
INTRODUCTION 

The accumulation of diseases and functional deficits with age has 
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The Aging Study of Pyeongchang Rural Area (ASPRA) is a population-based, prospective cohort 
study of older adults in Pyeongchang, South Korea. Since the initial enrollment of 382 partici-
pants, the ASPRA has been maintained and has conducted comprehensive geriatric assessments 
annually, gradually expanding its population and coverage area. As a cohort study of aging-relat-
ed conditions and their functional consequences, the ASPRA leveraged Pyeongchang’s relatively 
low annual population movement rate and its healthcare delivery system, which was largely 
maintained by community health posts. Since its establishment, the ASPRA has reported numer-
ous observational and multicomponent intervention studies on functional decline, geriatric syn-
drome, and frailty. Here, we discuss the findings and perspectives of ASPRA studies. We hope that 
the ASPRA enables the further implementation of a longitudinal study design on geriatric param-
eters and the development of public health strategies targeting aging-related conditions, espe-
cially in resource-limited community settings. 
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resulted in the development of care models for the aging popula-
tion to address healthcare and welfare issues that may differ among 
individuals.1) Population-based longitudinal studies are corner-
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stones for studying the natural course and healthcare impact of ag-
ing-related conditions, such as frailty and sarcopenia.2,3) Studying 
these age-related conditions requires distinct features, such as the 
availability of functional measures that cover multiple facets of hu-
man health, as both baseline parameters and outcome measures. 
However, these functional parameters have been considered less 
important than disease- or organ-related factors in traditional pop-
ulation-based studies or drug development studies targeting 
chronic diseases in younger adult populations.4) 

Korea has developed policies to meet the care needs of the 
growing aging population, These policies include long-term care 
insurance, which started in 2009.5) As the number of older people 
increases, care demands to serve these populations threaten to 
overwhelm the Korean health system. Researchers have noted un-
met needs for effective management strategies using concepts 
from geriatric medicine to prevent functional decline in communi-
ty-dwelling older adults,6,7) as the results of early Korean studies 
have suggested that frailty is a common geriatric condition associ-
ated with future adverse health outcomes.8,9) However, to our 
knowledge, when the Aging Study of Pyeongchang Rural Area 
(ASPRA) was conceptualized in 2014, no longitudinal popula-
tion-based studies had comprehensively recorded geriatric func-
tional and medical parameters, including frailty and physical per-
formance, in Korea.7) 

To provide evidence on the longitudinal functional outcomes 
according to geriatric parameters, the cohorts have to meet follow-
ing characteristics: (1) participants of the cohort should be repre-
sentative of the target population;10) (2) outcome measures should 
include functional parameters, mortality, and state of institutional-
ization into facilities, including nursing homes or convalescent 
hospitals;11,12) and (3) for long-term outcomes, attrition rate 
should be as low as possible.13) As a rural area surrounded by 
mountains, most of the population of Pyeongchang county de-
pends on healthcare services from the community health posts 
(CHP) of the public sector network for medical services, which 
are operated by the Ministry of Health and Welfare, including an-
nual vaccination for influenza and health examinations. As agricul-
ture is the main industry in this area, the annual population move-
ment rate has been innately low in Pyeongchang county, with the 
annual immigration or emigration rates being < 5% of the total 
population. Therefore, by targeting the older population of this 
area registered in the CHP network, the cohort may easily meet 
the requirements to provide information regarding long-term out-
comes. 

Hence, the ASPRA was designed to capture these in-depth geri-
atric features in a longitudinal study. The researchers hypothesized 
that frailty is a dynamic phenotype of human aging, a modifiable 

condition addressed by multicomponent interventions designed 
with geriatric principles targeting person-centered problems in 
mobility, nutrition, medication, and social needs. In the present 
study, we aimed to (1) evaluate the impact of baseline geriatric fea-
tures on the natural course of functional changes, (2) develop and 
validate appropriate screening tools for geriatric conditions, in-
cluding frailty, targeting massive older populations or resource-lim-
ited public health settings, and (3) establish individual-centered 
health promotion schemes, which are both effective and feasible 
even in resource-limited rural areas, to delay the incidence of dis-
abilities due to frailty. This review summarizes the findings of ob-
servational and intervention studies from the ASPRA to obtain fu-
ture perspectives in designing community-based public health 
strategies targeting age-related conditions. 

