 1.35(0.92, 1.96)
3.02 (1.72,5.33) 2.28 (1.67, 3.12)
4.79 (2.75, 8.33) 2.63 (1.89, 3.66)
4  6.74(3.66, 12.41) 6.87 (4.77, 9.89)

Mortality, HR (95% Cl)

1.00 1.00

2
3
Adjusted model®
0
1

1.97 (1.05, 3.67)

1.14(0.77, 1.67)

2 2.07(1.16, 3.67) 1.81(1.29, 2.54)
3  2.89(1.63,5.12) 1.91 (1.33, 2.73)
4 3.48(1.83,6.62) 3.95(2.62, 5.93)

SHR, subhazard ratio; HR, hazard ratio; Cl, confidence interval.
°‘Adjusted for age, sex, smoking, alcohol drinking, and co-
morbidities.

larly, among community-dwelling Singaporean Chinese aged
55 years or older, the addition of mental and social frailty
to physical frailty contributed to more than a two-fold in-
crease in the risk of disability, nursing home referral, and
mortality at 2 year follow-up.'” In contrast, in a sample of
community-living, physically frail residents aged 70 years
or older in the southern part of the Netherlands, cognitive,
psychological, and social frailty dimensions were not predic-
tive of disability or hospitalizations at 1 year.*® The Dutch
study, however, did not evaluate the combined effects of
different frailty domains.

Prior studies are limited in that they did not analyse in de-
tail the effects of the co-occurrence of multiple domains of
frailty. In this study, multiple frailty profiles were identified
and found to predict adverse outcomes differentially. Among
the two domain profiles, psychological frailty (a combination
of physical frailty with depressive symptoms) was the stron-
gest predictor of institutionalization and mortality. Depres-
sion is a well-known predictor of poor health outcomes, such
as nursing home admission?” and mortality.?® The coexis-
tence of depression and frailty is common in older people
and has been reported to increase mortality risk.**?° Depres-
sion also substantially explained variation in nursing home
placement to a similar degree as frailty.>® Depression and

frailty have overlapping constructs, shared symptomatology,
risk  factors, and outcomes, exhibiting reciprocal
relationships.* Depression may exacerbate physical frailty as
it represents a lack of psychological and social resources to
cope with stressors.>*

In contrast, cognitive frailty or social frailty was not found
to be a very strong predictor of adverse outcomes. Although
cognitive frailty by itself did not significantly increase the
risk, when combined with depressive symptoms (psycho-
cognitive frailty) or social vulnerabilities (socio-cognitive
frailty) the risk of both institutionalizations and deaths no-
ticeably increased. Alternatively, physically frail individuals
with social deficits demonstrated a higher risk of institution-
alization and mortality only when they also had depressive
symptoms (psychosocial frailty) or cognitive impairment
(socio-cognitive frailty). Depression, cognitive impairment,
and frailty are closely related to one another. Depressive
symptoms and cognitive impairment often co-occur in late
life, with cognitive deficits persisting even after the remis-
sion of depression.? Further, the presence of physical frailty
in late-life depression appears to worsen cognitive
performance,®® which might contribute to deleterious health
effects. In a study that classified late-life depression into dif-
ferent subtypes, those manifesting a combined depressive
and cognitive symptomatology with physical frailty had the
lowest remission rate and highest mortality.>* Additionally,
social deprivation—in particular less education and infre-
quent social contacts, which are known risk factors of cogni-
tive decline and dementia®*>*—might negatively affect cogni-
tive ability in frail older people, raising the probability of
adverse outcomes. Social vulnerability, characterized as a
lack of socioeconomic resources and low social support
and participation, coupled with frailty, has been found to
confer high mortality risk in older adults.®*® In the
Honolulu-Asian Aging Study,®’ the accumulation of social
vulnerabilities and frailty was strongly associated with both
cognitive decline and mortality. Socially deprived older
adults may lack resources to receive care in their homes,>®
and are therefore more likely to be institutionalized when
they become frail or cognitively impaired. Frail older pa-

Table 4 Risk of institutionalization and mortality by multiple frailty profiles (n = 9171)

Institutionalization, SHR (95% Cl)

Mortality, HR (95% Cl)

Adjusted model®

Unadjusted model

Adjusted model®

Number

of frailty

domains Frailty profiles Unadjusted model

0 Robust 1.00

1 Physical frailty only 2.39(1.29, 4.44)

2 Cognitive frailty 2.25(0.99, 5.08)
Psychological frailty 3.83 (1.97, 7.44)
Social frailty 2.90 (1.50, 5.60)

3 Psycho-cognitive frailty 4.02 (1.94, 8.34)
Psychosocial frailty 4.44 (2.44, 8.09)
Socio-cognitive frailty 7.79 (3.74, 16.26)

