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Frailty, commonly defined as a state of increased vulnerability to 
potential stressors with decreased physiological reserve owing to 
aging, has long been considered a geriatric syndrome.1-3) Research 
interest in frailty has increased following observations of vast in-
ter-individual heterogeneities in accumulating deficits or function-
al impairments among functional or biological parameters with the 
progression of chronological aging.2) In the last three decades, re-
searchers have attempted to capture frailty in various ways, from 
operational definitions to counting percentages of deficits arising 
owing to human aging.4-6) Although their methods of determining 
or quantifying frailty differ, studies have shown correlations be-
tween frailty spectrums defined by phenotype definition or deficit 
accumulation.7) 

The clinical relevance of frailty as an aging phenotype has been 
validated with respect to multiple aspects. By incorporating age-re-
lated parameters that are also interconnected to form complex sys-
tems of human physiology,8) the burden of frailty in individuals re-
flects a systemic disturbance in response to various stressors.9) 
Population-based longitudinal studies have assessed the ability of 
the frailty index in predicting mortality, an unequivocal outcome 
indicator of human aging.10,11) Similarly, studies on patients with 
medical or surgical conditions have reported the superiority of the 
frailty spectrum in predicting adverse health outcomes compared 
with conventional measures.12-14) As a dynamic aging marker that 
responds to structured interventions, frailty is gradually becoming 
a cornerstone of geriatric medicine to deliver patient-centered 
management.15,16) 

With recent advances in clinical and biological knowledge on 
frailty, the Annals of Geriatric Medicine and Research planned a spe-
cial issue covering this geriatric syndrome from multifaceted as-
pects of biology, clinical medicine, and public health. In this issue, 
Ji et al.17) discussed frailty starting from molecular biology and 
demonstrated the validity of the frailty index as a measure of hu-
man aging compared to omics-based epigenetic clocks and bio-
markers. Kwak18) discussed delirium, a geriatric giant and an im-

Commentary
pISSN 2508-4798   eISSN 2508-4909

Ann Geriatr Med Res 2021;25(3):139-140
https://doi.org/10.4235/agmr.21.0106

Frailty as a Clinically Relevant Measure of Human Aging 
Hee-Won Jung 

Division of Geriatrics, Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

portant inpatient adverse outcome that occurs disproportionately 
in frail older people and can often be prevented by appropriate 
measures. Baek et al.19) reviewed the establishment and evolution 
of the Aging Study of Pyeongchang Rural Area (ASPRA), a cohort 
that was originally designed to determine the natural course of 
frailty in a Korean rural population and design effective interven-
tional strategies that are feasible even in underserved regions in 
terms of healthcare resources. 

The results of the studies support frailty as a clinically relevant 
measure of the human aging phenotype, with frailty a plastic and 
manageable geriatric syndrome. Unknowns still exist regarding the 
biology of frailty, which require further elucidation. While clinical 
interventions can improve frailty phenotypes and functional states, 
it remains unknown whether these improvements lead to the alle-
viation of the hallmarks of aging. Preclinical and early clinical stud-
ies have shown the potential to reverse or attenuate aging pheno-
types with modalities related to energy metabolism or cellular se-
nescence.20-22) These efforts have attracted research interest in reju-
venation and reverse-aging technologies. Moreover, the results of 
these studies revealed that some parameters of physical frailty im-
prove with the underlying biological aging status.20) Geriatric inter-
ventions with proven clinical efficacies should be assessed with 
endpoints such as aging biomarkers to provide bi-directional evi-
dence of the relationship between aging biology and frailty to 
eventually support the biological roles of geriatric interventions in 
the human aging spectrum. 
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INTRODUCTION 

As we age, our ability to withstand damage and stress declines, and 
the incidence of disability, disease, and mortality increases.1) Time 
underlies all these biological processes and events. As it is universal 
and readily available, calendar age is a popular estimate of the rate 
of biological aging in daily life. Indeed, as living matter constantly 
and dynamically changes with time, numerous age-related changes 
occur throughout all organizational levels, from molecular to or-
ganismal to populational levels. With increasing age, however, 
age-related changes occur at varying rates.2) For example, older in-
dividuals of a certain chronological age differ in their physical and 
cognitive functioning. Thus, biological aging is heterogeneous and 
often disproportionate with the amount of time passed. 

In addition to heterogeneity, plasticity is another property of bi-
ological aging that chronological age cannot accommodate. Tales 
abound of a Fountain of Youth or a Chinese emperor who sought 
an elixir of life that would enable him to live forever. Experimental 
evidence suggests that these mythical or legendary tales may not 
be entirely baseless. The pace of aging may be delayable or even re-
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A reliable model of biological age is instrumental in the field of geriatrics and gerontology. This 
model should account for the heterogeneity and plasticity of aging and also accurately predict 
aging-related adverse outcomes. Epigenetic age models are based on DNA methylation levels at 
selected genomic sites and can be significant predictors of mortality and healthy/unhealthy ag-
ing. However, the biological function of DNA methylation at selected sites is yet to be deter-
mined. Frailty is a syndrome resulting from decreased physiological reserves and resilience. The 
frailty index is a probability-based extension of the concept of frailty. Defined as the proportion 
of health deficits, the frailty index quantifies the progression of unhealthy aging. The frailty index 
is currently the best predictor of mortality. It is associated with various biological factors and 
provides insight into the biological processes of aging. Investigation of the multi-omics factors 
associated with the frailty index will provide further insight. 
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versible. The evidence is mostly based on genetic or interventional 
studies using model organisms such as yeast, fruit flies, nematodes, 
mice, and even monkeys.3-5) When mutated, many genes can mod-
ify the lifespans of non-mammalian model organisms. Some of 
these genes include SIR2 in brewer’s yeast,6) daf-2 in nematodes,7) 
and methuselah in fruit flies.8) Gene therapy using genes involved in 
aging or age-related disease extended both lifespan and health span 
in mice.9) Pharmaceutical and nutritional interventions, such as the 
administration of the immunosuppressive drug rapamycin and cal-
orie/dietary restriction, also significantly extended the lifespan and 
improved the fitness or health of model organisms.3) 

Biological age is equivalent to physiological or functional age, 
whereas chronological age is physical or mathematical. As aging 
progresses, mortality increases exponentially not because time 
passes at an exponential speed but because aging-related detrimen-
tal events occur exponentially. The biology of aging concerns the 
biological processes of aging, which occur separately from the in-
variant passage of time. Thus, a reliable measure of biological age 
will better suit our pursuit of precision gerontology or personalized 
geriatrics. While the hallmarks of aging have been described,10) the 
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mechanisms underlying biological aging remain largely unknown. 
One approach to the biology of aging is to model biological age 
and investigate its associated factors. 

MODELS OF BIOLOGICAL AGE 

Different types of cells age differently.11,12) Heterogeneity in tissue 
aging contributes to the heterogeneity of aging in different organs 
and body systems. Thus, no single biological marker of aging can 
faithfully represent organismal aging. Biomarkers of aging have 
long been sought from age-related changes; however, the relevance 
of all age-related changes to the biology of aging remains unknown. 
As some age-related changes may not be relevant to the biology of 
aging while others constitute the true mechanisms of aging, multi-
ple biomarkers of aging are used to estimate or models the true bi-
ological age. Epigenetic age-based models of biological age were 
first proposed a decade ago, and all such models are based on DNA 
methylation data.13) Another type of biological age models that has 
been gaining momentum is based on frailty.14) These frailty-based 
models use health deficits or health-related changes found in aging 
individuals. We will first discuss models based on epigenetic age 
before reviewing frailty-based models of biological age. 

Epigenetic Age Models 
Genomic DNA methylation sites that we are currently focusing on 
are conveniently called CpG sites as the methylation of cytosine 
occurs predominantly in CpG dinucleotides (“p” represents the 
phosphodiester bond linking the nucleotides). A recent study 
compiled 11 epigenetic age models,13) one of which was based on 
71 CpG sites in the leukocyte genome.15) These CpGs were select-
ed using a regularized regression method, which showed that their 
DNA methylation levels were highly correlated with chronological 
age. The predicted epigenetic age was obtained using actual meth-
ylation data in the regression model. Individuals with epigenetic 
ages greater and less than their calendar ages are categorized as fast 
aging and slow aging, respectively. Similarly, DNA methylation age 
and related measures were calculated based on 353 CpGs whose 
methylation levels were highly correlated with chronological age in 
multiple tissues.16) A change in epigenetic age depends on a change 
in the methylation levels of selected CpGs. As shown in Fig. 1, a 
decrease in the overall DNA methylation level of 353 CpGs result-
ed in decreased epigenetic age. Since the genomic DNA methyla-
tion level tends to decrease with increasing chronological age,17-19) 
the epigenetic age is likely to decrease with increasing chronologi-
cal age among the oldest of older individuals.20) 

Recent epigenetic age models combine health-related data with 
DNA methylation data using complex multi-step mathematical or 

statistical approaches. “DNAm PhenoAge” is based on 513 CpGs 
associated with the Gompertz model-based phenotypic age.21) 
This phenotypic age incorporates laboratory blood test findings 
and chronological age. Other models use CpGs as proxy markers 
for age-related changes or biological events. For example, age-cor-
related CpGs have been combined with biological data to build a 
mitotic-like clock model to predict cancer risk.22) “GrimAge” uses 
CpGs that are selected by regressing plasma proteins and smoking 
on 485,000 CpG sites and chronological age.23) 

Epigenetic-based models of age are associated with mortali-
ty.24-26) Slow epigenetic aging is associated with healthy aging-relat-
ed factors such as healthy diet, physical activity, lifestyle, and low 
morbidity.23,27,28) This is potentially interesting in that healthy aging 
is determined largely by non-genetic factors, including various en-
vironmental factors and lifestyle, and DNA methylation is an epi-
genetic interface between genes and non-genetic determinants. 
Nevertheless, the biological function of the DNA methylation lev-
el in CpGs used in the models remains unknown.  

The human genome contains an estimated 28 million CpGs.29) 
A cross-sectional compilation found that approximately 11% of 
485,577 CpGs examined were significantly correlated with 
chronological age and approximately 30% of them also significant-
ly changed longitudinally.30) If we assume random sampling of 
CpGs examined, the DNA methylation of approximately 3 million 
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Fig. 1. A bar plot of mean DNA methylation ages and standard errors. 
This plot was generated using the data from eight autistic subjects 
available in the MethylationDataExample55 and SampleAnnotatio-
nExample55 datasets provided.16) DNA methylation age was calculat-
ed in R using the tutorial provided. The y-axis shows mean DNAm-
Age±standard error corresponding to three groups on the x-axis: the 
autistic subjects (“initial”), after adding 0.1 to the original beta values 
of 353 CpGs (“+.1_all”), or subtracting 0.1 from the original beta val-
ues of 353 CpGs (“–.1_all”).
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CpGs in the genome is correlated with chronological age, and 0.9 
million of them will change longitudinally. With that many age-as-
sociated CpGs, one can select any subset of CpGs to predict 
chronological age or any age-associated changes. One can even se-
lect a subset of CpGs in the genome to predict any randomly gen-
erated numeric variable (Table 1). Note that in Table 1, the vari-
able importance scores generated using a random forest method 
for the randomly generated numeric variable are comparable to 
those for the frailty index. Similar results were obtained using the 
regularized regression method. The abundance of CpGs associat-
ed with chronological age may also explain why subsets of selected 
CpGs used in epigenetic age models overlap sparsely (Fig. 2). 
Thus, the biological roles of these CpGs, if any, remain unknown. 

Biological Functions of CpG Sites Associated with Age 
DNA methylation affects important biological phenomena such as 
gene expression, DNA imprinting, X-chromosome inactivation, 
and genome stability.31) Of these, differential gene expression is 
most relevant to the biology of aging. Changes in the other phe-
nomena tend to have drastic, often pathological, effects, although 
their contributions to the biology of aging cannot be completely 
ruled out. 

The transcriptional regulation of gene expression is primarily 
mediated by DNA sequence-based genetic factors. DNA methyla-
tion also affects gene transcription via epigenetic mechanisms. Fol-
lowing the erasure of DNA methylation patterns of the previous 
generation, genomic DNA of fertilized eggs is methylated de novo 
in a tissue-specific manner during implantation and differentia-

tion—the erasure seems incomplete, which explains in part why 
DNA methylation is heritable. DNA methylation may serve as a 
safety lock to ensure the long-term repression of certain genes.34) 
For genes whose32,33) expression is responsive to environmental 

Table 1. Top 10 DNA methylation sites associated with the prediction of age, frailty index, or a sequence of randomly generated numbers

Agea) FI34b) Random numberc)

CpG sited) Importancee) CpG sited) Importancee) CpG sited) Importancee)

cg18404925 30.4 cg10458216 12.9 cg02271560 12.0
cg21070864 27.0 cg26188685 4.6 cg10332616 7.9
cg26811352 14.9 cg01290856 4.4 cg26565544 4.9
cg16624788 14.5 cg23765086 4.2 cg00981070 4.7
cg01290856 12.7 cg11177404 4.1 cg12645852 4.3
cg13480818 10.9 cg02716646 3.9 cg04365609 3.7
cg03767951 9.7 cg10043954 3.9 cg05461182 3.7
cg01874084 9.5 cg21561157 3.8 cg05935052 3.6
cg07935657 7.3 cg10223982 3.2 cg03475190 3.5
cg13567404 7.2 cg05304366 3.2 cg10697491 3.4

a)The calendar ages (60–103 years) of 211 participants in the Louisiana Healthy Aging Study72) were regressed on DNA methylation values (beta) of 10,000 ran-
domly selected CpG sites using a random forest regression method in R.
b)The same random forest as in a), with a frailty index, FI34, instead of calendar age.
c)The same random forest as in a), with a variable of randomly generated numbers instead of calendar age.
d)Probes used to assess DNA methylation levels of the CpG sites using the Infinium HumanMethylation450K BeadChip Kit (Illumina Inc., San Diego, CA, 
USA).
e)Scaled permutation-based variable importance scores calculated using the random forest.

Fig. 2. A Venn diagram of three sets of genes. SH_353 represents 
genes annotated for 353 CpGs used in the DNA methylation age 
model.16) GH_54 represents genes annotated for 71 CpGs used to 
determine the apparent methylomic aging rate.15) MS.VG_1000 
represents top 1,000 genes whose transcript levels are important in 
predictive modeling of chronological age.37)

SH_353 GH_54

MS.VG_1000

332 2 46

11 6

983
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cues, DNA methylation is also a way of non-genetically attuning 
gene expression to changing milieus. In general, hypermethylation 
is associated with no or lower gene transcription and hypomethyl-
ation with higher transcription, although deviant cases exist.35,36) 

In view of DNA methylation as a modulator of gene transcrip-
tion, it is interesting to determine whether age-associated DNA 
methylation of CpGs used in some of the epigenetic age models 
also show age-associated differential gene transcription. If DNA 
methylation of CpGs is strongly associated with chronological age, 
transcription of the genes annotated for CpGs may be strongly as-
sociated with chronological age. A recent comprehensive compila-
tion of multi-tissue transcriptomic data37) excluded genes with low 
expression to analyze a total of 13,388 genes to determine differen-
tially expressed genes (DEGs) that were important in predictive 
modeling of chronological age. Among the 54 genes annotated for 
the 72 CpGs described above, only six ranked in the top 1,000 
DEGs associated with chronological age. Similarly, among the 353 
genes annotated for the 353 CpGs, only 11 ranked in the top 1,000 
DEGs (Fig. 2). These results indicated that the transcription of 
most genes annotated in the model CpGs was not highly associat-
ed with chronological age or was not important in the predictive 
modeling of chronological age. In other words, these findings are 
at odds with the expected biological role of DNA methylation. 
Thus, no convincing evidence exists to support the mainstream 
role of DNA methylation in CpG sites used in some of the epigen-
etic age models. 

FRAILTY 

Common among older adults, frailty is often used interchangeably 
with disability, comorbidity, or even old age. One practicable defi-
nition of frailty is age greater than 65 years and dependence on 
others to perform activities of daily living.38) Disability is defined as 
the inability to perform activities of daily living, while frailty along 
with other morbidities contributes to disability.39) Frailty may de-
velop from diminished physiological reserve before disability, co-
morbidity, or other adverse outcomes.40) Frailty is a multidimen-
sional phenotype that manifests through various signs, symptoms, 
or other health-related events.41) To operationalize frailty as a clini-
cal syndrome, the Fried frailty uses five phenotypic criteria: (1) 
weight loss ( > 10 lb in the previous year); (2) self-reported ex-
haustion; (3) muscle weakness (the lowest quintile of hand grip 
strength); (4) slow gait speed (the lowest quintile in walking time 
per 15 feet); and (5) low physical activity (the lowest quintile in 
kilocalories expended per week). Individuals meeting three or 
more of these criteria are considered frail. Related to the Fried frail-
ty, Edmonton frailty uses nine criteria: cognition, general health 

status, functional independence, social support, medication use, 
nutrition, mood, continence, and functional performance.42) The 
maximum score of Edmonton frailty is 17. 

Geriatric status classification in clinical settings requires a 
streamlined operationalization of frailty. Based on activities of daily 
living, a clinical frailty scale has been proposed to classify older 
people.43) A recent version of the Clinical Frailty Scale (CFS) has 
nine categories, from “very fit” to “terminally ill.”44) It relies on the 
level of dependence in daily living activities and clinical judgment. 
The CFS is simple, inexpensive, and easy to perform but has been 
criticized as potentially subjective. However, a recent study of the 
CFS reported a general agreement of participants in diverse medi-
cal professions and health occupations in the classification of sce-
nario cases.45) The CFS was a significant predictor of survival of 
patients with coronavirus disease (COVID-19).46) and the out-
come of coronary artery bypass grafting.47) 

FRAILTY/DEFICIT INDEX 

The criteria for frailty scales described above yield semiquantita-
tive measures. By including more health items and using a continu-
ous scoring method, one can build a fully quantitative model of 
frailty. The frailty index is defined as the proportion of health defi-
cits among a set of surveyed health items.48,49) The deficit index 
uses the same calculation method as the frailty index.50) The health 
items include various symptoms, signs, disabilities, and diseases.48) 
These data are collected from medical history questionnaires, clin-
ical assessments, laboratory measurements, and other data collec-
tion instruments. As the proportion of health deficits that an aging 
individual carries at the time of survey, raw frailty index scores 
range from 0 (no deficit in all health items surveyed) to 1 (at least 
one problem in every health item). Unlike frailty scales, calculation 
of the frailty index does not require a fixed set of specific health 
items. When the number of health items is sufficiently large (typi-
cally ≥ 20), different frailty indices based on different sets of health 
items yield comparable properties and performances. However, in-
cluding health items with predictive power can significantly im-
prove the performance of a frailty index.51) 

Frailty Index as a Model of Biological Age 
The end of aging is death, and the oldest of older adults (those 
aged > 90 years) are most prone to this and other adverse out-
comes. The frailty index shows an age-dependent exponential in-
crease with mortality (Fig. 3). Frailty index scores vary among 
aged peers and may decline individually while their group average 
increases over time, accounting for the heterogeneity and plasticity 
of aging.52) In the general population, chronological age is a strong 
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predictor of mortality and other time-dependent phenomena. The 
Klemera-Doubal models of biological age, termed therein Equa-
tion 25 (BE) and Equation 34 (BEC), outperformed chronologi-
cal age and biological age measures based on multiple linear regres-
sion or principal component analysis in predicting mortality.53,54) 
This finding makes sense in that both health data and chronologi-
cal age are used in the derivation of BE and BEC. In particular, 
BEC explicitly incorporates chronological age as an additional bio-
marker to improve its performance over BE. After adjusting for age 
and sex, however, the frailty index outperformed not only DNA 
methylation age but also both BE and BEC in predicting mortality 
in the oldest of older adults (Fig. 4). Thus, the frailty index is the 
best predictor of age-related mortality.  

Biological Factors Associated with Frailty or Frailty Indexes  
The frailty index quantifies the extent of unhealthy aging. In other 
words, it is an unhealthy aging index (and subtraction of it from 1 
gives a healthy aging index). Therefore, examining biological fac-
tors associated with the frailty index can provide insights into the 
biological mechanisms of unhealthy (or healthy) aging. 

The resting metabolic rate (RMR) estimates the amount of en-
ergy used for the maintenance of body systems under resting con-
ditions. RMR, which comprises 60%–70% of the total daily energy 
expenditure, decreases with increasing age in the general popula-
tion.55) In the oldest of older adults, however, RMR increases as the 
frailty index increases.56) One interpretation of this is that a higher 
RMR is required for this population to maintain homeodynamics 
as their health deteriorates. Some factors also show sex specifici-

ties; for instance, the association of frailty index with body compo-
sition (fat and fat-free mass) is specific to female nonagenarians, 
whereas circulating creatine kinase (CK) is specific to male nona-
genarians. Detailed analyses of these sex specificities led to the 
identification of the associations of UCP2 and UCP3 with frailty 
index in women57) and XRCC6 and LASS1 in men.58) UCP2 and 
UCP3, which encode uncoupling proteins in the mitochondria, 
function as metabolite transporters important in energy metabo-
lism. In contrast, XRRC6 and LASS1, which encode the protein 
Ku70 and ceramide synthase, respectively, are involved in pro-
grammed cell death. Muscle damage caused by strenuous physical 
activity or exercise is a major factor leading to elevated blood CK 
levels.59) Thus, one interpretation of the male-specific findings is 
that an elevated CK level reflects an increased number of damaged 
muscle cells undergoing programmed death.58) 

The genetic basis of longevity is not as substantial as previously 
estimated, indicating that non-genetic and environmental factors 
are much more influential in aging.60) Frailty is associated with var-
ious transcriptomic, proteomic, and metabolomic factors.61-68) 
Overall, the number and species of identified omics factors vary 
across studies and no omics factors have been convincingly repli-
cated in multiple independent studies. Nevertheless, several stud-
ies merit further investigation. CK is a major protein associated 
with the Fried frailty scale.63) Although it is unknown whether the 
association is specific to males, the proteomics finding is consistent 
with the previous association using the frailty index,58) as described 
above. In their proteomics study, Sathyan et al.62,69) analyzed plas-
ma proteomic profiles using the same technology but different de-
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pendent variables. Based on the frailty index as a dependent vari-
able, the fatty acid-binding proteins showed the most significant 
association, while proteins that showed enrichment in the bioin-
formatic analysis were involved in lipid metabolism, cell-to-cell sig-
naling, and interactions.62) For chronological age, the most signifi-
cantly associated proteins were pleiotrophin, WNT1-induc-
ible-signaling pathway protein 2, chordin-like protein 1, transgelin, 
and R-spondin-1, while the bioinformatically enriched proteins 
were related to inflammatory response, organismal injury and ab-
normalities, and cell and organismal survival.69) Thus, these two 
studies further demonstrated that the biological factors and path-
ways associated with the frailty index differed from those associat-
ed with chronological age. In other words, the biological interpre-
tations or hypotheses to test depend on which dependent variable 
is used in the association analysis. Therefore, it is critical to use a 
reliable and accurate metric of biological age. 

While single omics analysis is useful, aging is a complex phe-
nomenon that occurs across interconnected, yet heterogeneous, 
biological systems. The simultaneous analysis of multiple omics 

data obtained from the same specimens can greatly enhance the 
accuracy of data analysis and interpretation.70,71) Therefore, inte-
grative multi-omics using a reliable measure of biological age may 
be a more useful approach for elucidating the biology of aging. 

