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Abstract

Introduction: Multicomponent interventions improve physical function and frailty in older adults, but their long-term
benefit remains uncertain.
Methods: This prospective non-randomised study was conducted in 383 older Koreans (mean age, 76.8 years; female 72.3%)
who were living alone or receiving medical aid. Of these, 187 individuals chose to receive a 24-week intervention that consisted
of group exercise, nutritional supplements, depression management, deprescribing and home hazard reduction. The remaining
196 individuals received usual care. We compared the short physical performance battery (SPPB) score (0–12 points), frailty
phenotype scale (0–5 points) and deficit-accumulation frailty index (0–1) at baseline, 6, 18 and 30 months.
Results: After 1:1 propensity score matching (n = 117 per group), the mean SPPB scores for the intervention and comparison
groups were 7.6 versus 7.6 at baseline, 10.7 versus 7.1 at 6 months (mean difference, 3.5; 95% confidence interval [CI], 2.8–
4.2), 9.1 versus 7.8 at 18 months (1.3; 95% CI, 0.6–2.0) and 8.6 versus 7.5 at 30 months (1.1; 95% CI, 0.4–1.8). The
intervention group had lower frailty phenotype scale (1.1 versus 1.8; difference, −0.7; 95% CI −1.0 to −0.3) and frailty
index (0.22 versus 0.27; difference, −0.04; −0.06 to −0.02) at 6 months, but similar scores at 18 and 30 months. The
30-month mean institutionalisation-free survival time was 28.5 months in the intervention group versus 23.3 months in the
comparison group (difference, 5.2 months; 95% CI, 3.1–7.4).
Conclusions: The 24-week multicomponent intervention showed sustained improvement in physical function, temporary
reduction in frailty and longer institutionalisation-free survival over 30 months.
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Key Points

• A 24-week multicomponent intervention programme provided sustained improvement in physical performance for up to
30 months.

• Reduction in mortality and institutionalisation was seen in the intervention group.
• Our results can inform design and implementation of a public health intervention for frail older adults in rural communities.

Introduction

The number of people living longer is increasing worldwide
[1, 2]. As the number of ageing individuals increases, it leads
to the burden of people with functional impairments and
geriatric conditions including frailty and sarcopenia [3]. This
burden affirms the importance of functioning independently
in daily life, and multifactorial interventions to prevent or
delay geriatric conditions or to improve function are ongoing
[4].

Varying types of intervention studies have been con-
ducted to examine the effect on older adults with frailty
[5–7], and practical guidelines were made based on these
studies [8, 9]. Some studies showed that exercise alone
showed a modest improvement in physical function [10,
11]. Other studies of multicomponent interventions that
included exercise, nutritional supplementation, and other
interventions such as cognitive training and mental health
support, showed a moderate improvement in physical func-
tion and frailty [12–14], whereas others found limited ben-
efits [10, 11, 15]. This heterogeneity is possibly due to
differences in the intervention types, adherence, target pop-
ulations or follow-up periods.

However, most studies did not follow participants after
the end of intervention period and usually focused on the
short-term effect of intervention rather than the possible
long-term health benefits [9–15]. These limitations might
be due to limited resources, relatively subordinated research
funding or difficulties in establishing a stable academic–
public health collaborative model in communities. In
resource-limited rural community settings, systematic long-
term follow-up with intact initial population characteristics
is difficult with frequent withdrawals of participants
during both the intervention and observation period [16].
Previously, we showed that after a 24-week multicomponent
intervention programme consisting of group exercise,
protein supplementation, depression management, home
hazard reduction and discontinuation of potentially inappro-
priate medications, targeting socioeconomically vulnerable
community-dwelling older Koreans, the benefits lasted up
to 6 months after cessation of the intervention [5]. However,
it remains uncertain how long the benefit is sustained after
6 months.

In this study, we report the 30-month outcomes
associated with the intervention programme by comparing
with a usual care comparison group using propensity

score matching to minimise bias of the non-randomised
design.

Methods

Study design

The Aging Study of Pyeongchang Rural Area-Intervention
Study (ASPRA-IS) is a prospective, single-arm intervention
study, which delivered a 24-week multicomponent interven-
tion in three geographical regions in Pyeongchang County,
South Korea [5]. The intervention took place one region at a
time for 24 weeks (region A: August 2015–January 2016;
region B: February–July 2016; region C: August 2016–
January 2017). The study protocol was approved by the
Institutional Review Boards of Asan Medical Center and reg-
istered in 2015 (NCT02554994). Written informed consent
was obtained from all participants before the study entry.

