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As of May 16, 2020, the World Health Organization (WHO) report-
ed a total of 4,434,653 confirmed cases of coronavirus disease 2019 
(COVID-19) worldwide, including 302,169 COVID-19-related 
deaths.1) Since the first case of COVID-19 was reported on January 
20, 2020, Korea has extensively tested all contacts, with an emphasis 
on identifying individuals with respiratory illness, tracing, and testing 
for severe respiratory syndrome coronavirus 2 (SARS-CoV-2) that 
causes COVID-19.2) Older adults are vulnerable to COVID-19; 
moreover, residents of long-term care facilities (LTCFs) are extremely 
frail, which is associated with high mortality.3-6) One of the goals of es-
tablishing the Korean Geriatrics Society (KGS) is to make “Recom-
mendations on healthcare for the aged to organizations and institu-
tions”.7) Accordingly, the authors representing the KGS composed a 
COVID-19 preventive strategy for older adults and posted it to the 
KGS website on March 13, 2020 (Table 1).8) The strategies employed 
the following principles: (1) two separate guidelines for older adults 
residing in community and LTCFs, respectively, reflecting the 
unique differences in their health conditions and environments; 
(2) strategies for LTCF health workers because their roles are cru-
cial in LTCF infection control; (3) written in an easily comprehen-
sible manner so that it can be clearly followed; (4) to follow gener-
al recommendations from international organizations such as the 
WHO and the Centers for Disease Control and Prevention 
(CDC), with modifications according to domestic policies as stip-
ulated by the Korean Centers for Disease Control and Prevention 
(KCDC); and (5) to encourage indoor activities to prevent frailty, 
depression, and enhance resilience. 9-11) 

Our guidelines have some unique features. First, we included 

strategies for long-term care hospitals (LTCHs) among those for 
LTCFs. LTCHs are a wide-spread unique form of hospitals for frail 
and activities of daily living (ADL)-dependent older people in Ko-
rea; however, we assumed that the strategies for LTCHs are similar 
to those for LTCFs (nursing homes).12,13) Second, we emphasized 
the importance of wearing facemasks regularly even in encounters 
with older adults or healthcare workers without respiratory symp-
toms, as 5% to 75% of positive cases are reportedly asymptomatic 
SARS-CoV-2 carriers.14) Third, we divided the LTCF strategies 
into three parts; namely, blocking spread INTO, WITHIN, and 
BETWEEN facilities. In addition, the Korean Ministry of Health 
and Welfare issued a temporary regulation that permits tele-
phone-based consultation and prescription and covers half of the 
expenses for COVID-19 testing for all new inpatients of LTCHs.11) 

On May 2, 2020, the KCDC announced zero positive cases 
from randomly-screened samples from among 6,544 residents and 
care assistants of 46 LTCHs in the Seoul area.15) However, new 
outbreaks have occurred since then and even tertiary transmission 
of COVID-19 has been reported in communities;16) therefore, we 
believe our recommendations should be strictly followed until 
these conditions resolve, with revision of these guidelines as need-
ed. 
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INTRODUCTION 

Frailty is a clinical state resulting from age-related changes in multi-
ple physiologic systems and accumulation of diseases that reduces 
patient ability to maintain homeostasis in response to stressors.1) 
Frailty is common in older adults, affecting one in every 10 com-
munity-dwellers2,3) and one in every two nursing home residents,4) 
and is associated with increased risks of death (relative risk [RR], 
1.6–6.0), disability (RR, 1.8–2.8), institutionalization (RR, 2.6–
24.0), and falls (RR, 1.2–2.4).1) Health care costs for older adults 
with frailty increase by up to 2-fold compared to those in their 
non-frail counterparts,5,6) mainly due to inpatient care, post-acute 
care, and care for potentially preventable conditions.7,8) Given the 
considerable clinical and societal consequences of frailty in the ev-
er-growing aging population, assessment of frailty in clinical and 
population settings offers valuable opportunities for prevention 
and treatment through efficient use of evidence-based interven-
tions and resources.9-11) 

Considering the increasing burden and serious consequences of frailty in aging populations, there 
is increasing interest in measuring frailty in health care databases for clinical care and research. 
This review synthesizes the latest research on the development and application of 21 frailty mea-
sures for health care databases. Frailty measures varied widely in terms of target population (16 
ambulatory, 1 long-term care, and 4 inpatient), data source (16 claims-based and 5 electronic 
health records [EHR]-based measures), assessment period (6 months to 36 months), data types 
(diagnosis codes required for 17 measures, health service codes for 7 measures, pharmacy data 
for 4 measures, and other information for 9 measures), and outcomes for validation (clinical frail-
ty for 7 measures, disability for 7 measures, and mortality for 16 measures). These frailty mea-
sures may be useful to facilitate frailty screening in clinical care and quantify frailty for large da-
tabase research in which clinical assessment is not feasible. 

Key Words: Frailty, Healthcare administrative claims, Electronic health records  
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Several validated tools are available to measure frailty,12-15) which 
can be selected based on the purpose (screening, diagnosis, or 
monitoring response to interventions), setting (emergency depart-
ment, inpatient, outpatient, or public health), and available re-
sources (trained staff to perform self-report vs. objective assess-
ment).16) Although simple clinical assessment tools17-19) and online 
calculators are available,20) frailty assessment typically requires 
clinical assessment in the form of a survey21-23) or objective assess-
ments of physical performance24-27) conducted by a clinician (e.g., 
geriatrician) or trained health care professional. However, routine 
adoption of the frailty concept for clinical care or public health 
practice is variably slow across health systems in different coun-
tries,11) in part due to a lack of time and resources for assess-
ment.28,29) To overcome these barriers, there is a growing interest in 
the measurement of frailty using ubiquitous health care databases 
such as administrative claims data and electronic health records 
(EHRs), which are by-products of health care encounters and 
transactions between health care providers and health plans. Admin-
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istrative claims data contain diagnosis codes, health service codes, and 
prescription drug data obtained from a large population of health plan 
members but lack detailed clinical information such as vital signs, 
physical examination findings, and diagnostic test results. In contrast, 
EHR provide clinical information not available in administrative 
claims data; however, much of the information is unstructured (e.g., 
narrative clinical notes) and may be discontinuous due to patients re-
ceiving care at multiple health systems using different EHR systems.30) 
Nonetheless, frailty scores derived from health care databases (“data-
base-derived frailty measures”) hold promise for population-level 
frailty screening as well as health services and outcomes research in 
frail older adults who are under-represented in clinical trials.31) 

This review summarizes the latest advances in frailty measurement 
in health care databases, mainly administrative claims data and EHR, 
as well as the potential applications for clinical care and research. Frailty 
measures requiring in-person surveys or evaluations are beyond the 
scope of this review. The outline is as follows: (1) literature search; (2) 
general approaches to frailty measurement in health care data; (3) 
frailty measurement in administrative claims data; (4) frailty measure-
ment in EHR; (5) considerations in developing a database-derived 
frailty measure; (6) potential applications of database-derived frailty 
measures; (7) areas of uncertainty; and (8) conclusions. 

LITERATURE SEARCH 

A literature search was conducted in PubMed using the Medical 
Subject Headings, “frailty” AND (“administrative claims, health-
care” OR “electronic health records” OR “Medicare”), and their 
variations in the title field. Additional filters were applied, includ-
ing publication date, January 1, 2001, to December 31, 2019, and 
“aged, 65+ years”. This search yielded 50 articles. Risk scores de-
rived from health care databases that aimed to predict mortality or 
hospitalization were not considered as frailty measures, although 
they may also be correlated with frailty.32,33) From the search re-
sults, 10 reviews or commentaries; 9 articles using frailty measures 
not derived from health care databases; and 8 articles not reporting 
development, validation, or application of database-derived frailty 
measures were excluded. The initial search was supplemented by 
an additional 29 articles from the references of the included arti-
cles. Finally, 52 articles informed this review. 

GENERAL APPROACHES TO FRAILTY 
MEASUREMENT IN HEALTH CARE DATA 

Health care databases generated primarily for health care service 
administration, care quality assessment, and clinical care delivery 
generally do not contain sufficient information to derive clinically 

validated measures of frailty.12-15) Therefore, frailty measures24-27) 
requiring clinical assessment (e.g., gait speed, grip strength, physi-
cal activity, or cognitive function) cannot be directly calculated. In 
the absence of sufficient clinical information, researchers attempt-
ed to measure frailty using demographic information, diagnosis 
codes, or health service codes available in health care databases. 
The approach to developing a frailty measure depended on the 
availability of a dataset containing a reference standard measure of 
frailty and methods to select diagnosis and health service codes in 
health care databases (Fig. 1). 

Clinical Knowledge-Driven Selection 
Health care providers and researchers with expertise in aging and 
frailty select diagnosis codes or health service codes based on prior 
research and clinical knowledge. These codes may include diseases 
(e.g., pressure ulcer, failure to thrive, or history of falls), symptoms 
or signs (e.g., fatigue, muscle weakness, abnormality of gait), and 
health services (e.g., hospital beds, walking aids, or transportation 
services) commonly reported or used by older adults with frailty.31) 
Frailty has been defined as the presence of any code within a 
pre-specified period (e.g., 12 months), while its absence assumes 
that the condition does not exist. This approach is straightforward 
and does not require a dataset containing a reference standard 
measure of frailty. It generally offers high specificity and low sensi-
tivity but underestimates frailty prevalence. Alternatively, research-
ers have quantified frailty by counting the number of different 
codes in a pre-specified period and deriving a deficit-accumulation 
frailty index34) using these codes as health deficits. For example, a 
person with 10 of 40 pre-specified codes within a 12-month peri-
od is assigned a frailty index of 0.25 ( = 10/40). The deficit-accu-
mulation approach allows measurement of severity rather than all-
or-none classification and choice of a threshold to achieve high 
sensitivity or high specificity depending on the purpose. Notably, a 
deficit-accumulation frailty index calculated mainly from diagnosis 
codes seems to have a narrower range of values (99th percentile 
0.4–0.5)35) than that for a frailty index calculated from clinical as-
sessment (99th percentile 0.6–0.7).36) 

Data-Driven Selection without a Reference Standard 
When a dataset with a reference standard frailty measure is not 
available, researchers have tried to define frail individuals in the 
dataset by cluster analysis.37) Cluster analysis is an unsupervised 
learning technique that classifies individuals into groups of similar 
nature in terms of measured characteristics in the dataset such as 
diagnosis codes, hospital days, and total costs during a pre-speci-
fied period. After examining the characteristics of the groups de-
rived from cluster analysis, one of the groups (i.e., the group with a 
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Approach 1: clinical knowledge-driven selection
● Use clinical knewledge to select codes that are associated with clinical features of frailty.
● Frailty is defined as 1) the presence of any of the selected codes (yes/no) or 2) proportion 

of the codes present (range: 0-1)

Approach 2: data-driven selection without a reference standard
● Use cluster analysis to classify people into different groups based on selected 

characteristics.
● The group with high prevalence of frailty-related diagnosis codes is defined as the frailty 

group.

Approach 3: data-driven selection with a reference standard
● Use a regression-based model or machine learning technique to select codes that predict 

the reference standard frailty measure.

Fig. 1. Approaches to developing a frailty measure in health care databases. Prior research applied three general approaches to develop a frailty 
measure for health care databases. When a dataset containing information on a reference standard measure of frailty was not available, frailty was 
measured using diagnosis and health service codes selected based on clinical knowledge (approach 1) or cluster analysis using diagnosis codes, 
hospital days, and total costs (approach 2). When a dataset with a reference standard measure of frailty was available, a variable selection method 
(e.g., penalized regression or machine learning technique) was used to select diagnosis and health service codes to measure frailty (approach 3). 
EHR, electronic health records.

high number of diagnoses indicative of frailty) can be designated 
as the frailty group. However, cluster analysis can be computing-in-
tensive for large datasets and may not yield the same grouping in 
different datasets. Gilbert et al.37) tried to overcome this limitation 
by conducting cluster analysis in a subset of a large hospital admin-
istrative dataset and developing a logistic regression model to pre-
dict frailty group membership based on diagnosis codes. The pre-
dicted probability from this logistic model can be used to assign 
individuals to the frailty group from the entire dataset. While this 
approach identifies frail individuals without requiring a dataset 
with a reference standard frailty measure, determining the number 
of groups in the cluster analysis and designating a single frailty 
group may be subject to interpretation. Moreover, frail individuals 
may not be classified exclusively into a single group (e.g., frail peo-
ple with cancer and frail people with heart disease may be classified 
into different groups despite similar levels of frailty).38) 

Data-Driven Selection with a Reference Standard 
If a population-based dataset containing information on a refer-
ence standard frailty measure (e.g., frailty phenotype or deficit-ac-
cumulation frailty index) and administrative claims data is avaiable, 
specific codes can be selected against the reference frailty measure 
(also known as supervised learning). Several variable selection al-
gorithms have been applied— e.g., stepwise regression,39,40) penal-
ized regression,39,41) or tree-based algorithms.39) More flexible 

“black-box” machine learning algorithms such as random forest 
and gradient boosting, provide limited or marginal advantages 
over regression-based algorithms in predictive performance.39) Un-
der this approach, the first step is variable selection and estimation 
of weights (in regression models) to optimize predictive perfor-
mance against a reference standard measure of frailty in a training 
dataset. The model derived from the training dataset is evaluated 
in a hold-out testing dataset or via cross-validation. This method 
can select codes that are positively (e.g., degenerative disease of the 
central nervous system) or negatively (e.g., vaccination) associated 
with frailty. It provides better predictive performance of frailty and 
adverse health outcomes than counting the number of codes or 
calculating a deficit-accumulation frailty index directly from the 
codes.41) 

FRAILTY MEASUREMENT IN ADMINISTRATIVE 
CLAIMS DATA 

Table 1 summarizes 16 frailty measures for administrative claims 
data. Of these, 12 measures were developed for the United States 
Medicare8,39-48) or Veterans Affairs49,50) claims databases, including 
two proprietary measures; namely, the Johns Hopkins Adjusted 
Clinical Groups Frailty Indicators43) and JEN-Frailty Index,45,46) 
two were developed for the Canadian claims databases,51,52) and 
two were developed for the United Kingdom hospital claims data-

Health care database

● Demographic information
● Diagnosis codes
● Procedure codes
● Health service codes
● Medications
● Health care utilization & costs
● Vital status
● Vital signs (EHR)
● Diagnostic test results (EHR)
● Narrative clinic notes (EHR)

Frailty dataset

Dataset with a reference standard 
measure of frailty available
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Table 1. Frailty measures for administrative claims data

Author (y) Database/population  
(study year)

Outcomes
Predictors

Development Validation
Clinical knowl-

edge-driven se-
lection

Lunney et al.42) 
(2002)

Medicare database (USA)
- Medicare 0.1% sample (1993–1998)42)

Not applicable None Presence (yes/no) of any of 11 con-
ditions based on ICD diagnosis 
codes

Abrams et al.43) 
(2003)

Medicare database (USA)43)

- HMO in Israel (2008)54)

- Major non-cardiac surgery, emergency 
general surgery, orthopedic surgery pa-
tients in Canada (2002–2014)80-83)

Not applicable Vulnerable Elders Survey
Mortality
Complications
Discharge disposition
Costs

Presence (yes/no) of any of 10 con-
ditions based on ICD diagnosis 
codes (Johns Hopkins Adjusted 
Clinical Groups)

Chrischilles et 
al.44) (2014)

Medicare database (USA)
- Acute MI patients (2007–2008)44)

- Kidney cancer patients (2000–2009)84)

Not applicable Mortality
Cardiac catheterization
Complications
Costs

Presence (yes/no) of any or ≥ 2 of 
16 conditions based on ICD diag-
nosis and HCPCS codes

JEN Associ-
ates45,46) (2008) 

Medicare database (USA)45,86)

- Spouses of AD patients (2001–
2005)85)

- National Long-Term Care Survey 
(2004)60)

- Medicare 5% sample (2011–2014)61)

Not applicable Mortality
NH admission
Costs
Disability

Count of the number of 13 condi-
tions present based on ICD diag-
nosis codes (JEN-Frailty Index)

Hope et al.47) 
(2015)

Medicare database (USA)
- ICU patients (2004–2008)47)

Not applicable Mortality Presence (yes/no) of nursing facili-
ty claims or 11 conditions based 
on ICD diagnosis codes

Soong et al.53,87) 
(2015)

Inpatient claims database, England
- HES database (2005–2013)53,87)

Not applicable Mortality
Discharge disposition
Readmission

Presence (yes/no) of any of 9 con-
ditions based on ICD diagnosis 
codes

Joynt et al.8) 
(2017)

Medicare database (USA)
- Medicare 20% sample (2011–2012)7,8)

Not applicable Costs Presence (yes/no) of ≥ 2 of 12 con-
ditions based on ICD diagnosis 
codes and HCPCS codes (speci-
fied by Kim and Schneeweiss)31)

Orkaby et al.49) 
(2018)

VA claims database (USA)
- National sample (2002–2012)49)

Not applicable Mortality Proportion of 31 health deficits 
present based on ICD diagnosis, 
CPT, and HCPCS codes

McIsaac et al.51) 
(2019)

Administrative claims database (Canada)
- Major non-cardiac surgery (2002–

2015)51,88)

Not applicable Mortality
Discharge disposition

Proportion of 30 health deficits 
present based on ICD diagnosis 
codes, drugs, assistive device 
codes, and living environment 
(preoperative Frailty Index)

Data-driven selec-
tion without a 
reference stan-
dard

Gilbert et al.37) 
(2018)

Inpatient claims database, England
- HES database (2005–2013)37)

- Hospital cohorts37)

Frailty cluster 
(from cluster 
analysis)

Mortality
Prolonged hospitalization
Readmission
Frailty phenotype
Deficit-accumulation FI

Includes 109 ICD diagnosis vari-
ables

Data-driven selec-
tion with a ref-
erence standard

Rosen et al.50) 
(2000)

VA claims database (USA)
- Long-term care (1996–1997)50,89)

Disability Disability Includes 13 conditions based on 
ICD diagnosis codes

Data-driven selec-
tion with a ref-
erence standard

Dubois et al.52) 
(2010)

Prescription claims database (Canada)
- PRISMA cohort (2001–2005)52)

Functional 
status score

Mortality
Disability
Hospitalization
NH admission

Includes 11 prescription drug cate-
gories

Davidoff et al.40) 
(2013)

Medicare database (USA)
- MCBS cohort (2001-2005)40)

- HRS cohort (2008-2010)56)

- SEER-Medicare cohort (1999–
2007)90,91)

Disability Mortality
Disability
Frailty phenotype
Deficit-accumulation FI

Includes sex, Medicaid enrollment, 
number of office visits, 8 health 
care visit types, 3 health care ser-
vices, 9 procedures, 6 DMEs, and 
2 imaging tests based on CPT and 
HCPCS codes, and geographical 
regions

(Continued to the next page)
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Author (y) Database/population  
(study year)

Outcomes
Predictors

Development Validation
Faurot et al.48) 

(2015)
Medicare database (USA)

- MCBS cohort (2006)48)

- Medicare beneficiaries with or without 
influenza vaccination (2007–2008)62)

- ARIC cohort (2011–2013)58)

- MarketScan Medicare (2013)63)

- HRS cohort (2008-2010)56)

Disability Mortality
Disability
Falls
Mobility impairment
Frailty phenotype
Deficit-accumulation FI
Costs

Includes age, sex, race, and 23 con-
ditions based on ICD diagnosis, 
CPT, or HCPCS codes

Segal et al.39,55) 
(2017)

Medicare database (USA)
- CHS cohort (1992–1993/1997)39)

- NHATS cohort (2000)55)

- Medicare TAVR cohort (2011-2015)64)

- HRS cohort (2008-2010)56)

Frailty pheno-
type

Mortality
Disability
Hospitalization
Fracture
NH admission
Frailty phenotype
Deficit-accumulation FI

Includes age, sex, race, Charlson 
Comorbidity Index, past hospital-
ization, and 16 conditions based 
on ICD diagnosis codes

Kim et al.41) 
(2018)

Medicare database (USA)
- MCBS cohort (2006–2007/2011–

2012)41)

- HRS cohort (2008 –2010)56,57)

Deficit-accu-
mulation FI

Mortality
Disability
Hospitalization
SNF stay
NH admission
Falls
Frailty phenotype
Deficit-accumulation FI

Includes 52 ICD diagnosis vari-
ables, 25 CPT variables, and 16 
HCPCS variables

AD, Alzheimer disease; ARIC, Atherosclerosis Risk in Communities; CHS, Cardiovascular Health Study; CPT, Current Procedural Terminology; DME, durable 
medical equipment; FI, frailty index; HCPCS, Healthcare Common Procedure Coding System; HES, Hospital Episode Statistics; HMO, health maintenance 
organization; HRS, Health and Retirement Study; ICD, International Classification of Diseases; ICU, intensive care unit; MCBS, Medicare Current Beneficiary 
Survey; MI, myocardial infarction; NH, nursing home; NHATS, National Health and Aging Trends Study; PRISMA, Program of Research to Integrate Services 
for the Maintenance of Autonomy; SEER, Surveillance, Epidemiology, and End Results; TAVR, transcatheter aortic valve replacement; VA, Veterans Affairs.

base.37,53) Database-derived frailty measures varied widely in terms 
of development approaches (clinical knowledge in nine measures, 
cluster analysis in one measure, and reference standard measures in 
six measures), number of variables included (nine to 109 vari-
ables), target populations (general vs. specific disease populations), 
and validation outcomes (clinical frailty assessment, functional sta-
tus, mortality, health care utilization, or costs). Only seven of 16 
measures have been compared against a clinical frailty assess-
ment37,54-59) and seven measures have been tested for disabili-
ty50,52,56,57,60) or nursing home admission.45,52,57,60) 

The comparative performance of database-derived frailty mea-
sures has not been well studied. In an analysis of Medicare Current 
Beneficiary Survey data, implementation of a deficit-accumulation 
frailty index using commonly used diagnosis codes or health ser-
vice codes showed lower correlation with a reference standard 
frailty index and was less predictive of mortality than a frailty mea-
sure developed using a least absolute shrinkage and selection oper-
ator (LASSO) regression.41) A recent study compared four Medi-
care claims-based frailty measures—Davidoff index,40) Faurot in-
dex,48) Segal index,39) and Kim index41)—for the ability to measure 
frailty phenotype, deficit-accumulation frailty index, and activi-

ties-of-daily-living dependency (requiring another person’s help to 
perform daily activities). Of the four measures, the Kim index 
showed higher C statistic for frailty phenotype (0.78 vs. 0.73–
0.74) after age and sex adjustment, as well as age and sex-adjusted 
partial correlation with a deficit-accumulation frailty index from 
clinical assessment (0.55 vs. 0.18–0.32).56) 

These frailty measures have been applied to define population 
subgroups by frailty levels,61) reduce confounding by frailty in ex-
amining the association between influenza vaccination and mor-
tality,62) estimate health care costs attributed to frailty, 63) and im-
prove mortality prediction after transcatheter aortic valve replace-
ment.64) 

FRAILTY MEASUREMENT IN EHR 

Table 2 summarizes five frailty measures for EHR. Four measures 
were developed for three United States regional EHR systems65-68) 
or the Veterans Affairs EHR database,69) while the e-Frailty Index 
was developed for the United Kingdom primary care practices,35) 
which was later implemented in a primary care EHR system in Aus-
tralia.59) Clinical knowledge-based selection was used for four mea-

Table 1. Continued
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sures while data-driven selection without a reference standard was 
used for one measure. A natural language processing method to ex-
plore unstructured clinic notes was applied for two measures.67,69) 

Of these measures, the e-Frailty Index has been most widely 
used in the United Kingdom primary care EHR database to de-
scribe frailty trajectories before dying,70) examine the effect mea-
sure modification of systolic blood pressure and mortality relation-
ship by frailty,71) predict fractures and mortality after fractures,72) 
and assess de-intensification for diabetes and hypertension treat-
ment regimens among older adults with frailty.73) 

CONSIDERATIONS IN DEVELOPING A DATABASE-
DERIVED FRAILTY MEASURE 

Database-derived frailty measures use different types of data (e.g., 
diagnosis, procedure, and health service codes) collected over a 
pre-specified period, ranging from 639) to 3649) months. Because 
some claims datasets record information according to a unique 
coding system specific to each country (e.g., Current Procedural 

Table 2. Frailty measures for electronic health records

Author (y) Database/population (study year)
Outcomes

Predictors
Development Validation

Clinical knowledge- 
driven selection

Clegg et al.35) (2016) Primary care EHR database (UK)
- ResearchOne database (2008–

2016)35,70,75)

- THIN database (2008–
2013)35,73)

- CPRD database (2001–
2009)71,72)

Primary care EHR database, Aus-
tralia
- A primary care clinic59)

Not applicable Mortality
Hospitalization
NH admission
Fracture
Frailty phenotype

Proportion of 36 health 
deficits present based 
on Read codes (codes 
for diagnosis, proce-
dure, disability, and so-
cial circumstances) 
and polypharmacy

Lekan et al.65) (2017) A tertiary-care hospital EHR data-
base (USA)
- Inpatients (2010–2011)65,66)

Not applicable Mortality
Readmission
SNF stay

Includes 16 biopsycho-
social factors including 
4 laboratory tests

Anzaldi et al.67) (2017) A regional health system EHR da-
tabase (USA)
- Medicare ACO enrollees 

(2011–2013)67)

Not applicable Geriatric syndromes iden-
tified using diagnosis 
codes and text phrases

Mention of “frailty” in 
clinical notes

Pajewski et al.68) (2019) A regional health system EHR da-
tabase (USA)
- Medicare ACO enrollees 

(2014–2016)68)

Not applicable Mortality
Falls
Health care utilization

Includes 54 health defi-
cits based on diagnosis 
codes, smoking status, 
vital signs, laboratory 
tests, and functional 
status

Data-driven selection 
without a reference 
standard

Shao et al.69) (2017) VA EHR database (USA)
- Heart failure patients (2010)69)

Topics generated 
from clinical notes

Mortality
Hospitalization

Includes 53 topics gener-
ated from clinical notes

ACO, accountable care organization; CPRD, Clinical Practice Research Datalink; EHR, electronic health records; NH, nursing home; SNF, skilled nursing 
facility; THIN, The Health Improvement Network; VA, Veterans Affairs.

Terminology codes and Healthcare Common Procedure Coding 
System codes in the United States and Read codes in the United 
Kingdom), the choice of datasets can affect the transportability of 
the frailty measures. The length of the assessment period during 
which codes are measured may affect the accuracy of capturing 
certain chronic conditions. Chronic conditions that are less likely 
recognized or coded by general practitioners (e.g., dementia and 
incontinence) may require a longer assessment period than acute 
conditions (e.g., acute myocardial infarction) or well recognized 
chronic conditions (e.g., hypertension and diabetes). A longer as-
sessment period to calculate a frailty measure reduces the amount 
of follow-up data available for the main analysis.  

Frailty measures developed from health care databases tend to 
rely on diagnoses, whereas clinical frailty assessment relies more 
on functional status and physical performance, factors rarely avail-
able in health care databases. Health service codes indicating clini-
cal encounter types (e.g., home visits) and use of durable medical 
equipment (e.g., hospital beds or wheelchairs) seem to be import-
ant to capture functional impairment or poor physical perfor-
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mance, which differentiates frailty measures from comorbidity in-
dices.57) However, including demographic characteristics in the 
frailty model lessens its ability to explain variation in frailty beyond 
demographic variables.56) 

Once a frailty measure is developed, the key step is its validation 
against a reference standard measure of frailty. Given the lack of 
consensus on frailty definitions,12) prevalent activities-of-daily-liv-
ing dependency can be used as an alternative outcome for valida-
tion.40,48,56,60) However, information on a reference standard frailty 
measure or activities-of-daily-living dependency is not always 
available. Many database-derived frailty measures were tested for 
mortality prediction rather than for frailty itself. Although frailty is 
associated with mortality, it is unclear how these frailty measures 
can be differentiated from mortality prediction models. 

Another consideration is that coding systems or coding practices 
may change over time or vary across geographical regions. In the 
United States, the International Classification of Disease system 
transitioned from the 9th to 10th revisions in October 2015. New 
billing codes are generated for new procedures and health care ser-
vices and some codes are retired each year. Coding practice may be 
influenced by the likelihood of reimbursement for health care ser-
vices, which may differ across health care systems or countries. 
Therefore, the performance of claims-based frailty measures 
should be evaluated periodically in more contemporary datasets 
and before application to a different health care system or country. 

Lastly, the development of a frailty measure from EHR may re-
quire restricting the population to those with high rates of data 
completeness within an EHR system to avoid bias due to health 
information outside the EHR system.30) A predictive algorithm is 
available to identify those with high rates of completeness.74) 

POTENTIAL APPLICATIONS OF DATABASE-DERIVED 
FRAILTY MEASURES 

Frailty measures calculated from health care databases can be use-
ful to measure frailty and study health outcomes of older adults 
with frailty in clinical care and research (Table 3). 

Clinical Care 
Database-derived frailty measures can be used to screen older 
adults for frailty in a health care system or a health plan. Because 
database-derived frailty scores generally have C statistics ranging 
from 0.65 to 0.75 for frailty phenotype and correlation coefficients 
of 0.2 to 0.6 against a deficit-accumulation frailty index,37,39,56) they 
are unlikely to replace bed-side clinical frailty assessments. Frailty 
measures are useful to predict adverse health outcomes. In particu-
lar, the Kim index performed better than a comorbidity index for 

the prediction of disability, mobility impairment, recurrent falls, 
and skilled nursing facility days in the Medicare population.41,57) 
However, an e-Frailty Index > 0.19, a threshold for frailty, had a 
positive predictive value of 0.11 for death in the next 3 months 
among primary care patients in the United Kingdom. These results 
suggest that, although a database-derived frailty measure may be a 
strong predictor in a population, it cannot be interpreted deter-
ministically for an individual (this issue also exists for a clinical 
frailty assessment).75) Nonetheless, they can be useful as a routine 
screening test to identify individuals requiring additional detailed 
assessment and individualized care management.76) A cut-off point 
for positive screening can be determined according to percentile 
distributions (e.g., top 5% percent), sensitivity and specificity for 
frailty state (e.g., 90% sensitivity to detect frailty phenotype), or 
pre-defined clinically relevant thresholds (e.g., ≥ 0.20 according to 
a deficit-accumulation frailty index) after considering clinical con-
texts (e.g., outpatient, inpatient, or preoperative screening) and 
available resources for detailed assessment and care management.  

Research  
Database-derived frailty measures provide vast opportunities for 
clinical research in older populations. These measures can be used 
to efficiently screen individuals for enrollment in a clinical trial of 
interventions for frailty. In database studies to evaluate treatment 
effects in older adults, treated individuals may differ in frailty levels 
from untreated individuals, which leads to confounding. Such bias 
can be reduced by adjusting for a frailty measure, although residual 
confounding may persist.62) In choosing a frailty measure for con-
founding adjustment, a measure that does not include demograph-
ic variables may be more effective than a measure that includes 
them.56) Moreover, frailty can be an effect measure modifier. The 
benefits and risks of a treatment may vary by frailty status—e.g., a 
hypnotic drug increases the risk of hip fracture more in less frail 
older adults than frailer ones who are totally dependent.77) Evalua-
tion of treatment effect heterogeneity by frailty in health care data-
bases may provide real-world evidence to guide individualized 
treatment choice based on frailty assessment in older adults who 
are typically excluded from clinical trials. In some clinical trials that 
enrolled frail individuals yet lacked frailty assessment, frailty levels 
at trial baseline can be estimated by linking trial data to administra-
tive claims data or EHR and applying database-derived frailty mea-
sures. Such secondary analyses of existing clinical trial data may 
generate hypotheses for future trials. 

AREAS OF UNCERTAINTY 

Few studies to date used a database-derived frailty measure as an 
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outcome (i.e., change in frailty level over time) to evaluate the 
treatment effect. The responsiveness of a frailty measure to im-
provement or deterioration of health status and the minimal clini-
cally important change have not been well studied. Diagnosis 
codes, which comprise a large proportion of the database-derived 
frailty measures, tend to be carried over visits and accumulate over 
time in administrative claims data or EHR, causing increased frail-
ty score. Since older adults are more likely to seek medical care 
during acute illness or functional decline (informed presence 
bias78)), the estimated frailty level may be affected by the effect of 
acute illness and frailty progression may be recorded more often 
than improvement. Furthermore, in health care databases, the in-
formation needed to estimate frailty is obtained over time as op-
posed to clinical trials wherein information is obtained from a dis-
crete assessment visit (e.g., baseline or follow-up visit). Therefore, 
the assessment periods may overlap between outcome frailty and 
baseline frailty, making the two measures highly collinear. For 
these reasons, the utility of a database-derived frailty measure as a 
treatment outcome remains uncertain. 

Information on functional status or physical performance is of-
ten recorded in health care databases. In United States Medicare 
data, the Minimum Data Set records clinicians’ assessments of 
functional status among nursing home patients. The Outcome and 
Assessment Information Set contains information on patient out-
comes for individuals receiving home care. In EHR, cognitive 
function and physical function are documented in clinical notes by 
primary care physicians, specialists (e.g., geriatricians, neurologists, 
and psychiatrists), physical therapists, or occupational therapists. 
In the absence of routine assessment, these documentations tend 

to be inconsistently available or for a subset of patients in specific 
clinical contexts (e.g., after a fall event, hospitalization, or major 
surgery), which may not represent an individual’s usual state of 
health. A recent study by Kharrazi et al.79) showed that the preva-
lence of geriatric syndromes was underestimated when only claims 
and structured EHR data were analyzed; natural language process-
ing of unstructured EHR data substantially improved detection by 
1.5-fold for dementia, 3.2-fold for falls, 18.0-fold for malnutrition, 
and 455.9-fold for lack of social support. While these findings are 
promising, the contribution of unstructured EHR data for case 
identification depends on the health information technology infra-
structure and completeness of documentation by health care pro-
viders. 79) How to best combine clinical information with adminis-
trative claims data or structured EHR data requires further investi-
gation.  

CONCLUSIONS 

The use of a database-derived frailty measure offers new opportu-
nities to facilitate frailty screening in clinical care and quantify frail-
ty for large population-based database research in which clinical 
assessment is not feasible. Several database-derived frailty mea-
sures have been validated for use in administrative claims data and 
EHR, with some key differences (Fig. 2): target population (16 
ambulatory, 1 long-term care, and 4 inpatient), data source (16 
claims-based and 5 EHR-based measures), length of the assess-
ment period (6 to 36 months), data types required for calculation 
(diagnosis codes required for 17 measures, health service codes for 
7 measures, pharmacy data for 4 measures, and other additional 

Table 3. Potential applications of database-derived frailty measures and areas for future research
Areas Applications Caveats/areas for future research
Clinical care Screen for frail individuals requiring detailed evaluation and care 

management in a health care system or health plan
Predict the risk of adverse health outcomes (frailty measures are more 

useful than comorbidity measures for the prediction of disability, 
mobility impairment, falls, and SNF days).

Database-derived frailty measures are acceptable yet imperfect; thus, 
they are unlikely to replace clinical assessment.

Seeking health care during acute illness or functional decline may lead to 
overestimation of the frailty level (informed presence bias).

Further improvement in frailty measurement may be possible by in-
cluding clinical assessment datasets (e.g., MDS or OASIS in the 
United States Medicare database) or EHR clinic notes.

Research Efficiently screen for frail individuals to enroll in a clinical trial
Adjust for case-mix (confounding) by frailty in evaluating the effect of 

medical treatment or outcomes among health care systems
Evaluate the treatment effect heterogeneity by frailty in analysis of 

health care databases or clinical trial datasets (by linking clinical trial 
data to claims data for estimation of frailty level)

Responsiveness and MCID of database-derived frailty measures re-
main to be investigated.

The assessment period used to calculate a frailty measure ranges from 
6 to 36 months. The optimal period is not known.

Residual confounding may exist even after adjusting for case-mix by 
using a database-derived frailty measure.

Usefulness of EHR data may depend on the health information tech-
nology infrastructure and completeness of documentation.

EHR, electronic health records; MCID, minimal clinically important difference; MDS, Minimum Data Set; OASIS, Outcome and Assessment Information Set; 
SNF, skilled nursing facility.
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information for 9 measures), and outcomes against which a frailty 
measure was validated (clinical frailty assessment for 7 measures, 
disability for 7 measures, and mortality for 16 measures). This 
summary can serve as a guide to choosing a database-derived frail-
ty measure that suits specific objectives and databases at hand. 
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INTRODUCTION 

The international report “An Aging World: 2015” predicted that 
the number of people aged 65 years and above will increase from 
617 million in 2015 to 1.6 billion by 2050, with two-thirds of the 
world’s total older population living in Asia by 2050.1) This older 
population will require planning for the provision of medical treat-
ment, including surgery. Aging is a physiologic process in which 
there is deterioration in terms of cellular homeostasis, organ mass, 
and functional reserve. This loss of functional reserve varies among 
individuals and compromises their ability to cope with stressors 
such as surgery.2) Thus, it is important to quantify this variability 
or frailty to identify individuals at a significant risk of developing 
disability despite initial independence.3) 

The vulnerability of a frail person is obvious when comparing 
their functional capacity to that of a non-frail person after physio-
logical stress. For example, after minor surgery, an older person is 
expected to recover to their baseline function. However, a frail old-
er person may experience a significant decline in function with in-
creasing dependence or require rehabilitation to regain this func-

Frailty is a loss of functional reserve that compromises a person’s ability to cope with stressors 
such as surgery. Identifying and quantifying frailty may enable intensive rehabilitation interven-
tions, caregiver support, or consideration of palliative care before surgery. This study describes the 
characteristics of five frailty screening tools, namely the Geriatric 8, Vulnerable Elders Survey-13, 
the Groningen Frailty Indicator, Edmonton Frailty Scale (EFS), and Clinical Frailty Scale. We fur-
ther propose an approach incorporating a frailty scale into preoperative assessment, wherein old-
er patients undergoing elective general surgery are screened using EFS, and frail patients are of-
fered comprehensive geriatric assessment. The expected outcome is an individualized pa-
tient-centered care plan that will reduce frailty and optimize the patient’s condition before sur-
gery. 
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tion.4) 

An observational study showed a poor prognosis for functional 
recovery among older patients hospitalized for acute medical ill-
ness and discharged with a new or additional disability. Identifying 
these patients early enables clinicians to provide intensive rehabili-
tation interventions, caregiver support, or consideration of pallia-
tive care.5) For example, before surgical intervention, identifying 
frailty may facilitate early rehabilitation to improve the likelihood 
of recovery. It may also be appropriate to counsel frail patients 
against surgery or offer palliation if there is a high risk of complica-
tions, including dependence and mortality. 

This paper provides an overview of frailty and frailty screening 
tools and suggests an approach that incorporates a frailty scale in 
preoperative assessments for older surgical patients to identify 
those who may benefit from early intervention and rehabilitation.  

