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Hypotheses in large-scale clinical trials with high levels of evidence 
that affect clinical care guidelines are rarely developed from scratch. 
Rather, hypotheses from numerous small studies that tinker with 
processes from clinical experience or from modest research ideas 
are developed, tested, and discarded at varying stages of research 
and evidence levels.1) During these processes, some ideas attract 
attention from academic societies, policymakers, or industries and 
survive for inclusion in larger trials. 

As both clinicians and researchers in an emerging country, we 
sometimes feel frustrated at the difficulties in initiating research on 
our older population. Government-based funding sources com-
monly require existing clinical evidence on research topics, usually 
from high-profile journals; however, publication in these high-pro-
file journals from developed countries is sometimes difficult in the 
case of small or idea-generating studies performed specifically in 
older adults in emerging countries. Therefore, researchers some-
times feel that acquiring research support for understudied clinical 
topics is a chicken-and-egg problem. Even worse, some Asian 
countries evaluate researchers’ performance on the basis of their 
record of publication in high-impact journals,2) giving minimal im-
petus to researchers submitting their articles to journals from 
emerging countries. Consequently, researchers are prone to con-
ducting studies with ideas and designs that meet the interests of 
the readership of journals from Western countries. This focus may 
decrease the clinical relevance of the research findings in their own 
populations.3) Consequently, we have noted that many problems 
that we face in fragmented clinical practices for our patients remain 
in status quo and fail to be included in viable research agendas.4)  

However, the research topographies of known, known-unknown, 
and unknown-unknown scientific knowledge differ by country be-
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cause of varying socio-demographic and cultural characteristics and 
care delivery systems (Fig. 1). For example, the socio-economic im-
portance of frailty and functional impairment might be more evi-
dent in countries with high aging population ratios, whereas these 
issues are less obvious in countries with populations of lower age 
groups. With these differences, emerging nations may have to re-
peatedly establish clinical evidence on varying topics related to pop-
ulation aging that are already well-established in developed coun-
tries. Consequently, journals with population-specific readership are 
needed in emerging countries experiencing unprecedented demo-
graphic aging, with distinct population characteristics from those in 
developed countries with more established care systems for their 
older population. Furthermore, we need journals with editorial per-
spectives that support the tinkering processes of research ideas that 
may eventually improve clinical practices for older populations. 

To meet these unmet needs, our journal has been working with 
contributors and readers worldwide to become an easily accessible 
multidisciplinary journal for geriatrics and gerontology in emerg-
ing countries experiencing population aging at an unprecedented 
pace. In terms of advances in academic communication, we now 
celebrate that our journal is being indexed in Scopus, after our in-
clusion in the Emerging Scientific Citation Index in 2018. Further-
more, scholars from emerging countries, including Thailand, Ma-
laysia, Singapore, and Hong Kong, with vast research experience in 
the field, have joined our journal as editors. 

To bolster the development of research ideas for older popula-
tions in our region, our journal is eager to receive research on pop-
ulation- or region-specific issues, with varying levels of evidence, 
including qualitative research such as narrative studies, small-scale 
case series, or proof-of-concept pilot studies. For example, a study 
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from Japan by Hattori et al.5) describing cases of successful removal 
of percutaneous endoscopic gastrostomy tubes in patients with ad-
vanced dementia reflects unique cultural characteristics in East 
Asian countries regarding the importance of providing oral or en-
teral nutrition even to terminally frail patients. Similarly, a study 
from Brunei by Akbar et al.6) reports the perspectives of healthcare 
providers, including the cultural characteristics of Asian countries 
in terms of hierarchies among professionals and mood or pain sta-
tus in less-expressive patients. Regarding the population-specific 
research topography of geriatrics and gerontology, we will publish 
more reviews and opinions to provide research perspectives, serv-
ing as signposts for planning studies.7) We welcome active input 
from varying countries, in addition to current contributions from 
small interest groups within the Korean Geriatrics Society. 

As most countries have insufficient geriatric care workforces to 
serve the substantial healthcare demands of their rapidly aging 
populations, expanding geriatric concepts will be essential, as al-
ready observed in developed countries. To expand the concept of 
geriatrics to non-geriatric specialists and students, we also call for 
research on strategies for interprofessional geriatric education and 
geriatric teaching programs for medical students. Sharing of coun-
try-specific experiences and current problems in developing geriat-
ric education systems will allow dialectic evolution of each coun-
try’s system to improve efficiency.8) Moreover, societies are in the 
processes of developing and advancing optimal care delivery sys-

tems for older adults with varying functional capacities and multi-
morbidity that are currently lacking in most countries. In these 
processes, clinicians, researchers, and policymakers can learn and 
brainstorm by sharing their country’s history, current situation, 
and plans for geriatric care. In 2018 and 2019, we received input 
from diverse countries, including Australia,9) Taiwan,10) and Ko-
rea.11) We hope to soon offer more papers on care model develop-
ment in older populations. 

In the next decade, most emerging countries are expected to ex-
perience increasing demands for their aging populations, with 
shortages of geriatric workforces and ailing healthcare systems that 
were designed for the 20th century. Our journal will serve as an 
arena for brainstorming among emerging nations worldwide to 
bring research ideas into practice by providing evidence in these 
aging populations.  
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Aging and diabetes are both risk factors for functional decline or disability in older adults with 
diabetes. Recent studies demonstrated that the presence of diabetes significantly increases the 
risk of sarcopenia, frailty, and geriatric syndrome including falls, hospitalization, disability, and 
mortality in older adults. They have also suggested that sarcopenia, frailty, and geriatric syndrome 
should be categorized as a third category of complications in addition to the traditional micro- 
and macro-vascular complications leading to disability in older adults with diabetes. Prevention 
of functional decline is a crucial strategy in geriatric management. Recovery of functional inde-
pendence from dependence or disability is uncommon and lengthy. Assessments of functional 
status and geriatric syndrome including sarcopenia or frailty should be mandatory in older adults 
with diabetes to promote early interventions based on physical exercise and nutrition education. 
This brief review discussed age-associated and diabetes-associated muscle changes and their as-
sociation with functional decline. 

Key Words: Skeletal muscle, Dysfunction, Diabetes mellitus, Sarcopenia, Frailty  
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INTRODUCTION 

Diabetes, particularly type 2 diabetes (T2D), is a highly prevalent 
metabolic disease in older adults that is associated with microvas-
cular and cardiovascular complications.1) The prevalence of diabe-
tes in people aged 65 years or older has increased to 30% in several 
developed countries.2) Korea is one of the most highly ranked 
countries in terms of the speed of population aging.3) In 2000, 7% 
of the total Korean population was aged 65 years and increased to 
14% by 2017. The Korean Diabetes Association recently showed a 
steady increase in the prevalence of diabetes in the Korean popula-
tion. In 2016, the prevalence of diabetes was 14.4% in Korean 
adults aged 30 years or older and up to 30% among those aged 65 
years or over.4) 

Several studies have shown that diabetes increased the econom-
ic, social, and health burden in older adults5,6) and have recently 
drawn attention to disability and impaired quality of life in older 
adults with diabetes.7) The American Geriatrics Society and the 
American Diabetes Association published a consensus report to 
emphasize geriatric syndrome in diabetes care for older adults, 
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which recommended individualized glycemic targets and diabetes 
management plans considering their functional status.8) It also sug-
gested that sarcopenia, frailty, and geriatric syndrome (including 
dementia and depression) be categorized as a third complication 
in addition to the traditional micro- and macro-vascular complica-
tions associated with functional decline.7,9,10) Therefore, physical 
and cognitive function are of prodigious importance in the care of 
older people with diabetes. 

A crucial strategy in geriatric management is the prevention of 
functional decline. Previous studies showed that the recovery of 
functional independence from dependence or disability was un-
common and lengthy.11,12) However, screening of high-risk popula-
tions and timely interventions have been shown to prevent incident 
functional dependence or disability.13) Increasing age and diabetes 
are both risk factors for functional decline and disability. Thus, un-
derstanding the mechanisms of diabetes on age-associated muscle 
dysfunction is crucial for early intervention and prevention of func-
tional decline and disability in older adults with diabetes. 

This brief review discussed the age-associated and diabetes-as-
sociated muscle changes and their association with functional de-

Copyright© 2019 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.



cline. The definition and diagnosis of sarcopenia and frailty have 
been described in detail previously9,14) and were not covered in this 
review. 

AGE-ASSOCIATED CHANGES IN SKELETAL MUSCLE 

Skeletal muscle has several important functions in humans, includ-
ing posture, locomotion, and breathing15) in addition to the regula-
tion of glucose and protein metabolism and heat production. Skel-
etal muscle comprises 40%–50% of total body weight and contains 
50%–75% of body proteins.16) From a metabolic point of view, 
muscle mass depends on the balance between protein synthesis 
and breakdown; these processes are regulated by the multiple fac-
tors including nutrition, hormone, physical activity, exercise, and 
diseases (e.g., inflammation).16,17) 

One of the distinctive clinical features of aging is the presence of 
muscle atrophy and weakness. In general, muscle mass progressive-
ly decreases after 20–30 years of age. While men have a greater 
muscle mass than women, the age-associated decrease in muscle 
mass is more rapid.18) The reduction of muscle mass is usually as-
sociated with decreases in muscle strength and aerobic exercise ca-
pacity. The annual rate of muscle mass decline is approximately 
1%–2%, accelerates to 2%–3% per year after 60 years of age, and 
further increases after 75 years of age.19) In contrast, fat mass, espe-
cially visceral and intermuscular fat, increases. Thus, the decrease 
in skeletal muscle mass and increase in ectopic fat in muscles are 
common elements in the age-related remodeling of body composi-
tion. Muscle is a major organ of glucose metabolism; therefore, the 
reduction of muscle mass may cause increased insulin resis-
tance.17,20) Accumulation of ectopic fat and its related adipocyto-
kine in addition to mitochondrial dysfunction are other important 
factors leading to increased insulin resistance.21) 

The mechanisms leading to the age-associated sarcopenia re-
main unclear. The proposed hypotheses include changes in muscle 
fiber type, apoptosis, reduced protein synthesis, hormonal chang-
es, physical inactivity, malnutrition, and comorbidity.16,17,20) The 
combination of these factors may be responsible for age-associated 
sarcopenia. Changes in sarcopenic muscle include reduced myofi-
ber size and number, particularly those of type II fibers and de-
creased numbers of type II fiber satellite cells resulting in a net 
change from type II to type I fibers.21) Additionally, mitochondrial 
density and function in myocytes are altered. Ectopic fat infiltra-
tion (myosteatosis) and alterations of neuromuscular junction also 
play a crucial role in the development of sarcopenia.20,22) 

Several molecular mechanisms have been suggested in sarcope-
nic muscle including insulin-like growth factor 1, mammalian tar-
get of rapamycin (mTOR), myostatin/activin, and nuclear fac-

tor-kB; these complex pathways are susceptible to hormonal 
changes and pro-inflammatory cytokines in addition to age-associ-
ated anabolic resistance.20,22,23) 

DIABETES-ASSOCIATED CHANGES IN SKELETAL 
MUSCLE 

Bianchi and Volpato24) recently summarized the diabetes-related 
changes of muscle mass and function in epidemiological studies of 
different populations with T2D. Cross-sectional studies showed 
inconsistent results in total or leg muscle mass assessed by the du-
al-energy X-ray absorptiometry (DXA) or computed tomography 
in people with diabetes (higher in two studies or lower in two 
studies) compared to that in non-diabetic participants. However, 
three prospective studies including the Health, Aging, and Body 
Composition study,25) community-dwelling Chinese cohort,26) 
and the Osteoporotic Fractures in Men Study27) found an acceler-
ated loss of muscle mass in older adults with diabetes compared to 
their non-diabetic counterparts. Moreover, several cross-sectional 
studies reported lower handgrip strength and knee extension 
torque in older people with diabetes despite having similar muscle 
mass.28-30) Prospective cohort studies showed a steeper decline in 
knee extension torque.31,32) As a consequence, the muscle quality 
was consistently lower in the lower extremities in most of the dia-
betic subjects compared to that in their non-diabetic counterparts. 

In Korean older adults, the appendicular skeletal muscle mass 
(ASM) assessed by DXA was lower in diabetic patients than that in 
their non-diabetic counterparts while muscle mass index (ASM/
height2) was lower only in older men with diabetes.33) Yoon et al.34) 
reported that muscle mass and strength in older diabetic patients 
did not differ compared to those in nondiabetic subjects; however, 
the muscle quality was poorer and physical performance was im-
paired in diabetic subjects with poor glycemic control. The Korean 
Frailty and Aging Cohort Study (KFACS) also showed that com-
munity-dwelling older men and women with diabetes had a de-
creased muscle mass index (ASM/body mass index) and handgrip 
strength but that only women with diabetes showed decreased 
physical performance compared to non-diabetic participants (un-
published data). The KFACS indicated a prevalence of sarcopenia 
of approximately 13% in Korean older adults with diabetes accord-
ing to the definition from the Asian Working Group for Sarcopenia; 
however, there was no significant difference in the prevalence of 
sarcopenia compared to that in non-diabetic participants. 

The presence of diabetes accelerated the decrease of muscle 
mass, strength, and quality because of the associated insulin resis-
tance and diabetes complications;9,35) however, the underlying 
mechanisms of these associations remain unclear. Insulin resis-
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tance inhibits the mTOR pathway that leads to protein synthesis 
and decreases protein degradation.36) Insulin resistance also in-
creases activation of the ubiquitin-proteasome pathway, resulting 
in the degradation of muscle protein.37) Chronic hyperglycemia in-
creases the production of advanced glycation end products 
(AGEs). AGEs may contribute to sarcopenia through increased in-
flammation and endothelial dysfunction in the microcirculation of 
skeletal muscle; they also accumulate in the skeletal muscle and 
cartilage and increase stiffness in patients with diabetes.38,39) 

Diabetic peripheral neuropathy is a common complication of 
diabetes, especially in older adults, and leads to sarcopenia in peo-
ple with diabetes. Patients with peripheral neuropathy had higher 
calf intermuscular adipose tissue, which was associated with poor 
muscle strength and function.40) Recently, Oh et al.41) demonstrat-
ed that the muscle strength, as measured by handgrip strength, was 
lower in Korean men with diabetic neuropathy than that in those 
without neuropathy. The presence of diabetes was also associated 
with an increase in inflammatory cytokine levels. Increased levels 
are likely to be associated with both frailty and sarcopenia.42) 
Moreover, systemic inflammatory cytokines, such as tumor necro-
sis factor and interleukin-6, have detrimental effects on muscle 
mass, strength, and physical performance in older adults.43) 

SARCOPENIA, FRAILTY, AND GERIATRIC SYNDROME 
IN DIABETES 

Sarcopenia is a syndrome characterized by a progressive and gener-
alized loss of skeletal muscle mass with either muscle weakness or 
poor physical performance.14) Frailty is a state of increased vulnera-
bility to minor stressors because of decreased physiological reserve 
in multiple organ systems, which increases the risk of poor health 
outcomes including fall, hospitalization, disability, and death.9) The 
KFACS demonstrated a prevalence of frailty in Korean older men 
and women with diabetes of 5.5% and 9.5%, respectively, based on 
the Cardiovascular Health Study frailty phenotype criteria (unpub-
lished data). The prevalence of frailty in women with diabetes was 
2-fold higher than that in those without diabetes but the difference 
in the prevalence of frailty between older men with diabetes and 
those without diabetes was not statistically significant. 