CONCLUSION 

One fruitful approach to understanding the biology of aging is to 
establish a reliable measure of biological age and study its associat-
ed biological factors. Epigenetic age models, which are based on 
DNA methylation data, are promising in that lower epigenetic ages 
are associated with healthy aging and DNA methylation is consid-
ered an interface between the genome and environment. However, 
the biological significance and function of epigenetic model ages 
and model CpGs are yet to be elucidated. Frailty reflects the dete-
riorating physiological processes of aging. The extent of frailty is 
fully quantifiable by calculating the proportion of various health 
deficits. The frailty index is the best predictor of mortality, espe-
cially among older patients. Thus, the frailty index is a simple 
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mathematical and easily rationalized method of quantifying bio-
logical age. Various biological factors are associated with frailty in-
dex, providing valuable insights into various aspects of aging. Si-
multaneous analysis of multi-omics datasets using the frailty index 
may be a fruitful approach to understanding the biology of aging. 
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INTRODUCTION 

Delirium and frailty are both important geriatric syndromes that 
commonly occur among older adults. Delirium is an acute medical 
condition characterized by changes in mental and cognitive status 
and usually occurs among hospitalized older adults,1) with a preva-
lence ranging from 15% to 75%, depending on the clinical setting.2) 
Frailty is a chronic condition characterized by decreased functional 
status and increased vulnerability to various stressors, with a preva-
lence ranging from 12% to 24%.3-5) Although they are different 
conditions, delirium and frailty also share commonalities and have 
overlapping features. This study reviewed the definitions and 
pathophysiologies of these two geriatric conditions, described 
their similarities and differences, and provided current evidence of 
delirium management among older adults with frailty. 
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DELIRIUM 

Epidemiology of Delirium 
Delirium is a common geriatric syndrome and is defined as an 
acute and fluctuating change in mental and cognitive status, which 
frequently occurs in hospitalized older adults. It is characterized by 
impaired attention, reduced awareness of surroundings, disorienta-
tion, abnormal arousal, behavioral abnormalities, and disturbance 
in visuospatial perception.1) A recent systematic review reported 
an overall delirium prevalence of 23% (95% confidence interval 
[CI], 19%–26%), although there was some degree of variation de-
pending on the diagnostic criteria used.6) The prevalence may be 
higher among surgical patients, at 15%–25% after major elective 
surgery and 50% after high-risk procedures such as hip fracture or 
cardiac surgery.2) Patients in the intensive care unit more often ex-
perience delirium, with an overall prevalence ranging from 31% to 
75%.2,7) In addition to high prevalence, delirium is a serious public 

Copyright © 2021 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.



health problem that is associated with poor clinical outcomes. De-
lirium is independently associated with a two- to four-fold in-
creased risk of mortality, a pattern that has been mostly consistent 
across various clinical settings and illnesses.8-16) The additional ad-
verse outcomes of delirium in older adults include prolonged hos-
pitalization, higher chances of discharge to nursing homes, declines 
in cognitive function, and increased healthcare costs.2,8,13,17-19) 

Pathophysiology of Delirium 
While the pathophysiology of delirium remains unclear, its etiolo-
gy is widely accepted to be multifactorial. Delirium was previously 
considered to be a disorder of neurotransmitters such as acetylcho-
line, melatonin, dopamine, norepinephrine, glutamate, 5-hydroxy-
tryptamine, serotonin, histamine, and/or gamma-aminobutyric 
acid.20) However, more recent theories suggest that the pathophys-
iology of delirium is more complex. For example, delirium may re-
sult from a combination of neurotransmitter disorders coupled 
with a failure in processing sensory signals or motor effectors and a 
breakdown in the brain network. Furthermore, such conditions 
may interact with neuroinflammation, excess oxidative stress, neu-
roendocrine dysfunction, circadian rhythm, or melatonin dysregu-
lation.20) This complex pathophysiology of delirium becomes 
more complicated in patients with acute medical illnesses. Acute 
illnesses such as sepsis or pneumonia can cause brain hypoperfu-
sion and impair glucose supply, subsequently leading to insuffi-
ciency of brain bioenergetics and breakdown of the brain network. 
21,22) However, the alterations in body composition in older adults, 
including a reduction in lean mass and an increase in fat mass, 
could also play an important role in the development of delirium 
by adding more inflammatory stimuli via the endocrine secretion 
of pro-inflammatory adipokines.23) 

FRAILTY 

Epidemiology of Frailty 
Frailty is a clinical condition characterized by a progressive decline 
in homeostatic capacity and increased vulnerability to endogenous 
and exogenous stressors.5,24,25) Frailty is prevalent among older 
adults, and along with the growing aging population, it is an im-
portant public health issue worldwide.4) Although it varies across 
studies and diagnostic tools, the prevalence of frailty worldwide 
ranges from 8% to 24%.3,4) In America, the prevalence of frailty 
based on physical phenotype and deficit accumulation models was 
17% and 23%, respectively.4) Furthermore, as the consequence of 
increased vulnerability to various stressors, frailty is associated 
with an increased risk for adverse health outcomes, including a de-
cline in functional status, prolonged length of stay in the hospital, 

increased risk of institutionalization, and higher mortality.5,24,25) 

Pathophysiology of Frailty 
Like delirium, the pathophysiology of frailty has not been com-
pletely elucidated. Furthermore, despite its significance in public 
health and its association with negative health outcomes, there is 
no internationally agreed definition for frailty. Two models are 
widely used to assess frailty: the frailty phenotype26) and the deficit 
accumulation frailty index.5,27-29) The frailty phenotype views frail-
ty as a condition with certain clinical characteristics based on the 
presence or absence of specific physical conditions such as weight 
loss, exhaustion, weakness, low walking speed, and decreased 
physical activity. The deficit accumulation frailty index assesses 
frailty using the scale of the total burden of age-related health defi-
cits in older adults, including symptoms, signs, diseases, and dis-
abilities.30) 

Regardless of approach, age-related changes in multiple physio-
logical systems or organs with certain characteristics are the foun-
dation of the development of frailty. Among physiologic changes 
in the aging body, alterations in the neuromuscular, neuroendo-
crine, and immunological systems play important roles.31) Further-
more, changes in each system interact cumulatively, leading to an 
overall decline in function, eventually reaching the threshold be-
yond which older adults’ capacity to sustain minor stress is com-
promised.31) 

SIMILARITIES AND DIFFERENCES BETWEEN 
DELIRIUM AND FRAILTY 

As both delirium and frailty result from the disintegration of bal-
ance and homeostasis across multiple body systems, they are intui-
tively related and share several commonalities. They occur com-
monly among older adults, are multifactorial in their etiology, and 
are associated with poor clinical outcomes, including increased 
risk of functional loss, institutionalization, and mortality.32) The 
exact pathophysiologies of these conditions have not yet been 
identified, although they share common biologic processes, in-
cluding inflammation, alterations in vascular systems, genetics, and 
nutritional deficiency in their development (Fig. 1).33) As individ-
uals age, their levels of circulating inflammatory cytokines increase, 
a condition that may be heightened in frailty. With higher baseline 
cytokine levels, the pro-inflammatory response to stressors be-
comes more prominent, making individuals more susceptible to 
stressors and explaining the development of both delirium and 
frailty.34,35) Additionally, alterations in the vascular system, particu-
larly small vessel disease, have been associated with geriatric syn-
dromes. As common geriatric syndromes, delirium and frailty are 
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atic review and meta-analysis of 999 patients by Presico et al.42) 
showed a 2.19-fold increased risk of delirium among frail patients 
(risk ratio [RR] = 2.19; 95% CI, 1.65–2.91). Although limited to 
surgical patients, a meta-analysis of the cohort study by Fu et al.43) 

reported that frailty patients had an increased risk for delirium, 
with an odds ratio (OR) of 3.23 (95% CI, 2.56–4.07). More re-
cently, in 2021, Zhang et al.44) reported a meta-analysis study in-
cluding 217,623 patients and showed that frailty was associated 
with an increased risk for delirium compared to the risk in patients 
without frailty (OR = 2.96; 95% CI. 2.36–3.71). They also con-
ducted further analyses to assess the association in different patient 
groups. Frailty was associated with a 2.43-fold increased risk of de-
lirium (95% CI, 1.88–3.14) in selective surgical patients, a 3.61-
fold increased risk (95% CI, 1.65–7.89) in medical patients, a 3.76-
fold increased risk (95% CI, 2.88–4.92) in surgical patients, and a 
6.66-fold increased risk (95% CI, 1.41–31.47) in emergency or 
critical patients (Table 1).44)  

However, the studies also found significant heterogeneity in the 
instruments used to identify delirium and frailty. These instru-
ments include at least 10 different frailty index or scales (including 
but not limited to the frailty phenotype, FRAIL Scale, Frailty In-
dex, Clinical Frailty Scale, Edmonton Frail Scale, Erasmus frailty 
score, Emergency General Surgery Frailty Index, Japanese version 
of the Cardiovascular Health Study criteria, Groningen Frailty In-
dicator, mobility impairment, Clinical judgment frailty, Kihon 
Checklist score, and Comprehensive Geriatric Assessment) and 
more than five measurement tools for identifying delirium (the 
Confusion Assessment Method for the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition; the intensive care 
delirium screening checklist; the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition; the Confusion Assessment 
Method for the intensive care unit, the Delirium Rating Scale Re-
vised-98; and the interRAI-Acute Care for Comprehensive Geriat-
ric Assessment).42,44) Although more studies have examined the in-
terplay between frailty and delirium, historically, studies on this 
topic have not been sufficient. In their 2017 systematic review, 
Presico et al.42) identified only 20 studies eligible for systematic re-
view and eight studies for the meta-analysis. Fortunately, more 
studies have been published since that time; in 2020, Zhang et al.44) 
identified 30 studies for their meta-analysis. It is promising that the 
association between frailty and delirium is receiving more atten-
tion because the number of patients who may experience these 
two geriatric conditions is likely to increase along with the rapidly 
growing number of older adults worldwide. 

Delirium

• Acute illness
•  Rapid recovery 

is possible
•  Alteration of 

mental and 
cognitive 
functions

• Chronic changes
• Mostly progressive
•  Alteration of 

physical functions

• Multifactorial etiology
• Inflammation
• Alteration of vascular systems
• Genetics
• Nutritional deficiency

• Related to aging
• Poor clinical outcomes

Frailty

Fig. 1. Similarities and differences between delirium and frailty.

also likely to be associated with small vessel diseases.36) Moreover, 
frailty is a subclinical marker of cardiovascular disease, and deliri-
um occurs twice as often among individuals undergoing cardiovas-
cular surgery compared with that among patients undergoing or-
thopedic or abdominal surgeries.37-39) Malnutrition, reduction in 
caloric intake, and subsequent weight loss are prevalent in older 
adults and may lead to sarcopenia and thus frailty.40) According to 
the phenotype frailty model, weight loss is a prominent character-
istic of frailty.26) Furthermore, malnutrition is considered an im-
portant predisposing risk factor for delirium.41) 

Although frailty and delirium share common features, as de-
scribed above, there are also differences between the two condi-
tions (Fig. 1). Frailty results from a long-term decline in functions 
across an individual’s multiple systems, and its process is consid-
ered chronic and progressive. In contrast, delirium is an acute pro-
cess or reaction to a newly introduced stressor. Delirium may prog-
ress and resolve rapidly compared to frailty, although full recovery 
could take weeks or even months.23) Delirium is mainly character-
ized by alterations in mental and cognitive functions, while frailty 
is more often characterized by changes in physical function and the 
accumulation of physical deficits. When multiple insults affect an 
already susceptible individual, the brain may not compensate, lead-
ing to delirium. 

DELIRIUM IN FRAIL OLDER ADULTS 

Therefore, despite their differences, from a practical perspective, 
frailty and delirium show important overlapping pictures: individ-
uals already vulnerable to various stressors, e.g., older adults with 
pre-existing frailty, are at a greater risk for delirium. Several studies 
on the association between delirium and frailty in older adults 
showed that frailty was associated with an increased risk of deliri-
um compared to those who do not have frailty. In 2018, a system-
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ROLE OF THE INTERACTION BETWEEN FRAILTY 
AND DELIRIUM IN CLINICAL OUTCOMES 

Although it is reassuring that more studies on these two important 
geriatric syndromes are being conducted, exactly how their inter-
play results in adverse clinical outcomes and to what extent it af-
fects outcomes remain unknown. As both frailty and delirium are 
independently associated with adverse clinical outcomes, patients 
with frailty who develop delirium during hospitalization may ex-
perience worse clinical outcomes. However, the existing literature 
is scarce and is mainly limited to outcomes of mortality or surgical 
patients as the populations. Furthermore, given the overlapping 
characteristics between frailty and delirium, frailty may act as a 
confounder in the association between delirium and clinical out-
comes. The inconsistent results from various studies support this 
hypothesis. Eeles et al.45) assessed the impact of frailty on mortality 
among older inpatients who had delirium in a single-center study 
and reported that frail patients had greater long-term mortality 
among those with delirium compared with that among those with-
out frailty—median survival of 88 days (95% CI, 5–171) for frail 
patients vs. 359 days (95% CI, 118–600) for fit patients. However, 
Mazzola et al.46) reported that delirium alone was not associated 
with mortality after adjusting for frailty, supporting the role of frail-
ty as a confounder, increasing the vulnerability to stressors that 
lead to death. Dani et al.47) conducted a survival analysis to identify 
the impact of delirium on frailty in hospitalized older adults; inter-
estingly, they reported an inverse gradient of association, with a 
stronger association observed in the fitter group and a higher haz-
ard ratio for delirium in patients with a lower frailty index. 

In addition to mortality as a clinical outcome, Ogawa et al.48) as-
sessed the impact of postoperative frailty on major adverse cardiac 
events after cardiac surgery in a single-center study. They reported 
that delirium increased the risk of postoperative frailty (HR = 2.98; 
95% CI, 1.46–6.20). Moreover, postoperative frailty increased the 
risk of a major cardiac adverse event after cardiac surgery (HR =  

2.21; 95% CI, 1.01–4.82). However, after adjusting for delirium, 
preoperative frailty was not significantly associated with major ad-
verse cardiac events after discharge. 

CHALLENGES IN CLINICAL PRACTICE FOR OLDER 
ADULTS WITH THE COEXISTENCE OF DELIRIUM 
AND FRAILTY 

Given the high prevalence and complex interactions between the 
two conditions, managing older adults with both frailty and deliri-
um also becomes challenging. One of the most important chal-
lenges in clinical practice is that these two conditions are usually 
under-recognized, despite their strong associations with adverse 
clinical outcomes. Hospitalized older adults may experience differ-
ent types of delirium, including hyperactive, hypoactive, mixed, 
and without motor symptoms.49) However, while hyperactive de-
lirium, mixed-type delirium, or delirium without motor symptoms 
is easily recognized because of their distinguishing behaviors, hy-
poactive delirium is less likely to be discovered or reported.49) 

However, hypoactive delirium may occur more commonly than 
hyperactive delirium.49-51) Moreover, several studies reported a 
worse prognosis among patients with hypoactive delirium com-
pared with that among patients with hyperactive delirium.52,53) The 
under-recognition of delirium may increase its adverse impact on 
various clinical outcomes. Frailty is also easily missed in clinical 
practice because there is no standardized systematic screening tool, 
and some measures are not practical to perform in routine clinical 
settings.54) For example, Beckert et al.55) reported frailty in a high 
proportion of patients (68.8%) deemed to be surgical candidates 
and referred for surgeries. They speculated that physicians did not 
recognize a patient’s frailty at the time of referral for surgery. As 
frailty is a risk factor for delirium, under-recognized frailty among 
hospitalized older adults can result in a higher incidence of deliri-
um and associated adverse clinical outcomes. Similarly, since delir-
ium may increase the risk of postoperative frailty, the early recogni-

Table 1. Recent meta-analysis studies of the association between delirium and frailty

Author, year Number of pooled participants Increased risk of delirium  
due to frailty (95% CI) Comments

Presico et al.,42) 2018 999 2.19 (1.65–2.91) Meta-analysis mainly included observational studies
Fu et al.,43) 2021 3,250 3.23 (2.56–4.09) Meta-analysis only included postoperative patients
Zhang et al.,42) 2021 217,623 2.96 (2.36–3.71) Subgroup analyses of different types of hospitalizations

-Selective surgical patients (OR = 2.43; 95% CI, 1.88–3.14)
-Medical patients (OR = 3.61; 95% CI, 1.65–7.89)
-Urgent surgical patients (OR = 3.76; 95% CI, 2.88–4.92)
-Emergency or critical illness patients (OR = 6.66; 95% CI, 1.41–31.47)

CI, confidence interval; OR, odds ratio.
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tion, prevention, and proper management of delirium is also im-
portant for providing optimal care for older adults in hospitals. 

Another challenge is that as much as they are ignored in routine 
clinical settings, studies assessing the prevalence of the coexistence 
of the two conditions or their combined impact on patient out-
comes are also scarce. Most studies have focused on the associa-
tion between these two conditions. Individual estimates for each 
study with relevant information in the most recent systematic re-
view study by Zhang et al.44) showed a prevalence of the coexis-
tence of the two conditions ranging from 2% to 26%. Studies with 
a high prevalence ( > 20%) had cohorts with an older age group 
(mean age, 82.3 or 82.1 years) or included only critically ill pa-
tients. Studies with older age groups included patients in either 
acute general medicine wards45) or an acute geriatric unit.32) How-
ever, some studies also showed relatively high prevalence, approxi-
mately 15%, in a relatively younger population (mean age, 71 
years) and in patients undergoing selective surgery.56) Neverthe-
less, accurate determination of the association between the preva-
lence and age or type of admission will require more investigations 
and systematic reviews. Moreover, very few studies have assessed 
the impact of the coexistence of the two conditions on patient out-
comes. Eeles et al.45) reported that the combination of delirium 
and frailty was associated with poor survival among patients ad-
mitted to general medicine wards. A single-center study by Gan-
dossi et al.57) revealed that the combination of frailty and postoper-
ative delirium was associated with poor functional status upon dis-
charge among hospitalized patients with hip fracture (RR = 1.47; 
95% CI, 1.28–1.69). Kwak et al.58) estimated the economic out-
comes of various combinations of three geriatric syndromes—de-
lirium, frailty, and dementia—among patients who underwent 
transcatheter aortic valve replacement procedure and reported that 
delirium with frailty but without dementia showed the strongest 
association with higher hospital cost (a 45.1% increase in hospital 
cost; 95% CI, 26.45–66.45). 

FUTURE DIRECTIONS 

Identifying High-Risk Patients with Frailty 
The exact pathophysiologic mechanisms of the impact of these 
two geriatric syndromes on adverse clinical outcomes may be diffi-
cult to decipher given their overlapping characteristics. However, 
previous studies have reported that both frailty and delirium are 
associated with adverse clinical outcomes; therefore, it is critical to 
identify these two conditions among hospitalized older adults. 

Regardless of whether frailty directly or indirectly increases in-
patient mortality, since older adults with frailty are at higher risks 
for both mortality and delirium, identifying these conditions at an 

early stage during hospitalization is critical for maximizing patients’ 
clinical outcomes. Subsequently, the American College of Sur-
geons recommends frailty screening as a part of preoperative as-
sessments, and frailty screening has been tested in various clinical 
settings.59-61) However, one impediment to such efforts is the lack 
of consensus on the gold-standard tool for evaluating frailty, as evi-
denced by the significant heterogeneity in evaluation tools de-
scribed in previous systematic review or meta-analysis studies.62) 

Nevertheless, efforts are ongoing to customize frailty assessment 
tools to accommodate the conditions and specialties of individual 
clinical settings.44,60,63) Surgery is one specialty that has been active-
ly incorporating frailty assessment in routine preoperative evalua-
tions.64) In orthopedic surgery, Krishnan et al.65) explored the use 
of a frailty index that was integrated into a comprehensive geriatric 
assessment for hip fracture patients. More specific frailty assess-
ment tools based on the patient population have also been validat-
ed, including the 15-item Trauma-Specific Frailty Index for trauma 
patients and the 15-variable Emergency General Surgery Specific 
Frailty Index for patients undergoing emergent surgeries.66,67) In 
cardiovascular surgery, frailty assessment has become an important 
part of preoperative assessments to determine if a patient qualifies 
for less-invasive surgical options such as transcatheter aortic valve 
replacement rather than surgical aortic valve replacement.68) Addi-
tional efforts to facilitate the use of frailty screening in the clinical 
setting include the incorporation of frailty assessment into the 
electronic health record system for the convenience of providers 
and further research on frailty.69) 

Management of Delirium in Hospitalized Older Adults 
Despite efforts to identify higher-risk patients with frailty, delirium 
still occurs among hospitalized older adults. The management of 
delirium in patients with frailty should not differ significantly from 
the standard management for delirium. The best strategy for pre-
venting delirium among older adults is through multicomponent 
non-pharmacologic interventions. In their meta-analysis, Hshieh 
et al.70) showed that a multicomponent non-pharmacologic inter-
vention reduced the incidence of delirium, decreased the length of 
stay, and improved cost-effectiveness. Moreover, implementing 
such systematic interventions would reduce the under-recognition 
of delirium, especially hypoactive delirium, which could be easily 
missed in routine clinical settings. Indeed, there are several existing 
models that hospitals could adopt to prevent delirium. Among 
these, the Hospital Elder Life Program (HELP), developed by In-
ouye, is one of the most widely used.71-73) The HELP model en-
courages hospitals to utilize interdisciplinary teams and volunteers 
to provide practical interventions. 

These interventions include reorientation of the patient, promo-
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tion of physical mobilization, therapeutic activities, enhancing nu-
trition, sleep hygiene, and hearing or visual adaptations. The ABC-
DEF bundle is another care model that can be used in an intensive 
care setting. It is a bundled approach to address multiple compo-
nents of patient care as follows: “A” element: Assess, Prevent, and 
Manage Pain; “B” element: Both Spontaneous Awakening Trials 
and Spontaneous Breathing Trials; “C” element: Choice of Anal-
gesia and Sedation; “D” element: Delirium–Assess, Prevent and 
Manage; “E” element: Early Mobility and Exercise; and “F” ele-
ment: Family Engagement and Empowerment.74) Such bundled 
multicomponent approaches that allow healthcare providers to 
evaluate the components of frailty domains should be beneficial 
for patients with frailty. 

However, the real challenge is that the implementation of such 
multicomponent interventions requires important resources, 
which could make the effort non-achievable and non-practical. Al-
ternatively, since the implementation would require an important 
shift in institutional culture, it may also face barriers from the hos-
pital staff.75) One of the solutions could be the most recent move-
ment in delirium prevention, the Age-Friendly Health System by 
the Institute for Healthcare Improvement, and the John A. Hart-
ford Foundation, in partnership with the American Hospital Asso-
ciation and the Catholic Health Association of the United States. 
The Age-Friendly Health System initiative suggests that the health-
care system focus on a set of four evidence-based elements for 
high-quality care, known as the “4Ms”: (1) What Matters–align 
care strategy with the patient’s values or goals; (2) Medication–
avoid inappropriate medications; (3) Mentation–recognize deliri-
um, depression, and/or dementia; and (4) Mobility–promote 
mobility.76) Under these four core values for a better quality of care, 
each healthcare institution can create specific strategies based on 
its available resources. For example, an institution can choose its 
own method of assessing mentation (delirium) or mobility (frail-
ty) based on its existing routine practice or documentation tools. 
In this way, they can incorporate multicomponent interventions to 
prevent delirium.  

As much as multicomponent non-pharmacologic interventions 
are critical for preventing delirium, the same philosophy regarding 
multicomponent non-pharmacologic approaches should be ap-
plied to the management of delirium. Delirium commonly showed 
multiple etiologies; thus, the management of delirium should fo-
cus on addressing all possible causes of delirium. One strategy is 
the use of a convenient step-wise approach using the mnemonic 
DELIRIUM as follows.2) First, the management of delirium should 
focus on evaluating and treating modifiable contributors to deliri-
um, including Drug, Electrolyte disturbances, Lack of drugs, Infec-
tion, Reduced sensory input, Intracranial disorders, Urinary and 

fecal disorders, and Myocardial and pulmonary disorders.2) Sec-
ond, the management of delirium should address the prevention 
and management of any complications such as urinary inconti-
nence, immobility and falls, pressure ulcers, sleep disturbance, and 
feeding disorders. Then, we should ensure that the patient is com-
fortable and safe based on the application of behavioral interven-
tions such as de-escalation techniques for agitated patients, family 
engagement, or pharmacologic interventions, including low-dose 
antipsychotics, when absolutely necessary. The final step of deliri-
um management is to restore function by optimizing the hospital 
environment (minimizing clutter and noise and providing ade-
quate lighting and or familiar objects at the bedside), cognitive re-
conditioning by reorientation, physical therapy, occupational ther-
apy, family support, family participation, and, finally, appropriate 
discharge planning.2) These approaches allow the early identifica-
tion of older adults with frailty to identify high-risk patients, pre-
vent delirium, provide proper management of delirium, and pre-
vent further deterioration of physical dysfunction or disability, 
while simultaneously addressing the components of frailty (Fig. 2). 

Although non-pharmacological interventions should be the 
first-line treatment, there may be cases in which the patient re-
quires pharmacological intervention. Low-dose antipsychotics can 
be considered in patients who become severely agitated and 
non-verbal or for whom verbal de-escalating techniques are not ef-
fective. However, there has been a debate regarding the use of anti-
psychotics for hyperactive delirium. Recent systematic reviews 
have reported different findings. Riviere et al.77) found evidence 
that quetiapine and olanzapine could be alternatives to haloperi-
dol; however, because of the high levels of heterogeneity among 
studies, they could not perform a meta-analysis. In contrast, anoth-
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Fig. 2. Integration of a multicomponent patient-centered approach 
for the prevention and management of delirium with frailty.
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er systematic review by Nikooei et al.78) concluded that there was 
insufficient evidence to support the routine use of haloperidol or 
second-generation atypical antipsychotics for the management of 
delirium. Furthermore, although there is no superior medication 
that has shown better efficacy, most antipsychotics can cause ad-
verse effects such as prolonged QT interval or extrapyramidal 
symptoms. Therefore, the choice of antipsychotics is often based 
on their potential side effects and the patient’s specific conditions.2) 
Nevertheless, specific medication may be indicated in particular 
cases. For example, benzodiazepine could be first considered for 
patients with delirium caused by alcohol withdrawal; patients with 
contraindications to the use of antipsychotics, including neurolep-
tic malignant syndrome or Parkinson's disease; or patients with de-
mentia with Lewy bodies or seizure disorder.79) 

Geriatric Co-management Model for the Optimal Management 
of Delirium and Frailty 
As described above, the pathophysiology and management of de-
lirium and frailty require multiple and simultaneous interventions 
from several different aspects. While these requirements appear 
holistic and ideal, they are not feasible in busy and highly special-
ized surgical wards. Therefore, there has been increasing awareness 
of geriatric co-management and management by both the primary 
team and geriatricians for high-risk older adults in hospitals. Most 
studies assessing the effects of geriatric co-management focused 
on the orthopedic geriatric population. Several studies reported 
that multidisciplinary geriatric consultation for patients with hip 
fracture surgery resulted in a reduced incidence of delirium and 
improved overall quality of care.80-82) Therefore, the idea of geriat-
ric co-management has expanded in surgical oncology. Shahrokni 
et al.83) conducted a cohort study to assess the impact of geriatric 
co-management in older adults undergoing surgery for cancer, in 
which geriatricians provided delirium risk-reduction interventions. 
However, the main outcome in that study was 90-day postopera-
tive mortality. While the intervention group (geriatric co-manage-
ment) showed lower 90-day mortality, the authors did not report 
the impact on delirium incidence. Nevertheless, the geriatric 
co-management model could be a solution for optimal delirium 
prevention and management among older adults with physical 
frailty. Thus, additional studies are warranted. 

CONCLUSION 

Delirium and frailty are highly prevalent geriatric syndromes 
among older adults and are associated with adverse clinical out-
comes. While the exact pathophysiology of these two conditions 
remains unclear, the etiology is multifactorial. Although they are 

distinct conditions, delirium and frailty share similarities and are 
significantly associated. Hospitalized older adults with frailty are 
more likely to develop delirium. Thus, the identification of high-
risk patients with frailty is critical for the proper management of 
delirium. Given the multifactorial etiology of delirium and frailty, 
the prevention and management of delirium must incorporate a 
multicomponent patient-centered approach to improve the quality 
of care among hospitalized older adults. 
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INTRODUCTION 

The accumulation of diseases and functional deficits with age has 
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resulted in the development of care models for the aging popula-
tion to address healthcare and welfare issues that may differ among 
individuals.1) Population-based longitudinal studies are corner-
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stones for studying the natural course and healthcare impact of ag-
ing-related conditions, such as frailty and sarcopenia.2,3) Studying 
these age-related conditions requires distinct features, such as the 
availability of functional measures that cover multiple facets of hu-
man health, as both baseline parameters and outcome measures. 
However, these functional parameters have been considered less 
important than disease- or organ-related factors in traditional pop-
ulation-based studies or drug development studies targeting 
chronic diseases in younger adult populations.4) 

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

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

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

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

ASPRA DESIGN AND POPULATION 

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

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

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

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

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

MEASUREMENTS AND DATA STRUCTURE 

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

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

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

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

FINDINGS AND IMPLICATIONS 

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

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

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

Procedure
YR1a) YR2 YR3 YR4 YR5 YR6b)

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

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

Social frailty questionnaire Xe) X Xe)

Physical performance (SPPB, 
grip strength)

Xf) X X X X X

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

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

Urologic symptom, female 
(OABSS, ICIQ)

Xh) X Xi)

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

Pulmonary function (PEFR, 
mMRC)

Xk) X

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

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

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

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

Assessing frailty status of individuals using these two models 
might be less feasible in a large-scale population setting, as there is 
always an issue of limited resources. Hence, there is a need for a 
simple and rapid screening tool to identify at-risk older adults, es-
pecially those in community and hospital settings. The ASPRA 
applied the Korean version of the Fatigue, Resistance, Ambulation, 
Illness, and Loss of weight (FRAIL scale) to screen for frailty. The 
simple FRAIL questionnaire was not inferior to the Kihon + 3 in-

Ann Geriatr Med Res 2021;25(3):160-169

163Findings and Perspectives of ASPRA



dex23) and was associated with geriatric syndromes and 3-year 
health-related outcomes, such as disability, institutionalization, and 
mortality.24) The results of our analysis showed that the FRAIL 
scale, a phenotype-based questionnaire, behaved similarly in gen-
eral to a deficit accumulation model-based Kihon + 3 index. Based 
on these findings, subsequent studies to identify a core aging phe-
notype underlying the broad definitions of frailty were conceptu-
alized. 