ASPRA DESIGN AND POPULATION 

The ASPRA is a population-based, prospective, rural cohort study 
of older adults living in Pyeongchang county (total population 
43,592; aged ≥ 65 years, 24% in 2017) in Gangwon province, Ko-
rea. The study was initially designed and established without a 
specific funding source and planned to leverage the opportunity to 
interview eligible participants for routine annual influenza vaccina-
tion by volunteering health care personnel of CHP in the study 
area. Afterwards, this study was mainly supported by the Pyeongc-
hang County Hospital, Asan Institute for Life Science, and the Di-
vision of Geriatrics at Asan Medical Center. Several national grants 
and philanthropic personal donations also partially contributed to 
the funding. 

The eligible participants in the ASPRA were aged 65 years and 
older, registered in the National Healthcare Service (NHS), ambu-
latory with or without an assistive device, living at home, and able 
to provide informed consent by themselves or via their proxies. 
Participants who had lived in a nursing home, hospital or received 
nursing home-level care at home were excluded. Potentially eligi-
ble participants were screened using the NHS member registry 
and received an email or a phone call to visit the CHP for annual 
checkups or vaccination. The study was approved by the Institu-
tional Review Board of Asan Medical Center, Seoul, Korea (No. 
2015-0673) and was performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and its lat-
er amendments. 

More than 90% of the eligible population in Pyeongchang par-
ticipated in the ASPRA. Their sociodemographic characteristics 
were similar to those of the national sample of rural population, 
apart from the high proportions of individuals without a formal 
education (44% vs. 22.6%) and currently working (mostly in agri-
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culture) (60.7% vs. 39%),7) observed in the first year of the study. 
The cohort gradually expanded its footprint in Pyeongchang 

county. The study that had initiated with 382 participants from 
three small villages in 2014 included 1,529 individuals who had 
undergone at least one examination in December 2018. Among 
1,529 people, 50 died and 127 were institutionalized owing to 
functional decline, based on the available records in December 
2018. Among the remaining population, 241 were censored be-
cause of moving to another area (n = 102), decline for follow-up 
(n = 110), and unavailability for contact (n = 19) by December 
2018. 

Compared to an urban cohort in Korea (the Korean Longitudi-
nal Study on Health and Aging [KLoSHA]), the ASPRA popula-
tion showed a higher frailty status (17.4% vs. 10.3%) as measured 
by the CHS frailty criteria.14) Among the CHS criteria compo-
nents, low activity had the highest discriminative ability in the AS-
PRA, while weight loss had the highest discriminative power in the 
KLoSHA. Moreover, the rural population of the ASPRA had a 
greater disease burden and activities of daily living (ADL)/instru-
mental activities of daily living (IADL) disability than those in the 
KLoSHA.14) These results suggest the need for customized ap-
proaches based on regional discrepancies when public health pro-
fessionals plan to screen for frailty status or designate targeted 
components of frailty for intervention. 

MEASUREMENTS AND DATA STRUCTURE 

Comprehensive geriatric assessment was annually performed by 
trained nurses at regional CHP or Pyeongchang County Hospital; 
this included frailty assessment (Cardiovascular Health Study 
[CHS] frailty criteria, Korean version of the FRAIL criteria), mul-
timorbidity, sarcopenia (muscle mass, hand grip strength, and gait 
speed), ADL/IADL disability, cognitive dysfunction, depression, 
fall, malnutrition, and polypharmacy. Additionally, information 
about prognosis (vital status, hospitalization, and institutionaliza-
tion to either nursing home or convalescent hospitals due to func-
tional decline), falls, malnutrition, body mass index (BMI), and 
disability were gathered every 3 months7) (Table 1). The history of 
hospital visits, including emergency room and outpatient clinic 
visits, was collected based on memory recall. 

While core geriatric parameters remained the same throughout 
the examination, some variables were included for logistical issues 
and study purposes. For example, the Short Physical Performance 
Battery (SPPB) was introduced in 2015 as a key measure of physi-
cal performance both at baseline and as an outcome measure, and 
the Physical Activity Scale for the Elderly (PASE), a proprietary 
tool to assess physical activity, was replaced by the International 

Physical Activity Questionnaire (IPAQ) in 2015. Some parame-
ters were included temporarily for research purposes, including 
questionnaires for erectile dysfunction,15) constipation,16) oral 
health,17) and pulmonary function. 