Sarcopenia and frailty have a commonality and may share simi-
lar pathways for functional decline or disability in older adults.9,35) 
Sarcopenia may be an intermediate step in the development of 
frailty in patients with diabetes because sarcopenia is one compo-
nent of the frailty phenotype.44) Thus, sarcopenia may progress to 
physical frailty, then deteriorate to physical disability, and finally 
cause death in older adults (Fig. 1). The presence of diabetes in-
creased the risk of sarcopenia and frailty by 2-fold and 1.5–4-fold, 

respectively.45) A meta-analysis showed that diabetes was associat-
ed with an increased odds of difficulties with activities of daily liv-
ing (ADL) and instrumental activities of daily living (IADL) com-
pared to those without diabetes (odds ratio = 1.82, 95% confidence 
interval 1.63–2.04 and odds ratio = 1.65, 95% confidence interval 
1.55–1.74, respectively).7) 

Fall is a major geriatric syndrome and is detrimental to quality of 
life; it is associated with activity avoidance, hospitalization, and 
even mortality.46) Fall is highly prevalent in older adults with diabe-
tes, with annual incidence rates of 39% in those over 65 years of 
age and even higher in those with poor glycemic control and insu-
lin treatment.47) 

CONCLUSION 

Diabetes, sarcopenia, and frailty are associated with functional de-
cline, disability, and mortality. Diabetes accelerates the age-associ-
ated muscle loss and progression of muscle weakness that lead to 
the early pathophysiologic process of frailty. Thus, the manage-
ment of frailty in patients with diabetes should initially focus on 
sarcopenia prevention. 

Assessment of functional status and screening of sarcopenia 
and/or frailty in older adults with diabetes should be mandatory8) 
to promote early interventions based on physical exercise and nu-
trition education. 

Fig. 1. Additive effects of aging and diabetes on muscle dysfunction. 
Sarcopenia is a major component of frailty. Diabetes accelerates the 
progression of sarcopenia to frailty, ultimately leading to disability, 
functional dependence, and death. Geriatric syndrome includes falls, 
incontinence, pressure ulcer, delirium, functional dependence.
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Diabetes is an important health problem with the population aging. Previously, it is well estab-
lished that diabetes is associated with microvascular and macrovascular complications, but re-
cently, several data suggest that diabetes is accompanied with frailty as well as disability among 
the older adults. Considering the clinical significance of frailty and disability, it is important to 
understand the pathway from diabetes to frailty and/or disability. Additionally, it is strongly rec-
ommended to find a new therapeutic intervention are required to meet the increasing demand of 
managing older diabetic patients with the population aging. 
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INTRODUCTION 

Diabetes is a serious health condition for older adults that has an 
increasing clinical significance in aged societies. More than 25% 
of Korean adults over 60 years of age have diabetes mellitus, and 
approximately 50% of older adults have impaired fasting glucose 
levels.1,2) Diabetes is associated with complications including car-
diovascular disease, retinopathy, renal failure, and peripheral vas-
cular disease. The occurrence of microvascular or macrovascular 
diabetic complications increases significantly after 10 years of dis-
ease duration. These complications are related to functional de-
cline, disability, and loss of quality of life.3,4) Among older adults 
with diabetes, geriatric syndrome, especially frailty, is emerging as 
a third category of complications in addition to the traditional mi-
crovascular or macrovascular diseases leading to considerable dis-
ability. Understanding the pathway from diabetes to frailty and/or 
disability is important for establishing early intervention and pre-
vention strategies. This review discusses the relationship between 
frailty, disability, and diabetes among older adults. 

Review Article
pISSN 2508-4798   eISSN 2508-4909

Ann Geriatr Med Res 2019;23(4):165-169
https://doi.org/10.4235/agmr.19.0036

Corresponding Author: 
Kwang-il Kim, MD, PhD
Department of Internal Medicine, 
Seoul National University Bundang 
Hospital, 82 Gumi-ro 173beon-gil, 
Bundang-gu, Seongnam 13620, Korea 
E-mail: kikim907@snu.ac.kr 
ORCID: 
https://orcid.org/0000-0002-6658-047X

Received: October 25, 2019 
Revised: November 29, 2019 
Accepted: December 1, 2019 

FRAILTY AND DISABILITY IN OLDER DIABETIC 
PATIENTS 

In recent years, frailty has emerged as an independent predictor as-
sociated with increased risks of adverse outcomes among older 
adults, irrespective of their associated comorbidities. Frailty is a 
state of decreased reserve and resistance to stressors resulting from 
cumulative declines across multiple physiologic systems with ag-
ing, which leads to vulnerability to adverse outcomes such as 
death, hospital admission, permanent institutionalization, falls, 
and additional disability.5) While disability is hard to reverse, frailty 
is a dynamic process with a wide range of interventions to reduce 
vulnerability. Fried et al.6) established a framework of the frailty 
phenotype in which three or more of the following criteria were 
present: unintentional weight loss, self-reported exhaustion, mus-
cle weakness, slow walking speed, and low physical disability. The 
presence of one or two phenotype criteria describes a pre-frail state 
while the absence of any positive criteria describes a robust state. 
Another definition of frailty is the frailty index proposed by Rock-
wood and colleagues. In this concept, Frailty is recognized as an 
accumulation of deficit during aging (symptoms, diseases, condi-
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tions, and disabilities).7) Studies have showed that Frailty is a dy-
namic process and also potentially reversible through interventions 
in carefully chosen, evidence-based circumstances.8) 

Several studies have shown that diabetic patients are more likely 
to be frail than non-diabetic older adults.9-12) From the German 
ESTHER cohort study and Whitehall II Prospective Study, the 
prevalence of frailty in adults older than 65 years was 3- to 5-fold 
higher in patients with diabetes than that in the general popula-
tion.13,14) Data from the National Health and Nutrition Examina-
tion Survey (NHANES) and Cardiovascular Heart Study (CHS) 
indicate that frailty and pre-frailty are present in 25% and 18.2% of 
individuals with diabetes, respectively, compared to an overall 
prevalence of 6.9% among those aged ≥ 65 years. The Beijing Lon-
gitudinal Study of Aging II, demonstrated the highest prevalence 
of frailty among individuals with diabetes (19.3%), compared to 
11.4% and 11.9% in pre-diabetic and non-diabetic individuals, re-
spectively.15) 

The pathophysiology of diabetes is closely associated with frailty. 
Long-duration diabetes increases the loss of skeletal muscle mass 
and function, which lead to reduced mobility and gait speed.16) In-
sulin resistance can aggravate lower limb dysfunction, further wors-
ening the increase in intramyocellular fatty-acid metabolites caused 
by reduced mitochondrial activity that accompanies muscle ag-
ing.17) This is likely due to the increased risk of sarcopenia, which is 
linked to frailty.18) Hyperglycemia is associated with increased insu-
lin resistance, chronic inflammation, oxidative stress, and mito-
chondrial dysfunction, all of which have deleterious effects on skel-
etal muscle mass and function, leading to sarcopenia.19) 

Because frailty might be caused by the accumulation of subclini-
cal damage in multiple organ systems, diabetic complications may 
also lead to frailty. A Japanese cross-sectional study of 9,695 partic-
ipants showed a significantly increased risk of frailty among indi-
viduals with a history of diabetes and lower kidney function (odds 
ratio = 2.76, 95% confidence interval [CI], 1.21–8.24).20) 

Among diabetic complications, autonomic neuropathy can 
cause orthostatic hypotension, arrhythmia, syncope, diarrhea, and 
bladder dysfunction. It may also result in the absence of typical hy-
poglycemic symptoms such as sweating, tachycardia, and tremors. 
It is also related to adverse events such as falls, malnutrition, and 
urinary incontinence and eventually leads to frailty. 

Frailty is also associated with insulin resistance in the post-ab-
sorptive state of glucose metabolism in the presence of increased 
abdominal fat. A Canadian study showed lower insulin sensitivity 
in the frail-obese group than in the frail-lean group but observed 
no significant differences among the healthy, non-obese and frail-
obese or frail-lean groups.21) 

Frailty is a major factor associated with an increased risk of death 

and disability in older adults with diabetes. Among 1,825 partici-
pants aged ≥ 65 years in the Toledo Study of Healthy Aging 
(TSHA) cohort study, individuals with diabetes died more fre-
quently than those without diabetes (hazard ratio = 1.36; 95% CI, 
1.06–1.75; p = 0.002), showing a poorer functional status at base-
line. The hazard ratios for death were 1.51 (95% CI, 1.28–1.77) 
and 1.83 (95% CI, 1.49–2.26) for each 10-point increase in Frailty 
Trait Score and Frailty Index, respectively.22) An observational 
study of clinic patients with diabetes mellitus aged 50–90 years re-
ported that participants with frailty were more likely to have new 
activities of daily living disability at the 6-month follow-up.23) 

Accordingly, previous evidence confirmed the close relationship 
between diabetes and frailty and the adverse effect of frailty on 
clinical outcomes among older patients with diabetes. Older adults 
with diabetes and frailty may experience multiple medical condi-
tions and be trapped in vicious cycles, which lead to further func-
tional decline. Thus, preventive approaches in older patients with 
frailty and diabetes are important for maintaining their healthy life-
styles.  

COMMON PROBLEMS AMONG DIABETIC PATIENTS 
WITH FRAILTY OR DISABILITY  

Hypoglycemia 
Older adults with frailty have an increased risk of hypoglycemia as 
most of these individuals have problems with loss of appetite and 
weight loss. Recurrent hypoglycemia is common in older patients 
with diabetes but is less likely to be recognized and, thus, is un-
der-reported by patients and healthcare professionals. The lack of 
recognition is mainly due to the predominance of neurological 
symptoms (dizziness or visual disturbance) rather than autonomic 
symptoms (palpitation, sweating, anxiety, and nausea) associated 
with hypoglycemia among older adults as the autonomic symp-
toms are decreased and counter-regulatory responses to hypogly-
cemia are reduced in older people.24) Severe hypoglycemia often 
leads to hospitalization in older adults, which could lead to the de-
terioration of a patient’s general condition and, eventually, frailty 
and disability. Repeated hypoglycemia is likely to result in frailty, 
disability, and poor health outcomes.25) 

Falls 
Falls are a common problem in older adults with frailty. A Japanese 
study showed that lower walking speed, one of the manifestations 
of frailty, was associated with falls in patients with type 2 diabetes. 
The risk factors for falls among patients with diabetes include 
polypharmacy, muscle weakness, previous stroke, motor and sen-
sory neuropathy, poor glycemic control, hypoglycemia, insulin use, 
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cognitive dysfunction, orthostatic hypotension, and visual impair-
ment.26,27) Fall prevention in patients with diabetes and frailty re-
quires a multifactorial approach and there is strong evidence of a 
benefit in older adults. Gait, balance, and strength training might 
reduce the risk of falls in people with diabetes. 

Cognitive Dysfunction 
Frailty, and cognitive impairment, are prevalent among patients 
with cardiometabolic disease.28) Moreover, diabetes is a risk factor 
for the development of vascular as well as neurodegenerative de-
mentia.29) Cognitive dysfunction significantly impacts the risk of 
both hypoglycemia and hyperglycemia in patients with diabetes. 
In particular, there is a bidirectional relationship between demen-
tia and hypoglycemia; in other words, cognitive dysfunction is a 
risk factor for the development of hypoglycemia and hypoglycemia 
increases the risk of cognitive impairment in patients with diabe-
tes.30) Therefore, the prevention of hypoglycemia should always be 
considered a priority in the treatment of older patients with diabe-
tes and frailty. 

Sarcopenia 
Patients who have diabetes mellitus, particularly when associated 
with renal failure, show an accelerated loss of muscle function.31,32) 
Sarcopenia is an age-related decline in muscle function and mass.33) 
Sarcopenia is associated with increased disability and mortality34) 
and most likely forms the basis of frailty in patients with type 2 di-
abetes. 

PREVENTION AND MANAGEMENT OF FRAILTY 
AMONG DIABETIC PATIENTS 

Diabetes management may require assessments in the medical, 
psychological, functional, and social domains. In addition to the 
classic cardiovascular and microvascular disease, older adults with 
diabetes and frailty should be assessed for a group of conditions 
termed geriatric syndrome, which includes cognitive dysfunction, 
functional impairment, falls/ fractures, polypharmacy, depression, 
vision and hearing impairment, urinary incontinence, and nutri-
tional problems. This comprehensive medical evaluation may pro-
vide a framework to determine targets and therapeutic approaches 
and to identify individuals with significantly impaired functional 
status such as visual and lower-extremity complications or cogni-
tive impairment, which may impact their ability to self-manage 
their diabetes.35)  

Diabetes management strategies for robust older adults with dia-
betes are similar to those for younger adults. However, older adults 
with frailty should be provided individualized risk-minimization 

care plans according to the functional status and life expectancy. 
The American Geriatric Society suggests a glycosylated hemoglo-
bin (HbA1c) target of 7.5%–8.0% for older adults. However, glyce-
mic control targets may vary depending on the patient’s frailty sta-
tus. An HbA1c target of 7.0%–7.5% is suitable for functionally in-
dependent older adults with a reasonable life expectancy, while a 
target of 8%–9% is appropriate for older adults with frailty and 
those with dementia and a life expectancy of fewer than 10 years.36) 

Sulfonylurea or insulin, which can increase the incidence of hy-
poglycemia, should be used with care in dependent patients with 
frailty and cognitive impairment. Glimepiride has a long half-life 
and can result in severe and prolonged hypoglycemia. If sulfony-
lureas are used, short-acting agents such as glipizide or gliclazide 
are preferred. 