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

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

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

target aging related conditions. 

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

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

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

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

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

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

Table 2. Contents of the multicomponent intervention program46)

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

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

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

Target: all participants
Frequency: twice daily

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

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

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

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

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

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

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

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

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

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

STRENGTH AND LIMITATIONS 

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

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

CONCLUSION 

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

Epidemiology and Pathophysiology of Alzheimer’s Disease 
Alzheimer’s disease (AD) is the most common cause of dementia 
worldwide, affecting over 40 million people, primarily older 
adults.1) The pathophysiology of AD is believed to result from the 
loss of cholinergic neurons, resulting in atrophy of cholinergic nu-
clei and reduced levels of the neurotransmitter acetylcholine in the 
brain.2) Acetylcholine is involved in brain functions including at-
tention, memory, motivation, and arousal, which are often affected 
in patients with the disease. The β-amyloid protein plaques found 
in the brains of patients with AD are also thought to negatively im-
pact cholinergic synapses.3) Acetylcholine is broken down into 
acetic acid and choline by acetylcholinesterase enzymes in the syn-
aptic cleft, thereby ending signal transmission and postsynaptic re-
ceptor activation. 

Management of Alzheimer’s Disease 
There are no well established disease-modifying treatments for 
AD; thus, prevention and behavioral interventions comprise the 
bedrocks of management. There has been a focus on improving 
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cardiovascular (CV) and neural health using diet and exercise as 
preventative measures.4) Implementing a Mediterranean diet and 
performing regular aerobic exercise have been shown to help re-
duce the risk of AD and preserve function in those with the dis-
ease.5-7) Dietary elements that may modify AD progression and 
maintain brain health include polyunsaturated fatty acids, curcum-
in, magnesium, and vitamin supplementation.8) Further lifestyle 
modifications include consistently engaging in neural-stimulating 
activities, maintaining social engagement, minimizing stress, and 
optimizing sleep patterns.9) 

The current pharmacologic treatment of AD consists of cholin-
esterase inhibitors with or without memantine, an NMDA recep-
tor antagonist. Three acetylcholinesterase inhibitors are available 
for the treatment of AD: donepezil (Aricept), galantamine (Raza-
dyne), and rivastigmine (Exelon). However, these treatments are 
hypothesized to slow disease progression and improve symptoms 
and do not directly modify the underlying disease process. Atten-
tion has also been paid to anti-amyloid therapy, such as monoclo-
nal antibodies against amyloid-beta and tau-targeted therapies,10) 
but none have yet been approved for use for clinical AD except for 
aducanumab (Aduhelm) that recently approved by the Food and 
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Drug Administration (FDA) for people with mild cognitive im-
pairment or mild dementia stage of disease. 

ACETYLCHOLINE AND ACETYLCHOLINESTERASE 
INHIBITORS 

Mechanism of Action 
Acetylcholine (ACh) is a neurotransmitter involved in the coordi-
nation of neuronal firing, modulation of rhythmic activity in the 
periphery, and induction of the transmission of excitatory signals 
from muscle cells to adjacent neurons, and vice versa. A specific 
class of enzymes, called acetylcholinesterases (AChEs), breaks 
down acetylcholine to prevent excessively high levels, thus halting 
coordinated synaptic firing and reciprocal neuronal signaling to 
various circuits, neurons, and cholinergic receptors. AChE inhibi-
tors are drugs that competitively bind AChEs to prevent the degra-
dation of ACh, which increases its levels in the synaptic cleft, thus 
enhancing the duration of cholinergic signaling and modifying the 
response of targeted neuronal networks. AChE inhibitors have 
clinical application in the treatment of myasthenia gravis and 
AD.11) 

AD is hypothesized to result from the degradation of cholinergic 
neurons, which play significant roles in mediating and reinforcing 
learning and memory pathways (the so-called “cholinergic hypoth-
esis”).12) As such, results of experimental studies have demonstrat-
ed that increases in AChE inhibition are correlated with an overall 
improvement in cognitive function and in the capacity to perform 
activities of daily living in patients with AD.13,14) 

Clinical Profile 
Although no disease-modifying treatments are available for clinical 
AD, AchE inhibitors have been shown to produce modest im-
provements in cognitive function and global function scores.15-17) 
Additional analysis has also shown reduction in mortality in pa-
tients prescribed AChE inhibitors.17,18) Three AChE inhibitors 
(donepezil, galantamine, and rivastigmine) have been approved by 
the Food and Drug Administration (FDA) to slow the progression 
of cognitive decline in patients with mild-to-severe AD. 

The adverse events associated with the use of these medications 
are generally related to the overstimulation of the central and pe-
ripheral cholinergic systems, which are found throughout the 
body. The most commonly associated symptoms are nausea, vom-
iting, diarrhea, weight loss, bradycardia, and syncope.19,20) 

Cardiovascular Effects of AChE Inhibitors 
AChE inhibitors are chiefly used to target cholinergic receptors in 
the central nervous system but also affect other organs, including 

the heart. ACh mediates multiple crucial CV processes through 
cholinergic receptor stimulation. In the past decade, research has 
consistently shown that exposure to AChE inhibitors significantly 
increases ACh levels in the heart, leading to increased excitatory 
input.  

Bradycardia and syncope 
While available data on the CV effects of AChE inhibitors are 
mixed, some concerning results have been reported. For example, 
increased ACh levels can augment parasympathetic tone in the si-
noatrial (SA) node, slowing the sinus rate and various complemen-
tary CV conduction systems.21) Bradycardia, a noted adverse effect 
of AchE inhibitors that may cause or contribute to syncope, has 
also been reported, particularly when administered in excessive 
doses.22,23) The results of an administrative database study showed 
that there was a 1.4-fold increased risk of bradycardia in patients 
with dementia treated with AChE inhibitor (compared to that in 
patients not taking these medications) and that there was a 
dose-dependent increase in risk for patients on donepezil.24) A re-
cent population-based study demonstrated a two-fold increased 
risk of bradycardia in older patients (aged 67 years or older) who 
had recently started AChE inhibitor regimens.25) 

In a population-based analysis in Ontario, Canada, after con-
trolling for time to hospitalization, patients receiving AchE inhibi-
tors had increased risks of hospitalization for syncope (hazard ratio 
[HR] = 1.76), bradycardia (HR = 1.69), pacemaker insertion 
(HR = 1.49), and falls (HR = 1.18).19) Other studies also reported 
that the use of these medications was associated with increased 
risks of heart block, sinus bradycardia, and syncope.26-28) Moreover, 
dizziness and syncope occurred in 1%–10% of patients, in addition 
to bradycardia, atrial arrhythmias, myocardial infarction, angina, 
seizures (0.01%–1%), and sinoatrial and atrioventricular block 
(0.001%–1%).28) 

Patients prescribed these medications are older and vulnerable 
to age-related changes that can predispose to them orthostasis and 
syncope, including impaired thirst mechanisms, abnormal barore-
ceptor and autonomic function, and myocardial diastolic dysfunc-
tion. They may also have pre-existing CV disease, which may exac-
erbate any tendency toward bradycardia (e.g., sinus node dysfunc-
tion, heart block), or the drug could interact with concurrent med-
ications (i.e., beta-blockers, calcium channel blockers, and antiar-
rhythmic medications). Thus, there are valid concerns regarding 
the risks of adverse effects caused by the use of these agents. 

Adverse effects of donepezil 
Donepezil is a commonly prescribed AChE inhibitor with numer-
ous reports of adverse CV effects. Moreover, the package insert for 

Ann Geriatr Med Res 2021;25(3):170-177 

171Acetylcholinesterase Inhibitors Cardiac Effects



donepezil warns that: 
Because of their pharmacologic action, cholinesterase inhibitors 

may have vagotonic effects on the sinoatrial and atrioventricular 
nodes. This effect may manifest as bradycardia or heart block in 
patients both with and without underlying cardiac conduction ab-
normalities. Syncopal episodes have been reported in association 
with the use of Donepezil. 

Donepezil overdose has been shown to result in profound sinus 
bradycardia, which is reversible with atropine.23,29) In a random-
ized, open-label, real-world comparative trial, adverse effects ac-
counted for 73.1% of discontinuations of donepezil, galantamine, 
and rivastigmine.30) The adverse events listed as CV were “fast or 
slowed heart rate,” and “irregular heartbeat,” and the total CV ad-
verse effects ranged from 6.5% for galantamine to 12.2% for ri-
vastigmine. Other adverse events listed under other categories may 
have had, at least in part, an unrecognized CV contribution. Exam-
ples include fainting, dizziness, falls, and fatigue. The overall rates 
of discontinuation after the 18-week trial were 38.8% for donepez-
il, 53% for galantamine, and 58.7% for rivastigmine. These rates 
were much higher than those reported in pre-marketing clinical 
trials (5%–13% for mild-to-moderate AD).30-33) 

Other reports have noted QT prolongation and polymorphic 
ventricular tachycardia (torsades de pointes [TdP]) in patients tak-
ing donepezil for AD.34-37) Furthermore, donepezil was recently 
added to the CredibleMeds database of medications with a known 
risk of causing TdP. This is their highest level of caution and is used 
to describe “drugs [that] prolong the QT interval AND are clearly 
associated with a known risk of TdP, even when taken as recom-
mended.” Lower-level cautions in the database are characterized as 
“possible risk of TdP” and known to cause QT prolongation BUT 
currently lack evidence of TdP when taken as recommended,” 
“conditional risk of TdP (these drugs are associated with TdP BUT 
only under certain conditions such as hypokalemia, or when taken 
with interacting drugs) OR by creating conditions that facilitate or 
induce TdP (e.g. by inhibiting metabolism of a QT-prolonging 
drug or by causing an electrolyte disturbance that induces TdP).” 
The last category, “Drugs to avoid in congenital long QT syn-
drome,” includes drugs from all of the other categories and “addi-
tional drugs that do not prolong the QT interval per se, but which 
have a special risk because of their other actions.” 

The mechanism by which donepezil increases the risk of TdP 
may, in part, be due to bradycardia, which increases the frequency 
of pause-dependent onset of polymorphic VT in patients with a 
prolonged QT. Edrophonium, an anticholinesterase, also showed a 
marked ability to induce syncope during head-up tilt-testing.38) 
Notably, one study of syncope in AD patients treated with donepe-
zil found that most patients who developed syncope had pre-exist-

ing CV conditions.39) Thus, care providers (e.g., primary care pro-
viders and cardiologists) should carefully and critically evaluate 
patients on these medications before starting these agents as well 
as after a patient experiences a syncopal event. 

Beyond bradycardia and syncope, these side effects can cause 
significant risks for patients on AChE inhibitors, leading to their 
discontinuation as therapy. Previous population-based cohort 
studies have demonstrated the associations between AChE inhibi-
tors, hip fractures, and pacemaker placement.19) More serious com-
plications of syncope and falls, such as fractures or head injury, can 
lead to hospitalization, and even death, especially in frail older 
adults. 

CV benefits of AchE inhibitors 
It remains difficult to draw firm conclusions regarding the cardiac 
effects of AChE inhibitors. While some studies and reviews have 
shown adverse cardiac side effects associated with the use of AChE 
inhibitors, others appear to show beneficial cardiac effects. The 
possible mechanisms for these beneficial effects include anti-in-
flammatory actions and favorable effects on nitric oxide pathways 
and redox, mitochondrial, and calcium modulation.40-43) A recent 
study from Taiwan reported a dose-response-dependent decrease 
in CV events in patients with AD administered AChE inhibitors 
(i.e., the higher the cumulative dose the patients received, the few-
er the CV events they experienced).44) The outcomes measured 
were a composite of CV events, including coronary heart disease, 
stroke, heart failure, and CV death. This was a retrospective cohort 
study from a health and welfare database that utilized propensity 
score-matching. However, the study excluded patients with pre-ex-
isting CV disease (stroke, coronary artery disease, heart failure, or 
sudden cardiac death), thus reducing the generalizability of the re-
sults as many older adults have these conditions. The additional 
limitations that the authors specifically mentioned included bias 
by indication as well as unmeasured confounders, an important 
limitation of non-randomized studies. 

A meta-analysis and systematic review by Isik et al.40) showed 
that AChE inhibitor use was associated with a greater risk of brady-
cardia but also resulted in a lower risk of other CV events such as 
stroke and acute coronary syndromes in patients with dementia. 
As noted by the authors, the limitations of the analysis included 
the absence of randomized controlled trials, leaving open the pos-
sibility that patients on AChE inhibitors were receiving different, 
and perhaps more aggressive or effective, preventative CV care. In 
addition, they acknowledged an inability to evaluate the impact of 
other medications that the patients had also been prescribed (i.e., 
that data were not available) in most of the included studies. As 
such, it is difficult to discern whether the use of antiarrhythmics, 
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anti-hypertensives, anti-platelets, anticoagulants, and other medi-
cations or procedures may have played a role in the measured out-
comes.40) 

Other studies (included in the analysis by Isik et al.) showed im-
proved CV and all-cause mortality in patients administered done-
pezil.21,45) The Donepezil Cardiac TEst Registry (DOCTER) 
study examined the CV effects of donepezil in a 6-month prospec-
tive cohort study of 49 patients with dementia with New York 
Heart Association Functional Class I or II (asymptomatic or mild-
ly symptomatic) congestive heart failure (CHF). The researchers 
observed no adverse CV effects during the treatment course or the 
6-month follow-up period. However, they noted a reduction in 
brain natriuretic peptide (BNP, a marker for heart failure) levels in 
patients with subclinical (based on mildly elevated BNP) CHF.46) 
Other studies examining donepezil in older adult patients with AD 
showed no significant changes in electrocardiogram (ECG) pa-
rameters (heart rate, PR, QT, QTc, QRS duration) or arterial 
blood pressure relative to the controls.47) These results suggested 
that further research is needed to more fully evaluate the various 
CV effects of AChE inhibitors and identify factors that may en-
hance the risk of adverse CV events, particularly in patients with 
and without pre-existing CV disease or with multiple risk factors 
for CV disease. 

MANAGEMENT OF (POTENTIAL) SIDE EFFECTS 

Because the understanding of the development of bradycardia, 
syncope, and other adverse effects of AChE inhibitor use is incom-
plete, there are few guidelines regarding the management of pa-
tients on or being considered for placement on these agents.19) The 
suggestions for managing possible AChE inhibitor CV side effects 
include monthly pulse checks and symptom monitoring. If brady-
cardia is noted ( < 50 bpm) or if syncope or seizures are reported, 
the investigation of all possible causes is recommended before at-
tributing these signs to AChE inhibitors.28) 

While it may be tempting to simply stop the medication if a pa-
tient on one of these agents presents with syncope and/or symp-
tomatic (or asymptomatic) bradycardia to see if the symptoms re-
solve or improve, this approach should not be undertaken lightly. 
Clinicians should consider the drug dose, as a dose reduction may 
lessen side effects. Clinicians must also consider other possible eti-
ologies of the adverse effect, the impact of other concurrent medi-
cations that may contribute to the effect, and whether the patient 
appears to be responding cognitively to the AChE inhibitors. 

Many patients are on other medications as well as AChE inhibi-
tors; thus, there is the potential for harmful drug interactions be-
tween AChE inhibitors and, in particular, other CV agents that can 

reduce the heart rate. Many studies have suggested caution in pre-
scribing AChE inhibitors to patients taking such medications,28,48) 
including beta-blockers, calcium channel blockers, and digoxin, 
which are commonly used in older adult patients who have high 
rates of coronary artery disease (including those with post-myo-
cardial infarction or angina), heart failure, atrial fibrillation, or oth-
er tachyarrhythmias (supraventricular or ventricular). Antiarrhyth-
mics such as amiodarone may also affect heart rate and predispose 
patients to other arrhythmias. Thus, episodes of bradycardia and 
syncope must be carefully evaluated to determine the underlying 
cause. It is important to note that virtually all the adverse CV 
events mentioned in this article can be multifactorial and may not 
necessitate cessation of AChE inhibitor use. 

Although AChEIs are not considered disease-modifying agents, 
they provide some clinical improvements.49) At some point, the 
disease is expected to progress, and providers may elect to stop the 
medication due to concerns regarding polypharmacy and dimin-
ishing benefits. Some data suggest that patient cognitive and neu-
ropsychiatric conditions may deteriorate if these medications are 
stopped abruptly, and withdrawal-like symptoms have been re-
ported.50-52) Thus, simply stopping the agent may not be a wise op-
tion for all patients. 

If a patient may benefit from an AChE inhibitor, it may be advis-
able to consider ways to mitigate the effects of possible adverse ef-
fects instead of completely stopping them. This can be accom-
plished through interdisciplinary efforts by working with the pa-
tient’s care team (e.g., geriatricians and/or primary care physicians, 
geriatric psychiatrists, neurologists, cardiologists). When symp-
tomatic bradycardia or syncope is a concern, evaluations including 
EKGs, Holter or longer-term rhythm monitors, or other cardiac 
testing, such as exercise treadmill tests to evaluate chronotropic 
competence, may be indicated. If there is a concern for seizures, 
this should be evaluated as well. 

If, after an appropriate workup, it is ultimately determined that a 
patient is experiencing a significant (even dangerous) side effect 
that is likely to be from the AChE inhibitor or the patient has co-
morbidities that place him or her at an increased risk of adverse 
outcomes that outweigh the possible cognitive benefits, then 
AChE inhibitors should be tapered off (or not started).53) Drug 
doses should be tapered before cessation due to reports of adverse 
cognitive effects following abrupt cessation.54) 

Given the aforementioned side effects, these subtle and overt 
CV complications should be strongly considered when prescribing 
AChE inhibitors, especially in at-risk patients. Most patients using 
AChE inhibitors are older adults. The ability to increase heart rate 
decreases with increasing age, as does the incidence of conduction 
system disease, including sinus node dysfunction, which may often 

Ann Geriatr Med Res 2021;25(3):170-177 

173Acetylcholinesterase Inhibitors Cardiac Effects



be subclinical. Given the possibility of adverse, and sometimes un-
known, underlying interactions, particular caution should be taken 
when devising treatment plans for older adult patients on AChE 
inhibitors, taking into consideration the possibility of bradycardia 
and syncope, which may be induced by medication alone or in 
combination with other medications, comorbidities, or age-related 
changes. 

One suggested approach for cardiac evaluation and monitoring 
of patients on AChE inhibitors is shown in Fig. 1. Some consider-
ations should be given to a baseline ECG, heart rate monitoring, 
medication review, and rhythm monitoring if symptoms are ob-
served. This approach should be evaluated prospectively to evalu-
ate its possible benefits. 

Fig. 1. Suggested approach to the cardiac evaluation and monitoring of patients being considered for or taking an acetylcholinesterase inhibitor. 
Unless otherwise indicated, each item should be reviewed at each visit.
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CONCLUSION 

Currently, there remains a lack of a complete understanding of the 
interplay between AChE and patient factors that can predispose 
patients to adverse effects and potentially life-threatening clinical 
outcomes. Therefore, more studies are needed to clarify these 
pathways to maximize the positive effects and minimize the nega-
tive impacts of the use of these agents. The most prominent CV 
side effects of AChE inhibitors are bradycardia and syncope, which 
can result in devastating outcomes such as falls, fractures, and oth-
er trauma as well as necessitate pacemaker placement. Given the 
aging of the world’s population and the attendant increase in the 
global population of patients with AD, this is an important area for 
further research. When a patient has experienced a possible side 
effect, in consultation with the provider who prescribes the AChE 
inhibitor, the patient or their surrogate should undergo a thorough 
history and evaluation, including a medication review, rhythm 
monitoring, consideration of neurologic symptoms, lowering the 
doses of other medications that might contribute to bradycardia, 
stopping or reducing the AChE inhibitor dose, or even pacemaker 
placement. Many of these factors should be considered before the 
initiation of these medications and periodically thereafter to opti-
mize patient care and mitigate possible adverse events. 
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Prevalence of Knee Osteoarthritis and Health-Related Quality of Life in 
Stroke Patients over 60 Years Old: A Cross-Sectional Study Using Korean 
National Health and Nutrition Examination Survey V
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Background: This study investigated the prevalence of knee osteoarthritis among stroke survivors 
aged over 60 years and analyzed the association between knee osteoarthritis and health-related 
quality of life (HRQOL) in stroke survivors. Methods: We analyzed data of 287 participants who 
had experienced a stroke (stroke group) from the 2010–2012 Korean National Health and Nutri-
tion Examination Survey. Among the participants, 65 stroke survivors also had knee osteoarthritis. 
We used the European Quality of Life-5 Dimensions (EQ-5D) questionnaire to compare the dif-
ferences in HRQOL according to the presence or absence of knee osteoarthritis in the stroke 
group. Multiple regression analysis was performed to determine associated factors affecting 
HRQOL in the stroke group. Results: The prevalence of knee osteoarthritis was 21% in the stroke 
group. The EQ-5D index score was significantly lower in patients in the stroke group with knee 
osteoarthritis than in those without knee osteoarthritis (adjusted mean ±standard error [SE], 
0.680±0.011 for stroke with knee osteoarthritis and 0.817±0.003 stroke without knee osteoar-
thritis; p<0.0001). Knee osteoarthritis, age, income level, education level, smoking, diabetes, and 
cardiovascular disease significantly influenced HRQOL in the stroke group. Conclusion: The study 
results confirmed that the prevalence of knee osteoarthritis was 21% in the stroke group and 
that HRQOL was significantly lower among patients in the stroke group with knee osteoarthritis. 
These findings suggest the importance of active management of knee osteoarthritis in stroke sur-
vivors for HRQOL. 
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INTRODUCTION 

Stroke can cause physical and mental impairments and is often ac-
companied by a decline in the quality of life owing to chronic se-
quelae.1-4) According to an epidemiological report published by the 
Korean Stroke Society in 2018, one in 40 Korean adults have had a 
stroke and 232 strokes occur per 100,000 people each year.5) With 
the advancement of medical care, the mortality rate of patients 
with stroke has decreased over time,6) resulting in an increased 

number of patients living with the disease and its associated disor-
ders. 

The disabilities that result from stroke include not only neuro-
logical disorders but also decreased physical function.7,8) Musculo-
skeletal issues are reported in 29%–32% of patients affected by 
stroke.9) The decline in muscle strength and/or motor control 
function, in addition to muscle spasticity, can cause limb abnor-
malities and an irregular gait. These symptoms may result in in-
creased pain and may limit patient activities of daily living.10) 
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In particular, osteoarthritis caused by a degenerative joint disor-
der typically accompanies stroke owing to its increasing prevalence 
with age.11-13) Osteoarthritis is characterized by chronic joint pain 
and functional limitations, including gait instability; it also affects 
mental health, with increased risks of stress and depression.14) Os-
teoarthritis can also worsen the function of patients with 
stroke,15,16) negatively impacting their health-related quality of life 
(HRQOL).17) In addition, stroke survivors often have comorbidi-
ties such as hypertension, diabetes, and cardiovascular disease, 
which can also affect HRQOL.18) Decreased HRQOL is associat-
ed with depression, decreased motivation, and social withdrawal.19) 
These can also lead to the deterioration of other functions, activity, 
and mobility. Therefore, improving the HRQOL of patients with 
stroke not only improves their mental outlook but may also lead to 
functional improvements and increased social participation. 

Korea’s progression to a super-aged society and the increase in 
the number of stroke survivors have resulted in increased stroke- 
and osteoarthritis-related research.6,20) Thus, as a representative 
musculoskeletal disease that can accompany stroke, osteoarthritis 
is expected to become increasingly important. 

However, few studies have assessed the prevalence and effect of 
knee osteoarthritis on HRQOL in patients with stroke. Therefore, 
this study investigated the prevalence of knee osteoarthritis among 
stroke survivors and analyzed the association of knee osteoarthritis 
and HRQOL in stroke survivors aged over 60 years. 

MATERIALS AND METHODS 

Research Design and Participants 
This cross-sectional study analyzed raw data from the 5th Korean 
National Health and Nutrition Examination Survey (KNHANES) 
between 2010 and 2011. The 5th KNHANES documented health 
behavior, prevalence of chronic disease, dietary intake, and results 
of radiological tests such as knee and hip X-rays to evaluate osteo-
arthritis. 

Among 25,534 respondents in the 5th KNHANES, we selected 
287 for the final analysis. The inclusion criteria for the stroke group 
in this study were as follows: (1) diagnosis of stroke, (2) currently 
having stroke, or (3) currently undergoing stroke treatment, and 
(4) age ≥ 60 years (Fig. 1). This study was approved by the Insti-
tutional Review Board of Jeju National University Hospital (No. 
2020-05-001). As the present study used non-personally identifi-
able data, the requirement for participant consent was waived and 
the study was conducted according to the principles of the Decla-
ration of Helsinki and the International Council for Harmonisa-
tion-Good Clinical Practice (ICH-GCP). 

Explanatory Variables 
The knee osteoarthritis group comprised individuals who report-
ed having knee pain and knee joint Kellgren-Lawrence radiological 
grades ≥ 2. We used the European Quality of Life-5 Dimensions 
(EQ-5D) questionnaire to compare the differences in HRQOL 
according to the presence or absence of knee osteoarthritis in the 
stroke group. EQ-5D comprises five dimensions related to 
HRQOL: mobility, self-care, daily activities, pain/discomfort, and 
anxiety/depression. Each domain of EQ-5D is scored using a 
three-point scale: 1, no problems; 2, moderate problems; and 3, 
severe problems. A higher score indicates greater discomfort in 
each dimension. The EQ-5D results were then converted into the 
EQ-5D index according to the EQ-5D measurement standards 
proposed by the Korea Centers for Disease Control and Preven-
tion.21) An EQ-5D index of 1 (when all five items were 1) defined 
a perfectly healthy condition. EQ-5D indices ranged from 1 to 
−0.171, with smaller values indicating worse health conditions.22) 

The sociodemographic variables included in our analysis were 
age (years), age group (60–69, 70–79, and ≥ 80 years), sex (male, 
female), income, and education. Income was divided into quartiles 
(lower, lower-middle, upper-middle, and upper). The levels of ed-
ucation were divided into ≤ middle school or ≥ high school. We 
assessed smoking status, alcohol intake per week, and number of 
walking days as lifestyle factors. Smoking status was divided into 
currently smoking and non-smoking. Alcohol intake per week was 
divided into no drinking, ≤  1 time/week, 2–3 times a week, and 
≥ 4 times a week. The number of walking days was categorized as 
≤ 2 times/week, 3–4 times/week, and ≥ 5 times/week. We ob-
tained data on body mass index (BMI, kg/m2) and arterial blood 
pressure from health examination surveys. As obesity was consid-
ered a variable that could affect knee osteoarthritis, we defined 

The 7th Korean National Health and Nutrition Examination Survey: 2016-2018
(n=24,269)

Inclusion criteria of the stroke group (n=329)
Self reported as 

(1) diagnosed with stroke by doctor
(2) suffered from stroke, currently
(3) current treatment due to stroke

(4) age ≥60

Stroke group with osteoarthritis (n=92)
Self reported as 
(1) diagnosed with osteoarthritis
(2) current treatment due to 

osteoarthritis

Stroke group without osteoarthritis 
(n=237)

Fig. 1. Study flowchart.
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BMI values of < 25 kg/m2 as normal and ≥ 25 kg/m2 as obese. 
Hypertension was defined as a systolic blood pressure ≥ 140 
mmHg, diastolic blood pressure of ≥ 90 mmHg, or use of antihy-
pertensive agents. 