As the individuals who declined to participate in the
intervention programme had same comprehensive geriatric
assessment as part of the observational cohort, ASPRA
cohort, we were able to collect information for both
individuals who received intervention (intervention group)
and individuals who declined to participate the intervention
programme (comparison group). This study aimed to
compare physical function and institutionalisation-free
survival time over 30 months between intervention group
and comparison group.

Study population

All participants were recruited from the ASPRA cohort
[3], which was a population-based prospective cohort study
of 1,267 community-dwelling adults aged 65 and older
in the Pyeongchang County, Korea, established in 2014.
Among them, ASPRA-IS invited participants of the ASPRA
cohort who were living alone or receiving medical aid at
the time of recruitment. Excluded were those who were
unable to walk 100 m, admitted to long-term care hospitals
or nursing homes in the last 6 months, diagnosed with
end-stage heart failure, end-stage renal disease or metastatic
cancer, cognitively impaired, as defined by Mini-Mental
State Examination-Dementia Screening score ≤18 points,
and had a plan to move out of the study area within the
next 6 months [3]. These eligibility criteria were discussed
with the local public health department in Pyeongchang
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Table 1. Description of multicomponent intervention programme

Focus Description of intervention
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Exercise [17] • Intervention: 60-min group exercise session led by licensed trainers focussing on the following types. The intensity started from

low-intensity exercise and increased intensity every month
1. Resistance (20 min): squat, plank, side plank, straight leg raises
2. Balance (20 min): one-leg standing, shifting from side to side, heel-to-toe walk
3. Aerobic/endurance (20 min): step up and down, quick pace, dancing
4. Exercise trainer was given instructions not to exceed 60–70% of the maximal exercise capacity based on perceived exertion scale
• Target: all participants
• Frequency: twice a week

Nutrition [18, 19] • Intervention: administration of 125 ml commercial liquid formula containing 200 kcal of energy, 24.5 g carbohydrate, 13 g
protein, 5.63 g essential amino acid and 7 g fat
• Target: all participants
• Frequency: twice a day

Depression [20] • Intervention: evaluation by a geriatrician or a psychiatrist and administration of supportive psychotherapy or antidepressant
medication as clinically indicated
• Target: participants with the CES-D score >20 points at baseline
• Frequency: monthly

Polypharmacy [21] • Intervention: medication review by a geriatrician, and dose reduction or discontinuation of potentially inappropriate medications
according to the 2012 Beer’s criteria
• Target: participants taking five prescription medications at baseline
• Frequency: monthly

Home hazards [22] • Intervention: evaluation of home environment by a visiting nurse and a social worker using the Home Fall Prevention Checklist by
Centers for Disease Control and Prevention and modification of the environment to eliminate any identified hazard
• Target: all participants with any identified home hazard at baseline
• Frequency: trimonthly

County, which prioritised allocation of resources to socioeco-
nomically vulnerable residents. Participants made their own
decisions on the receipt of the multicomponent intervention
programme. If they were willing to participate, we allocated
them in the intervention group and those who declined were
allocated to the comparison group.

We screened 1,267 ASPRA cohort participants and
found 383 eligible individuals. Of the 383 individuals,
187 individuals chose to receive the multicomponent
intervention and 196 individuals declined participation
(Supplementary Material A1).

A multicomponent intervention

The 24-week multicomponent intervention programme
consisted of group exercise, nutritional supplementation,
depression management, medication review and home haz-
ard reduction. Group exercise programme and nutritional
supplement were provided to all participants. Group exercise
sessions were provided 60 min, twice a week and commercial
nutritional supplements (125 ml liquid formula containing
200 kcal, 24.5 g carbohydrate, 13 g protein, 5.63 g essential
amino acid and 7 g fat) were provided twice a day [17–19].
Depression management programme [20], deprescribing
for potentially inappropriate medications for older adults
[21] and home hazard evaluation and reduction [22], were
provided for eligible participants based on each criterion
(Table 1).

From August 2015 to January 2017, a 24-week mul-
ticomponent intervention was implemented 6 months
after the baseline assessment. During the 6 months pre-
intervention period, participants received usual care from

local public health centres. After finishing the 24-week
multicomponent programme, the intervention group
received usual care as the comparison group. A detailed
protocol of the multicomponent programme was previously
reported [5]. Adherence rates were 83.7% for group exercise
attendance, 87.8% for nutritional supplements consumed
(self-report), 88.4% for monthly visits for depression
management, 91.3% for home hazard correction and 88.5%
for monthly visits to evaluate polypharmacy. Among 187
participants, 125 (66.8%) completed at least 80% of the
group exercise sessions and 80% nutritional supplements
[23]. The comparison group received usual care during the
entire study period.