For longitudinal analysis, the annual follow-up of core geriatric 
parameters made the data structure of the study an unbalanced 
panel data, providing opportunities for in-depth longitudinal anal-
yses of geriatric features, including trajectory analysis18) and study 
of meaningful clinical differences.19) 

FINDINGS AND IMPLICATIONS 

Beginning with the initial article on the cohort profile in March 
2016, the ASPRA published 23 articles in several journals, includ-
ing the Journal of Cachexia, Sarcopenia and Muscle, Age and Ageing, 
the Journal of Gerontology, Series A: Medical Science, Journal of the 
American Geriatrics Society, and Journal of Medical Internet Research 
et al. to date (September 2021). Our research collaboration en-
compassed 32 researchers working in the Asan Medical Center, 
CHP in PyeongChang, PyeongChang Health Center and Coun-
try Hospital, Yonsei University College of Medicine, Eunpyeong 
St. Mary’s Hospital, Ilsan Paik Hospital, Seoul National University 
Bundang Hospital, Kyung Hee Hospital, Marcus Institute for Ag-
ing Research, Beth Israel Deaconess Medical Center, Harvard T. H. 
Chan School of Public Health, University of Maryland School of 
Medicine, Dalhousie University & Nova Scotia Health, and Dyphi 
Research Institute. Our collaborative researchers had diverse ca-
reer statuses; they included medical residents, clinical fellows, pro-
fessors, and public officials and their specialties. These methodolo-
gies, which involved family medicine, pulmonology, gastroenterol-
ogy, urology, psychiatry, epidemiology, biomedical informatics, 
and biostatics, were not limited to geriatrics. 

Frailty Assessment and Screening Tests 
Historically, two main models have prevailed in defining frailty: 
the phenotype and cumulative deficit models.20) Briefly, the CHS 
frailty phenotype consists of five components: exhaustion, low ac-
tivity, slowness, weakness, and weight loss,3) in which the presence 
of more than three components indicates a frailty state of an indi-
vidual. Otherwise, the cumulative deficit model is the sum of the 
impaired items as a proportion of the total assessment items, which 
is represented as a frailty index.21) 

To assess the frailty status using the CHS frailty phenotype, it 
was essential to define low physical activity. The PASE is a com-
monly used tool for evaluating physical activity; however, its draw-
backs include the time required to perform the assessment and the 
inability to convert the results to a standardized quantity, the total 
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Table 1. Study component schedules

Procedure
YR1a) YR2 YR3 YR4 YR5 YR6b)

Dec 2014– Q1–3 Dec 2015– Q1–3 Dec 2016– Q1–3 Dec 2017– Q1–3 Dec 2018– Q1–3 Dec 2019–
Baseline interviewc) X X X X X X
Body weight and height X X X X X X X X X X X
Frailty assessment (CHS  

criteria, the FRAIL scale)
X X Xd) Xd) Xd) Xd) Xd) Xd) Xd) Xd) Xd)

Social frailty questionnaire Xe) X Xe)

Physical performance (SPPB, 
grip strength)

Xf) X X X X X

Bioimpedance analysis X X X X X X
Disability (ADL, IADL) X X X X X X X X X X X
Depression (CES-D) X X X X X X
Nutrition (MNA-SF) X X X X X X X X X X X
Quality of life (EQ-5D-3L) X X X X X X
Urologic symptom, male 

(IPSS, IIEF-5)
Xg) X Xg)

Urologic symptom, female 
(OABSS, ICIQ)

Xh) X Xi)

Bowel habits questionnaire X X
Oral health (GOHAI) Xj) X Xj)

Pulmonary function (PEFR, 
mMRC)