We defined the presence of diabetes as participants who re-
sponded that they had been diagnosed with diabetes, were cur-
rently experiencing diabetes, or were currently undergoing diabe-
tes treatment. We defined the presence of cardiovascular disease 
(myocardial infarction or angina pectoris) as participants who re-
sponded that they had been diagnosed with cardiovascular disease, 
were currently experiencing the disease, or were currently under-
going treatment for the disease. 

Statistical Analysis 
The sampling in the KNHANES follows a multi-stage clustered 
probability design, which is a complex sample design method to 
improve sample representativeness and estimation accuracy. 
Therefore, this study reflected the weight, strata, and cluster vari-
ables for accurate data analysis, and we performed all statistical 
analyses using the complex sample data analysis method. All miss-
ing values were reflected without omission to avoid bias in the 
variance (standard error [SE]) of the estimate. 

Chi-squared tests were performed to compare the proportions 
of categorical variables, and independent t-tests were performed to 
compare differences in continuous variables between participants 
in the stroke group with and without knee osteoarthritis. 

The prevalence of knee osteoarthritis in the stroke group was es-
timated using complex sample logistic analysis adjusted for age. 
Univariate logistic regression and age- and sex-adjusted multivari-
ate logistic regression analyses were used to identify factors signifi-
cantly related to knee osteoarthritis in the stroke group. To com-
pare the differences in HRQOL according to the presence or ab-
sence of knee osteoarthritis in the stroke group, we calculated the 
adjusted means of each dimension of the EQ-5D and EQ-5D in-
dex after adjusting for age and sex. The mean scores of each do-
main of EQ-5D between intergroups were compared using t-tests. 

To identify the significance of sociodemographic factors (sex, 
age, income, education), lifestyle factors (obesity, weekly alcohol 
intake, smoking status, number of weekly walking days), and co-
morbidities (hypertension, diabetes, cardiovascular disease) on 
HRQOL in the stroke group, a simple linear regression analysis 
was performed. Variables with p-values < 0.05 in the simple linear 
regression analysis were included in the multiple linear regression 
analysis. All data analyses were performed using Statistical Analysis 
System (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA), 
with p-values < 0.05 indicating statistical significance. 

RESULTS 

Distributions of Characteristics according to Knee Osteoarthritis 
in the Stroke Group 
Among 25,534 individuals who participated in the 5th KN-
HANES from 2010 to 2012, the stroke group included 287 indi-
viduals. Patients in the stroke group with knee osteoarthritis were 
older than those in the stroke group without knee osteoarthritis 
(73.7 vs. 70.0 years; p < 0.0001). The prevalence of knee osteoar-
thritis was significantly higher in women than in men in the stroke 
group (31.7% vs. 11.7%). The prevalence of knee osteoarthritis 
trend tended to increase with age; it was 14.9% among participants 
in their 60s, 22.1% among those in their 70s, and 38.4% among 
those aged ≥ 80 years (p for trend = 0.018). 

We observed no significant differences in income (p = 0.288), 
obesity (p = 0.350), smoking status (p = 0.103), aerobic exercise 
(p = 0.178), hypertension (p = 0.119), diabetes (p = 0.910), or car-
diovascular disease (p = 0.095) between the intergroups (Table 1). 

Age-adjusted Prevalence of Knee Osteoarthritis and its Related 
Factors in the Stroke Group 
The prevalence of knee osteoarthritis in stroke patients aged ≥ 60 
years was 21%. Even after adjusting for age, the prevalence of knee 
osteoarthritis tended to decrease with income (25.3%, 22.1%, 
16.4%, and 12.3% in the low, middle-low, middle-high, and high 
income groups, respectively) and education (24.2% in ≤ middle 
school and 5.5% in ≥ high school). The unadjusted odds ratios 
(ORs) for the association between knee osteoarthritis and each 
variable were significant for sex, age, education, and alcohol con-
sumption 2–3 times/week. After adjusting the ORs for age and 
sex, only education ( ≥ high school: adjusted OR = 0.304; 95% 
confidence interval [CI], 0.113–0.818) was a significantly related 
factor (Table 2). 

Differences in HRQOL according to Knee Osteoarthritis Status 
in the Stroke Group after Adjusting for Age and Sex 
The average score for each dimension was significantly higher  
in the knee osteoarthritis group, indicating a poor HRQOL 
(p < 0.001). The EQ-5D index was significantly lower in the knee 
osteoarthritis group (adjusted mean ± SE, 0.680 ± 0.011) than in 
the non-knee osteoarthritis group (0.817 ± 0.003) (p < 0.0001) 
(Table 3). 

Factors Affecting HRQOL in the Stroke Group 
The simple linear regression models for the EQ-5D index showed 
significant (p < 0.05) associations between the presence of knee 
osteoarthritis and sex, age, education, alcohol intake, smoking sta-

www.e-agmr.org

180 Kil-Yong Jeong and Hyun Jung Lee



Table 1. Distribution of characteristics of knee osteoarthritis in the 
stroke group

Variable
Knee osteoarthritis

p-value
No (n = 222) Yes (n = 65)

Sex 0.001
 Male 136 (88.3) 19 (11.7)
 Female 86 (68.3) 46 (31.7)
Age (y) 70.0 ± 0.5 73.7 ± 0.8 < 0.0001
Age group (y) 0.018
 60–69 110 (85.1) 23 (14.9)
 70–79 94 (77.9) 29 (22.1)
 ≥ 80 18 (61.6) 13 (38.4)
Income 0.288
 Low 64 (74.3) 22 (25.7)
 Middle-low 41 (73.5) 18 (26.5)
 Middle-high 61 (82.7) 18 (17.3)
 High 54 (86.2) 7 (13.8)
Education < 0.0001
 ≤ Middle school 147 (73.7) 59 (26.3)
 ≥ High school 73 (94.4) 6 (5.6)
Obesity 0.350
 No 35 (84.0) 7 (16.0)
 Yes 174 (77.0) 58 (23.0)
Alcohol intake per week 0.041
 No drinking 108 (73.0) 43 (27.0)
 ≤ 1 70 (85.0) 15 (15.0)
 2–3 22 (95.7) 1 (4.3)
 ≥ 4 20 (81.0) 5 (19.0)
Smoking status 0.103
 No 180 (77.2) 84 (22.8)
 Yes 39 (89.0) 8 (11.0)
Walking days per week 0.178
 ≤ 2 85 (75.6) 29 (24.4)
 3–4 37 (90.2) 5 (9.8)
 ≥ 5 97 (78.6) 30 (21.4)
Hypertension 0.119
 No 46 (87.3) 7 (12.7)
 Yes 174 (77.0) 58 (23.0)
Diabetes 0.910
 No 130 (79.8) 35 (20.2)
 Yes 63 (80.5) 19 (19.5)
Cardiovascular disease 0.095
 No 197 (77.8) 60 (22.2)
 Yes 25 (89.1) 5 (10.9)

Values are presented as number (%) or mean±standard error.

tus, number of walking days (3–4/week, p = 0.008; ≥ 5/week, 
p = 0.001), and presence of diabetes and cardiovascular disease 
(Supplementary Table S1). 

Multiple linear regression models for the EQ-5D index indicated 

that knee osteoarthritis (F = 99.59, p < 0.0001), age (F = 19.25, 
p < 0.0001), income (F = 64.34, p < 0.0001), education (F = 43.18, 
p < 0.0001), weekly alcohol intake (F = 84.31, p < 0.0001), smoking 
(F = 18.43, p < 0.0001), aerobic exercise (F = 68.91, p < 0.0001), di-
abetes (F = 8.81, p = 0.003), and cardiovascular disease (F = 6.45, 
p = 0.012) were significantly associated with HRQOL in the stroke 
group (F = 96.1, p < 0.0001) among variables with p-values < 0.05 
in the simple linear regression analysis. Among those variables, the 
presence of osteoarthritis (estimate B = –0.145; 95% CI, –0.173 to 
–0.116), age (B = –0.004; 95% CI, –0.006 to –0.002), middle-high 
income (B = –0.017; 95% CI, –0.034 to 0.000), alcohol consump-
tion 2–3 times/week of (B = –0.088; 95% CI, –0.109 to –0.067), 
walking 3–4 days/week (B = –0.066; 95% CI, –0.089 to –0.043), 
smoking (B = –0.066; 95% CI, –0.096 to -0.035), diabetes (B = –
0.029; 95% CI, –0.048 to –0.010), and cardiovascular disease 
(B = –0.023; 95% CI, –0.040 to –0.005) were associated with re-
duced EQ-5D index scores. High education level (B = 0.064; 95% 
CI, 0.045 to 0.083), middle-low income (B = 0.042; 95% CI, 0.025 
to 0.059), high income (B = 0.080; 95% CI, 0.052 to 0.108), and 
walking ≥ 5 days/week (B = 0.026; 95% CI, 0.005 to 0.047) were 
the factors positively affecting HRQOL. (Table 4). 

DISCUSSION 

This cross-sectional study aimed to identify the overall prevalence 
of knee osteoarthritis in patients with stroke aged over 60 years 
and assess factors related to HRQOL in this group. This compre-
hensive study assessed the prevalence of osteoarthritis and 
HRQOL in patients with stroke aged over 60 years. Our results 
will help improve the HRQOL and health management of the an-
ticipated increasing numbers of older adult stroke survivors. 

First, the prevalence of osteoarthritis in patients in the stroke 
group aged over 60 years was 21% and was higher in women than 
in men. Osteoarthritis in patients with stroke may be accelerated 
owing to biomechanical problems such as paralysis, spasticity, sen-
sory loss, and movement disorders.23,24) However, the comparison 
of the prevalence of knee osteoarthritis between the stroke and no-
stroke groups of patients aged over 60 years showed  no significant 
difference in our study (Supplementary Table S2). This is proba-
bly because this study included only patients aged over 60 years; 
thus, their knee osteoarthritis was likely because of aging or previ-
ous injuries. Additional research in an expanded age range of study 
subjects is needed. In addition, the prevalence of osteoarthritis was 
higher in women, those in the low-income group, and those in the 
low-educational level group. The high prevalence of osteoarthritis 
in women has been previously reported.25,26) Women are anatomi-
cally different from men, with narrower femurs, thinner patellae, 
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Table 2. Prevalence of knee osteoarthritis and its related factors in the stroke group

Variable Knee osteoarthritis (%)a) uOR (95% CI) aORb) (95% CI)
Total 21.0 - -
Sex
 Male 10.3 Reference -
 Female 30.1 3.491 (1.717–7.100) -
Age (y) - 1.103 (1.049–1.161) -
Age group (y)
 60–69 23.4 Reference -
 70–79 37.2 1.621 (0.764–3.437) -
 ≥ 80 14.9 3.574 (1.401–9.112) -
Income
 Low 24.3 Reference Reference
 Middle-low 22.4 1.046 (0.438–2.496) 0.822 (0.331–2.041)
 Middle-high 4.8 0.606 (0.278–1.321) 0.641 (0.270–1.521)
 High 5.9 0.465 (0.164–1.314) 0.463 (0.155–1.385)
Education
 ≤ Middle school 22.6 Reference Reference
 ≥ High school 8.1 0.167 (0.066–0.424) 0.304 (0.113–0.818)
Obesity
 No 20.6 Reference Reference
 Yes 19.7 1.569 (0.606–4.063) 0.946 (0.359–2.496)
Alcohol intake per week
 No drinking 21.6 Reference Reference
 ≤ 1 17.3 0.478 (0.220–1.036) 0.844 (0.372–1.914)
 2–3 6.5 0.121 (0.015–0.966) 0.276 (0.035–2.172)
 ≥ 4 22.9 0.634 (0.200–2.010) 1.192 (0.352–4.039)
Smoking status
 No 20.0 Reference Reference
 Yes 15.7 0.421 (0.145–1.226) 0.823 (0.272–2.489)
Walking days per week
 ≤ 2 19.5 Reference Reference
 3–4 10.0 0.336 (0.105–1.081) 0.482 (0.132–1.761)
 ≥ 5 22.4 0.841 (0.426–1.662) 1.295 (0.615–2.724)
Hypertension
 No 14.6 Reference Reference
 Yes 20.7 2.052 (0.816–5.165) 1.391 (0.533–3.634)
Diabetes
 No 19.2 Reference Reference
 Yes 17.0 0.960 (0.477–1.933) 0.788 (0.354–1.757)
Cardiovascular disease
 No 20.9 Reference Reference
 Yes 9.2 0.429 (0.152–1.211) 0.359 (0.119–1.076)

uOR, unadjusted odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
a)Adjusted for age, b)adjusted for age and sex.

larger quadriceps angle, and differences in the tibia condyle size. 
Moreover, differences in knee cartilage volume may play a major 
role, in addition to hormones.26-29) The higher rates of osteoarthri-
tis in the low-income and low-educated groups is consistent with 

findings of previous studies reporting a higher osteoarthritis bur-
den for individuals with poor socioeconomic status.30,31) People 
with lower socioeconomic status are more likely to perform 
knee-stressing work than office work; thus, the prevalence of os-
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Table 3. Health-related quality of life according to knee osteoarthritis status in the stroke group

Variable
Knee osteoarthritisa)

t p-valueb)

No Yes
EQ-5D index score 0.817 ± 0.003 0.680 ± 0.011 −10.83 < 0.0001
 Mobility 1.581 ± 0.029 1.915 ± 0.027 7.51 < 0.0001
 Self-care 1.305 ± 0.029 1.518 ± 0.019 5.25 < 0.0001
 Usual activities 1.487 ± 0.028 1.632 ± 0.019 3.72 0.0003
 Pain/discomfort 1.517 ± 0.028 1.923 ± 0.027 9.19 < 0.0001
 Anxiety/depression 1.272 ± 0.028 1.520 ± 0.024 5.87 < 0.0001

Values are presented as adjusted mean±standard error.
EQ-5D, European Quality of Life-5 dimension.
a)Adjusted for age and sex, b)using the chi-square test.

Table 4. Factors affecting the health-related quality of life in the stroke group

Variable
Multiple linear regression

B β SE p-value
(constant) 1.103 0.000 0.068 < 0.0001
Osteoarthritis
 No Reference - -
 Yes −0.145 −0.298 0.015 < 0.0001
Sex
 Male Reference - -
 Female −0.007 −0.017 0.011 0.555
Age −0.004 −0.124 0.001 < 0.0001
Income
 Low Reference - -
 Middle-low 0.042 0.087 0.009 < 0.0001
 Middle-high −0.017 −0.041 0.009 0.047
 High 0.080 0.166 0.014 < 0.0001
Education
 ≤ Middle school Reference - -
 ≥ High school 0.064 0.148 0.010 < 0.0001
Alcohol intake per week
 No drinking Reference - -
 ≤ 1 0.0001 0.0002 0.012 0.993
 2–3 −0.088 −0.138 0.011 < 0.0001
 ≥ 4 0.011 0.017 0.008 0.172
Smoking status
 No Reference - -
 Yes −0.066 −0.122 0.015 < 0.0001
Walking days per week
 ≤ 2 Reference - -
 3–4 −0.066 −0.124 0.015 < 0.0001
 ≥ 5 0.026 0.068 0.011 0.014
Diabetes
 No Reference - -
 Yes −0.029 −0.071 0.010 0.003
Cardiovascular disease
 No Reference - -
 Yes −0.023 −0.033 0.009 0.012

B, estimate; β, standardized estimate; SE, standard error.
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teoarthritis is higher in this population The age- and sex-adjusted 
ORs of knee osteoarthritis in this study showed that the lower the 
education level, the higher the risk of knee osteoarthritis. There-
fore, it is important to educate stroke survivors who are women or 
with low levels of education and income on proper exercise and 
lifestyle habits to prevent osteoarthritis in these populations. 

Second, we found that the presence of osteoarthritis negatively 
affected HRQOL in the stroke group. All five dimensions (mobili-
ty, self-care, usual activities, pain/discomfort, and anxiety/depres-
sion) and the EQ-5D index showed significantly worse HRQOL 
in the stroke group with knee osteoarthritis. Knee osteoarthritis in 
stroke patients was associated with an increased length of hospital-
ization and was related to the degree of patient daily activities.32) 
Gait issues in patients with stroke were significantly related to knee 
pain at rest; moreover, knee osteoarthritis is also closely related to 
functional recovery after stroke onset.33,34) Our findings indicated 
that knee osteoarthritis contributed to functional limitation and 
could worsen HRQOL in the stroke group, suggesting that rapid 
screening tests for osteoarthritis in patients with stroke and prompt 
management of knee osteoarthritis in these patients can improve 
their quality of life. 

Finally, in addition to osteoarthritis, age, middle-high income, 
low education level, smoking, alcohol intake 2–3 times/week, dia-
betes, and cardiovascular disease were negatively related to 
HRQOL in the stroke group. After a stroke, nerves are damaged 
and the muscle structure changes to fast-contractile fibers, result-
ing in a rapid decline in muscle mass. In addition, sarcopenia 
caused by aging further reduces muscle strength, limiting the activ-
ities of daily life and resulting in decreased HRQOL.35-39) In addi-
tion, social interaction decreases and psychological conditions 
such as depression worsen with age, which further adversely affects 
HRQOL.19) Among the factors examined in this study, the con-
trollable factors were smoking, alcohol intake, and walking. Al-
though there were positive and negative effects depending on the 
subgroup of each item, when combined with other studies to date, 
smoking cessation and aerobic exercise such as walking positively 
affect HRQOL.40-43) Regular physical activity improves functional 
health and energy balance; reduces the risks of cardiovascular dis-
ease, stroke, and diabetes; and is a major factor in preventing sarco-
penia.41,43) Therefore, walking and smoking cessation are expected 
to play important roles in the management of diabetes and cardio-
vascular disease, which are risk factors for HRQOL among stroke 
patients.  

This study had several limitations. First, this was a retrospective 
cross-sectional study that included a survey; thus, we could not 
identify the sequential or causal relationships between stroke and 
osteoarthritis. Second, although we conducted a secondary analy-

sis of the KNHANES data, the final analysis included 287 samples, 
which is less than the total number of stroke patients in Korea. 
Third, we did not perform detailed classifications and analyses ac-
cording to lesions as well as osteoarthritis and stroke severities. Fu-
ture research considering the severity and characteristics of stroke 
and knee osteoarthritis is needed. 

The study results confirmed that the prevalence of knee osteoar-
thritis was 21% among patients with stroke aged over 60 years and 
that HRQOL was significantly lower in the group of patients with 
stroke and knee osteoarthritis than in the group of patients with 
stroke and without knee osteoarthritis. Therefore, improving the 
quality of life of stroke survivors requires active management of 
knee osteoarthritis, including appropriate medical approaches 
such as preventive exercise, pain control, physical therapy, and re-
habilitation considered to be helpful in daily life. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/10.4235/
agmr.21.0053.
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Background: Pain is one of the most critical issues in older adults, and the place of residence 
may play an important role in pain characteristics and related factors. However, it is an under-
studied subject. This study investigated differences in pain characteristics and functional associa-
tions between nursing home residents and community-dwelling older adults. Methods: Older 
adult participants were recruited from nursing homes (n=73) and the community (n=73). Pain 
characteristics, including type, intensity, and number of pain sites, were evaluated. Other out-
come measures were functional mobility, walking speed, functional independence, physical activ-
ity, anxiety, depression, and health-related quality of life. Results: Nursing home residents experi-
enced musculoskeletal pain more frequently and had a greater number of pain sites than com-
munity-dwelling older adults (p<0.05). Walking speed and mobility were significantly lower and 
anxiety and depression were significantly higher in nursing home residents (p<0.05). While high-
er pain intensity was significantly correlated with low scores on physical measures, low 
health-related quality of life, and higher depression and anxiety symptoms in both groups 
(p<0.05), the magnitudes of the correlations were much higher in nursing home residents. The 
number of pain sites was significantly correlated with low scores on physical measures, low 
health-related quality of life, and higher depression and anxiety symptoms mainly in nursing 
home residents (p<0.05). Conclusion: Compared to community-dwelling older adults, nursing 
home residents experienced musculoskeletal pain more frequently and at more sites in the body. 
Higher pain intensity and number of pain sites were associated with worse clinical variables, 
mainly in nursing home residents. This study highlights the importance of regular pain assess-
ment, especially in nursing home care settings.  
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INTRODUCTION 

With decreased birth rates and improved life expectancy, the older 
population has increased accordingly. For multiple reasons, many 
older adults prefer staying at home to living in a nursing home. 
Therefore, determining the risk factors presented in nursing homes 

is important not only for older adults but also for their families, cli-
nicians, researchers, and policymakers. Pain is an important out-
come measure in the geriatric field because it can influence many 
aspects of physical, emotional, and social functions. For example, 
studies have shown significant associations between pain and de-
pression, anxiety, social isolation, sleep and cognitive disorders, de-
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lirium, impaired activities of daily living, increased utilization of 
healthcare services, nursing home residence, and, consequently, 
lower quality of life.1,2) 

Several individual characteristics, such as care setting, can influ-
ence the prevalence of pain; therefore, pain prevalence in older 
adults may vary according to the place of residence.1) The preva-
lence of significant pain problems is 25%–50% in communi-
ty-dwelling older adults and 45%–80% in nursing home resi-
dents.3) Pain leads to higher healthcare costs in older adults; there-
fore, improving pain management should be an important goal for 
healthcare services, especially in long-term care settings such as 
nursing homes.1) However, pain management is often inadequate 
among older adults and is a significant problem in home health-
care.2) 

The prevalence of neuropathic pain is generally considered to be 
underestimated in older adults.4) Moreover, the prevalence of neu-
ropathic pain is likely to increase soon because the population is 
ageing and the survival rates of people with diseases associated 
with neuropathic pain are increasing.4) However, studies on the in-
fluence of neuropathic pain on older adult functioning are scarce 
and have inconsistent results.5) In addition, most such studies 
mainly focused on specific conditions such as diabetic peripheral 
neuropathy and postherpetic neuralgia. Musculoskeletal pain is a 
common problem in older adults and often leads to their decreased 
functional ability and quality of life.6) Since neuropathic and mus-
culoskeletal pain have different characteristics and treatment meth-
ods, determining their prevalence and impact is essential.7) How-
ever, there is less precise information about the types of pain and 
pain-related factors among nursing homes or community-dwelling 
older adults, which is important for designing targeted prevention 
and intervention programs. Thus, the current study investigated 
the pain characteristics and associated factors in nursing home res-
idents and community-dwelling older adults. 

MATERIALS AND METHODS 

Design and Ethical Considerations 
This cross-sectional study was approved by the Ethics Review 
Board of Near East University (IRB No. 2019/65-716, date: 
22.01.2019) and performed in accordance with the ethical stan-
dards in the Declaration of Helsinki. Before study commencement, 
all participants provided written informed consent. 

Participants and Recruitment 
The convenience sampling method was used to recruit partici-
pants from four different nursing homes located in Gazimagusa 
and Lefkosa, as well as community-dwelling older adults from 

Gazimagusa and surrounding villages in Turkish Republic of 
Northern Cyprus. A researcher from the study visited these nurs-
ing homes and explained the aims and scope of the study to older 
adults during their collective activities such as breakfast and lunch. 
Individuals who volunteered to participate in the study were 
screened according to the inclusion and exclusion criteria. The 
tests and questionnaires were then administered to the eligible par-
ticipants. For the recruitment of community-dwelling people, bro-
chures about the study were distributed to local residents, and 
posters were attached to places that were likely to grab attention. 
Older adults who were interested in this study were then evaluated.

The inclusion criteria were age > 65 years, ability to walk out-
doors, and independence in activities of daily living. Participants 
who were living in their homes were classified as communi-
ty-dwelling adults, while those living in a nursing home were clas-
sified as nursing home residents. Participants with uncontrolled 
diabetes and hypertension, severe vision and hearing loss, and a 
Mini-Mental State Examination score of < 22 for educated or < 18 
for uneducated older adults were excluded.8) 

A systematic review reported the frequencies of pain in older 
people varying between 49% and 83%.9) Based on pain frequencies 
of 49% and 83% in each of the two groups, the required study sam-
ple size was calculated to be 144 for a power of 99% and 95% con-
fidence level using Open Source Epidemiologic Statistics for Pub-
lic Health (OpenEpi) version 3.01 (http://www.openepi.com). 

Measures 

Pain assessments 
Musculoskeletal pain results from the activation of nociceptors 
that innervate ligaments, small joints, muscles, and tendons, 
whereas neuropathic pain results from a lesion or dysfunction of 
the peripheral or central nervous systems.10) The painDETECT 
questionnaire can be used to distinguish between these two types 
of pain.10) The maximum and minimum possible scores of the 
painDETECT questionnaire were 38 and –1, respectively. Scores 
≤ 12 indicate a non-neuropathic component (i.e., musculoskeletal 
pain), while scores ≥ 19 indicate a neuropathic component (i.e., 
neuropathic pain).10,11) Even though the results are uncertain be-
tween these thresholds, a neuropathic pain component may be 
present.10,11) Therefore, we categorized these uncertain results as 
neuropathic pain.11) This study used the Turkish version of the 
painDETECT questionnaire, which demonstrated good psycho-
metric properties.11) The frequencies of pain in different body re-
gions were determined using the Nordic Musculoskeletal Ques-
tionnaire, which assessed the presence of pain within the last year 
and week among the nine different body parts.12,13) The Turkish 
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version of the Nordic Musculoskeletal Questionnaire is reliable 
and valid, with excellent internal consistency and moderate to al-
most perfect test-retest reliability.12) The current pain intensity was 
evaluated using a visual analog scale. 

Functional mobility and physical activity assessments 
The Timed Up and Go (TUG) test was used to assess mobility, 
static balance, and dynamic balance.14) The TUG test has good 
psychometric properties in community-dwelling older adults15) 
and frail older adults referred to a hospital.16) The participants were 
asked to sit in a chair, walk 3 m away, turn, walk back to the chair, 
and sit down. The score was recorded in seconds, with higher 
scores indicating decreased mobility. 