Metformin can be a first-line choice of treatment in older patients 
with diabetes and frailty. Patients with frailty should be monitored 
carefully for weight loss and gastrointestinal side effects. Thiazoli-
dinedione should be used with care in patients with congestive 
heart failure and those at risk for falls or fractures. Dipeptidyl pepti-
dase 4 (DPP-4) inhibitors are effective and reasonably safe in older 
adults. Because glucagon-like peptide 1-receptor agonists may be 
associated with gastrointestinal side effects and weight loss, they 
may not be desirable in underweight individuals with frailty. As 
only injectable forms are available, they should also be considered 
only when caregiver support is available. While sodium-glucose 
cotransporter 2 inhibitors appear to be well-tolerated by older 
adults, long-term data are scarce.35,36) In addition, sodium-glucose 
transport protein 2 (SGLT2) inhibitors act as osmotic diuretics and 
are associated with weight loss as well as reduced blood pressure. 
Accordingly, these agents should be used with caution in older pa-
tients treated with antihypertensive agents, especially diuretics. 

Diabetes nutritional therapy may have a protective effect against 
the development of frailty. Many older people lack adequate nutri-
tional intake particularly that of protein, while also requiring in-
creased dietary protein intake to compensate for age-related ana-
bolic resistance. Older adults are recommended to consume 1.0–
1.2 g protein per kg of body weight per day to maintain and regain 
lean body mass and function.37) Optimal nutrition with adequate 
protein intake combined with exercise programs, including aerobic 
and resistance training, could reduce the risks of sarcopenia and 
frailty.38-40) Treatment of diabetic autonomic neuropathy in older 
adults is complex because of their poor tolerability to many phar-
macologic treatment options. It is essential to search for the sec-
ondary causes and decrease the intake of medications that may 
contribute to the patient’s symptoms. Lifestyle interventions such 
as diet alteration may help to reduce the need for pharmacologic 
treatments and their associated risks of adverse effects.41) 
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CONCLUSION 

Diabetes is frequently accompanied by frailty and they share path-
ways leading to disability, morbidity, and mortality in older adults. 
Early recognition of frailty in older diabetic patients allows com-
prehensive multi-component interventions including physical ex-
ercise, nutritional support, and medication adjustment. Moreover, 
better strategies can be established for diabetes management, in-
cluding setting glycemic goals, selecting anti-diabetic agents, and 
implementing other preventative interventions. Identification of 
the common mechanisms and the development of new therapeu-
tic interventions are needed to meet the increasing demand for the 
management of older diabetic patients due to population aging. 
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Background: Diabetic peripheral neuropathy (DPN) is prevalent in patients with type 2 diabetes, 
and its prevalence increases with age. A previous study demonstrated the association between 
DPN and muscle dysfunction; however, there are limited data on the association between DPN 
and sarcopenia. Methods: We enrolled patients with type 2 diabetes and measured hand grip 
strength (HGS), lean body mass using a bio-impedance analysis, and gait speed using a 4-m 
walking test. Sarcopenia was diagnosed according to the criteria from the Asian Working Group 
for Sarcopenia. We also performed various examinations of neuropathy, including both small- 
and large-fiber neuropathy. Results: Among 170 participants (mean age, 61.5±6.6 years), 24 
(14.1%) were diagnosed with sarcopenia. The Michigan Neuropathy Screening Instrument Ques-
tionnaire (MNSI-Q) scores were higher in patients with sarcopenia than in those without sarco-
penia (2.7±1.3 vs. 2.4±1.3; p=0.008). However, other neuropathy examination results were not 
significantly associated with sarcopenia. The MNSI-Q score was negatively associated with HGS, 
with an odds ratio (OR) of 1.367 (95% confidence interval [CI], 1.122–1.667) in predicting the 
presence of sarcopenia. After adjusting for sex, body mass index, and diabetes duration, the MN-
SI-Q score was associated with the presence of sarcopenia (adjusted OR=1.310; 95% CI, 1.041–
1.647). Conclusion: In this population with type 2 diabetes, patients with sarcopenia had higher 
neuropathy questionnaire scores than those without sarcopenia. Therefore, active screening for 
sarcopenia should be performed in subjects with DPN. 
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INTRODUCTION 

Sarcopenia is prevalent in patients with type 2 diabetes,1,2) and the 
prevalence of both conditions increases with age.3) Various risk fac-
tors for sarcopenia in patients with type 2 diabetes have been re-
ported. For example, poor glycemic control was related to de-
creased muscle quality and performance in a Korean population 
with type 2 diabetes who were aged 65 years or older.4) In addition, 
longer diabetes duration and dyslipidemia were associated with re-
duced skeletal muscle mass in a Japanese observational study.5) Re-
cently, higher levels of advanced glycated end-products (AGEs) 
were reported in patients with sarcopenia, and the accumulation of 
AGEs was related to decreased muscle mass and strength.6) Be-
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cause AGEs play a pathological role in diabetic vascular complica-
tions, there might be a close association between sarcopenia and 
chronic diabetes complications. 

Diabetic peripheral neuropathy (DPN) is a microvascular com-
plication, and hyperglycemia and other metabolic conditions are 
highly related to DPN.7) Compared with other diabetic microvas-
cular complications, DPN may be directly associated with muscle 
dysfunction because muscles are directly innervated by peripheral 
nerves and their functions are controlled by nerve activity.8) A pre-
vious observational study of 39 patients aged 70–79 years showed 
decreased muscle performance in subjects with DPN compared 
with that in non-diabetic people.9) Another observational study 
confirmed this finding in 10 subjects with diabetes with a mean 
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age of 57.2 years.10) However, there are limited data on the associa-
tion between sarcopenia and DPN in large populations; therefore, 
larger-scale studies are needed to evaluate the association between 
DPN and sarcopenia. 

This study aimed to evaluate muscle mass, strength, and physical 
performance in subjects with type 2 diabetes and assess whether 
DPN was a significant risk factor for sarcopenia. 

MATERIALS AND METHODS 

Participants 
We analyzed data from patients with type 2 diabetes who were en-
rolled in an ongoing prospective observational study. The proce-
dure and inclusion and exclusion criteria of the study have been 
described previously.11) Briefly, the study participants were en-
rolled from an outpatient clinic of a tertiary academic hospital. We 
used a new screening tool for DPN in which the examination re-
quired the participants to stand by themselves for more than 2 
minutes. We excluded participants with neuropathy owing to other 
causes such as thyroid disease, history of chemotherapy, and heavy 
alcohol consumption. The current analysis included data from a 
subgroup of participants aged 50 years and older. The study was 
approved by the Institutional Review Board of Seoul National Uni-
versity Bundang Hospital (No. B-1911/577-104). Written in-
formed consents were obtained.

Medical History and Anthropometric and Biochemical Analyses 
Medical history such as diabetes duration and medication was col-
lected using a structured questionnaire. Anthropometric analysis, 
including body weight and height measurements and bio-imped-
ance analysis (InBody 770; InBody, Seoul, Korea), was performed 
with the participants wearing light clothes. Body mass index 
(BMI) was calculated as body weight/height (kg/m2). Systolic 
and diastolic blood pressures were measured using an electronic 
blood pressure meter after 10-minute rest. Blood was drawn after 
an overnight fast. Renal function and glucose, glycated hemoglo-
bin (HbA1c), total cholesterol, triglyceride, high-density lipopro-
tein (HDL) and low-density lipoprotein (LDL)-cholesterol levels 
were assessed using the protocol of the central laboratory. 

Neuropathy Evaluation 
Trained research nurses performed neuropathy evaluations, the re-
sults of which were confirmed by endocrinology specialists. Annu-
al screening for neuropathy in subjects with type 2 diabetes start at 
diagnosis.12) Neuropathy was evaluated using the Michigan Neu-
ropathy Screening Instrument Questionnaire (MNSI-Q), MNSI 
physical examination (MNSI-PE), a 10-g monofilament test, and 

SUDOSCAN (Impeto Medical, Paris, France). SUDOSCAN 
noninvasively measures electrochemical skin conductance;13) we 
included this measurement to complement the other methods of 
evaluating neuropathy.  

Sarcopenia Assessment  
Trained research nurses measured hand grip strength (HGS) using 
a digital grip strength dynamometer (GRIP-D; Takei Scientific In-
struments, Tokyo, Japan) by following a standard protocol14) after 
requesting that the subjects not perform vigorous exercise before 
the measurement. The nurses measured HGS twice for each hand, 
and we used the mean value of the dominant hand in our analysis. 
The parameter of muscle mass index was the appendicular skeletal 
muscle mass (ASM) divided by the height squared (m2) (ASM/
ht2).15) Low muscle strength and muscle mass were defined as val-
ues below the cutoffs of 26 kg and 7.0 kg/m2, respectively, for men 
and 18 kg and 5.7 kg/m2, respectively, for women.16) We assessed 
walking speed using a 4-m walking test, with the mean values of 
two trials used in our analysis. Sarcopenia was diagnosed according 
to the Asian Working Group for Sarcopenia (AWGS) criteria.16) 

Statistical Analysis 
We presented the data as mean ± standard deviation or as numbers 
and percentage. The differences between patients without and 
with sarcopenia were tested using parametric or non-parametric 
t-test and chi-square test. Simple correlations between parameters 
were evaluated by Spearman correlation analysis. Logistic regres-
sion analysis was used to identify risk factors associated with sarco-
penia. We chose covariates from among the variables that differed 
significantly between patients with and without sarcopenia consid-
ering their clinical importance and multicollinearity. All variables, 
except sex, were continuous variables in logistic regression analysis. 
Statistical analysis was conducted using IBM SPSS Statistics ver-
sion 22 for Windows (IBM SPSS, Armonk, NY, USA). Two-sided 
p-values < 0.05 were considered statistically significant. 

RESULTS 

Among 170 participants, 24 (14.1%) had sarcopenia. The partici-
pant characteristics are shown in Table 1. More women than men 
had sarcopenia. Body weight and BMI were lower in patients with 
sarcopenia than in those without sarcopenia. Furthermore, diabe-
tes duration was longer in subjects with sarcopenia than in those 
without sarcopenia (14.6 ± 8.3 vs. 10.1 ± 7.3 years; p = 0.009). The 
MNSI-Q scores were higher in patients with sarcopenia than in 
those without sarcopenia (2.7 ± 1.3 vs. 2.4 ± 1.3; p = 0.008). How-
ever, the results of other neuropathy examinations, including MN-
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SI-PE, 10-g monofilament test, and electrochemical skin conduc-
tance of feet obtained using SUDOSCAN, did not differ between 
the groups. More patients with sarcopenia were treated with insu-
lin than patients without sarcopenia. 

Table 2 shows the results of the evaluation of sarcopenia param-
eters. We observed large differences in ASM, ASM/ht2, and HGS 
between the groups; however, walking speed showed only a de-
creasing trend in the sarcopenia group. To determine the associa-
tion between muscle measurements and DPN, we conducted a 
correlation analysis for each sex (Table 3). In men, HGS was sig-
nificantly associated with the MNSI-Q score and the results of 
MNSI-PE, 10-g monofilament test, and electrochemical skin con-
ductance of the feet. However, no parameters were significantly as-
sociated with ASM/ht2. In women, only the MNSI-Q score 
showed a negative association with HGS. 

Table 4 shows the results of logistic regression analysis. Subjects 
with sarcopenia had substantially higher odds ratio (OR) for dia-
betes duration (OR = 1.075; 95% confidence interval [CI], 1.018–
1.134) and the MSNI-Q score (OR = 1.367; 95% CI, 1.122–
1.667). After adjusting for sex, BMI, and diabetes duration, the 
MSNI-Q score was significantly associated with the presence of 
sarcopenia (adjusted OR = 1.310; 95% CI, 1.041–1.647). 

DISCUSSION 

We observed a sarcopenia prevalence of 14.1% among patients 
with type 2 diabetes from a single tertiary academic hospital. Pa-
tients with sarcopenia had lower BMI, longer diabetes duration, 
and higher rates of insulin therapy. Therefore, more severe diabetes 
might be related to sarcopenia. Patients with sarcopenia also had 
higher MNSI-Q scores than those without sarcopenia. After ad-
justing for sex, BMI, and diabetes duration, the MNSI-Q score was 
significantly associated with the presence of sarcopenia. 

While we adopted the AWGS criteria for sarcopenia,16) other di-
agnostic criteria exist for sarcopenia.17) Therefore, care is required 
when comparing our findings with those of other studies. More-

Table 1. Clinical and biochemical characteristics according to the 
presence of sarcopenia

Sarcopenia (–) Sarcopenia (+) p-value
Number of patients 146 (85.9) 24 (14.1)
Age (y) 61.3 ± 6.6 62.6 ± 6.2 0.299
Sex, male 93 (63.7) 5 (20.8) < 0.001
Body weight (kg) 68.2 ± 10.2 55.9 ± 7.9 < 0.001
BMI (kg/m2) 25.5 ± 3.1 23.3 ± 3.1 0.001
SBP (mmHg) 129.7 ± 14.3 128.9 ± 13.8 0.796
DBP (mmHg) 74.2 ± 9.1 70.3 ± 7.7 0.049
Diabetes duration (y) 10.1 ± 7.3 14.6 ± 8.3 0.009
FPG (mg/dL) 140.1 ± 34.5 135.8 ± 37.8 0.782
HbA1c (g/dL) 7.3 ± 1.2 7.5 ± 1.3 0.492
Cholesterol (mg/dL) 156.4 ± 34.2 160.1 ± 33.2 0.547
Triglyceride (mg/dL) 131.5 ± 71.6 127.0 ± 50.7 0.819
HDL cholesterol (mg/dL) 47.5 ± 12.1 48.8 ± 10.7 0.379
LDL cholesterol (mg/dL) 89.3 ± 24.3 95.7 ± 24.4 0.204
BUN (mg/dL) 16.3 ± 5.2 15.6 ± 4.1 0.738
Creatinine (mg/dL) 0.81 ± 0.24 0.72 ± 0.24 0.023
eGFR (mL/min/1.73 m2) 93.6 ± 21.4 96.1 ± 26.7 0.669
MNSI-Q (score) 2.4 ± 1.3 2.7 ± 1.3 0.008
MNSI-PE (score) 2.0 ± 1.3 3.5 ± 2.6 0.358
10-g monofilament test (score) 9.1 ± 1.5 8.5 ± 2.4 0.296
Foot ESC (µS) 60.2 ± 15.6 56.7 ± 18.9 0.471
Medication 
 Metformin 131 (89.7) 22 (91.7) 0.999
 Sulphonylurea 51 (34.9) 7 (29.2) 0.649
 DPP-4 inhibitor 76 (52.1) 16 (66.7) 0.269
 Thiazolidinedione 13 (8.9) 1 (4.2) 0.695
 Insulin 21 (14.4) 10 (41.7) 0.003

Values are presented as number (%) or mean±standard deviation. 
BMI, body mass index; SBP, systolic blood pressure; DBP diastolic blood 
pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea 
nitrogen; eGFR, estimated glomerular filtration rate; MNSI-Q Michigan 
Neuropathy Screening Instrument Questionnaire; MSNI-PE, MNSI physical 
examination; ECS, electrochemical skin conductance; DPP-4, dipeptidyl 
peptidase-4.
p-values are derived from Student t-test, Mann–Whitney U-test, or chi-
square test.