FRAILTY 

The Asia-Pacific Clinical Practice Guideline indicates that frailty 
can be identified through three approaches, namely the Fried 
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physical phenotype, the Rockwood and Mitnitski deficit accumu-
lation model, and mixed physical and psychosocial models.6) Using 
the Fried phenotype, frailty is diagnosed when at least three of the 
following physical criteria are met: slow gait, low grip strength, 
weight loss, self-reported exhaustion, and low physical activity. 
While this approach is suitable for clinical settings, it requires time 
and equipment to assess grip strength and walking speed.6) Anoth-
er approach to quantify frailty is through calculating a frailty index 
based on cumulative health deficits from among at least 30 vari-
ables in multiple domains such as physical function, multi-morbid-
ities, cognition, and psychosocial factors.6,7) Both approaches for 
identifying frailty are predictive of disability, falls, functional de-
cline, hospitalization, and risk with surgery,6-9) implying flexibility 
in the choice of frailty model applied to older people. However, the 
frailty index may have a better ability to discriminate at the lower 
to middle end of the frailty continuum.9) 

Patients with chronic diseases at increased risks of surgical com-
plications and decline in organ function. Quantifying frailty can a 
useful biomarker to predict surgical outcome and survival after 
surgery.10-13) However, frailty indices do not differently weight spe-
cific comorbidities associated with worse surgical outcomes. For 
example, a retrospective study of 6,729 patients showed that 
chronic kidney disease, acute myocardial infarction, and intracere-
bral hemorrhage were the comorbidities most likely to be associat-
ed with post-anesthetic mortality.14) The most common postoper-
ative complications are delirium, pulmonary, and cardiac issues; 

which are mostly attributable to previous cardiovascular and cere-
brovascular disease.15,16) In addition, the relationship between 
age-related change in the immune system, inflammation and ane-
mia leads to progressive loss of functional organ reserve and, even-
tually, frailty.17) 

A patient’s social circumstances are also important to consider, 
as social frailty significantly affects physical and cognitive frailty. 
Living alone, economic hardship, and limited social participation 
are associated with a decline in activities of daily living (ADL) and 
increased risk of disability.18) A hybrid approach including both 
physical and psychosocial models was recently adopted and incor-
porated into screening tools.6) 

The gold standard for frailty assessment is comprehensive geri-
atric assessment (CGA); it is usually performed by geriatricians 
and can take more than 1 hour to complete. Practically, it is more 
appropriate to screen using an assessment tool and request CGA 
for those who screen positive for frailty. Identifying frailty should 
result in a comprehensive care plan, addressing polypharmacy and 
contributors to weight loss, sarcopenia, and exhaustion in addition 
to a multi-component physical activity program and protein sup-
plementation for malnourished patients.19) Frailty screening tools 
are described briefly in the following section. 

FRAILTY SCREENING TOOLS 

Table 1 summarizes the main characteristics of five frailty screen-

Table 1. Frailty screening tools

Screening tests
G8 VES-13 GFI EFS CFS

Total number of items 8 13 15 17 N/A
Dimensions included in the tests Food intake Reported health status Mobility

Vision
Hearing
Nutrition
Comorbidity
Cognition
Psychosocial
Reported physical fitness

Cognition
General health status
Functional independence
Social support
Medication use
Nutrition
Mood
Continence
Functional performance

N/A
Weight loss
Mobility
Neuropsychological 

problems
Body mass index
Drugs
Health status
Age

Reported activities of dai-
ly living

Age

Score range/categories 0–17 0–10 0–15 0-17 1–9 categories
Cut-off value ≤ 14: frail ≥  3: increased risk of 

death within 2 years
≥  4: moderate or severe 

frailty
> 7: increased risk of 

postoperative complica-
tions

Category 5: mild frailty
Category 9: terminally ill

< 4: lower risk of compli-
cations

Time to complete (min) ≤ 5 5 5 ≤ 5 < 5
VES-13, Vulnerable Elders Survey-13; GFI, Groningen Frailty Indicator; EFS, Edmonton Frailty Scale; CFS, Clinical Frailty Scale.
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ing tools, namely the Geriatric 8 (G8), Vulnerable Elders Sur-
vey-13 (VES-13), Groningen Frailty Indicator (GFI), Edmonton 
Frailty Scale (EFS), and Clinical Frailty Scale (CFS). While these 
tools were mainly developed for community-dwelling older peo-
ple, they may also be applicable in screening older surgical patients. 
The five frailty screening tools were identified through a literature 
search and shortlisted according to those that seemed practically 
applicable in the preoperative clinic assessment setting. 

G8 

The G8 was initially developed from the Mini-Nutritional Assess-
ment–Short Form questionnaire specifically for patients with can-
cer. Two systematic reviews evaluating screening tools for frailty in 
older patients with cancer showed that compared with other 
screening tools, the G8 had the highest sensitivity but at the ex-
pense of specificity.20,21) The high sensitivity of ≥ 80% was identi-
fied in six of eight studies using 14 points as a cut-off.  

The G8 was modified to increase its specificity by adding 14 
new items to the original questionnaire. The additional variables 
were asthenia, risk of fall, the Eastern Cooperative Oncology 
Group-Performance Status, urinary or fecal incontinence, heart 
failure or chronic heart disease, complete arrhythmia with atrial 
fibrillation, hypertension, diabetes mellitus, and chronic kidney 
disease. This improved the G8 specificity from 57.7% to 79% with 
a cutoff value of ≥ 6 (or 88.4% with a cutoff value of ≥ 7), while 
maintaining high specificity (87.2% in the original G8 compared 
with 89.2% in the modified G8 with a cutoff value of ≥ 6 or 85.8% 
with a cutoff value of ≥ 7). Compared with the original G8, the 
modified G8 was predictive of chemotherapy-related toxicity in 
cancers, including hematological cancers.22) 

VES-13 

The VES-13 was developed to screen community-dwelling older 
adults at risk of functional deterioration. It comprises 13 items, 
mainly regarding self-reported functional health. Generally, the 
VES-13 has better specificity than sensitivity, implying it may not 
be useful as a screening tool. Its sensitivity ranged from 39%–88%, 
with > 80% in 2 of 11 studies, whereas its specificity ranged from 
62%–100%, with 100% in three of 11 studies.20,21) The sensitivity 
and specificity can also be improved by using both the VES-13 and 
G8 screening tools concomitantly.21) 

GFI 

The GFI was designed for older adults in hospital, residential care, 

and community settings. Similar to the VES-13, the GFI has high-
er specificity (86%–87%) than sensitivity (39%–66%). Both sensi-
tivity (87%) and specificity (70%) were increased by lowering the 
standard cutoff value from ≥ 4 to ≥ 3. A cohort study found that 
frailty identified using the GFI was only associated with subjective 
postoperative reported limitations in terms of “daily activities” and 
“health problems”.23) Another study found that frail adults classi-
fied according to GFI required more assistance in ADLs, were 
more complex patients with higher comorbidities, and experi-
enced lower satisfaction and quality of life.24) However, these re-
sults of these studies were consistent with those of a systematic re-
view reporting that neither VES-13 nor GFI was associated with 
postoperative morbidity and mortality.21) 

EFS 

The EFS is another frailty screening tool for older people that can 
be completed rapidly. Unlike other screening tools, it incorporates 
functional performance using the Timed Up and Go (TUG) test, 
social support, and cognition screening with the clock-drawing 
test. These components may be used to identify important issues 
that need to be addressed through CGA. Higher TUG predicted 
the risk of early mortality in oncology patients receiving chemo-
therapy, postoperative complications, and morbidity.21,25,26) TUG 
also assesses balance, gait, and (indirectly) risk of falls, which may 
identify patients who would benefit from preoperative rehabilita-
tion.27) 

Surgical complications may result in negative psychosocial ef-
fects that are associated with prolonged wound healing and im-
paired immune function. Limited postoperative social support for 
older people may affect their recovery.28,29) Cognitive screening us-
ing the clock-drawing test predicted patients who were likely to de-
velop postoperative delirium and mortality. 30) A study screening 
for frailty in community-dwelling older adults showed that the 
clock-drawing test component of the EFS had high sensitivity 
(82.6%, specificity 36.9%) in identifying cognitive impairment.31) 
Overall, EFS score > 7 was associated with postoperative compli-
cations and increased hospital stay.15,22)  

CFS

The CFS is used to provide a common language among health 
professionals to define frailty. This tool describes frailty with scores 
ranging from 1 (very fit) to 7 (completely dependent). It was ini-
tially developed from a prospective cohort study, the Canadian 
Study of Health and Aging, and validated in patients followed up 
over 5 years. Additional categories were added subsequently for a 
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total of seven to differentiate terminally ill but independent pa-
tients from those dependent on others for ADLs.32) 

Overall, CFS is an easy and quick test that does not require phys-
ical performance tests such as TUG or hand grip. It is also predic-
tive of the duration of hospital stay and risk of death.33) However, 
the CFS requires subjective clinical judgment, which may lead to 
problems with inter-rater reliability. The frailty scores are also 
heavily weighted on a person’s ability to perform basic and instru-
mental ADLs and do not cover other aspects such as cognition and 
psychosocial assessment that may impact preoperative manage-
ment. 

FRAILTY IN OLDER SURGICAL PATIENTS 

Studies on older surgical patients have also consistently shown the 
association between frailty and poor surgical outcomes. Thus, 
frailty screening may be useful as a risk-stratification tool specifi-
cally in older surgical patients. For example, frailty screening using 
a modified frailty index for elective total shoulder arthroplasty 
showed that frailty was more predictive of postoperative complica-
tions, readmission, reoperation, and increased length of stay than 
age alone.34) 

A cohort study of non-cardiac surgical patients used a novel op-
erative stress score to quantify physiologic stress for surgical proce-
dures. Using the Risk Analysis Index for frailty screening, the study 
found that frail patients had higher rates of complications and 30-
day mortality, which continually increased at 90 and 180 days re-
gardless of physiological stress scores, where even low- to moder-
ate-stress procedures such as cystoscopy were high-risk in frail pa-
tients.35) 

A study comparing the diagnostic accuracy of six screening in-
struments for frailty, including the VES-13, G8, and GFI, in older 
patients undergoing emergency abdominal surgery found that 
these screening tools were predictive of postoperative outcomes, 
with the VES-13 showing the highest sensitivity and negative pre-
dictive value for postoperative morbidity and mortality.36) Another 
study on emergency abdominal surgery combined the Surgical 
Apgar Score, which predicts postoperative mortality based on esti-
mated blood loss, blood pressure, and heart rate, with the G8 for 
frailty screening. This study reported that both measures were in-
dependent predictors of postoperative adverse events and pro-
posed the use of both scores to predict outcomes.37) 

The application of the GFI to older patients undergoing vascular 
surgery showed higher complication rates, 30-day mortality, and 
discharge to residential care in frail patients.38) Frailty identified us-
ing the modified frailty index and GFI was also consistently associ-
ated with poor outcomes in terms of length of stay, mortality, com-

plications, and discharge to residential care for head and neck sur-
gery.39) 

Retrospective analyses of prospective databases of elective spine 
surgery also confirmed positive correlations between frailty and 
mortality, postoperative complications, and length of stay. While 
the modified frailty index was recommended, the researchers sug-
gested the use of more comprehensive frailty indices specific for 
spinal surgery, such as the Adult Spinal Deformity frailty index, 
and consideration of adding clinical, radiographic, and laboratory 
measures to improve outcome predictions.40) Another study that 
recalibrated and validated the Risk Analysis Index using a national 
surgical registry reported that the revision improved its discrimina-
tory ability to predict mortality.41) 

Based on currently available studies on older surgical patients, 
frailty screening appears to discriminate and identify high-risk pa-
tients regardless of screening tool and type of surgery. The ability 
to predict outcomes may be improved by combining frailty screen-
ing tools with other tools (such as the Surgical Apgar Score), add-
ing more variables to achieve a more comprehensive frailty index, 
or adapting and validating available frailty tools to individual surgi-
cal interventions or clinical settings. 

However, in terms of feasibility and practical implementation of 
frailty screening for older surgical patients, it is more appropriate to 
integrate a common frailty screening tool for surgical patients that 
can be applied during pre-assessment in clinics. 

JOURNEY FROM REFERRAL TO SURGERY 

While the referral pathway to surgery may vary depending on clin-
ical settings, it generally begins when patients are provided the op-
tion of surgery at the time of diagnosis in the clinic. For most elec-
tive surgical interventions, patients attend preoperative assess-
ments by anesthetists 1–2 weeks before surgery. When issues are 
identified, the patients may be referred to organ-specific specialists 
for consultation. This limited engagement between patients and 
doctors and the possible need for interventions to optimize the pa-
tient’s condition before surgery tends to be done within a limited 
time, with occasional consequent postponement of surgery. This is 
consistent with the literature, suggesting it can take up to 50 days 
from a general practitioner referral to the first formal assessment, 
which may be 2–14 days before the day of surgery.42) 

The preoperative assessment pathway has two main roles: first, 
to ensure discussion and appropriate decision-making regarding 
surgery, and second, to ensure the patient is as prepared as possible 
to maximize their resilience to the psychological stresses of surgery. 
From the anesthetist’s perspective, this pathway can be re-engi-
neered so that risk stratification occurs through simple screening 
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tools, then staged early using cardiopulmonary tests as an objective 
physiological assessment, with interventions if necessary before 
surgery.42) Similarly, for older patients undergoing elective surgery, 
screening tools may be utilized to identify frailty and such patients 
can be referred preoperatively for interventions to optimize their 
recovery. 

SUGGESTED APPROACH: PREOPERATIVE 
ASSESSMENT INCORPORATING A FRAILTY SCALE 

A suggested approach for preoperative assessment incorporating a 
frailty scale is summarized in Fig. 1. In this approach, all patients 
aged 65 years and older undergoing elective general abdominal 
surgery are screened using the EFS during the surgical consulta-

tion, as soon as a decision for surgery is made. This should be done 
at least 3 months before surgery to allow sufficient time for inter-
ventions. The EFS is multi-domain; hence, it can be used to identi-
fy areas that require further assessment. Moreover, the assessment 
can be performed quickly in clinics by non-geriatricians. 

Although most of the frailty tools appear to be predictive of poor 
surgical outcomes, with some differences in sensitivity and speci-
ficity, the EFS was preferred over the other tools as it incorporates 
objective cognitive and functional performance through the TUG 
and clock-drawing tests within the short time required to complete 
the tool. These objective measures may avoid potential variability 
in self-reporting among older surgical patients. 

Patients with EFS scores > 7 should be referred for CGA. As 
there is usually limited time before the date of surgery, coordina-

Older adults aged 65 and above diagnosed with abdominal cancer

If EFS > 7, to do blood test & refer to geriatrician

Develop a problem list & care plan

1. Patient's primary concern
2. Review goals of care, values & preferences

3. Advance care planning & designated health care proxy or  
surrogate decision maker

After collaborative shared decision making,
Refer to respective MDT

- Anaesthetist
- Dietician

- Physiotherapist for education and training e.g. muscles, breathing,  
exercise program

- Occupational therapist
- Medical social worker

Manage co- morbidities including anaemia, reversible fatigue
Review medications

Keep patient, family, MDT updated on the individualised care plan

During visit with geriatricians, re-engage with patients,
Complete Geriatric Assessment to confirm frailty

Surgeons to engage with patients on the treatment options
EFS to be done by surgeon or nurses for all the elective abdominal surgeries

Weight, height, vital signs should be checked
Risk and benefits discussed

At
 le

as
t 

3 
m

on
th

s

If fit, to involve anaesthetist early

If vulnerable, may consider
MDTs for optimisation

Revisit decision to proceed surgery

If poor prognosis, may consider early 
referral to palliative team

Fig. 1. A suggested approach for preoperative assessment incorporating a frailty scale. EFS, Edmonton frailty scale; MDT, multidisciplinary team
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tion of assessment and treatment by a multidisciplinary team is re-
quired. This team should comprise surgeons, geriatricians, or-
gan-specific physicians, anesthetists, physiotherapists, occupation-
al therapists, dietitians, social workers, nurses, and patients. For pa-
tients with a poor prognosis, early referral to palliative teams for 
supportive care is warranted. The main outcome is individualized 
patient-centered care plans that are actionable and feasible and 
which consider the patient’s personal treatment goals and prefer-
ences. Nutritional, physical, cognitive, and combination interven-
tions can significantly reduce frailty in older people, which is bene-
ficial preoperatively.43)  

The possible postoperative recovery trajectories should be dis-
cussed and understood by patients and families to allow proactive 
planning for potential care needs on discharge. Advance care plan-
ning should also be discussed, and a designated decisionmaker or 
health care proxy may need to be documented in patients’ medical 
records.44) 

CONCLUSION 

Frailty is associated with complications, prolonged recovery after 
surgery, and mortality. Frailty screening tools are available to iden-
tify frail patients that may benefit from CGA and individualized 
management plans to optimize patient conditions before surgery. 
We have proposed an algorithm for frailty screening that appears 
to be feasible to implement in preoperative assessment clinics. Fur-
ther research is required to assess whether this approach will im-
prove outcomes in older people. 
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Background: Given the association between geriatric syndrome and hospital readmission, we 
evaluated the suitability of geriatric syndrome screening for care (GSC) in identifying readmission 
risk and suggested the appropriate time for GSC. Methods: GSC considering cognitive impair-
ment, depression, polypharmacy (five or more medications), functional mobility, dysphagia, mal-
nutrition, pain, and incontinence was performed among 2,663 general ward inpatients aged 65 
years or older within 48 hours after admission and again before discharge between November 
2016 and October 2017. From each patient, fall events, pressure ulcers, potentially inappropriate 
medication use, and delirium were assessed at admission. Patients were divided into two groups 
on the basis of readmission within 1 year after the first admission. According to the screening 
period (at admission and before discharge) and in-hospital decline, we applied receiver operating 
characteristic curve analysis to compare the prevalence of clinical concerns between the read-
mission and no-readmission groups. We also used multiple logistic regression analysis to evaluate 
the risk of readmission according to the presence of geriatric syndrome and clinical outcomes. 
Results: The 782 readmitted patients (29.4%) showed a higher rate of poor GSC than those who 
were not readmitted. Polypharmacy at admission was significantly correlated with readmission 
risk (area under the receiver operating characteristic curve=0.602). Fall events (odds ratio 
[OR]=4.36; 95% confidence interval [CI], 2.36–8.05), urinary incontinence (OR=4.21; 95% CI, 
3.28–5.39), and depressive mood (OR=3.88; 95% CI, 2.69–5.59) at admission were risk factors for 
readmission. Conclusion: Geriatric syndromes assessed by GSC at admission was associated with 
an increased risk of readmission. 

Key Words: Patient readmission, Aged, Geriatric assessment, Risk assessment
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INTRODUCTION 

Readmission is an important quality and safety issue in healthcare 
research and is also a tremendous burden on patients and their 
families.1) The cost of unplanned readmissions among Medicare 
patients in the United States was as high as $26 billion in 2014.2) 
The older population, for whom medical expenditures and rates of 

hospital readmission are higher relative to those among individuals 
of other age groups, is growing in Korea.3) The risk factors for read-
mission have been evaluated widely and include both patient-relat-
ed factors such as demographic characteristics, diagnosis, comor-
bidities, and healthcare utilization as well as provider and health 
system-related factors such as hospital location and healthcare 
costs.3,4) A risk-stratified approach has recently been proposed for 
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identifying patients at high risk of readmission for transitional care 
interventions, which includes assessments of disease severity, hos-
pital-acquired complications, and stability on discharge.5) 

The Korean Framework for Senior-Friendly Hospitals6) was de-
veloped with reference to the Taiwanese7) and Canadian8) systems 
and was first implemented to address the need for healthcare as-
sessment tools for older Korean inpatients in our acute-care hospi-
tal in 2016. Since May 2016, geriatric syndrome screening for care 
(GSC) has been performed for all older inpatients aged 65 years or 
older both at admission and before discharge. For further diagnos-
tic assessment, patients with clinical issues are referred to a multi-
disciplinary team consisting of medical doctors specializing in 
neurology, rehabilitation medicine, family medicine, internal med-
icine, and psychology; nurse practitioners; dieticians; pharmacists; 
and quality improvement facilitators. Further, patients may receive 
personalized and comprehensive consultations throughout their 
hospital stay based on the GSC results. All steps are logged in each 
patient’s electronic health record (EHR) and shared with the at-
tending medical staff. 

Although readmission risk assessment throughout older pa-
tients’ hospitalization is important,6-8) continuous evaluation of pa-
tients in busy in-patient units can be cumbersome. Unfortunately, 
exactly when it is appropriate to assess the risk of readmission re-
mains unclear. 

Therefore, the present study aimed to identify the appropriate 
time for readmission risk assessment and confirmed a simple com-
prehensive screening approach for the assessment of readmission 
risk by GSC in older patients. 

MATERIALS AND METHODS 

Study Participants 
We retrospectively enrolled 3,570 patients aged 65 years or older 
who were admitted to the general ward of a tertiary hospital with 
800 beds located in Seoul, South Korea between November 2016 
and October 2017. After excluding patients with 1-day hospitaliza-
tion (n = 668; 18.7% of enrolled patients), localized disease such as 
ophthalmological conditions (n = 163; 4.6%), and incomplete re-
cords on the factors evaluated (n = 76; 2.1%), the remaining 2,663 
patients were finally examined. Study population was divided into 
two groups on the basis of readmission within 1 year regardless of 
diagnosis. The readmission group was defined as patients with 
more than one hospitalization during the observation period, 
whereas the no-readmission group was defined as patients who ex-
perienced only one hospitalization during the same period. 

The Institutional Review Board of the Clinical Research Ethics 
Committee of Konkuk University Medical Center approved the 

exemption for this study and allowed the authors to review the pa-
tients’ records (No. 11701347). The need for informed consent 
was also waived. 

Demographics and Comorbidities 
We obtained data on age, sex, health insurance status, body mass 
index (BMI), smoking status (current smoker, nonsmoker, or for-
mer smoker), alcohol intake (no alcohol intake, less than once per 
week, or more than once per week), duration of hospital stay, mari-
tal status (married/with a partner or divorced/without a partner), 
route for hospitalization (scheduled from an outpatient clinic or 
abruptly from an emergency visit), and reason for admission (e.g., 
surgery) from the EHRs. Comorbidities were defined as hyperten-
sion, diabetes mellitus, stroke, cardiovascular disease, cancer, respi-
ratory disease, mental disorder, or other according to the attending 
physician’s diagnosis or prescription. We counted the number of 
comorbidities per patient. 

Assessment of geriatric syndrome 
Geriatric syndrome was assessed not only within 48 hours of ad-
mission but also before discharge. An attending nurse designated 
at admission assessed the following nine GSC domains in each pa-
tient: cognitive impairment,9) depressive mood,10) polypharmacy 
(five or more medications),11) functional immobility,12,13) dyspha-
gia,14) malnutrition,15) urinary incontinence,16) fecal inconti-
nence,17) and pain.18) A multidisciplinary team trained the nurses 
who conducted this assessment through face-to-face training and 
monitored all GSC results. The GSC questionnaire is shown in 
Supplementary Table S1. Functional mobility was categorized as 
“independent”, “requires assistance”, or “unable to perform” regard-
ing climbing stairs, walking to a toilet, and transferring from a bed 
to a chair or a wheelchair. Patients categorized as “requires assis-
tance” or “unable to perform” were considered to have functional 
immobility. The dysphagia screening test was performed using a 
simplified dysphagia symptom questionnaire.14) Malnutrition was 
defined as a score of more than two for the sum of the responses to 
weight loss in the last 6 months (yes = 1, no = 0) and decreased ap-
petite (yes = 1, no = 0).15) The other screening questions, including 
the presence of cognitive impairment, depressive mood, polyphar-
macy (five or more medications), incontinence in the last month, 
and pain score ( ≥ 4 points), were relevant when participants re-
sponded “yes”. The attending nurses were able to complete this 
survey for each patient within 5 minutes since the GSC can be 
done simply using EHRs. 

Assessment of Other Clinical Outcomes 
An attending nurse also surveyed fall events, the presence of pres-
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sure ulcers, potentially inappropriate medication use, and delirium 
risk within 48 hours of admission. A fall event was defined as at 
least one fall within 90 days before the day of admission.9) Pressure 
ulcers were defined as partial skin loss, deep craters in the skin, a 
skin break exposing muscle or bone, or necrotic ulcer.9) Potentially 
inappropriate medication use was defined according to the updated 
2012 American Geriatrics Society Beers Criteria.19) On the basis of 
these criteria, two pharmacists categorized patients who were tak-
ing more than one medication into the inappropriate medication 
use group. Delirium risk was evaluated using the Nursing Delirium 
Screening Scale, which consists of five items: disorientation, inap-
propriate behavior, inappropriate communication, illusion or hallu-
cinations, and psychomotor retardation.20) Each domain was scored 
as 1 (yes) or 0 (no) point(s). We considered patients with total 
scores of more than 2 points to be at risk for delirium. 

Statistical Analysis 
Descriptive statistics were expressed as mean ± standard deviation 
for continuous variables and as numbers (proportions) for cate-
gorical variables. These data were compared between the readmis-
sion and no-readmission groups using Student t-test and chi-
square test. In-hospital decline was defined as any aggravation of 
assessment findings between admission and discharge. Patients 
with no change or with an improvement in these findings were cat-
egorized into the “no in-hospital decline” group. The prevalence of 
readmission was compared according to the time of assessment (at 
admission or before discharge) and in-hospital decline using chi-
square test. Receiver operating characteristic (ROC) curves were 
used to test the ability to predict the readmission risk. An area un-
der the ROC curve (AUC) value of 0.5 represents a variable with 
no discriminating ability, whereas an AUC of 1.0 represents a vari-
able with perfect discrimination.21)  

We evaluated the odds ratios (ORs) and 95% confidence inter-
vals (CIs) for the risk of readmission according to the presence of 
geriatric syndrome and other clinical outcomes using a multiple 
logistic regression analysis after adjusting for age, sex, BMI, marital 
status, smoking, alcohol intake, number of comorbidities, duration 
of hospital stay, reason for admission, route for hospitalization, and 
type of health insurance. Additionally, we performed stratified 
analysis according to sex and the 75th percentile of hospital stay 
( < 13 days and ≥ 13 days). As an increased risk of readmission in 
female patients has been reported,3) we confirmed that similar 
findings were apparent in our study. We examined the statistical 
significance of the modifying effects of sex and the duration of 
hospital stay using a generalized linear model after adjusting for 
confounding factors. All analyses were performed using IBM SPSS 
Statistics for Windows, version 24.0 (IBM Corp., Armonk, NY, 

USA). 

RESULTS 

Among the 2,663 participants, 782 (29.4%) were readmitted 
(Table 1) during the observation period. Age, sex, smoking status, 

Table 1. Baseline characteristics of the study population.

Variable
No

readmission 
(n = 1,881)

Readmission 
(n = 782) p-value

Age (y) 75.1 ± 6.9 75.2 ± 6.7 0.486
Sex 0.176
 Male 884 (47.0) 390 (49.9)
 Female 997 (53.0) 392 (50.1)
Smoking 0.774
 Current 177 (9.4) 74 (9.5)
 Never/former 1,704 (90.6) 708 (90.5)
Alcohol intake 0.341
 Never/less than one time per week 1,637 (87.0) 674 (86.2)
 More than one time per week 244 (13.0) 108 (13.8)
Body mass index (kg/m2) 23.9 ± 3.7 23.7 ± 4.0 0.003
Hospital stay (day) 11.2 ± 13.9 12.7 ± 14.3 0.153
Reason for admission < 0.001
 Surgery 813 (43.2) 224 (28.6)
 Others 1,068 (56.8) 558 (71.4)
Marital status 0.966
 Married/with partner 1,824 (97.0) 741 (94.8)
 Unmarried/without partner 57 (3.0) 41 (5.2)
Comorbidity 0.096
 None 238 (12.7) 97 (12.4)
 Hypertension 733 (39.0) 289 (37.0)
 Diabetes mellitus 207 (11.0) 85 (10.9)
 Stroke 32 (1.7) 11 (1.4)
 Cardiovascular disease 122 (6.5) 58 (7.4)
 Cancer 68 (3.6) 46 (5.9)
 Respiratory disease 55 (2.9) 35 (4.5)
 Mental disorder 14 (0.7) 4 (0.5)
 Others 412 (21.9) 157 (20.1)
Type of health insurance 0.180
 National health insurance 1,744 (92.7) 734 (93.9)
 Medical aid program 137 (7.3) 48 (6.1)
Route for hospitalization 0.830
 Scheduled from outpatient clinic 1,233 (65.6) 516 (66.0)
 Abruptly from emergency visit 648 (34.4) 266 (34.0)
Fall events 20 (1.1) 38 (4.9) < 0.001
Pressure ulcer 123 (6.5) 90 (11.5) < 0.001
Inappropriate medication use ( ≥ 1) 129 (6.9) 101 (12.9) < 0.001
Nursing delirium screening scale ( ≥ 2) 109 (5.8) 63 (8.1) 0.154

Values are presented as mean±standard deviation or number (%).
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alcohol intake, marital status, comorbidities, health insurance type, 
route for hospitalization, and duration of hospital stay did not dif-
fer between the readmission and no-readmission groups. Patients 
in the readmission group showed a lower BMI value and admis-
sion rate for surgery but higher frequencies of fall events, pressure 
ulcers, and inappropriate medication use than those in the no-re-
admission group. However, there was no difference in delirium 
scale scores between the two groups. 

Table 2 shows the prevalence of clinical concerns observed 
during GSC at admission, before discharge, and during in-hospital 
decline. The readmission group showed a higher frequency of clin-
ical concerns by GSC at admission than that in the no-readmission 
group (all p < 0.001). However, the difference in cognitive impair-
ment between the readmission and no-readmission groups disap-
peared before discharge (p = 0.430). We observed significant dif-
ferences in the number of patients who experienced in-hospital 
decline relating to depressive mood, dysphagia, malnutrition, and 
fecal and urinary incontinence between the readmission and 
no-readmission groups (all p < 0.05). Polypharmacy, functional 
immobility, and the presence of pain showed similar rates of de-

cline during hospitalization in both groups. Screening for geriatric 
syndromes at admission showed a higher AUC value than the 
GSC recorded before discharge or the GSC of in hospital decline 
group. Polypharmacy (five or more medications per day) and uri-
nary incontinence at admission were significantly associated with 
readmission (AUC = 0.602 and 0.594, respectively). 

The risks of readmission according to the presence of geriatric 
syndromes and other clinical outcomes assessed within 48 hours 
after admission are shown in Table 3. After adjusting for confound-
ing factors, we found that all measured variables increased the risk 
of readmission. The ORs were highest for fall events (OR = 4.36; 
95% CI, 2.36–8.05), urinary incontinence (OR = 4.21; 95% CI, 
3.28–5.39), and depressive mood (OR = 3.88; 95% CI, 2.69–5.59). 
In stratified subgroup analysis, delirium in men, and cognitive im-
pairment, dysphagia, and delirium in patients with hospital stays of 
longer than 13 days did not increase the OR of readmission. Fur-
thermore, pressure ulcers in patients with hospital stays of < 13 days 
did not increase the OR of readmission, whereas a hospital stay of 
≥ 13 days did (OR = 4.89, 95% CI, 2.92–8.18) (p-interaction 
< 0.001). Hospital stays of < 13 days tended to be associated with 

Table 3. Comparison of readmission according to the geriatric syndrome and clinical outcomes

Variable Totala) Maleb) Femaleb) Hospital stayc)

≥ 13 days < 13 days
Cognitive impairment 2.46 (1.84–3.29) 2.17 (1.43–3.30) 2.80 (1.86–4.22) 1.44 (0.85–2.45) 3.19 (2.25–4.53)
Depressive mood 3.88 (2.69–5.59) 4.17 (2.34–7.41) 3.74 (2.32–6.05) 3.54 (1.80–6.99) 4.04 (2.62–6.24)
Polypharmacy 2.63 (2.15–3.22) 3.17 (2.38–4.22) 2.20 (1.64–2.95) 2.64 (1.81–3.85) 2.67 (2.10–3.40)
Functional immobility
 Transferring from a bed to a chair/wheelchair 2.58 (2.03–3.28) 2.55 (1.80–3.61) 2.63 (1.88–3.68) 1.79 (1.20–2.67) 3.11 (2.30–4.21)
 Walking to a toilet 2.60 (2.05–3.30) 2.72 (1.93–3.83) 2.51 (1.80–3.49) 1.83 (1.23–2.72) 3.07 (2.28–4.14)
 Climbing up stairs 2.47 (1.94–3.03) 2.54 (1.84–3.49) 2.33 (1.70–3.20) 1.80 (1.22–2.66) 2.72 (2.07–3.59)
Dysphagia 2.65 (1.78–3.94) 2.69 (1.55–4.69) 2.62 (1.47–4.68) 1.34 (0.73–2.47) 4.56 (2.64–7.87)
Malnutrition 3.32 (2.61–4.22) 4.05 (2.88–5.71) 2.77 (1.96–3.91) 3.10 (1.99–4.83) 3.23 (2.41–4.34)
Incontinence
 Fecal 3.39 (2.25–5.10) 3.82 (2.09–6.97) 3.36 (1.89–5.95) 2.32 (1.19–4.53) 4.59 (2.71–7.77)
 Urinary 4.21 (3.28–5.39) 4.06 (2.81–5.87) 4.54 (3.23–6.39) 3.85 (2.46–6.04) 4.42 (3.27–5.96)
Pain 2.06 (1.64–2.60) 2.21 (1.58–3.09) 1.98 (1.44–2.73) 2.08 (1.37–3.14) 2.07 (1.56–2.73)
Fall events 4.36 (2.36–8.05) 4.07 (1.73–9.61) 4.70 (1.93–11.45) 6.21 (2.40–16.01) 3.14 (1.37–7.17)
Pressure ulcersd) 1.92 (1.35–2.73) 2.01 (1.23–3.29) 2.00 (1.19–3.38) 4.89 (2.92–8.18) 0.93 (0.56–1.56)
Inappropriate medication use, ≥ 1 1.90 (1.41–2.58) 2.00 (1.31–3.05) 1.79 (1.15–2.80) 2.16 (1.26–3.70) 1.84 (1.27–2.67)
Nursing delirium screening scale, ≥ 2d) 1.62 (1.08–2.44) 1.44 (0.81–2.58) 1.91 (1.07–3.41) 1.01 (0.56–1.82) 2.81 (1.56–5.04)

Values are presented as odds ratio (95% confidence interval). All variables were measured within 48 hours after admission.
a)Multiple logistic regression analysis after adjusting for age, sex, body mass index (BMI), marital status, smoking, alcohol intake, number of comorbidities, 
duration of hospital stay, reason for admission, route for hospitalization, and type of health insurance.

b)Multiple logistic regression analysis after adjusting for age, BMI, marital status, smoking, alcohol intake, number of comorbidities, duration of hospital stay, 
reason for admission, route for hospitalization, and type of health insurance.

c)Multiple logistic regression analysis after adjusting for age, sex, BMI, marital status, smoking, alcohol intake, number of comorbidities, reason for admission, 
route for hospitalization, and type of health insurance. Hospital stay was divided into the 75th percentile of duration (13 days).

d)p-interaction <0.05 which was only analyzed according to the hospital stay.
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an increased risk of delirium in older inpatients hospitalized for 
acute care (p-interaction < 0.05). 

DISCUSSION 

In this study of Korean older inpatients, geriatric syndromes were 
associated with an increased risk of readmission in an acute-care 
hospital. The presence of geriatric syndromes assessed by GSC at 
admission, rather than before discharge or the occurrence of 
in-hospital decline, was associated with the risk of readmission. 
Polypharmacy at admission showed the highest discriminating 
ability for readmission. Among the GSC criteria and other clinical 
outcomes, a fall event before hospitalization was a significant risk 
factor for readmission among Korean older patients.  

GSC was developed for administration by medical staff, caregiv-
ers, or patients in both clinical and nonclinical settings. GSC is a 
multidimensional and interdisciplinary screening tool encompass-
ing medical, psychological, and functional domains. Therefore, it 
can be extended to transitional care settings even when the medi-
cal staff is not adequately trained or is too occupied to manage 
complex geriatric needs.18) Delirium, cognitive impairment, de-
pressive mood, and inappropriate medication use are often not 
recognized in older patients, a fact that underscores the need for 
better geriatric care.18) Therefore, an easily administered tool is im-
portant to promptly evaluate inpatients for the presence of geriatric 
syndromes. In this context, our study confirmed the effectiveness 
of screening using GSC within 48 hours of hospitalization rather 
than before discharge or assessing in-hospital decline to determine 
the readmission risk. Although in-hospital decline and stability at 
discharge in older patients with pneumonia are considered good 
predictors of readmission risk,22) only one study has reported this 
correlation; thus, it had low generalizability, in addition to other 
limitations such as incomplete ascertainment of readmission and a 
lack of validation.5) The study was further limited by including 
only pneumonia patients. 

Similar to the results of our study, a study in the United States 
found that polypharmacy (six or more medicines) at admission 
predicted the risk of 30-day readmission.23) Polypharmacy was also 
a major risk factor for readmission in a prospective study of older 
Italian inpatients, with similar OR and 95% CI values (2.72; 1.48–
4.99).24) While potentially inappropriate medication use did not 
increase the risk of readmission in the Italian study, the results of 
the present study confirmed an increased risk of readmission. This 
difference could be attributed to the fact that the previous study 
assessed readmission during a 6-month period in contrast to the 
1-year period in our study.24) The previous study may not have ob-
served an association between readmission and potentially inap-

propriate medication during the short-term observation period. 
The results of our study confirmed that fall events before hospi-

talization increased the risk of readmission. In addition, long-term 
hospitalization ( > 13 days) was associated with the presence of 
pressure ulcers, which is a common problem in older inpatients.9) 
However, relatively short-term hospitalization conferred a higher 
risk of delirium than did longer hospital stay, although the differ-
ence was not statistically significant. Therefore, delirium, which 
develops or is aggravated by acute environmental changes, requires 
attention during the care of older patients.25) 

A systematic review of 12 studies including 3,590 patients re-
ported that in-hospital geriatric assessment and co-management 
had no overall effect on readmission within 30 days (OR = 1.28; 
95% CI, 0.71–2.31; n = 695) and within 12 months (OR = 0.91; 
95% CI, 0.64–1.29; n = 601). Unfortunately, limited reduction in 
the length of hospital stay (pooled mean difference = −1.88 days; 
95% CI, −2.44 to −1.33) and in-hospital mortality (pooled 
OR = 0.72; 95% CI, 0.50–1.03) after geriatric assessment and 
co-management were reported, with low-quality evidence.26) Al-
though we did not administer any interventions based on the GSC 
finding, our results suggest that a long hospital stay related to pres-
sure ulcers could mediate the risk of readmission; thus, it may con-
fer an effect modification, as shown previously.5,26) 

Among GSC variables, dysphagia alone did not provide an ac-
ceptable AUC (p > 0.05). Dysphagia can cause respiratory compli-
cations, including aspiration pneumonia and malnutrition.27) One 
explanation for this finding is the lower prevalence of dysphagia in 
our participants, including those in the readmission group (8.4%), 
relative to those among acute-care older inpatients in Spain 
(47.4%)28) and Denmark (50%).29) 

Compared to the GSC results at admission, pain, cognitive im-
pairment, and urinary impairment improved on the assessment 
before discharge. Whereas pain is thought to have been controlled 
after hospitalization, the other factors may not be improved with 
short hospitalization. This change may be due to positive respons-
es by the participants to the medical staff ’s questions that has been 
treated, resulting in a response bias in the before-discharge ques-
tionnaire, which may have reduced the relevance of the findings to 
readmission.30) In contrast, the prevalence of polypharmacy, func-
tional immobility, and fecal incontinence before discharge in-
creased compared to that at admission, possibly due to the treat-
ment process.  

Logging all care processes in EHRs and sharing records with at-
tending physicians play a specialized and comprehensive role in 
consultation in the hospital setting.31) Furthermore, EHRs facili-
tate communication among medical staff and organizations and 
provide structured coordination and documentation of the medi-
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cal services provided.32) Therefore, GSC performed within 48 
hours of hospitalization using the EHRs of all inpatients aged 65 
years or older is expected to be efficient. 