The 10-m walk test is a valid and reliable measure used to assess 
walking speed in older people.15,17,18) The participants were asked 
to walk at a comfortable speed, which was reported in m/s. 

Performance in activities of daily living and mobility were as-
sessed using the modified Barthel Index.19) Higher scores on the 
modified Barthel Index indicate a greater degree of independence. 

Physical activity level was assessed using the Turkish version of 
the Rapid Assessment of Physical Activity (RAPA), a self-reported 
measure.20,21) The RAPA has two subscales: RAPA-Aerobic and 
RAPA-Flexibility and Strength. However, only two participants 
from the community-dwelling group reported that they were per-
forming strength exercises; therefore, we analyzed and reported 
only the RAPA-aerobic scores.  

Anxiety, depression, and health-related quality of life 
Symptoms of anxiety and depression were assessed using the Hos-
pital Anxiety and Depression Scale (HADS), which has two sub-
scales. Higher scores indicate higher levels of anxiety and depres-
sion for each subscale.22) The internal consistency of the HADS 
was excellent in the general population aged 65–80 years,23) and its 
Turkish version is valid and reliable.24) 

Health-related quality of life was measured with the Short Form-
36 Health Survey (SF-36), which measures eight health-related 
quality of life domains.25) We reported the sum scores of the physi-
cal and mental components, with higher scores indicating higher 
levels of quality of life. The SF-36 has stronger evidence of reliabili-
ty and validity than other generic health-related quality of life in-
struments in older adults in different settings,26) and its Turkish 
version is psychometrically sound.27) 

Statistical Analysis 
Kolmogorov-Smirnov test results and histograms were used to as-
sess the data distributions, which were mostly non-normal. There-
fore, Mann-Whitney U tests were conducted to compare the dif-

ferences between the study groups (community-dwelling older 
adults vs. nursing home residents). Categorical variables were 
compared using chi-squared tests. For correlation analysis, we cal-
culated Spearman rank-order correlation coefficients, which were 
categorized as strong ( > 0.5), moderate (0.3–0.5), and weak (0.2–
0.3).28) The Holm-Bonferroni sequential correction method was 
used to correct for type 1 errors due to multiple correlations. Sta-
tistical significance was set at p < 0.05. The IBM SPSS Statistics for 
Windows, version 25.0 (IBM Corp., Armonk, NY, USA) was used 
to perform the statistical analyses. 

RESULTS 

The participants in this study included 73 community-dwelling 
residents and 73 nursing home residents. Age, sex, and body  
mass index did not differ significantly between the two groups 
(p > 0.05) (Table 1).  The frequency of musculoskeletal pain and 
the number of pain sites in the last year and week as well as the 
TUG, HADS-anxiety, and HADS-depression scores were signifi-
cantly higher in nursing home residents (p < 0.05). The modified 
Barthel Index, walking speed, and RAPA were significantly lower 
in nursing home residents (p < 0.001). We observed no significant 
differences in SF-36 scores between the two groups (p > 0.05).  
Table 1 presents the results of the comparisons of the participants’ 
pain characteristics, physical functions, anxiety, depression, and 
quality of life. 

The nursing home residents reported significantly higher fre-
quency of musculoskeletal pain in the hips/thighs, knees, and an-
kles/feet regions in the last year and week (p < 0.05) (Fig. 1). 
Moreover, they reported significantly higher frequency of neuro-
pathic pain in the last year in the upper back, lower back, knees, 
and ankles/feet regions (p < 0.05). In addition to these regions, 
they reported significantly higher frequency of neuropathic pain in 
the hips/thighs in the last week (Fig. 2). In contrast, communi-
ty-dwelling older adults reported significantly higher frequency of 
neuropathic pain in the wrist/hand region in the last year and week 
(p < 0.05) (Fig. 2). 

Regardless of the type of pain, the nursing home residents re-
ported significantly higher frequency of upper back, hips/thighs, 
knees, and ankles/feet pain in the last year and week (p < 0.05). In 
contrast, community-dwelling older adults reported significantly 
more wrist/hand pain in the last year and week (p < 0.05). Fig. 3 
shows the distribution of pain sites during the previous year and 
week. 

Table 2 presents the correlations between current pain intensity 
and the number of pain sites during the last year and week as well 
as other study measures. Current pain intensity was significantly 
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related to all study variables in community-dwelling older adults 
(p < 0.05). Current pain intensity was also significantly related to 
all study variables, except for the physical activity class (p = 0.435) 
in nursing home residents. The correlations were much stronger in 
nursing home residents. The number of pain sites in the last year 
was not significantly correlated with any study outcome measures 
in the community-dwelling older adults (p > 0.05) but was signifi-
cantly correlated with all study measures (p < 0.05) except for the 
RAPA (p > 0.05) in nursing home residents. The number of pain 
sites in the last year was significantly correlated with the TUG, 
SF-36-physical and mental components in community-dwelling 
older adults (p < 0.05) and with all study measures (p < 0.05), ex-
cept for the RAPA (p > 0.05) in the nursing home residents. 

DISCUSSION 

This study investigated pain characteristics and related factors 
among nursing home residents and community-dwelling older 
adults. We observed a significantly higher frequency of musculo-
skeletal pain in nursing home residents; however, pain intensity 
did not differ significantly between nursing home residents and 
community-dwelling older adults. In addition, nursing home resi-
dents had a greater number of pain sites than community-dwelling 
older adults. While pain intensity and the number of pain sites 
were significantly associated with physical function, independence 

level, depression, anxiety, and quality of life in both nursing home 
residents and community-dwelling older adults, these associations 
were stronger among nursing home residents. 

The frequency of pain in older people can vary according to the 
place of residence. Studies have indicated that the prevalence of 
pain ranges from 25% to 50% in community-dwelling older adults 
and from 45% to 80% in nursing home residents.3) However, all 
participants experienced pain regardless of their place of residence. 
Our results showed a significantly higher frequency of musculo-
skeletal pain in nursing home residents (67.1%) than in communi-
ty-dwelling older adults (42.5%). A large, multicenter study report-
ed a 52.5% prevalence of neuropathic pain in older people present-
ing to outpatient clinics in Turkey.29) However, a population-based 
study of 5,326 older adults reported prevalences of neuropathic 
and musculoskeletal pain of 13.7% and 30%, respectively.30) Vari-
ous factors, such as pain definitions and recall periods, can be relat-
ed to inconsistency in pain prevalence in different studies. 

In our study, regardless of the type of pain, nursing home resi-
dents reported more upper back, hips/thighs, knees, and ankles/
feet pain in the last year and week than community-dwelling older 
adults. In contrast, community-dwelling older adults reported 
more wrist/hand pain in the previous year and week. The upper 
limbs are used in many daily living activities, from performing the 
simplest tasks related to self-care, which involves the basic activities 
of daily living, to the most complex, such as instrumental activities 

Table 1. Comparisons of participant demographic and pain characteristics, physical functions, anxiety, depression, and quality of life

Variable Community-dwelling older adults (n = 73) Nursing home residents (n = 73) p-value
Age (y) 73.5 ± 6.9 75.9 ± 8.1 0.094
Sex, female 34 (46.6) 27 (37.0) 0.240
Body mass index (kg/m2) 27.44 ± 3.80 27.43 ± 4.19 0.693
Type of pain 0.003*
 Musculoskeletal 24 (32.9) 42 (57.5)
 Neuropathic 49 (67.1) 31 (42.5)
Current pain intensity (cm) 5.4 ± 1.4 5.2 ± 1.5 0.470
Number of pain sites during the last 12 months 4.1 ± 1.8 5.0 ± 1.5 0.002*
Number of pain sites during the last 7 days 3.3 ± 1.9 4.3 ± 1.5 0.001*
Walking speed (m/s) 0.9 ± 0.2 0.7 ± 0.2 < 0.001*
TUG (s) 13.3 ± 3.5 16.4 ± 5.2 < 0.001*
MBI 99.1 ± 3.6 93.1 ± 11.7 < 0.001*
RAPA 2.9 ± 0.5 1.4 ± 0.8 < 0.001*
HADS-anxiety 6.8 ± 3.8 9.3 ± 3.6 < 0.001*
HADS-depression 5.8 ± 3.8 9.1 ± 3.5 < 0.001*
SF-36 physical component 52.1 ± 21.1 50.5 ± 21.6 0.620
SF-36 mental component 57.2 ± 19.3 53.7 ± 18.1 0.243

Values are presented as mean±standard deviation or number (%).
TUG, Timed Up and Go; MBI, Modified Barthel Index; RAPA, Rapid Assessment of Physical Activity; HADS, Hospital Anxiety and Depression Scale; SF-36, 
Short Form-36.
*p<0.05.
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Fig. 1. Distribution of pain sites according to the place of residence in the last year (A) and week (B) in people with musculoskeletal pain (n=66). 
Values are presented as percent. *Statistically significant difference.

of daily living mainly related to independence in the management 
of family life, use of domestic appliances, personal or public trans-
port, and control of their medication and finance.31) In addition, 
upper limb function tends to decrease with age in older people.32) 
We speculate that since community-dwelling older adults perform 
these upper limb-related activities of daily living more often than 
nursing home residents, overuse disorders such as entrapment 
neuropathies occur more commonly in this population. This 
might explain the higher frequency of neuropathic pain and wrist/
hand region involvement in community-dwelling older adults. 
However, we did not investigate the origin of pain, although the 
frequency of neuropathic pain was usually higher in nursing home 
residents than in community-dwelling older adults. Therefore, fur-
ther research is required to confirm our results. A detailed assess-

ment of pain distribution according to the body regions identified 
in our study may help rehabilitation professionals to design pre-
ventive rehabilitation programs targeting pain in older people. In 
this process, it would be reasonable to target different body regions 
according to the place of residence. 

The number of pain sites was also a notable risk factor for physi-
cal dysfunction. For example, multiple pain sites were associated 
with fall risk in older adults.33) Moreover, the number of joint pain 
sites was associated with incident mobility disability in older 
adults34,35) and was a better predictor of disability measures than 
pain intensity and interference with activities.36) Musculoskeletal 
pain was also associated with mobility disability, walking speed, 
depressive symptoms, body mass index, and physical activity in 
community-dwelling older adults.34,35) Similarly, we found that the 
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number of pain sites was associated with low physical measure 
scores among nursing home residents. These residents had a sig-
nificantly greater number of pain sites, which were associated with 
worse physical function, depression, anxiety, and health-related 
quality of life. 

Functional limitations and depression are common complaints 
in older adults and, when accompanied by pain, may significantly 
impact daily life.37) A recent study showed that pain was signifi-
cantly associated with physical frailty, as determined by exhaustion, 
slowness, weakness, low physical activity, and weight loss, in com-
munity-dwelling older adults.38) Another study showed that pain 
was associated with functional limitations, fatigue, sleeping prob-
lems, depressed mood, and quality of life.37) However, previous re-
search was conducted on the general older population and little is 

known about the differences between nursing home residents and 
community-dwelling older adults. Our results indicated that high-
er current pain intensity was correlated with slower walking speed, 
mobility, functional independence, and quality of life in nursing 
home residents and community-dwelling older adults. Higher cur-
rent pain intensity was also correlated with higher anxiety and de-
pression in both groups, with much stronger correlations observed 
among nursing home residents. 

Previous studies have suggested that nursing home residents be-
lieved their pain to be intractable and often did not complain to 
staff.39) Our results showing the close association of pain with poor 
quality of life, physical dysfunction, and high depression and anxi-
ety in nursing home residents suggests that pain must be assessed 
regularly, even in the absence of a complaint by an older adult. In 
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this context, regular rehabilitation programs targeting pain man-
agement and prevention should be implemented in nursing home 
settings. In addition, pharmacological treatment options should be 
evaluated. Longitudinal studies are also needed to investigate the 
most effective pain treatment options and their effects on quality 
of life, physical function, depression, and anxiety in older adults, 
especially those living in nursing homes. 

Our results suggest the importance of pain assessment to guar-
antee the health of older adults by demonstrating the high preva-
lence of pain and the factors associated with pain. In addition, the 
factors associated with pain differed between nursing home resi-
dents and community-dwelling older adults. Pain assessment 
should aim to characterize the pain type and physical, emotional, 
functional, and social impairments associated with pain in older 

adults based on the place of residence. 
Our results may have clinical implications. Our finding that 

nursing home residents were significantly more affected by pain 
than community-dwelling older adults highlights the importance 
of including regular pain assessment and management programs in 
nursing home care settings, even in the absence of complaints by 
older adults. The musculoskeletal pain sites observed in this study 
might guide clinicians and researchers in planning rehabilitation 
programs targeting musculoskeletal pain. However, due to the 
cross-sectional design of our study, we cannot conclude that the 
associated factors will decrease when pain decreases. Studies inves-
tigating the effects of pain management programs on these associ-
ated factors are needed. While we observed no significant differ-
ence in pain intensity between the nursing home residents and 
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community-dwelling older adults, less pain intensity was signifi-
cantly associated with physical function, independence, anxiety, 
depression, and quality of life in nursing home residents. There-
fore, clinicians should consider the patient’s place of residence. 

Our study has several limitations. First, we did not investigate 
the origin of pain. Disease-specific pain might have different effects 
on the variables assessed in our study. Moreover, the types and se-
verity of diseases that cause musculoskeletal and neuropathic pain 
require further investigation. Second, we accepted pain in a broad 
context and did not differentiate between acute and chronic pain. 
Third, we included only older adults without significant cognitive 
impairment. However, cognitively impaired older adults tend to 
have communication problems and cannot report pain properly; 
thus, their pain is under-detected.40) Therefore, our results cannot 
be generalized to such individuals. Fourth, owing to its cross-sec-
tional design, our study can only reveal associations and cannot in-
fer causality or provide an explanatory clarification for such associ-
ations. Finally, the sample size was small and our results are prone 
to significant bias due to the convenience sampling method. 
Therefore, longitudinal studies with large sample sizes and more 
robust sampling methods are needed to draw definitive conclu-
sions. 

In conclusion, the frequency of musculoskeletal pain was signifi-
cantly higher in nursing home residents, whereas that for neuro-
pathic pain was higher in community-dwelling older adults. While 
current pain intensity was associated with walking speed, mobility, 
functional independence level, anxiety, depression, and quality of 
life in both nursing home residents and community-dwelling older 

adults, these associations were much stronger in nursing home res-
idents. A higher number of pain sites during the last year and week 
was significantly associated with lower walking speed, mobility, in-
dependence level, health-related quality of life, and more anxiety 
and depression symptoms in older adults living in nursing homes, 
while only the number of pain sites during the last week, mobility, 
and health-related quality of life in were significantly associated in 
community-dwelling older adults. The number of pain sites during 
the last year was not associated with any study variables in commu-
nity-dwelling older adults. The results of this study highlight the 
importance of including regular pain assessment in nursing home 
care settings, even in the absence of complaints by older adults. 
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Table 2. Correlations between the number of pain sites during the last year and week and other study measures

Variable

Current pain intensity Number of pain sites during the last year Number of pain sites during the last week
Community- 

dwelling older adults 
(n = 73)

Nursing home  
residents (n = 73)

Community- 
dwelling older adults 

(n = 73)

Nursing home  
residents (n = 73)

Community- 
dwelling older adults 

(n = 73)

Nursing home  
residents (n = 73)

rho p-value rho p-value rho p-value rho p-value rho p-value rho p-value
Walking speed -0.568 < 0.001* -0.720 < 0.001* -0.287 0.088 -0.607 < 0.001* -0.206 0.945 -0.573 < 0.001*
TUG 0.650 < 0.001* 0.739 < 0.001* 0.316 0.056 0.616 < 0.001* 0.339 0.018* 0.534 < 0.001*
MBI -0.324 0.016* -0.687 < 0.001* -0.062 > 0.999 -0.520 < 0.001* -0.119 0.320 -0.448 < 0.001*
RAPA -0.336 0.016* -0.093 0.435 -0.088 > 0.999 -0.140 0.237 -0.108 0.945 -0.205 0.081
HADS-anxiety 0.309 0.016* 0.646 < 0.001* 0.127 > 0.999 0.566 < 0.001* 0.259 0.135 0.376 0.003*
HADS-depres-
sion

0.292 0.016* 0.643 < 0.001* 0.039 > 0.999 0.518 < 0.001* 0.092 0.945 0.331 0.008*

SF-36 physical 
component

-0.577 < 0.001* -0.845 < 0.001* -0.299 0.077 -0.606 < 0.001* -0.479 < 0.001* -0.522 < 0.001*

SF-36 mental 
component

-0.412 < 0.001* -0.794 < 0.001* -0.238 0.220 -0.579 < 0.001* -0.373 0.007* -0.471 < 0.001*

TUG, Timed Up and Go; MBI, Modified Barthel Index; RAPA, Rapid Assessment of Physical Activity; HADS, Hospital Anxiety and Depression Scale; SF-36, 
Short Form-36.
*p<0.05, corrected by Holm-Bonferroni Sequential Correction Method.
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INTRODUCTION 

The pneumonia outbreak that started in Wuhan, China in Decem-
ber 2019 and became a global pandemic was named coronavirus 
disease 2019 (COVID-19) and was caused by the newly identified 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).1) 
As of March 5, 2021, over 110 million cases and over 2.5 million 
deaths have been reported worldwide.2)  

Many diseases cause greater morbidity and mortality in patients 
aged 65 years and older owing to the frailty, comorbidities, and 
age-related physiological changes in this population.3) Older adults 
are at serious risk for COVID-19 and also have higher mortality 
rates owing to the disease.4-6) Furthermore, older adults have expe-
rienced social and psychological effects, apart from the disease, 
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during the pandemic.7,8) 

Bibliometry is a statistical method that determines which topics 
are trending by quantitatively analyzing articles in a particular 
field.9) The results of bibliometric analyses may guide future stud-
ies by determining the quality and main research areas of existing 
publications in specific fields. Bibliometric analysis also enables re-
searchers to easily obtain information about subjects of interest 
from among numerous and increasing number of published arti-
cles. The Web of Science (WoS) is an online database comprising 
almost all relevant research articles and various bibliometric analy-
sis tools. Bibliometric analysis studies have been reported on vari-
ous fields of medicine.10,11) 

The pandemic has not yet been controlled, and older adults are 
the most affected population. Therefore, bibliometric analysis of 
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COVID-19 and older adults is important to identify related sub-
jects that require further research by determining which areas have 
been researched thus far and which have been most cited. Howev-
er, to date, there has been no bibliometric analysis of COVID-19 
in older adults. Thus, to guide future research priorities, the pres-
ent study evaluated the most relevant scientific research on 
COVID-19 and older adults, analyzed current hot topics, and 
identified the 50 most cited publications. 

MATERIALS AND METHODS 

The data used in this bibliometric citation analysis were obtained 
from the Thomson Reuters WoS Core Collection database (Phil-
adelphia, PA, USA). As the WoS database provides bibliometric 
analysis, it has been used in most previous bibliometric analysis 
studies. Therefore, we also used this database. We scanned the 
global literature on geriatric COVID-19 published between De-
cember 1, 2019 and March 17, 2021 for articles containing the 
terms “COVID-19” or “Novel Coronavirus” or “SARS-CoV-2” or 
“2019-nCoV” and “geriatrics” or “older adults” or “elderly” in the 
title, abstract, keywords, or keywords plus (additional relevant but 
overlooked keywords not listed by an article’s author or publisher 
but identified by Thomson Reuters). The corresponding author 
then reviewed the titles of all articles. We also read the abstracts of 
articles whose titles were not clear and excluded articles not relat-
ed to either COVID-19 or older adults. Missing article informa-
tion was obtained by linking to other search platforms such as 
PubMed. The examination of the titles, abstracts, keywords, or 
keywords plus of studies on older adults and geriatrics showed 
that some studies included patients aged 60 years, while others in-
cluded patients aged 65 years. We included studies that performed 
subgroup analyses of older adults. The keywords were the most 
common terms in all research fields and were selected using a 
combination of the research results from multiple search queries 
in the WoS Core Collection. We recorded article information 
such as the year of publication, journal, title, author, country, affil-
iation, keywords, document type, and citation counts, all of which 
were exported to CSV format. We defined authorship as primary 
and co-authorship. We also recorded authors’ countries and affili-
ations for each article. If more than one author of an article had 
the same country or affiliation, only one author was recorded. 
The number of citations was determined using WoS database 
analyses to identify the top 50 cited articles. From these results, 
we also recorded the journals in which the top 50 articles were 
published, article type, country of the corresponding author, pub-
lication date, and number of citations. VOSviewer (version 1.6.16, 
https://www.vosviewer.com) is a software tool for constructing 

and visualizing bibliometric networks that we used to analyze 
keyword frequency to clarify the research trends on COVID-19 
in older adults.  

Statistical Analysis  
We applied descriptive statistical methods using IBM SPSS Statis-
tics for Windows, version 20.0 (IBM Corp., Armonk, NY, USA). 
All data are reported as numbers, percentages, and bar charts in the 
tables and figures. 

RESULTS 

We identified a total of 2,728 articles. After excluding articles that 
were not relevant to “COVID-19 and older adults,” we analyzed 
784 publications on COVID-19 and older adults indexed in the 
WoS database between December 1, 2019 and March 17, 2021, 
which included 350 (49.0%) original research articles, 58 (8.1%) 
review articles, 123 (17.3%) editorial materials, and 182 (25.5%) 
letters (Fig. 1). Among them, 63 (7.6%) papers were published in 
2021 (through March 17), and the other 650 articles were pub-
lished in 2020. No papers on COVID-19 and older adults were 
published in 2019. Almost all the publications (710, 99.6%) were 
written in English (two German and one French). 

More than 1,200 institutions in 70 countries or regions have re-
ported the results of COVID-19 research in older adults. The lead-
ing countries in the literature analyzed were the United States (291 
reports, 40.8%), China (84 reports, 11.8%), Canada (62 reports, 
8.7%), England (59 reports, 8.3%), and Italy (58 reports, 8.1%). 
The most cited countries were the United States (1,578), China 
(815), England (433), Canada (432), and Italy (340) (Table 1). 
The most active organizations were Harvard University (35, 

8%

17%

26%

49%

■ Original article

■ Letter

■ Editorial material

■ Review

Fig. 1. Document types of publications on coronavirus disease 2019 
(COVID-19) and older adults.
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4.9%), US Veterans Health Administration (34, 4.8%), and Uni-
versity of California System (26, 4.6%), while the most cited orga-
nizations were Harvard University (245), University of London 
(237), and University of California (202) (Table 1). 

The Journal of the American Geriatric Society had the highest 
number of publications (178, 22.7%), followed by the Journal of 
Gerontological Social Work (61, 7.8%) and The American Journal of 
Geriatric Psychiatry (57, 7.3%). The most cited journals were The 
Journal of the American Geriatric Society (947), American Journal of 
Geriatric Psychiatry (283), and Journal of Nutrition, Health and Ag-
ing (271) (Table 2). 

The most highly researched areas were geriatrics-gerontology 
(599, 84.0%), psychiatry (143, 20.0%), and social work (58, 
8.1%). The most cited research areas were geriatrics-gerontology 
(2,882), psychiatry (670), and nutrition dietetics (395) (Fig. 2). 
The most cited author was Joseph G. Ouslander from Florida At-
lantic University/Charles E. Schmidt College of Medicine, with 10 
articles and 159 citations (Table 2). 

Keywords that were provided by the authors and that occurred 
more than five times in the WoS core database were enrolled in the 
final analysis. Among the 1,028 keywords, 49 met this threshold. 
The most common keywords were “COVID-19” (total link 

strength 231) and “older adults” (total link strength 102), which 
were strongly linked to “social isolation,” “dementia,” “mortality,” 
and “loneliness” (Fig. 3). 

In addition to the analysis of 784 publications on COVID-19 
and older adults, the top 50 most cited publications are listed in 
Supplementary Table S1. These 50 articles had a median of 46.8 
citations (range, 18–312 citations). 

DISCUSSION 

This is the first bibliometric study to summarize the most relevant 
evidence on COVID-19 in older adults. Evidence is quickly accu-
mulating because this is a vulnerable population with worse out-
comes. The COVID-19 pandemic has affected the entire world in 
a short time. While vaccination is becoming widespread, some 
countries still cannot obtain the vaccine.12) Although the efficiency 
of existing vaccines is expected to be high, confirmatory data are 
lacking.13) Moreover, as shown in this bibliometric analysis, few 
studies have focused on vaccination in older adults. It is unclear 
whether these findings will remain consistent by the time the pan-
demic ends. Thus, it is essential to support older adults and protect 
them from both COVID-19 and pandemic-related social and psy-

Table 1. The most active countries and organizations associated to publications on COVID-19 and older adults

Number of publications Number of citations
Top 10 countries
 USA 291 (40.8) 1,578
 China 84 (11.8) 815
 Canada 62 (8.7) 432
 England 59 (8.3) 433
 Italy 58 (8.1) 340
 France 38 (5.3) 173
 Spain 37 (5.1) 86
 Japan 27 (3.8) 98
 Australia 19 (2.7) 137
 Netherlands 17 (2.4) 93
Top 10 organizations
 Harvard University 35 (4.9) 245
 US Veterans Health Administration 34 (4.8) 103
 University of California System 26 (4.6) 202
 University of London 26 (4.6) 237
 Geriatric Research Education Clinical Center 24 (3.4) 102
 Institut National de la Sante et de la Recherche Medicale 22 (3.1) 49
 University of Toronto 20 (2.8) 196
 Pennsylvania Commonwealth System of Higher Education 14 (2.0) 145
 State University System of Florida 14 (2.0) 174
 University of Michigan 14 (2.0) 133
Values are presented as number (%).
COVID-19, coronavirus disease 2019.
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chological problems. Knowledge of existing publications on older 
patients and COVID-19 may help researchers better understand 
issues that require further research.  

The results of the current study showed that the United States 
had the highest number of publications on COVID-19 and older 
adults. This finding could be related to several factors such as its 
large population, its status as one of the countries most affected by 
the pandemic, its significant resources for medical research, and its 
well-developed and reliable data management systems. The Journal 
of the American Geriatric Society, one of the journals with a high im-
pact factor, had the highest number of publications and citations 
on COVID-19 and older adults. 

Most publications were in the fields of geriatrics-gerontology 
and psychiatry. Although there have been few studies on nutrition, 
it was the third most cited topic after geriatrics-gerontology and 
psychiatry. This result suggests that this topic is of interest, and fur-
ther research is needed. 

Among the top 50 cited publications of COVID-19 in older 
adults, the most cited articles were reviews. Seven articles were 
based on long-term care. Among these publications, Italy was the 
non-English-speaking and European country with the highest 
number of articles. 