Table 2. Anthropometric data according to the presence of sarcopenia for each sex

Male Female
Sarcopenia (–) Sarcopenia (+) p-value Sarcopenia (–) Sarcopenia (+) p-value

ASM (kg) 22.6 ± 3.0 15.7 ± 2.8 < 0.001 15.8 ± 2.2 14.2 ± 1.4 0.003
ASM/ht2 (kg/m2) 8.0 ± 0.7 6.1 ± 0.5 < 0.001 6.5 ± 0.7 6.0 ± 0.5 0.007
Hand grip strength (kg) 34.5 ± 7.2 22.6 ± 3.2 0.001 22.1 ± 4.2 17.1 ± 3.6 < 0.001
Walking speed (m/s) 1.09 ± 0.16 0.96 ± 0.19 0.149 1.04 ± 0.19 0.93 ± 0.20 0.069
Values are presented as mean±standard deviation.
ASM, appendicular skeletal muscle mass; ht, height.
p-values are derived from Mann–Whitney U-test.
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over, various evaluation tools are used for diagnosing DPN. In our 
study, we used a structured questionnaire that is widely applied in 
epidemiology studies7,18) and also performed key physical exam-
inations. In addition, we performed a new technique, SUDOS-
CAN, to evaluate sudomotor dysfunction19) by detecting abnor-
malities in small-fiber nerve function.20) In the present study, only 
the neuropathy (MNSI-Q) scores were associated with the pres-
ence of sarcopenia. In contrast, the physical examination and 
small-fiber nerve function abnormality findings did not discrimi-
nate the presence of sarcopenia. In DPN evaluation, any single test 
is not superior to others because there were various types and dis-
tributions of nerve and they can be injured by metabolic conse-
quences.21) In this regard, questionnaires on various symptoms 
might be more appropriate than any single examination to distin-
guish the presence of sarcopenia. Therefore, the clinical implica-
tion of our finding is that a simple questionnaire for DPN screen-
ing might be useful in identifying patients at a high risk for sarco-
penia. Further validation studies using the same definitions and di-
agnostic tests are needed to confirm our findings. 

We previously reported the association between abdominal obe-
sity and DPN in middle-aged patients with type 2 diabetes.11) In 

that study, we did not observe a significant association between 
neuropathy examination results and lean body mass. Moreover, in 
the present study, we did not observe a significant association be-
tween muscle mass index and neuropathy evaluation findings in 
older patients. In contrast, HGS was significantly associated with 
neuropathy evaluation results, although correlation coefficients 
were small (–0.318 in men and –0.361 in women). Both skeletal 
muscle index and HGS are likely to be preserved until middle age 
in the Korean general population.17,22) This trend suggests the pres-
ence of factors related to the preservation of muscle homeostasis in 
young and middle-aged adults. Between muscle mass and muscle 
strength, the latter might be more vulnerable to metabolic deterio-
ration and aging. Researches showed that muscle strength can pre-
dict poor health outcomes, including cardiovascular diseases, can-
cer, and lung diseases.23) Our identification of DPN as a risk factor 
for sarcopenia, especially for the deterioration of HGS, suggests 
that physicians should employ prevention strategies in older indi-
viduals with DPN to prevent sarcopenia.

The association between DPN and muscle function has been 
assessed in other populations. Resnick et al.9) reported that com-
pared with non-diabetic controls, older patients with DPN (mean 
age, 74.5 years) showed decreased walking speed. Our study re-

Table 3. Correlation coefficients between muscle mass index or HGS and neuropathy examination

Male Female
ASM/ht2 HGS ASM/ht2 HGS

rho p-value rho p-value rho p-value rho p-value
MNSI-Q (score) –0.083 0.418 –0.318 0.001 –0.073 0.544 –0.361 0.002
MNSI-PE (score) 0.098 0.339 –0.242 0.016 0.153 0.201 –0.179 0.110
10-g monofilament (score) –0.004 0.967 0.344 0.001 –0.049 0.686 0.034 0.779
Foot ESC (µS) 0.124 0.223 0.325 0.001 0.166 0.164 0.071 0.556

HGS, hand grip strength; ASM, appendicular skeletal muscle mass; ht, height; MNSI-Q Michigan Neuropathy Screening Instrument Questionnaire; MSNI-PE, 
MNSI physical examination; ESC, electrochemical skin conductance.
p-values are derived from Spearman correlation analysis.

Table 4. Logistic regression analysis of the risk factors for sarcopenia

Unadjusted Adjusted
OR 95% CI p-value OR 95% CI p-value

Female (reference, male) 6.668 2.354–18.889 < 0.001 - - -
BMI (kg/m2) 0.786 0.672–0.918 0.002 - - -
Diabetes duration (y) 1.075 1.018–1.134 0.009 - - -
MNSI-Q (score) 1.367 1.122–1.667 0.002 1.31 1.041–1.647 0.021
MNSI-PE (score) 1.171 0.831–1.651 0.368 1.269 0.842–1.912 0.255
10-g monofilament (score) 0.841 0.676–1.046 0.121 0.788 0.611–1.016 0.066
Foot ESC (µS) 0.987 0.962–1.013 0.327 1.001 0.971–1.032 0.958

OR, odds ratio; CI, confidence interval; BMI, body mass index; MNSI-Q Michigan Neuropathy Screening Instrument Questionnaire; MSNI-PE, MNSI physical 
examination; ESC, electrochemical skin conductance.
p-values are derived from logistic regression analysis; adjusted for sex, BMI, and diabetes duration.
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sults was in accordance with this association between DPN and 
muscle function in a relatively younger population. In another 
small observational study by Scarton et al.,10) compared with 
non-diabetic controls, patients with DPN had incrased ankle rigid-
ity. However, this study did not include data on the general func-
tion of the lower extremities such as walking speed. In summary, 
the results of the current study demonstrated the association be-
tween DPN and decreased muscle function based on the results of 
simple physical examinations in a wider range of participant char-
acteristics and larger population size.

Our study had several limitations. First, we did not perform du-
al-energy X-ray absorptiometry. Bio-impedance analysis requires 
further validation with gold standard methods to improve its accu-
racy.24) Second, we did not evaluate the association between sarco-
penia and DPN in age subgroups. Because DPN prevalence in-
creases with age,25) a more significant association between sarcope-
nia and DPN is possible in older subjects. Third, we did not in-
clude nerve conduction data to estimate large-fiber nerve function. 
Fourth, we enrolled subjects from a single tertiary academic hospi-
tal. Thus, the findings of our study cannot be generalized. 

In summary, the results of this study demonstrated a significant 
association between higher DPN questionnaire score and the pres-
ence of sarcopenia. Therefore, clinical screening for sarcopenia is 
necessary for patients with DPN.  
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Background: This study explored the prevalence and clinical characteristics of geriatric syn-
dromes among Korean older adults with diabetes mellitus (DM). Methods: We used data from 
the 2017 National Survey of Older Koreans to analyze the classic geriatric syndromes of poly-
pharmacy, urinary incontinence, falls, cognitive impairment, and functional impairment according 
to the presence of DM. Results: Among 10,299 participants aged 65 years or older, 2,395 had 
DM. The prevalence of polypharmacy was 64.1% in the DM group and 31.6% in the non-DM 
group (p<0.001). One or more falls per year occurred in 18.7% of participants with DM compared 
with 14.9% of those without DM (p<0.001). The prevalence of urinary incontinence was signifi-
cantly higher in the DM group (3.8%) than in the non-DM group (2.5%) (p=0.001). The preva-
lence of cognitive impairment was 17.7% in the DM group versus 14.9% in the non-DM group 
(p=0.001). Functional impairment occurred in 32.2% of participants in the DM group compared 
with 26.8% of participants in the non-DM group (p<0.001). Finally, the number of geriatric syn-
dromes was significantly associated with cardiovascular disease (CVD) and chronic kidney disease 
(CKD) in patients with DM. Conclusion: The results of this study showed a higher prevalence of 
geriatric syndromes among older Korean adults with DM. In addition, the coexistence of multiple 
geriatric syndromes was associated with CVD and CKD among patients with DM. These findings 
support the current guidelines for older adults with DM that recommend assessment for geriatric 
syndromes. 
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INTRODUCTION 

The life expectancy is increasing worldwide, and Korea has one of 
the fastest aging populations.1,5) According to national statistics, 
the proportions of the population aged 65 years or older were 3.8% 
in 1990, 7.2% in 2000, and 14.2% in 2017.2,5) This proportion is 

projected to reach 25% in 2030, marking the beginning of a su-
per-aged society.5) With the rapid increase in the number of older 
adults, the incidence of diabetes mellitus (DM) is also increasing 
steeply. According to the International Diabetes Federation, 10 
million patients were newly diagnosed with diabetes between 
2015 and 2017, 8 million of whom were aged 65 years or older.3) 
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In Korea, the prevalence of DM in people aged ≥ 65 years was 30% 
in 2016.4-6) 

The treatment of DM in older adults is often difficult because of 
their impaired physical, psychological, and cognitive functions.7) 
Moreover, older adults with DM have an increased risk of prema-
ture death and comorbid diseases such as hypertension, coronary 
heart disease, and stroke compared with individuals without dia-
betes.8,9) Also, atypical symptoms occur in older adults with DM 
because of multi-morbidity and polypharmacy.6-8,10,11) Therefore, a 
comprehensive approach to various symptoms is necessary for the 
treatment of older adults with DM, for which comprehensive as-
sessment of geriatric syndromes is needed.11,12) Geriatric syn-
dromes refer to multi-factorial conditions among older adults that 
render them vulnerable to situational changes.13) Geriatric syn-
dromes are highly prevalent and are associated with a high morbid-
ity and poor quality of life.13) 

Considering the variability in symptoms among older adults 
with DM due to multiple comorbidities and disabilities, the Amer-
ican Diabetes Association recommends screening for geriatric syn-
dromes such as polypharmacy, cognitive impairment, urinary in-
continence, falls, and persistent pain in addition to diabetes 
self-management and health-related quality of life among older 
adults with DM.8) The Korean Diabetes Association also recom-
mends individual assessment of geriatric syndromes such as poly-
pharmacy, cognitive impairment, and functional impairment 
among older adults with DM and that the outcomes of such as-
sessments be reflected in the diabetes treatment plan.4) 

Therefore, the assessment of geriatric syndromes in older adults 
with DM is important. However, little is known regarding the de-
mographic and clinical characteristics of geriatric syndromes 
among older adults with DM in Korea. Thus, the present study ex-
plores the prevalence and clinical characteristics of geriatric syn-
dromes among older adults with DM on the basis of data from the 
2017 National Survey of Older Koreans (NSOK).14) 

MATERIALS AND METHODS 

Study Population 
The NSOK is a cross-sectional, nationwide mandatory survey per-
formed every 3 years since 2008.14) The purpose of the NSOK is to 
provide baseline information to formulate policies related to older 
adults on the basis of a legal provision (Welfare of Older Persons 
Act). The NSOK investigates the socioeconomic status, health 
condition, and needs and desires of older Koreans via in-person in-
terviews conducted by specialized surveyors. This study used data 
from the fourth NSOK survey, conducted in 2017 by the Korea 
Institute for Health and Social Affairs, which included 10,299 old-

er adults aged ≥ 65 years in 934 survey areas from June 12 to Au-
gust 28, 2017. 

Assessment of Geriatric Syndromes 
This study analyzed the classic geriatric syndromes of polyphar-
macy, urinary incontinence, falls, cognitive impairment, and func-
tional impairment.7,8) Polypharmacy was defined as the prescrip-
tion of 5 or more drugs for 3 months or longer.15) Urinary inconti-
nence was defined as the presence of diagnosed incontinence for 3 
months or longer. Falls were defined as the occurrence of one or 
more falls over 1 year, whereas recurrent falls were defined as the 
occurrence of two or more falls per year. Cognitive function was 
assessed using the Korean version of the Mini-Mental Status Ex-
amination for dementia screening (MMSE-DS), with cognitive 
impairment determined on the basis of a cutoff score adjusted for 
sex, age, and educational level. Physician-diagnosed Alzheimer dis-
ease was also categorized as cognitive impairment. Functional sta-
tus in the older adults was assessed on the basis of 7 categories of 
activities of daily living (ADLs) and 10 categories of instrumental 
activities of daily living (IADLs),14,16,17) with functional impair-
ment defined as the presence of one or more difficulties in ADL 
and IADL.14) Visual and hearing status was assessed via a struc-
tured questionnaire, with impairment defined as any inconve-
nience in daily life such as watching TV, reading the newspaper, 
talking on the phone, and talking with a person or the need for as-
sistance due to visual and hearing impairment. Participants with 
limitations in sitting and rising from a chair or bed 5 times with 
both hands in front (without using both hands to assist in the task) 
were considered to have lower limb limitations. Depression was as-
sessed using the Korean version of the Geriatric Depression Scale-
Short Form which comprised 15 questions, with depression de-
fined as a score ≥ 8 or a prior diagnosis of depression.14) 

Definition of Diabetes and Diabetic Complications 
DM was defined as the presence of diagnosed diabetes for 3 
months or longer. Cardiovascular diseases (CVDs), including an-
gina, myocardial infarction, and stroke and chronic kidney disease 
(CKD), were analyzed as diabetic complications. The presence of 
a definite diagnosis was assessed using a structured questionnaire. 