Still, the present study has some limitations. First, it was con-
ducted in a single institution; thus, the findings cannot be general-
ized to other hospital settings without further review. However, 
screening for geriatric syndromes by GSC within 48 hours can 
provide information on patients at high risk of readmission in sim-
ilar institutions. Second, instead of assessing the exact cause of hos-
pitalization in the current study, we adjusted for whether the hos-
pitalization was for surgery based on the EHR. Additionally, we 
could not confirm whether the causes of readmission were related 
to previous admissions or to other hospitals, or to pre-admission 
residence. Since the various associations between geriatric syn-
dromes and individual diagnoses were not significant in this study 
and could be confounded by detection bias, we simplified the par-
ticipant-related variables. Additionally, comorbidities and medica-
tion use were assessed based on self-reports rather than medical re-
cord review, which might have caused bias toward positive answers 
because of social desirability.30) Unfortunately, we could not assess 
all medical records of all participants as they were not shared be-
tween different medical institutions. The no-readmission group 
may have included patients who were admitted to other hospitals, 
as we did not consider visits or admission to other hospitals in this 
analysis. 

In conclusion, geriatric syndromes assessed by GSC was associ-
ated with an increased risk of readmission. The results of our study 
support the importance of an integrated approach regarding read-
mission in older inpatients. Further research is needed to deter-
mine the efficacy of GSC related to transitional care or other hos-
pital settings. 
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INTRODUCTION 

Among countries with an aging global population, South Korea is 
the country with the fastest-aging population; with more than 14% 
of its population aged 65 years and older, South Korea officially 
became an aged society in 2017.1) Cardiovascular disease is the 
second leading cause of death among Koreans, and ischemic heart 
disease accounts for the majority of deaths.2) 

High low-density lipoprotein cholesterol (LDL-C) level is a 
well-documented risk factor for cardiovascular disease because it is 
associated with progression from early-stage fatty streaks to ad-
vanced-stage, lipid-rich plaques.3) Hydroxymethylglutaryl-coen-

Background: This study aimed to identify adverse events and mortality in adults aged 75 years 
and older who were initially prescribed statins for primary prevention. Methods: This retrospec-
tive study analyzed the data from the National Health Insurance Corporation–Senior Cohort from 
2002 to 2015. An exact block matched model was constructed from statin user and statin 
non-user groups. Results: The study sample comprised 1,370 older adults (mean age, 78 years), 
with 685 statin non-users matched to 685 new statin users. Compared to non-users, the adjust-
ed hazard ratios (HRs) of new statin users were 0.83 (p=0.04) for all-cause mortality, 1.24 
(p=0.003) for major adverse cardiovascular events, and 1.18 (p=0.06) for new-onset diabetes 
mellitus. In a sub-analysis of statin use duration, longer statin use (>5 years) was associated with 
a significantly lower risk of all-cause mortality (HR=0.76, p=0.01) but not with major adverse 
cardiovascular events (HR=0.88, p=0.36) or new-onset diabetes mellitus (HR=0.95, p=0.78) after 
adjusting for age, sex, body mass index, diabetes mellitus, hypertension, aspirin use, and anti-
platelet use. Conclusion: Our findings suggested that statins started for primary prevention in 
older adults aged 75 years and older had an advantageous effect on all-cause mortality only if 
used for at least 5 years. 
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zyme A reductase inhibitors, are one of the best-established means 
for preventing and treating atherosclerotic cardiovascular disease.4) 
However, there is limited evidence to recommend statins for the 
primary prevention of cardiovascular disease in adults aged 75 
years and over.5,6) 

Since the American College of Cardiology/American Heart As-
sociation (ACC/AHA) guidelines published in 2013,5) five guide-
lines for statin use have been released:7) the UK National Institute 
for Health and Care Excellence (NICE-UK) in 2014,8) the Canadi-
an Cardiovascular Society (CCS),9) the US Preventive Services 
Task Force,6) the European Society of Cardiology/European Ath-
erosclerosis Society (ESC/EAS)10) in 2016, and ACC/AHA in 
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2018.11) However, of these guidelines, only the NICE-UK strongly 
recommends statins for primary prevention up to age 84; the 
ESC/EAS and the ACC/AHA recommend treatment to age 65 
and 75, respectively. The Korean guideline for dyslipidemia in 
2018 indicated that there is insufficient evidence regarding the ef-
fectiveness of statins for primary prevention of cardiovascular dis-
ease in older adult patients over 75 years of age without cardiovas-
cular disease and diabetes and recommended to consider statin 
use for primary prevention only in case of diabetes.12) 

Previous studies reported increased risks of diabetes mellitus 
(DM)13) and cognitive dysfunction due to statin use,14) with con-
cerns regarding statin prescriptions for older adults. However, few 
studies have evaluated the efficacy and safety of statins in people 
aged 75 years or older. 

Furthermore, most studies were conducted in Western coun-
tries; thus, there is insufficient clinical evidence regarding the pri-
mary preventive effect or tolerability of statins in older Asian pop-
ulations. 

Therefore, we evaluated the efficacy, mortality, and adverse out-
comes of statins in people aged over 75 years by analyzing National 
Health Insurance data. 

MATERIALS AND METHODS 

Data Background 
The dataset was provided by the Korean National Health Insur-
ance Service (NHIS), which was founded in 2000 as a single-in-
surer system. The NHIS has converted all medical records into the 
National Health Information Database containing personal infor-
mation, demographic data, and medical treatment data for Korean 
citizens categorized as insured employees, insured self-employed 
individuals, or medical-aid beneficiaries. Within this dataset is the 
NHIS-Senior Cohort (NHIS-SC), which is a population-based 
cohort comprising 558,147 people who account for approximately 
10% of the total 5,500,000 patients aged ≥ 60 years in 2002. The 
NHIS-SC database contains information on insurance member-
ship and income, medical use history, medical checkups, and long-
term care and provides data from medical health examinations that 
all older adult beneficiaries receive every 2 years, including blood 
pressure measurement, health behavior status (smoking, alcohol), 
and past medical history.15,16) 

Study Population 
In this study, we included people aged 75 years and older who were 
enrolled in the NHIS-SC database between January 1, 2004, and 
December 31, 2005 (n = 159,015) and who received a health ex-
amination provided by the NHIS within 2 years of their first pre-

scription day (n = 25,350). We included people with total choles-
terol level of > 200 mg/dL on their health screening blood test. 
The exclusion criteria were: (1) having been prescribed statins 
from 2002–2003 or (2) having any of the following major or mi-
nor diagnostic codes on their medical records within the 2 years 
before enrollment -I20-25 (ischemic heart disease), I60-69 (cere-
brovascular disease), and I73 (other peripheral vascular diseases). 
For  comparison, the baseline cohort included patients with hyper-
cholesterolemia (with claim codes or a total cholesterol level > 200 
mg/dL) in the primary prevention cohort who were eligible for 
statin therapy but had no statin prescription history (n = 7,782). 
The medication possession ratio (MPR) was calculated by divid-
ing the sum of prescription days by the total prescription period 
(between the first date of prescription and the final follow-up day 
during the index period; January 1, 2004 to December 31, 2005) 
using medication history extracted from each patient’s medical re-
cord. Subjects with a statin MPR above 20% were assigned to the 
statin-user group (n = 767), while those who had never been ex-
posed to statins were assigned to the statin non-user group 
(n = 15,637).17,18) Because statin use was not randomly assigned, 
the effects of treatment-selection bias and potential confounding 
factors were mitigated by applying an exact block-matching ap-
proach. Exact block matching was determined using four blocks of 
sex, age (age groups within 2 years), total cholesterol (three catego-
ries; < 240, 240–300, and > 300 mg/dL), and incidence year, with 
each statin user matched to one control subject. The analyses final-
ly included 685 pairs (n = 1,370) (Fig. 1). 

Covariate Confounders 
We considered the risk factors for adverse events, including under-
lying medication history, socio-demographic characteristics (age, 
sex, income), body mass index (BMI), and lifestyle (smoking, al-
cohol consumption), as potential confounders. 

Outcomes 
The primary outcome variables included the rates of all-cause 
death and major adverse cardiovascular events (MACE), which 
was defined as the composite of myocardial infarction (MI; I20-
25), stroke (I60-69), and coronary revascularization (I46; percuta-
neous transluminal coronary angioplasty or coronary artery bypass 
grafting) from NHIS-SC records dated within the study period. 
The secondary outcomes were hospitalization for any cause (acute 
MI, ischemic cerebrovascular disease, chronic obstructive pulmo-
nary disease, and malignant neoplasm), cancer, new-onset diabetes 
mellitus (NODM), liver toxicity, and myopathy.19) NODM was re-
corded when antidiabetic drugs were first prescribed during fol-
low-up and when diagnostic codes were claimed for the first time. 
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The DM diagnostic codes were taken from the 10th revision of the 
International Statistical Classification of Diseases as follows: E11 
(non-insulin-dependent DM), E12 (malnutrition-related DM), 
E13 (other specified DM), or E14 (unspecified DM). The classes 
of antidiabetic drugs recognized for NODM diagnosis were sulfo-
nylureas, biguanides, alpha-glucosidase inhibitors, thiazolidinedi-
ones, meglitinides, and insulin.20) Incretin-based therapies (i.e., 
glucagon-like peptide-1 receptor agonists and dipeptidyl pepti-
dase-4 inhibitors) had not yet been introduced during the study 
period. Liver toxicity (K71, toxic liver disease) and myopathy 
(G71, drug-induced myopathy; M62.8, rhabdomyolysis) were 
considered attributable to statins if they occurred within 12 
months of initiation.21) 

Ethics Statement 
This study was approved by the Kyung Hee University Hospital 
Research Ethics Committee (No. KMC IRB 1601-09). 

Statistical Analyses 
We defined overall survival, one of the primary endpoints of this 
study, as the time from the enrollment date to the date of death 

from any cause. The baseline characteristics of the two groups are 
expressed as means and standard deviations for continuous vari-
ables and as percentages for categorical variables. We used Wilcox-
on two-sample and Fisher exact tests for continuous and categori-
cal variables, respectively. We performed log-rank tests and Cox 
proportional hazard regression to examine the differences between 
the statin user and non-user groups. Finally, we estimated the haz-
ard ratios (HRs) adjusted for age, sex, BMI, DM, hypertension 
(HTN), aspirin, and antiplatelet use. All statistical analyses were 
conducted using R version 3.4.4 (R Foundation for Statistical 
Computing, Vienna, Austria) and SAS version 9.3 (SAS Institute 
Inc., Cary, NC, USA) to explore and modify the large datasets. 

RESULTS 

General Characteristics 
The average age of the 1,370 people who met the inclusion criteria 
was 78 years. The mean follow-up period was 8.7 years (statin us-
ers 8.7 years vs. statin non-users 8.6 years). We analyzed 685 pairs 
by propensity matching for sex, cholesterol level, and residential 
area. Statin users were more likely to have HTN and DM and to be 

Fig. 1. Flow chart of study subjects. BMI, body mass index; MPR, medication possession ratio.

Older adults over 60 years old in Senior cohort database 2002 (n=558,147)

Older adults over 75 years old in 2004–2005
(n=159,015)

Health exam history within 2 years of index date
(n=25,350)

Health exam result of total cholesterol > 200 (587 / 6,657)
or

Index period E780-785 (except E783)

Baseline cohort (n=7,782) (742 / 7,040)

Statin user Statin nonuser

 Exact block matching

MPR≥20% within
12 months of first
statin exposure

Statin user group
(n=685)

Statin non-user group
(n=685)

Statin user with MPR<20% within
1 year of first statin exposure
(& never-statin users)

Those who were initially prescribed statin in
2004–2005 (including matching targets) (n=12,648) 

Health examination : BMI alcohol, smoking, 
physical, examination, total cholesterol

Exclusion criteria
1. Index date History of disease within 2 years as a major
or minor diagnosing code (n= 1,356 / 7,113)

I20-25 Ischemic heart disease,
I60-69 Cerebrovascular disease,
I73 Other peripheral vascular diseases

2. prescribed history of statin in 2002-2003 (aged over 75)
(n= 894 / 381)
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taking aspirin or other antiplatelet. We observed no significant dif-
ferences in age distribution, alcohol, smoking, or physical activity 
between the statin user and non-user groups (Table 1). 

Outcomes according to Statin Use 
During follow-up, significantly higher rates of MACE (HR 
= 1.51; p < 0.001), hospitalization (HR = 1.21, p < 0.001), and 
NODM (HR = 1.28, p = 0.002) were observed in the statin user 
group than in the non-user group. In addition, significantly high-
er rates of MI (HR = 1.25, p < 0.001) and stroke (HR = 1.21, 
p = 0.026) and a non-significantly higher rate of coronary revas-
cularization (HR = 1.25, p = 0.750) were observed in the statin 
user group than in the non-user group (Supplementary Table 
S1). After adjusting for age, sex, BMI, DM (except for NODM), 
aspirin use, and antiplatelet use, the HRs were 0.83 (p = 0.040) 
for all-cause mortality, 1.24 (p = 0.030) for MACE, and 1.18 
(p = 0.060) for NODM. The risks of hospitalization, cancer, myop-
athy, and hepatitis did not differ significantly according to statin use 
(Table 2). 

Subgroup Analysis for Stain Use Duration 
Our sub-analysis of duration showed a significant relationship 
between longer statin use ( > 5 years) and all-cause mortality 
(HR = 0.76, p = 0.001) after adjusting for age, sex, BMI, DM, 
HTN, aspirin use, and antiplatelet use. The MACE risk was ele-
vated among patients who used statins for < 3 years (HR = 1.5, 
p < 0.001), but MACE risk was lower among patients with statin 
use duration > 5 years (HR = 0.88, p = 0.360). Similarly, NODM 
risk was higher for < 3-year statin use duration (HR = 1.10, 
p = 0.190) but lower for > 5 years duration (HR = 0.95, 
p = 0.780). These results suggest that patients receiving statins 

for longer periods were less likely to experience adverse events, 
including all-cause mortality, MACE, and NODM (Table 3). 

DISCUSSION 

The most important finding in this study was that statin use for 
primary prevention in patients aged over 75 years was associated 
with a lower risk of all-cause mortality and higher risks of MACE 
and NODM. Longer statin use ( > 5 years) resulted in a significant-
ly lower risk of all-cause mortality and did not result in a signifi-
cantly higher risk for NODM, hospitalization, or cancer compared 
to those for non-use. Finally, while the risk of MACE in long-term 
statin use was not statistically significant, it tended to decrease. 

Advanced age is recognized as a definite and strong risk factor 
for cardiovascular disease.22) The clinical benefit of statin use for 
secondary prevention, even in older adult patients, has been ro-
bustly demonstrated.23) However, direct evidence of a benefit for 
primary prevention in patients aged 75 years and over is controver-
sial.24) Although the reason for this controversy is not clear, differ-
ences in sex, study design, participants, age range, and ethnic char-
acteristics between studies may contribute to these differences.25) 
The participants included in previous trials of primary prevention 
were required to have at least one cardiovascular risk factor, e.g., 
the Prospective Study of Pravastatin in the Elderly at Risk (PROS-
PER) trial26) or elevated C-reactive protein level, e.g.,  Justification 
for the Use of statins in Primary prevention: an Intervention Trial 
Evaluating Rosuvastatin (JUPITER) trial27). In contrast, the pres-
ent study included patients with hypercholesterolemia without 
cardiovascular diseases irrespective of risk factors.  

Although the secondary prevention effect on statin treatment in 
old age is clearly beneficial, the effect on primary prevention has 

Table 1. Baseline characteristics

Variable
Exact matched cohort

Statin users (n = 685) Statin non-users (n = 685) p-value
Age (y) 78.0 ± 3.0 78.1 ± 3.2 0.900
Sex, women 450 (65.7) 450 (65.7) 1.000
HTN 548 (80.0) 267 (39.0) < 0.001
Diabetes mellitus 241 (35.2) 90 (13.1) < 0.001
Aspirin use 130 (19.0) 31 (4.5) < 0.001
Antiplatelet use 185 (27.0) 39 (5.7) < 0.001
HTN medication use 460 (67.2) 200 (29.2) < 0.001
Alcohol drinker 51 (7.4) 44 (6.4) 0.520
Smoker 86 (12.6) 101 (14.7) 0.270
BMI (kg/m2) 23.9 ± 3.3 23.2 ± 3.3 < 0.001
Physically active 130 (19.0) 108 (15.8) 0.130
Total cholesterol (mg/dL) 233.2 ± 44.0 237.7 ± 39.9 0.180
Values are presented as mean±standard deviation or number (%).
HTN, hypertension; BMI, body mass index.
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not been clear in randomized controlled trial studies. The PROS-
PER study was the first to investigate the effect of statin use in older 
adults without cardiovascular disease.26) The results indicated a 15% 
decreased risk of cardiovascular disease in the pravastatin group 
than in the placebo group, but no reduction in all-cause mortality 
(HR = 0.85; 95% confidence interval [CI], 0.77–1.15). In the JUPI-
TER study, the use of rosuvastatin did not significantly reduce mor-
tality (HR = 0.8; 95% CI, 0.62–1.04) in those aged over 70 years 
without cardiovascular disease, with an LDL-C level < 130 mg/dL 
and high-sensitivity (hs)-CRP level of 2 mg/L or higher, but it did 
decrease cardiovascular disease incidence27) (HR = 0.61; 95% CI, 
0.46–0.82). In the Cholesterol Treatment Trialists, meta-analysis of 
subjects over 75 years of age did not prove the primary prevention 
effect4) (HR = 0.92; 95% CI, 0.73–1.16). 

The results of observational studies have suggested mixed and 
less obvious benefits of initiating statins in patients older than 75 
years with increased risks of cardiovascular disease, such as diabet-
ics (e.g., Ramos et al.28)), with cardiovascular disease risk factors 
(e.g., the Statins on Clinical Outcomes for Primary prevention in 
individuals aged > 75 years (SCOPE-75) trial29)), or in men (e.g., 
Orkaby et al.30)). 

In the present study, statin use for primary prevention in patients 
aged over 75 years increased the risk of MACE for the first 3 years. 
Physicians may have been more likely to prescribe statins to pa-
tients with veiled cardiovascular risk factors that were not regis-
tered on claim diagnostic codes, which could have increased the 
healthy user selection bias.31) 

However, our sub-analyses of use duration showed that the risk 
of MACE, hospitalization, and NODM decreased after 5 years of 
starting statin prescription. This result is consistent with Mansi’s 
finding that statin users had significantly higher odds of developing 
diabetes (odds ratio [OR] = 1.93; 95% CI, 1.55–2.41), which per-
sisted throughout follow-up and that short-term statin use was not 
associated with decreased odds of major acute cardiovascular 
events (OR = 1.17; 95% CI, 0.72–1.92).32) These results indicate 
that statins may be effective for primary prevention when used 
long-term (e.g., 5 years or more). 

Meanwhile, concern about statin use in older adults is related to 
fear of myalgia, increased fall risk, liver enzyme elevation, cognitive 
impairment, stroke, fatigue, and drug interactions in polypharmacy 
patients.33,34) However, in this study, we observed no differences in 
the risks of myopathy and hepatitis between statin users and 
non-users. Moreover, statin therapy was not associated with elevat-
ed risks of cancer or hospitalization. Our results are similar to the 
those of the 2015 the Patient and provider Assessment of Lipid 
Man agement (PALM) registry, in which statins appeared to be 
similarly tolerated in older ( > 75 years) and younger adults.35) 

Our study has several limitations. First, there was the possibility 
of coding errors, missing data, lack of clinically relevant data because 
of unmeasured variables, or missing relevant drug use that was not 
typically collected in nationally-based datasets. Second, this was an 
observational study; hence, it suffers from potential selection bias 
despite robust exact block matching. One possible selection bias 
was that frail people might have been less likely to be prescribed 
statins. However, we observed no difference in physical activity be-
tween statin users and non-users and the prevalence of diabetes and 
HTN, which are potential risk factors for frailty, was higher in the 
statin group. These findings indicate that it was unlikely that the sta-
tin non-user group included more frail population. Moreover, pa-
tients with severe frailty were not likely to be included in this study 
because they could not have visited health examination centers and 
were excluded. Third, our study may be influenced by an immortal 
time bias. Statin users with MPR > 20% during the observation pe-
riod must survive to receive consecutive prescriptions and were, 
thus, less likely to die, which may have biased the increased mortali-
ty in the statin user group. However, our analysis of mortality as of 
the median time of survival duration showed no difference between 
statin users and non-users. Thus, we postulate the risk of immortal 
time bias might be less substantial. Fourth, we did not compare 
LDL-C, HDL cholesterol, and triglyceride levels between statin us-
ers and non-users, which could have affected the results, partly be-
cause LDL-C measurement was not included in the national health 
exam and triglyceride and HDL measurements were introduced in 
2009. Fifth, we could not accurately confirm the cumulative or dose 
effects of statins because we could not determine the daily dose of 
statins from the available data. Sixth, while alcohol and smoking are 
risk factors for mortality, they did not differ significantly between 
statin users and non-users. Therefore, they were not confounding 
factors and were excluded from the adjustment. Seventh, there was 
a possibility of unknown confounding regarding adverse outcomes 
in the statistical analysis, despite the exact block matching method 
in consideration of this concern. 

Despite these limitations, this nationwide study included a large 
sample of the older Korean adult population ( > 75 years) and 
demonstrated the benefit of statins for primary prevention if used 
for more than 5 years in terms of reducing all-cause mortality. In 
conclusion, the results of our study suggested that the use of statins 
for primary prevention by adults aged over 75 years was associated 
with a significant lower mortality risk. 
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Background: Although total knee arthroplasty (TKA) is an effective treatment for knee osteoar-
thritis, assessment of postoperative outcomes remains unclear. This study aimed to identify post-
operative physical performance factors that are correlated with self-reported physical function 
and quality of life (QoL) at 3 months after unilateral TKA. Methods: In total, 158 patients who 
underwent unilateral primary TKA completed performance-based physical function tests at 3 
months after surgery, including Stair Climbing Tests (SCT), 6-Minute Walk Tests (6MWT), Timed 
Up and Go tests (TUG), and instrumental gait analysis. We also measured the isometric knee flex-
or and extensor strengths of the operated and non-operated knees. Self-reported physical func-
tion and QoL were assessed using the Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) and the Euro-QoL Five Dimensions (EQ-5D) questionnaire, respectively. Results: 
Bivariate analyses showed that WOMAC function and EQ-5D were correlated with age, other 
self-reported measures, and performance-based measures. The WOMAC pain (r=0.71, p<0.001) 
showed a high positive correlation. While the EQ-5D (r=-0.7, p<0.001) showed a highly negative 
correlation with WOMAC function, WOMAC pain (r=-0.67, p<0.001) showed a moderately nega-
tive correlation with EQ-5D. In multivariate linear regression analyses, WOMAC pain, peak torque 
of the flexor of the non-operated knee, and reductions in extensor and stride length were associ-
ated with self-reported physical function, whereas WOMAC pain, SCT ascent, and cadence were 
associated with postoperative QoL. Conclusions: Physical performance factors were significantly 
associated with self-reported physical function and QoL in patients at 3 months after unilateral 
TKA. These findings suggest that performance-based physical function could be used to assess 
outcomes after TKA. 
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INTRODUCTION 

Knee osteoarthritis (OA) is the single most common joint disease 
and a major cause of disability in older adults. Pain and swelling of 
the affected joints can reduce mobility and impair activities of daily 
living and quality of life (QoL).1,2) 

Total knee arthroplasty (TKA) is an effective and cost-efficient 
treatment for patients with end-stage knee arthritis.3) The most 
prevalent preoperative expectations of TKA are relief of pain.4,5) 
However, despite pain relief after successful TKA, patient expecta-
tions of physical function and QoL are often unfulfilled.6,7) 

Physical function changes over time after TKA. Our previous 
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study showed correlations between preoperative performance-based 
physical function and self-reported physical function and QoL.8) 
Dynamic balance and exercise capacity were powerful predictors 
of self-reported physical function and QoL. During the first month 
after TKA, physical performance and the results of self-reported 
questionnaires worsen substantially from preoperative condi-
tions.9,10) Performance-based measures showed greater responsive-
ness compared to self-reported questionnaires early after surgery 
and patients tend to overestimate actual short- and long-term 
changes in physical function after TKA.11) In addition, several 
studies using both questionnaires and physical performance func-
tions have shown that the self-reported physical function of indi-
viduals often differs substantially from their actual functional capa-
bility.12,13) Due to the discrepancies between self-reported and per-
formance-based physical function, correlation analysis of both out-
comes is necessary in patients who undergo unilateral TKA. By the 
third postoperative month, self-reported physical function and 
QoL scores usually surpass preoperative values.14) Moreover, the 
greatest improvements in gait and lower extremity function occur 
during the first 3 months after TKA.15) By this time, most patients 
have resumed their daily activities in the community and at home. 

We previously reported improvement in functional outcomes 
during the first 3 months after the application of a critical pathway 
for patients who underwent TKA.16) This study included patients 
who underwent unilateral and bilateral TKA; however, we did not 
assess the relationship between physical performance and self-re-
ported physical function. 

Identifying performance-based measures that affect self-report-
ed measures will likely be meaningful; moreover, it is important to 
identify factors that prevent patients from fulling their expectations 
after TKA. Therefore, this study aimed to identify postoperative 
physical performance factors related with self-reported physical 
function and QoL at 3 months after unilateral TKA. The results of 
this study may guide postoperative rehabilitation strategies to im-
prove physical performance and self-reported physical function 
and QoL. 

MATERIALS AND METHODS 

Study Design and Participants 
This retrospective cross-sectional study enrolled 158 patients who 
were diagnosed with knee OA and underwent unilateral primary 
TKA between October 2013 and May 2019. The inclusion criteri-
on for this study was patients who walk independently with or 
without an ambulatory aid after surgery. Patients with previous 
neurological, cardiorespiratory, or orthopedic disease that caused 
ambulatory deficits were excluded. 

All patients completed performance-based physical function 
tests, including Stair Climbing Tests (SCTs), 6-Minute Walk Tests 
(6MWTs), Timed Up and Go tests (TUGs), and instrumental gait 
analyses. We also measured the isometric knee flexor and extensor 
strengths of the operated and non-operated knees. Self-reported 
physical function and pain were measured using the Western On-
tario and McMaster Universities Osteoarthritis Index (WOMAC), 
and self-reported QoL was measured using the Euro-QoL Five Di-
mensions (EQ-5D) questionnaire. 

We informed the patients about the nature of the study and its 
risks and benefits and all participants provided written consent. 
The study protocol was approved by the Institutional Review 
Board at Jeju National University Hospital (No. JEJUNUH 2019-
12-013). 

Rehabilitation Protocol 
Beginning on the first day after TKA, patients underwent a stan-
dard rehabilitation program including passive knee range of mo-
tion (ROM) and physical modalities such as cryotherapy and 
transcutaneous electrical nerve stimulation for relief of knee pain 
and swelling. The patients started progressive resistance strength-
ening exercises 7 days after surgery and an intensive rehabilitation 
program including gait training, aerobic exercises using an ergom-
eter, functional training for transfer, and stair climbing beginning 
on postoperative day 14. The patients participated in the rehabili-
tation programs twice daily, five times per week for 2 weeks in the 
rehabilitation department under the supervision of physical thera-
pists. 

Outcome Measures 
All patients underwent assessments 3 months after surgery, with 
physical performance and self-reported physical function and QoL 
tests performed on the same day. 

Assessments of performance-based physical function 
6MWT: The 6MWT is a performance-based measure of func-

tional exercise capacity, such as walking capacity and gait endur-
ance, in adults. In this test, the participants walk as far as possible 
for 6 minutes along a 50-m hallway marked with lines.17) 

TUG: The TUG test is used to evaluate a dynamic balance. In 
this test, the participants sit with their backs against a chair (seat 
height, 44 cm; width, 49 cm; armrest height, 64 cm) placed at the 
end of a marked 3-m distance and stand up upon hearing the word 
“go”, walk at a comfortable speed past the 3-m mark, turn around, 
walk back, and sit down again in the chair without physical assis-
tance, all while being timed.18) 

SCT: The SCT is a measurement of the time required to ascend 
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and descend a flight of 12 steps, each 17 cm high and 25 cm wide. 
In this test, the participants ascend or descend the stairs as fast as 
possible upon hearing the word “go”. Each patient completed three 
trials, with a 5-minute rest interval between each pair of trials. The 
fastest time was recorded for each patient.19) 

Measurement of knee ROM: The ROM of the affected knee 
was measured using a standard long-arm goniometer. The axis, 
movement arm, and stationary arm of the goniometer were aligned 
with the center of the lateral epicondyle of the femur, the lateral 
malleolus, and the greater trochanter of the femur, respectively. 
The knee flexion ROM was measured as the maximal active bend-
ing of the knee with the patient in the supine position. Knee exten-
sion ROM was measured as the angle of maximal active straighten-
ing with the patient’s heel propped on a 10-cm wooden block. The 
degree of extension beyond zero for hyperextension during this as-
sessment was recorded as a negative value.20,21) 

Gait analysis: A wireless inertial sensing device (G-WALK; 
BTS Bioengineering S.p.A., Milan, Italy) was used to measure the 
spatiotemporal variables of gait. The patients wore a semi-elastic 
back-belt device on the waist to measure the acceleration of the an-
teroposterior, mediolateral, and vertical axes and were instructed 
to walk barefoot along an 8-m pathway at a comfortable speed. 
Gait data were transmitted via Bluetooth to a personal computer 
and were processed using the BTS G-WALK system, a dedicated 
software program that measures length, duration, and single sup-
ports to calculate a typical gait curve. The second positive peak on 
the curve was the instant at which the patient’s foot contacted the 
ground. Therefore, the step length was defined as the distance be-
tween two successive foot contacts with the ground, while stride 
length was defined as the distance between three successive foot 
contacts. The first and last steps were removed from all calcula-
tions because of abnormal patterns and psychological responses at 
the start and end of walking, respectively.22) 

Measurements of isometric strengths of knee extensors and 
flexors: A physical therapist used an isokinetic dynamometer 
(HUMAC NORM; Computer Sports Medicine Inc., Stoughton, 
MA, USA) to measure the maximal isometric strengths of the bi-
lateral knee extensors and flexors. All patients were instructed to 
start a structured warm-up with the knee joint fixed at 60º of flex-
ion to generate maximal isometric force, followed by maximal vol-
untary contractions until the torque did not increase by more than 
5% during three successive attempts. The patients then performed 
knee flexion and extension as discrete movements in a single direc-
tion. Each contraction lasted 4–5 seconds, with 2-minute rest in-
tervals between contractions. After a 5-minute rest, the patients re-
peated the procedure on the other lower limb. The variables mea-
sured included the peak torques (PTs) of the extensor and flexor, 

the ratio of hamstring to quadriceps strength (H/Q ratio), and the 
difference in the strengths of the extensors and flexors between the 
operated and non-operated knees, expressed as percentages of the 
strengths of the non-operated knee.21,23) 

Assessment of self-reported physical function and QoL 
WOMAC: The multidimensional WOMAC index is a ques-

tionnaire used to assess pain, stiffness, and physical functional dis-
ability24) and has previously been applied to measure self-reported 
disability in patients with knee OA. The WOMAC index compris-
es 24 variables: 5 addressing pain, 2 addressing stiffness, and 17 ad-
dressing physical function. Each of these variables is scored using a 
5-point Likert scale (0 = none, 1 = slight, 2 = moderate, 3 = very, 
4 = extremely). The WOMAC index measures the degree of pain, 
stiffness, and difficulty in performing 17 activities during the pre-
ceding 48 hours. Higher scores indicate greater levels of pain, stiff-
ness, and difficulty. 

EQ-5D questionnaires: The EQ-5D questionnaire is widely 
used to evaluate self-reported QoL by measuring five dimensions 
of QoL: mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression.25) Each dimension has three levels of severity 
(no problems, some or moderate problems, and extreme prob-
lems). The scores were converted using utility weights derived 
from the general Korean population and ranged from -1 to 1. Low-
er scores indicated worse overall health status. 

Statistical Analysis 
All variables were subjected to descriptive statistics. We used Pear-
son correlation analysis to assess the relationships between postop-
erative self-reported physical function and QoL, and physical per-
formance. Multivariate linear regression analysis using a backward 
selection linear regression model was used to determine the post-
operative physical performance factors independently associated 
with self-reported physical function and QoL 3 months after TKA. 
We used SPSS for Windows version 20.0 (IBM SPSS, Armonk, 
NY, USA) to perform all analyses, with p < 0.05 considered statisti-
cally significant. 

RESULTS 

This study enrolled 158 patients (134 women and 24 men) with a 
mean age of 72.6 ± 5.8 years and mean body mass index (BMI) of 
25.6 ± 3.0 kg/m2. Their baseline demographic and disease-related 
characteristics are presented in Table 1. Of these 158 patients, 131 
(82.9%) had Kellgren–Lawrence grade IV knee OA.  
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Postoperative Evaluation of Performance-based Physical 
function, Self-reported Physical Function, and QoL and Their 
Correlations 

Table 2 presents the average postoperative performance-based phys-
ical function, self-reported physical function, and QoL scores of 
these patients. 

In bivariate analyses, WOMAC function showed significant 
positive correlations with age (r = 0.29, p < 0.001), WOMAC pain 
score (r = 0.71, p < 0.001), WOMAC stiffness score (r = 0.24, 
p = 0.003), TUG (r = 0.22, p = 0.005), SCT ascent (r = 0.24, 
p = 0.003), SCT descent (r = 0.22, p =  0.007), and knee extensor 
deficit (r = 0.16, p = 0.047). WOMAC function also showed signif-
icant negative correlations with EQ-5D score (r = -0.70, p < 0.001), 
stride length (r = -0.19, r = 0.022), and PT of the flexor of the oper-
ated (r = -0.38, p < 0.001) and non-operated (r = -0.47, p < 0.001) 
knees. 

EQ-5D scores showed significant negative correlations with age 
(r = -0.30, p < 0.001), WOMAC pain score (r = -0.67, p < 0.001), 
WOMAC stiffness score (r = -0.16, p = 0.043), WOMAC function 
score (r = -0.70, p < 0.001), TUG (r = 0.22, p = 0.005), SCT ascent 
(r = 0.24, p = 0.003), and SCT descent (r = 0.22, p = 0.007). EQ-
5D scores also showed significant positive correlations with 
6MWT (r = 0.31, p < 0.001), cadence (r = 0.22, p = 0.007), and the 
PT of the flexors of the operated (r = 0.24, p = 0.002) and non-op-
erated (r = 0.27, p = 0.001) knees (Table 3). 

Table 1. Demographic and disease-related characteristics of the 
subjects (n=158)

Characteristic Value
Age (y) 72.6 ± 5.8
Sex
 Male 24 (15.2)
 Female 134 (84.8)
BMI (kg/m2) 25.6 ± 3.0
K–L grade
 3 27 (17.1)
 4 131 (82.9)
Comorbidities
 Osteoporosis 81 (51.3)
 Pre-sarcopenia 7 (4.4)

Degenerative spine disease 26 (16.5)
Diabetes mellitus 29 (18.4)

 Hypertension 106 (67.1)

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; K–L grade, Kellgren–Lawrence grade.

Table 2. Postoperative evaluation of performance-based physical 
function, self-reported physical function, and quality of life in 
patients 3 months after unilateral TKA

Variable Value
6MWT (m) 443.41 ± 101.76
TUG (sec) 9.24 ± 1.78
SCT (sec)
 Ascent 10.74 ± 3.94
 Descent 12.01 ± 3.96
ROM (º)

Affected ROM flexion 124.66 ± 11.59
Affected ROM extension -7.69 ± 5.43

Gait linear parameters
Gait speed (m/s) 1.20 ± 0.82
Cadence (steps/min) 120.09 ± 12.97
Stride length (cm) 111.75 ± 20.71
Gait cycle duration (sec) 1.66 ± 8.07
Stance phase duration (% of gait cycle) 64.67 ± 3.39
Swing phase duration (% of gait cycle) 35.57 ± 1.81
Double support duration (% of gait cycle) 27.91 ± 4.82
Single support duration (% of gait cycle) 35.57 ± 3.21

Isometric strength test
PT of the extensor of the operated knee (Nm) 80.47 ± 26.00
PT of the extensor of the non-operated knee (Nm) 102.92 ± 63.65
PT of the flexor of the operated knee (Nm) 51.95 ± 14.05
PT of the flexor of the non-operated knee (Nm) 52.56 ± 15.26
Extensor deficit (%) 21.56 ± 21.02
Flexor deficit (%) 10.09 ± 14.86

Self-reported physical function
 WOMAC-Pain 4.13 ± 2.17
 WOMAC-Stiffness 1.97 ± 1.04
 WOMAC-Function 17.61 ± 8.79
Self-reported quality of life
 EQ-5D 0.82 ± 0.09

Values are presented as mean±standard deviation or number (%).
TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster 
Universities Osteoarthritis Index; 6MWT, 6-Minute Walk Test; TUG, 
Timed Up and Go test; SCT, Stair Climbing Test; EQ-5D, Euro-QOL Five 
Dimensions; ROM, range of motion; PT, peak torque.

Factors related with Self-reported Physical Function and 
QOL by Multivariate Linear Regression Analysis 

Postoperative WOMAC-Function score was significantly and in-
dependently associated with age (β = 0.15, p = 0.011), WOMAC 
pain score (β = 0.59, p < 0.001), stride length (β = -0.15, p = 0.009), 
PT of the flexor of the non-operated knee (β = -0.31, p < 0.001), 
and extensor deficit (β = 0.16, p = 0.006). The postoperative EQ-
5D score was significantly and independently associated with the 
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WOMAC pain score (β = -0.62, p < 0.001), SCT ascent (β = -0.18, 
p = 0.013), and cadence (β = 0.13, p = 0.031) (Table 4). 

DISCUSSION 

The results of the present study showed that objective perfor-
mance-based physical function was correlated with self-reported 
physical function and QoL at 3 months after unilateral TKA. WO-

MAC function and EQ-5D scores were correlated with age, other 
self-reported measures, and performance-based measures. Based 
on the classification of correlations as very high, high, moderate, 
low, or negligible,26) the WOMAC pain score showed a highly pos-
itive correlation with the WOMAC function score (r = 0.71, 
p < 0.001), whereas the EQ-5D showed a highly negative correla-
tion with WOMAC function score (r = -0.70, p < 0.001). Pain after 
TKA was inversely correlated with time to recovery27) and preop-
erative pain is correlated with self-reported physical function.8) Pa-
tients experience pain for up to 3 months after surgery; however, 
even reduced pain can negatively affect physical function. Our re-
sults suggested that preoperative and postoperative pain control in 
patients could improve their physical function. 

Among the performance-based physical function parameters 
tested in the present study, strengthening of non-operated knee 
flexor and extensor had significant correlations with WOMAC 
function. Quadriceps strength is frequently reduced after TKA and 
may affect physical functions.10,29,30) Reduced quadriceps strength 
after TKA was related to lower gait speed,31)  and mobility limita-
tions have been reported to be associated with large deficits of 
strength in surgical knee.19) Moreover, the ratio of quadriceps to 
hamstring muscle strength was a strong predictor of weight-bear-
ing asymmetry.32) Hamstring muscles on both the operated and 
non-operated sides were found to be weaker after unilateral TKA. 
Many rehabilitation programs, however, target quadriceps 
strengthening of operated side alone, resulting in less information 
regarding hamstring muscle strength. These results may explain 
our finding that PT flexor of the non-operated knee and a deficit of 
the extensor correlated negatively with WOMAC function, and 
may be useful predictors of postoperative self-reported physical 
function.