Baseline and follow-up assessments

Individuals were followed up every 3 months for self-
reported functional status via telephone interview. In-person
comprehensive geriatric assessment were done every year:
baseline (6 months before the start of the intervention
programme), 6 months (at the end of the intervention),
18 and 30 months (Supplementary Material A1). Trained
nurses who were not aware of the intervention status
performed comprehensive geriatric assessment. Additional
comprehensive geriatric assessment at the start of the
intervention programme (month 0) was done for the inter-
vention group. Information were collected on demographic
characteristics, the number of household members, medical
aid, multimorbidity, polypharmacy, current alcohol drinking
status, number of falls, emergency room visits and days of
hospitalisation in the last year. Detailed methods of the
assessment were described previously [3, 5, 24].

2159



G. Oh et al.

Measurement of physical performance

The primary outcome was the change of short physical
performance battery (SPPB) score (range, 0–12 points;
higher scores indicate better performance; minimal clinically
important difference = 1), which is a subjective measure to
estimate the magnitude and change in physical performance
in older adults [25]. SPPB score consisted of three parts:
time to complete five chair stands, standing balance and
usual gait speed (each range, 0–4 points) [26]. Validity of
SPPB in classifying frailty status has been reported previously
in the Korean population [27]. Due to the protocol update
in ASPRA cohort study after baseline assessment in region
A, SPPB measurement were added from region B. SPPB
chair stand score and balance score were not measured from
99 individuals (33 in intervention, 66 in comparison group)
both arms in region A.

Other measurements

Change of frailty phenotype scale (range, 0–5 points) [28],
deficit-accumulation frailty index [29], and death and
institutionalisation-free survival were assessed. A deficit-
accumulation frailty index (range, 0–1; higher values
indicate greater frailty) was calculated based on 47 items
of our comprehensive geriatric assessment (Supplementary
Material A2). The assessment included medical comor-
bidities (14 items), self-reported functional status and
disability (21 items), physical performance (five items),
mood (three items), cognition (one item), nutritional status
(one item), polypharmacy (one item) and social interaction
(one item) [3, 30–35] (Supplementary Material A2). Death
and institutionalisation were captured every 3 months by
nurses. The exact month of the event and reasons of loss to
follow-up were recorded from the study participants or their
family members.

Statistical analysis

All analysis compared outcome variables between individu-
als who enrolled in the intervention programme and who
denied programme participation at baseline. Missing values
were imputed using multivariable imputation by chained
equation [36]. Variables included in the imputation model
were outcome variables at each timepoint, reasons for loss
to follow-up, town and baseline covariates listed above. We
conducted imputation of baseline variables of two missing
Center for Epidemiologic Studies Depression Scale (CES-D)
scores, and SPPB chair stand score and balance score, which
were not measured from 99 individuals (33 in intervention,
66 in comparison group) both arms in region A. Outcome
variables not measured after loss to follow-up (institutional-
isation/nursing home care or non-medical reason) were also
imputed (Supplementary Material A3).

After imputation, we conducted a 1:1 propensity score
matching using a nearest-neighbour method with a caliper
width of 0.2 standard deviation of the logit propensity score
[37]. A propensity score model was developed using logistic

regression with baseline characteristics. Intervention status
was specified as the dependent variable, and characteristics
at baseline including age, sex, enrolled year, living alone,
CES-D score, number of chronic conditions, number of falls
in the last year, emergency room visit or admission in the
last year, SPPB score, frailty phenotype and frailty index
were used as independent variables. The balance in baseline
characteristics between the two groups was assessed using
standardised mean difference (SMD) [38].

We summarised the mean and standard deviation or
proportions of baseline characteristics for both groups before
and after propensity score matching. We used a linear mixed
model with random intercept to determine the effect of
the intervention on the SPPB score, frailty phenotype scale
and frailty index at 6, 18 and 30 months. This model
included indicator variables for intervention status, times as
categorical variable and their interaction terms. The mean
differences (MDs) in SPPB score, frailty phenotype scale and
frailty index between two groups at 6, 18 and 30 months
and its 95% confidence interval (CI) were calculated from a
linear mixed model, and 95% CI of the SPPB score, frailty
phenotype scale, and frailty index at 6, 18 and 30 months
for the intervention and comparison group were calculated
with 1,000 times resampling bootstrap. Generalised estimat-
ing equation generalised linear model was used to evaluate
changes in CES-D score (Poisson distribution and log link),
proportion of individuals with polypharmacy and propor-
tion of individuals who had a fall in the last year (bino-
mial distribution and logit link). Exchangeable correlation
structure was used for above models.