The results of the current study showed that “COVID-19” and 
“older adults,” the two most prevalent keywords, were strongly 
linked to “social isolation,” “dementia,” “mortality,” and “loneliness.” 
These keywords were strongly linked likely because the disease 
mortality was the highest in older adults whose mental health is af-
fected by restrictions and social isolation. 

The most cited article was “Clinical features of COVID-19 in el-
derly patients: a comparison with young and middle-aged patients” 
published in The Journal of Infection. This article focused on factors 
associated with COVID-19 severity and mortality in older adults, 
such as the presence of malignancy, and also demonstrated higher 
COVID-19 mortality and severity in older adults compared to 
younger people.14) Moreover, the 784 publications included in the 
present study mostly investigated factors affecting mortality in old-
er adults and suggested the need for future research based on these 
factors (such as the presence of malignancy, symptoms of dyspnea, 
high neutrophil-to-lymphocyte ratio, C reactive protein level, 
lymphopenia, and basic biological mechanisms of aging).15-18) The 
hotspots of future research on this subject may be prospective stud-
ies on reducing COVID-19 mortality in older adults. 

The second most cited article, “Mental health services for older 
adults in China during the COVID-19 outbreak,” published in The 

Table 2. The most active journals and authors of publications on COVID-19 and older adults

Number of publications Count of citations
Top 10 journals
 Journal of the American Geriatrics Society 178 (22.7) 947
 Journal of Gerontological Social Work 61 (7.8) 87
 American Journal of Geriatric Psychiatry 57 (7.3) 283
 International Psychogeriatrics 48 (6.1) 161
 Aging-US 43 (5.5) 174
 Journal of Nutrition Health Aging 43 (5.5) 271
 Age and Ageing 36 (4.6) 210
 Frontiers in Psychiatry 35 (4.5) 26
 Journal of Aging Social Policy 33 (4.2) 191
 Geriatrics Gerontology International 31 (4.0) 65
Top 10 authors
 Ouslander, Joseph G. 10 (4 first author) 159
 Annweiler, Cedric 7 (1 first author) 30
 Arai, Hidenori 7 (0 first author) 48
 Cesari, Matteo 7 (1 first author) 40
 Rolland, Yves 6 (2 first author) 16
 Lapid, Maria I. 5 (2 first author) 13
 Morley, John E. 5 (3 first author) 99
 Reynolds, Charles F. 5 (3 first author) 36
 Rosen, Tony 5 (3 first author) 33
 Sacco, Guillaume 5 (2 first author) 15
Values are presented as number (%).
COVID-19, coronavirus disease 2019.
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Lancet Psychiatry, emphasized the effects of the pandemic on men-
tal health in older adults with increased depression. Along with in-
creased depression, the study also reported decreased cognitive 
functions and consequently daily functionality. Therefore, there is 
a need for psychological services for older adults.19) Retrospective 
studies reported increased suicide rates among older adults during 
the past SARS outbreak.20) This situation highlights the impor-
tance of examining the impact of COVID-19 on mental health in 
older adults and finding solutions to prevent the pandemic from 
adversely affecting their mental health. Based on this identified 
need, The American Journal of Geriatric Psychiatry proposed to act 
as a forum for research on COVID-19 and mental health in older 
adults.21) One study, which was among the 50 most cited articles, 
reported risk factors that may increase suicide and proposed solu-
tions for prevention in older adults during COVID-19.22) Future 
studies may include the implementation and results of these pro-
posed solutions to protect mental health in older adults. 

Dementia was strongly linked to the most prevalent keywords. A 
study examining the effect of the COVID-19 pandemic on Alzhei-
mer’s dementia (AD) reported that COVID-19 increases mortali-
ty and morbidity in patients with AD and may have affected AD 

diagnosis and clinical management,23) emphasizing that the clinical 
presentation of COVID-19 may be atypical in dementia patients 
and demonstrating that identifying symptoms in these patients 
may be challenging owing to cognitive dysfunction, resulting in 
potential delays in diagnosis and hospitalization.24) Thus, many 
studies have been conducted on dementia and COVID-19, and 
there is a need for additional studies that provide recommenda-
tions and practices to allow close follow-up of patients with de-
mentia.  

Loneliness has become an increasing problem for older adults in 
recent years. Several group interventions have been described to 
help alleviate loneliness in older adults. Among these, “Circle of 
Friends” is an evidence-based intervention that has proven to be ef-
fective and sustainable for the socialization of older adults and has 
been adapted to telehealth during the pandemic.25) Additional 
studies are needed to develop telehealth and online group inter-
ventions to help lonely and isolated older adults to connect. 
Among the 50 most cited articles, some included loneliness in old-
er adults owing to social isolation and the importance of support-
ing older adults on these issues. Among these, some studies also 
proposed solutions, including staying connected with relatives; ex-
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Fig. 3. Bibliometric analysis of the keywords in publications on coronavirus disease 2019 (COVID-19) and older adults.

ercising; practicing telehealth; and using digital resources, online 
tools, and social media.26,27) The current data highlight the need to 
develop projects focusing on psychological services to support 
older adults during the pandemic. Furthermore, as technology ad-
vances, the importance of telemedicine has increased, which has 
been made obvious in the medical literature. It is essential to pro-
vide this service to older adults who cannot visit the hospital ow-
ing to the pandemic. As long as the pandemic continues, the need 
for research on telemedicine is likely to increase. Therefore, this 
may be an important future research topic. 

The current study had strengths and limitations. The strengths 
of the study are that it provided quick access to the core of evi-
dence around a topic and identified articles focused on older 
adults. One of the limitations was that it searched only one data-
base (WoS Core Collection database); thus, it did not collect all 
available evidence. In addition, we did not analyze co-authorship 
and the relationships between publications and research groups. 
With changes in results over time and additional publications, fu-
ture analyses could re-evaluate these findings at the end of the pan-
demic. 

In conclusion, the results of the present bibliometric analysis re-
vealed that most research has evaluated mortality, social isolation, 
dementia, and loneliness in COVID-19 and older adults. Most 
studies have been conducted to reveal these problems. Future hot 
research topics may include social and psychological support, vac-
cination, nutrition, and telemedicine, all of which could be the 
means to address the problems identified. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/10.4235/
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Background: Resilience refers to the ability to recover function after encounter with stressors. 
While psychological resilience refers to the ability to cope with psychological stress, physical re-
silience refers to functional restoration after biomedical challenges. However, there is no gold 
standard to assess physical resilience. Accordingly, we explored whether the perceived recovery 
time from common cold could be used to represent physical resilience. Methods: We analyzed 
data of individuals aged 72–86 years who had participated in the Korean Frailty and Aging Co-
hort Study in 2019. Among the 1,455 survey participants, 594 with asthma and chronic obstruc-
tive pulmonary disease and missing data were excluded. The remaining 861 participants were di-
vided into three groups according to the number of days required for recovery from common cold 
(Group 1, 1–4 days; Group 2, 5–7 days; and Group 3, ≥8 days). The relationship between recovery 
time and psychological resilience scale (Brief Resilience Scale [BRS]) score, physical frailty (Fried’s 
physical frailty phenotype and the Korean Frailty Index for Primary Care [KFI-PC]), and frailty 
outcome was investigated. Results: Group 3 comprised individuals more likely to be women, 
sleep less, be less physically less active, fall more often, and have a low EuroQol visual analogue 
scale score. BRS scores differed significantly among the three groups (Group 1, 13.29; Group 2, 
14.32; Group 3, 15.22; p<0.001). In multivariate analysis, post-hoc analysis with the Bonferroni 
method revealed significant differences in BRS between Groups 1–2 and Groups 1–3. However, 
the KFI-PC and number of falls did not differ significantly. Conclusions: Longer days of recovery 
from cold were associated with worse BRS scores. However, neither frailty nor the number of falls 
was related. 
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INTRODUCTION 

Frailty is defined as a significant decline in the functional reserve of 
multiple organ systems and the resultant extreme vulnerability of 
an individual to endogenous and exogenous stressors (such as in-
fection, injury, surgery, or some medicines), leading to a higher risk 
of accelerated functional decline and adverse health-related out-
comes.1) The adverse health-related outcomes caused by frailty in-

clude falls, delirium, immobility, or disability, and, consequently, 
hospitalizations, institutionalization, or mortality.1) 

Over the past decade, resilience has increasingly become a focus 
of research in the behavioral and medical sciences. Frail older 
adults have a preexisting vulnerability to stressors, often resulting 
in poor outcomes. However, some people recover rapidly from 
stressors without such outcomes. These individuals are catego-
rized as resilient. Resilience has been defined in various ways, in-
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cluding the ability to rapidly recover from various stressors.2) The 
factors that promote resilience, including physical health, a sense of 
self, social belonging, self-belief, and altruism, overlap with those 
that reduce frailty.3) Therefore, an understanding of resilience may 
help in the study of frailty. Furthermore, a deeper understanding of 
why some individuals maintain or regain function following stress-
ors, while others do not, may help identify protective factors and 
strategies to promote lasting health.4) 

There are two types of resilience. The first is “psychological re-
silience,” which refers to a person’s ability to adapt well in the face 
of adversity, trauma, tragedy, threats, or significant sources of stress. 
The second is “physical resilience,” which focuses on the mainte-
nance or recovery of functions after biomedical or pathological 
challenges. Physical resilience is presumed to reflect adaptive phys-
iological responses at the level of organs, cells, and molecules of the 
musculoskeletal, neurological, and immunological systems that 
support homeostasis under changing conditions.5) 

Psychological resilience is measured with well-organized stan-
dard assessments such as the Brief Resilience Scale (BRS).6) How-
ever, there is no gold standard test for measuring physical resil-
ience. 

We hypothesized that the time needed to recover from a com-
mon cold could be an indicator of physical resilience, as the immu-
nologic response is one component of physical resilience.5) A pre-
vious study showed that self-reported health was related to the du-
ration of common cold.7) Therefore, we investigated whether the 
day(s) required for recovery from common cold could represent 
physical resilience by comparing this number with BRS scores, 
physical frailty, and health variables to ensure validity. 

MATERIALS AND METHODS 

Participants 
The Korean Frailty and Aging Cohort Study (KFACS) is a multi-
center longitudinal study with a baseline survey conducted from 
2016 to 2017 in Korea with follow-ups every 2 years. The inclu-
sion criteria of the KFACS were age 70–84 years, currently living 
in the community, no plans to move out in the next 2 years, and no 
problems with communication and no prior dementia diagnosis.8) 
In 2018, 1,455 participants aged 72–86 years who were included 
in the study in 2017 were asked to complete a questionnaire on the 
time required to recover from a common cold. Patients with asth-
ma and chronic obstructive pulmonary disease (n = 145) were ex-
cluded from the analysis because they may not be able to differen-
tiate common cold from their disease.9) Participants who an-
swered, “have never caught a cold” (n = 320) were also excluded. 
Finally, those who did not answer the entire questionnaire were 

also excluded (Fig. 1).  

Measures  

Perceived days to recover from common cold 
We asked the following question: “If you have a common cold, 
how many days does it usually take for recovery?” (Based on the 
start date of the cold). 

Brief Resilience Scale 
We used the Korean version of the BRS to assess psychological re-
silience.10) The six items of the BRS are (1) I tend to bounce back 
quickly after hard times, (2) I have a hard time making it through 
stressful events (R), (3) It does not take me long to recover from a 
stressful event, (4) It is hard for me to bounce back when some-
thing bad happens (R), (5) I usually come through difficult times 
with little trouble, and (6) I tend to take a long time to get over set-
backs in my life (R). “R” refers to the reverse coding applied to 
items 2, 4, and 6. The following instructions were used to adminis-
ter the scale: “Please indicate the extent to which you agree with 
each of the following statements using the following scale: 1 =  
strongly agree, 2 =  agree, 3 =  neutral, 4 =  disagree, and 5 =  
strongly disagree.” We summed these scores, with higher scores in-
dicating worse psychological resilience.2) 

Frailty and frailty outcome 
Frailty: We defined frailty using Fried’s physical frailty pheno-
type11) and the Korean Frailty Index for Primary Care (KFI-PC). 
The KFI-PC comprehensively evaluates many aspects of physical, 
social, and emotional health.12) 

Frailty outcomes: The frailty outcomes included the number of 
hospitalizations and falls over the past year, along with instrumen-
tal activities of daily living (IADL) disability. IADL disability was 

n = 1,455
KFACS 2019

n = 299
5-7 days

n = 227
≥8 days

n = 335
1-4 days

n = 861
Eligible for study 

enrollment

n = 594
Excluded
- Asthma, COPD: 145
-  "Did not catch a 

cold": 320
-  No answers to 

questionnaires and 
health variable items

Fig. 1. Study flowchart. KFACS, Korean Frailty and Aging Cohort 
Study; COPD, chronic obstruction pulmonary disease.
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defined as the need for assistance in one or more of the 10 items. 
The answer “I do not know” was treated as a missing value. 

Ethical Approval 
The study protocol was approved by the Institutional Review 
Board of Kyung Hee University Hospital (No. 2021-03-060) and 
complied with the ethical rules for human experimentation in the 
Declaration of Helsinki. Informed consent was obtained from all 
participants or their proxy. 

Statistical Analysis 
We used the analysis of variance and chi-square test for continuous 
and categorical variables, respectively. Analysis of covariance (AN-
COVA) was used to control for confounding variables. 

RESULTS 

The participants were divided into three groups according to the 
numbers of perceived days required for recovery from common 
cold (Group 1, 1–4 days; Group 2, 5–7 days; Group 3, ≥ 8 days) 
(Table 1). The mean ages of the three groups did not differ signifi-
cantly, and the mean age of all subjects was approximately 78 years. 
Participants in Group 3 ( ≥ 8 days for recovery) were more likely to 
be women (60.8%, p = 0.004), sleep less, less physically active, fall 

more, and have a low EuroQol visual analogue scale (EQ-VAS) 
score. The BRS scores differed significantly among the three groups 
(Group 1, 13.29; Group 2, 14.32; Group 3, 15.22; p < 0.001). The 
KFI-PC was higher in Group 3 than in other groups (Group 1, 0.15; 
Group 2, 0.16; Group 3, 0.17; p = 0.034). 

Tables 2–4 show the results of ANCOVA. Model 1 was adjusted 
for sex, Model 2 was further adjusted for sleep time, Model 3 was 
additionally adjusted for IPAQ, and Model 4 was additionally ad-
justed for EQ-VAS scores. Table 2 shows the differences in BRS 
scores among the three groups. Even after adjusting for the afore-
mentioned factors, the difference between the three groups was 
significant in Model 4 (Group 1, 13.55; Group 2, 14.32; Group 3, 
14.84; p < 0.001). Table 3 presents the relationships with the num-
ber of falls and shows no significant results. Table 4 shows the re-
sults for KFI-PC, in which we observed no significant differences. 

The Bonferroni method was used for post-hoc analysis in Tables 
2–4. In Table 2, which was related to the BRS score, the differences 
between Groups 1 and 2 in Models 1, 2, and 3 were significant. 
The difference between Groups 1 and 3 was also significant after 
adjusting for all confounding factors. In Table 3, which represented 
the number of falls, we observed a significant difference between 
the groups only for Model 1. We observed no significant difference 
in KFI-PC. 

Table 1. Participant characteristics

Characteristic
Perceived days required to recover from common cold

p-value
1–4 (n = 335) 5–7 (n = 299) ≥ 8 (n = 227)

Age (y) 77.9 ± 4.0 77.9 ± 3.7 77.5 ± 3.5 0.469
Sex, female 158 (47.2) 146 (48.8) 138 (60.8) 0.004
Income per month ( < 2,000,000 Korean won) 217 (64.8) 171 (57.2) 148 (65.2) 0.082
Education (y) 9.7 ± 4.8 9.8 ± 6.9 8.9 ± 7.4 0.190
EQ-VAS score 77.1 ± 15.9 75.1 ± 16.6 72.6 ± 17.9 0.008
Sleep at night (hr) 6.4 ± 1.5 6.3 ± 1.4 6.0 ± 1.4 0.004
MNA, malnutrition risk (score < 12) 52 (15.5) 52 (17.4) 43 (18.9) 0.562
IPAQ (cal/wk) 3,648.3 ± 3,959.6 3,670.0 ± 3,977.6 2,906.9 ± 2,737.7 0.031
Number of chronic diseases 2.0 ± 1.4 1.9 ± 1.4 2.2 ± 1.4 0.134
Number of medications 3.9 ± 2.9 4.1 ± 3.2 4.3 ± 3.2 0.215
Number of hospital admissions in the last year 0.2 ± 0.6 0.2 ± 0.5 0.2 ± 0.4 0.301
Number of falls in the last year 0.3 ± 0.7 0.5 ± 1.9 0.5 ± 1.1 0.041
IADL disability 13 (3.9) 12 (4.0) 11 (4.9) 0.841
Brief Resilience Scale score 13.3 ± 4.3 14.3 ± 4.7 15.2 ± 5.2 < 0.001
Physical frailty 0 (0) 14 (4.7) 15 (6.6) 0.599
KFI-PC score 0.15 ± 0.07 0.16 ± 0.08 0.17 ± 0.08 0.034

Values are presented as mean±standard deviation or number (%).
EQ-VAS, EuroQol visual analogue scale; MNA, Mini Nutritional Assessment; IPAQ, International Physical Activity Questionnaire; IADL, instrumental activi-
ties of daily living; KFI-PC, Korean Frailty Index for Primary Care.
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DISCUSSION 

The results of this study showed the association between increased 
days of recovery from a common cold and lower psychological re-
silience (BRS score), lower quality of life (EQ-VAS score), and 
lower physical activity level (IPAQ score). However, we observed 
no association between recovery days and frailty index and frailty 
outcomes, such as the number of falls. 

It may be not surprising that the number of perceived days re-
quired for recovery from a cold was not related to frailty, as frailty 
refers to a “functionally declined and stressor-vulnerable state,” 

while physical resilience refers to the ability to recover from stress-
ors. Moreover, several factors influence physical resilience, includ-
ing both emotional and social as well as physical factors.13) Previ-
ous studies have shown that an individual’s degree of frailty and re-
silience are not simply opposite concepts.5) Although there is a 
conceptual overlap between frailty and resilience, frail individuals 
tend to have a lower resilience and resilience is a continuous spec-
trum that can change throughout life. In contrast, frailty often 
evolves near the end of life and manifests in only a small propor-
tion of older adults.5) The lack of association between recovery 
days from cold and frailty outcomes such as the number of falls 

Table 2. Brief Resilience Scale scores according to the number of days required to recover from common cold

Perceived days required to recover from common cold
p-value

1–4 (n = 335) 5–7 (n = 299) ≥ 8 (n = 227)
Model 1 13.33 ± 0.25 14.35 ± 0.27* 15.13 ± 0.31* < 0.001
Model 2 13.40 ± 0.25 14.34 ± 0.27* 15.04 ± 0.31* < 0.001
Model 3 13.40 ± 0.25 14.35 ± 0.27* 15.03 ± 0.31* < 0.001
Model 4 13.55 ± 0.24 14.32 ± 0.25 14.84 ± 0.29* < 0.001

Values are presented as mean±standard error.
Model 1, adjusted for sex; Model 2, Model 1 + sleep time at night; Model 3, Model 2 + International Physical Activity Questionnaire score; Model 4, Model 3 + 
EuroQol visual analogue scale score.
Each model was analyzed using an analysis of covariance model and post-hoc Bonferroni correction tests.
*p<0.05, significant difference compared with the “4 days or less” group.

Table 3. Falls in the past year according to the number of days required to recover from common cold

Perceived days required to recover from common cold
p-value

1–4 (n = 335) 5–7 (n = 299) ≥ 8 (n = 227)
Model 1 0.28 ± 0.07 0.53 ± 0.08* 0.43 ± 0.09* 0.049
Model 2 0.29 ± 0.07 0.53 ± 0.08 0.42 ± 0.09 0.069
Model 3 0.29 ± 0.07 0.53 ± 0.08 0.43 ± 0.09 0.069
Model 4 0.31 ± 0.07 0.53 ± 0.08 0.40 ± 0.09 0.108

Values are presented as mean±standard error.
Model 1, adjusted for sex; Model 2, Model 1 + sleep time at night; Model 3, Model 2 + International Physical Activity Questionnaire score; Model 4, Model 3 + 
EuroQol visual analogue scale score.
Each model was analyzed using an analysis of covariance model and post-hoc Bonferroni correction tests.
*p<0.05, significant difference compared with the “4 days or less” group.

Table 4. KFI-PC according the number of days required to recover from common cold

Perceived days required to recover from common cold
p-value

1–4 (n = 335) 5–7 (n = 299) ≥ 8 (n = 227)
Model 1 0.155 ± 0.004 0.163 ± 0.004 0.167 ± 0.005 0.187
Model 2 0.156 ± 0.004 0.163 ± 0.004 0.166 ± 0.005 0.231
Model 3 0.156 ± 0.004 0.163 ± 0.004 0.165 ± 0.005 0.318
Model 4 0.159 ± 0.004 0.163 ± 0.004 0.161 ± 0.005 0.777

Values are presented as mean±standard error.
KFI-PC, Korean Frailty Index for Primary Care; Model 1, adjusted for sex; Model 2, Model 1 + sleep time at night; Model 3, Model 2 + International Physical 
Activity Questionnaire score; Model 4, Model 3 + EuroQol visual analogue scale score.
Each model was analyzed using an analysis of covariance model and post-hoc Bonferroni correction tests.
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may be owing to the cross-sectional study design. Thus, longitudi-
nal studies are needed. 

Resilience is a dynamic construct that can be ascertained 
through dynamic stimulation tests. As an alternative approach in 
an observational study, comparing two measurements—one be-
fore and one directly after the stressor—with an outcome is need-
ed.14) We could not present either way in this study, which can be a 
limitation of this study. Nonetheless, infection is known to be one 
of the stressors used to evaluate physical resilience, and recovery 
trajectories after a recent disease (e.g., influenza) is suggested to be 
one of the best available assessments of resilience.14) In a similar 
approach, we surveyed the recovery time from common cold, and 
we believe that it could be an indirect marker for physical resil-
ience, at least with respect to immunity. Dynamic resilience mea-
surements (trajectories, stimulus-response tests) are not yet suffi-
ciently robust, but recovery trajectories after a recent disease (e.g., 
influenza, cardiac decompensation, or chronic obstructive pulmo-
nary disease exacerbation) may be one of the best available exam-
ples of resilience assessment.14) However, the common cold is a 
milder disease than influenza, and therefore, the plausibility of re-
covery from common cold as a physical resilience marker needs to 
be studied further. 

This study has some limitations. First, we retrospectively gath-
ered information about recovery from cold; thus, participant recall 
errors were possible. However, individuals frequently catch the 
common cold, and self-awareness of days required to recover from 
a cold is a part of everyday culture. Adults are estimated to experi-
ence 2–5 cold events per year; thus, adults aged > 25 years will 
have experienced over 100 episodes of common cold during their 
lives, making the common cold a familiar part of life.15) In ideal cir-
cumstances, a clinical examination would also have been conduct-
ed; however, a more reasonable approach is the use of self-diagno-
sis in clinical research studies of common cold because of the fa-
miliarity of the subjects with common cold and the lack of a bio-
logical definition for common cold.15) Therefore, data on the sub-
jective days required for recovery from a cold are expected to be 
precise. Second, this study gathered information about colds using 
a self-report questionnaire; therefore, the answers regarding expe-
riences with common cold might have referred to an illness other 
than it.16) However, the self-report format is often used in research 
because people are generally familiar with colds.7) Furthermore, 
the Food and Drug Administration encourages the use of pa-
tient-reported surveys that come directly from the patient because 
they are not biased by interpretations of physicians or others.17) 
Third, the perceived time required to recover from common cold 
may be influenced by subjective health and mood. For instance, re-
spondents with lower EQ-VAS scores recalled more days to recov-

er from the cold, which could be a recall bias. However, the EQ-
VAS score was adjusted in these multivariate analyses and the pos-
sibility of recall bias was low. We also analyzed its association with 
the BRS score while considering the EQ-VAS score for subjective 
health in the ANCOVA. However, the ANCOVA did not include 
mood or depression, which may have led to recall bias. Fourth, 
while the BRS has been validated for Korean college students,10) it 
has not yet been validated for Korean older adults. Fifth, although 
we showed an association between days required for recovery from 
a cold and the psychological resilience scale score, quality of life 
score, and physical activity level, these relationships may not be 
enough evidence to represent physical resilience. 

Almost all older adults experience common colds; thus, this 
common stressor may be useful for evaluating physical resilience. 
Moreover, patient-reported surveys of common colds are reliable. 
Therefore, our finding of the association between the average 
number of days required for recovery from common cold and psy-
chological resilience supports its potential as a marker of physical 
resilience. 

In conclusion, the average number of days required for recovery 
from common cold was strongly associated with psychological re-
silience. The number of days required to recover from common 
cold may be an indirect marker for physical resilience, at least with 
respect to immunity, as it may represent the recovery capacity after 
a stressor such as a viral infection. Although the recovery days were 
not related to the frailty index or number of falls in this cross-sec-
tional study, a longitudinal study is needed to measure health out-
comes immediately before and after encounter with a stressor. 
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Background: While sarcopenia and frailty independently contribute to functional impairment 
and disability, the combined impact resulting from their interplay is unclear. We investigated if 
functional, physical, cognitive, and nutritional measures were more adversely affected in com-
munity-dwelling older adults who were screened positive for both frailty and sarcopenia. Meth-
ods: Using the FRAIL (≥1) and SARC-F (Strength, Assistance with walking, Rising from a chair, 
Climbing stairs, and Falls) (≥1) scales for screening, we categorized 200 participants (age, 
67.9±7.9 years) as combined (both positive, 12.5%), intermediate (either positive, 25.5%), or ro-
bust (both negative, 62%). Results: Comparisons of the three groups showed that the combined 
group had significantly worse functional ability (Frenchay Activities Index and Modified Barthel 
Index), physical performance (knee extension, gait speed, and Short Physical Performance Battery 
score), cognition/mood (Chinese Mini-Mental State Examination [CMMSE] score and Geriatric 
Depression Scale), and nutrition (Mini Nutritional Assessment [MNA] score) (p<0.05, one-way 
analysis of variance). Post-hoc comparisons revealed similar findings between the combined and 
robust groups, except for knee extension and CMMSE scores. Only MNA scores were significantly 
lower between the intermediate and robust groups. Conclusion: Functional ability, physical per-
formance, and nutrition were more adversely affected in our study population of communi-
ty-dwelling older adults who screened positive for both frailty and sarcopenia than in those who 
screened positive for either or neither, supporting the use of community screening for early de-
tection and intervention for both frailty and sarcopenia as opposed to either alone. 
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INTRODUCTION 

Frailty is a modern geriatric giant,1,2) defined as a state of increased 
vulnerability with a poor restoration of homeostasis after a stressor 
event that increases an individual’s susceptibility to increased de-
pendency, adverse outcomes, and death.3-5) The reported preva-
lence of frailty in community-dwelling older adults in the Asia-Pa-
cific region is 3.5%–27%.2) With the worldwide demographic 
trend of population aging, the impact of frailty is expected to rise 

in tandem, resulting in an increasing burden on healthcare systems 
and the escalation of healthcare costs.6,7) 

Sarcopenia is a related but a distinct condition8) that refers to the 
progressive loss of skeletal muscle mass and strength that occurs 
with aging.9) Similar to frailty, sarcopenia predisposes older indi-
viduals to adverse consequences such as falls, disability, and mor-
tality.9,10) The reported prevalence of sarcopenia is 6%–22% in 
adults aged ≥ 65 years, depending on the care setting.11) The plau-
sible biological mechanisms linking sarcopenia and frailty include 
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inflammatory responses, oxidative stress, and hormonal dysregula-
tion.10,12) The complex intertwining relationship between sarcope-
nia and frailty has been likened to a “chicken and egg” situation. 
Sarcopenia is believed to be a fundamental component and possi-
ble antecedent of frailty, resulting in reduced muscle strength and 
gait speed, which characterize the physical manifestation of frail-
ty.12-15) Conversely, weight loss, sedentary behavior, cognitive im-
pairment, and social isolation, which are commonly associated 
with frailty, can lead to reduced muscle mass and impaired muscle 
function.14,16) 

While sarcopenia and frailty independently contribute to func-
tional impairment and disability, the combined impact resulting 
from the interplay between these two conditions is unclear. Sarco-
penia and frailty have generally been studied separately in isolation 
rather than in parallel.14,15) Using the Edmonton Frail Scale and the 
SARC-F (Strength, Assistance with walking, Rising from a chair, 
Climbing stairs, and Falls) questionnaire, a study observed both 
frailty and sarcopenia in approximately one-quarter of older adults 
attending medical specialist outpatient clinics.17) The presence of 
both syndromes was associated with poorer self-rated health, re-
current hospital admissions, polypharmacy, multiple medical clinic 
appointments, higher fall rate, and increased falls with serious con-
sequences. However, the study did not compare the combined ef-
fects of frailty and sarcopenia relative to the presence of either con-
dition alone. It is also unclear whether these findings can be gener-
alized to a population of more robust community-dwelling older 
adults. 