Statistical Analysis 
The data are presented as means with standard deviations or as fre-
quencies with percentages according to the distribution of DM. 
Statistical analyses were performed using the t-test and Pearson 
chi-squared test. The odds ratios (ORs) of geriatric syndromes for 
diabetic complications were assessed via multivariate logistic re-
gression analysis. Statistical analyses were performed using IBM 
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SPSS Statistics for Windows version 24.0 (IBM Corp., Armonk, 
NY, USA). Analysis items with p < 0.05 were considered statistical-
ly significant. 

Ethical Considerations 
The study was conducted in accordance with the tenets of the 
Declaration of Helsinki. All NSOK protocols were approved by 
the Institutional Review Board of the Korea Institute for Health 
and Social Affairs (No. 2017-11). All participants volunteered and 
provided written informed consent before their enrollment. All 
participants’ records were anonymized before accession by the au-
thors and all procedures were performed according to approved 
guidelines and regulations. 

RESULTS 

Baseline Characteristics 
This study included 10,299 participants (4,120 men and 6,179 
women) aged 65–106 years, 2,395 (928 men and 1,467 women) 
of whom had DM. Table 1 shows the baseline characteristics of 
participants in this study according to diabetic status. No signifi-
cant differences in age, sex, and smoking status were observed. 
However, participants with DM had a higher body mass index and 
prevalence of hypertension, dyslipidemia, CKD, and CVD than 
did participants without DM. The DM group had more comor-
bidities than did the non-DM group (p < 0.001). 

Geriatric Syndromes among Older Adults according to DM 
Status 
Patients with DM were prescribed an average of 6.2 medications, 

which was significantly higher than that in the non-DM group (3.4 
medications) (p < 0.001) (Table 2). The prevalence of polyphar-
macy ( ≥ 5 prescribed medications during ≥ 3 months) was 64.1% 
in the DM group and 31.6% in the non-DM group (p < 0.001). 
One or more falls per year observed in 18.7% of participants in the 
DM group compared with 14.9% of participants in the non-DM 
group and the incidence of recurrent falls ( ≥ 2 falls per year) was 
also significantly higher in the DM group (p < 0.001). The preva-
lence of urinary incontinence was significantly higher in the DM 
group (3.8%) than in the non-DM group (2.5%) (p = 0.001). The 
prevalence of cognitive impairment was 17.7% in the DM group 
and 14.9% in the non-DM group (p = 0.001). Visual and hearing 
impairment observed in 46.6% of participants in the DM group 
compared with 42.7% of participants in the non-DM group 
(p = 0.001). Lower limb limitations were observed in 27.2% of 
participants in the DM group compared with 21.2% of participants 
in the non-DM group (p < 0.001). Functional impairment, as as-
sessed by ADL and IADL, existed in 32.2% of participants in the 
DM group compared with 26.8% of participants in the non-DM 
group (p < 0.001). Depression existed in 14.8% of participants in 
the DM group compared with 10.8% of participants in the non-
DM group (p < 0.001). 

Association between Diabetic Complications and Geriatric 
Syndromes in Older Adults with DM 
A significant association was observed between CVD and poly-
pharmacy (OR = 7.01; 95% confidence interval [CI], 5.03–10.03) 
(Table 3). Participants with CVD had significantly higher ORs for 
falls (OR = 1.44; 95% CI, 1.11–1.87), cognitive impairment 
(OR = 1.34; 95% CI, 1.03–1.75), and functional impairment 

Table 1. Clinical characteristics of participants from the 2017 National Survey of Older Koreans

Characteristic Without DM (n = 7,904) With DM (n = 2,395) p-value
Age (y) 74.6 ± 6.5 74.6 ± 5.9 0.872
Sex, male 3,192 (40.5) 928 (39.0) 0.198
Years of education 6.8 ± 4.6 6.5 ± 4.6 0.008
Current smoking 754 (9.5) 204 (8.5) 0.142
Alcohol consumption 2,029 (25.7) 497 (20.8) < 0.001
Body mass index (kg/m2) 23.3 ± 3.0 24.1 ± 3.1 < 0.001
Physical activity, ≥ 150 min/wk 3,627 (45.9) 1,085 (45.3) 0.631
Hypertension 4,322 (54.7) 1,804 (75.3) < 0.001
Dyslipidemia 1,937 (24.5) 944 (39.4) < 0.001
Cancer 276 (3.5) 95 (4.0) 0.303
Cardiovascular disease 1,041 (13.2) 428 (17.9) < 0.001
Chronic kidney disease 90 (1.1) 101 (4.2) < 0.001
Comorbidity 2.5 ± 1.7 4.0 ± 1.7 < 0.001

Values are presented as mean±standard deviation or number (%).
DM, diabetes mellitus.
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(OR = 1.78; 95% CI, 1.40–2.27) (Table 3). However, CVD was 
not associated with urinary incontinence. Furthermore, partici-
pants with CKD had significantly higher ORs for polypharmacy 
(OR = 3.85; 95% CI, 2.11–7.00), urinary incontinence 
(OR = 5.07; 95% CI, 2.49–10.33), and functional impairment 
(OR = 2.47; 95% CI, 1.60–3.82) (Table 3). Finally, the number of 
geriatric syndromes was significantly associated with CVD and 
CKD in patients with DM (Table 4). 

DISCUSSION 

This study evaluated the prevalence of geriatric syndromes among 
older Korean adults with DM. Patients with DM had a significant-
ly higher prevalence of geriatric syndromes than did participants 
without DM. In addition, diabetic complications such as CVD and 
CKD were associated with geriatric syndromes. 

Despite its importance in clinical practice, a universal definition 
of polypharmacy has yet to be established. Many studies, including 
the present study, defined polypharmacy as the daily use of 5 or 
more medicines.15,18) Although the prevalence of polypharmacy 
among older adults with DM varied from 6.25% to 93.4%, DM is a 
considerable cause of polypharmacy due to the requirement of gly-
cemic control and treatment of diabetic complications.18) Growing 
evidence suggests that polypharmacy in patients with DM patients 
increases the number of adverse drug events such as severe hypo-
glycemia, drug-drug interactions, and interactions with coexisting 
comorbidities.18-24) Particularly, older adults with DM are at a high 
risk for polypharmacy because of multi-morbidity, age-related 

Table 2. Characteristics of patients with geriatric syndromes according to DM status

Characteristic Without DM (n = 7,904) With DM (n = 2,395) p-value
Number of medications 3.5 ± 3.9 6.2 ± 4.3 < 0.001
Polypharmacy, ≥ 5 medications 2,496 (31.6) 1,534 (64.1) < 0.001
Urinary incontinence 201 (2.5) 91 (3.8) 0.001
Falls, ≥ 1 per year 1,173 (14.9) 446 (18.7) < 0.001
Recurrent falls, ≥  2 per year 397 (5.1) 166 (7.0) < 0.001
MMSE-DS score 25.1 ±  3.9 24.7 ± 3.9 < 0.001
 Cognitive impairment 1,155 (14.9) 415 (17.7) 0.001
Functional impairment 2,120 (26.8) 771 (32.2) < 0.001
SGDS score 5.1 ± 1.9 5.3 ± 2.0 < 0.001
 Depression 838 (10.8) 347 (14.8) < 0.001
Number of coexisting geriatric syndromes* < 0.001
 1 2,496 (32.2) 921 (39.3)
 2 1,245 (16.1) 593 (25.3)
 ≥ 3 604 (7.8) 325 (13.9)

Values are presented as mean±standard deviation or number (%).
DM, diabetes mellitus.
*Geriatric syndromes included polypharmacy, urinary incontinence, falls, cognitive impairment, and functional impairment.

Table 3. Association of geriatric syndromes with cardiovascular disease 
and chronic kidney disease

Cardiovascular disease Chronic kidney disease
Polypharmacy 7.10 (5.03–10.03) 3.85 (2.11–7.00)
Falls 1.44 (1.11–1.87) 1.33 (0.81–2.18)
Urinary incontinence 1.25 (0.70–2.23) 5.07 (2.49–10.33)
Cognitive impairment 1.34 (1.03–1.76) 0.93 (0.54–1.60)
Functional impairment 1.78 (1.40–2.26) 2.47 (1.60–3.82)

Values are presented as odds ratio (95% confidence interval). The data were 
adjusted for age, sex, smoking status, alcohol consumption, body mass index, 
hypertension, and dyslipidemia.

Table 4. Association of the numbers of coexisting geriatric syndromes 
with cardiovascular disease and chronic kidney disease

Cardiovascular disease Chronic kidney disease
Numbers of geriatric 

syndromes
 0 Reference Reference
 1 6.05 (3.70–9.90) 5.02 (1.77–14.25)
 2 8.29 (4.98–13.81) 7.72 (2.67–22.35)
 ≥ 3 12.28 (7.18–21.00) 11.272 (3.80–33.40)

Values are presented as odds ratio (95% confidence interval). The data were 
adjusted for age, sex, smoking status, alcohol consumption, body mass index, 
hypertension, and dyslipidemia.

pharmacokinetic changes in liver or kidney diseases, and non-ad-
herence to treatment regimens.18,25,26) The results of the present 
study also show a significantly higher rate of polypharmacy among 
older patients with DM than among non-DM participants. Nota-
bly, polypharmacy in patients with DM was associated with high 
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prevalence of CVD and CKD. This result supports the guidelines 
of the American Diabetes Association and Korean Diabetes Asso-
ciation that recommend screening for polypharmacy in older pa-
tients with DM. Although the harms of polypharmacy are uni-
formly reported, the balance of benefits and harms has not been 
evaluated in randomized controlled trials.26) Therefore, a reduction 
in the number of medications should be determined on the basis 
of individual benefits and harms. 

Falls are a major geriatric syndrome that can lead to fractures, 
aggravation of glycemic control, and reduction in the quality of life 
of older persons with DM. Several studies have shown that DM is 
a major risk factor for falls.27,28) The Study of Osteoporotic Frac-
tures, which included 9,247 older women, demonstrated that 
women with DM had an increased risk of falling compared with 
non-DM women.27) The Women’s Health and Aging Study also 
showed that DM was associated with an increased risk of falls.28) 
The present study also observed a significantly higher incidence of 
falls among patients with DM. The increased risk of falls may be 
partially explained by gait impairment in patients with DM.29-31) 
Moreover, our study showed higher prevalence of visual and hear-
ing impairment, lower limb limitations, and functional impairment 
in older adults with DM, which might contribute to gait impair-
ment and an increased incidence of falls. 

Previous studies have reported an association between diabetes 
and urinary incontinence.32-34) In a prospective study of 81,854 
women, the prevalence of urinary incontinence was 24.4% among 
women with DM and 17.1% among those without DM. A 1.21-
fold increased risk for any urinary incontinence (95% CI, 1.02–
1.43) and 1.40-fold increased risk of severe incontinence in pa-
tients with DM were also reported (95% CI, 1.15–1.71).33) The 
present study also showed the association between urinary incon-
tinence and DM. While the prevalence of urinary incontinence 
identified in this study was lower than that reported previously,32-34) 
it was similar to those reported in previous Korean studies.35-36) 
Urinary incontinence was also significantly correlated with CKD 
in the present. However, because of the cross-sectional nature, a 
prospective study is needed to assess the causal relationship be-
tween urinary incontinence and CKD. 

Various studies have reported an association between diabetes 
and cognitive impairment.37,38) Epidemiological studies have ob-
served a 1.6- to 3.0-fold increased risk of dementia among patients 
with DM.39,40) Hyperglycemia, advanced glycation end products, 
and hyperinsulinemia or insulin resistance are associated with the 
pathophysiological mechanisms underlying cognitive impair-
ment.37,38,41-43) We also observed a higher prevalence of cognitive 
impairment among patients with DM. Moreover, cognitive impair-
ment was associated with CVD among the patients with DM in 

the present study. This finding is similar to that of the Memory in 
Diabetes sub-study of the Action to Control Cardiovascular Risk 
in Diabetes study, which reported that cognitive impairment is as-
sociated with an increased risk of CVD.44) 

Functional impairment is one of the most serious geriatric 
symptoms.7) A cross-sectional study of 6,588 community-dwelling 
individuals aged ≥ 60 years demonstrated a 2- to 3-fold higher risk 
of functional disability in patients with DM.45) In the Women’s 
Health and Aging Study, DM was associated with a 1.6-fold in-
creased risk of functional disability in domains such as bathing, 
transfer from bed to chair, using the toilet, dressing, and eating.46) 
The Study of Osteoporosis Fractures reported that women aged 
≥ 65 years with DM had a 2- to 2.5-fold increased incidence of 
functional disability.47) The results of the present study are similar 
to those of previous studies. In this study, functional impairment 
was associated with an increased prevalence of CVD and CKD. 
However, since CVD and CKD are important contributors to 
functional disabilities in patients with DM, a prospective study is 
necessary to assess the causal relationship. 

Notably, the present study showed that the number of geriatric 
syndromes was associated with CVD and CKD in patients with 
DM, a finding that indicates the cumulative effects of multiple geri-
atric syndromes and that forms the basis of the current guideline 
that recommends screening for geriatric syndrome in older adults 
with DM.4,8) 

To our knowledge, the present study is the first to use a large 
representative sample to assess geriatric syndromes in Korean pa-
tients with DM. However, this study has several limitations. First, 
because of the cross-sectional nature, further prospective studies 
are needed to assess the causal relationship between geriatric syn-
dromes and diabetic complications. Second, considering the lack 
of laboratory data and diagnoses made on the basis of responses to 
structured questionnaires, the prevalence of underlying diseases 
might be underestimated. 