Xk) X

Fall history X X X X X X X X X X X
Hospitalization/institutional-

ization/death
X X X X X X X X X X X

ADL, activities of daily living; CES-D, The Center for Epidemiological Studies Depression Scale; CHS, Cardiovascular Health Study; EQ-5D-3L, the EuroQol-5 
Dimensions-3 Levels; FRAIL, Fatigue, Resistance, Ambulation, Illness, and Loss of weight; GOHAI, General Oral Health Assessment Index; IADL, instru-
mental activities of daily living; ICIQ, International Consultation on Incontinence Questionnaire; IIEF-5, five-item version of the International Index of Erectile 
Function; IPSS, International Prostate Symptom Score; K-PASE, Korean version of Physical Activity Scale for the Elderly; mMRC, modified Medical Research 
Council Dyspnea Scale; MNA-SF, The Mini-Nutritional Assessment Short-From; OABSS, overactive bladder symptom score; PEFR, peak expiratory flow rate; 
Q1–3, first through third quarters; SPPB, short physical performance battery; YR, year.
a)When new regions were added to the cohort, new enrollments were made.
b)The annual follow-up in 2020 was not fully evaluated due to coronavirus disease 2019 (COVID-19)..
c)The baseline interview includes questions on demographic characteristics (age, sex, marital status), living status, occupation, income, education level, drinking 
and smoking habits, underlying diseases, current use of prescription, and history of fall in the past year.
d)For low activity assessment, the K-PASE was replaced by the International Physical Activity Questionnaire.
e)The social frailty questionnaire was conducted from July 2018 to January 2020.
f)SPPB was not conducted in 2014.
g)The urologic symptom questionnaires for men (IPSS, IIEF-5) was used from February 2016 to December 2017.
h)The urologic symptom questionnaires for women (OABSS, ICIQ) was used in February 2016.
i)The termination periods differed: OABSS in December 2017 and ICIQ in February 2018.
j)The frailty-related section of the GOHAI was used from February 2016 to December 2017.
k)PEFR and mMRC were measured from October 2019.

metabolic equivalent task minutes per week (MET-min/wk); 
these might limit the application of this method in large popula-
tion-based community studies. Therefore, in the ASPRA, we com-
pared agreements in calculating the physical activity of the CHS 
frailty criteria between the PASE and IPAQ short form, which is 
simpler and can be transformed to MET-min/wk. We found that a 
simpler IPAQ short form could replace PASE in assessing frailty 
based on the CHS frailty criteria in Korean older adults.22) 

Assessing frailty status of individuals using these two models 
might be less feasible in a large-scale population setting, as there is 
always an issue of limited resources. Hence, there is a need for a 
simple and rapid screening tool to identify at-risk older adults, es-
pecially those in community and hospital settings. The ASPRA 
applied the Korean version of the Fatigue, Resistance, Ambulation, 
Illness, and Loss of weight (FRAIL scale) to screen for frailty. The 
simple FRAIL questionnaire was not inferior to the Kihon + 3 in-
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dex23) and was associated with geriatric syndromes and 3-year 
health-related outcomes, such as disability, institutionalization, and 
mortality.24) The results of our analysis showed that the FRAIL 
scale, a phenotype-based questionnaire, behaved similarly in gen-
eral to a deficit accumulation model-based Kihon + 3 index. Based 
on these findings, subsequent studies to identify a core aging phe-
notype underlying the broad definitions of frailty were conceptu-
alized. 

Frailty and Geriatric Parameters 
Frailty is an overall health condition of individuals with increased 
vulnerability to stressors, which leads to adverse health outcomes, 
including falls, disability, loss of independence, institutionalization, 
and death.2) Hence, frailty is a comprehensive concept that encom-
passes geriatric syndromes, sarcopenia, and physical performance. 
In the ASPRA, urologic symptoms and erectile dysfunction were 
common in older adults (prevalence rates of 41.4% and 52.4%, re-
spectively) and were associated with frailty, multimorbidity, sarco-
penia, polypharmacy, SPPB score, and ADL/IADL disability.15,25) 
Likewise, chronic constipation (prevalence 10.7%) also showed a 
good correlation with frailty.16) 

In the ASPRA, the social frailty rates, as evaluated by the ques-
tionnaire,26) were 20.5% and 9.1% and overlapped with physical 
frailty.27) Social frailty was associated with an increased risk of ADL 
disability and depression. Moreover, future disability was better 
predicted by using both physical frailty and social frailty (C-statis-
tic, the probability of predicting the outcome was better than 
chance by logistic regression models, 0.73) compared to a single 
frailty index (C-statistic 0.68 for physical frailty and 0.71 for social 
frailty), which underlined the importance of screening for social 
frailty.27) The results of these studies suggested that the frailty spec-
trum might be a single, global indicator reflecting the burden of 
age-related conditions in individuals (biological age spectrum), 
which may serve as a guiding criterion for delivering individualized 
interventions. 