WOMAC-Function score is inversely correlated with gait speed 
and stride length.33) Older adults with gait speed < 1 m/s are at 
high risk of poor health-related outcomes.34) Comfortable gait 
speeds for healthy women and men aged 70–79 years are 1.13 and 
1.26 m/s, respectively.35) The mean gait speed in our patients was 
> 1 m/s, which was comparable to that of healthy adults, suggest-
ing that gait speed had little effect on their physical functions. Nor-
mal adults have a mean stride length of 1.39 m,36) about 20% high-
er than that in our patient population, suggesting that stride length 
rather than gait speed might have affected their physical function. 
Together, these results may explain the negative correlation be-
tween stride length and WOMAC function. Rehabilitation strate-
gies after TKA should emphasize pain relief, strengthening the 
knee extensor and flexor, and gait training to increase stride length 
to improve functional outcome. 

We also found that EQ-5D scores at 3 months after unilateral 

Table 3. Correlations between postoperative self-reported physical 
function and quality of life and physical performance in patients 3 
months after unilateral TKA

Variable
Correlation coefficients (r)

WOMAC  
function EQ-5D

Age (y) 0.29* -0.30*
BMI (kg/m2) -0.08 -0.01
Self-reported physical function
 WOMAC-Pain 0.71* -0.67*
 WOMAC-Stiffness 0.24* -0.16*
 WOMAC-Function 1 -0.70*
Self-reported quality of life
 EQ-5D -0.70* 1
6MWT (m) 0.01 0.31*
TUG (sec) 0.22* -0.42*
SCT (sec)
 Ascent 0.24* -0.41*
 Descent 0.22* -0.43*
ROM (º)
 Affected ROM flexion 0.10 -0.07
 Affected ROM extension -0.14 0.14
Gait linear parameters
 Gait speed (m/s) -0.02 -0.03
 Cadence (steps/min) -0.03 0.22*
 Stride length (cm) -0.19* 0.10
 Gait cycle duration (sec) -0.04 0.04
 Stance phase duration (% of gait cycle) 0.00 -0.10
 Swing phase duration (% of gait cycle) 0.12 -0.06
 Double support duration (% of gait cycle) 0.11 -0.02
 Single support duration (% of gait cycle) 0.02 -0.09
Isometric strength test
 PT of the extensor of the operated knee (Nm) -0.15 0.14
 PT of the extensor of the non-operated knee (Nm) -0.13 0.11
 PT of the flexor of the operated knee (Nm) -0.38* 0.24*
 PT of the flexor of the non-operated knee (Nm) -0.47* 0.27*
 Extensor deficit (%) 0.16* -0.08
 Flexor deficit (%) 0.02 0.13
TKA, total knee arthroplasty; BMI, body mass index; WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis Index; 6MWT, 6-Minute 
Walk Test; TUG, Timed Up and Go test; SCT, Stair Climbing Test; EQ-5D, 
Euro-QOL Five Dimensions; ROM, range of motion; PT, peak torque.
*p<0.05.
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TKA were correlated with age, WOMAC pain, WOMAC stiffness, 
WOMAC function, 6MWT, TUG, SCT ascent, SCT descent, af-
fected ROM extension, cadence, and PT flexor of the operated and 
non-operated knees. Among these performance-based physical 
function parameters. Lower pain scores and higher satisfaction 
scores have been reported in patients after TKA.27) Our results sug-
gested that postoperative pain control and improved physical per-
formance could increase postoperative QoL. 

WOMAC pain was strongly and significantly associated with 
postoperative EQ-5D. The goals of TKA are to reduce pain, restore 
knee mobility and function, and improve QoL in cases of severe 
knee OA. Our previous study also showed a correlation between 
preoperative pain and self-reported QoL.8) Moreover, the most 
significant predictor of patient dissatisfaction is persistent pain af-
ter surgery.37) The results of these and the current study showed 
that patients continued to experience pain, albeit reduced, for up 
to 3 months after TKA, which possibly affected their QoL. The 
patients in our study had relatively lower WOMAC pain scores 
than those in other studies.38) These lower scores may have been 
due to the cross-sectional nature of this study, with all patients re-
ceiving adequate rehabilitation for 3 weeks. Nevertheless, our find-
ings suggested that pain relief, even if the surgery was successful, is 
required to improve patient QoL. 

We also found that SCT ascent and cadence were useful factors 
of postoperative EQ-5D scores. Stair activity is one of three recom-
mended performance-based measures in patients with knee OA.39) 
Stair activity is frequently limited in these patients and, as well as 
being a goal of postoperative rehabilitation, necessary for patient 
safety and independence. The SCT test is the most responsive per-
formance-based measurement of recovery early after TKA.11) 

Reduced cadence leads to reduced gait speed after TKA.40,41) 

Limited gait speed is a significant issue; thus, increasing gait speed 
is a rehabilitation goal in patients with knee OA.32) However, be-
cause the gait speed of our patients was similar to the comfortable 
gait speed of healthy individuals, gait speed was unlikely to have a 
major effect on QoL 3 months after surgery. Thus, rehabilitation 
strategies should emphasize pain relief, stair activity, and gait train-
ing with increased cadence to improve QoL. 

Although both gait function (including spatiotemporal parame-
ters) and physical function (including lower limb strengthening) 
improve greatly during the first 3 months after TKA, patients’ sub-
jective expectations of physical function remain unfulfilled until 1 
year after TKA.6) These parameters, as well as isometric strength-
ening of the knee 1 month after TKA, showed greater improve-
ment in our previous study than in the present study.42) According-
ly, the self-reported physical function and QoL 3 months after 
TKA may have been lower than the actually measured values. 

Knee flexion and extension ROM at 3 months after TKA were 
not significantly correlated with physical function or QoL. More-
over, knee ROM at 1 month after TKA did not significantly affect 
physical function. These findings indicate that for at least 1 month 
after TKA, knee ROM is unrelated to physical function and QoL. 

This study has some limitations. First, the results may not be 
generalizable to all TKA surgeries since the participants underwent 
only unilateral primary TKA. Accordingly, studies of patients who 
underwent bilateral TKA or revision are warranted. Second, the 
cross-sectional design of this study prevented analyses of the causal 
relationships among variables. Finally, we did not compare partici-
pants to those who did not receive postoperative rehabilitation af-
ter unilateral TKA. 

In conclusion, the results of this study identified physical perfor-
mance factors correlated with self-reported physical function and 

Table 4. Factors associated with self-reported physical function and quality of life by multivariate linear regression analysis

Outcome/independent factors Standardized (β) p-value Adjusted R2

Postoperative WOMAC-Function 0.64
 Age 0.15 0.011
 WOMAC-Pain 0.59 < 0.001
 Stride length (cm) -0.15 0.009
 PT of the flexor of the non-operated knee (Nm) -0.31 < 0.001
 Extensor deficit (%) 0.16 0.006
Postoperative EQ-5D 0.58
 Age -0.18 0.004
 WOMAC-Pain -0.62 < 0.001
 SCT ascent -0.18 0.013
 Cadence (steps/min) 0.13 0.031

The logistic regression analyses were adjusted for age, sex, and body mass index (BMI).
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; PT, peak torque; EQ-5D, Euro-QOL Five Dimensions; SCT, Stair Climbing Test.
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QoL in patients at 3 months after unilateral TKA. These findings 
suggest that these performance-based physical function could be 
used to assess outcomes after TKA. 
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Introduction 

Sleeping is a major component of health, and sleep disorders in-
crease the risk of major diseases, including cardiovascular disease.1) 
A previous study reported associations between sleep disorder and 
heart failure, coronary heart disease, and irritable bowel syn-
drome.2) Sleep problems are well known to affect the quality of 
life,3) including poor response to health that indicates a decrease in 
subjective health perception. Furthermore, sleep disorders, includ-
ing insomnia, daytime sleepiness,4) short sleep duration, and long 
sleep duration,5) are associated with decreases in subjective health 
perception. Sleep quality is also associated with decreased quality 
of life, including subjective health perception.6) 

Subjective health perception involves recognizing one’s health 
status; this information can then be used to assess an individual’s 
general health status.7) In addition, regardless of the actual state of 
health, if the subjective health perception is poor, the level of daily 
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activity is low, which could negatively affect the state of wellbeing.8) 

In contrast, it is well-known that sleep patterns change with 
age,1) that aging is a major cause of sleep disorders, and that various 
factors are related to sleep disorders in older adults.9) They have 
decreased deep sleep, difficulty falling asleep, increased arousal 
while sleeping, and decreased total sleeping duration.10) These ob-
servations suggest a high prevalence of sleep disorders in older 
adults.11) Thus, these individuals with a high prevalence of sleep 
problems may also have a high possibility of reduced subjective 
health perception, which may ultimately affect the actual health 
status. 

This study assessed the relationship between sleep habits and 
subjective health perception rather than the quality of sleep and 
sleep disorders, which have been evaluated in previous studies. 
Sleep habits generally differ between weekdays and weekends. In 
most cases, weekend sleep duration is relatively longer, as reported 
by the Korean National Health and Nutrition Examination Survey 
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(KNHANES),12) and may do so even after retirement. Moreover, 
as older adults are more likely to live according to traditional gen-
der roles, sleep habits may also differ according to sex. Thus, the 
purpose of this study was to clarify the association between sleep 
habits and subjective health status in older adults. 

Materials and Methods 

Participants 
This study analyzed data of 1,678 older people (695 men and 883 
women) aged 65 years or older who participated in the 2016 Korea 
National Health and Nutrition Examination Survey (KNHANES 
VII-1) conducted by the Korea Centers for Disease Control and 
Prevention.13) 

From the KNHANES, the extraction frame was stratified based 
on cities, provinces, municipalities, and housing types (general 
houses, apartments, newly built apartments). This study was con-
ducted from January to December 2016 for all households with 
person over one year old or older from among 4,416 households 
nationwide. Because the KNHANES datasets do not include iden-
tifiable personal information, all studies using these data are ex-
cluded from the requirement for institutional review board ap-
proval. 

Data Collection and Variables 
We analyzed data on the participants’ age, spouse cohabitation, 
household income, weekday and weekend sleeping times, weekday 
and weekend waking times, number of days walked per week, 
number of strength exercise days per week, and the presence of 
chronic diseases (hypertension, type 2 diabetes, hypercholesterol-
emia, and hypertriglyceridemia). 

Spouse cohabitation was defined as living with a spouse. The 
weekly walking days were classified into four groups: no walking at 
all, 1–3 days walking, 4–6 days walking, and daily walking. The 
weekly strength exercise days were divided into three groups: no 
exercise at all, 1–3 days, and 4 or more days. 

Sleep Habits and Subjective Health Perception 
We defined sleep duration in this study as the difference between 
sleeping time and waking time and classified into five groups: un-
der 6 hours, 6–7 hours, 7–8 hours, 8–9 hours, and more than 9 
hours. Sleeping time was classified into six groups: before 9 pm, 
9–10 pm, 10–11 pm, 11–12 pm, 12–1 am, and after 1 am. Waking 
up time was classified into six stages: before 4 am, 4–5 am, 5–6 am, 
6–7 am, 7–8 am, and after 8 am. Subjective health perception was 
classified into three stages: good, normal, and bad. Health percep-
tion data were acquired from responses to a simple question (“how 

do you normally think of your health?”).  

Statistical Analysis 
We performed statistical analysis using complex sample analysis in 
IBM SPSS Statistics for Windows, version 23.0 (IBM, Armonk, 
NY, USA). We used t-tests to compare the mean age and weekday 
and weekend sleeping times among the participants. We used chi-
square tests to compare the age groups, spouse living status, house-
hold income, hypertension, diabetes mellitus, hypercholesterol-
emia, hypertriglyceridemia, weekly walking days, weekly strength 
exercise days, and subjective health status between older men and 
women. 

We also used chi-square tests to compare the differences in 
weekday and weekend sleep duration, sleeping time, and waking 
up time between older men and women. We applied a generalized 
linear model to compare differences in sleep duration according to 
sleeping and waking times on weekdays and weekends between 
older men and women. Ordinal regression was used to examine 
the relationship between subjective health and stages of sleep dura-
tion, sleeping time, and waking time. 

Results 

Baseline Participants Characteristics 
The mean ages of the men and women in this study were 72.26 
± 0.239 and 74.41 ± 0.203 years, respectively. The age composi-
tion differed significantly by sex (p < 0.01). We also observed a dif-
ference in the spouse cohabitation status between men and wom-
en (p < 0.01). The sleep duration was longer in men compared to 
that in women on both weekdays and weekends. The prevalence 
of hypertension, diabetes mellitus, and hypertriglyceridemia did 
not differ significantly between men and women; however, the 
prevalence of hypercholesterolemia differed significantly 
(p < 0.01). The walking days in a week did not differ significantly 
between the sex; however, muscular exercise duration and walking 
practice were significantly higher in men than in women (Table 1). 

Comparisons of Sleep Duration, Sleeping Time, and Waking 
Time between Men and Women 
Weekday and weekend sleep durations differed significantly be-
tween men and women (p < 0.012). Sleep durations between 7 
and 8 hours were highest on weekdays. The weekend sleep dura-
tion differed significantly between men and women (p = 0.006). 
On weekdays, the most common sleep time was between 10 pm 
and 11 pm. The weekend sleeping times were similar to those on 
weekdays. There was no difference in sleeping time between the 
sexes with regard to weekend sleeping time. On weekdays, the 
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waking times for both were predominantly between 5 am and 6 
am (Table 2). 

Sleep Duration according to Sleeping and Waking Times on 
Weekdays and Weekends 
The weekday sleep durations in men and women who went to sleep 
between 10 and 11 pm were 447.56 ± 5.13 and 435.04 ± 6.02 min-
utes, respectively, and 454.22 ± 5.78 and 441.21 ± 6.18 minutes, re-
spectively, on the weekends. The weekend sleep duration was high-
er than the weekday sleep duration. The sleep duration of men who 
woke between 6 and 7 am on weekdays did not differ from those 
who woke between 7 and 8 am and after 8 am (Table 3). 

Relationships between Sleep Habits and Subjective Health 
The weekday and weekend sleeping durations were associated 
with subjective health in men (p < 0.05) but not in women. Com-
pared to a sleep duration of 7 hours, a duration of 9 hours was sig-

nificantly associated with improved health perception in men. 
Sleeping and waking times on weekdays and weekends were not 
related to subjective health in either sex (Table 4).

Discussion 

This study investigated the associations between sleep habits and 
subjective health perception. A previous study reported that sleep 
duration affected the quality of life at all ages, as assessed by the 
European Quality of Life-5 Dimensions (EQ-5D) index.14) Incon-
sistent with the results of our study, previous studies reported an 
association between the quality of life and sleep patterns. However, 
previous studies also reported that responses to the EQ-5D were 
related to subjective health status.15,16) This trend was expected to 
be prominent in older adults who often have an overall lower qual-
ity of sleep.11) We observed different associations between sleep 
habits and health perceptions between sexes in the present study. 

Table 1. Baseline participant characteristics

Characteristic Men (n = 695) Women (n = 883) p-valuea)

Age (y) 72.26 ± 0.239 74.41 ± 0.203 < 0.01
 65–74 430 (64.5) 519 (53.8)
 ≥ 75 265 (35.5) 364 (46.2)
Living status with spouse < 0.01

Living with spouse 603 (87.9) 439 (45.8)
Living without spouse 88 (12.1) 439 (54.2)

Household income < 0.01
 Low 297 (42.8) 479 (54.3)
 Middle 203 (27.4) 227 (24.7)
 High 187 (29.8) 173 (21.0)
Total weekday sleep duration 442.16 ± 4.48 422.46 ± 4.00 < 0.01
Total weekend sleep duration 454.32 ± 4.62 430.54 ± 4.06 < 0.01
Chronic disease
 Hypertension 413 (61.7) 593 (67.7) 0.131
 Diabetes 187 (27.2) 208 (27.4) 0.452
 Hypercholesterolemia 132 (20.8) 282 (34.7) < 0.01
 Hypertriglyceridemia 89 (15.9) 106 (14.9) 0.662
Weekly walking days 0.075

No walking 167 (24.5) 262 (30.1)
 1–3 144 (23.2) 223 (25.6)

4–6 days 128 (19.4) 134 (16.2)
 Daily 211 (32.9) 209 (28.2)
Weekly days of muscular exercise < 0.01

No muscle exercise 488 (70.4) 754 (90.9)
 1–3 56 (9.2) 38 (4.0)
 > 4 112 (16.8) 39 (5.1)
Walking practice rate 301 (46.6) 287 (37.7) 0.040

Values are presented as mean±standard error or number (%).
a)t-test or chi-square test.
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Table 2. Comparisons of sleep duration, sleeping time, and waking time between men and women
Sleep habit Male (n = 695) Female (n = 883) p-valuea)

Weekday sleep duration (hr) 0.012
 < 6 73 (13.0) 148 (18.3)
 6–7 111 (18.0) 160 (21.1)
 7–8 186 (26.0) 223 (26.6)
 8–9 162 (24.5) 165 (18.7)
 > 9 122 (18.5) 132 (15.4)
Weekend sleep duration (hr) 0.006
 < 6 69 (12.1) 140 (17.0)
 6–7 93 (15.7) 157 (19.4)
 7–8 179 (24.6) 210 (25.9)
 8–9 164 (24.7) 176 (19.9)
 > 9 148 (22.9) 145 (17.8)
Weekday sleeping time 0.263

Before 9 pm 78 (11.1) 62 (7.4)
9 pm–10 pm 156 (21.5) 192 (21.4)
10 pm–11 pm 202 (30.6) 243 (30.1)
11 pm-12 am 115 (17.6) 171 (21.0)
12 am–1 am 72 (13.0) 107 (13.8)
After 1 am 32 (6.2) 55 (6.5)

Weekend sleeping time 0.066
Before 9 pm 79 (11.4) 59 (7.2)
9 pm–10 pm 150 (21.6) 171 (18.8)
10 pm–11 pm 199 (29.3) 241 (29.7)
11 pm–12 am 119 (18.2) 176 (21.8)
12 am–1 am 78 (13.8) 123 (15.1)
After 1 am 29 (5.6) 59 (7.3)

Weekday waking time 0.250
Before 4 am 33 (5.5) 61 (7.7)
4 am–5 am 100 (13.8) 140 (16.7)
5 am–6 am 205 (30.3) 244 (30.5)
6 am–7 am 186 (28.5) 227 (25.9)
7 am–8 am 94 (14.8) 113 (13.7)
After 8 am 37 (7.4) 47 (5.5)

Weekend waking time 0.395
Before 4 am 32 (5.4) 55 (6.9)
4 am–5 am 78 (10.7) 122 (14.3)
5 am–6 am 200 (29.8) 221 (27.4)
6 am–7 am 178 (26.6) 231 (26.2)
7 am–8 am 109 (16.8) 128 (15.2)
After 8 am 57 (10.8) 75 (10.1)

Values are presented as number (%).
a)Chi-square tests.

In this study, weekday and weekend sleep durations were associ-
ated with subjective health perception in men but not in women. 
Subjective health perception is how an individual perceives his or 
her health, which may differ from their actual health. However, 
negative subjective health perceptions are associated with an in-

creased prevalence of depression or stress-related symptoms;17,18) 
thus, subjective health perception is considered an objective indi-
cator of health.19) In this study, men with sleep durations of 9 hours 
perceived their subjective health to be significantly compared that 
in men with 7 hours of sleep duration on both weekdays and week-
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ends. However, compared to 7 hours of sleep duration, we ob-
served no significant difference in subjective health perception for 
other sleep durations. Older adults have a higher prevalence of 
sleep disorders;10,11) thus, the impact of insufficient sleep duration 
on subjective health perception could be greater in this population 
than in younger populations. In other words, if older adults per-
ceive that they are lacking sleep, their subjective health perception 
is likely to be worse compared to those in younger populations. 

Many factors affect positive subjective health perception; among 
these, a sleep duration that is not too long and not too short is im-
portant,5) which is consistent with our results. However, subjective 
health perception was not related to sleeping or waking times in  
men in our study. Lifestyle determines sleeping or waking time, 

Table 3. Sleep duration according to sleeping and waking time of weekdays and weekends

Sleep pattern
Male (n = 695) Female (n = 883)

Estimate SE p-valuea) Estimate SE p-valuea)

Weekday sleep duration by sleeping time
 (Intercept) 447.563 5.129 < 0.001 435.041 6.024 < 0.001
 Before 9 pm 101.796 12.086 < 0.001 101.713 18.356 < 0.001
 9 pm –10 pm 37.608 9.168 < 0.001 34.373 10.278 0.001
 11 pm–12 am -36.835 9.375 < 0.001 -35.172 9.758 < 0.001
 12 am –1 am -74.05 11.888 < 0.001 -79.515 9.543 < 0.001
 After 1 am -140.895 18.051 < 0.001 -141.493 17.881 < 0.001
 10 pm–11 pm 0.000b)  - - 0.000b) - -
Weekend sleep duration by sleeping time
 (Intercept) 454.215 5.763 < 0.001 441.421 6.132 < 0.001
 Before 9 pm 102.563 12.114 < 0.001 98.29 21.28 < 0.001
 9 pm–10 pm 47.493 11.645 < 0.001 43.685 9.496 < 0.001
 11 pm–12 am -28.158 9.95 0.005 -24.546 8.972 < 0.001
 12 am–1 am -67.624 10.681 < 0.001 -70.313 10.314 < 0.001
 After 1 am -131.391 19.439 < 0.001 -139.416 17.031 < 0.001
 10 pm–11 pm 0.000b) - - 0.000b) - -
Weekday sleep duration by wake time
 (Intercept) 471.848 7.352 < 0.001 447.212 6.454 < 0.001
 Before 4 am -130.92 17.645 < 0.001 -138.742 13.421 < 0.001
 4 am–5 am -92.516 11.759 < 0.001 -75.769 10.7 < 0.001
 5 am–6 am -47.398 9.588 < 0.001 -39.449 8.521 < 0.001
 7 am–8 am 19.492 10.114 0.054 46.299 11.558 < 0.001
 After 8 am 23.22 21.718 0.285 78.164 21.072 < 0.001
 6 am–7 am 0.000b) - - 0.000b) - -
Weekend sleep duration by wake time
 (Intercept) 474.45 7.28 < 0.001 442.249 5.562 < 0.001
 Before 4 am -123.436 17.311 < 0.001 -128.5 14.004 < 0.001
 4 am–5 am -87.397 12.844 < 0.001 -71.917 10.068 < 0.001
 5 am–6 am -49.029 9.544 < 0.001 -36.231 7.982 < 0.001
 7 am–8 am 21.684 9.699 0.026 49.862 10.466 < 0.001
 After 8 am 62.479 19.179 0.001 98.845 15.104 < 0.001
 6 am–7 am 0.000b) - - 0.000b) - -
SE, standard error.
a)Analysis of variance.
b)Reference (standard time).

and these are considered insignificant if the sleep duration is suffi-
cient. 

In women, sleep duration, sleeping time, and waking time were 
not related to subjective health perception. The prevalence of sleep 
disorders is higher in older women than in older men.20,21) Thus, 
sleep disorders may negatively affect the relationship between 
sleep habits and subjective health perception compared to that in 
individuals without sleep disorders. Therefore, sleep habits are un-
likely to be a significant factor for subjective health perception in 
older women with sleep disorders. Also, sleep patterns of older 
women might be affected by both social and familial roles, mean-
while these in older men are more likely to be affected by only so-
cial roles, in Korean cultural perspective. Additionally, alterations  
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Table 4. Relationships between sleep habits and subjective health

Male Female
Weekday Weekend Weekday Weekend

OR 95% CI p-valuea) OR 95% CI p-valuea) OR 95% CI p-valuea) OR 95% CI p-valuea)

Sleep duration (hr) 0.043 0.025 0.480 0.398
 5 1.053 0.496–1.819 1.076 0.572–2.024 1.559 0.912–2.668 1.371 0.811–2.319
 6 1.016 0.583–1.661 0.891 0.514–1.547 1.053 0.682–1.626 1.138 0.725–1.786
 8 0.966 0.664–1.613 0.983 0.622–1.553 1.186 0.807–1.743 1.076 0.727–1.593
 9 0.570 0.359–0.904 0.513 0.321–0.822 1.273 0.895–1.812 1.426 0.958–2.123
 7 1 - 1 - 1 - 1 -
Sleeping time 0.058 0.148 0.815 0.801
 < 9 pm 0.495 0.250–0.982 0.621 0.313–1.231 1.015 0.547–1.883 0.947 0.543–1.651
 9 pm–10 pm 0.787 0.531–1.164 0.876 0.580–1.325 0.897 0.608–1.325 0.835 0.575–1.212
 11 pm–12 am 0.949 0.606–1.486 1.185 0.769–1.827 1.081 0.703–1.662 1.003 0.692–1.454
 12 am–1 am 0.843 0.487–1.457 1.125 0.641–1.973 0.864 0.575–1.297 0.787 0.520–1.190
 > 1 am 1.539 0.545–4.346 1.597 0.594–4.293 0.664 0.268–1.643 0.770 0.313–1.897
 10 pm–11 pm 1 - 1 - 1 - 1 -
Waking time 0.999 0.561 0.132 0.206
 < 4 am 1.059 0.522–2.148 0.880 0.431–1.799 0.939 0.462–1.907 0.886 0.473–1.589
 4 am–5 am 0.981 0.608–1.584 0.856 0.515–1.423 1.296 0.767–2.192 1.237 0.772–1.982
 5 am–6 am 1.027 0.668–1.580 1.283 0.823–2.000 1.492 0.998–2.229 1.303 0.906–1.873
 7 am–8 am 0.960 0.581–1.588 1.208 0.700–2.086 0.874 0.545–1.403 0.829 0.515–1.334
 > 8 am 0.906 0.495–1.660 0.847 0.405–1.770 1.084 0.614–1.913 0.750 0.378–1.488
 6 am–7 am 1 - 1 - 1 - 1 -

OR, odds ratio; CI, confidence interval.
a)Ordinal regression.

in sleeping patterns may differ between older men and women. In 
older men, a lack of deep sleep is a major problem, while sleep la-
tency was a predominant sleeping problem in older  women.22) 
Consequently, insufficient sleep duration was related to poor sub-
jective health perception in older men lacking deep sleep. 

We observed associations between weekday and weekend sleep 
duration and subjective health perception in men. These results 
may inform the regulation of health policy in this population. Gen-
erally, 8 hours is considered a sufficient sleep duration in adults, al-
though one study reported 7 hours to be sufficient.23) Older men 
with a lack of deep sleep may not perceive their subjective health 
to be high despite having a sufficient sleep duration (7–8 hours); 
in this study, those with 9 hours of sleep duration perceived their 
health to be good. Subjective health perception is not a substitute 
for actual health status but is helpful as an objective indicator to 
predict the actual health status.24,25) Additionally, one study report-
ed that poor perception of subjective health increased the risk of 
suicide and decreased daily life activities.8,26) Thus, older  men may 
not sleep enough due to sleep disorders, or if they did sleep, their 
sleep duration was less than 8 hours. Their subjective perception 
could also be deteriorating, leading to an increased risk of disease. 

Therefore, sleep duration should be assessed in the initial medical 
examinations of older men. If the sleep duration is insufficient, 
sleep hygiene should be managed or pharmacologic intervention 
should be considered. Further study is needed regarding the effects 
on older adult women. 

This study has a few limitations. First, due to the cross-sectional 
design, the observed relationships established did not establish 
causality. Prospective studies are needed to clarify the causality of 
subjective health perception and sleep habits. Second, data on 
medical history and sleep patterns were obtained through a ques-
tionnaire; thus, missing variables or overstatement are possible. 
The question used to estimate sleep duration, “when do you usual-
ly go to bed and when do you wake up?” was very simple and 
might not reflect the average duration of sleep. Third, we analyzed 
only sleep habits as represented by sleep duration, sleeping time, 
and waking time, but not sleep quality, which was not considered 
is as important as sleep pattern. Despite these limitations, the 
strength of this study was that the study population may represent 
the Korean older population. Moreover, to our knowledge, this is 
the first study to assess the relationship between sleep habits and 
subjective health perception in this population. 
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In conclusion, weekday and weekend sleep durations were relat-
ed to subjective health perception in older men. Additional studies 
are needed to determine how sleep habits, including sleep quality, 
affect the subjective health perception of older adults. 
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Background: This study aimed to translate and validate the comprehensive geriatric assessment 
(CGA) questionnaire among older adult patients in Malaysia in the Malay language. Methods: 
The questionnaire contained items on the socio-demographic characteristics, medical condition, 
quality of life (QOL), nutritional status, functional capacity, and depression status. The forward 
and backward translation processes of the original English language version of the questionnaire 
were undertaken by three independent linguistic translators, while its content was validated by 
an expert team consisting of seven geriatricians, physicians, dietitian, and lecturers. The Malay 
version of the questionnaire was tested for face validity in 10 older adult patients over 65 years 
of age. The internal consistency reliability and construct validity were evaluated among 166 older 
adult patients (mean age, 71.0 years; 73.5% male). The questionnaire was administered through 
face-to-face interviews with the patients. Minor amendments were made after the content and 
face validity tests. Results: The internal consistency reliability was good, as the Cronbach’s alpha 
for most of the scales surpassed 0.70, ranging from 0.70 to 0.98, with only one exception (Mini 
Nutritional Assessment Short-Form, Cronbach’s alpha=0.62). The factor loadings for all scales 
were satisfactory (>0.40), ranging from 0.45 to 0.90. Conclusion: The Malay-version CGA showed 
evidence of satisfactory internal consistency reliability and construct validity in Malaysian geriat-
ric patients.  
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INTRODUCTION 

Aging is a global phenomenon. Worldwide, the proportion of old-
er adult population consisting of people aged ≥ 60 years is growing 
faster than any other age group.1) According to the World Health 
Organization, the 703 million older adult individuals in the world 
today is expected to increase to 1.5 billion by 2050.2) In Malaysia, 
the older adult population (age ≥ 65 years) is also the fastest-grow-
ing age group. In 2017, 6.2% of 32.3 million people in Malaysia 
were aged over 65 years. In terms of ethnicity, 7% of Malaysian 
older adults are from the Malay population. The Malaysian 
Healthy Ageing Society reported that the proportion of Malaysians 

aged 60 years and older had increased from 6.2% in 2000 and is 
predicted to reach 13.6% by 2030.3) This increasing trend of aging 
population implies that Malaysia is moving towards an aging pop-
ulation. Based on data reported by the National Population and 
Family Development Board (LPPKN), Malaysia is predicted to 
reach aging population status by 2035, in which citizens aged 60 
years and older will comprise 15% of the total population (5.6 mil-
lion).4) 

The occurrence of a variety of conditions and disorders unique 
to this age group has increased notably in recent years, in line with 
the rapidly aging society. Older adults experience progressive de-
clines in their biological and psychological functions. A compre-
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hensive assessment is thus required to ensure a holistic approach in 
their care plans. Comprehensive Geriatric Assessment (CGA) is a 
multidimensional and interdisciplinary diagnostic process to de-
termine the medical, psychological, and functional capabilities of 
older adults. CGA has been applied widely in many medical con-
texts including orthopedic5), coronary artery disease6), and multi-
morbidity.7) Its purpose is tailored towards developing a coordinat-
ed and integrated plan for treatment and long-term follow-up. The 
basic components of the CGA include functional status, co-mor-
bidity, cognition, depression, polypharmacy, nutrition, presence of 
geriatric syndromes, and socioeconomic factors. While integrating 
standard medical diagnostic evaluation, CGA emphasizes the 
quality of life (QOL) and functional status, prognosis, and out-
come that entail a workup with more depth and breadth.8-10) 

Most of the standardized questionnaires in CGA that are devel-
oped in English-speaking countries are not applicable in Malaysia, 
which is a country with a multi-ethnic population and more than 
one spoken language. Thus, the questionnaires must be translated 
into the local Malay language, adapted to the local culture, and vali-
dated against the original version while also considering important 
cultural differences. The Malay language is the language of knowl-
edge and union and it is the national language in Malaysia.11) This 
language is related to the Austronesian family of Malay, which has 
spread across nearly half of the world, with more than 300 million 
speakers, making it the fourth-largest language globally in terms of 
the number speakers.12) Thus, the objectives of this study were to 
translate the original English version of CGA questionnaires into 
the Malay language and determine the reliability and validity of 
this Malay version among the Malaysian older adult population. 

MATERIALS AND METHODS 

Instrument Translation 
The CGA questionnaire consists of five sections (A to E): Section 
A enquires about participant socio-demographic data, medical 
conditions, and health and nutritional risk factors, while Sections 
B–E comprise the screening tools to assess nutritional status (Mini 
Nutritional Assessment-Short Form [MNA-SF]), QOL (36-items 
Short Form Health Survey version 2.0 [SF-36 Health Survey v2]), 
functional capability (activities of daily living [ADLs] and instru-
mental activities of daily living [IADLs]), and depression status 
(Geriatric Depression Scale-Short Form [GDS-SF]). All five sec-
tions were translated together according to the international guide-
lines after obtaining permission from the respective original au-
thors of the questionnaires.  

The first step of the translation involved the forward translation 
of the original English questionnaire into the Malay language by 

two qualified and independent linguistic translators fluent in both 
languages. The translators were requested to produce a forward 
translation that was conceptually equivalent to the original En-
glish-version questionnaire. Each translator produced a forward 
translation version without mutual consultation. The translations 
were then reviewed and reconciled by the researchers to create a 
preliminary version of the forward translation. This version was 
subsequently given to a third translator, who translated the ques-
tionnaire back into English. The backward translation version was 
compared to the original English questionnaire by the researchers, 
with consideration regarding whether the items were rewritten us-
ing the same words (literal assessment) or if the original meaning 
had been retained (semantic equivalence). When discrepancies 
between backward translation and original versions arose, the 
word choices were discussed among the researchers and transla-
tors until a final forward translation version was reconciled. The 
comprehensibility and appropriateness of the language in the Ma-
laysian cultural context were emphasized during the translation 
procedure. 

Ethical Clearance 
This study was approved by the Malaysia Research Ethics Com-
mittee (MREC) of the Ministry of Health Malaysia (Registration 
No. (2)dlm.KKM/NIHSEC/08/0804/P10-337) and the Human 
Research Ethics Committee (HREC) of USM (No. USMKK/
PPP/JEPeM (228.4[1.6])). 

Content and Face Validity 
An expert team comprising seven geriatricians, physicians, dieti-
tian, and lecturers assessed the final forward translation question-
naire for its content. They made their judgments about the rele-
vance of the questionnaire and suggested the use of better terms 
and format. 

For face validity, we tested the questionnaire in 10 geriatric pa-
tients aged ≥ 65 years who were admitted to the medical wards in 
Hospital Universiti Sains Malaysia (HUSM) after obtaining in-
formed consent from all participants. The researcher went through 
each item and allowed the patients to clarify their doubts and com-
ment on the questions and response choices. The researchers dis-
cussed these comments and developed the final Malay version of 
the CGA questionnaire, which was then evaluated for its reliability 
and validity among Malaysian geriatric patients. 

Internal Consistency Reliability and Construct Validity 

Study design and participants 
A cross-sectional study was conducted using convenience sam-
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pling at the Medical Outpatients Department (MOPD) and medi-
cal wards of Hospital Sultanah Nur Zahirah (HSNZ), Kuala 
Terengganu, Malaysia. This study was approved by the MREC of 
Ministry of Health, Malaysia in November 2010. 

The inclusion criteria were geriatric patients aged ≥ 65 years and 
admitted to the medical wards or who visited the MOPD. We 
identified eligible participants from the patient admission list at the 
admission counter of the medical wards and the patient appoint-
ment list located at the registration counter of daily MOPD. A 
trained interviewer collected data collection via face-to-face inter-
views. 

Measures 
This study integrated a revised MNA-SF13) in the CGA tool to 
screen the patients’ nutritional status. The revised MNA-SF con-
sisted of six items and included the calf circumference (CC) pa-
rameter as a substitute for body mass index (BMI). This change 
enabled its application to immobile individuals or in circumstances 
where the weight and height could not be measured. A total score 
ranging from 0–14 distinguishes patients into those with normal 
nutritional status (12–14 points), risk of malnutrition (8–11 
points), and who are malnourished (0–7 points). 

The CGA applies the SF-36 Health Survey v214) with standard 
4-week recall periods to assess the health-related QOL among the 
participants. It contained 36 items across eight different scales of 
health; namely: physical functioning (PF), role limitations due to 
physical problems (RP), bodily pain (BP), general health (GH), 
vitality (VT), social functioning (SF), role limitations due to emo-
tional problems (RE), and mental health (MH). These eight scales 
were further aggregated into two summary measures; namely, 
physical (21 items: PF, RP, BP, GH) and mental (14 items: VT, SF, 
RE, MH) components. The survey additionally included a sin-
gle-item scale on health translation (HT) to describe the compari-
son between current health status and health status 1 year prior. 
The response choices of these 36 items based on 3-, 5-, or 6-point 
scales, with item scores of 1–3, 5, or 6 points. We recoded the 
scores for 11 items so that all 36 items would score in the same di-
rection, with higher values indicating better health status. 

The functional capacity of patients was measured as the ability 
to perform both the ADL and IADL. This entailed the use of the 
10-item Barthel Index15,16) for the ADL; and 7-item IADL subscale 
of the Older Americans Resources and Services (OARS)17) for the 
IADL assessment. 

The Barthel Index15,16) measures patients’ level of independence 
using 10 basic activities rated with scores ranging between 0 and 3 
and a maximum total score of 20 points. Scores of 15–19 and < 14 
points indicated mild and moderate to severe functional disabili-

ties, respectively. 
The IADL subscale of the OARS17) assesses patients’ level of in-

dependence on seven instrumental activities. The questionnaire 
used three levels of scoring (0 = fully dependent; 1 = requiring 
some help; 2 = fully independent) for a total score ranging from 
0–14 points. Scores < 10 points indicated functional disability. 

The GDS-SF18) is modified from the original GDS and used to 
screen patient depression levels. As a 15-item scale with a “yes/no” 
format, 10 items suggest probable depression for negative respons-
es (negative items); the remaining 5 items suggest probable de-
pression when answered positively (positive items). The scores 
ranged from 0–15, whereby 1 point was given for each response 
suggestive of probable depression. Points ≥ 5 were indicative of 
the risk of depression. 

Along with MNA-SF, SF-36, GDS-SF, ADL, and IADL assess-
ment, the questionnaire also integrated variables on socio-demo-
graphic characteristics, medical conditions, and health and nutri-
tional risk factors. Patients’ medical records were reviewed for oth-
er related information besides the interview. 

Statistical analysis 
Data entry and analysis were performed using SPSS Statistics for 
Windows, version 18.0 (SPSS Inc., Chicago, IL, USA). This study 
assessed the reliability of the CGA questionnaire based on the in-
ternal consistency from the item-total correlation (ITC) and 
Cronbach’s alpha coefficient for each of the screening tools (MNA-
SF, SF-36, ADL, IADL, and GDS-15).  

The corrected ITC consisted of the Pearson correlation coeffi-
cient between the score for the individual item and the sum of the 
scores on the remaining items, which was computed to assess the 
extent to which an individual item was related to the remainder of 
its scale. Values > 0.30 indicated item appropriateness. 