In conclusion, the results of this study demonstrate a higher 
prevalence of geriatric syndromes among older adults with DM 
and also confirm the association of CVD and CKD and multiple 
geriatric syndromes in these patients. This result is meaningful, as 
it forms the basis of the current DM guidelines that recommend 
the assessment of geriatric syndromes in older patients with DM. 
However, further prospective studies are needed to assess the cor-
relation between geriatric syndromes and prognosis in patients 
with DM. 
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Background: We aimed to report the age- and sex-specific normative data of Korean handgrip 
strength (HGS) and to establish the cutoffs values of low HGS in Korean populations. Methods: 
We analyzed the HGS data of 23,716 Koreans (10,793 men and 12,923 women) from the Korea 
National Health and Nutrition Examination Survey from 2014 to 2017. The means with stan-
dard deviations (SDs) of HGS were calculated for each 5-year interval starting from 10 years of 
age. To determine the relationship between HGS and body mass index (BMI), correlation analy-
sis was also performed. The sex-specific cutoff values for low HGS were presented by deriving 
the –2 SD values of healthy young adults. Results: The mean HGS was 39.5±9.3 kg in men and 
24.4±5.3 kg in women. The mean HGS increased from 10 to 39 years and peaked at 35–39 years 
in both men (46.0±7.2 kg) and women (27.2±4.6 kg). Men showed a higher correlation between 
HGS and BMI (r=0.378) than did women (r=0.134). The cutoff values for low HGS were 29.6 kg for 
men and 16.8 kg for women for –2 SD below the reference for healthy young adults. Conclusion: 
In Koreans, the mean HGS peaked at 35–39 years in both men and women, and the aging curve 
of HGS was steeper in men than in women. The cutoff values for low HGS were 29.6 kg and 
16.8 kg for men and women, respectively. 

Key Words: Hand strength, Muscle strength, Sarcopenia, Aging, Nutrition surveys
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INTRODUCTION 

Handgrip strength (HGS) is a simple, fast, and inexpensive mea-
surement of maximum voluntary muscle strength. It is an import-
ant tool used for the diagnosis sarcopenia and is widely used as a 
single indicator of overall muscle strength.1-4) HGS predicts not 
only overall muscle mass and mobility5) but also the incidence of 
chronic diseases or cardiovascular disease, nutritional state, quality 
of life, independence of daily life, length of hospital stay, and mor-
tality.6-8) The European Working Group on Sarcopenia in Older 
People (EWGSOP) and the Asian Working Group for Sarcopenia 
(AWGS) recommend HGS as one of the axes for sarcopenia diag-
nosis.1,2)  

As HGS varies by age, sex, and race, the cutoff values for low 
HGS remain controversial.9) Furthermore, HGS can also vary de-
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pending on the calculation method for the cutoff and the protocol 
for HGS measurement.10) Although sarcopenia working groups 
such as the EWGSOP and AWGS have suggested cutoff values for 
low HGS, research in the Korean population is limited. Yoo et al.11) 
suggested the use of HGS cutoff values based on the lower 20th 
percentile among 4,553 Koreans. One cross-sectional study of 
7,969 Koreans proposed cutoff values derived from two standard 
deviations below the HGS values for healthy young adults, on the 
basis of data.12) Different cutoff values among Asians have been 
studied in countries of the same race.9) Even within the same Asia, 
several countries have showed different cutoffs of HGS, so it is not 
reasonable to unify Asians as one HGS cutoff. It is very meaningful 
to have normative HGS data in each country. Therefore, further 
studies with a larger Korean population are needed to provide nor-
mative data on HGS in Koreans according to sex and age. 

Copyright© 2019 by The Korean Geriatrics Society
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This study reports age- and sex-specific normative data on HGS 
and establishes cutoff values for low HGS in the Korean popula-
tion using data from the Korea National Health and Nutrition Ex-
amination Survey (KNHANES) from 2014 to 2017.  

MATERIALS AND METHODS 

Data Source and Study Population 
The data for this study were obtained from the KNHANES con-
ducted from 2014 to 2017 by the Korea Centers for Disease Con-
trol and Prevention. The KNHANES is a population-based 
cross-sectional survey designed to assess health-related behaviors, 
health conditions, and the nutritional state of Koreans (http://kn-
hanes.cdc.go.kr/). The study used a stratified, multistage, probabili-
ty sampling method to select the study participants. From this pool 
of data (n =31,207), we included participants aged ≥10 years 
(n =27,809) who had completed the HGS test (n = 24,784). Per-
sons who had a medical history of cerebrovascular accidents 
(n = 360), rheumatic arthritis (n = 276), and any malignancy 
(n = 432) were excluded. We finally included 23,716 participants 
(10,793 men and 12,923 women) in this study (Fig. 1). All of them 
provided written informed consent, and the Korea Centers for Dis-
ease Control and Prevention Institutional Review Board (ethical re-
view committee for health survey data) approved the study proto-
col (No. 2015-01-02-6C). 

Health Survey 
A health questionnaire was used to obtain information on age, sex, 
socioeconomic status (house income), and educational status. 
Body weight and height were measured in light clothing without 
shoes. We calculated body mass index (BMI, kg/m2) as weight di-

vided by the square of height. Information on comorbidities includ-
ing cerebrovascular accidents, rheumatoid arthritis, and any type of 
malignancy was examined through health interview surveys. 

HGS Measurement 
HGS was measured using a digital hand dynamometer (T.K.K 
5401; Takei, Tokyo, Japan) that measured between 5.0 and 100.0 
kg of force in 0.1 kg increments and had an adjustable grip span. 
During the assessment, the participants were asked to stand up-
right with their feet hip-width apart and to look forward with the 
elbow fully extended. The dynamometer was held using the test-
ing hand in a neutral, comfortable position (not flexed or extend-
ed) with 90º of flexion at the index finger. The participants per-
formed three trials for each hand alternately, always starting with 
the dominant hand. The participants were instructed to squeeze 
the grip continuously with full force for at least 3 seconds and were 
asked not to swing the grip dynamometer during the test and not 
to hold their breath.11) A resting interval of at least 30 seconds was 
allowed between each measurement.13) HGS was defined as the 
maximally measured grip strength among the six measurements.  

HGS Cutoff Values 
First, using normative data from healthy young adults (20–39 
years) as the reference, we calculated the cutoff value as 2 standard 
deviations (SD) below the mean reference value, as recommended 
by the EWGSOP.14) Second, a healthy population of older adults 
was selected as the reference group, and their sex-specific quintiles 
(lowest 20%) were also used as cutoff values.11)  

Statistical Analysis 
The participants’ characteristics were presented as means (SD) or 
percentages. The mean and SD of HGS and 95% confidence inter-
vals (CIs) were calculated for each 5-year interval starting from 10 
years of age. We compared the participants’ characteristics accord-
ing to sex using t-test and χ2 test for continuous and categorical 
variables, respectively. Pearson’s correlation coefficients were used 
to analyze the correlations between HGS and BMI. We used 
PASW Statistics version 18.0 (SPSS Inc., Chicago, IL, USA) for all 
analyses with statistical significance set at p < 0.05. 

RESULTS 

The mean age and BMI of the 23,716 participants were 46.3 ± 19.7 
years and 23.5 ± 3.7 kg/m2, respectively. The men were younger 
than the women (45.7 ± 20.0 vs. 46.9 ± 13.9 years; p < 0.001). Ed-
ucation level, household income, and their differences according 
to sex are shown in Table 1. 

Fig. 1. Flow diagram of the study participants. KNHANES, Korea 
National Health and Nutrition Examination Survey; HGS, handgrip 
strength; RA, rheumatic arthritis.

KNHANES (2014–2017)
n=31,207

Excluded due to
·Age <10 years (n=3,398)

Excluded due to missing date 
(n=4,093)

·HGS (n=3,025)
·Malignancy (n=432)
·Stroke (n=360)
·RA (n=276)

n=27,809

n=23,716
(10,793 men and 
12,923 women)
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The mean HGS was 39.5 ± 9.3 kg in men and 24.4 ± 5.3 kg in 
women. The mean HGS increased from 10 to 39 years, peaking at 
35–39 years in both men (46.0 ± 7.2 kg) and women (27.2 ± 4.6 
kg) (Table 2). After this age, the HGS decreased. The aging curve 
was steeper in men than in women (Fig. 2). A 10% loss of mean 
HGS from the peak value was observed at 55–59 years in men and 
60–64 years in women. 

A positive correlation between BMI and HGS was observed in 

both men and women. However, men showed a higher correlation 
(β = 0.976 and r = 0.378) than did women (β = 0.190 and r = 0.134) 
(Fig. 3). The cutoff values for low HGS (–2 SD below the reference 
of healthy young adults) were 29.6 kg for men and 16.8 kg for wom-
en. However, the cutoff values according to the lowest quintile of el-
derly populations were 28.6 kg for men and 16.4 kg for women 
(Table 3). 

Table 1. Demographic characteristics of the study participants

Total (n = 23,716) Men (n = 10,793) Women (n = 12,923) p-value*
Age (y) 46.3 ± 19.7 45.7 ± 20.0 46.9 ± 13.9 < 0.001
Height (cm) 162.6 ± 9.6 169.3 ± 8.1 157.1 ± 6.8 < 0.001
Weight (kg) 62.6 ± 12.9 69.0 ± 13.2 57.2 ± 9.9 < 0.001
Waist circumference (cm) 80.8 ± 10.9 84.2 ± 10.4 78.0 ± 10.4 < 0.001
Body mass index (kg/m2) 23.5 ± 3.7 23.9 ± 3.6 23.2 ± 3.7 < 0.001
Education level < 0.001†

 ≤ Elementary school 5,712 2,186 3,526
 Middle school 2,788 1,319 1,469
 High school 6,552 3,070 3,482
 ≥ College 7,098 3,421 3,677
Household income < 0.001†

 Q1 (lowest) 4,103 1,673 2,430
 Q2 5,720 2,597 3,123
 Q3 6,679 3,172 3,607
 Q4 (highest) 7,002 3,300 3,702

*Calculated using t-test.
†Calculated using Pearson's chi-squared test.

Table 2. Normative data of handgrip strength by age category

Age (y)
Handgrip strength (kg)

Men Women
n Mean ± SD Min–Max n Mean ± SD Min–Max

10–14 849 24.2 ± 8.7 7.0–58.2 734 19.6 ± 5.2 6.1–41.0
15–19 717 38.4 ± 7.2 14.0–65.0 672 24.9 ± 4.6 11.0–39.0
20–24 548 42.2 ± 7.3 13.4–68.0 677 25.3 ± 4.9 9.0–45.3
25–29 536 43.7 ± 7.4 19.0–72.0 643 25.3 ± 4.6 10.0–39.0
30–34 681 45.6 ± 7.7 18.9–72.0 890 26.5 ± 4.6 12.0–43.0
35–39 854 46.0 ± 7.2 7.0–69.0 1,096 27.2 ± 4.6 11.9–40.3
40–44 891 44.8 ± 6.9 10.1–66.7 1,089 26.8 ± 4.6 12.3–44.0
45–49 829 44.0 ± 6.7 15.3–79.9 1,104 26.5 ± 4.7 5.7–43.0
50–54 822 42.5 ± 6.4 18.5–70.4 1,096 25.9 ± 4.5 12.6–41.3
55–59 985 41.5 ± 6.4 11.8–79.5 1,159 25.2 ± 4.2 11.0–39.6
60–64 789 39.7 ± 6.3 11.0–59.6 1,019 24.2 ± 4.1 8.8–39.0
65–69 823 37.3 ± 6.0 16.9–59.4 880 22.8 ± 4.6 6.0–37.1
70–74 625 34.7 ± 5.9 13.5–52.6 738 21.4 ± 4.3 6.3–36.4
75–79 526 31.9 ± 6.5 8.0–52.0 635 19.4 ± 4.3 7.1–32.4
≥ 80 318 27.6 ± 6.4 8.0–46.6 491 17.0 ± 4.0 6.5–28.4
Total 10,793 39.5 ± 9.3 7.0–79.9 12,923 24.4 ± 5.3 5.7–45.3

Ann Geriatr Med Res 2019;23(4):183-189

185Handgrip Strength in Korean



Table 3. Cutoff values for low handgrip strength proposed by this study and other references

Low handgrip strength (kg)
Reference

Men Women
-2 SD of young adults (20–39 years) 29.6 16.8 -
Lowest quintile of older populations 28.6 16.4 -
EWGSOP 30 20 14)
EWGSOP2 27 16 2)
AWGS 26 18 16)
FNIH sarcopenia project 26 16 15)
KNHANES 2015 (n = 4,553) 28.6 16.4 11)
KNHANES 2014–2015 (n = 7,969) 28.9 16.8 12)

EWGSOP, European Working Group on Sarcopenia in Older People; AWGS, Asian Working Group for Sarcopenia; FNIH, Foundation for the National 
Institutes of Health; KNHANES, Korea National Health and Nutrition Examination Survey.

Fig. 2. Mean handgrip strength by age groups in men and women. Fig. 3. Scatterplots of handgrip strength and body mass index in 
Korean men and women.

DISCUSSION 

The most important finding of this study was that the mean HGS 
peaked at 35–39 years of age in both men and women. The aging 
curve of HGS was steeper in men than in women. Men showed a 
higher correlation between HGS and BMI than that in women. In 
this Korean population, the cutoff values for low HGS were 29.6 
and 16.8 kg for men and women, respectively. To our knowledge, 
this is the largest (n = 23,716) cross-sectional study to report nor-
mative HGS data. 