Frailty was a dynamic predictor of risk. The results of the longi-
tudinal analysis showed that baseline frailty, defined by either phe-
notype model or deficit accumulation models, was associated with 
adverse health outcomes, including functional decline and a com-
posite outcome of death or institutionalization due to disability 
(C-statistic 0.79; CHS phenotype 0.78 for the 26-item frailty index 
and 0.79 for the 34-item frailty index).28) Longitudinally, the frailty 
spectrum dynamically changed, and we identified the frailty index 
as a sensitive indicator to capture the smallest changes among indi-
viduals over time. In addition to its importance in predicting health 
outcomes, we recognized that the frailty spectrum per se may serve 
as an indicator of clinical outcome in intervention studies, which 

target aging related conditions. 

Physical Performance as a Core Measure of Human Aging 
Phenotypes 
Although the two main models of frailty (phenotype and cumula-
tive deficit models) are well validated in various contexts, there re-
mains an unmet need for more objective and clinically feasible 
markers in frailty assessment. Both models can be influenced by 
cultural differences in the population, as these include subjective 
questionnaires about respondents’ physical, functional, and mood 
statuses. Moreover, comorbidities and laboratory abnormalities 
may significantly affect the cumulative deficit model score. For in-
stance, by overweighting some features pointing in a similar direc-
tion (e.g., blood pressure parameters and laboratory abnormalities 
related to hypertensive heart diseases), a frailty index may have bi-
ased characteristics tracing certain clinical features (e.g., vascular 
aging spectrum), rather than alterations of human global fitness as-
sociated with aging. 

In the ASPRA data, gait speed was associated with age, sex, and 
frailty and was a good predictor of composite outcomes, including 
mortality and institutionalization.29) Subsequently, we reported 
that calculating functional age using three SPPB parameters 
(standing balance, walking speed, and chair rise test) was correlat-
ed with the frailty index and had more discriminative power in as-
sessing frailty status compared to chronological age.30) From these 
observations, we hypothesized that the physical performance 
spectrum might be a core feature reflecting the global burden of 
human aging, serving as a measure of biological age and a potential 
linker between varying definitions of frailty. In a recent report, we 
showed that the SPPB can be a crosswalk between two main frailty 
models, as the SPPB showed not only a good correlation with the 
two frailty models but also comparability in predicting composite 
outcomes, thus supporting our hypothesis.28) 

Moreover, a meaningful difference in the SPPB score was ob-
served according to the trajectory group of disability measured by 
the total number of disabled domains of ADL and IADL.18) The 
mean SPPB score of the relatively stable group in disability was 
10.2, while that of the rapidly deteriorated group was 3.1, which 
also implied the important role of SPPB in assessing future severity 
of disability and burden of aging phenotype.18) 

Sarcopenia as another Phenotype of Frailty 
The clinical construct and definition of sarcopenia, defined as an 
aging-related condition with decreased muscle mass, muscle 
strength, and/or physical performance, remains controversial. In-
creasingly regarded as a disease, most clinical guidelines on sarco-
penia have supported operational classification to identify this 
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condition. However, we hypothesized that sarcopenia is an age-re-
lated mobility phenotype and that potential caveats exist in defin-
ing sarcopenia using decision trees. As frailty reflects a state of cu-
mulative physiological dysfunction, we searched for this quantita-
tive characteristic in sarcopenia. We propose a new sarcopenia in-
dex, the sarcopenic phenotype score (SPS). The SPS counts the 
total number of impaired domains of sarcopenic parameters (mus-
cle mass, muscle strength, and physical function), which ranges 
from 0 to 3. We found that the sarcopenic spectrum defined by the 
original and revised European Working Group on Sarcopenia in 
Older People (EWGSOP1 and EWGSOP2) criteria showed in-
consistent relationships with the composite outcome of mortality 
and institutionalization, while the SPS showed dose-response as-
sociations with composite outcome.31) Moreover, among various 
existing sarcopenic definitions, including the original and revised 
EWGSOP and the Asian Working Group for Sarcopenia (AWGS), 
only the SPS predicted future cognitive decline as assessed by the 
Mini-Mental State Examination (MMSE).32) These results suggest 
that sarcopenia can be better captured by methods combining in-
cremental sarcopenic burden in a manner similar to that used in 
the frailty index, rather than by an operational, dichotomous man-
ner of determining sarcopenia. 