4 Mixed frailty 6.74 (3.66, 12.42)

1.00 1.00 1.00

1.96 (1.05, 3.65) 1.35(0.92, 1.96) 1.13(0.77, 1.67)
1.92 (0.84, 4.37) 1.98 (1.30, 3.02) 1.53 (1.01, 2.34)
2.85 (1.45, 5.59) 3.01 (2.02, 4.49) 2.47 (1.61, 3.78)
1.64 (0.84, 3.20) 1.86 (1.29, 2.69) 1.42 (0.96, 2.10)
3.18 (1.52, 6.64) 2.95 (1.90, 4.58) 1.97 (1.26, 3.10)
2.45 (1.32, 4.54) 2.07 (1.43, 3.00) 1.65(1.10, 2.48)
3.94 (1.80, 8.62) 4.16 (2.48, 6.99) 2.41 (1.40, 4.15)
3.42 (1.79, 6.52) 6.87 (4.77, 9.89) 3.89(2.57, 5.85)

SHR, subhazard ratio; HR, hazard ratio; Cl, confidence interval.
‘Adjusted for age, sex, smoking, alcohol drinking, and co-morbidities.
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tients with low psychosocial resources such as poor well-
being, low sense of control, and low social activities were
reported to have an elevated risk of higher level-of-care
transitions and mortality.®

It is noteworthy that being affected in only the physical do-
main of frailty was not a strong predictor of adverse out-
comes, especially for mortality. This appears to run counter
to consistent reports of frailty predicting hospitalizations,
nursing home admissions, and mortality.*® However, previous
studies have not explicitly identified those who exhibit only
the physical domain of frailty. Studies based on a phenotypic
model tend to group people with physical frailty alone and
those with physical frailty mixed with other domains as a sin-
gle entity. Research using the frailty index based on the accu-
mulated deficit model has not usually delineated the inde-
pendent role of physical frailty. It may be that those solely
affected by the physical dimension of frailty are in an early
stage of its progression, too far from death for physical frailty
itself to be a predictive factor. This is partially supported by
the finding that the physical frailty profile presented the low-
est mean number of Fried’s phenotypes (Table S3). Further-
more, the physical frailty profile showed higher cognitive,
psychological, and social functioning levels compared with
other frailty profiles. Over time, the accumulation of deficits
across multiple domains of frailty in conjunction with the de-
terioration in physical frailty may predispose older people to
a greater mortality risk. Defining the physical domain of
frailty as >3 Fried phenotypes did not significantly alter the
results, with the small cell sizes likely resulting in sparse data
bias (data not shown).

The influence of other domains of functioning (cognitive,
psychological, social) besides physical frailty on adverse out-
comes was not as strong (Table S4). Among those with only
one of the domains affected, only the cognitively impaired
showed a significant relationship with mortality, though in
the opposite direction. With the concurrence of two or three
of the domains, however, more significant associations
emerged. Among the two-domain profiles, those who were
depressed and socially vulnerable were at an increased risk
for institutionalization and mortality. The cognitively impaired,
having either depressive symptoms or social deficits, showed
a reduced risk for institutionalization, though the sample size
was too small to give credence to the precision of the esti-
mates. Those with all three of the cognitive, psychological,
and social domains affected presented with a significantly
elevated risk for mortality but not for institutionalization. In
contrast, physical frailty combined with other domains consis-
tently predicted adverse outcomes, supporting the notion of
the physical domain as the central construct in conceptualiz-
ing multiple frailty profiles as a prognostic indicator.

A major strength of this study is that the study population
came from a nationally representative sample of
community-dwelling older adults, giving credence to the gen-
eralizability of the findings. Sensitivity analyses with multiple

imputations produced similar results, supporting the robust-
ness of the results. Multiple domains of frailty were consid-
ered in the aggregate and by different combinations. The
construction of multiple frailty profiles had the added benefit
of incorporating both the unidimensional phenotype model
and the multidimensional accumulation of deficits model of
the frailty concept.

Several study limitations, however, need some consider-
ation. One is the inherent limitation of the longitudinal de-
sign, where differential attrition might have diminished the
study’s external validity. However, compared with partici-
pants, those lost to follow-up tended to be slightly older
but did not differ in other characteristics (Table S5). Sec-
ond, in defining institutionalization, hospitalizations and
nursing home admissions were grouped due to the small
number of cases. Frailty in a higher number of domains
tended to be associated with an increased risk of admission
to a nursing home than to a hospital (data not shown).
Third, the relatively short duration of follow-up prevented
observing the effects of long-term changes in or trajectories
of frailty states across different domains, which warrants
future research.

In conclusion, this study revealed multidimensional frailty
to be prevalent in older people living in the community.
Operationalized as an accumulation of frailty and as distinct
profiles, multiple domains of frailty were predictive of ad-
verse outcomes. Given that frailty, construed solely as a
physical construct, might have limited prognostic power
for mortality, a better understanding of the combined ef-
fects of and interactions between different frailty domains
would be instrumental in improving its prognostication
and management.
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