Several studies have suggested cutoff values for low HGS. The 
revised EWGSOP2 guidelines defined low HGS as < 27 kg for 
men and < 16 kg for women on the basis of cutoff values –2.5 SD 
below the mean reference for young adults.2) The Foundation for 
the National Institutes of Health (FNIH) Biomarkers Consortium 
Sarcopenia Project recommended cutoff points for low HGS of 
< 26 kg for men and < 16 kg for women.15) In Asian populations, 

the AWGS first proposed a low HGS cutoff value of < 26 kg for 
men and < 18 kg for women or the lower 20th percentile of the 
HGS of the study population without outcome-based data.16) An 
update from the AWGS in 2016 suggested that the previous con-
sensus cutoff points might require further modifications,1) and 
Auyeung et al.17) recently defined low HGS as < 28.0 kg for men 
and < 17.7 kg for women on the basis of a pooled dataset from var-
ious Asian countries (Table 3).17) 

Although, even in Asia, different cutoff values have been report-
ed in studies of Koreans. Yoo et al.11) analyzed HGS data of 4,553 
Koreans in the 2015 KNHANES and suggested cutoff values of 
28.6 and 16.4 kg for men and women, respectively, on the basis of 
the lower 20th percentile of the HGS of the study population. An-
other study analyzed HGS data of 7,969 Koreans from the 2014–
2015 KNHANES and proposed cutoff values of 28.9 kg for men 
and 16.8 kg for women, derived from 2 SD below the values for 
healthy young adults.12) In the current study, the cutoff values for 

H
an

dg
ri

p 
st

re
ng

th
 (k

g)

Age group (y)

60.0

50.0

40.0

30.0

20.0

10.0

Men
Men

Women
Women

10–14
15–19

20–24
25–29

30–34
35–39

40–44
45–49

50–54
55–59

60–64
65–69

70–74
75–79

80–

H
an

dg
ri

p 
st

re
ng

th
 (k

g)

Body mass index (kg/m2)

80

70

60

50

40

30

20

10

0
10 15 20 25 30 35 40 45 50

www.e-agmr.org

186 Yae Lim Lee, et al.



low HGS were 29.6 and 16.8 kg for men and women, respectively. 
Attention should be paid to the interpretation of the HGS test 

results as HGS values may vary depending on the measuring in-
strument and protocol. Amaral et al.18) compared the accuracy and 
reliability of three types of hand-held dynamometers (Jamar dyna-
mometer, Takei dynamometer, and EMG System Manual Trans-
ducer with modified handle), reporting that the shape of the dyna-
mometer handle influenced the measurement of HGS and that the 
HGS may show different results depending on the measuring in-
struments. Balogun et al.10) studied the effects of testing posture 
and elbow position on HGS measurements, reporting significant 
differences between HGS measured in a sitting position with the el-
bow in 90° flexion and that measured in a standing position with 
the elbow fully extended. One study assessed the effect of handed-
ness on HGS, reporting that the definition of handedness varied 
considerably and that a non-dominant hand could have a higher 
HGS than a dominant hand.19) Therefore, HGS measurements us-
ing only the dominant hand11) are not recommended. Further-
more, previous studies on HGS did not standardize the number of 
grips per test and the use of the average or maximum values after re-
peated measurements. Thus, a standardized test protocol for HGS 
measurement is required as HGS varies according to the measuring 
tool, testing posture, frequency of measurements, use of average or 
maximum values of repeated measurements, and use of the domi-
nant or non-dominant hand. 

Whereas HGS showed similar patterns with age, we observed a 
difference according to sex. The HGS of men increased markedly 
until their 30s and then decreased steeply until 80 years of age. 
However, the changes in HGS with age occurred differently in 
women, increasing slowly until their 30s, remaining constant until 
their 40s to 50s, and then decreasing after 65 years of age (Fig. 2). 
Thus, a 10% loss of mean HGS from the peak value was observed 
at 55–59 years in men and at 60–64 years in women. Sex differenc-
es have also been reported in the aging of skeletal muscle mass.20-22) 
The mechanisms leading to absolute sex differences in the reduc-
tion of muscle mass and strength with increasing age are unknown, 
although hormonal factors are most likely involved.23) Canon and 
Crimmins24) reported that a few inflammation markers associated 
with sarcopenia were also correlated with sex hormones. There-
fore, future research should examine the influence of menopause 
and andropause on sarcopenia. 

The results of this study demonstrated the strong association 
between HGS and BMI, especially in men (Fig. 3). Several previ-
ous studies have supported the association between HGS and 
BMI. Pasdar et al.25) reported significantly increased HGS with in-
creasing BMI in both men and women, with a more significant re-
lationship in men than in women. Keevil et al.26) also reported this 

sex difference, suggesting that it might originate from differences in 
adipokine levels between men and women.27) One study with 
cross-sectional data from eight cohort studies (n = 16,444) also 
showed that increased HGS was associated with a higher BMI only 
in men,28) which the authors attributed to a lower proportion of 
lean mass in women than in men because of genetic, hormonal, 
and environmental differences. 

Therefore, comparisons of HGS should be adjusted or stratified 
by BMI, especially in men. An update from the AWGS in 2016 
recommended stratification of cutoff values for low HGS by BMI, 
proposing the corresponding cutoffs for low HGS with BMI 
< 22.1, 22.1–24.3, 24.4–26.3, and > 26.3 kg/m2 of 25.0, 26.5, 26.4, 
and 27.2 kg, respectively, for men and with BMI < 22.3, 22.3–
24.2, 24.3–26.8, and > 26.8 kg/m2 of 14.6, 16.1, 16.5, and 16.4, re-
spectively, for women.1) Wu et al.29) also proposed corresponding 
cutoffs of low HGS for different BMI groups using data from com-
munity-dwelling Taiwanese. The FNIH sarcopenia project also 
showed alternative HGS values adjusted for BMI.15) 

Our study has several limitations. First, other diagnostic criteria 
for sarcopenia, such as skeletal muscle mass or gait speed, were not 
included in the analysis. Therefore, is hard to determine how well 
our cutoff values relate to low muscle mass or gait speed. Second, 
as this study was based on a cross-sectional design, we only report-
ed the mean HGS values for each age group. Additional prospec-
tive cohort studies are needed to analyze individual changes in 
HGS over time. Third, although our study identified the close rela-
tionship between BMI and HGS, we did not suggest different 
HGS cutoffs for stratified BMIs. Further research is needed to pro-
pose how to adjust HGS for BMI for a more accurate criterion for 
the diagnosis of sarcopenia. Finally, although HGS measurement 
is relatively simple, the measurement methods are not uniform 
worldwide, making comparisons between studies difficult. 

In conclusion, we proposed the cutoffs values for low HGS as 
29.6 kg for men and 16.8 kg for women on the basis of national 
data from 23,716 Koreans. Our data may be useful for future re-
search on sarcopenia in the Korean or other Asian populations. 
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Background: Effective pain management is a fundamental human right. However, global dis-
parities in pain management practices exist across health settings. This study explored health-
care practitioners’ views on pain management in the acute care hospital setting. Methods: The 
focus groups included clinical specialties most likely to encounter patients with ‘difficult to 
manage pain’, namely those in the Geriatrics and Palliative Care Unit (2 doctors and 3 nurses), 
Critical Care Unit (7 doctors), and the Pain Management Team (3 doctors and 2 nurses). The 
transcripts were analyzed using a qualitative thematic analysis. Results: The data analysis re-
vealed four themes. Theme 1, ‘Being too safe’ described the presence of apprehensive attitudes 
among patients and healthcare practitioners that limits the appropriate use of diverse and tai-
lored pain medications in acute care hospital settings. Theme 2, ‘Working as a team’ described 
the need for collaborative approaches to achieve hospital-wide evidence-based pain manage-
ment. Theme 3, ‘Adaptation for local and cultural preferences’ explored how pain was perceived 
through cultural lenses and suggested strategies to tailor pain management to local and cultur-
al preferences. Finally, Theme 4, ‘Driving acute pain management forward’ listed clinician solu-
tions for improving pain management in acute care hospital settings toward a pain-free hospi-
tal initiative. Conclusion: Despite advances in pain medicine and pain teaching strategies, ef-
fective pain management is proportionate to both clinical and cultural preferences. Future 
studies should investigate the standardization of global pain management tools and guidelines 
to fit the local culture and context. 
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INTRODUCTION 

Pain is a common condition encountered by healthcare profes-
sionals, especially those providing care for older patients.1) Pain is 
associated with significant disability, reduced mobility, falls, anxi-
ety, depression, and social isolation.1,2) In addition, pain is a fre-
quent complication of patients admitted to hospitals and negative-
ly impacts multiple aspects of health, including the development of 

chronic pain.3) Pain is poorly managed for reasons ranging from 
clinicians’ attitudes of focusing on pathophysiology rather than the 
quality of life to cultural, societal, and organizational reasons. How-
ever, pain management is a fundamental human right; thus, strate-
gies and efforts are required to improve pain.4) 

A review of quality monitoring data from 8 large hospitals in the 
United States identified the following 6 quality indicators for opti-
mal pain management in a hospital setting: documented pain in-
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tensity using a numeric or descriptive rating scale; documented 
pain intensity at frequent intervals; treatment of pain other than by 
the intramuscular route; treatment with regular analgesia; and if 
possible, a multimodal approach of pain prevention and control to 
facilitate function and quality of life; and the education and knowl-
edge of patients regarding pain management.5) However, diverse 
factors such as fears related to opioid side effects, communication 
issues, cultural beliefs, and lack of knowledge limit effective pain 
management.6) 

Pain-free hospital initiatives that integrate pain treatment into 
routine hospital care have been implemented internationally to 
achieve pain management quality indicators. For example, in Po-
land, hospitals that maintain high standards of postoperative anal-
gesia in terms of preoperative patient information, assessment and 
documentation, and monitoring of medication side effects and 
complications are certified as ‘pain-free hospitals’. These hospitals 
provide positive outcomes for both patients and the hospitals, with 
improved recovery, reduced complications, shorter hospital stays, 
and improved patient satisfaction.7) 

Raja Isteri Pengiran Anak Saleha (RIPAS) Hospital, the main 
tertiary hospital in Brunei Darussalam with 880 beds, strives to 
improve hospital pain management. Currently, the hospital’s Pain 
Management Team focuses on postoperative management, while 
other teams are responsible for managing pain in their respective 
patients. To implement measures to ensure consistent pain assess-
ment and management throughout the hospital, it is crucial to un-
derstand the current pain assessment and management practices. 
Therefore, the present study explored the views of clinicians re-
garding acute pain management in the hospital setting to move to-
ward a pain-free hospital. 

MATERIALS AND METHODS 

Health professionals from three clinical specialties most likely to 
encounter patients with ‘difficult to manage pain’, namely the Geri-
atrics and Palliative Care Unit, the Critical Care Unit, and the Pain 
Management Team, were invited to participate in the study. The 
different views and perspectives of these specialties were expected 
to contribute toward a better understanding of barriers within the 
hospital. The inclusion criteria for the participants were health 
professionals who worked in the hospital for at least 1 year, who 
were involved in pain management within their scope of practice, 
and who were able to speak good English. The participants were 
informed about the study by the heads of each department. Poten-
tial participants who required more details regarding the study or 
who agreed to participate were contacted by the researchers. 

A qualitative approach was utilized to gain insight into the prob-

lems experienced by the participants regarding acute pain manage-
ment in hospital settings. Focus groups were used to determine the 
participants’ views on issues related to acute pain management, as 
this approach allowed researchers to elicit a large amount of rich 
data from different perspectives over a set time.8) The semi-struc-
tured, in-depth focus groups lasted between 30 and 60 minutes 
and were both audio-recorded and transcribed verbatim. The tran-
scripts were analyzed using qualitative thematic analysis. An open 
coding process was performed independently by the researchers 
(NA, MV, and AH). The generated codes were discussed, and af-
ter a series of inductive analyses with the team members, the codes 
that conveyed similar meanings were thematically clustered into 
categories. 

Written informed consent was obtained from the participants 
before inclusion in each focus group. This study was approved by 
the joint Pengiran Anak Puteri Rashidah Sa’adatul Bolkiah (PA-
PRSB) Institute of Health Sciences Research Committee and the 
Medical and Health Research and Ethics Committee, Ministry of 
Health, Brunei Darussalam (No. UBD/IHS/B3/8). 

RESULTS 

Three separate focus groups were formed with 17 participants in 
total: the Geriatrics and Palliative Care Unit (2 doctors and 3 
nurses), the Critical Care Unit (7 doctors), and the Pain Manage-
ment Team (3 doctors and 2 nurses). The analysis revealed four 
themes: being too safe, working as a team, adaptation for local and 
cultural preferences, and driving acute pain management forward. 

Theme 1: Being Too Safe 
This theme described the presence of apprehensive attitudes 
among patients and healthcare practitioners due to complex pain 
scenarios, which prevent the appropriate use of diverse and tai-
lored pain medications across acute hospital settings. The partici-
pants understood pain as a complex phenomenon requiring in-
depth knowledge and understanding. Optimal management re-
quired an ability to consider the patient’s condition and health cir-
cumstances. Participant #7 described the multifaceted consider-
ations faced by clinicians before prescribing analgesia as follows: 

“When you prescribe any pain medication, you have to look at the 
health of the patient…if the patient has systemic disease, then it will 
be different. If the patient is elderly… Does the patient have renal dis-
ease? Does the patient have lung disease? Does the patient have aller-
gies?” (P7) 

To take the patients’ health care needs into account, clinicians 
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need to constantly update their knowledge regarding pain manage-
ment. Inadequate experience or training may lead to apprehension 
regarding medications and side effects. Apprehension regarding 
the potential side effects of pain medications may lead clinicians to 
prescribe lower doses of drugs or less efficacious medications as 
safer practice, which may impact adequate patient pain relief: 

“They are afraid of the side effects; they don’t know how to treat the 
side effects. So they usually give the same stuff… Paracetamol, Tra-
madol, maybe pethidine, but they won’t give the strongest stuff. They 
don’t know much about diverse drugs; therefore it is safer for them 
not to give.” (P5) 

Issues regarding patients’ understanding of pain management, 
particularly their expectations of the benefits and side effects of 
treatment were also identified. Clinicians’ perceptions of their pa-
tients’ understanding of their pain management plan could influ-
ence their approach: 

“Some patients don’t like Norgesic, because they say it makes them 
‘pening’ (dizzy). But they don’t realize that pethidine will make them 
more ‘pening’.” (P10) 

Participants also expressed concerns regarding the risks of harm 
due to patients misunderstanding their pain management plan. 
These patient care experiences resulted in extra care when provid-
ing advanced pain management techniques, particularly those re-
quiring self-management by patients:  

“I just worry about the lack of knowledge of patients because I know 
if they have a syringe driver, and if they are a bit anxious, they’ll 
probably ramp it up. Just like we had patients with pneumonia, they 
bought an oxygen machine. And you ask … ‘Don’t you think about 
checking what’s the problem.’” (P2) 

These common uncertainties faced by participants led them to 
express the urgent need for a strategy to raise awareness of safe 
pain management within patients and the local community to 
achieve a standard approach, with mutual understanding and ex-
pectations from both clinicians and patients. One participant stat-
ed that some wards had no educational activities to promote pa-
tients’ understanding of their pain awareness: 

“We hope that they (patients) are given the information because we 
do have information leaflets regarding that (postoperative pain). 
Some wards are better than others, some zilch, totally nothing.” (P9) 

In contrast, the participants suggested a standard operating pro-
cedure (SOP) outlining ways to manage patients’ safety concerns: 

“We need to have a policy or SOP. How do we make sure there is no 
abuse? How to make sure the law governs the giver and receiver…” 
(P1) 

Theme 2: Working as a Team 
This theme described the importance of leadership and teamwork 
in pain management in hospitals, which can be influenced by the 
willingness of senior practitioners to apply evidence-based pain 
management and the sense of leadership in managing patients’ 
pain as a team. 