We performed Principal Component Analysis (PCA; explorato-
ry factor analysis) followed by a varimax rotation to identify 
whether the items in the questionnaire were structured compara-
bly to the original questionnaires. We first used Bartlett’s test of 
sphericity (p < 0.05) and Kaiser-Meyer-Olkin (KMO) measure of 
sampling adequacy (with values > 0.60 considered acceptable) to 
measure the appropriateness of the factor analysis. The number of 
factors was determined by examining the eigenvalues (recom-
mended value ≥ 1.0) and via a scree plot (recommended to deter-
mine the cutoff point at which the slope appeared to change into 
minor decrement). The ability of the factors to represent the data 
was expressed by the percentage of explained variance (recom-
mended range, at least 50%–60%). We also examined the factor 
loading of the items (recommended value > 0.4). 
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RESULTS 

General Participant Characteristics 
A total of 166 older adult patients (110 and 56 patients from 
MOPD and the wards, respectively) met the inclusion criteria and 
agreed to participate in this study with written consent. Table 1 
shows the general characteristics of the participants. Their mean 
age was 70.92 ± 4.64 years (range, 65–92 years). Most respondents 
were male (73.5%), Malay (98.2%), married (77.1%), literate (had 
formal education, 74.7%), living with family (93.4%), retired 
(73.5%), non-smoker/ex-smoker (90.4%), and did not depend on 
others economically (61.4%). 

Validity and Reliability 

MNA-SF 
The Cronbach’s alpha coefficient was 0.62. Regarding item internal 
consistency, the corrected ITC of the 6 items in the scale ranged 
from 0.18 to 0.60, with 2 items not achieving the accepted value. 
Their corrected ITC values were 0.21 and 0.18 (Table 2). 

A PCA of MNA-SF was feasible in this study, as indicated by the 
significant Bartlett’s test of sphericity (p < 0.001) and the KMO 
measure of 0.63. Factor analysis with no structural restrictions re-
vealed a two-factor solution, which explained 62.0% of the total 
variance. Four items were grouped under the first factor, the item 
contents of which were more related to the modifiable nutritional 
and functional risk factors. Two items were grouped under the sec-
ond factor, the item contents of which were more related to patient 
diseases and comorbidities. All factor loadings were above 0.40 
and ranged from 0.58 to 0.87 (Table 3). 

SF-36 Health Survey v2 
All correlation coefficients between the items and the remainders 
of their own scales were > 0.30, except for one item within the GH 
(“I expect my health to get worse”, corrected ITC = 0.23). For all 
eight subscales of the SF-36 health survey, the Cronbach’s alpha 
coefficients achieved the minimum criterion of 0.70, ranging from 
0.70 to 0.98 (Table 2). 

PCA with varimax rotation was performed with 35 items of the 
SF-36 Health Survey. An item on HT (“Compared to one year ago, 
how would you rate your health in general now?”) was excluded 
from the factor analysis as it was not included in the eight scales 
scores. The Bartlett’s test of sphericity was highly significant 
(p < 0.001), while the KMO measure was high (0.92). An 8-factor 
solution explaining 76.5% of the observed variance was generated. 
Table 4 shows the rotated component matrix and total variance ex-
plained by factors 1–8 in the whole group. The 10 items of the 

subscale PF were shared between factors 1 and 6. Factor 2 includ-
ed all 3 items of the RE subscale and 4 items the MH subscale that 
explored aspects such as sadness/happiness. Items exploring RP 
loaded on factor 3, while those exploring BP and SF loaded on fac-
tor 5. All 4 items of the VT subscale were distributed between fac-
tors 4 and 7, with those positive items being differentiated from 
the negative items. Besides the items of the VT subscale, factor 2 
also loaded with 4 items of the GH subscale and one item of the 
MH subscale. Factor loading of all items within the eight subscales 
was satisfactory (above 0.40), ranging from 0.49 to 0.86 (Table 4).  

ADL-Barthel Index and IADL-OARS 
Both showed good internal consistency reliability, as indicated by 

Table 1. General participant characteristics (n=166)

Characteristic Value
Type of patient
 Outpatient (MOPD) 110 (66.3)
 Inpatient (ward) 56 (33.7)
Age (y) 70.92 ± 4.64
 65–74 138 (83.1)
 ≥ 75 28 (16.9)
Sex
 Male 122 (73.5)
 Female 44 (26.5)
Ethnicity
 Malay 163 (98.2)
 Chinese 3 (1.8)
Marital status
 Married 128 (77.1)
 Widowed 38 (22.9)
Education level
 Literate 124 (74.7)
 Illiterate 42 (25.3)
Living arrangement
 With family 155 (93.4)
 Alone 11 (6.6)
Occupation
 Retired 122 (73.5)
 Housewife 17 (10.2)
 Working 27 (16.3)
Smoking status
 Non-smoker/ex-smoker 150 (90.4)
 Current smoker 16 (9.6)
Economic dependency
 No 102 (61.4)
 Yes 64 (38.6)

Values are presented as frequency (%) or mean±standard deviation.
MOPD, Medical Outpatients Department.
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their corrected ITC ( > 0.3) and Cronbach’s alpha coefficient 
( > 0.70) (Table 2). 

Table 5 shows the results of the factor analysis. For ADL-Barthel 
Index, the result of Bartlett’s test of sphericity was significant 
(p < 0.001) and the KMO measure was acceptable (0.85). A 
two-factor solution explaining 74.0% of the observed variance was 
generated. Eight items grouped under the first factor, the item con-
tents of which were more related to patient’s self-care functioning. 
Next, two items grouped under the second factor, the item contents 
of which were more related to patient physiological needs. All factor 
loadings were above 0.40, ranging from 0.64 to 0.90 (Table 5). 

For IADL-OARS, the result of Bartlett’s test of sphericity was 
significant (p < 0.001) and the KMO measure was acceptable 
(0.76). A two-factor solution explaining 67.7% of the observed 

variance was generated. Five items grouped under the first factor, 
while two items related to domestic chores grouped under the sec-
ond factor. All factor loadings were above 0.40, ranging from 0.52 
to 0.87 (Table 5). 

GDS-SF 
The Cronbach’s alpha coefficient was 0.75. Regarding item internal 
consistency, the corrected ITC ranged between 0.12 and 0.56 and 
three items did not achieve an acceptable value ( > 0.30) (Table 2). 

We performed PCA with varimax rotation. The result of Bart-
lett’s test of sphericity was significant (p < 0.001) and the KMO 
measure was acceptable (0.72). A five-factor solution explaining 
60.9% of the total variance was generated. The loadings of factors 
on the items did not reflect an easily interpretable pattern of psy-

Table 2. Internal consistency reliability of the questionnaires used for CGA

Questionnaire Number of items Corrected ITC Cronbach’s alpha
MNA-SF 6 0.18–0.60 0.62
SF-36 Health Survey

Subscale – Physical functioning 10 0.46–0.89 0.94
Subscale – Role limitations – physical 4 0.93–0.97 0.98
Subscale – Bodily pain 2 0.86 0.92
Subscale – General healtha) 5 0.23–0.64 0.70
Subscale – Vitalitya) 4 0.63–0.74 0.85
Subscale – Role limitations – emotional 3 0.92–0.94 0.97
Subscale – Social functioninga) 2 0.86 0.93
Subscale – Mental healtha) 5 0.59–0.76 0.85

ADL-Barthel Index 10 0.52–0.88 0.89
IADL-OARS 7 0.31–0.69 0.78
GDS-SF 15 0.12–0.56 0.75

CGA, comprehensive geriatric assessment; ITC, item total correlation; MNA-SF, Mini Nutritional Assessment-Short Form; ADL, activities of daily living; 
IADL, instrumental activities of daily living; OARS, Older Americans Resources and Services; GDS-SF, Geriatric Depression Scale-Short Form.
a)For SF-36 Health Survey, the subscale included items scored with reverse coding.

Table 3. Factor analysis of MNA-SF in the study population

MNA-SF item# Factor 1 Factor 2
A Has your food intake declined over the past 3 months due to a loss of appetite, digestive prob-

lems, or chewing or swallowing difficulties?
0.858 -

B Weight loss during the last 3 months 0.780 -
C Mobility 0.717 0.849
D Have you suffered psychological stress or acute disease in the past 3 months? 0.105 -
E Neuropsychological problems - 0.865
F2 Calf circumference (cm) 0.575 -
Eigenvalues before rotation 2.334 1.384
Percentage of variance (%) 38.9 23.1

Extraction method: Principal Component Analysis. Rotation method: varimax with Kaiser normalization. The greatest loading is reported in boldface to show 
the relationship with the principal components.
MNA-SF, Mini Nutritional Assessment-Short Form.
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Table 4. Factor analysis of the SF-36 Health Survey in the study population

Subscales of SF-36
Factor

1 2 3 4 5 6 7 8
Physical functioning (PF)

PF 1 – Vigorous activities 0.709 0.127 0.272 0.134 0.150 -0.168 - 0.202
PF 2 – Moderate activities 0.807 0.149 0.271 0.181 - - -
PF 3 – Lifting or carrying groceries 0.755 0.148 0.279 - 0.129 0.274 - 0.128
PF 4 – Climbing several flights of stairs 0.831 0.211 - 0.141 0.103 - 0.100 -
PF 5 – Climbing one flight of stair 0.816 0.120 0.188 0.109 - 0.282 - -
PF 6 – Bending, kneeling, stooping 0.374 0.228 0.265 - 0.235 0.584 - -
PF 7 – Walking more than 2 miles 0.771 0.133 - 0.258 0.126 0.139 -
PF 8 – Walking several hundred yards 0.818 0.150 0.180 0.160 0.138 0.263 - -
PF 9 – Walking 100 yards 0.517 0.220 0.244 0.196 0.258 0.519 - -
PF 10 – Bathing or dressing 0.228 - 0.130 0.108 - 0.814 - -

Role limitation – physical (RP)
RP 1 – Reduced time spent on work/activities 0.333 0.228 0.816 0.240 0.190 0.139 0.124 -
RP 2 – Accomplished less than would like 0.340 0.228 0.822 0.203 0.160 0.154 0.117 -
RP 3 – Limited in kinds of work/activities 0.251 0.246 0.823 0.209 0.165 0.145 0.126 -
RP 4 – Difficulty performing work/activities 0.312 0.237 0.824 0.201 0.172 0.161 0.118 -

Bodily pain (BP)
BP 1 – Intensity of bodily paina) 0.225 0.177 0.131 0.264 0.781 - 0.154 0.105

 BP 2 – Extent pain interferes with worka) 0.254 0.200 0.217 0.194 0.772 - 0.125 0.169
General health (GH)

GH 1 – Rating of general healtha) 0.271 0.259 - 0.54 0.149 0.118 - -0.306
GH 2 – Seem to get sick easier than others 0.151 0.123 - 0.641 0.109 - 0.189 0.213
GH 3 – As healthy as anybody knowa) 0.108 - 0.175 0.693 - 0.161 0.179 0.326
GH 4 – Expect health to get worse - - - 0.152 - - - 0.806
GH 5 – Health is excellenta) 0.302 0.270 0.208 0.681 - - 0.163 -

Vitality (VT)
VT 1 – Feel full of lifea) 0.245 0.191 0.285 0.659 0.248 - 0.238 -
VT 2 – Have a lot of energya) 0.195 0.203 0.323 0.509 0.348 0.213 0.144 -
VT 3 – Feel worn out 0.202 0.205 0.143 0.237 0.180 - 0.836 -
VT 4 – Feel tired 0.195 0.245 0.203 0.238 0.114 - 0.814 -

Role limitations – emotional (RE)
RE 1 – Reduced time spent on work/activities 0.154 0.845 0.156 0.222 - 0.126 - -
RE 2 – Accomplished less than would like 0.189 0.864 0.148 0.184 - - - -
RE 3 – Performed work/activities less carefully 0.195 0.829 0.196 0.196 0.105 - 0.103 0.112

Social functioning (SF)
SF 1 – Extent to which health problems interfereda) 0.166 0.344 0.255 0.172 0.520 0.343 0.156 -0.135

 SF 2 – Frequency with which health problems interfered 0.148 0.453 0.258 0.200 0.494 0.322 - -
Mental health (MH)

MH 1 – Felt very nervous 0.211 0.629 0.169 0.332 0.131 0.135 0.105 0.177
MH 2 – Felt discouraged - 0.776 - 0.120 0.200 - - -
MH 3 – Felt calm and peacefula) - 0.342 0.176 0.606 0.361 - -0.109 0.200
MH 4 – Felt downhearted and depressed 0.155 0.793 0.123 - 0.184 - 0.211 -
MH 5 – Felt happya) 0.106 0.489 0.192 0.431 0.356 - - -0.106

Eigenvalues before rotation 15.538 3.095 1.943 1.617 1.343 1.203 1.021 1.001
Percentage of variance (%) 44.4 8.8 5.6 4.6 3.8 3.4 2.9 2.9
Extraction method: Principal Component Analysis. Rotation method: varimax with Kaiser normalization. The greatest loading is reported in boldface to show 
the relationship with the principal components. Item #2 of the SF-36 Health Survey was not considered in the analysis because it is a summary item and is not 
included in the eight scale scores.
a)Item scores were reverse-coded.
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chological dimensions. All factor loadings were above 0.40, ranging 
from 0.45 to 0.89 (Table 6). 

DISCUSSION 

The translation, cultural adaptation, and validation of question-
naires are time-consuming and demanding tasks. However, these 
tasks are necessary to be able to compare results from studies per-
formed in different countries and cultures. The results of this study 
provide preliminary evidence of the psychometric properties be-
hind the Malay translation version of the CGA questionnaire in 
Malaysia. Due to the good reliability and validity of their original 
English versions, the current version selected and implemented 
the MNA-SF, SF-36 Health Survey, Barthel Index, IADL subscales 
of OARS, and GDS-SF for the comprehensive screening and as-
sessment among geriatric patients. Most of our results suggested 
that the CGA questionnaire attained good psychometric charac-
teristics in the study population of 166 Malay medical geriatric pa-
tients. 

The MNA-SF showed moderate reliability, as measured by in-
ternal consistency, with a Cronbach’s alpha coefficient of 0.62. Two 

items of MNA-SF had low corrected ITC, which indicated their 
poor correlation with the overall scale. This finding is probably due 
to the item variability of the MNA-SF, which consists of a number 
of items associated with malnutrition (i.e., food intake, weight loss, 
mobility, comorbidities, etc.). Omitting these two items from the 
analysis increased the Cronbach’s alpha coefficient to 0.66 from 
0.62. However, the MNA-SF was developed as a comprehensive 
instrument reflecting a number of factors associated with malnu-
trition; thus, no items could be omitted from the instrument. The 
two latent factors solution of the MNA-SF revealed in our factor 
analysis further supported the results of the reliability test, as the 
two items mentioned above were separated into a new factor with 
adequate factor loadings around 0.90. 

The Malay version of the SF-36 Health Survey showed satisfac-
tory results in the study population. The reliability, as measured by 
the Cronbach’s alpha coefficient, ranged from 0.70 for GH and 
0.98 for RP. All items passed the tests for item internal consistency, 
except for one item in GH (“I expect my health to get worse”, cor-
rected ITC = 0.23). This finding is supported by the results of a 
study by Tseng et al.19) that also reported a slightly lower corrected 
ITC for this item in GH, along with another three items in the PF, 

Table 5. Factor analysis of ADL-Barthel Index and IADL-OARS in the study population

Item# Factor 1 Factor 2
ADL-Barthel Index 1. Bowels 0.202 0.901

2. Bladder 0.229 0.899
3. Grooming 0.639 0.512
4. Toilet use 0.751 0.490
5. Feeding 0.533 0.388
6. Transfer 0.855 0.352
7. Mobility 0.824 0.328
8. Dressing 0.745 0.496
9. Stairs 0.760 -
10. Bathing 0.746 0.435
Eigenvalues before rotation 6.300 1.097
Percentage of variance (%) 63.0 11.0

IADL-OARS 1. Can you use the telephone? 0.724 -0.151
2. Can you get to places out of walking distance? 0.868 0.166
3. Can you go shopping for groceries or clothes? 0.727 0.421
4. Can you prepare your own meals? - 0.872
5. Can you do your housework? 0.178 0.856
6. Can you take your own medicine? 0.519 0.421
7. Can you handle your own money? 0.850 0.105
Eigenvalues before rotation 3.272 1.467
Percentage of variance (%) 46.7 21.0

Extraction method: Principal Component Analysis. Rotation method: varimax with Kaiser normalization. The greatest loading is reported in boldface to show 
the relationship with the principal components.
ADL, activities of daily living; IADL, instrumental activities of daily living; OARS, Older Americans Resources and Services.
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Table 6. Factor analysis of GDS-SF in the study population

GDS-SF item# Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
1. Are you basically satisfied with your life? -0.080 0.134 0.717 0.125 0.308
2. Have you stopped many of your activities and interests? 0.104 -0.094 -0.201 0.293 0.663
3. Do you feel that your life is empty? 0.232 0.100 0.358 0.734 0.110
4. Do you often get bored? 0.169 0.268 0.109 0.672 0.152
5. Are you in good spirits most of the time? 0.555 0.509 0.172 -0.088 0.174
6. Are you afraid that something bad is going to happen to you? 0.300 0.102 0.288 0.509 -0.215
7. Do you feel happy most of the time? 0.701 0.119 0.120 0.144 0.075
8. Do you often feel helpless? 0.763 -0.041 0.164 0.239 0.014
9. Do you prefer to stay at home, rather than going out and doing new things? 0.450 0.074 0.121 -0.426 -0.044
10. Do you feel that you have more problems with memory than most? 0.145 0.168 0.309 -0.142 0.668
11. Do you think it is wonderful to be alive now? 0.085 0.887 0.097 0.191 0.111
12. Do you feel pretty worthless the way you are now? 0.230 0.065 0.694 0.278 -0.140
13. Do you feel full of energy? 0.590 0.059 -0.116 0.131 0.104
14. Do you feel that your situation is hopeless? 0.061 0.886 0.155 0.121 -0.096
15. Do you think that most people are better off than you are? 0.074 0.120 0.686 0.053 -0.036
Eigenvalues before rotation 4.039 1.492 1.402 1.141 1.057
Percentage of variance (%) 26.9 10.0 9.4 7.6 7.0

Extraction method: Principal Component Analysis. Rotation method: varimax with Kaiser normalization. The greatest loading is reported in boldface to show 
the relationship with the principal components.
GDS-SF, Geriatric Depression Scale-Short Form.

RE, and MH. Similarly, another study also reported a lower cor-
rected ITC for that particular item in GH.20) Factor analysis of the 
SF-36 generally supported the eight-subscale structure of the orig-
inal SF-36. 

In this study, we observed good reliability for both the ADL-Bar-
thel Index and IADL-OARS, indicating that the Malay versions 
maintained the original scale reliability. For the Barthel Index, the 
two latent factors revealed by the factor analysis were consistent 
with those reported previously.21,22) As impairments to the bowels 
and bladder were not common in the study population, the be-
tween-individual variation of participants’ ratings on these two 
items were small. The relatively high scores and small variances of 
these two items may explain the two-factor structure of the Malay 
version of the Barthel Index. For the IADL-OARS, two items re-
lated to domestic chores were separated into a new factor with ade-
quate factor loadings (around 0.90). This finding is probably due 
to the predominance of men (73.5%) in this study, who were not 
involved in domestic chores. 

Three GDS-SF items did not pass the tests for item internal reli-
ability, indicated a lack of discriminatory power in differentiating 
cases and non-cases of depression in the study population. While 
the Cronbach’s alpha coefficient increased to 0.78 from 0.75 if 
these three items were omitted from the analysis, they were not 
omitted from the tool as the result of this study were inconsistent 
with those reported in another local study conducted by Teh and 

Hasanah.23) The prior work reported that only one item (“Do you 
prefer to stay at home, rather than going out and doing new 
things?”, corrected ITC = 0.09) had no discriminatory power in the 
local context. The five-factor solution that explained 60.9% of the 
variance was difficult to interpret; thus, a dimensional structure 
similar to that in the original English version was not confirmed in 
the study population. 

The CGA questionnaire can be used as a screening tool to iden-
tify geriatric syndrome such as medical, psychosocial, and func-
tional issues to allow the subsequent appropriate provision of in-
terventions to older adult patients. The CGA may be used to re-
duce the length of stay, morbidity, and mortality, maximize overall 
well-being, and improve QOL.24) However, the present study has 
some limitations. First, we assessed no parameters related to cogni-
tive and physical performance. Thus, this tool might not be able to 
be applied to thoroughly assess the nutritional status of older 
adults. Next, this study has possible issues with selection bias and 
generalizability as the respondents were sampled only from 
HSNZ, Terengganu, Malaysia. Therefore, we recommend that fu-
ture studies include older adult patients from different states 
(north, south, and west regions) to fully assess the CGA question-
naire applicability in Malaysia. 

In conclusion, the Malay version of the CGA questionnaire 
showed evidence of satisfactory internal consistency reliability and 
construct validity in the context of the study population compris-
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ing 166 medically geriatric patients. Further studies should explore 
the structural validity and stability of this questionnaire across dif-
ferent diagnostic groups and populations in Malaysia. 
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Background: The objective of this study was to develop and validate the Korean Frailty Index for 
Primary Care (KFI-PC) based on a comprehensive geriatric assessment. Methods: We developed a 
54-item KFI-PC comprising 10 standard domains: cognitive status including delirium or demen-
tia; mood; communication including vision, hearing, and speech; mobility; balance; bowel func-
tion; bladder function; ability to carry out activities of daily living; nutrition; and social resources. 
To test its validity, we applied KFI-PC to participants of the Korean Frailty Aging and Cohort Study 
(KFACS). We analyzed 1,242 participants (mean age, 77.9±3.9 years; 47.2% men) from the KFACS 
who visited 10 study centers in 2018, after excluding 32 participants with missing data required 
to assess Fried’s physical frailty phenotype. Results: The mean KFI-PC score was 0.17±0.08, rang-
ing from 0.02 to 0.52. The median KFI-PC score was higher in women than in men, and there was 
a trend toward higher values in older age groups. The prevalence of frailty when applying a gen-
erally used frailty index cutoff point of >0.25 was 17.5% in the whole study sample. As a con-
struct validation of KFI-PC, the area under the receiver operating characteristic curve for Fried’s 
physical frailty was 0.921, and the optimal cutoff value to predict frailty phenotype was 0.23. The 
KFI-PC score also correlated well with physical, cognitive, and psychological functions; nutrition-
al status; disability in activities of daily living; and instrumental activities of daily living. The 
Cronbach’s alpha coefficient of the 54 total items was 0.737. Conclusion: We developed KFI-PC 
with 53 deficits, including comprehensive geriatric assessment components, and demonstrated 
the acceptable construct validity and internal consistency of KFI-PC. 
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INTRODUCTION 

Number of frail older people has been ever growing with the in-
crease of global population aging. Frailty is defined as a status of 
vulnerability to identified stressors that exposes individuals to 
higher risks of negative health-related outcomes. The condition is 
usually caused by the interaction between progressive aging-relat-

ed declines in multiple organ function and chronic diseases that 
often lead to a decreased level of functional reserve capacities.1) 

Both phenotypic and deficit accumulation approaches are com-
monly used to define frailty. Representing the phenotypic ap-
proach, Fried’s frailty phenotype defines frailty as the presence of 
three or more of five frailty items; namely, slow walking speed, im-
paired grip strength, declining physical activity levels, exhaustion, 
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and unintended weight loss.2) The other approach to defining frail-
ty is through the use of a frailty index that sums health deficits. In 
this context, health deficits can be any physical or mental disability, 
symptom and sign, disease, laboratory finding, etc.3) Healthcare 
professionals have used comprehensive geriatric assessment 
(CGA) to develop a holistic overview of patients with complex 
needs, which is the essential step for the development of individu-
alized, patient-centered care plans. CGA evaluates multiple aspects 
of older adults’ health, including cognition, emotion, motivation, 
health attitude, vision, hearing, speech, sleep, pain, strength, bal-
ance, mobility, activities of daily living, social engagement, medica-
tion, control of life, etc. In primary care settings, frailty indices can 
be developed based on CGA. 

A CGA-based frailty index (FI-CGA) was first developed using 
clinical examination data from the Canadian Study of Health and 
Aging.4,5) The standardized CGA used to constitute the frailty in-
dex comprises assessments in 10 standard domains: (1) cognitive 
status including delirium or dementia; (2) mood and motivation; 
(3) communication including vision, hearing, and speech; (4) 
mobility; (5) balance; (6) bowel function; (7) bladder function; 
(8) instrumental activities of daily livings (IADLs) and activities of 
daily living (ADLs); (9) nutrition; and (10) social resources.4) 
Based on this principle, Theou et al.3) constructed FI-CGA con-
taining 56 variables chosen from among a CGA adapted for use 
within the primary care setting. 

The authors demonstrated that FI-CGA was feasible to assess 
frailty in primary care for a multidisciplinary primary care program 
for frailty. Additionally, FI-CGA was useful for the care of frail old-
er persons in primary care as any specific problems out of 10 do-
mains can be identified and managed effectively. Following these 
principles and the example of FI-CGA in Canada, we developed a 
Korean Frailty Index for Primary Care (KFI-PC) and investigated 
its validity and reliability. 

MATERIALS AND METHODS 

Development of KFI-PC 
The deficits included in KFI-PC, along with their cutoff values, scor-
ing measures, and related references, are described in Table 1.2,6-18) 
The Korean version of the KFI-PC is provided in Supplementary 
Table S1. We adopted questionnaires or assessments validated in 
Korea for items of KFI-PC while referring to FI-CGA and the vali-
dated Korean frailty indices. We replaced or excluded items that 
were not appropriate for use in busy primary care settings in Ko-
rea; for example, “low mood” in FI-CGA was excluded because it 
is duplicated with the evaluation of “depression”. We also excluded 
“motivation”, “health attitude”, and “control of life events” because 

they were not appropriate for Korean older adults. We excluded 
the timed up and go test because it requires a 3-m length of space 
to perform; it was replaced by a chair stand test (rising from a chair 
five times).19) We also excluded IADLs of cooking and cleaning as 
those activities are not appropriate to assess older Korean men. We 
replaced these IADLs with “walking to distant destinations”. FI-
CGA also includes the Montreal Cognitive Assessment; however, 
as it takes more than 20 minutes to complete, we replaced it with 
the Mini-Cog test. The Mini-Cog test combines two simple cogni-
tive tasks (a three-item word memory and clock drawing) with a 
scoring algorithm.20) It can be completed in 2–4 minutes and has 
shown high diagnostic accuracy for dementia (sensitivity 76%, 
specificity 99%). We included factors related to hospital admission 
within 1 year and self-assessment of health as they are included in 
the Korean frailty index.8) Contact frequency with friends,17) living 
with family (a spouse), and frequency of going out of the home7) 
were included as known social risk factors for frailty. Finally, we in-
cluded data regarding appetite and number of full meals eaten per 
day from the Short Nutritional Assessment Questionnaire 
(SNAQ) as nutritional assessment.18) Regarding comorbidities, FI-
CGA allowed a maximum of 18 current conditions. The comor-
bidities included hypertension, diabetes, cancer, chronic obstruc-
tive pulmonary disease, myocardial infarction, heart failure, angina, 
asthma, arthritis, stroke, and kidney disease as they are embedded 
in the Fatigue, Resistance, Ambulation, Illnesses, and Loss of 
weight (FRAIL) questionnaire.21) Spinal stenosis was included as 
the 12th disease to be questioned.22) If the subjects had other dis-
eases, each additional condition was recorded up to 18 diseases. 
We selected these items through article review and the consensus 
of three experts and authors (CWW, MK, and YL). 

KFI-PC Scoring 
In this study, similar to the FI-CGA scoring strategy, each deficit 
item was scored up to 1 point except for strength (item# 12-1) and 
climbing stairs (item# 12-2), which represented muscle strength of 
the upper and lower extremities, respectively. As suggested by 
Rockwood and Searle, each deficit variable was dichotomized or 
polychotomized and mapped to the interval 0–1 (e.g., for self-rat-
ing of health, “Excellent” was coded as 0, “very good” as 0.25, 
“good” as 0.5, “fair” as 0.75 and “poor” as 1) to represent the deficit 
frequency or severity.23) Although KFI-PC includes a total of 54 
items, the maximum deficit score is 53 as the questions on strength 
(item# 12-1) and climbing stairs (item# 12-2) had maximum 
scores of 0.5. The final scoring method was decided based on the 
consensus of the three experts. In general, missing variables can be 
imputed or removed from the denominator.24) This study followed 
the latter approach of scoring KFI-PC. The KFI-PC score of each 
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Table 1. Overview of deficits included in the KFI-PC

No. Deficit Additional information Cutoff values and  
KFI-PC score References

1 Construct recall  
(drawing two interlocking pentagons)

CERAD-K, drawing two interlocking pentagons, assessed 
by trained clinical research coordinators

Abnormal = 1 Lee et al. (2002) 6)

Normal =  0
2 Three-item recall memory CERAD-K, three-word recall, assessed by trained clinical 

research coordinators
Recall none =  1 Lee et al. (2002) 6)

Recall one or two words =  0.5
Recall all three words =  0

3 Recognition Kihon Checklist for frailty, knowing current date  
(month and date), assessed by trained clinical research 
coordinators

Both wrong =  1 Satake et al. (2016) 7)

One correct =  0.5
Both correct =  0

4 Depressive mood KFI, depressive mood over the past month, completed by 
trained clinical research coordinators

Yes =  1 Hwang et al. (2010) 8)

No =  0
5 Exhaustion Fried’s frailty phenotype, frequency of exhaustion per week, 

completed by trained clinical research coordinators
≥ 3 days =  1 Fried et al (2001) 2)

0–2 days =  0
6 Delirium or hallucination Evaluated by professional medical practitioners Yes =  1

No =  0
7 Visual or auditory problem KFI, completed by trained clinical research coordinators Yes =  1 Hwang et al. (2010) 8)

No =  0
8 Sleeping pattern Sleep latency (≥1 hour) or long sleep duration (≥8 hours), 

completed by trained clinical research coordinators
Yes to either one =  1 Kang et al. (2019) 9)

No =  0
9 Napping Frequency of napping in the past week, information gath-

ered by trained clinical research coordinators
More than once =  1
None =  0

10 Inactivity FPQ for use in screening community-dwelling older 
adults, moderate to vigorous physical activities of Inter-
national Physical Activity Questionnaire (IPAQ) in the 
past week, completed by trained clinical research coor-
dinators

Never =  1 Oh et al. (2007) 10)  
& Kim et al. (2020) 11)

More than once =  0

11 Chair rise test (chair stand test) European Working Group on Sarcopenia in Older People 
(EWGSOP) definition, time (seconds) to rise five times 
from a chair, assessed by trained clinical research coordi-
nators

≥ 12 sec =  1 Cruz-Jentoft et al. 
(2019) 12)

10–12 sec =  0.5
< 10 sec =  0

12-1 Strength SARC-F, difficulty in lifting and moving 4.5 kg (a box of 
nine Korean pears), completed by trained clinical research 
coordinators

Yes =  0.5 Kim et al. (2018) 13)

No =  0

12-2 Climbing stairs SARC-F, difficulty in climbing 10 stairs without pause, 
completed by trained clinical research coordinators

Yes =  0.5 Kim et al. (2018) 13)

No =  0
13 Balance confidence Activities-specific Balance Confidence (ABC) scale, aver-

age total score, assessed by trained clinical research coor-
dinators

≤ 58.13 =  1 Moiz et al. (2017) 14)

> 58.13 =  0

14 Fall SARC-F, frequency of falls in the past year, completed by 
trained clinical research coordinators

≥ 2 =  1 Kim et al. (2018) 13)

1 =  0.5
None =  0

15 Assistance in walking SARC-F, difficulty in walking from the room, completed 
by trained clinical research coordinators

A lot/have to use aids (A walk-
ing stick)/unable =  1

Kim et al. (2018) 13)

A little =  0.5
Not at all =  0

16 Ambulation FPQ for use in screening community-dwelling older 
adults, able to walk one lap of a 400-m track, completed 
by trained clinical research coordinators

Little or very difficult =  1 Kim et al. (2020) 11)

Not difficult at all =  0

17 Transferring from a bed to a chair SARC-F, difficulty in transferring from a chair (wheel-
chair) to a bed (mattress) or from a bed (mattress) to a 
chair (wheelchair), completed by trained clinical research 
coordinators

A lot/unable without help =  1 Kim et al. (2018) 13)

A little =  0.5
Not at all =  0

(Continued to next page)
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No. Deficit Additional information Cutoff values and  
KFI-PC score References

18 Mobility Information gathered by trained clinical research coordi-
nators

Wheelchair =  1 -
Use cane or walker =  0.5
Walks independently =  0

18 Fecal incontinence KFI, fecal incontinent experience over the past month, 
completed by trained clinical research coordinators

Yes =  1 Hwang et al. (2010) 8)

No =  0
20 Bladder control KFI, urinary incontinence experience in the past month, 

completed by trained clinical research coordinators
Yes =  1 Hwang et al. (2010) 8)

No =  0
21 Shopping IADLs, difficulty in buying or shopping, completed by 

trained clinical research coordinators
Unable/require complete assis-

tance =  1
Won et al. (2002) 15)

Capable with partial assistance 
=  0.5

Capable by oneself =  0
22 Managing medications IADLs, difficulty in managing medication with correct 

dosages at the correct time, completed by trained clini-
cal research coordinators

Unable/require complete assis-
tance =  1

Won et al. (2002) 15)

Capable with partial assistance 
=  0.5

Capable by oneself =  0
23 Driving or using public transportation IADLs, difficulty in driving or using public transportation, 

completed by trained clinical research coordinators
Unable/require complete assis-

tance =  1
Won et al. (2002) 15)

Capable with partial assistance 
=  0.5

Capable by oneself =  0
24 Managing finances IADLs, difficulty in managing own money or financial 

matters, completed by trained clinical research coordi-
nators

Unable/require complete assis-
tance =  1

Won et al. (2002) 15)

Capable with partial assistance 
=  0.5

Capable by oneself =  0
25 Polypharmacy The number of prescribed medications taken regularly, 

assessed by trained clinical research coordinators
≥  8 =  1 Park et al. (2018) 16)

5–7 =  0.5
≤  4 =  0

26 Hypertension Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

27 Diabetes Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

28 Cancer Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

29 Chronic obstructive pulmonary disease 
(COPD)

Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

30 Myocardial infarction (MI) Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

31 Heart failure Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

32 Angina Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

33 Asthma Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

34 Arthritis Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

35 Stroke Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

Table 1. Continued
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No. Deficit Additional information Cutoff values and  
KFI-PC score References

36 Kidney disease Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

37 Spinal stenosis Current condition, information gathered by trained clini-
cal research coordinators

Yes =  1 -
No =  0

38–
43

Additional health conditions Current condition: number of additional diseases other 
than 12 diseases above, information gathered by trained 
clinical research coordinators

1 =  1 -
2 =  2
3 =  3
4 =  4
5 =  5
6 =  6

44 Hospitalization KFI, hospitalization experience over the past year, com-
pleted by trained clinical research coordinators

≥ 1 =  1 Hwang et al. (2010) 8)

None =  0
45 Self-assessment of health status KFI, completed by trained clinical research coordinators Bad =  1 Hwang et al. (2010) 8)

Good =  0
46 Social contact Contact frequency with friends in the past week, complet-

ed by trained clinical research coordinators
Rarely =  1 Chon et al. (2018) 17)

Weekly/monthly =  0
47 Spouse Currently living with spouse or someone else, information 

gathered by trained clinical research coordinators
Live alone =  1 -
With someone else, not spouse 

=  0.5
Spouse =  0

48 Meals SNAQ, number of full meals per day, completed by 
trained clinical research coordinators

< 1 meal =  1 Oh et al. (2019) 18)

1 meal =  0.33
2 meals =  0.66
≥ 3 meals =  0

49 Appetite SNAQ, self-rated appetite, completed by trained clinical 
research coordinators

Very poor =  1 Oh et al. (2019) 18)

Poor =  0.66
Average =  0.33
Good/very good =  0

50 Walking to distant destinations IADLs, difficulty in going out to a shop, neighborhood, 
hospital, or government offices within walking distance, 
completed by trained clinical research coordinators

Unable/require complete assis-
tance =  1

Won et al. (2002) 15)

Capable with partial assistance 
=  0.5

Capable by oneself =  0
51 Frequency of going out Kihon Checklist for frailty, going out frequency over the 

past week, completed by trained clinical research coor-
dinators

None =  1 Satake et al. (2016) 7)

1 day =  0.75
2–3 days =  0.5
4–6 days =  0.25
Every day =  0 

52 Weight loss FPQ for use in screening community-dwelling older 
adults, unintended weight loss of 4.5 kg over the past 
year, completed by trained clinical research coordinators

Yes =  1 Kim et al. (2020) 11)

No =  0

53 Underweight Medical examination, information gathered by trained 
clinical research coordinators

BMI < 18.5 kg/m2 =  1
BMI ≥ 18.5 kg/m2 =  0

KFI-PC, Korean Frailty Index for Primary Care; CERAD-K, Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease; KFI, Korean 
Frailty Index; FPQ, Frailty Phenotype Questionnaire; SARC-F, Simple Sarcopenia Screening Tool, IADL, Instrumental Activities of Daily Living; SNAQ, 
Simplified Nutritional Appetite Questionnaire.

Table 1. Continued
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participant was calculated by dividing the number of deficits by 
the number of total variables that were recorded for that patient. 
For example, we divided the total score of deficits by 53 for pa-
tients with recorded data for all variables. If a patient was missing 
data on two variables, then the number of deficits for this patient 
was divided by 51. If data on one of the strength or climbing ques-
tion was missing, the total KFI-PC score was calculated by dividing 
by 52.5. In this way, the KFI-PC score is continuous (0 to 1), with 
higher scores indicating an increased likelihood of frailty. 

Study Sample and Study Design 
To establish the feasibility and preliminary validity analysis of KFI-
PC, we used cross-sectional data from the Korean Frailty Aging 
and Cohort Study (KFACS). KFACS is a multicenter longitudinal 
study whose participants were recruited from among communi-
ty-dwelling residents in urban and rural areas nationwide in 10 
study centers across different regions.25) Each center recruited par-
ticipants using quota sampling stratified by age and sex at local se-
nior welfare centers, community health centers, apartments, hous-
ing complexes, and outpatient clinics. We used quota sampling 
based on age (70–74, 75– 79, and 80–84 years with a ratio of 
6:5:4, respectively) and sex (male, female) with an aim of recruit-
ing 1,500 men and 1,500 women. The inclusion criteria were age 
70–84 years, living independently at home, having no plans to 
move out in the next 2 years, and no problems with communica-
tion due to serious cognitive impairment. The first wave of base-
line data collection started in 2016–2017; of 3,014 participants 
who underwent baseline survey, 1,559 (51.7%) and 1,455 (48.3%) 
were enrolled in the study in 2016 and 2017, respectively. The fol-
low-up rate in 2018 (baseline survey in 2016) was 92.5%, with 
88.4% visiting the clinical sites, 11% completing telephone inter-
views, and approximately 0.5% involving home visits. This study 
included its sample from the second wave of a 2016 baseline sur-
vey, from among the 1,274 participants who visited the 10 study 
centers in 2018 as SNAQ was first included in the second wave in 
2018. KFI-PC was assessed in on-site clinical examinations. The fi-
nal analysis included 1,242 participants, after excluding 32 partici-
pants who did not have the data required to assess the Fried’s phys-
ical frailty phenotype.  