Multicomponent Interventions 
While several types of intervention studies targeting frailty in older 
adults have been conducted, the results have been inconsistent. 
Moderate improvements in physical function were observed in 
some multicomponent interventions,33-35) but not in single-exer-
cise interventions.36,37) However, limited improvement was ob-
served even after providing multicomponent interventions.38) This 
inconsistency might be due to differences in adherence rates, target 
populations, and intervention program composition, enabling the 
satisfaction of both vulnerable older adults and resource-limited 
public health centers. 

This prospective non-randomized study enrolled 383 older 
adults, 187 of whom received a multicomponent intervention for 
24 weeks. The intervention program consisted of group exercise, 
nutritional support, depression management, deprescribing, and 
home hazard reduction39-44) (Table 2). In particular, exercise inten-
sity was individualized, starting from low intensity and increasing 
up to 60%–70% of the maximal exercise capacity based on the per-
ceived exertion scale. After 6 months of the multicomponent inter-
vention, physical function, as measured by SPPB, frailty, sarcope-
nia, depression, and nutritional status, improved and were sus-
tained for 12 months.45) As the observation period extended to 30 

Table 2. Contents of the multicomponent intervention program46)

Focus Intervention description
Exercise39) Intervention: 60-minute group exercise session led by licensed exercise trainers. The intensity of the exercises were low at the beginning and 

increased every month; the exercises focused on the following:
- Resistance (20 minutes): squat, plank, side plank, straight-leg raises
- Balance (20 minutes): one-leg standing, shifting from side to side, heel-to-toe walk
- Aerobic/endurance (20 minutes): step up and down, quick pace, dancing
- The exercise trainer was given instructions not to exceed 60 %–70% of the maximal exercise capacity based on the perceived exertion scale
Target: all participants
Frequency: twice weekly

Nutrition40,41) Intervention: a 125-mL commercial liquid formula containing 200 kcal of energy, 24.5 g carbohydrates, 13 g protein, 5.63 g essential amino ac-
ids, and 7 g fat

Target: all participants
Frequency: twice daily

Depression42) Intervention: evaluation by a geriatrician or psychiatrist, and supportive psychotherapy or anti-depressant medication as clinically indicated
Target: participants with CES-D scores > 20 points at baseline
Frequency: monthly

Polypharmacy43) Intervention: medication review by a geriatrician, with dose reduction or discontinuation of potentially inappropriate medications according 
to the 2012 Beer’s criteria

Target: participants taking ≥ 5 prescription medications at baseline
Frequency: monthly

Home hazards44) Intervention: evaluation of the home environment by a visiting nurse and a social worker using the Centers for Disease Control and Prevention 
Home Fall Prevention Checklist, and modification of the environment to remove the identified hazards

Target: all participants with any identified home hazards at baseline
Frequency: 3 months

CES-D, Center for Epidemiologic Studies Depression Scale.
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months, the difference between the control and intervention 
groups was attenuated in frailty from 18 months and disability 
from 24 months.46,47) However, the benefits of the intervention in 
SPPB and institutionalization-free survival were maintained for 30 
months.46) 

The positive results of the multicomponent interventions ob-
served in the present study may be attributed to the high adher-
ence rate resulting from regional characteristics and group ap-
proaches and targeting socioeconomically vulnerable older adults 
who will benefit from such treatment. In addition, addressing 
common geriatric syndromes of the community such as polyphar-
macy and depression after conducting comprehensive geriatric as-
sessments, and providing tailored exercise programs might have 
contributed to our remarkable results. In conclusion, the findings 
of these studies may help public health providers to concretize 
their intervention plans in resource-limited communities by pro-
viding not only estimated effect sizes and intervention periods but 
also the timing for re-evaluation. 