Thus, we investigated whether functional, physical, cognitive, 
and nutritional measures were more adversely affected in com-
munity-dwelling older adults who were screened positive for 
both frailty and sarcopenia than in those who were screened pos-
itive for either condition alone. If true, this finding would sup-
port the use of community screening for the early identification 
of both conditions to facilitate early intervention and reduce 
poor health outcomes. 

MATERIALS AND METHODS 

Study Setting 
We studied 200 cognitively intact and functionally independent 
community-dwelling adults aged ≥ 50 years who participated in 
the “Longitudinal Assessment of Biomarkers for characterization 
of early Sarcopenia and predicting frailty and functional decline in 
community-dwelling Asian older adults Study.” The details of the 
study have been described previously.18) In brief, the inclusion cri-
teria included community-dwelling older adults aged 50–99 years 
who were cognitively intact and independent in both basic activi-

ties of daily living (bADL) and instrumental ADL (iADL). The 
exclusion criteria were (1) presence of dementia or cognitive im-
pairment—defined as a Chinese Mini-Mental State Score 
(CMMSE) ≤ 21,19) (2) inability to walk at least 4.5 m inde-
pendently, and (3) residing in nursing or sheltered homes. In-
formed written consent was obtained from the participants in the 
presence of a trained research assistant. This study was approved 
by the Institutional Review Board of the National Healthcare 
Group (NHG DSRB No. 2012/00897).

Study Groups  
We used the five-item self-report FRAIL scale to screen for the 
presence of frailty.20) The FRAIL contains five components: fa-
tigue, resistance, ambulation, illnesses, and weight loss. The scores 
range from 0 to 5 and correspond to frail (3–5), pre-frail (1–2), 
and robust (0) health status. Sarcopenia was screened using the 
five-item self-report SARC-F scale, which includes items related to 
slow speed while walking, assistance in walking, rising from a chair, 
climbing stairs, and falls.21) The total scores range from 0 to 10, 
with scores of ≥ 4 indicating sarcopenia and adverse outcomes. 
Because our sample comprised fairly healthy community-dwelling 
older adults who were cognitively and functionally intact,22) we 
used a FRAIL scale cut-off score of ≥ 1 to identify pre-frail/frail 
participants. Similarly, we ascertained sarcopenia using a SARC-F 
scale cut-off score of ≥ 1, which showed higher sensitivity and rea-
sonable specificity for the detection of probable sarcopenia among 
community-dwelling older adults.23-25) Using the aforementioned 
FRAIL and SARC-F scales cut-offs, we categorized the partici-
pants into three groups: (1) combined (positive for both frailty 
and sarcopenia), (2) intermediate (positive for either condition), 
and (3) robust (negative for both conditions). 

Data Collection 
We collected demographic data and information on vascular risk 
factors, including hypertension, hyperlipidemia, diabetes mellitus, 
atrial fibrillation, ischemic heart disease, stroke, transient ischemic 
attack, and smoking. We evaluated functional ability using the 
Modified Barthel Index (MBI) for bADL,26) Lawton and Brody’s 
iADL index,27) and the Frenchay Activities Index as a measure of 
physical activity.28) The MBI examines performance in bADL 
such as personal hygiene or grooming, dressing, toileting, trans-
ferring, or ambulation. The scores range from 0 to 100, with high-
er scores indicating greater independence. The iADL index exam-
ines activities that allow for independent community living, such 
as the ability to use the telephone, shopping, food preparation, 
housekeeping, laundry, transportation, handling finances, and 
taking medications. The scores range from 0 to 8, with higher 
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scores indicating greater independence. The Frenchay Activities 
Index is complementary to the MBI by measuring higher-order 
activities of daily living, such as social and lifestyle activities. 
Broadly, they assess three subscales: domestic chores, leisure/
work, and outdoor activities. Scoring is based on the frequency 
with which 15 activities are performed, each of which is scored on 
a four-point scale (0 to 3) to yield a total score ranging from 0 (in-
active) to 45 (active). 

Regarding physical performance, we measured the upper and 
lower limb muscle strength and gait speed while walking a distance 
of 4.5 m; we also used the Short Physical Performance Battery 
(SPPB).29) Handgrip strength was measured using a hydraulic 
hand dynamometer (North Coast Medical Inc., Morgan Hill, CA, 
USA). Each subject had two readings of grip strength for each 
hand; we averaged all four readings to obtain a final value. Knee ex-
tension was measured using an electronic push/pull dynamometer 
(BASELINE 12-0342; Fabrication Enterprises Inc., White Plains, 
NY, USA). The participants sat with their legs over the edge of a 
chair with their hands resting on their thighs and their hips and 
knees flexed at 90°. The dynamometer was positioned immediate-
ly above the malleoli and perpendicular to the tibial crest with the 
monitor facing downward. 

We assessed cognition using the CMMSE,19) which was locally 
validated. We also assessed depressive symptoms using the 15-item 
Geriatric Depression Scale.30) Nutritional status was assessed in 
three ways: (1) body mass index (BMI), derived from measure-
ments of standing height and weight of the participant; (2) Mini 
Nutritional Assessment (MNA) scale, which was locally validat-
ed;31) and (3) vitamin D level, with deficiency defined as a serum 
concentration of < 20 ng/mL based on modified Holick’s classifi-
cations.32)  

Statistical Analysis
Descriptive data are presented as mean ± standard deviatin or me-
dian (interquartile range, IQR) for quantitative variables and as ab-
solute and relative frequencies for categorical variables. Inferential 
statistics were applied to compare differences in functional, cogni-
tive, physical performance, and nutritional states between the three 
groups. We used one-way analysis of variance with Bonferroni cor-
rection for post-hoc comparisons; the Kruskal-Wallis test for para-
metric and non-parametric continuous variables; and the chi-
square test for categorical variables. SPSS Statistics for Windows, 
version 23.0 (IBM, Armonk, NY, USA) was used for data analysis. 
All statistical tests were two-tailed, with the level of statistical sig-
nificance set at 5%. 

RESULTS 

Baseline Characteristics 
Our study population comprised 200 older adults with a mean age 
of 67.9 ± 7.9 years, with female predominance (68.5%), and most-
ly Chinese ethnicity (92%). Using the FRAIL and SARC-F scales 
for screening, we identified 10 pre-frail/frail and 41 sarcopenic 
subjects. The robust, intermediate, and combined groups com-
prised 124 (62%), 51 (25.5%), and 25 (12.5%) subjects, respec-
tively. Age increased and educational level decreased moving from 
the robust to intermediate and combined groups. We observed no 
significant differences in sex, ethnicity, or cardiovascular risk fac-
tors. Not surprisingly, the combined group scored the highest on 
the FRAIL and SARC-F scales, followed by the intermediate and 
robust groups (both p < 0.001) (Table 1). 

Outcome Characteristics 
The combined group performed significantly worse in functional 
measures of bADL (100 [IQR 100–100] vs. 100 [IQR 100– 100] 
vs. 100 [IQR 95–100]; p = 0.002) and on the Frenchay Activities 
Index (32.77 ± 4.50 vs. 31.55 ± 6.09 vs. 29.80 ± 5.24; p = 0.025), 
but not on iADL, than other groups. For physical performance 
measures, the combined group had significantly worse SPPB 
scores (12 [IQR 11–12] vs. 12 [IQR 11–12] vs. 11 [IQR 8–12]; 
p = 0.013), knee extension (36.22 ± 7.55 vs. 33.63 ± 7.88 vs. 
32.63 ± 7.84 kg; p = 0.031), and gait speed (1.49 ± 0.26 vs. 
1.49 ± 0.26 vs. 1.27 ± 0.37 m/s; p = 0.01). We also observed a sig-
nificant decrease in CMMSE scores from the robust to the inter-
mediate/combined groups. Regarding nutritional measures, the 
MNA score was significantly lower in the intermediate and com-
bined groups (27.40 ± 1.77 vs. 26.52 ± 1.99 vs. 25.98 ± 2.33; 
p = 0.001), but we observed no significant differences in vitamin D 
levels and BMI. Post-hoc comparisons between the combined and 
robust groups revealed similar findings, except for knee extension 
and CMMSE scores. In contrast, only MNA scores were signifi-
cantly lower in the post-hoc comparisons between the intermedi-
ate and robust groups (Table 2). 

DISCUSSION 

Conventionally, sarcopenia, being organ-specific, has been re-
searched in the basic science domain, whereas frailty has been pre-
dominantly applied in clinical settings.14,33) In the recent few years, 
their relationship has converged largely as a result of concerted ef-
forts in recent consensus recommendations of sarcopenia to pro-
mote the translation of current knowledge into improved diagnosis 
and treatment in clinical practice.9) Sarcopenia is now formally rec-
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Table 1. Baseline characteristics

Robust (n = 124) Intermediate (n = 51) Combined (n = 25) p-value
Demographics
 Age (y) 67.35 ± 7.77 68.10 ± 8.11 70.52 ± 7.57 0.18
 Sex, female 83 (67) 34 (67) 20 (80) 0.42
 Chinese ethnicity 112 (90) 49 (96) 23 (92) 0.48
 Education (y) 9.81 ± 4.51 8.39 ± 5.53 6.48 ± 4.17* 0.004
Cardiovascular risk factors
 Diabetes 22 (18) 13 (26) 8 (32) 0.21
 Hypertension 58 (47) 25 (49) 13 (52) 0.88
 Hyperlipidemia 85 (69) 30 (59) 17 (68) 0.46
 Atrial fibrillation 6 (5) 2 (4) 1 (4) 0.96
 Ischemic heart disease 3 (2) 0 (0) 1 (4) 0.44
 Stroke/transient ischemic attack 2 (2) 3 (6) 0 (0) 0.18
 Smoking 5 (4) 2 (4) 1 (4) 0.49
Frailty/sarcopenia
 FRAIL score 0 (0–0) 0 (0–0)* 1 (1–1)* < 0.001
 FRAIL ≥ 1 0 (0) 10 (20)* 25 (100)* < 0.001
 SARC-F score 0 (0–0) 1 (1–1)* 2 (1–2)* < 0.001
 SARC-F ≥ 1 0 (0) 41 (80)* 25 (100)* < 0.001

Values are presented as mean±standard deviation or number (%) or median (interquartile range).
*p<0.01, compared with the robust group (post-hoc test).

Table 2. Outcome characteristics

Robust (n = 124) Intermediate (n = 51) Combined (n = 25) p-value
Functional ability
 bADL (0–100) 100 (100–100) 100 (100–100) 100 (95–100)* 0.002
 iADL (0–23) 23 (23–23) 23 (23–23) 23 (23–23) 0.089
 FAI (0–45) 32.77 ± 4.50 31.55 ± 6.09 29.80 ± 5.24** 0.025
Physical performance
 SPPB (0–12) 12 (11–12) 12 (11–12) 11 (8–12)* 0.013
 Gait speed (m/s) 1.49 ± 0.26 1.49 ± 0.26 1.27 ± 0.37* 0.001
 Knee extension (kg) 36.22 ± 7.55 33.63 ± 7.88 32.63 ± 7.84 0.031
 Grip strength (kg) 22.44 ± 6.70 21.02 ± 5.75 19.57 ± 6.70 0.089
Cognition
 CMMSE (0–28) 26.44 ± 1.66 25.68 ± 1.79 25.84 ± 1.84 0.042
Mood
 GDS (0–15) 0 (0–1) 0 (0–1) 1 (0–5) 0.083
Nutritional measures
 MNA (0–30) 27.40 ± 1.77 26.52 ± 1.99** 25.98 ± 2.33* 0.001
 Vitamin D (ng/mL) 29.64 ± 9.52 29.20 ± 8.77 28.25 ± 11.90 0.809
 BMI (kg/m2) 23.94 ± 3.54 23.96 ± 4.11 24.16 ± 4.34 0.963

Values are presented as median (interquartile range) or mean±standard deviation.
bADL, basic activities of daily living; iADL, instrumental activities of daily living; FAI, Frenchay Activities Index; SPPB, Short Physical Performance Battery; 
CMMSE, Chinese Mini-Mental State Examination; GDS, Geriatric Depression Scale; MNA, Mini-Nutrition Assessment; BMI, body mass index.
*p<0.01, **p<0.05, compared with the robust group (post-hoc test).

ognized as a muscle disease, with an International Classification of 
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) di-
agnosis code that can be used to bill for care in some countries.34) 

Thus, instead of attempting to determine the precise clinical rela-
tionship between frailty and sarcopenia or to focus on each condi-
tion in isolation,35) screening for the combination of both condi-
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tions may be a more pragmatic approach.  
The results of our study support this approach in two ways. First, 

they demonstrate that the community proportion of older adults 
with both frailty and sarcopenia is not low. While the prevalence of 
12.5% observed in our study is half of that reported in an earlier 
study of medical outpatients,17) this could reflect differences in 
characteristics between study populations as well as the tools used 
to screen for or ascertain frailty. Second, our results affirmed that 
physical performance, ADL, cognition, and nutrition were more 
adversely affected in our study population of community-dwelling 
older adults who screened positive for both frailty and sarcopenia. 
Notably, the combined effect of both syndromes on adverse out-
comes was greater than that of either condition alone. 

It is interesting to consider the theoretical framework that un-
derpins this observation. Consistent reports of sarcopenia as op-
posed to the converse situation of sarcopenia with concomitant 
frailty in frail older adults supports the premise that sarcopenia 
may precede physical frailty.8,17) Nonetheless, there lies a subset of 
older adults who are frail but not sarcopenic, presumably owing to 
other non-physical mechanisms of frailty such as cognitive impair-
ment, mood disorders, and social isolation.14,36) The combined 
presence of sarcopenia and frailty may thus identify the subset of 
older adults (1) with a more severe degree of sarcopenia with the 
onset of concomitant frailty or (2) who are initially frail not owing 
to physical reasons but who subsequently go on to develop physi-
cal consequences of frailty with resultant sarcopenia. This line of 
reasoning is supported by the latest European Working Group on 
Sarcopenia in Older People consensus.37) Physical performance 
measures such as gait speed and SPPB, which overlap with the 
physical phenotype of frailty, are also used to define the severity of 
sarcopenia, corroborating concomitant frailty and the association 
with more severe sarcopenia. 

Another finding was the lower CMMSE scores in the intermedi-
ate/combined group. A recent meta-analysis showed that sarcope-
nia was independently associated with cognitive impairment.38) 
Moreover, sarcopenia-related mechanisms such as oxidative stress, 
inflammation, and insulin resistance can lead concurrently to vas-
cular aging and neuronal dysfunction that, in turn, precipitate cog-
nitive impairment with a risk of dementia.10,39) Additionally, there 
is increasing appreciation for “cognitive frailty,” in which physical 
frailty co-exists with cognitive impairment and results in an in-
creased risk of functional decline and dementia.36) Similarly, the as-
sociation between the combined group and worse nutritional sta-
tus as measured using MNA scores may be attributable either to 
nutritional factors linked to sarcopenia/frailty, notably vitamin D 
and insufficient protein intake, or conversely, the resultant func-
tional impairment from sarcopenia/frailty, which may impact food 

access and preparation, causing nutritional deficits.40) 

Taken together, our study results add to the growing body of evi-
dence regarding the intertwined relationship between sarcopenia 
and frailty by corroborating the deleterious impact of the combi-
nation of sarcopenia and frailty on functional, physical, cognitive, 
and nutritional domains beyond those for either condition 
alone.35) These findings support the use of a community screening 
strategy based on the FRAIL and SARC-F scales for the early iden-
tification of the combination of conditions (as opposed to either 
alone) to facilitate early intervention and reduce poor health out-
comes, especially in at-risk groups such as older adults with diabe-
tes and cognitive symptoms. A recent study on persons with diabe-
tes mellitus reported that 42.5% of sarcopenic subjects were frail or 
pre-frail39) and that individuals with both conditions had an in-
creased risk of adverse outcomes.41) Similarly, two-thirds of indi-
viduals with mild cognitive impairment were physically frail or pre-
frail, which was closely associated with physical and functional im-
pairments.41) Thus, the early identification in at-risk groups fol-
lowed by the timely institution of evidence-based interventions to 
address sarcopenia and frailty such as improving protein and calo-
rie intake, prescribing exercise programs with resistive compo-
nents, addressing polypharmacy, and treating vitamin D deficiency 
may help avert downstream deleterious consequences such as falls, 
disability, and institutionalization.2,11,42) 

This study had some limitations. For instance, we included com-
munity-dwelling older adults who were functionally independent 
and had high baseline scores on the functional assessment scale. As 
such, small differences in function may not be detected by these 
scales owing to the ceiling effect. This limitation probably account-
ed for the lack of differences in iADL scores among the three 
groups.43) As an exploratory cross-sectional study, it could deter-
mine associations but could not infer causality as temporality was 
not known. Analysis of the 2-year follow-up data of our cohort will 
demonstrate whether these findings hold true in longitudinal fol-
low-ups. Our results, based on a cohort of functionally well com-
munity-dwelling older adults, may not be readily generalizable to 
other settings with more heterogeneous populations of older 
adults. In addition, the small sample size precluded further sub-
group analysis of the independent effects of sarcopenia or frailty in 
the intermediate group. Hence, the emphasis of our study was on 
the comparison of outcomes among the combined, intermediate, 
and robust groups. Future studies are needed to examine the tra-
jectory of changes in blood biomarkers that may be involved in the 
underlying pathogenesis before and after its development to delin-
eate the relationship between sarcopenia and frailty in the com-
bined group. 

In conclusion, functional ability, physical performance, and nu-

www.e-agmr.org

214 Hsien Xiong Lee et al.



trition were more adversely affected in our study population of 
community-dwelling older adults who screened positive for both 
frailty and sarcopenia than in those positive for either or neither 
condition. Our findings support screening for both sarcopenia and 
frailty among community-dwelling adults to effect interventional 
measures to preserve function and avoid disability. 
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INTRODUCTION 

Mental health problems have been increasing worldwide in recent 
years. Thus, an inevitable increase in the consumption of antide-
pressants is expected soon, which is predicted to be much greater 
than that observed at the beginning of the current century.1,2) Si-
multaneously, increased rates of clinically important side effects of 
new and old psychiatric drugs will also occur. Drug-induced hypo-
natremia was previously reported after the administration of fluox-
etine, sertraline, paroxetine, and fluvoxamine3) and has also recent-
ly been described for escitalopram, a new selective serotonin re-
uptake inhibitor (SSRI). 

The prevalence of hyponatremia among hospitalized older adult 
(age > 75 years) patients ranges from 11.6% to 42.6%4,5) and up to 
22.5% among patients in long-term care facilities.6) Hyponatremia 
leads to a lack of stability, frequent uncontrolled falls, bone frac-
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The consumption of new selective serotonin reuptake inhibitors (SSRIs) is raising dramatically es-
pecially in European countries. It contributes to occurrence of clinically important drug side ef-
fects. One of which can be hyponatremia. We present two case reports of 85-year-old and 
84-year-old women who developed hyponatremia after escitalopram administration. We hypoth-
esize that in both cases hyponatremia was connected with antidepressants administration. How-
ever, due to multiple comorbidities and polypharmacy it is often impossible to establish the exact 
mechanism of hyponatremia. Moreover, it is crucial to distinguish subtypes of drug-induced syn-
drome of inappropriate antidiuretic hormone hypersecretion (SIADH), such as SSRI-induced SI-
ADH, reset osmostat SIADH, thiazide-associated hyponatremia, thiazide-induced hyponatremia, 
mineralocorticoid responsive hyponatremia of older adults, in order to properly diagnose and 
treat geriatric patients. Administration of antidepressants or thiazides should be followed by a 
regular monitoring of serum sodium level. 
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tures, and deterioration of cognitive functioning.1) Although a se-
rum sodium level (SSL) of 135 mmol/L is considered within the 
normal range, increased hospital mortality is observed for levels 
below 138 mmol/L.5) Moreover, managing hyponatremia can be 
challenging due to a variety of potential causes (Table 1). Thus, 
this condition should be distinguished from other ailments such as 
motoric cognitive risk syndrome, which is common among older 
adults and may also manifest in falls.7) Our report highlights the 
possible life-threatening side effects of seemingly safe medications 
that are widely used in clinics.  

CASE REPORT  

Case Study 1 
An 85-year-old woman with symptoms of cognitive impairment 
(CI) was admitted to the geriatric outpatient clinic in October 

Copyright © 2021 by The Korean Geriatrics Society
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2015. She had multiple comorbidities, including arterial hyperten-
sion (AH), cholecystolithiasis, and osteoarthritis, and was pre-
scribed amlodipine, omeprazole, hydroxyzine, piracetam, and vita-
min D3 (the treatment characteristics and disease timeline are de-
tailed in Table 2). Throughout the diagnostic process, head com-
puted tomography (CT) images showed cortical and subcortical 
atrophy. The patient’s thyroid function, serum electrolyte, and vi-
tamin B12 levels were all within the normal ranges. Comprehen-
sive Geriatric Assessment (CGA) resulted in the diagnosis of mild 
dementia with no functional disability and low risk of falls. Due to 
the diagnosis of Alzheimer disease, memantine was also pre-
scribed. In April 2017, the patient was admitted with behavioral 
and psychological symptoms of dementia (BPSD). Escitalopram 
(5 mg/day) was administered. Meanwhile, general practitioners 
modified the treatment for hypertension and added indapamide 
and ramipril. During the next 12 months, a major improvement 
was observed with no signs of BPSD. In April 2018, the patient ex-
perienced a lack of stability and fell. Blood tests revealed hypona-
tremia (serum sodium level [SSL], 129 mmol/L), with no signs of 
hyper- or hypovolemia. Escitalopram was withdrawn due to suspi-
cion of the potential side effects of SSRI use. The patient was pre-
scribed oral sodium chloride and fluid restriction was recommend-
ed. In addition, quetiapine and doxepin were added to manage the 
patient’s symptoms of agitation, anxiety, and somatization. Despite 
the best possible care in the following months, the SSL was labile, 
which prompted the withdrawal of indapamide, until the next fall 
occurred in August 2019, when she was diagnosed with non-ST 
elevation myocardial infarction and an SSL of 123 mmol/L. The 
patient’s follow-up lasted until July 2020 without new complaints; 
however, once induced, the hyponatremia remained constant de-

spite the sodium levels being in the normal range for short periods. 

Case Study 2 
An 84-year-old woman was admitted to the geriatric outpatient 
clinic in April 2016 with symptoms of CI, restlessness, and anxiety. 
Her medical history included gastroesophageal reflux disease and 
essential head tremor. Head CT images showed cortical-subcorti-
cal atrophy and multiple focal hypodense lesions. The patient’s 
pharmacological treatment before admission consisted of atorvas-
tatin, lutein, pantoprazole, and ginkgo biloba. Her thyroid func-
tion, serum electrolytes, and vitamin B12 levels were within the 
normal ranges. In CGA, the patient was diagnosed with CI and 
vascular dementia (the treatment characteristics and disease time-
line are detailed in Table 3). In April 2017, the patient was admit-
ted with symptoms of depressive episodes and anxiety. She was 
prescribed alprazolam with escitalopram (5 mg/day). Three 
months later, the patient was admitted after a fall with an SSL of 
131 mmol/L despite being euvolemic. The previously adminis-
tered pharmacotherapy was sustained, sodium chloride (orally) 
was prescribed, and fluid restriction was recommended. In 10 
months of follow-up, the patient was admitted to the neurology 
department with transient speech disorder after another fall. Head 
CT images showed no new findings; however, laboratory tests 
showed hyponatremia (124 mmol/L) despite the discontinuation 
of escitalopram. In the next 3 months, the SSL remained below the 
normal range. The supplementation of sodium chloride was 
changed to fludrocortisone acetate because of nausea. During this 
treatment, the SSL normalized, but her blood pressure (BP) in-
creased to 170/100 mmHg and lercanidipine was prescribed. In 
January 2019, the patient’s SSL was 135 mmol/L and her BP was 

Table 1. Etiology of hyponatremia

Symptom
Hypovolemic Extrarenal loss (For example, diarrhea, vomiting, and burns)

Renal loss (For example, diuretics use, nephropathy, osmotic diuresis osmotic diuresis induced by excessive excretion of glucose or urea or 
urea induced)

Euvolemic SIADH (For example, due to cancer, use of drugs, CNS-related disorders, pulmonary diseases, stress, hereditary factors)
Thiazides-induced
Hypothyroidism
Adrenal insufficiency
Psychiatric diseases (polydipsia)
Alcohol abuse

Hypervolemic Heart failure
Liver cirrhosis
Nephrotic syndrome
Renal failure

SIADH, syndrome of inappropriate secretion of antidiuretic hormone; CNS, central nervous system.
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normal. Until July 2020, her SSL was within the normal range. 
We obtained informed consent from the participants before 

their participation.