Institutionalisation-free survival was obtained with
Kaplan–Meier estimate. Log-rank test and Cox proportional
hazard model was used to examine the statistical difference
of survival and hazard between the intervention and com-
parison group. Restricted mean survival time was estimated
for institutionalisation-free survival time at 30 months.

Two-sided P-value of <0.05 was used for all analysis for
the statistical significance. Statistical analyses were performed
with Stata Release 16 (StataCorp LLC, College Station, TX)
and SAS software, version 9.4 (SAS Institute Inc.).

Results

Characteristics of study population

Intervention participants were older than individuals receiv-
ing usual care (mean age, 77.1 [interquartile range (IQR)
74–80] versus 75.6 years [IQR 71–79]), and more likely
to be women (75.9 versus 68.4%). Intervention group had
lower grip strength, which is below the cutoff value for
the definition of sarcopenia (17.3 versus 20.2 kg; cutoff is
<26 kg for men and <18 kg for women, definition from
Asian Working Group for Sarcopenia) [39], more at risk
of malnutrition (Mini Nutritional Assessment-Short Form
score ≤11, 52.9 versus 41.8%), had higher prevalence of
polypharmacy (31.0 versus 23.5%), risk of depression (CES-
D score ≥16, 23.0 versus 21.6%) and fall in the last year
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(21.9 versus 13.8%). The intervention group also had worse
SPPB score (7.4 versus 8.4) and were more frail (frailty
phenotype scale, 2.3 versus 1.8; frailty index, 0.27 versus
0.23) (Table 2).

Propensity score matching resulted in 117 matched pairs.
Baseline characteristics were adequately balanced between
the two groups with the absolute SMD <0.1, including
SPPB score (7.6 versus 7.6), frailty phenotype scale (2.2
versus 2.2) and frailty index (0.25 versus 0.26) (Table 2).

Outcomes

In the matched cohort, the intervention group had higher
SPPB scores than the comparison group at 6 months (MD
3.5; 95% CI, 2.8–4.2; P < 0.001), 18 months (1.3; 95% CI,
0.6–2.0; P < 0.001) and 30 months (1.1; 95% CI, 0.4–1.8;
P = 0.003) (Figure 1).

They had lower frailty phenotype scale (MD, −0.7; 95%
CI, −1.0 to −0.3, P < 0.001) and frailty index (−0.04;
−0.06 to −0.02; P < 0.001) only at 6 months, but similar
scores at 18 months (frailty phenotype: MD, −0.2; −0.5
to 0.2; frailty index: MD, −0.01; −0.03 to 0.01) and
30 months (frailty phenotype: MD, 0.0; −0.3 to 0.4; frailty
index: MD, −0.01; −0.03 to 0.01) (Figure 1).

Intervention group and comparison group have no statis-
tically significant difference in CES-D score (8.0 [CI 7.5–
8.5] versus 8.2 [CI 7.7–8.7]), prevalence in polypharmacy
(Odds ratio (OR) 1.15; CI 0.66–2.01) and had no difference
in number of falls in the last 6 months (Incidence rate
ratios (IRR) 1.3; CI 0.9–1.9) at the end of 24-week inter-
vention (Supplementary Material A4). Kaplan–Meier esti-
mate of institutionalisation-free survival showed difference
between the intervention and comparison group (log-rank
P < 0.001) with a hazard ratio of 0.31 (95% CI, 0.17–0.56)
(Figure 2). Institutionalisation-free survival at 30 months
was 87.0% (95% CI, 79.4–92.0%) for the intervention
group and 64.9% (95% CI, 55.2–73.0%) for the com-
parison group. The 30-month mean institutionalisation-free
survival time was 28.5 months (95% CI, 27.6–29.4) in the
intervention group and 23.3 months (95% CI, 21.3–25.2)
in the comparison group, with a difference of 5.2 months
(95% CI, 3.1–7.4; P < 0.001).

Discussion

In this prospective study for a 24-week multicomponent
intervention targeting frailty and geriatric syndrome in
socioeconomically vulnerable community-dwelling older
adults with mild to moderate frailty, we found that
initial improvement in physical performance after the
24-week intervention period persisted up to 30 months
Although improvement in frailty by either the phenotype
model or deficit-accumulation model gradually disappeared
and there was no significant improvement in CES-D,
polypharmacy and fall, the rates of mortality and long-
term care institutionalisation were lower in the intervention

Figure 1. Change in SPPB score and frailty by intervention
status. ∗P-value <0.05.

group. These results suggest that the benefit of our 24-
week multicomponent intervention programme on physical
function can last beyond the immediate post-intervention
period and may delay death and institutionalisation in
socioeconomically vulnerable older adults.