Application of Wearable Device and Home IoT 
Population aging is now a global phenomenon and is inevitably as-
sociated with an increased number of frail older adults. Although 
these adults need more assistance, most prefer to age in place and 
live in their own homes with autonomy.48) Hence, while the de-
mand for home care is ever increasing, limited resources and the 
current coronavirus disease 2019 (COVID-19) situation make it 
difficult to fulfill these needs. In these circumstances, technolo-
gy-incorporated healthcare may be a solution. However, the wide 
adoption of technology-based devices and services is delayed, at 
least in part, due to the usability issues of vulnerable older popula-
tions.49)  

To identify the possible obstacles to the application of health 
care technology, we first observed the effect of a wearable pedome-
ter on physical health in 2017. After participating in a wearable de-
vice-based walking program for 6 months, the prefrail group and 
not the robust group showed improved physical fitness and quality 
of life. In addition, adherence to wearing the device was higher in 
the presence of coaching management.50) In the home Internet of 
Things (IoT) study, we identified a discrepancy in the demand for 
home IoT services according to the position of care receiver, care-
giver, and health care provider. In addition, the requirements of 
home IoT differed according to the degree of disability among vul-
nerable older adults.51) Subsequently, we investigated the practical 
usability of integrated home IoT services in vulnerable older adults. 
During the 12-month study period, the usability was consistently 
higher in the prefrail group than that in the frail group. In addition, 
the usability patterns differed according to the type of service and 

frailty status. We observed a discrepancy in selecting the most sat-
isfying service before and after experiencing home IoT services, 
which revealed an unawareness of home IoT, in other words, digi-
tal literacy. Collectively, these results suggest that evaluating frailty 
status and disability in older adults, providing appropriate human 
interaction, and reducing unawareness and the perception gap to-
ward technologies might be key to facilitating the adoption of 
technology-based healthcare services. 

STRENGTH AND LIMITATIONS 

Taking advantage of its strength as a well-designed cohort from the 
initial stage of establishment, the ASPRA has shown the feasibility 
of conducting observational and multicomponent interventional 
studies in resource-limited contexts, such as community settings. 
In the ASPRA, the short-term follow-up period (1 year) allowed 
the observation of the micro-dynamics of frailty and accompany-
ing geriatric syndrome. In addition, the relatively isolated study re-
gion with less population migration showed reduced follow-up 
loss, which allowed the evaluation of long-term effects. In addition, 
the ASPRA has bridged the academic research field and communi-
ty as it focused on a simple and feasible measurement of frailty and 
on identifying obstacles in adapting healthcare-related technolo-
gies. Strong support from local governments and participation by 
healthcare personnel in CHPs allowed data acquisition on living 
status, including the institutionalization, and helped to minimize 
follow-up losses. 

However, the ASPRA has some limitations. First, the measure-
ment methods changed during the course of the study; for exam-
ple, the SPPB was introduced and PASE was replaced with IPAQ 
in 2015 for physical activity assessment. However, gait speed, one 
of the SPPB parameters, had already been measured in the initial 
cohort, and full-scale physical performance was analyzed after 
adoption of the SPPB. In addition, we verified that the IPAQ could 
replace PASE for assessment of frailty phenotypes before replacing 
PASE with the IPAQ.22) Second, due to the lack of financial sup-
port during the initial study period, no blood samples were collect-
ed for various geriatric measurements. Third, the assessment of the 
“disease” domain was relatively insufficient compared to the do-
main of frailty and functional decline. Lastly, the annual follow-up 
in 2020 was not properly evaluated because of COVID-19. 

CONCLUSION 

The ASPRA has produced numerous meaningful study results 
over a prolonged period thanks to the active support from local 
governments, public health institutions, and public health doctors. 
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Moreover, the ASPRA has been credited with practically improv-
ing the real health status and quality of life of local residents be-
yond simply bearing study results. The future directions of the AS-
PRA include in-depth cross-sectional and longitudinal investiga-
tions of functional decline, the occurrence of geriatric syndrome, 
and time-series changes in frailty. These efforts will embody vari-
ous study designs that are uncommon in established domestic co-
horts and verify unresolved hypotheses. 
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