Ethics
The KFACS protocol was approved by the Institutional Review 
Board (IRB) of the Clinical Research Ethics Committee of Kyung 
Hee University Hospital, Seoul, Korea, and all subjects provided 
written informed consent (No. 2015-12-103). The present study 
was exempt from the requirement for IRB approval by the Clinical 
Research Ethics Committee of Kyung Hee University Hospital 

(No. 2020-04-033). 

Assessment of Fried’s Physical Frailty Phenotypes 
This study defined physical frailty using a modified operational 
definition of Fried’s physical frailty phenotypes from the Cardio-
vascular Health Study (CHS).2) The five different components of 
frailty indicators were (1) weight loss: answering “yes” to “In the 
last year, have you lost more than 4.5 kg unintentionally?”; (2) 
weakness: maximal grip strength in the lowest 20% of the weighted 
KFACS population distribution, adjusted for sex and body mass 
index; (3) slowness: 4-m usual gait speed in the lowest 20% of the 
weighted KFACS population distribution, adjusted for sex and 
height; (4) exhaustion: answering “yes” to either one of the follow-
ing statements from the Center for Epidemiological Studies-De-
pression scale “I felt that everything I did was an effort” or “I could 
not get going” for three or more days per week; and (5) low physi-
cal activity: kilocalorie per week (kcal/week) expenditures were 
calculated for each activity using its metabolic equivalent score us-
ing the International Physical Activity Questionnaire, with low 
physical activity defined as < 494.65 kcal for men and < 283.50 
kcal for women, which was the lowest value for 20% of the sex-spe-
cific total energy consumed from a general Korea popula-
tion-based survey of older adults.26) Although the Physical Activity 
Scale for the Elderly (PASE) is one of the most commonly used 
methods, the Korean version takes up to 10 minutes to administer. 
A Korean study found moderate to high agreement between the 
CHS frailty phenotype definitions based on the K-PASE or Inter-
national Physical Activity Questionnaire short form.27) In this con-
text, subjects with three or more components were considered to 
have physical frailty. 

Statistical Analysis 
Data are presented as mean ± standard deviation or as numbers 
(percentages). Continuous variables were compared using inde-
pendent t-tests, and categorical variables were compared using chi-
square or Fisher exact tests. We used Shapiro–Wilks tests to assess 
normality and Mann–Whitney U tests and Kruskal–Wallis tests to 
assess KFI-PC scores with respect to sex and age groups. Signifi-
cant differences in KFI-PC scores between age groups were as-
sessed using non-parametric post-hoc tests with Mann–Whitney 
U tests (p < 0.016). The internal consistency of the 54 items was 
assessed based on Cronbach’s alpha coefficients. For construct val-
idation of KFI-PC-index, we used Spearman rank correlation coef-
ficients (rs) to explore the relationships between KFI-PC score and 
outcomes. Receiver operating characteristic (ROC) analysis was 
performed to explore the cutoff values of the KFI-PC score and to 
verify the criterion validity for frailty according to Fried’s physical 
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frailty phenotype. The optimal cutoff values with the greatest sum 
of sensitivity and specificity for correctly identifying frail individu-
als were determined using Youden’s index. The statistical analyses 
were performed using Stata (version 14.0; Stata Corp., College 
Station, TX, USA) and IBM SPSS Statistics for Windows, version 
24.0 (IBM Corp., Armonk, NY, USA). Two-tailed p < 0.05 indicat-
ed statistical significance in this study. 

RESULTS 

Table 2 shows the characteristics of the study participants. Overall, 
the mean age was 77.9 and 28.9% of participants were living in 
rural areas. As the KFACS cohort study included participants 
who could visit 10 centers, ADL disability in any of five basic ac-
tivities of daily living (i.e., dressing, bathing, toileting, transfer-
ring, and feeding) was rare (1.5%). Furthermore, the average 
overall KFI-PC score was 0.17. The KFI-PC score was higher in 
women and older groups in both sexes. The median and quartile 
KFI-PC scores for men and women and for age groups are shown 

in Supplementary Table S2. The KFI-PC scores showed a right-
skewed distribution ranging from 0.02 to 0.52 (Fig. 1). Participants 
with KFI-PC score over 0.25, usually recognized the cutoff of frail-
ty, represented 17.5% of the total population; however, the frailty 
prevalence by Fried’s phenotype criteria was 9.2%. The KFI-PC 
score increased with age levels and the pattern was more exaggerat-
ed in women (Fig. 2). The deficit scores and missing data for each 
item of KFI-PC are presented in Table 3. The highest saturated 
deficit score was 60.2% with the current condition of hyperten-
sion. The highest rate of missing was 1.4% for the sleeping pattern 
item. The Cronbach’s alpha coefficient of the 54 items total was 
0.737, within the acceptable range (0.7 or above) for internal con-
sistency (reliability). 

Construct Validity of KFI-PC 
To assess the construct validity (convergent validity) of KFI-PC, 
we compared it to Fried’s physical frailty (Fig. 3, Table 4). ROC 
analysis performed to confirm the criterion-related validity of KFI-
PC for Fried’s physical frailty showed an area under the curve of 

Table 2. Characteristics of the study sample

Variable Overall (n = 1,242) Men (n = 586) Women (n = 656) p-value
Age (y) 77.9 ± 3.9 78.2 ± 3.9 77.6 ± 3.9 0.014
Marriage status (n = 1,241)
 Married 800 (64.5) 523 (89.2) 277 (42.3) <0.001
 Widowed/divorced 440 (35.5) 62 (10.6) 378 (57.7) <0.001
 Single 1 (0.1) 1 (0.2) 0 (0) <0.001
Living in rural area 358 (28.9) 18 (31.0) 177 (27.0) 0.068
Education (n = 1,240)

< Middle school 646 (52.1) 205 (35.0) 441 (67.3) <0.001
Middle and high school 402 (32.4) 232 (39.7) 170 (26.0) <0.001

 College 192 (15.5) 148 (25.3) 44 (6.7) <0.001
ADL disability 19 (1.5) 7 (1.2) 12 (1.8) 0.250
KFI-PC score 0.17 ± 0.08 0.15 ± 0.07 0.20 ± 0.08 <0.001
KFI-PC score by age group

70–74 years 0.16 ± 0.07 0.13 ± 0.07 0.17 ± 0.07 <0.001
75–79 years 0.17 ± 0.08 0.14 ± 0.07 0.20 ± 0.08 <0.001
≥ 80 years 0.20 ± 0.09 0.16 ± 0.07 0.24 ± 0.09 <0.001

KFI-PC score > 0.25 cutoff point  217 (17.5) 57 (9.7) 160 (24.4) <0.001
Fried's phenotype criteria
 Frail 114 (9.2) 44 (7.5) 70 (10.7) 0.001
 Pre-frail 601 (48.4) 263 (44.9) 338 (51.5) 0.001
 Robust 527 (42.4) 279 (47.6) 248 (37.8) 0.001

Values are presented as mean±standard deviation or number (%).
ADL, activities of daily living; KFI-PC, Korean Frailty Index for Primary Care.
ADL disability, dependent in any of five basic activities of daily living (i.e., dressing, bathing, toileting, transferring, and feeding).
p-values based on chi-square, Fisher exact, or independent t-test.

Ann Geriatr Med Res 2020;24(2):125-138

131Korean Frailty Index for Primary Care



KFI-PC score

Fr
eq

ue
nc

y

0.00 0.10 0.20 0.30 0.40 0.50

Fig. 1. The Korean Frailty Index for Primary Care (KFI-PC) score 
distribution in the study sample.

Fig. 2. Boxplot of the Korean Frailty Index for Primary Care (KFI-
PC) scores for men and women and for three age groups. The median 
(horizontal line) is shown within each box. The KFI-PC score differed 
significantly between men and women in all age groups (p<0.001) 
and between the three age groups in men and women (p<0.01) 
except for 70–74 years vs. 75–79 years in men (p=0.144).

Table 3. The KFI-PC characteristics of the study sample

No Deficit variable Deficit score Frequency (%) Missing data
1 Construct recall (drawing two interlocking pentagons) 0 938 (75.5) 1 (0.1)

1 303 (24.4)
2 Three-item recall memory 0 514 (41.4) 1 (0.1)

0.5 604 (48.6)
1 123 (9.9)

3 Recognition 0 1,129 (90.9) 1 (0.1)
0.5 95 (7.6)
1 17 (1.4)

4 Depressive mood 0 821 (66.1) 0 (0)
1 421 (33.9)

5 Exhaustion 0 855 (68.8) 0 (0)
1 421 (33.9)

6 Delirium or hallucination 0 1,242 (100) 0 (0)
1 0 (0)

7 Visual or auditory problem 0 101 (81.6) 1 (0.1)
1 227 (18.3)

8 Sleeping pattern 0 908 (73.21) 18 (1.4)
1 316 (25.4)

9 Napping 0 683 (55.0) 0 (0)
1 559 (45.0)

10 Inactivity 0 761 (61.3) 0 (0)
1 481 (38.7)

11 Chair rise test 0 474 (38.2)
0.5 295 (23.8) 0 (0)
1 473 (38.1)

12-1 Strength 0 978 (78.7) 1 (0.1)
0.5 263 (21.2)

12-2 Climbing stairs 0 724 (58.3) 0 (0)
0.5 518 (41.7)

(Continued to next page)
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No Deficit variable Deficit score Frequency (%) Missing data
13 Balance confidence 0 988 (79.5) 1 (0.1)

1 253 (20.4)
14 Fall 0 972 (78.3) 6 (0.5)

0.5 166 (13.4)
1 98 (7.9)

15 Assistance in walking 0 1,192 (96.0) 0 (0)
0.5 42 (3.4)
1 8 (0.6)

16 Ambulation 0 886 (71.3) 1 (0.1)
1 355 (28.6)

17 Transferring from a bed to a chair 0 1,100 (88.6) 0 (0)
0.5 128 (10.3)
1 14 (1.1)

18 Mobility 0 1,198 (96.5) 0 (0)
0.5 44 (3.5)
1 1 (0.1)

19 Fecal incontinence 0 1,172 (94.4) 2 (0.2)
1 68 (5.5)

20 Bladder control 0 1,196 (96.3) 2 (0.2)
1 4 (3.5)

21 Shopping 0 1,211 (97.5) 0 (0)
0.5 25 (2.0)
1 6 (0.5)

22 Managing medications 0 1,233 (99.3) 0 (0)
0.5 4 (0.3)
1 4 (0.3)

23 Driving or using public transportation 0 1,218 (98.1) 0 (0)
0.5 24 (1.9)
1 0 (0)

24 Managing finances 0 1,118 (90.0) 0 (0)
0.5 102 (8.2)
1 22 (1.8)

25 Polypharmacy 0 770 (62.0) 3 (0.2)
0.5 302 (24.3)
1 167 (13.4)

26 Hypertension 0 494 (39.8) 0 (0)
1 748 (60.2)

27 Diabetes 0 959 (77.2) 0 (0)
1 283 (22.8)

28 Cancer 0 1,206 (97.1) 0 (0)
1 36 (2.9)

29 Chronic obstructive pulmonary disease 0 1,232 (99.2) 0 (0)
1 10 (0.8)

30 Myocardial infarction 0 1,214 (97.7) 0 (0)
1 28 (2.3)

31 Heart failure 0 1,228 (98.9) 0 (0)
1 14 (1.1)

32 Angina 0 1,141 (91.9) 0 (0)
1 101 (8.1)

(Continued to next page)
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No Deficit variable Deficit score Frequency (%) Missing data
33 Asthma 0 1,195 (96.2) 0 (0)

1 47 (3.8)
34 Arthritis 0 881 (70.9) 0 (0)

1 361 (29.1)
35 Stroke 0 1,239 (99.8) 0 (0)

1 3 (0.2)
36 Kidney disease 0 1,128 (98.9) 0 (0)

1 3 (0.2)
37 Spinal stenosis 0 1,196 (96.3) 0 (0)

1 46 (3.7)
38-43 Additional health conditions 0 525 (42.3) 0 (0)

1 482 (38.8)
2 192 (15.5)
3 42 (3.4)
4 1(0.1)
5 0 (0)
6 0 (0)

44 Hospitalization 0 1,055 (84.9) 0 (0) 
1 187 (15.1)

45 Self-assessment of health status 0 853 (68.7) 1 (0.1)
1 388 (31.2)

46 Social contact 0 944 (76.0) 0 (0)
1 298 (24.0)

47 Spouse 0 779 (62.7) 0 (0)
0.5 152 (12.2)
1 311 (25.0)

48 Meals 0 1,135 (91.4) 0 (0)
0.33 105 (8.5)
0.66 2 (0.2)
1 0 (0)

49 Appetite 0 586 (47.2) 0 (0)
0.33 476 (38.3)
0.66 155 (12.5)
1 25 (2.0)

50 Walking to distant destinations 0 1,234 (99.4) 0 (0)
0.5 8 (0.6)
1 0 (0)

51 Going out 0 707 (56.9) 0 (0)
0.25 238 (19.2)
0.5 158 (12.7)
0.75 28 (2.3)
1 111 (8.9)

52 Weight loss 0 1,148 (92.4) 0 (0)
1 94 (7.6)

53 Underweight 0 1,215 (97.8) 0 (0)
1 27 (2.2)

Total score 9.2 ± 4.4
Cronbach's alpha coefficienta) 0.737
KFI-PC, Korean Frailty Index for Primary Care.
a)The internal consistency of the instrument items, assessed by Cronbach’s alpha. The acceptable range of Cronbach’s alpha is a value of 0.70 or above.

Table 3. Continued
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Fig. 3. Receiver operating characteristic (ROC) curve of the Korean 
Frailty Index for Primary Care (KFI-PC) score according to Fried's 
phenotype criteria. AUC, area under the ROC curve; CI, confidence 
interval.

Table 4. Construct validation of the KFI-PC

Variable
KFI-PC score Age- and sex-adjusted KFI-PC scorea)

rs p-value rs p-value
Fried's phenotype (score) 0.612 0.000 0.633 <0.001
Physical function

Handgrip strength (kg) -0.478 0.000 -0.284 <0.001
Usual gait speed (m/s) -0.570 0.000 -0.512 <0.001
Timed Up and Go test (s) 0.570 0.000 0.530 <0.001
Short Physical Performance Battery (score) -0.565 0.000 -0.532 <0.001
SARC-F (score) 0.434 0.000 0.463 <0.001

Cognitive function
Mini-Mental State Examination (score) -0.380 0.000 -0.335 <0.001

 Frontal Assessment Battery (score) -0.413 0.330 <0.001
Psychological status

Geriatric Depression Scale (score) 0.534 0.000 0.510 <0.001
Nutritional status

Mini Nutritional Assessment Screening (score) -0.473 0.000 -0.448 <0.001
 Total MNA (score) -0.529 0.000 -0.513 <0.001
Disability

K-ADL (score)b) 0.251 0.000 0.287 <0.001
K-IADL (score)c) 0.202 0.000 0.322 <0.001

KFI-PC, Korean Frailty Index for Primary Care; SARC-F, simple 5-item questionnaire for sarcopenia screening; K-ADL, Korean activities of daily living; 
K-IADL, Korean instrumental activities of daily living.
p-values calculated using Spearman rank correlation coefficients (rs).
a)Age-and sex-adjusted Spearman partial correlation coefficients between KFI-PC score and outcomes.
b)n=1,238.
c)n=1,129.

ty = 89%, specificity = 81%). The KFI-PC score showed correla-
tions with physical, cognitive, and psychological functions, as well 
as nutritional status, disability in ADLs, and IADLs irrespective of 
age and sex (Table 4). 

DISCUSSION 

We developed a KFI-PC containing 54 items with a maximum 
deficit score of 53 and demonstrated its acceptable internal consis-
tency and construct validity. Broadly speaking, KFI-PC is a com-
prehensive assessment that covers health-related areas related to 
cognitive, mental, physical, social, and nutritional factors, as well as 
ADLs and medical illness. 

Generally, frailty indices should contain at least 30 items and 
cover a range of health indicators including chronic conditions, 
physical/cognitive limitations, and general health. Another charac-
teristic of frailty index is that each deficit should be health-related 
and increase with age.24) Previous studies used 30–70 deficits to 
construct frailty indices. However, Searle et al.23) recommended 
that frailty indices should include at least 30–40 total deficits. An-
other criterion is that the deficit should not saturate too early, i.e., it 
should not be present in all or most people. A reasonable criterion 

0.921 (95% confidence interval, 0.910–0.940). The ROC analysis 
revealed an optimal cutoff value, statistically defined as the best 
compromise between sensitivity and specificity, of 0.23 (sensitivi-
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for saturation appears to be about 80% or less as any deficits pres-
ent in more than 80% of people do not make a significant differ-
ence in grading frailty.28) KFI-PC satisfied all these requirements. 
Moreover, it covers a range of not only chronic conditions, physi-
cal/cognitive limitations, and general health but also the factors re-
lated to social and psychological health. 

In this study, the ROC analysis demonstrated an optimal KFI-
PC cutoff value of 0.23, consistent with the consensus cutoff point 
for frailty of 0.25 for the frailty index used to define frailty in other 
studies.29) The original paper suggested a frailty cutoff of 0.25 
based on a physical frailty index containing 70 deficits and data 
from participants aged 70 years and older in the Canadian Study of 
Health and Aging. However, another paper proposed a frailty cut-
off of 0.21.30) A study analyzing Canadian Health Survey data from 
participants aged 65 years and over reported that the risk of hospi-
tal-related events increased at a value of 0.21. The cutoff is the low-
est point for predicting outcomes; it may be sensitive but not spe-
cific and, therefore, not the optimal threshold. 

Regarding participants with missing variables, studies common-
ly exclude any item with more than 5% of missing data31) and any 
participant with at least one missing item from more than 20% of 
the items.30) In this study, 40 of 53 (75.5%) items had complete 
data. Of the 13 items with missing data, 10 items were missing only 
1 or 2 value; the other three items had 3, 6, and 18 missing values. 
Thus, missing variables were not an issue in this study. KFI-PC is 
easily evaluated in primary care, as it is mainly made of self-re-
sponding questionnaires, with only the Mini-Cog and chair rise 
tests requiring healthcare provider evaluations. The Mini-Cog test 
can be completed in 2–4 minutes. The chair rise test takes approxi-
mately 1–2 minutes to administer after a simple demonstration. 
The chair rise test can be used as an alternative for gait speed or 
handgrip strength. It is particularly valuable and applicable to stud-
ies that do not or cannot include gait testing due to a lack of space 
or instrument to measure handgrip strength. 

The KFI-PC score increased with age levels, a pattern that was 
more pronounced in women. Previous studies reported that defi-
cits consistently accumulate exponentially with age at an average 
relative rate of approximately 3% per year on a log scale and that in 
general, at any given age, women on an average have more deficits 
than do men.32) The reason for the sex difference may be mainly 
because of a higher incidence of comorbidities in women than in 
men, in addition to social, behavioral, and biological differences 
between men and women.33) 

We observed a frailty prevalence of 9.2% based on Fried’s phe-
notype criteria and 17.5% based on KFI-PC, with a cutoff of 0.25. 
This result is compatible with that of previous reports of a 10% 
higher frailty prevalence using the frailty index compared with that 

using the phenotype criteria.34) The frailty index is associated with 
adverse health outcomes even among people categorized as non-
frail by frailty phenotype.34) This finding suggests that the frailty 
index is a more sensitive measure for determining frailty owing to 
its ability to detect this condition at even the early stage of a frailty 
trajectory.34) Furthermore, the continuous nature of the frailty in-
dex allows it to trace slight changes in frailty to intervene before an 
individual reaches a definite frail phenotype.33) The prevalence of 
ADL disability in this study was only 1.5%. As the participants of 
the KFACS are comparatively healthy older adults who can visit 
the centers, the percentage of ADL disability may be lower than 
other home visit surveys. However, KFI-PC was developed for use 
in outpatient primary care and those patients must be ambulatory 
to visit clinics. In comparison, the reported prevalence of ADL dis-
ability was 2.6% in four outpatient clinics and two welfare cen-
ters.35) 

In conclusion, we developed KFI-PC containing 53 deficits in-
cluding comprehensive geriatric assessment components. KFI-PC 
comprises mainly self-administered questionnaires; only the Mini-
Cog and chair rise tests are assessed by medical personnel and re-
quire limited time to perform. We demonstrated the construct va-
lidity and internal consistency (reliability) of KFI-PC. KFI-PC is 
easily assessed, was not considered a burden on the medical per-
sonnel who practice in primary care, and was well validated. Fur-
ther studies are needed to determine whether KFI-PC is a good in-
dicator for the prevention of adverse health outcomes and if it is 
feasible in real-world primary care settings. 

ACKNOWLEDGMENTS 

CONFLICT OF INTEREST 
The researchers claim no conflicts of interest. 

FUNDING 
This research was supported by a grant from the Korea Health 
Technology R&D Project through the Korean Health Industry 
Development Institute, funded by the Ministry of Health and Wel-
fare, Republic of Korea (No. HI15C3153). 

AUTHOR CONTRIBUTIONS 
Conceptualization, CWW; Data curation, CWW, SL, MK; Fund-
ing acquisition, CWW; Investigation, CWW, SL, YL, MK; Meth-
odology, CWW, SL, YL, MK; Project administration, CWW; Su-
pervision, CWW; Writing-original draft, CWW, MK; Writing-re-
view & editing, CWW, SL, YL, MK.  

www.e-agmr.org

136 Chang Won Won et al.



SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/ 
10.4235/agmr.20.0021 
Table S1. KFI-PC in Korean version
Table S2. Median and quartiles (Q1, Q3) of the Korean Frailty In-
dex for Primary Care scores for men and women and for three age 
groups  

REFERENCES 

1. Won CW. Frailty: its scope and implications for geriatricians. 
Ann Geriatr Med Res 2019;23:95-7. 

2. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, 
Gottdiener J, et al. Frailty in older adults: evidence for a pheno-
type. J Gerontol A Biol Sci Med Sci 2001;56:M146-56. 

3. Theou O, Park GH, Garm A, Song X, Clarke B, Rockwood K. 
Reversing frailty levels in primary care using the CARES Model. 
Can Geriatr J 2017;20:105-11. 

4. Sepehri K, Braley MS, Chinda B, Zou M, Tang B, Park G, et al. A 
computerized frailty assessment tool at points-of-care: develop-
ment of a standalone electronic comprehensive geriatric assess-
ment/frailty index (eFI-CGA). Front Public Health 2020;8:89. 

5. Jones DM, Song X, Rockwood K. Operationalizing a frailty in-
dex from a standardized comprehensive geriatric assessment. J 
Am Geriatr Soc 2004;52:1929-33. 

6. Lee JH, Lee KU, Lee DY, Kim KW, Jhoo JH, Kim JH, et al. De-
velopment of the Korean version of the Consortium to Establish 
a Registry for Alzheimer's Disease Assessment Packet 
(CERAD-K): clinical and neuropsychological assessment bat-
teries. J Gerontol B Psychol Sci Soc Sci 2002;57:P47-53. 

7. Satake S, Senda K, Hong YJ, Miura H, Endo H, Sakurai T, Kon-
do I, Toba K. Validity of the Kihon Checklist for assessing frailty 
status. Geriatr Gerontol Int 2016;16:709-15. 

8. Hwang HS, Kwon IS, Park BJ, Cho B, Yoon JL, Won CW. The 
validity and reliability of Korean frailty index. J Korean Geriatr 
Soc 2010;14:191-202. 

9. Kang I, Kim S, Kim BS, Yoo J, Kim M, Won CW. Sleep latency in 
men and sleep duration in women can be frailty markers in com-
munity-dwelling older adults: the Korean Frailty and Aging Co-
hort Study (KFACS). J Nutr Health Aging 2019;23:63-7. 

10. Oh JY, Yang YJ, Kim BS, Kang JH. Validity and reliability of Ko-
rean version of International Physical Activity Questionnaire 
(IPAQ) Short Form. J Korean Acad Fam Med 2007;28:532-41. 

11. Kim S, Kim M, Jung HW, Won CW. Development of a frailty 
phenotype questionnaire for use in screening community-dwell-
ing older adults. J Am Med Dir Assoc 2020;21:660-4. 

12. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Ceder-
holm T, et al. Sarcopenia: revised European consensus on defini-
tion and diagnosis. Age Ageing 2019;48:16-31. 

13. Kim S, Kim M, Won CW. Validation of the Korean version of the 
SARC-F Questionnaire to assess sarcopenia: Korean Frailty and 
Aging Cohort Study. J Am Med Dir Assoc 2018;19:40-45. e1. 

14. Moiz JA, Bansal V, Noohu MM, Gaur SN, Hussain ME, Anwer S, 
et al. Activities-specific balance confidence scale for predicting 
future falls in Indian older adults. Clin Interv Aging 
2017;12:645-51. 

15. Won CW, Yang KY, Rho YG, Kim SY, Lee EJ, Yoon JL, et al. The 
development of Korean activities of daily living (K-ADL) and 
Korean instrumental activities of daily living (K-IADL) scale. J 
Korean Geriatr Soc 2002;6:107-20. 

16. Park HY, Sohn HS, Kwon JW. Reviews on the current status and 
appropriate management of polypharmacy in South Korea. Ko-
rean J Clin Pharm 2018;28:1-9. 

17. Chon D, Lee Y, Kim J, Lee KE. The association between frequen-
cy of social contact and frailty in older people: Korean Frailty 
and Aging Cohort Study (KFACS). J Korean Med Sci 
2018;33:e332. 

18. Oh SY, Koh SJ, Baek JY, Kwon KA, Jeung HC, Lee KH, et al. Va-
lidity and reliability of Korean version of Simplified Nutritional 
Appetite Questionnaire in patients with advanced cancer: a mul-
ticenter, longitudinal study. Cancer Res Treat 2019;51:1612-9. 

19. Santos KT, Fernandes MH, Carneiro JA, da Silva Coqueiro R. 
Motor performance tests as screening instruments for frailty in 
the older adults. Appl Nurs Res 2016;32:80-4. 

20. Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a 
screen for dementia: validation in a population-based sample. J 
Am Geriatr Soc 2003;51:1451-4. 

21. Morley JE, Malmstrom TK, Miller DK. A simple frailty ques-
tionnaire (FRAIL) predicts outcomes in middle aged African 
Americans. J Nutr Health Aging 2012;16:601-8. 

22. Kim HJ, Park S, Park SH, Lee JH, Chang BS, Lee CK, et al. The 
prevalence and impact of frailty in patients with symptomatic 
lumbar spinal stenosis. Eur Spine J 2019;28:46-54.  

23. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A 
standard procedure for creating a frailty index. BMC Geriatr 
2008;8:24. 

24. McCarthy AL, Peel NM, Gillespie KM, Berry R, Walpole E, 
Yates P, et al. Validation of a frailty index in older cancer patients 
with solid tumours. BMC Cancer 2018;18:892. 

25. Won CW, Lee Y, Choi J, Kim KW, Park Y, Park H, et al. Starting 
construction of frailty cohort for elderly and intervention study. 
Ann Geriatr Med Res 2016;20:114-7. 

26. Jeon SY, Won CW, Choi HR, Kim BS, Kim SY, Hur JH. Physical 

Ann Geriatr Med Res 2020;24(2):125-138

137Korean Frailty Index for Primary Care

https://doi.org/10.4235/agmr.20.0021
https://doi.org/10.4235/agmr.20.0021
https://www.e-agmr.org/upload/media/agmr-20-0021-suppl.pdf
https://www.e-agmr.org/upload/media/agmr-20-0021-suppl.pdf
https://www.e-agmr.org/upload/media/agmr-20-0021-suppl.pdf
https://doi.org/10.4235/agmr.19.0032
https://doi.org/10.4235/agmr.19.0032
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.5770/cgj.20.274
https://doi.org/10.5770/cgj.20.274
https://doi.org/10.5770/cgj.20.274
https://doi.org/10.3389/fpubh.2020.00089
https://doi.org/10.3389/fpubh.2020.00089
https://doi.org/10.3389/fpubh.2020.00089
https://doi.org/10.3389/fpubh.2020.00089
https://doi.org/10.1111/j.1532-5415.2004.52521.x
https://doi.org/10.1111/j.1532-5415.2004.52521.x
https://doi.org/10.1111/j.1532-5415.2004.52521.x
https://doi.org/10.1093/geronb/57.1.P47
https://doi.org/10.1093/geronb/57.1.P47
https://doi.org/10.1093/geronb/57.1.P47
https://doi.org/10.1093/geronb/57.1.P47
https://doi.org/10.1111/ggi.12543
https://doi.org/10.1111/ggi.12543
https://doi.org/10.1111/ggi.12543
https://doi.org/10.4235/jkgs.2010.14.4.191
https://doi.org/10.4235/jkgs.2010.14.4.191
https://doi.org/10.4235/jkgs.2010.14.4.191
https://doi.org/10.1007/s12603-018-1109-2
https://doi.org/10.1007/s12603-018-1109-2
https://doi.org/10.1007/s12603-018-1109-2
https://doi.org/10.1007/s12603-018-1109-2
https://doi.org/10.1016/j.jamda.2019.08.028
https://doi.org/10.1016/j.jamda.2019.08.028
https://doi.org/10.1016/j.jamda.2019.08.028
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.jamda.2017.07.006
https://doi.org/10.1016/j.jamda.2017.07.006
https://doi.org/10.1016/j.jamda.2017.07.006
https://doi.org/10.2147/CIA.S133523
https://doi.org/10.2147/CIA.S133523
https://doi.org/10.2147/CIA.S133523
https://doi.org/10.2147/CIA.S133523
https://doi.org/10.24304/kjcp.2018.28.1.1
https://doi.org/10.24304/kjcp.2018.28.1.1
https://doi.org/10.24304/kjcp.2018.28.1.1
https://doi.org/10.3346/jkms.2018.33.e332
https://doi.org/10.3346/jkms.2018.33.e332
https://doi.org/10.3346/jkms.2018.33.e332
https://doi.org/10.3346/jkms.2018.33.e332
https://doi.org/10.4143/crt.2018.505
https://doi.org/10.4143/crt.2018.505
https://doi.org/10.4143/crt.2018.505
https://doi.org/10.4143/crt.2018.505
https://doi.org/10.1016/j.apnr.2016.06.003
https://doi.org/10.1016/j.apnr.2016.06.003
https://doi.org/10.1016/j.apnr.2016.06.003
https://doi.org/10.1046/j.1532-5415.2003.51465.x
https://doi.org/10.1046/j.1532-5415.2003.51465.x
https://doi.org/10.1046/j.1532-5415.2003.51465.x
https://doi.org/10.1007/s12603-012-0084-2
https://doi.org/10.1007/s12603-012-0084-2
https://doi.org/10.1007/s12603-012-0084-2
https://doi.org/10.1007/s00586-018-5710-1
https://doi.org/10.1007/s00586-018-5710-1
https://doi.org/10.1007/s00586-018-5710-1
https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.1186/s12885-018-4807-6
https://doi.org/10.1186/s12885-018-4807-6
https://doi.org/10.1186/s12885-018-4807-6
https://doi.org/10.4235/agmr.2016.20.3.114
https://doi.org/10.4235/agmr.2016.20.3.114
https://doi.org/10.4235/agmr.2016.20.3.114


frailty predicts cognitive decline in elderly people: Prospective 
findings from the living profiles of older people survey in Korea. 
Korean J Fam Pract 2015;5:702-7. 

27. Jang IY, Jung HW, Lee CK, Lee YS, Lee E, Kim DH. Compari-
son between Korean version of Physical Activity Scale for the el-
derly and International Physical Activity Questionnaire-Short 
Form in evaluation of frailty phenotype. Ann Geriatr Med Res 
2017;21:101-7. 

28. Lacas A, Rockwood K. Frailty in primary care: a review of its 
conceptualization and implications for practice. BMC Med 
2012;10:4. 

29. Rockwood K, Andrew M, Mitnitski A. A comparison of two ap-
proaches to measuring frailty in elderly people. J Gerontol A Biol 
Sci Med Sci 2007;62:738-43. 

30. Blodgett J, Theou O, Kirkland S, Andreou P, Rockwood K. Frail-
ty in NHANES: comparing the frailty index and phenotype. 
Arch Gerontol Geriatr 2015;60:464-70. 

31. Li G, Ioannidis G, Pickard L, Kennedy C, Papaioannou A, Tha-

bane L, et al. Frailty index of deficit accumulation and falls: data 
from the Global Longitudinal Study of Osteoporosis in Women 
(GLOW) Hamilton cohort. BMC Musculoskelet Disord 
2014;15:185. 

32. Rockwood K, Mitnitski A. Frailty defined by deficit accumula-
tion and geriatric medicine defined by frailty. Clin Geriatr Med 
2011;27:17-26. 

33. Abbasi M, Khera S, Dabravolskaj J, Vandermeer B, Theou O, 
Rolfson D, et al. A cross-sectional study examining convergent 
validity of a frailty index based on electronic medical records in a 
Canadian primary care program. BMC Geriatr 2019;19:109. 

34. Theou O, Brothers TD, Mitnitski A, Rockwood K. Operational-
ization of frailty using eight commonly used scales and compari-
son of their ability to predict all-cause mortality. J Am Geriatr 
Soc 2013;61:1537-51. 

35. Cho EJ, Park SJ, Lee JE, Lee JS, Kim MY, Yoon JL. (2007). Re-
sults of 'short-form comprehensive geriatric assessment' applica-
tion to elderly outpatients. J Korean Geriatr Soc 2007;11:1-8. 

www.e-agmr.org

138 Chang Won Won et al.

https://doi.org/10.4235/agmr.2017.21.3.101
https://doi.org/10.4235/agmr.2017.21.3.101
https://doi.org/10.4235/agmr.2017.21.3.101
https://doi.org/10.4235/agmr.2017.21.3.101
https://doi.org/10.1186/1741-7015-10-4
https://doi.org/10.1186/1741-7015-10-4
https://doi.org/10.1186/1741-7015-10-4
https://doi.org/10.1093/gerona/62.7.738
https://doi.org/10.1093/gerona/62.7.738
https://doi.org/10.1093/gerona/62.7.738
https://doi.org/10.1016/j.archger.2015.01.016
https://doi.org/10.1016/j.archger.2015.01.016
https://doi.org/10.1016/j.archger.2015.01.016
https://doi.org/10.1186/1471-2474-15-185
https://doi.org/10.1186/1471-2474-15-185
https://doi.org/10.1186/1471-2474-15-185
https://doi.org/10.1186/1471-2474-15-185
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.1186/s12877-019-1119-x
https://doi.org/10.1186/s12877-019-1119-x
https://doi.org/10.1186/s12877-019-1119-x
https://doi.org/10.1186/s12877-019-1119-x
https://doi.org/10.1111/jgs.12420
https://doi.org/10.1111/jgs.12420
https://doi.org/10.1111/jgs.12420
https://doi.org/10.1111/jgs.12420


INTRODUCTION 

Sarcopenia is a progressive and generalized loss of muscle mass 
and function with advancing age.1,2) This geriatric syndrome is 
now considered an increasing public health issue worldwide.3) Sar-
copenia is associated with adverse health outcomes such as physi-
cal impairment, mobility limitations, increased fall risk, hospital-
ization, and mortality.4) In the last decade, several sarcopenia defi-
nitions and proposals for diagnostic criteria have been published. 
Among these, the revised consensus criteria of the European 

Working Group on Sarcopenia in Older People (EWGSOP2) ap-
pear to be the most promising. The EWGSOP2 considers sarco-
penia to be present when a person presents with both low muscle 
strength and low muscle mass. Additionally, people with low phys-
ical performance are categorized as severely sarcopenic.3) 

This condition can also impact patient quality of life. Since this 
aspect is not straightforward for clinical evaluation, the issue is less 
studied so far. The existing quality of life questionnaires, such as 
the Short Form 36 (SF-36) and EuroQoL 5-dimension (EQ-5D), 
are designed for use in a broad swath of health conditions and pa-
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tient populations and, thus, do not cover all physical dysfunctions 
associated with sarcopenia. Consequently, it would be useful to 
have a specific questionnaire to assess the impact of sarcopenia on 
quality of life. 

The SarQoL questionnaire is the first multidimensional dis-
ease-specific questionnaire designed for community-dwelling sar-
copenic subjects aged 65 years and older. It comprises 22 questions 
rated on a 3-, 4-, or 5-point Likert scale. Items are categorized into 
the following sevens domains of dysfunction: physical and mental 
health, locomotion, body composition, functionality, activities of 
daily living, leisure activities, and fears. The questionnaire was ini-
tially developed and validated in French in 20155,6) and was later 
translated and validated into English, Dutch, Romanian, Polish, 
Hungarian, Russian, and Greek.7-13) 

To provide the Ukrainian nation with a qualitative and reliable 
questionnaire to measure the quality of life of sarcopenic patients, 
we have created the Ukrainian version of the SarQoL question-
naire. The process of translation and validation followed the proto-
col for translation provided by the authors of the SarQoL ques-
tionnaire, which were based on the recommendations of Beaton et 
al.14) This protocol included translation, cross-cultural adaptation, 
and validation of psychometric properties of the questionnaire. 
This process ensures standardization of the translated versions and 
makes them valid instruments for clinical purposes. 

The objectives of this study were to translate the SarQoL ques-
tionnaire from English into Ukrainian and to assess its main psy-
chometric properties.  

MATERIALS AND METHODS  

Ukrainian Translation 
The translation was performed by a group of experts to exclude 
any cultural divergence and ensure the usefulness of the question-
naire in different populations. The process of translation from En-
glish to Ukrainian and cross-cultural adaptation was performed ac-
cording to specific guidelines14) and included five phases: (1) inde-
pendent forward translation by two bilingual translators (one of 
whom had a medical background; the other was a novice regarding 
the topic of questionnaire), both native Ukrainian speakers; (2) 
synthesis of the initial translations providing a single “Version 1”; 
(3) independent backward translations of “Version 1” from 
Ukrainian to English by two bilingual translators who were native 
English speakers, had no medical background, and were blind to 
the original version of the SarQoL questionnaire; (4) comparison 
of the Version 1 and backward translations by an expert commit-
tee, resulting in a pre-final version of the Ukrainian SarQoL ques-
tionnaire and a full written report of the issues encountered at each 

step; and (5) a test of the pre-final version on 10 sarcopenic sub-
jects to ensure understanding of the purpose and meaning of each 
question, which led to the final version of the SarQoL-UA. 

The translation was performed with the permission of the rights 
holder of the SarQoL questionnaire (SarQoL sprl, Brussel, Bel-
gium); the original developers also provided assistance and advice 
during the translation and validation process. The original devel-
opers of the questionnaire (OB and CB) were kept informed of the 
major choices made during the translation process and the results 
of the pre-test of the questionnaire and confirmed the equivalence 
between the English and Ukrainian versions. 

Validation 

Participants and protocol 
A total of 49 patients aged 65 years and older were recruited in 
Oleksandrivska Clinical Hospital in Kyiv, Ukraine, where large 
proportions of older and geriatric patients are treated. 