With accumulating evidence emphasising frailty as a
strong predictor and risk factor of poor health outcomes
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Figure 2. Kaplan–Meier estimate of death and institutionalisation-free survival.

in older adults, studies have sought to design and test mul-
ticomponent interventions to improve disability, physical
performance or frailty [14, 15, 40, 41]. To date, studies have
showed short-term benefits of intervention programmes,
whereas long-term effects from interventions are not well
established [42]. In this study, by combining group exercise,
protein supplementation, depression management, depre-
scribing and home hazard reduction, we were able to improve
physical performance and prevent mortality and institution-
alisation over 2 years after completion of the intervention.
There are several potential explanations for the success of
our intervention. We targeted socioeconomically vulnerable
older adults living alone or on lower income, who might
have greater potential for improvement when provided with
adequate health interventions. Moreover, group dynamics
from group exercise sessions may have caused positive
feedback [43] as well as reinforcement from celebration of
high attendance may have maximised the adherence to the
exercise programme. In contrast to previous studies, which
largely focused on exercise and nutrition, our intervention
targeted common geriatric syndromes of depression and
polypharmacy and included home hazard reduction for
individuals with identified risk factors at the initial assess-
ment. We speculate that such patient-centred multimodal
approach may be responsible for our positive results.

We observed a relatively large improvement of the SPPB
score immediately after the intervention programme in com-
parison with previous studies [5]. Improvement in the SPPB
score was sustained over 24 months, whereas improvement in
frailty was temporary. The frailty phenotype includes param-
eters other than physical performance, such as grip strength,
exhaustion and weight loss. Similarly, a deficit-accumulation

frailty index is heavily weighted by the comorbidity burden.
These components of frailty may be less likely to improve
with our multicomponent intervention. As an alternative
explanation, SPPB score might be subject to practice or
learning effect from repeated assessments over time. How-
ever, stable trends in SPPB score among the comparison
group make such possibility unlikely.

There are several challenges in conducting community-
based interventions for vulnerable older populations, espe-
cially in underserved rural areas, such as communities in our
study, in which there are limited resources and infrastructure
to conduct a randomised controlled trial [44–47]. To deliver
a frailty intervention programme in a cost-effective manner
in resource-limited rural communities, it is important to
know how long the effectiveness of the intervention lasts.
Self-efficacy and health autonomy strategies are important
determinants of sustained benefit [48]. However, our study
intervention did not include cognitive behavioural interven-
tions to improve self-efficacy or health autonomy, nor did
we measure them in our study. In addition, it is crucial
to evaluate the long-term effectiveness of the intervention
while minimising loss to follow-up for both the intervention
group and the usual care comparison group. We were able
to overcome these challenges by delivering our intervention
programme within an ongoing prospective cohort study of
older adults in the study areas. Even for older adults in
the usual care group who declined to receive the inter-
vention, we were able to obtain sufficient information on
health characteristics and study outcomes from the cohort
assessments.

There are several limitations in the study. First, our
results from socioeconomically vulnerable older adults in
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underserved rural areas in Korea may not be generalisable
to other populations in resource-rich urban areas. However,
the sustained benefit over 24 months after completion of
the intervention in our study is informative to policymakers
who are designing a public health intervention. Second,
despite our effort to minimise bias by using multivariable
imputation and propensity score matching, we acknowledge
that our results do not establish causality. Nonetheless, in
the dearth of clinical trials with long-term follow-up, our
study provides useful information. Also, given that the
intervention group was more frail and physically impaired,
and the differential dropout of sicker people in the control
group at baseline, the benefit of our intervention may have
shown a larger benefit if residual bias was entirely adjusted.
Third, we were unable to assess the optimal component
and duration of our multicomponent programme. In our
previous study, we have shown that effects of the 24-
week intervention slowly showed diminished association
from 24 months and beyond [23]. As a next step, a
pragmatic cluster randomised controlled trial of public
health centres is warranted to overcome limitations of
the non-randomised design and determine the optimal
intervention components to prevent frailty in vulnerable
older populations.

In conclusion, our study suggests that a 24-week mul-
ticomponent intervention programme provides sustained
improvement in physical performance and reduction in mor-
tality and institutionalisation in socioeconomically vulnera-
ble older adults with mild to moderate frailty. Our results can
inform design and implementation of a public health inter-
vention for the soaring number of older adults in resource-
limited rural communities.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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