DISCUSSION 

We present two case reports of women aged 85 and 84 years, re-

spectively, who developed hyponatremia, most likely after escitalo-
pram administration (escitalopram-induced syndrome of inappro-
priate secretion of antidiuretic hormone [SIADH]). The lack of 
symptoms of hypervolemia at the time of initial diagnosis excluded 
kidney, thyroid, cardiovascular, and adrenal cortex disorders, as 
well as neoplasms as other possible explanations. 

A few types of SIADH have been described in the literature. 

Table 2. Course of treatment of Patient 1

Date of visit  Pharmacotherapy Frequency of drug-induced hyponatremia (%) Serum sodium level (mmol/L)
Oct 2015 2,000 UI vitamin D3 qd 0 139

2.5 mg amlodipine qd 0
20 mg omeprazole qd 0.01–0.1
10 mg hydroxyzine qd 0
1,200 mg of piracetam bid (withdrawn during the first visit) 0

Nov 2015 +5 mg memantine qd 0 -
Jan 2016 +5 mg memantine qd (10 mg in total) 0 -
Apr 2017 New treatment regimen: -

2.5 mg ramipril qd Unknown frequency
5 mg amlodipine qd 0
1.5 mg indapamide qd 1–5
10 mg memantine qd Unknown frequency
5 mg escitalopram qd Unknown frequency

Apr 2018 +2 g natrium chloride bid 0 129
–5 mg escitalopram -

Sep 2018 +25 mg quetiapine qd 0.1–1 124
+10 mg doxepin qd 0

Apr 2019 –1.5 mg indapamide - 129
Aug 2019 +2.5 mg torasemide qd 0 123
Jul 2020 The end of follow-up - 129

qd, quaque die (daily); bid, twice daily; +, drug added; –, drug withdrawn.

Table 3. Course of treatment of Patient 2

Date of visit Pharmacotherapy Frequency of drug-induced hyponatremia (%) Serum sodium level (mmol/L)
Apr 2016 40 mg atorvastatin qd 0 139

20 mg pantoprazole qd Unknown frequency
lutein 0
ginkgo biloba 0
+75 mg acetylsalicylic acid qd 0

Aug 2017 +0.25 mg alprazolam ad hoc 0 -
+5 mg escitalopram qd Unknown frequency

Nov 2017 +2 g natrium chloride bid 0 131
Sep 2018 –escitalopram, natrium chloride - 124

+10 mg hydroxyzine ad hoc 0
Oct 2018 +0.1 mg fludrocortisone acetate qd 0 132
Nov 2018 +10 mg lercanidipine qd 0 139
Jul 2020 The end of follow-up - 135

qd, quaque die (daily); bid, twice daily; +, drug added; –, drug withdrawn.
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First, syndromes associated with excessive ADH production are 
usually caused by antidepressants (SSRIs, SNRIs, serotonin and 
noradrenaline reuptake inhibitors, and tricyclic antidepressants 
[TCAs]), antipsychotics, antiepileptics, and antineoplastic 
drugs.1,6,8) Furthermore, many drugs, including carbamazepine, cy-
clophosphamide, and nonsteroidal anti-inflammatory drugs, can 
induce hyponatremia by the peripheral receptor effect rather than 
by stimulating the secretion of the hormone itself.8) Moreover, re-
set osmostat (RO) SIADH in older adults might also occur due to 
alterations in osmoreceptor cell metabolism.9) The condition is 
frequently observed in residents of long-term care facilities with si-
multaneous quadriplegia, psychosis, cerebral hemorrhage, demen-
tia with Lewy bodies, alcoholism, malnutrition, malignancy, and 
infections.9) Lastly, hyponatremia after the administration of thia-
zide or thiazide-like diuretics can occur in up to 30% of older adult 
patients.10) Advanced age, female sex, and low body mass index 
have been identified as risk factors for the development of thia-
zide-associated hyponatremia. 

Establishing an exact diagnosis for the first patient was challeng-
ing because of the use of multiple drugs that could cause SIADH 
(memantine, quetiapine, and doxepin).8,11) In the second patient, 
hyponatremia seemed to be more directly connected with the use 
of escitalopram owing to the lack of other diseases or drugs that 
could contribute to the development of SIADH. SSRI-induced SI-
ADH is one of the most common mechanisms of hyponatremia in 
older adults, although only 14 cases of escitalopram-induced SI-
ADH have been described in the literature.1,11,12) However, it must 
be emphasized that in the presented cases, even small doses of es-
citalopram (5 mg) caused serious side effects. In other reports, the 
doses of escitalopram were usually 10 mg.11) Recent reports sug-
gest a lower risk of hyponatremia with the use of TCAs and norad-
renergic and specific serotonergic antidepressants compared to 
SSRI and SNRI; thus, changing SSRI to TCA (doxepin) might 
have been reasonable.12,13) 

In both patients, the hyponatremia did not resolve after escitalo-
pram withdrawal or standard treatment. In the second patient, SSL 
normalization was achieved after treatment with fludrocortisone 
acetate. According to the available data, the SSL should normalize 
approximately 2 weeks after SSRI discontinuation and the intro-
duction of limited fluid intake and sodium chloride supplementa-
tion (as stated by guidelines).6,13) However, despite this treatment, 
hyponatremia persisted in our patients for months. Abnormal ho-
meostatic mechanisms, such as RO syndrome, may explain the ob-
served resistance to treatment. This theory is supported by the fact 
that hyponatremia due to RO does not respond to fluid restriction 
(as non-RO SIADH hyponatremia), oral sodium supplementa-
tion, or fludrocortisone treatment.9) Another explanation could be 

adrenal insufficiency or mineralocorticoid-responsive hyponatre-
mia of the elderly (MRHE), which requires the exclusion of SI-
ADH and adrenal dysfunction.14) MRHE is considered a mildly 
hypovolemic hyponatremia caused by renal sodium loss. 

Age-related decreased sodium reabsorption by proximal renal 
tubules and hyporesponsiveness of the renin-angiotensin-aldoste-
rone system may cause constantly increased urinary sodium excre-
tion. Decreased sodium retention leads to volume depletion, 
which causes elevation of plasma antidiuretic hormone levels. The 
recommended treatment for MRHE is, instead of water restriction, 
which may worsen hyponatremia, an administration of mineralo-
corticoids such as fludrocortisone acetate. Unfortunately, both 
fludrocortisone treatment and dietary sodium chloride supple-
mentation may be limited by an increase in BP. 

In conclusion, managing hyponatremia in older adults is com-
plex. Regular monitoring of SSLs should be mandatory in this 
population, particularly following the initiation of antidepressants 
or thiazides. Unfortunately, due to the unpredictability of drug-re-
lated hyponatremia, the timing or frequency of such monitoring 
cannot be precisely defined and should be based on clinical experi-
ence. In addition to informing patients and their caregivers of the 
potential risks of hyponatremia, preventive fluid moderation or re-
striction and ordering SSL assessment should be considered. 
Treatment of hyponatremia requires a multimodal approach that 
considers patient comorbidities and pharmacotherapy. However, 
despite the best care, it can last for months. Reporting side effects, 
especially of the most popular drugs to the local center for drug 
monitoring, is crucial in terms of increasing our awareness of the 
benefits of our patients. 
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INTRODUCTION 

Hemiballism and hemichorea are rare hyperkinetic movement dis-
orders that are characterized by irregular unilateral flinging or 
throwing movements of the limbs1) and involve the contralateral 
basal ganglia.2) These disorders can be caused by various medical 
conditions such as cerebrovascular diseases, infections, tumors, 
drugs, and metabolic and immunological disorders.3) 

Hyperglycemic hemichorea frequently occurs in older patients 
with poorly controlled type 2 diabetes mellitus (T2DM) and oc-
casionally in those with type 1 diabetes mellitus.4) In most cases, 
chorea improves gradually over several days after achieving stable 
glycemic control, although some cases can last for months or even 
years.5) 

This report describes hyperglycemic hemichorea occurring in 
six older patients with poorly controlled T2DM, one of whom ex-
perienced recurrence. 
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Hemichorea has been reported in subjects with hyperglycemia and the recurrent was rarely re-
ported. We identified clinical presentation and course of hypeglycemic hemichorea in six cases, 
one of whom experienced recurrence. Mean age was 77.2 years and five were women. Duration 
of diabetes was 1-35 years. Initial HbA1c levels were 9.3%-13% and most patients had poor 
compliance. Five patients undertook brain magnetic resonance imaging and high signal intensi-
ties of basal ganglia was observed in T1-weighted images. All patients were treated with insulin, 
and four patients were treated with dopamine-receptor blockers. Mean duration of hemichorea 
was 69 days. One patient’s hemichorea was recurred after 2 months from the time when the first 
event was resolved and then finally diagnosed with vasculitis. The prognosis of hyperglycaemic 
hemichoerea seemed to be good. However, we should consider other cause such as vasculitis 
when the symptom was recurred after adequate glycaemic control. 
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CASE REPORT 

We identified six cases of hyperglycemic hemichorea from 2017 to 
2020 in our tertiary hospital (Table 1). The mean age of the pa-
tients was 77.2 years (range, 67–84 years), and five patients were 
women. The duration of diabetes varied (range, 1–35 years); how-
ever, initial glycated hemoglobin (HbA1c) levels at the patients’ 
first visit were consistently high (range, 9.3%–13%). The patients 
had multiple comorbidities such as hypertension (n = 4), dyslipid-
emia (n = 4), and chronic kidney disease (n = 4). Three patients 
were treated with insulin, and most patients had poor compliance 
with medication and irregular visits to the outpatient clinic. This is 
a retrospective observational study, and we could not obtain writ-
ten informed consents. 

Brain T1-weighted magnetic resonance imaging (MRI) showed 
high signal intensities in the basal ganglia on the contralateral side 
to the disordered movements in four of five patients (Fig. 1A, 1B). 
One patient underwent 18F-fluorodeoxyglucose (FDG) positron 
emission tomography (PET) for the differential diagnosis of bilat-

Copyright © 2021 by The Korean Geriatrics Society
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eral abnormalities observed on brain MRI, which showed bilateral 
hypometabolism in the corresponding lesions (Fig. 1C). 

All patients were treated with insulin, with the initial treatment 
comprising multiple daily insulin injections (total daily dose, 18–
36 IU). Two patients were administered sliding-scale insulin injec-
tions during their hospitalizations in the emergency and neurology 
departments and were switched to oral hypoglycemic agents after 
discharge. Dopamine receptor blockers and benzodiazepines were 
recommended for four patients. The patients’ symptoms improved 
gradually after reducing their hyperglycemia, which was stabilized 
within 3–6 months after the event (Table 1). We could not fol-
low-up on the HbA1c level of one patient who was transferred to 
another hospital after resolving chorea. The mean duration of he-
michorea was 69 days (range, 10–172 days). One patient experi-
enced chorea recurrence 2 months after the first event had re-
solved. At the time of recurrence, the patient’s glucose level was 
not aggravated (70–200 mg/dL). The newly developed signs were 
fever and skin rash without evidence of infection. The patient un-
derwent skin biopsy and laboratory tests and was finally diagnosed 
with vasculitis. She was transferred to the rheumatology depart-
ment and treated with immunosuppressants. 

DISCUSSION 

This report described the clinical presentations and courses of he-
michorea in six older patients with T2DM. Their symptoms re-
solved after achieving adequate glycemic control with insulin and 
oral hypoglycemic agents. Hemichorea recurred 2 months after 

the resolution of the initial event in one of the six patients, who was 
finally diagnosed with vasculitis. 

Bedwell6) first described hyperglycemic hemichorea in 1960. 
The typical pattern of hyperglycemia-induced chorea is unilateral 
involuntary movement with abnormal neuroimaging in the con-
tralateral basal gangli.7) However, bilateral involvement appeared as 
generalized chorea in 11.4% of 54 cases.8) Hyperglycemic he-
michorea is more common in women, and older age is a known 
risk factor.8) The findings in our cases are consistent with those of 
previous reports and have important clinical implications given the 
increasing numbers of older patients with diabetes. If patients pres-
ent with involuntary movement, their glycemic status should be 
evaluated, and brain MRI should be performed to diagnose hyper-
glycemic hemichorea. The typical findings on brain MRI of pa-
tients with hyperglycemic hemichorea include high signal intensity 
on T1-weighted images and various signals in T2-weighted images 
of the basal ganglia and putamen on the side contralateral to the 
disordered movements.9) Negative findings on brain MRI have 
rarely been reported,10) which we also observed in one of our pa-
tients. Brain computed tomography may show hyperdensity in the 
same lesion.9) 

The suggested pathogenesis of hyperglycemia-related hemicho-
rea involves petechial hemorrhage1) or cerebral ischemia with the 
depletion of gamma-aminobutyric acid and acetylcholine in the 
basal ganglia, which results in involuntary movements.11) More di-
rectly, FDG PET shows a marked reduction in regional cerebral 
glucose metabolism in the basal ganglia on the affected side, which 
provides evidence of the disorder or failure of cerebral glucose me-

B CA

Fig. 1. Findings of brain magnetic resonance imaging and brain 18F-fluorodeoxyglucose positron emission tomography (18F-FDG PET) at the 
first event in Patient no# 2. (A) High signal intensities in the bilateral basal ganglia on T1-weighted imaging. (B) Low signal intensities in the bi-
lateral basal ganglia on T2-weighted imaging. (C) Brain 18F-FDG PET image showing hypometabolism in the bilateral ganglia, especially in the 
putamen.
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tabolism in the brain.12) We confirmed this phenomenon using 
18F-FDG PET in our patient. To our knowledge, this is the first re-
port of hyperglycemic hemichorea related to bilateral lesions on 
18F-FDG PET. 

The most important treatment for hyperglycemic hemichorea is 
the correction of hyperglycemia.5) Hemichorea improves over days 
to weeks after achieving glycemic control alone in most cases; 
however, additional symptomatic therapy should be considered if 
symptoms persist or become severe.5) Such therapy can include 
dopamine receptor blockers such as haloperidol,8) benzodiazepine, 
carbamazepine, or valproate.5) Recurrence has been reported in a 
small number of patients, in whom recurrent hyperglycemia or 
discontinuation of dopamine receptor blockers may be involved.13) 
However, the prognosis is generally good, and in our opinion, bi-
lateral presentation might be related to other causes of chorea and 
poor prognosis.  

In conclusion, the prognosis of hyperglycemic hemichorea ap-
pears to be good. This condition can be detected based on its typi-
cal radiological findings on brain MRI and 18F-FDG PET. Howev-
er, other possible causes of abnormal movement such as vasculitis 
should be considered in cases of bilateral involvement and recur-
rence after achieving glycemic control. 
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INTRODUCTION 

Owing to the increase in life expectancy, increasing numbers of 
older patients require hospital care and polymedication. Recently 
introduced, oral anticoagulants are currently one of the most wide-
ly administered pharmacological medications.1) 

Oral anticoagulants are widely administered as therapeutic op-
tions for atrial fibrillation (AF), thromboembolic disease preven-
tion and treatment (especially in the postoperative period), acute 
coronary syndrome, and heparin-induced thrombopenia.2,3) These 
agents act in the coagulation cascade as direct thrombin inhibitors 
administered parenterally (bivalirudin or argatroban) or orally 
(dabigatran) or as direct factor Xa inhibitors administered orally 
(rivaroxaban, apixaban, edoxaban, and betrixaban). In addition to 
showing clinical superiority over other anticoagulants, these drugs 
offer advantages for patients, including the need for fewer controls 
to adjust the dose and less interaction with food, among others, 
which has led them to replace classic anticoagulants such as warfa-
rin and acenocoumarol. 

CLINICAL CASE 

An 89-year-old woman with a history of hypertension, dyslipid-
emia, and AF was treated with bisoprolol (2.5 mg), apixaban (2.5 
mg), ramipril (2.5 mg), and simvastatin (10 mg). 

She presented for a consultation because of the spontaneous ap-
pearance of purpuric macules in both lower extremities, which had 
evolved over approximately 15 days. These macules were not pru-
ritic and the patient had no fever, proteinuria, hematuria, or addi-
tional symptoms. However, she had started anticoagulant therapy 
with apixaban 1 month before the diagnosis of paroxysmal AF. 

Physical examination (Fig. 1) revealed confluent symmetric pe-
techial lesions in both lower limbs from the dorsal aspect of the 
foot to the thigh. The lesions were not raised and did not whiten 
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with in vitro pressure. No other abnormalities were noted. An elec-
trocardiogram (ECG) showed AF at 90 bpm, whereas posteroan-
terior chest radiography showed no alterations. 

Laboratory examination revealed a leukocyte count of 11.1 ×  
103/µL (12.5% neutrophils), red series, and normal platelet count. 
Her erythrocyte sedimentation rate was 34 mm/hr, and she 
showed normal coagulation (plasmin inhibitor [PI], 73%; interna-
tional normalized ratio (INR), 1.32; activated partial thromboplas-
tin time [APTT], 29.4 seconds), except for fibrinogen levels (560 
mg/dL). Biochemical analysis showed normal ion levels and renal 
function (glutamate pyruvate transaminase [GPT], 23 U/L; total 
bilirubin [BT], 0.64 mg/dL; gamma-glutamyl transferase [GGT], 
186 U/L; alkaline phosphatase [FA], 193 U/L; lactic acid dehy-
drogenase [LDH], 234 U/L; C-reactive protein [CRP], 28 mg/L). 
The patient showed a normal lipid profile as well as normal venous 
blood gas and complement component 3 and 4 levels. She also 
showed negative results for antinuclear antibodies, anti-Ro, an-
ti-La, c-ANCA, and p-ANCA. Further, serological tests yielded 
negative results for hepatitis B, hepatitis C, human immunodefi-
ciency virus (HIV), varicella-zoster virus, and infectious mononu-
cleosis. Finally, results of the QuantiFERON test were negative as 
well. 

Given our clinical suspicion of a drug side effect, the Naranjo al-
gorithm was applied, and the patient’s score was 6, which suggest-
ed that an adverse drug had occurred. We suspended the adminis-
tration of the potentially causative drug, apixaban; performed a 
skin biopsy; and commenced treatment with low-molecu-
lar-weight heparin. The biopsy findings were comparable to those 
for vasculitis; therefore, a topical corticosteroid was prescribed. Af-
ter 3 weeks without the drug and with topical corticosteroid treat-
ment, the lesions disappeared (Fig. 2). Furthermore, the altered 
liver function parameters observed at admission, which were pos-
sibly caused by hepatic metabolism of apixaban, normalized. A de-
finitive diagnosis was made on the basis of the results of the biopsy 
and the clinical improvement after drug withdrawal. 
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DISCUSSION 

Assessment of the risks and benefits of treatments for patients is 
standard process in clinical practice. This involves identifying the 
best therapeutic option for patients that would result in the fewest 

side effects. This goal is paradigmatic in the case of anticoagulant 
therapies, which seek to avoid thrombus formation, with the low-
est possible risk for side effects, especially bleeding. New oral anti-
coagulants show reduced risks for thrombotic events; however, 
they are not without side effects. Cutaneous side effects are rare, 
occurring in fewer than 1/100 according to the technical data 
sheet (apixaban).4) However, drug interactions must be ruled out 
by review of basic medication in polymedicated patients such as 
our patient. 

Cutaneous small-vessel vasculitis (CSVV) has been reported in 
a very few cases after exposure to direct oral anticoagulants (DO-
ACs). A recent review of the literature reported no more than 50 
cases; among these cases, 50% reported a time to onset of within 
10 days of DOAC exposure. When specified, the predominant 
type of CSVV reported was leukocytoclastic vasculitis (n = 31).5) 

The 2012 Chapel Hill International Consensus Conference 
grouped cutaneous arteritis, primary central nervous system vas-
culitis, isolated aortitis, and cutaneous leukocytoclastic vasculitis 
under the term single-organ vasculitis. This entity is associated 
with a wide spectrum of systemic conditions, neoplasms, infec-
tions, and drug hypersensitivities.6) Histologically, these cases are 
classified as small-vessel vasculitis ( < 50 μm in diameter). Local-
ized or systemic damage occurs because of complement action and 
the release of pro-inflammatory cytokines via the activation of im-
mune complexes, through antigen–antibody interactions in the 
vascular wall, or by leukocyte activation of ANCA.7) 

We propose that the most appropriate therapy for each patient 
should be determined on the basis of a series of indicators, namely, 
the severity of skin involvement, the presence of extracutaneous 
manifestations, and the evolution time. Treatments may vary from 
symptomatic treatment to the use of colchicine or corticoste-
roids.8,9) In our patient, drug withdrawal and topical treatment 
were sufficient.  
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As older people are at risk of complications and death from severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infec-
tions, they are an important target group for coronavirus disease 
2019 (COVID-19) vaccination.1) The mRNA vaccines BNT162b2 
by Pfizer-BioNTech and mRNA-1273 by Moderna are potent 
COVID-19 vaccines that have demonstrated high efficacy and im-
munogenicity in older people.1,2) Older people also tend to have 
multiple co-morbidities, which increase their risks for adverse 
events following immunization (AEFI) and complicate the inter-
pretation of AEFI symptoms. Thus, post-marketing active vaccine 
safety surveillance is important in this population to monitor for 
evolving and long-term adverse events.3) 

An AEFI that requires recognition by geriatricians is axillary ad-
enopathy, particularly after the administration of mRNA vaccines. 
The results of a phase 3 trial showed that ipsilateral axillary ade-
nopathy occurred in 11.6% of recipients of the first dose of the 
Moderna vaccine, which increased to 16.0% after the second dose 
in those aged 18–64 years.4) While the Pfizer-BioNTech vaccine 
study did not solicit adenopathy as an adverse event, unsolicited 
reports of adenopathy were significantly higher in the vaccine 
group than in the placebo group (64 vs. 6).5) Moreover, while ade-
nopathy was reported within 2–4 days for both mRNA vaccines, 
the average duration was 1–2 days for Moderna vaccine recipients 
compared to 10 days for Pfizer-BioNTech vaccine recipients.4-6) 

A systematic review of adenopathy occurring after COVID-19 
vaccination reported incidence rates of 44.1%, 25%, and 1.5% for 
the Pfizer-BioNTech, Moderna, and Oxford-AstraZeneca vac-
cines, respectively. The median elapsed times for the development 
of adenopathy were 12 and 5 days following the first and second 
doses, respectively, and persisted for up to 4 weeks post-vaccina-
tion.7) The higher incidence of mRNA vaccine-associated adenop-
athy may be due to a higher immunogenic response compared to 
those for the other COVID-19 vaccine platforms. A case series of 
ipsilateral axillary swelling or adenopathy after COVID-19 vacci-
nations based on symptoms and physical examination found that 
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these symptoms closely mimicked those of metastasis and lasted 
for up to 6 weeks. However, lymph node biopsies confirmed vacci-
nation-related reactive lymphadenopathy.8) 

Patients presenting with unilateral axillary adenopathy should 
be evaluated for malignancy, particularly breast cancer. Adenopa-
thy may also be incidentally identified on routine imaging studies, 
such as computed tomography of the thorax or breast magnetic 
resonance image. Clinicians should enquire regarding recent 
COVID-19 vaccination, as mRNA vaccines may induce ipsilateral 
axillary lymph node hyperplasia. Documentation of vaccine ad-
ministration, such as date and location site, should also be re-
viewed, as ipsilateral lymphadenopathy in the setting of recent 
(within 6 weeks) vaccination may indicate a benign entity.9) For 
patients with suspected vaccine-associated adenopathy and normal 
breast imaging, clinicians should consider watchful waiting, with a 
follow-up ultrasound to ensure resolution of lymphadenopathy 
performed 8 weeks after the second vaccine dose. This is a way to 
avoid unnecessary axillary lymph node biopsy.6,10) However, in pa-
tients with a family history of breast cancer or a suspicion of malig-
nancy such as breast cancer or lymphoma, lymph node biopsies 
should still be performed.11) 

If possible, routine imaging studies should be performed before 
vaccination. However, in the setting of the current pandemic, 
COVID-19 vaccination should not be delayed. Imaging studies 
should be performed without delay for urgent indications such as 
acute symptoms or the need for urgent treatment planning, but 
these procedures may be may be postponed for other indications 
until at least 6 weeks after the second vaccine dose. Patients with 
primary cancer, such as breast cancer or upper limb melanoma, 
should ideally have both vaccine doses administered on the con-
tralateral side.12) 

In conclusion, geriatricians should be aware that ipsilateral axil-
lary adenopathy may represent an AEFI, particularly after the ad-
ministration of mRNA COVID-19 vaccines. This condition usual-
ly occurs several days after vaccination and may last for up to 6 
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weeks. Expectant management may be appropriate to ensure reso-
lution, rather than referring to further imaging studies or lymph 
node biopsies. 
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Courses and Conferences

The academic events in 2021 of the Korean Geriatrics Society are 
as follows.
We would like to invite members of the Korean Geriatric Society 
and anyone who are interested.

[ACFS 2021]
November 5, 2021
For more information please contact kgskorea1968@gmail.com      

[The 68th Annual Meeting of the Korean Geriatrics Society]
November 6-7, 2021
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 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.

The Korean Geriatrics Society News

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.
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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/policies-post/wma-declaration-of-helsinki-ethi-
cal-principles-for-medical-research-involving-human-subjects/). 
Clinical studies that do not meet the Helsinki Declaration will not 
be considered for publication. For human subjects, identifiable in-
formation, such as patients’ names, initials, hospital numbers, 
dates of birth, and other protected health care information, should 
not be disclosed. For animal subjects, research should be per-
formed based on the National or Institutional Guide for the Care 
and Use of Laboratory Animals. The ethical treatment of all ex-
perimental 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 Institutional 
Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an Insti-
tutional Animal Care and Use Committee (IACUC). If necessary, 
the editor or reviewers may request copies of these documents to 
resolve questions regarding IRB/IACUC approval and study con-
duct.

Instructions to authors
Enactment December 27, 2013
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Conflict of Interest Statement
The corresponding author of an article is asked to inform the Edi-
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://publicationethics.org/
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resources/flowcharts). The discussion and decision on the sus-
pected cases are carried out by the Editorial Board.

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 Geriatrics 
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 responsible 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/recommendations/
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 
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system will lead you through the submission process in a stepwise 
orderly process. Submission instructions are available at the web-
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, editorials and letters in geriatric medicine and gerontolo-
gy. 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 
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has the right to protect the manuscript from misappropriation. Il-
lustrations in published articles will not be returned to the authors.

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 50 7

Review 150 6,000 unlimited 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.
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.
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Abstract & Keywords
A concise and factual abstract is required. The abstract should not 
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 
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JH, Brenner BM, editors. Hypertension pathophysiology, di-
agnosis, and management. 2nd ed. New York, NY: Raven 
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 
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not be published in written descriptions, photographs, and 
pedigrees unless the information is essential for scientific 
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/Title/Institution/Signature: _______________________________________________________________
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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