All patients were informed about the objective and form of sub-
sequent questions and tests before providing their informed con-
sent. Patients with severe exacerbations of chronic illnesses, de-
compensations of heart failure and diabetes, physical malforma-
tions, or traumas associated with decreased mobility, amputations, 
malignant diseases, and also mental illnesses that prevented under-
standing and correct response to the questions were not included 
in the investigation. The study was approved by the Ethics Com-
mittee of Oleksandrivska Clinical Hospital (No. 22/2016). We 
collected clinical and demographic variables such as age, sex, body 
mass, height, waist, hip and thigh circumference, muscle strength, 
and gait speed using standard methods by trained examiners. Due 
to limited access to dual-energy X-ray absorptiometry (DEXA) 
equipment, the probability of sarcopenia was determined using the 
Ishii screening test.15) The objective of this test is to identify older 
adults at a high risk of sarcopenia; the test relies on a combination 
of age, grip strength, and calf circumference. The exact formulas 
are as follows: 

Score in men =  0.62 × (age 64 y) – 3.09 × (grip strength 50 kg) – 
4.64 × (calf circumference 42 cm) 

Score in women =  0.80 × (age 64 y) – 5.09 × (grip strength 34 kg) 
– 3.28 × (calf circumference 42 cm) 

The established cutoff values that maximize the sum of sensitivi-
ty and specificity are ≥ 105 for men and ≥ 120 for women,3) with 
higher scores indicating an increased probability of sarcopenia. 

Muscle strength was evaluated based on handgrip strength mea-
sured using a manual spring dynamometer (DRP-90, GOST 
22224-76, Russia) with a cutoff value of < 20 kg for women and 
< 30 kg for men. The measurements were performed on both the 
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patients’ dominant and non-dominant hands, with the highest value 
recorded. To evaluate physical performance, we used gait speed in 
the form of the 3-minute timed walk test. The patients were asked 
to walk at their standard speed and the mean of the meters walked 
was converted to speed in meters per second (m/s) for analysis. 
Values < 0.8 m/s indicated poor physical performance.16) 

Procedures 

Psychometric validation of the Ukrainian version of the SarQoL 
Validation of the psychometric properties of the SarQoL-UA con-
sisted of an assessment of its discriminative power, internal consis-
tency, potential floor and ceiling effects, construct validity, and 
test-retest reliability, all of which were performed according to the 
recommendations of Terwee et al.17) 

(1) Discriminative power, also called known-groups validity, 
was evaluated by comparing the QoL scores between participants 
who were categorized as probably having sarcopenia by the Ishii 
test and those categorized as probably not having sarcopenia. Ad-
ditionally, we examined two components of sarcopenia, grip 
strength and gait speed, by comparing subjects with low and nor-
mal values. The sample was dichotomized using the EWGSOP2 
cutoffs ( < 27 kg for men and < 16 kg for women for grip strength 
and ≤ 0.8 m/s for gait speed).3) To assess the discriminative power 
of the questionnaire, we assumed that the QoL scores should be 
higher (indicating better QoL) in population categorized as proba-
bly non-sarcopenic, or with normal grip strength or gait speed, 
compared to those categorized as probably sarcopenic or with low 
grip strength or gait speed. 

(2) Internal consistency. To measure internal consistency, un-
derstood as an estimation of the questionnaire’s homogeneity, we 
calculated the Cronbach’s alpha coefficient.18) A coefficient value 
between 0.7 and 0.9 indicates a high level of internal consistency. 
By deleting one domain at a time, we also considered the impact of 
each domain on internal consistency. The correlation of each do-
main with the total SarQoL-UA score was also assessed by correla-
tion analysis. We defined excellent correlation as r > 0.81, very 
good correlation as r between 0.61 and 0.80, and good correlation 
as r between 0.41 and 0.60. 

(3) Floor and ceiling effects are present when a high percent-
age of the population has the lowest or the highest scores, respec-
tively. We considered significant floor and ceiling effects when 
higher than 15%. 

(4) Construct validity. The construct validity of the question-
naire indicates whether the questionnaire measures the construct 
it claims to measures. This was investigated by measuring the con-
vergent and divergent validity; i.e., the level of agreement between 

the SarQoL questionnaire and domains of other questionnaires 
that are theorized to be similar or different. Every patient complet-
ed, at the same time as the SarQoL-UA questionnaire, the SF-36v2 
and the EQ-5D, two generic QoL questionnaires. The generic SF-
36 questionnaire (SF-36v2)19) contains 36 items in eight health 
domains. Two components of the health survey were calculated: 
the physical component summary (PCS) and the mental compo-
nent summary (MCS), providing reliable and valid summaries of a 
patient’s physical and mental status. The total raw score computed 
for each health domain scale was calculated, in which 0 and 100 
points indicated the worst and best QoL, respectively.20) 

For the evaluation of overall self-rated health status, we used the 
EQ-5D questionnaire,21) which includes five domains: mobility, 
usual activities, self-care, pain/discomfort, and anxiety/depression, 
as well as the EQ Visual Analogue Scale (EQ-VAS).22) Each of the 
five dimensions comprising the EQ-5D was divided into five levels 
of perceived impairment, from level 1 (no problem) to level 5 (ex-
treme problems). A unique health state was defined by combining 
the reported level from each of the five dimensions and referring 
the result to a five-digit code that was subsequently converted to a 
single index value (EQ-5D index value).23)  

For convergent construct validity, we hypothesized strong cor-
relations between the overall QoL SarQoL score and the mobility 
and usual activities questions of the EQ-5D, as well as with the SF-
36 PCS and the EQ-VAS. For divergent construct validity, we ex-
pected to find weak or non-existent correlations between the over-
all QoL SarQoL score and the self-care, pain/discomfort, and anx-
iety/depression questions of the EQ-5D, as well as the SF-36 
MCS. 

(5) Test-retest reliability. The test-retest reliability of the ques-
tionnaire, defined as the degree to which the questionnaire pro-
duces the same results in identical circumstances over time, was 
evaluated by intra-class correlation coefficient (ICC). To analyze 
the test-retest stability of our Ukrainian version of the SarQoL, 
participants who did not report any significant health change over 
a 2-week period were asked to complete the questionnaire again 
after a 2-week interval. The reliability was considered acceptable 
for ICC > 0.7. 

Statistical Analysis 
The distribution of quantitative variables was assessed using Shap-
iro-Wilk tests. Quantitative variables with a normal distribution are 
expressed as mean ± standard deviation, and quantitative variables 
with non-normal distributions are expressed as medians (P25–
P75) and categorical variables are reported as absolute (n) and rel-
ative frequencies (%). Results were considered statistically signifi-
cant at the 5% critical level (p < 0.05). 

Ann Geriatr Med Res 2020;24(2):139-147

141Validation of the Sarcopenia Quality of Life (SarQoL-UA) Questionnaire



Differences in characteristics between groups were tested using 
the parametric Student t-test or the non-parametric Mann-Whit-
ney U-test for quantitative variables and chi-square tests for nomi-
nal variables. For internal consistency, the Cronbach's alpha coeffi-
cient was calculated. The correlation of each domain with the total 
score of the SarQoL-UA was determined using Pearson or Spear-
man correlations based on the distribution of the variables. The 
evaluation of the construct validity also used Pearson or Spearman 
correlations. The test-retest reliability was assessed using ICC 
(two-way mixed-absolute agreement). All of the analyses were per-
formed using IBM SPPS Statistics version 25.0.0.0 for Windows 
(IBM, Armonk, NY, USA). 

RESULTS 

Translation 
No major conceptual discrepancies were observed between trans-
lations and all differences were resolved by consensus. We reached 
out to CB and OB for clarification on the content of certain ques-
tions, to make sure that the translated questions were conceptually 
equivalent to the questions in English. The 22 questions of the 
SarQoL questionnaire were translated without any major difficul-
ties. Certain adaptions were made to optimize the questionnaire 
for the cultural context of Ukraine, such as discussion regarding 
the forward translation of the words “light” (in question 3) and 
“moderate” (in question 4), “frail” (in question 16) and “do it your-
self (DIY)” (in question 3), which were solved in the initial transla-
tors’ meeting. A pretest in the third and prefinal version was per-
formed on 20 participants. 

The pre-test did not reveal problems in the comprehensibility of 
the questions in the questionnaire or the language used therein. 

Sample Characteristics 
In the study population, median age was 71 years (range, 67.0-75.5 
years) (Table 1), including 29 (59.2%) men and 20 (40.8%) wom-
en. The study population were overweight, with a median body 
mass index of 29.06 kg/m2 (range, 25.28–32.62 kg/m2). 

We observed that both male and female participants had low 
grip strength, as evidenced by the fact that 70% of the female sub-
jects and 65.5% of male subjects had low maximum grip strengths 
according to the EWGSOP2 cutoffs. For physical performance, 
represented by gait speed, we observed a mean value of 0.95 ± 0.37 
m/s, well above the ≥ 0.8 m/s threshold used by the EWGSOP2 
to indicate low gait speed. 

We divided the patients into two groups according to the proba-
ble presence or absence of sarcopenia, as indicated by Ishii test re-
sults. A total of 28 and 21 people were probably sarcopenic and 
probably non-sarcopenic, respectively. As expected, age, grip 
strength, and calf circumference differed between the two groups. 
Although the median gait speed was considerably higher is the 
probably non-sarcopenic group (1.2 vs. 0.8 m/s), the difference 
was not significant (p = 0.056). 

Validation Analyses 

Discriminative power 
The discriminative power was examined by comparing the quality 
of life scores between the people classified as probably and proba-
bly non-sarcopenic according to the Ishii screening test (Table 2). 

Additionally, a discriminative power analysis was also performed 
by dichotomizing the people by grip strength (men < 27 kg; wom-
en < 16 kg) and gait speed ( ≥ 0.8 m/s). 

Categorization of the patients into probably and probably 
non-sarcopenic according to the Ishii test showed significantly 

Table 1. Clinical characteristics of the patients
Variable All (n = 49) Probably sarcopenic (n = 28) Probably non-sarcopenic (n = 21) p-value
Age (y) 71.00 (67.00–77.50) 73.50 (68.50–79.00) 69.00 (67.00–73.50) 0.046a)

Sex 0.737b)

 Female 20 (40.8) 12 (42.9) 8 (38.1)
 Male 29 (59.2) 16 (57.1) 13 (61.9)
BMI (kg/m²) 29.06 (25.28–32.62) 28.00 (25.64–32.28) 30.91 (24.33–34.65) 0.391a)

Calf circumference (cm) 37.00 (33.75–40.00) 35.75 (33.00–38.38) 39.00 (35.50–41.50) 0.016a)

Maximum grip strength (kg) 16 (8.00–25.50) 9 (6.25–15.00) 30 (19.50–33.00) < 0.001a)

Gait speed (m/s) 0.95 (0.65–1.26) 0.80 (0.59–1.22) 1.20 (0.71–1.36) 0.056a)

Values are presented as median (25th percentile–75th percentile) or number (%).
BMI, body mass index.
a)Mann–Whitney U-test.
b)Chi-square test.
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lower quality of life scores for five of the seven of the domain 
scores, as well as the overall QoL sscore (58.43 ± 17.13 vs. 
69.89 ± 13.31 points; p = 0.014). 

In contrast, no significant differences were found for the SF-36 
PCS and MCS summary scores, as well as for the EQ-VAS. Exam-
ination of the individual questions of the EQ-5D showed that par-
ticipants in the probably sarcopenic group scored higher on the 
pain/discomfort item, indicating more pain/discomfort and thus 
worse QoL—3 (2–3) vs. 2 (1–3); p = 0.032. The other EQ-5D 
items did not differ significantly between the two groups. 

We observed that people with low grip strength or low gait speed 
generally showed lower quality of life scores on the SarQoL ques-

tionnaire, except for domains 6 and 7. Crucially, the overall QoL 
score was significantly lower for people with low grip strength 
(56.71 ±16.96 vs. 68.73 ±15.33 points; p=0.0169) and people with 
low gait speed (49.93 ±12.23 vs. 73.40 ±11.29; p <0.001). The re-
sults for all domains are reported in Tables 3 and 4. 

Internal Consistency 

Cronbach’s alpha coefficient 
The complete questionnaire showed an alpha of 0.898; the value 
within the 0.7–0.9 threshold indicated adequate internal consis-
tency with a low risk of redundancy in the questionnaire. Deletions 

Table 2. Quality of life characteristics

Variable All (N = 49) Probably sarcopenic (n = 28) Probably non-sarcopenic (n = 21) p-value
SarQoL D1 Physical and mental health 59.97 (47.20–72.75) 56.72 ± 16.63 66.43 ± 16.85 0.050a)

SarQoL D2 Locomotion 66.67 (47.22–86.11) 56.95 (33.34–87.50) 72.22 (58.33–87.50) 0.069b)

SarQoL D3 Body composition 58.33 (41.67–75.00) 43.75 (37.50–66.67) 66.67 (56.25–75.00) 0.010b)

SarQoL D4 Functionality 71.15 (49.04–85.17) 62.85 ± 18.61 77.24 ± 14.18 0.005a)

SarQoL D5 Activities of daily living 61.67 (43.10–76.67) 55.15 ± 19.84 66.18 ± 16.14 0.043a)

SarQoL D6 Leisure activities 33.25 (33.25–49.88) 41.57 (33.25–49.88) 33.25 (33.25–49.88) 0.366b)

SarQoL D7 Fears 87.50 (75.00–100) 87.50 (75.00–87.50) 87.50 (87.50–100) 0.016b)

SarQoL Overall QoL 63.72 (45.96–79.24) 58.43 ± 17.13 69.89 ± 13.31 0.014a)

SF-36 PCS 36.00 (27.00–43.50) 34.14 ± 10.85 38.19 ± 8.94 0.171a)

SF-36 MCS 47.40 (39.93–53.78) 48.17 ± 10.28 44.36 ± 9.67 0.194a)

EQ-5D Mobility 2 (1–3) 2 (1.25–3) 2 (1–2) 0.092b)

EQ-5D Self-care 1 (1–2) 1 (1–2) 1 (1–1) 0.211b)

EQ-5D Usual activities 2 (1–3) 2 (1–3) 1 (1–2) 0.137b)

EQ-5D Pain/discomfort 2 (2–3) 3 (2–3) 2 (1–3) 0.032b)

EQ-5D Anxiety/depression 2 (1–2) 2 (1–2) 1 (1–3) 0.870b)

EQ-VAS 50 (50.00–65.00) 50 (46.25–65.00) 55 (50.00–65.00) 0.592b)

Values are presented as median (25th percentile–75th percentile) or mean±standard deviation.
EQ-5D, EuroQoL 5-dimension; PCS, physical component summary; MCS, mental component summary; VAS, visual analog scale.
a)Student t-test.
b)Mann–Whitney U-test.

Table 3. Discriminative power for grip strength

Low grip strength (n = 32) Normal grip strength (n = 17) p-value
SarQoL D1 Physical and mental health 56.71 ± 16.96 68.73 ± 15.33 0.019a)

SarQoL D2 Locomotion 58.33 ± 24.00 75.49 ± 18.46 0.014a)

SarQoL D3 Body composition 43.75 (37.50–65.63) 75.00 (60.42–79.17) 0.001b)

SarQoL D4 Functionality 63.53 ± 18.07 79.34 ± 13.61 0.003a)

SarQoL D5 Activities of daily living 54.17 (38.75–72.08) 73.33 (62.98–80.00) 0.008b)

SarQoL D6 Leisure activities 33.25 (33.25–49.88) 33.25 (33.25–49.88) 0.973b)

SarQoL D7 Fears 87.50 (75.00–87.50) 87.50 (87.50–100) 0.080b)

Overall score 58.30 ± 16.31 72.82 ± 12.37 0.002a)

Values are presented as mean±standard deviation or median (25th percentile–75th percentile).
a)Student t-test for independent samples.
b)Mann–Whitney U-test.
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of single domains showed Cronbach’s alpha values ranging from 
0.861 to 0.912, indicating that no domain had a disproportionate 
influence on the homogeneity of the questionnaire (Table 5). 

Correlations between overall and individual domain scores 
The correlations between each domain and the total score of the 
SarQoL questionnaire were also assessed using Spearman coeffi-
cients. All domains showed a strong significant positive correlation 
with the overall score of the SarQoL, except for domain 6 (Table 5).  

Floor and Ceiling Effects  
No participants (n = 49) presented with the lowest score to the 
questionnaire (0 points) or the maximal score (100 points) on the 
Overall QoL score. A ceiling effect was present for domain 7, 
where 14 people (28.6%) scored 100 points. 

Construct Validity 
Assessment of the convergent validity in the complete sample 
showed three strong and significant and one moderate and signifi-
cant correlation, confirming the convergent validity of the 
Ukrainian SarQoL questionnaire (Table 6). Assessment of the di-
vergent validity showed two strong and one moderate correlation 
(Table 6). 

Analysis of the 28 participants categorized as probably sarcope-
nic showed good convergent validity, with four strong correlations 
but inadequate divergent construct validity. 

Test-Retest Reliability 
The test-retest reliability indicated near-perfect results (Table 7), 
with an ICCs of 0.997 (0.994–0.998) for the overall quality of life 
score of the SarQoL questionnaire in the complete sample and 
0.998 (0.995–0.999) in the probably-sarcopenic group. The low-
est ICC was observed in the analysis of the probably-sarcopenic 

sample, in which domain 6 showed an ICC of 0.912 (0.821–
0.958), still considered to be an excellent degree of test-retest reli-
ability. 

The rest-retest reliabilities of the SF36 PCS and MCS scores 
were of the same order as that of the SarQoL (ICC > 0.9) and  
slightly lower in the EQ-VAS (ICC = 0.829 for the complete sam-
ple and 0.876 in the probably-sarcopenic sample). However, the 
test-retest reliability of the EQ-VAS in this sample was still consid-
ered acceptable, as it was above the cutoff of 0.7. 

DISCUSSION 

The results of our study showed that the Ukrainian version of the 
original SarQoL is a valid and discriminant questionnaire that is 
useful to determine the quality of life of patients with sarcopenia. 
The SarQoL is the first quality of life questionnaire specific to sar-
copenia available in the Ukrainian language. The population of 
Ukraine is 43 million, of whom 6.9 million (15.32%) are aged over 
65 years;24) thus, the SarQoL-UA questionnaire can be a reliable, 
and cost-effective tool for assessing QoL among older Ukrainian 
patients possibly affected by sarcopenia. 

Because of the cost and complexity of measuring muscle mass 
using a DEXA instrument, we used the Ishii screening test16) to 
screen patients for sarcopenia, which is much easier, faster, and 
cheaper and does require a specific apparatus. The Ishii test has ex-
cellent sensitivity and specificity compared with to other diagnos-
tic definitions of sarcopenia such as the two-step algorithm of the 
EWGSOP, the SARC-F questionnaire, the screening grid, and the 
anthropometric prediction equation.15) We observed that people 
with low grip strength or gait speed generally showed lower quality 
of life scores on the SarQoL questionnaire (except for domains 6 
and 7), which might be because these domains have low numbers 
of items (and thus less precision) in combination with a relatively 

Table 4. Discriminative power for gait speed

Low gait speed (n = 21) Normal gait speed (n = 28) p-value
SarQoL D1 Physical and mental health 51.04 ± 12.18 68.27 ± 16.94 < 0.001a)

SarQoL D2 Locomotion 44.44 (27.78–62.50) 79.17 (63.89–94.44) < 0.001b)

SarQoL D3 Body composition 41.67 (35.42–54.17) 72.92 (58.33–83.33) < 0.001b)

SarQoL D4 Functionality 56.07 ± 16.25 78.72 ± 12.80 < 0.001a)

SarQoL D5 Activities of daily living 43.33 (35.42–54.17) 75.00 (65.00–80.00) < 0.001b)

SarQoL D6 Leisure activities 33.25 (24.94–49.88) 41.57 (33.25–49.88) 0.081b)

SarQoL D7 Fears 87.50 (75.00–87.50) 87.50 (78.13–100) 0.084b)

Overall score 49.93 ± 12.23 73.40 ± 11.29 < 0.001a)

Values are presented as mean±standard deviation or median (25th percentile–75th percentile).
a)Student t-test for independent samples.
b)Mann–Whitney U-test.
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Table 5. Correlations between overall and domain scores and Cronbach’s alpha

Correlations between overall and domain scores (n = 48) Cronbach’s alpha if domain  
deleted (n = 49) Overall Cronbach’s alpha

r p-value
SarQoL D1 Physical and mental health 0.848 < 0.001 0.872 0.898
SarQoL D2 Locomotion 0.911 < 0.001 0.874
SarQoL D3 Body composition 0.779 < 0.001 0.874
SarQoL D4 Functionality 0.915 < 0.001 0.861
SarQoL D5 Activities of daily living 0.880 < 0.001 0.875
SarQoL D6 Leisure activities 0.389 0.006 0.912
SarQoL D7 Fears 0.587 < 0.001 0.901

All values are Spearman correlation coefficients.

Table 6. Convergent and divergent construct validity, and correlation with overall SarQoL score

Complete sample (n = 49) Probably sarcopenic sample (n = 28)
r p-value r p-value

Convergent validity
 EQ-5D Mobility -0.794 < 0.001 -0.793 < 0.001
 EQ-5D Usual activities -0.677 < 0.001 -0.605 0.001
 SF-36 PCS 0.833 < 0.001 0.869 < 0.001
 EQ-VAS 0.466 0.001 0.599 0.001
Divergent validity
 SF-36 MCS 0.295 0.039 0.177 0.367
 EQ-5D Self-care -0.632 < 0.001 -0.700 < 0.001
 EQ-5D Pain/discomfort -0.650 < 0.001 -0.684 < 0.001
 EQ-5D Anxiety/depression -0.454 0.001 -0.423 0.025

All correlation coefficients obtained using Spearman method.
EQ-5D, EuroQoL 5-dimension; PCS, physical component summary; MCS, mental component summary; VAS, visual analog scale.

Table 7. Test-retest reliability in the complete sample

Complete sample (n = 50) Probably sarcopenic sample (n = 28)
ICC 95% CI ICC 95% CI

SarQoL D1 Physical and mental 
health

0.992 0.985–0.995 0.991 0.980–0.996

SarQoL D2 Locomotion 0.995 0.990–0.997 0.994 0.988–0.997
SarQoL D3 Body composition 0.990 0.982–0.994 0.996 0.991–0.998
SarQoL D4 Functionality 0.986 0.976–0.992 0.994 0.988–0.997
SarQoL D5 Activities of daily living 0.995 0.991–0.997 0.995 0.990–0.998
SarQoL D6 Leisure activities 0.950 0.913–0.971 0.912 0.821–0.958
SarQoL D7 Fears 0.933 0.884–0.961 0.897 0.791–0.951
SarQol Overall score 0.997 0.994–0.998 0.998 0.995–0.999
SF-36 PCS 0.966 0.940–0.980 0.970 0.937–0.986
SF-36 MCS 0.905 0.838–0.945 0.940 0.876–0.972
EQ-VAS 0.829 0.714–0.948 0.876 0.749–0.941

ICC, intra-class correlation coefficient; CI, confidence interval; PCS, physical component summary; MCS, mental component summary; VAS, visual analog 
scale.
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low number of study population. 
Similar publications of validations of the SarQoL are available 

for the English, French, Dutch, Romanian, Polish, Lithuanian, 
Greek, and other language versions,7-10,13,25) with similar results in 
terms of the reliability and validity of the SarQoL questionnaire. 

The Cronbach’s alpha of the Ukrainian version of the SarQoL 
was 0.898. The recommended values are 0.7–0.9, with an upper 
limit of 0.95.17,26) The Cronbach’s alpha value in our study is similar 
to those reported for the French, English, and Dutch versions 
(0.87, 0.88, and 0.883, respectively).5,7,8) The alpha value in our 
study was lower than those in the Greek, Lithuanian, Romanian, 
and Polish validation studies (0.960, 0.950, 0.946, and 0.920, re-
spectively) suggesting that some questions in the SarQoL may be 
redundant.9,10,13,25) However, although the internal consistency of 
the Ukrainian was excellent, this does not mean that cross-cultural 
effects are, therefore, excluded. Although we paid particular atten-
tion to cross-cultural equivalence, Ukrainian participants may have 
responded differently to certain questions. We hope that the data 
from this study and future data collected with the SarQoL-UA can 
be used in combination with data from other countries to analyze 
the questionnaire with Item Response Theory to detect any differ-
ential item functioning effects. 

Test-retest reliability was excellent in our study and the same as 
reported in French, English, Dutch, Polish, Greek and Lithuanian 
studies.6-8,10,13,25) The validation of the Romanian version did not 
perform test-retest reliability because of the limited number of sar-
copenic subjects (n = 13). Overall, the results have indicated that 
the SarQoL questionnaire is a reliable instrument.25) 

The construct validity of the SarQoL-UA was examined with 
eight hypotheses on the correlation between the domains of the 
SF-36 and EQ-5D questionnaires that were theorized to measure a 
similar (convergent) or dissimilar (divergent) construct from that 
of the SarQoL-UA. The results showed that the questionnaire 
possessed good convergent validity; however, the results of the di-
vergent validity were not as expected. It may be that the constructs 
represented in the SF-36 MCS and the self-care and pain/discom-
fort items of the EQ-5D are more closely aligned with the overall 
quality of life, the construct measured by the SarQoL-UA. 

The major limitation of our study was related to the absence of a 
muscle mass assessment because we were not able to determine 
appendicular muscle mass using DEXA. In our study group, sarco-
penia status was estimated using the Ishii equation (described 
above). However, anthropometric measurements are prone to er-
rors and may produce pitfalls; thus, they are not recommended for 
routine use according to the EWGSOP.3) Nevertheless, the equa-
tion provided by Ishii et al. for the estimation of sarcopenia was 
previously validated and showed a high level of corresponding sen-

sitivity, specificity, positive and negative predictive values, and pos-
itive and negative likelihood ratios (84.9%, 88.2%, 54.4% and 
97.2%, and 7.19 and 0.17 for men and 75.5%, 92.0%, 72.8% and 
93.0%, and 9.44 and 0.27 for women, respectively).16) A second 
possible limitation was the low number of participants. Although 
there are no fixed requirements for minimum sample size in valida-
tion studies, a commonly used benchmark is a sample of 100 par-
ticipants, of whom 50 should have the condition in question.17) 
The present study included a total of 49 participants, 28 of whom 
were probably sarcopenic based on the Ishii test; however, because 
of the relative precision of the obtained values (i.e., small standard 
deviations or 95% confidence intervals), we obtained statistically 
significant results in most if not all of our analyses. While this study 
falls short of the arbitrary sample size of 100 participants, the re-
sults should not be discounted given the significant p-values ob-
tained throughout. 

In summary, this first Ukrainian version of the SarQoL ques-
tionnaire is equivalent to the available original version. Thus, this  
tool may be used for clinical and research purposes. This question-
naire had higher sensitivity than that of other standard QoL ques-
tionnaires. The availability of the SarQoL questionnaire to the 
Ukrainian scientific community gives physicians speaking this lan-
guage the chance to better follow and monitor sarcopenic patients 
in Ukraine. Thus, the Ukrainian version of SarQol may be poten-
tially incorporated in the routine geriatric curriculum designated 
for the assessment of sarcopenic Ukrainian-speaking individuals. 
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INTRODUCTION 

Cryptococcus neoformans is an encapsulated yeast that can be found 
in decaying wood, hay, dust, and feces of birds, especially pigeons.1) 
Cryptococcosis is considered an opportunistic infection in immu-
nocompromised people, such as patients with malignancy, human 
immunodeficiency virus (HIV) infection, and those on long-term 
treatment with glucocorticoids and immunosuppressive agents af-
ter organ transplantation.2) The infections mainly involve the lungs 
and central nervous system, with skin invasion considered a sign of 
dissemination.3) Primary cutaneous cryptococcosis (PCC) with-
out systemic involvement is recognized as a distinctive clinical dis-
ease and is rarely reported in immunocompetent patients.4) Here-
in, we report a case of PCC misdiagnosed as cellulitis in an older 
immunocompetent patient. 

CASE REPORT 

A 78-year-old woman living in rural South Korea and with no his-
tory of other diseases except for hypertension presented with a 

Cryptococcus neoformans is an encapsulated yeast that can be found in pigeon droppings, hay, 
and dust. Primary cutaneous cryptococcosis (PCC) without systemic involvement is recognized as 
a distinct clinical condition and is rarely reported in immunocompetent patients. A 78-year-old 
woman with no history of other diseases except for hypertension presented with a painful diffuse 
erythematous plaque along with oozing on left forearm that had lasted for 7 weeks. She was 
treated with cefoperazone/sulbactam for 3 weeks under suspicion of bacterial cellulitis, although 
the lesions aggravated without any improvement. We performed bacterial and fungal cultures as 
well as incisional biopsy. The pathogen was identified as Cryptococcus neoformans following se-
quence analysis of the internal transcribed spacer gene. The patient was treated with fluconazole 
400 mg/day for 3 months, and there was no evidence of recurrence after 3 months of follow-up. 
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painful erythematous plaque with oozing ulcers on the left forearm 
that had lasted for 7 weeks (Fig. 1). She did not complain of any 
systemic symptoms such as fever and myalgia. Before the lesions 
developed, she was injured by a sickle while cutting grass. She was 
treated for 3 weeks with cefoperazone/sulbactam under the suspi-
cion of cellulitis; however, the lesions became wider and worsened. 
We performed bacterial and fungal cultures, as well as an incisional 
biopsy. The biopsy specimen was stained with the following: Go-
mori methenamine silver stain (GMS), periodic acid-Schiff stain 
(PAS), and acid-fast stain. Histopathologically, granulomatous in-
flammation with aggregated histiocytes and multinucleated giant 
cells were observed in the dermis, along with multiple intracyto-
plasmic yeasts (Fig. 2A, 2B). Furthermore, the yeasts were also 
identified on staining with GMS and PAS (Fig. 2C, 2D). No spe-
cific findings were observed on other investigations such as com-
plete blood cell count; serum chemistry analysis; and tests for HIV 
infection, beta-D-glucan, and C. neoformans antigen in the blood.  
C-reactive protein level was elevated at 3.95 mg/dL. No abnormal-
ities were observed on radiography of the chest, computed tomog-
raphy (CT) of the thorax and brain, and cerebrospinal fluid (CSF) 
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were identified as Cryptococcus neoformans var. grubii by sequence 
analysis of the internal transcribed spacer gene. Thus, the anti-fun-
gal agent was changed to oral fluconazole 200 mg/day. One week 
later, however, her symptoms became aggravated, and the dose was 
increased to 400 mg/day, that maintained for 3 months. After 3 
months of follow-up, the lesions improved with post-inflammatory 
hyperpigmentation (Fig. 3) and without evidence of recurrence. 

The informed consent was obtained for the use of patient infor-
mation and photographs.

DISCUSSION 

PCC is a rare condition that is distinct from secondary cutaneous 
infections developing after infection of other organs.5) The diag-
nostic criteria of PCC are confined to the skin and the condition 
can be diagnosed without clinical evidence of systemic involve-
ment during follow-up for at least 4 weeks after confirmation of C. 
neoformans infection through skin biopsy or culture.1) Neuville et 
al.2) also reported diagnostic characteristics of PCC, which includ-
ed rural residency, susceptible environment for trauma, localized 
lesions, no systemic symptoms, and no antigen detection. Our pa-
tient was also living in a rural area, had a history of trauma, and had 
no systemic symptoms. 

The most common skin lesions of PCC are whitlow, cellulitis, 
and nodules or ulcerations on unclothed areas.2) The lesions in our 

Fig. 1. Erythematous plaque with ulcers and oozing on left forearm.

Fig. 2. Histopathologic findings. (A) There was granulomatous inflammation with aggregated histiocytes and multinucleated giant cells in the 
dermis (H&E, ×100). (B) Multiple intracytoplasmic yeasts (red arrows) were observed (H&E, ×400). (C, D) The yeasts (red arrows) were also 
identified with Gomori methenamine silver stain (GMS, ×400) and periodic acid-Schiff stain (PAS, ×400).

examinations for evaluation of systemic cryptococcosis. The pa-
tient was treated with intravenous fluconazole at doses of 400 mg/
day for 4 days and 200 mg/day for 10 days. Two weeks later, sever-
al cream-colored smooth colonies were observed in cultures, which 
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patient developed as cellulitis and did not improve with empirical 
antibiotic treatments. Cutaneous lesions not successfully treated 
by antibiotics require additional tests to determine whether it is a 
fungal or mycobacterial infection. In addition, if cryptococcocus is 
identified by biopsy or culture, other investigations such as chest 
radiography, thorax CT, serologic tests for HIV, tests of CSF, and 
blood and urine cultures should be performed to rule out systemic 
infection, as skin lesions are markers of systemic cryptococcosis.4) 

PCC is usually treated with fluconazole (200–400 mg/day), 
itraconazole (200–400 mg/day), and amphotericin B (0.5–1 mg/
kg/day), with the dosage and treatment duration depending on 
the patient's immune status and extent of involvement.3) In the 
present case, we started treatment with 400 mg of fluconazole and 
then reduced the dosage to 200 mg. We assumed that 200 mg of 
oral fluconazole would be an adequate therapeutic dose because 
the bioavailability of oral fluconazole is over 90% and kidney func-
tions are decreased in older adults.6) However, the reduced dose 
was insufficient considering aggravated symptoms were alleviated 
by increasing the dosage of fluconazole. We believe that the insuffi-
cient dose of fluconazole was due to the necrotic lesions, poor 
blood supply, insufficient drug exposure at the infection site, and 
age-related reduction in patient immunity.7,8) 

Older adults are vulnerable to infections because of reduced T 
cell and cytokine activities.8) In addition, as the skin microbiome 
changes with age, the role of the microbiome in inhibiting the 
growth of fungus may decrease.9,10) The aged population (older 
than 65 years) in Korea is expected to increase, with corresponding 

Fig. 3. After 3 months of follow-up. The lesions improved with post-
inflammatory hyperpigmentation and scar.

increases in age-related diseases such as infections.9) Therefore, ac-
curate diagnosis and treatment are important and clinicians should 
be aware that even older adults without underlying diseases are 
vulnerable to various infectious pathogens. 

In this case, because PCC appeared as bacterial cellulitis, it was 
difficult to clinically suspect this infection. If the lesions do not re-
spond to antibiotics, it is important to perform additional tests to 
rule out other pathogens, such as fungi. In conclusion, we reported 
a case of PCC misdiagnosed as cellulitis in an older immunocom-
petent patient. 
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We read the article by Jang and Kawachi1) regarding cultural and 
sexual differences in activities of daily living (ADLs) and instru-
mental activities of daily living (IADLs) with great interest. The 
authors concluded that cross-national comparisons of ADL and 
IADL disabilities need to consider item response bias stemming 
from culture- or education-based gender differences in household 
type and cognitive IADLs. While we agree that IADLs have gen-
der- or culture-specific biases by nature, the results of this paper 
did not seem to demonstrate these biases in ADL items; thus, 
questions still remain for the conclusion. 

We also agree with the author’s suggestion that “unless corrected 
for, cross-national variations in disability rates may reflect item-re-
sponse bias rather than real differences in disability levels”. Howev-
er, the last sentence “If possible, a culture-neutral ADL and IADL 
measurement that does not require DIF analyses should be devel-
oped” leaves room for consideration. Again, ADLs are not culture 
dependent, and IADL items should be based on each country’s 
culture.2) For example, the IADL items in the UK include whether 
one can brew tea and bring ashtrays, while those in New Zealand 
include gardening.3,4) Therefore, national differences are inevitably 
a part of considering the cultural life of the residents and should be 
selected as an item that considers the characteristics of each coun-
try rather than simple translation-reverse translation in that coun-
try. 

Meanwhile, Jung et al.5) reported that men were more depen-
dent on cooking and doing laundry, while women were more de-
pendent on going out, using transportation, shopping, managing 
money, and using cell phones. However, this dependence was not 
significant in multiple regression analysis, and after adjusting for 
age, education, and comorbidities, IADLs showed a significantly 
lower dependence rate in women.5) These results differed from 
those of previous studies6-10) that reported many ADL functional 
disorders in older women. Indeed, Sheehan et al.11) reported signif-
icant negative cohort slopes for men and women for not using a 
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map and for men in preparing meals and shopping even after ad-
justing for age, ethnicity, education, and marital status. These re-
sults were consistent with those of a previous research that suggests 
that households are becoming more egalitarian and that by assum-
ing increasing gender egalitarianism in household tasks, going for-
ward, there should be less potential bias in IADL measures.12)  

As proposed by Jang et al.,1) owing to gender bias, the assess-
ment in some studies included only 5–6 items after excluding 
items not implemented in men.13) As the initial IADL assessment 
by Lawton and Brody et al. comprised seven items (telephone, 
transportation, shopping, meal preparation, household chores, 
taking medicine, and money management), they did not investi-
gate food preparation, housework, or laundry in men.14) 

Finally, one important thing to consider is that disability (capa-
bility) of IADL and dependency of IADL are somewhat different. 
By definition, disability is any condition that makes it more “diffi-
cult” for a person to perform certain activities, which encompasses 
impairments, activity limitations, and participation restrictions.15) 
In this paper, if the respondents were partly or totally dependent 
for a given activity, they were categorized as having IADL disabili-
ty. However, we would propose that IADL dependency is more 
correct in these instances. A man can be dependent on others for 
cooking even though he actually can perform this task. 

For example, when performing the K-ADL and K-IADL ques-
tionnaire, rather than asking “whether it is possible (ability)”, the 
question should be “whether it is actually being done (implemen-
tation)” to determine how much help (care) is needed rather than 
potential capabilities. In particular, men will often not report “per-
forming household chores”, “preparing meal”, “doing laundry”, and 
“managing money” items based on social conventions or because 
others perform these tasks for them. To cope with these problems, 
those who answered “don’t do” to these items were instructed to 
further ask “if they could” or “they had never done so” in the origi-
nal K-IADL. 

Copyright© 2020 by The Korean Geriatrics Society
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Overall, we should carefully assess disability measures and uti-
lize, clearly consider, and investigate how changes in the social ex-
pectations of engaging in the queried activities can affect out-
comes. As society rapidly changes its individuals’ roles, expecta-
tions, environments, and other characteristics, developing new 
measures without bias will become increasingly important to un-
derstand the health of aging populations. 
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Courses and Conferences

The academic events in 2020 of the Korean Geriatrics Society are 
as follows.
We would like to invite members of the Korean Geriatric Society 
and anyone who are interested.

[The 66th Annual Meeting of the Korean Geriatrics Society]
August 15-16, 2020.
KimDaeJung Convention Center
30, Sangmunuri-ro, Seo-gu, Gwangju, Republic of Korea.
For more information please contact kgskorea1968@gmail.com

[The 40th Review Training Course]
August 23, 2020
Seoul National University Hospital Innovation Center Seo-Hwan 
Seo Research Hall.
71, Daehak-ro, Jongno-gu, Seoul, Republic of Korea. 
For more information please contact kgskorea1968@gmail.com

[The 20th Geriatric Medicine Certification Exam]
August 30, 2020
SC Convention 12F Anais Hall.
KOFST Managing the Science and Technology Center, 22 Tehe-
ran-ro 7-gil, Gangnam-gu, Seoul, Republic of Korea. 
For more information please contact kgskorea1968@gmail.com  

[The 67th Annual Meeting of the Korean Geriatrics Society]
November 14-15, 2020
KOFST Managing the Science and Technology Center, 22 Tehe-
ran-ro 7-gil, Gangnam-gu, Seoul, Republic of Korea.   
For more information please contact kgskorea1968@gmail.com

Membership Fee Information

Membership Fee

• Regular member (Certified by the Korean Geriatrics Society): 
KRW 20,000

• Other member: KRW 30,000

Payment account information
KEB Hana Bank: 630-007115-767
대한노인병학회

- Please remark the name of the sender when making bank 
transfer.

Information on Geriatric Medicine Certification

Examination date
The examination is held once a year in August.

Eligibility for examination
a. Should be a member of the Korean Geriatrics Society.
b. Should have more than 200 points recognized by the Korean 
Geriatrics Society.

Benefits of Certification
a. Discounted annual membership fee of KRW 20,000 (KRW 

30,000 for general members).
b. Discount on registration fee for the Korean Geriatrics Society 

Meetings.

Guideline on Geriatric Medicine Certification
a. Qualifications: Those who passed the Geriatric Medicine Cer-

tification Exam
Those who had a medical license for over 5 years.
b. Certification fee: KRW 200,000
c. Procedure: Confirmation of acceptance → Confirmation of 

mailing address → Transfer certification fee to AGMR→ Certifi-
cate is sent by mail

Expiration policy: Valid for 5 years after acquisition
Ex. September 1, 2015 - August 31, 2020

* For doctors of earlier career with less than 5 years from acquiring 
license from Korean Medical Association, we encourage to take 
the examination for the geriatric certification. However, the geri-
atric certification will be valid only after 5 years since the license 
acquisition.

Renewal of Certification
a. Qualification: Those who earned 250 points or more within the 

validity period (5 years)
(The changes have been made to the article 8 of the Regulation 
on the Management in that one needs to earn 250 points and not 
500 points for renewing the certificate.)
b. Certification renewal fee: KRW 50,000
c. Procedure: Acquisition of 250 points (check on “My Page” at 

The Korean Geriatrics Society News

www.e-agmr.org



the website)
→ Check mailing address
→ Send the certification renewal fee to the Korean Geriatrics 

Society
→ Certificate issued and sent by mail
d. Expiration policy: Valid for 5 years after renewal
Ex. September 1, 2015 - August 31, 2020

Account information
KEB Hana Bank: 630-007115-767
대한노인병학회

- Please remark the name of the sender when making bank 
transfer.

www.e-agmr.org



AGMR Information

The Korean Geriatrics Society [Geriatric Disease ] has become 
an English-language journal named Annals of Geriatric Medicine 
and Research (Ann Geriatr Med Res, AGMR)”. As a non-profit 
emerging global peer-reviewed journal based on Korea, we highly 
encourage our members to submit articles to AGMR.

Submission Method

1. Journal website
Log-In (http://www.e-agmr.org)

▼

2. Manuscript revision according to submission guidelines
(file format: MS word)

▼

3. Log in → Author → Article (new) Submission 
→ Confimation e-mail sent (Author)

▼

4. Copyright agreement via web submission system 
(Form available on our website or journal)

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

If your article is published in the AGMR, 100 points will be given 
to the first author and corresponding author. Therefore, you must 
fill out medical licence number. Submission is always welcome as 
there is no limit in earning points.

Journal Subscription Guide

Subscription fees

• Subscription fee: KRW 20,000
( Journal mailed 4 times a year at the end of March, June,
September, December)

* If you wish to receive journal by mail, please send a yearly sub-
scription fee of KRW 20,000. Members who pay the annual fee 
will receive a journal letter.

Payment account information
KEB Hana Bank: 630-007115-767
대한노인병학회

Please remark the name of the sender when making bank transfer, 
and include the comment “구독료/subscribtion fee” to speficy 
that the transfer is for journal subscription. If you do not receive 
your mail even after transferring the payment, please confirm and 
correct the mailing address on “My page” after logging in.

www.e-agmr.org



Annals of Geriatric Medicine and Research (Ann Geriatr Med 
Res, AGMR) is the official journal of the Korean Geriatrics Soci-
ety (http://www.geriatrics.or.kr/eng/) and the Korean Society 
for Gerontology (http://www.korea-biogerontology.co.kr). It is a 
peer-reviewed English journal that aims to introduce new knowl-
edge related to geriatric medicine and to provide a forum for the 
analysis of gerontology, broadly defined. As a leading journal of 
geriatrics and gerontology in Korea, one of the fastest aging coun-
tries, AGMR offers future perspectives on clinical and biological 
science and issues on policymaking for older adults especially for 
Asian emerging countries.

Manuscripts on geriatrics and gerontology, including clinical re-
search, aging-related basic research, and policy research related to 
senior health and welfare will be considered for publication. Re-
searchers from a wide range of geriatric specialties, multidisci-
plinary areas, and related disciplines of gerontology are encour-
aged to submit manuscripts for publication. AGMR is published 
quarterly on the last days of March, June, September, and Decem-
ber. The official website of AGMR is https://www.e-agmr.org/.

Manuscripts submitted to AGMR should be prepared accord-
ing to the instructions below. For issues not addressed in these in-
structions, the author should refer to the Recommendations for 
the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (http://www.icmje.org/icmje-recom-
mendations.pdf) from the International Committee of Medical 
Journal Editors (ICMJE).

Contact Us
Editor-in-Chief: Jae-Young Lim, MD, PhD
Department of Rehabilitation Medicine, Seoul National Universi-
ty College of Medicine, Seoul National University Bundang Hos-
pital, 82 Gumi-ro 173 beon-gil, Bundang-gu, Seongnam 13620, 
Korea
Tel: +82-31-787-7732, Fax: +82-31-787-4056
E-mail: drlim1@snu.ac.kr

Editorial Office: Korean Geriatrics Society
401 Yuksam Hyundai Venturetel, 20 Teheran-ro 25-gil, Gangnam-
gu, Seoul 06132, Korea
Tel: +82-2-2269-1039, Fax: +82-2-2269-1040
E-mail: agmr.editorial@gmail.com

RESEARCH AND PUBLICATION ETHICS

The journal adheres to the guidelines and best practices published 
by professional organizations, including International Standards 
for Editors and Authors (https://publicationethics.org/node/ 
11184), ICMJE Recommendations, and the Principles of Trans-
parency and Best Practice in Scholarly Publishing (joint statement 
by the Committee on Publication Ethics [COPE], Directory of 
Open Access Journals [DOAJ], World Association of Medical 
Editors [WAME], and Open Access Scholarly Publishers Associ-
ation [OASPA]; https://doaj.org/bestpractice). Further, all pro-
cesses of handling research and publication misconduct shall fol-
low the applicable COPE flowchart (https://publicationethics.
org/resources/flowcharts).

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with the 
World Medical Association’s Declaration of Helsinki (https://
www.wma.net/what-we-do/medical-ethics/declaration-of-hel-
sinki/). Clinical studies that do not meet the Helsinki Declaration 
will not be considered for publication. For human subjects, iden-
tifiable information, such as patients’ names, initials, hospital 
numbers, dates of birth, and other protected health care informa-
tion, should not be disclosed. For animal subjects, research should 
be performed based on the National or Institutional Guide for the 
Care and Use of Laboratory Animals. The ethical treatment of all 
experimental animals should be maintained.

Statement of Informed Consent and Institutional Approval
Copies of written informed consent should be kept for studies on 
human subjects. Clinical studies with human subjects should pro-
vide a certificate, an agreement, or the approval by the Institution-
al Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an In-
stitutional Animal Care and Use Committee (IACUC). If neces-
sary, the editor or reviewers may request copies of these docu-
ments to resolve questions regarding IRB/IACUC approval and 
study conduct.

Conflict of Interest Statement
The corresponding author of an article is asked to inform the Edi-

Instructions to authors
Enactment December 27, 2013

Revision January 31, 2020
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tor of the authors’ potential conflicts of interest possibly influenc-
ing their interpretation of data. Examples of potential conflicts of 
interest include employment, consultancies, stock ownership, 
honoraria, paid expert testimony, patent applications/registra-
tions, and grants or other funding. A potential conflict of interest 
should be disclosed in the manuscript even when the authors are 
confident that their judgments have not been influenced in pre-
paring the manuscript. The disclosure form should be the same as 
the ICMJE Form for Disclosure of Potential Conflicts of Interest 
(http://www.icmje.org/conflicts-ofinterest/).

Originality, Plagiarism, and Duplicate Publication
Redundant or duplicate publication refers to the publication of a 
paper that overlaps substantially with one already published. 
Upon receipt, submitted manuscripts are screened for possible 
plagiarism or duplicate publication using Crossref Similarity 
Check. If a paper that might be regarded as duplicate or redundant 
had already been published in another journal or submitted for 
publication, the author should notify the fact in advance at the 
time of submission. Under these conditions, any such work 
should be referred to and referenced in the new paper. The new 
manuscript should be submitted together with copies of the du-
plicate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-
nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy the 
conditions for secondary publication of the ICMJE Recommenda-
tions (http://www.icmje.org/icmje-recommendations.pdf).

Authorship and Author’s Responsibility
Authorship credit should be based on (1) substantial contribu-
tions to conception and design, acquisition of data, and analysis 
and interpretation of data; (2) drafting the article or revising it crit-
ically for important intellectual content; (3) final approval of the 
version to be published; and (4) agreement to be accountable for 
all aspects of the work in ensuring that questions related to the ac-
curacy or integrity of any part of the work are appropriately investi-
gated and resolved. Authors should meet these four conditions.
• A list of each author’s role should accompany the submitted paper.
• Correction of authorship: Any requests for such changes in au-

thorship (adding author(s), removing author(s), or re-arrang-
ing the order of authors) after the initial manuscript submission 
and before publication should be explained in writing to the ed-
itor in a letter or e-mail from all authors. This letter must be 
signed by all authors of the paper. A copyright assignment must 
be completed by every author.

• Role of corresponding author: The corresponding author takes
primary responsibility for communication with the journal
during the manuscript submission, peer review, and publication 
process. The corresponding author typically ensures that all of
the journal’s administrative requirements, such as providing the 
details of authorship, ethics committee approval, clinical trial
registration documentation, and conflict of interest forms and
statements, are properly completed, although these duties may
be delegated to one or more coauthors. The corresponding au-
thor should be available throughout the submission and peer
review process to respond to editorial queries in a timely man-
ner, and after publication, should be available to respond to cri-
tiques of the work and cooperate with any requests from the
journal for data or additional information or questions about
the article.

• All authors of a manuscript must have agreed to its submission
and are responsible for its content, including appropriate cita-
tions and acknowledgements; they must also have agreed that
the corresponding author has the authority to act on their be-
half on all matters pertaining to the publication of the paper.

• Description of co-first authors or co-corresponding authors is
also accepted if corresponding author believes that their roles
are equally contributed.

• Contributors: Any researcher who does not meet all four ICM-
JE criteria for authorship discussed above but contribute sub-
stantively to the study in terms of idea development, manu-
script writing, conducting research, data analysis, and financial
support should have their contributions listed in the Acknowl-
edgments section of the article.

Process for Managing Research and Publication Miscon-
duct
When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, 
pla-giarism, fraudulent or fabricated data, changes in 
authorship, un-disclosed conflict of interest, ethical problems 
with a submitted manuscript, appropriation by a reviewer of 
an author’s idea or data, and complaints against editors, the 
resolution process will follow the flowchart provided by COPE 
(http://publicationeth-ics.org/resources/flowcharts). The 
discussion and decision on the suspected cases are carried out 
by the Editorial Board.
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Editorial Responsibilities
The Editorial Board will continuously work to monitor and safe-
guard publication ethics: guidelines for retracting articles; mainte-
nance of the integrity of academic records; preclusion of business 
needs from compromising intellectual and ethical standards; pub-
lishing corrections, clarifications, retractions, and apologies when 
needed; and excluding plagiarized and fraudulent data. The edi-
tors maintain the following responsibilities: responsibility and au-
thority to reject and accept articles; avoid any conflict of interest 
with respect to articles they reject or accept; promote the publica-
tion of corrections or retractions when errors are found; and pre-
serve the anonymity of reviewers.

EDITORIAL POLICY

Copyright
Copyright in all published material is owned by the Korean Geri-
atrics Society. Authors must agree to transfer copyright (https://
www.e-agmr.org/authors/copyright_transfer_agreement.php) 
during the submission process. The corresponding author is re-
sponsible for submitting the copyright transfer agreement to the 
publisher.

Open Access Policy
AGMR is an open-access journal. Articles are distributed under 
the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unre-
stricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited. Au-
thor(s) do not need to permission to use tables or figures pub-
lished in AGMR in other journals, books, or media for scholarly 
and educational purposes. This policy is in accordance with the 
Budapest Open Access Initiative definition of open access.

Registration of Clinical Trial Research
It is recommended that any research dealing with a clinical trial be 
registered with a primary national clinical trial registration site 
such as Clinical Research Information Service (http://cris.cdc.
go.kr/), or other sites accredited by the World Health Organiza-
tion ICTRP (http://www.who.int/ictrp/en) and ClinicalTrials.
gov (http://clinicaltrials.gov/), a service of the United States Na-
tional Institutes of Health.

Data Sharing
AGMR encourages data sharing wherever possible, unless this is 
prevented by ethical, privacy, or confidentiality matters. Authors 
wishing to do so may deposit their data in a publicly accessible re-

pository and include a link to the DOI within the text of the man-
uscript.
• Clinical Trials: AGMR accepts the ICMJE Recommendations

for data sharing statement policy. Authors may refer to the edi-
torial, “Data Sharing statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal Edi-
tors,” in the Journal of Korean Medical Science (https://dx.doi.
org/10.3346/jkms.2017.32.7.1051).

Archiving and Posting Policy
AGMR provides electronic archiving and preservation of access to 
the journal content in the event the journal is no longer published, 
by archiving in the National Library of Korea. According to the de-
posit policy (self-archiving policy) of Sherpa/Romeo (http://
www.sherpa.ac.uk/), authors cannot archive pre-print (i.e., pre-ref-
ereeing) but they can archive post-print (i.e., final draft post-refer-
eeing). Authors can archive the publisher’s version/PDF.

Correction
If correction is needed, it will follow the ICMJE Recommenda-
tion for Corrections, Retractions, Republications and Version 
Control available from: http://www.icmje.org/recommenda-
tions/browse/publishing-and-editorial-issues/corrections-and 
-version-control.html as follows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections 
are needed for errors of fact. Minimum standards are as follows: 
First, it shall publish a correction notice as soon as possible, detail-
ing changes from and citing the original publication on both an 
electronic and numbered print page that is included in an elec-
tronic or a print Table of Contents to ensure proper indexing; 
Second, it shall post a new article version with details of the 
changes from the original version and the date(s) on which the 
changes were made through CrossMark; Third, it shall archive all 
prior versions of the article. This archive can be either directly ac-
cessible to readers; and Fourth, previous electronic versions shall 
prominently note that there are more recent versions of the article 
via CrossMark.

SUBMISSION & PEER REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (http://submit.e-agmr.org/submission/) by the correspond-
ing author. Once you have logged into your account, the online 
system will lead you through the submission process in a stepwise 
orderly process. Submission instructions are available at the web-
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site. All articles submitted to the journal must comply with these 
instructions. Failure to do so will result in the return of the manu-
script and possible delay in publication.

Peer-Review Process
• A submitted manuscript will be evaluated by editors and review-

ers. All manuscripts submitted to AGMR undergo screening by 
the Editorial Board, who then determines whether a manu-
script undergoes external review.

• The journal uses a double-blind peer review process: the review-
ers are not aware of the identity of the authors, and vice versa. 
They are peer reviewed by at least 3 anonymous reviewers se-
lected by the editor. We neither guarantee the acceptance with-
out reviewing process nor very short peer review times for un-
solicited manuscripts. Commissioned manuscripts will also be 
reviewed before publication.

• The average time interval for an initial review process that in-
volves both editorial and peer reviews is approximately 1 
month; occasionally, there are unavoidable delays, usually be-
cause a manuscript needs multiple reviews or several revisions.

• The corresponding author will be notified as soon as possible of 
the editor’s decision to accept, reject, or ask for revisions. When 
manuscripts are returned for a revision, a cover letter from the 
editor provides directions that should be followed carefully. 
When submitting the revised manuscript, authors should in-
clude a Response Letter, which describes how the manuscript 
has been revised. A point-by-point response to the editor 
should be included with the revised manuscript. Authors who 
plan to resubmit but cannot meet this deadline should contact 
the Editorial Office. Manuscripts held for revision will be re-
tained for a maximum of 90 days. The revised manuscript and 
the author’s comments will be reviewed again. If a manuscript is 
completely acceptable according to the criteria set forth in these 
instructions, it is scheduled for publication in the next available 
issue.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal a decision should contact the Editor-in-Chief, explaining in 
detail the reasons for the appeal. All appeals will be discussed with 
at least one other associate editor. If consensus cannot be reached 
thereby, an appeal will be discussed at a full editorial meeting. The 
process of handling complaints and appeals follows the guidelines 
of COPE available from https://publicationethics.org/appeals. 
AGMR does not consider second appeals.

MANUSCRIPT PREPARATION

AGMR focuses on clinical and experimental studies, reviews, case 
reports, editorial, and letters in geriatric medicine. Any researcher 
throughout the world can submit a manuscript if the scope of the 
manuscript is appropriate.

General Requirements
• The manuscript must be written using Microsoft Word and 

saved as “.doc” or “.docx” file format. The font size must be 11 
points. The body text must be left aligned, double spaced, and 
presented in one column. The left, right, and bottom margins 
must be 3 cm, but the top margin must be 3.5 cm.

• Page numbers must be indicated in Arabic numerals in the mid-
dle of the bottom margin, starting from the abstract page.

• A complete title page should be submitted separately from the 
main document file, and the latter should contain no informa-
tion that identifies the author or the author’s institutional affilia-
tion.

• All manuscripts must be written in clearly understandable En-
glish. Authors whose first language is not English are requested 
to have their manuscripts checked for grammatical and linguis-
tic correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided.

• The use of abbreviations should be minimized and restricted to 
those that are generally recognized. When using an abbreviated 
word, it should be spelled out in full on first usage in the manu-
script, followed by the abbreviation in parentheses.

• Numbers should be written in Arabic numerals, but must be 
spelled out when placed at the beginning of a sentence.

• Drugs and chemicals should be referred to using standard chem-
ical or generic terms. The names and locations (city, state, and 
country only) of manufacturers of equipment and non-generic 
drugs should be given.

• Measurements should be described using the metric system, and 
hematologic and biochemical markers using the International 
System of Units. All units must be preceded by one space, ex-
cept for the following symbols: percentage (%), temperature 
(°C), and degree (°).
All authors of a manuscript must have agreed to its submission 

and are responsible for its content, including appropriate citations 
and acknowledgements; they must also have agreed that the corre-
sponding author has the authority to act on their behalf on all 
matters pertaining to the publication of the paper. By publishing in 
this journal, the authors agree that the Korean Geriatrics Society 
has the right to protect the manuscript from misappropriation. Il-
lustrations in published articles will not be returned to the authors.
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Reporting Guidelines for Specific Study Designs
For specific study designs, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational stud-
ies, and non-randomized studies, authors are encouraged to con-
sult the reporting guidelines relevant to their specific research de-
sign. A good source of reporting guidelines is the EQUATOR Net-
work (https://www.equator-network.org/) and NLM (https://
www.nlm.nih.gov/services/research_report_guide.html).

Composition of Manuscripts
The manuscript sections should be presented in the following or-
der: Cover Letter, Title Page, Abstract and Keywords, Introduc-
tion, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, and Figure Legends. Provide only one 
table or figure per page. Table 1 shows the recommended maxi-
mums of manuscripts according to publication type; however, 
these requirements are negotiable with the editor.

Table 1. Recommended maximums for articles submitted to AGMR

Type of article Abstract 
(word)

Text 
(word)a) Reference Table & 

figure
Original article Struc-

turedb), 250
3,500 30 7

Review 150 6,000 100 7
Case report 150 1,500 20 7
Editorial No 1,200 15 7
Letter to the edi-
tor

No 1,200 15 1

AGMR, Annals of Geriatric Medicine and Research; NL, no limited.
a)Maximum number of words is exclusive of the abstract, references, 
tables, and figure legends.
b)Background, methods, results, and conclusion.

Title Page
The Title Page should include only the following information:
• Title: The title and the running title should be 25 or less and 10

or less words, respectively. Please consider the title very carefully, 
as these are often used in information-retrieval systems. Please
use a concise and informative title (avoiding abbreviations where 
possible). The title should be written in sentence case (capitalize 
only the first word of the title and proper nouns).

• Author names and affiliations in the correct order: Where the
family name may be ambiguous (e.g., a double name), please
indicate this clearly. Present the authors’ affiliation (where the
actual work was done) below the names. Indicate all institution-
al affiliations, including the city and country, using lower-case
superscript letters immediately after the author’s name and in

front of the appropriate address.
• Corresponding author: Clearly indicate who will handle corre-

spondence at all stages of the refereeing and publication process 
and after publication. Provide the full postal address, including
the city and country and, if available, the e-mail address of each 
author. When stating the author’s degree, do not place periods
within “MD” and “PhD”. The e-mail address and ORCID of the 
corresponding author should be placed in the title page. Con-
tact details must be kept up-to-date by the corresponding au-
thor. ORCID (Open Researcher and Contributor ID) identifier 
must be also addressed. If the corresponding author does not
have an ORCID identifier, it can be obtained through the OR-
CID website (https://orcid.org).

• Acknowledgments: This section is for the Conflicts of Interest,
Funding, Author Contributions, ORCID, Additional Contri-
butions, and Previous Presentations.
- Conflicts of Interest Disclosures: Please include the authors’

potential conflicts of interest that could possibly influence 
their interpretation of data. If no conflict exists, please state 
the following: “The researcher(s) claim(s) no conflicts of in-
terest.”

- Funding: For each source of funds, both the research funder 
and the grant number should be listed in this section.

- Author Contributions: The contributions of all authors must 
be described using the CRediT (https://www.casrai.org/
credit.html) Taxonomy of author roles.
Sample:

Conceptualization, GDH; Data curation, JHK; Funding ac-
quisition, GDH; Investigation, JHK, SSL; Methodology, 
AGK; Project administration, GDH; Supervision, GDH; 
Writing–original draft, JHK, SSL; Writing–review & editing, 
GDH, AGK

- ORCID: We recommend that the open researcher and con-
tributor ID (ORCID) of all authors be provided. In order to 
obtain an ORCID, authors should register in the ORCID 
website: http://orcid.org/. Registration is free to every re-
searcher in the world.

- Additional Contributions: All persons who have made sub-
stantial contributions, but who have not met the criteria for 
authorship, are acknowledged here.

- Previous Presentation: Please inform any previous presenta-
tion of the material. Provide the exact data and location of the 
meeting.

Abstract & Keywords
A concise and factual abstract is required. The abstract should not 
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be more than 250 words (150 words for case reports and reviews). 
Abstracts should include the following headings: Background, 
Methods, Results, and Conclusion. Author(s) should specify the 
number of study participants. The abstract’s conclusion should 
emphasize clinical relevance. Do not use vague phrases such as 
“We believe that …” or “We suppose that …”. Non-standard or un-
common abbreviations should be avoided, but if essential, must be 
defined the first time they are mentioned in the abstract. After the 
abstract, list 3-5 keywords to be used for indexing. The keywords 
are from medical subject headings (MeSH; https://www.ncbi.
nlm.nih.gov/mesh). Editorials and Letters to the editor do not re-
quire an abstract. An abstract is often presented separately from the 
article, and therefore must be able to stand alone.

Guidelines for the Main Body
• Introduction: State the objectives of the work and provide ade-

quate background, avoiding a detailed literature survey or sum-
mary of the results.

• Materials and Methods: Authors of empirical papers are expect-
ed to provide full details of the research methods used, includ-
ing study location(s), sampling procedures, date(s) of data col-
lection, research instruments, and data analysis techniques. 
Methods already published should be indicated in a reference; 
only relevant modifications should be described. For Case Re-
ports, the case history or case description replaces the Methods 
section, as well as the Results section. Any study using human 
subjects or materials should be approved by the Institutional 
Review Board, as well through patient consent. Affiliation name 
of Institutional Review Board and approval number must be 
clearly stated as the following: “This study was approved by the 
Institutional Review Board of [Name of Affiliation] (Approval 
Number)”. Any study using animals should state the Institution-
al Animal Care approval and number. Any other ethics approv-
als should also be listed. If no ethical approvals were achieved or 
required, please state the reason (e.g., “In this study, the Institu-
tional Review Board of [Name of Affiliation] approved the ex-
emption and allowed authors to review the patient’s records 
with no need for the informed consents.”). Ensure correct use 
of the terms sex (when reporting biological factors) and gender 
(identity, psychosocial or cultural factors), and, unless inappro-
priate, report the sex and/or gender of study participants, the 
sex of animals or cells, and describe the methods used to deter-
mine sex and gender. If the study was done involving an exclu-
sive population, for example in only one sex, authors should 
justify why, except in obvious cases (e.g., prostate cancer).

• Results: Results should be clear and concise. Excessive repeti-
tion of table or figure content should be avoided.

• Discussion: This should explore the significance of the findings, 
rather than repeating them. Avoid extensive citations or a dis-
cussion of published literature. The main conclusions of the 
study may be presented in a short Conclusion section, which 
may stand alone or form a subsection of the Discussion section.

References
The citation of references in the text should be made using con-
secutive numbers in parentheses (Vancouver style). They should 
be listed in the text in the order of citation, with consecutive num-
bering in this separate section. The style for papers in periodicals 
is as follows: the name and initials of all authors, the full title of ar-
ticle, the journal name abbreviated in accordance with Index 
Medicus, the year and volume, and the first and last page num-
bers. If there are more than 7 authors, write the names of the first 
6 authors, followed by “et al.” The style for a book chapter is as fol-
lows: author and title of the chapter, editor of the book, title of the 
book, edition, volume, place, publisher, year, and first and last 
page numbers. The style for a book is as follows: author, title of 
the book, edition, place of publication, publisher, and year of pub-
lication. The style for a website is as follows: title of the website, 
place of publication, publisher, year of copyright, and Internet ad-
dress. Other types of references not described below should fol-
low ICMJE Recommendations (https://www.nlm.nih.gov/bsd/
uniform_requirements.html). Authors are responsible for the ac-
curacy and completeness of their references and for ensuring that 
their text citations are correct. Papers still in press may be listed 
among the references using the journal name and a tentative year 
of publication. Unpublished data and personal communications 
may be listed only with the author’s written permission.

Reference Style
- Journal article:

1. Oh TJ, Song Y, Moon JH, Choi SH, Jang HC. Diabetic pe-
ripheral neuropathy as a risk factor for sarcopenia. Ann Geriatr 
Med Res 2019;23:170-5.

- Book:
2. Fillit H, Rockwood K, Woodhouse K, Young JB. Brockle-

hurst’s textbook of geriatric medicine and gerontology. 8th ed. 
Philadelphia, PA: Elsevier; 2016.

3. Korea National Statistical Office. Annual report on the cause 
of death statistics, 2015. Daejeon: Korea National Statistical 
Office; 2016.

- Book chapter:
4. Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh 

JH, Brenner BM, editors. Hypertension pathophysiology, di-
agnosis, and management. 2nd ed. New York, NY: Raven 
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Press; 1995. p. 465-78.
- Website:

5. AMA: helping doctors help patients [Internet]. Chicago, IL: 
American Medical Association; c2019 [cited 2019 Dec 22]. 
Available from: http://www.ama-assn.org.

Tables and Figures
Tables should be submitted separately from the main body of the 
paper, and figure legends should be typed on separate sheets.
• Table: Please submit tables as editable text and not as images. 

Avoid using vertical rules. Tables should be simple and should 
not duplicate information already presented in figures. Title all 
tables and number them using Arabic numerals in the order of 
their citation. Tables should be double-spaced, with each table 
on a separate sheet. Describe all abbreviations using footnotes. 
Footnotes are followed by the source notes, other general notes, 
abbreviation, notes on specific parts of the table (a), b), c), 
d)…), and notes on level of probability (*, **, *** for p-values). 
Each column and row should have an appropriate heading. The 
first letter of the first word in each column and row should be 
capitalized. Use Arabic numerals after “Table” in accordance 
with the order of citation, with a space between “Table” and the 
Arabic number. Mean and standard deviation (mean ± SD) and 
numbers of subjects are included and the significance of results 
is indicated through appropriate statistical analysis. The p-value 
should be provided to 3 decimal places and the letter “p” in 
“p-value” written in lower case. Table footnotes should be indi-
cated with superscript markings. All units of measurement and 
concentration should be designated. Exponential terminology 
is discouraged. The table should be drawn in MS word and not 
as an image file (JPG, GIF, TIFF, etc.).

• Figure: Electronic art should be created/scanned and saved and 
submitted as either a TIFF (tagged image file format) or an EPS 
(encapsulated postscript) file. Figures must be cited in the text 
and numbered in order of first mention. Make sure to mark the 
figure number clearly on the figure or part of the electronic file 
name (i.e., Figure 1.tif). Line art must have a resolution of at 
least 1,200 dpi (dots per inch), and electronic photographs, ra-
diographs, CT scans, and scanned images must have a resolu-
tion of at least 300 dpi. Images should be supplied at a size that 
approximates the final figure size in the print journal. If fonts are 
used in the artwork, they must be converted to paths or out-
lines, or embedded in the files. Color images must be created/
scanned, saved, and then submitted as CMYK files. Please note 
that artwork generated using office suite programs such as 
Corel Draw or MS Word, as well as artwork downloaded from 
the Internet (JPEG or GIFF files), cannot be used. Color pho-

tographs will be published if the editor considers them abso-
lutely necessary. The expense of reproducing color photo-
graphs/ designs will be passed on to the author. The author is 
responsible for submitting prints that are of sufficient quality to 
permit accurate reproduction, and for approving the final color 
galley proof.

• Figure legend: All of the figure legends should be typewritten 
and double-spaced. Use a separate sheet for each legend. Figure 
legends should describe briefly the data shown, explain any ab-
breviations or reference points in the photographs, and identify 
all units, mathematical expressions, abscissas, ordinates, and 
symbols.

Other Manuscript Formats
General guidelines are same as for original articles.
• Review Articles: The text is structured in the following order: 

Title page, Introduction, Main text, Conclusion, and Referenc-
es, which should not exceed 100. Unstructured abstracts should 
contain no more than 150 words. Review article does not nec-
essarily need to be reviewed by an Institutional Review Board.

• Case Reports
- Case reports are considered for publication only if they report 

rare conditions, atypical symptoms and signs, or novel diag-
nostic or therapeutic approaches. The manuscript is struc-
tured in the following order: Title Page, Abstract, Introduc-
tion, Case Report, Discussion, References, Tables, and Fig-
ures. The abstract should be unstructured and should be no 
more than 150 words, with no more than 3 keywords at-
tached. The introduction should briefly state the background 
and significance of the case. The actual case report should 
describe the clinical presentation and the diagnostic and ther-
apeutic measures taken. The discussion should focus on the 
uniqueness of the case and should not contain an extensive 
review of the disease or disorder. The number of references is 
limited to 20. The maximum word count is 1,500 words, ex-
cept references, figure legends, and tables.

- A case report is an academic/educational activity that does 
not meet the definition of “research”, which is: “a systematic 
investigation, including research development, testing and 
evaluation, designed to develop or contribute to generalizable 
knowledge.” Therefore, the activity does not necessarily need 
to be reviewed by an Institutional Review Board. However, 
patients have a right to privacy that should not be infringed 
without an informed consent. Identifying information, in-
cluding patients’ names, initials, or hospital numbers, should 
not be published in written descriptions, photographs, and 
pedigrees unless the information is essential for scientific 
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purposes and the patient (or parent or guardian) gives writ-
ten informed consent for publication. Informed consent for 
this purpose requires that a patient who is identifiable be 
shown the manuscript to be published. Complete anonymity 
is difficult to achieve, however, an informed consent should 
be obtained if there is any doubt. For example, masking the 
eye region in photographs of patients is inadequate protec-
tion of anonymity. If identifying characteristics are altered to 
protect anonymity, such as in genetic pedigrees, authors 
should provide assurance that alterations do not distort sci-
entific meaning and editors should so note.

• Editorials are an invited comment on a recently published man-
uscript. Editorial offers broader view of raised issues, balanced 
interpretation, and a link to further questions. Manuscript lim-
itations are 1,200 words and 15 references.

• Letters to the editor: Letters to the editor comment on papers 
published in this journal or on other relevant matters and do 
not require an abstract. Manuscripts may be no longer than 
1,200 words, with 15 or less references and may include only 1 
figure or table. Subtitles should not be used, and any acknowl-
edgements should be included in the body of the letter. Writing 
a letter is an academic/educational activity that does not meet 
the definition of “research”, which is: “a systematic investigation, 
including research development, testing and evaluation, de-
signed to develop or contribute to generalizable knowledge.” 
Therefore, the activity does not necessarily need to be reviewed 
by an Institutional Review Board.

Supplemental Data
Additional data, including Methods, Results, References, Tables, 
Figures, and video, that are difficult to be inserted in the main 
body can be submitted in the form of Supplemental Data. Supple-
mental Data submitted by the author will be published online to-
gether with the main body without going through a separate edit-
ing procedure. All supplemental data, except video materials, are 
to be submitted in a single file, and the manuscript title, authors’ 
name, organization, and corresponding author’s contact informa-
tion must be specified in the first page.

FINAL PREPARATION FOR PUBLICATION

Final Version
After the paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names and 
affiliations of the authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. Symbols 
(e.g., circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction to 
the journal’s column widths. All symbols must be defined in the 
figure caption. If references, tables, or figures are moved, added, or 
deleted during the revision process, renumber them to reflect 
such changes so that all tables, references, and figures are cited in 
numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within 2 days when the manuscript editor 
contacts the corresponding author for revisions. If the response is 
delayed, the manuscript’s publication may be postponed to the 
next issue.

Gallery Proof
The author(s) will receive the final version of the manuscript as a 
PDF file. Upon receipt, the author(s) must notify the Editorial 
Office (or printing office) of any errors found in the file within 2 
days. Any errors found after this time are the responsibility of the 
author(s) and will have to be corrected as an erratum.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 
should contact the journal’s Editorial Office with a detailed de-
scription of the proposed correction. Corrections that profoundly 
affect the interpretation or conclusions of the article will be re-
viewed by the editors. Corrections will be published as corrigenda 
(corrections of the author’s errors) or errata (corrections of the 
publisher’s errors) in a later issue of the journal.

ARTICLE PROCESSING CHARGES

There are no article submission charges or article processing 
charges for AGMR. Only reprinting cost will be charged to the 
authors. Reprints may be ordered directly from the publisher. An 
order form for reprints will be sent with the proofs to the corre-
sponding author. Reprints are available in quantities of 50.
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Date :                                                                                                                     

No. of Manuscript : AGMR-                                                                                                                                                                                                                                           

Title of Manuscript :                                                                                                                                                                                                                                            

Before submitting the manuscript, please complete the author’s checklist below and send it to the editorial office using online submis-
sion system (http://www.e-agmr.org).

General Guideline
☐ The content of the manuscript is original.
☐ The contact information (address, ORCID, e-mail address) of the corresponding author is indicated.

Abstract and Keywords
☐ The abstract is 250 words or less.
☐ The abstract is presented in the order of background, methods, results, and conclusion.
☐ The keywords are from medical subject headings (MeSH) (see https://www.ncbi.nlm.nih.gov/mesh).

References
☐ References are listed in accordance with the “submission guidelines”.
☐ The number of references is appropriate.
☐ One or more articles are cited from the “Annals of Geriatric Medicine and Research”.

Tables and Figures
☐ No more than 7 tables and figures in total.
☐ The title and legends of tables and figures are clear and concise.

Author’s checklist

Print Name Signiture
Corresponding Author                                                                                                                  
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*Must be signed and returned to the editor-in-chief of the journal before the manuscript can be considered for publication

YOUR STATUS
I am the author signing on behalf of all co-authors of the manuscript
Name/Job title/Company: _________________________________________________________________
E-mail address: _________________________________________________________________________

I have read and agree to the terms of the License Agreement [     ]

Author(s) hereby certify that: 
1. The Author(s) are the sole authors of and sole owners of the copyright in the Contribution.
2. If the Contribution includes materials of others, the Author(s) certify that they have obtained written permission for the use of text, ta-

bles, and/or illustrations from any copyrighted source(s), and agree to supply such written permission(s) to the Korean Geriatrics Soci-
ety (KGS) upon request.

3. In consideration of publication of the Contribution in the Annals of Geriatric Medicine and Research (AGMR), the Author(s) hereby 
grants to KGS for the full term of copyright and any extensions thereto the sole and exclusive, irrevocable license to publish, reproduce, 
distribute, transmit, display, store, translate, create derivate works from and otherwise use the Work in any language or in any form, man-
ner, format, or medium now known or hereafter developed without limitation throughout the world, and to permit and/or license oth-
ers to do any or all of the above. In the event that AGMR decides not to publish the Contribution, this license shall be terminated and all 
rights revert to the author(s). And I agree to the AGMR Open Access license agreement: Creative Commons Attribution Noncommer-
cial license.

AUTHORS RIGHTS

Ownership of copyright remains with the Authors, and provided that, when reproducing the Contribution or extracts from it, they ac-
knowledge first and reference publication in the Journal. Authors also retain the following nonexclusive rights:
* To reproduce the Contribution in whole or in part in any printed volume (book or thesis) of which they are the author(s).
* They and any academic institution where they work at the time may reproduce the Contribution for the purpose of course teaching.
* To post a copy of the Contribution as accepted for publication after peer review (in Word or Text format) on the Authors’ own web site 

or institutional repository or the Author’s funding body’s archive, after publication of the printed or online edition of the Journal, provid-
ed that they also give a hyperlink from the Contribution to the Journal’s web site.

* To reuse figures or tables created by them and contained in the Contribution in other works created by them.

USERS RIGHTS: SUMMARY OF CREATIVE COMMONS LICENCES

CREATIVE COMMONS ATTRIBUTION-NON-COMMERCIAL LICENCE
Users are free to share (copy, distribute and transmit) and remix (adapt) the contribution under the following conditions (read full legal 
code at https://creativecommons.org/licenses/by-nc/4.0/legalcode):
* Attribution: Users must attribute the contribution in the manner specified by the author or licensor (but not in any way that suggests 

that they or their use of the contribution is endorsed by the author or licensor).
* Noncommercial: Users may not use this work for commercial purposes.
* For any reuse or distribution, users must make clear to others the license terms of this work, preferably using a link to the Creative com-

mons webpage (http://creativecommons.org/licenses/)
* Any of the above conditions can be waived if users get permission from the copyright holder.

Copyright transfer form
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AUTHOR REPRESENTATIONS / ETHICS AND DISCLOSURE

I affirm the Author Representations noted below, and confirm that I have reviewed and complied with the relevant Instructions to Authors.

Author representations
The Article I have submitted to the journal for review is original, has been written by the stated authors and has not been previously pub-
lished.
The Article was not submitted for review to another journal while under review by this journal and will not be submitted to any other 
journal.
The Article and the Supplemental Materials do not infringe any copyright, violate any other intellectual property, privacy or other rights of 
any person or entity, or contain any libelous or other unlawful matter.
I have obtained written permission from copyright owners for any excerpts from copyrighted works that are included and have credited 
the sources in the Article or the Supplemental Materials. Except as expressly set out in this License Agreement, the Article is not subject to 
any prior rights or licenses and, if my or any of my co-authors’ institution has a policy that might restrict my ability to grant the rights re-
quired by this License Agreement (taking into account the Author Rights permitted hereunder, including Internal Institutional Use), a 
written waiver of that policy has been obtained.
If I am using any personal details or images of patients, research subjects or other individuals, I have obtained all consents required by ap-
plicable law and complied with the publisher’s policies relating to the use of such images or personal information. If the Article or any of 
the Supplemental Materials were prepared jointly with other authors, I have informed the coauthor( s) of the terms of this License Agree-
ment and that I am signing on their behalf as their agent, and I am authorized to do so.
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