The participants described ‘hierarchical challenges’ in the hospi-
tal that impeded evidence-based pain management practices in 
acute hospital settings. Although pain knowledge and understand-
ing have improved over time, clinicians may be unwilling to change 
their pain management strategies: 

“Every year, I give them tutorial(s) on acute pain management…but 
when you go back to your ward, you follow what your seniors do. 
They learn, but when they see senior doctors, the boss says so, you fol-
low.” (P10) 

Communicating patient’s pain between staff 
Good communication is vital to ensure clinical assessment and 
treatment of patients complaining of pain. Handover between staff 
regarding pain and communicating patients’ needs require further 
improvement to ensure continuity of care. The participants report-
ed that staff compensate for limited handovers by duplicating pain 
history-taking and assessment: 

“Doctors are not there all the time, nurses are. And the message has 
to reach the doctor from the nurses. Even epidural analgesia, they 
(patients) tell the midwife, the midwife (should) tell the anesthetist.” 
(P10) 

“First of all, the pain nurse will talk to them, and then when the anes-
thetist goes to see them, they will ask again.” (P4) 

Collaborative approach within a multidisciplinary team 
The participants agreed that health professionals should work to-
gether toward improving pain management. As this is a shared re-
sponsibility among clinicians, a collaborative approach within a 
multidisciplinary team is required within the hospital: 

“It’s not just us who has to assess, our nurses will give feedback. Our 
physio(therapist)s and OTs (Occupational Therapists) will also give 
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feedback. Physio would say ‘When they put weight on that side, we 
think the knee is sore. Can you look at that?’ And we may not have 
assessed that well when they are lying in bed in the morning. Same 
with occupational therapy, when dressing or transferring, they will 
mention (pain) to us.” (P2)  

The participants also included family members as part of the 
“team” involved in pain assessment and management: 

“Health professionals know how to assess pain. We can involve family 
to assess the pain. So there is no specific…which we call pain nurse, 
pain team.” (P3) 

Theme 3: Adaptation for Local and Cultural Preferences 
This theme explored how pain was perceived through cultural 
lenses and proposed strategies to tailor pain management to local 
preferences. 

Cultural barriers in assessment 
The participants felt that cultural variations should be considered 
during pain assessment and management. The language used in 
standard pain assessment tools to assess pain severity may not ap-
ply well in local settings: 

“We tend to use more descriptive (terms) and the thing I use is how it 
affects their daily activities in life. Does it affect their sleep, does it affect 
their eating, does it affect their moving? If it affects them, it’s quite severe 
pain. Cause for them, they don’t understand what the tools mean.” (P1) 

The participants also felt that patients were not as forthcoming 
when asking for analgesia, possibly due to cultural reasons. Patient 
requests for pain relief were considered an indication of high-inten-
sity or severe pain: 

“Bruneians have got a very high pain threshold. So we don’t need 
much pain relief. They are polite people. So if they are in pain, they en-
dure. So they don’t even ask the nurse.” (P10) 

Incorporating cultural preferences in pain management 
The participants also considered cultural preferences when pro-
viding pain management. The majority of the population are Mus-
lim and religion seemed to influence the effectiveness of the pain 
management strategy. The participants appeared to embrace this 
culture but were less confident in suggesting that their patients in-
corporate their religious values into pain management: 

“Use the zikir (prayers) to recite in silence. It depends on their beliefs 

but it actually helps. But I don’t know how to reinforce this non-phar-
macological (approach) from the Islamic perspective.” (P5) 

Family involvement is also a cultural norm that influences the 
success of pain management: 

“We ask family members to sit by their side to calm them. Some pa-
tients want family members; people they are familiar with to comfort 
them.” (P1) 

Theme 4: Driving Acute Pain Management Forward 
Clinician buy-in 
‘Clinician buy-in’ and support is required from all relevant stake-
holders to drive pain management forward. The barriers and differ-
ent perspectives that may hinder pain-free hospital initiatives should 
be considered and discussed with stakeholders before initiating 
changes. This belief was illustrated in the following statements: 

“If you want to introduce something, it means more work for the 
nurses. It means more work for the recovery (staff) and then, of course, 
they are resistant to do it. And we can’t blame them because they are 
overloaded as well.” (P7)  

“I was flagged up so many impossibilities. ‘Patient is going to be nil by 
mouth’, I said ‘Give suppository’, ‘They don’t have any suppositories 
available’. ‘Get some from OT (operating theatre)’. ‘Oh, sometimes OT 
won’t give it’. The patient is in pain, you know.” (P9) 

The participants indicated that improving pain management 
would be challenging without teamwork and agreement from all 
relevant parties. 

Guidelines and mentorship 
The participants also felt that localized guidelines would be useful 
to ensure a consistent clinical approach. Informally, staff have 
adapted or referred to those available overseas: 

“In terms of a localized guideline, whether adapted or informal, I can 
simply say no such guideline. In terms of practice, we refer to manage-
ment (guidelines) from the United Kingdom. If we look at all these 
guidelines, there are some differences. We will just agree and adapt to 
the local (situation).” (P1) 

They also felt that mentorship is required to guide and train staff 
in the improvement in pain management: 

“When I first started, it’s just Panadol (Paracetamol), nothing or 
Panadol. ‘What about tramadol? or ‘Maybe we’ll just try a little bit of 
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Morphine’. Now our junior team is more confident with use of opioids. 
And pharmacological treatment is a bit more optimal.” (P2) 

Another participant suggested the need for mentors or champions 
throughout the hospital to achieve the goal of a pain-free hospital: 

“There should be someone in each ward, who is perhaps a pain lead. 
They don’t have to (be) specialized in it but they should be the one try-
ing to motivate the rest of the staff to actually do it.” (P9) 

DISCUSSION 

Pain assessment and management in older adults have inherent 
challenges, with significant implications for functional out-
comes.1,2) These challenges may be further complicated by other 
factors related to hospital-specific settings.3,4) This study explored 
the views of clinicians in a tertiary hospital on the barriers and 
solutions for effective pain assessment and management. A pain-
free hospital project in Germany reported that more than half of 
the surgical and non-surgical patients were dissatisfied with pain 
management, with peak pain usually occurring outside normal 
working hours.9) Therefore, it is important to integrate effective 
pain management into routine practice across ward settings, mov-
ing away from pain specialty teams toward a pain-free hospital. 

Healthcare practitioners reported that a key barrier to effective 
pain management was a feeling of apprehension toward the appro-
priate use of diverse pain medications in acute hospital settings. 
The doctors and nurses who participated in this study may have 
had significant knowledge deficits and false beliefs that could im-
pede their treatment of patients in pain. A study assessing the 
knowledge and attitudes of doctors and nurses found that only 
61% of the questions were answered correctly, necessitating hospi-
tal-wide educational programs to improve clinicians’ understand-
ing of pain.10) Reassessment of the impact of educational interven-
tions in terms of pain assessment, patient satisfaction, and im-
provement in knowledge, as well as the provision of access to evi-
dence-based resources to maintain updated knowledge on pain as-
sessment and management, is also recommended.11,12) 

Participants also shared concerns regarding under-treatment of 
pain due to inadequate knowledge of medications and the man-
agement of side effects or adverse reactions. A study implementing 
a pain treatment algorithm based on numerical pain ratings found 
that the rate of opioid adverse drug reactions doubled, especially 
over-sedation and decreased patient level of consciousness.13) Dose 
adjustments and careful monitoring should be considered specifi-
cally for certain populations with higher risks, such as older pa-
tients, those with dementia, or those with previous cerebrovascular 
injuries.14) These practical challenges recognized by the partici-

pants in the present study should be addressed in educational ses-
sions to avoid complications from pain management. 

Our study also raised issues regarding patients’ understanding of 
pain relief, which may impede effective pain management. A study 
from the United States reported that, despite improvements in pain 
treatment, the rate of moderate to severe postoperative pain re-
mained 80%, with more than half of patients expressing fear about 
pain after surgery.15) Patient participation in decision-making re-
garding pain management is associated with less time in severe pain, 
better pain relief, lower pain severity, and improved quality of 
care.16) These findings reinforce the need for increased professional 
and public awareness, including the establishment of pain manage-
ment programs incorporating public and patient education.9) 

The results of our study also highlighted the need for a consis-
tent clinical approach with collaboration and effective communi-
cation between staff. While pain management varies between hos-
pitals and wards, the participants expressed a desire for a hospital 
culture conducive to optimizing pain control. A large Canadian 
teaching hospital reported worse pain management in non-surgical 
patients compared with that in surgical patients, with longer wait-
ing times for medications, increased likelihood of prescribing inef-
fective medications, and the prescription of breakthrough pain re-
lief when required in only half the medical patients.17) Achieving a 
pain-free hospital requires the involvement of all health care teams 
to play important roles in acute pain medicine. These teams in-
clude physicians, nurses, pharmacists, psychologists, physiothera-
pists, occupational therapists, and patients.18) 

There is also a narrative of hierarchy in hospitals, particularly 
where trainees are expected to not challenge or question the judg-
ment or decisions of their seniors. This may be due to fears of ap-
pearing inadequate when facing uncertainty with complex patients 
or a desire to be viewed favorably due to their dependence on their 
seniors for career progression.19) The power differentials between 
healthcare providers need to be acknowledged to develop models 
for shared responsibility between professions, particularly as a col-
laborative approach for pain management is necessary to improve 
patient outcomes.20) 

Educational activities and quality improvement initiatives should 
involve all medical providers to ensure a consistent clinical ap-
proach with a unified goal of providing safe, timely, and effective 
management of all acute pain scenarios.21) The Toronto General 
Hospital Transitional Pain Service developed a multidisciplinary 
program to reduce the risk of postoperative pain, illustrating the 
benefits of a team approach and effective interprofessional commu-
nication. The comprehensive pain intervention addressed pain pre-
operatively, postoperatively, and at outpatient follow-up 6 months 
after surgery. Patients at high risk of pain complications were identi-
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fied early and their care coordinated by a team of pain physicians, 
advanced practice nurses, psychologists, and physiotherapists who 
used patient encounters as opportunities to impact pain trajectories. 
A clinical algorithm was used to provide clinical services through 
the different stages of surgical recovery, including preventative be-
havioral interventions to reduce the likelihood of pain.22) 

Our study also identified cultural factors impacting pain assess-
ment, including patients not requesting pain relief or with a high 
pain threshold in local settings. Pain assessment in older adults is 
challenging for multiple reasons, including multiple medical prob-
lems contributing to pain, an inability to self-report due to cogni-
tive impairment, and the need to recognize atypical presentations 
or behavioral changes that may indicate pain.23) In this setting, 
these challenges may also be exacerbated by pre-existing cultural 
beliefs, such as pain as an inevitable part of the human condition, 
societal attitudes toward pain relief during surgery and childbirth, 
pain seen as necessary or unavoidable, or associating chronic pain 
with psychological problems, resulting in a reluctance to request 
analgesia or medical attention.4) The cultural validity of self-report-
ed pain assessment tools should also be considered, and adjust-
ments should be made to incorporate cultural views and tailor the 
language to suit the local population.24) For example, words may 
have different meanings, confounding patients’ understanding of 
their pain experience. Further work is required to establish shared 
meanings and pain descriptors due to the variety of languages spo-
ken locally.25) 

The participants also identified patients’ preferences for 
non-pharmacological treatments. While this may be appropriate 
for initial treatment, an evidence-based approach is required. Clini-
cians must remain up-to-date on complementary and alternative 
approaches to provide patients information on these options for 
pain management.26) Further study may be required to assess how 
culture impacts patient and clinician understanding of pain and to 
tailor pain assessment and management strategies to suit the target 
population. 

The final theme discussed how to drive acute pain management 
forward through clinician buy-in and providing guidelines and 
mentorship. Guidelines developed by multidisciplinary panels of 
experts and based on the best available evidence are essential for 
promoting the effective and safe use of opioid therapy.27) The de-
velopment of pain practices may be promoted through nurse-to-
nurse mentoring and ongoing interactive case-based learning in 
pain management.28) The Milan Cancer Institute, with extensive 
experience in pain assessment through validated tools, pain man-
agement, and educational efforts, also emphasized the importance 
of the long-term sustainability of these initiatives, with a need to 
persevere with continuing educational and informative programs 

to reduce pain frequency and severity and thus improve in-patient 
quality of life.29) 

The strengths of this study include its use of focus groups to gain 
insight into aspects of pain management from the main specialties 
dealing with clinical pain. However, the views of team members 
outside these specialties and allied health professionals may not 
have been fully represented. To move toward a pain-free setting, 
hospitals should focus on increased knowledge among clinicians 
and patients and a team approach to implement consistent pain 
management strategies that considers cultural factors to tailor 
plans to the local population. Future research should assess pain 
knowledge among clinicians and patients, the effectiveness of mul-
tidisciplinary pain management interventions, and the effects of 
culture on pain assessment and management. 

In conclusion, the results of this study revealed clinicians’ views 
of pain assessment and management in a tertiary hospital setting, 
including the strengths and limitations of the provision of acute 
pain service. Despite advances in pain medicine, effective pain 
management is proportionate to both clinical and cultural factors. 
These issues should be identified and resolved, as optimal pain 
management is required to avoid complications including depen-
dence and loss of function in older adults. Future studies should 
investigate the standardization of global pain management tools 
and guidelines to fit the local culture and context. 
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INTRODUCTION 

The activities of daily living (ADL) and instrumental activities of 
daily living (IADL) scales represent fundamental measurements of 
functional status and are important tools not only for planning and 
predicting the need for long-term care but also for assessing the ef-
fectiveness of various policies and services for older populations.1) 
Several studies have confirmed the accuracy, validity, and reliability 
of these functional scales. However, their accuracy as a measure of 
functioning may be limited by latent biases stemming from cultural 
differences in who performs different activities. 

Gender differences in the ADL and IADL tasks have long been 
postulated. When asked about items related to performing light 
housework, doing laundry, and preparing meals, men often report 
that they do not perform these functions due to gender roles. Law-
ton2) recognized traditional gender roles as possible confounders 
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of accurate functional assessment in the development of the IADL 
scale and consequently excluded cooking and housekeeping when 
assessing functional disability in men. However, LaPlante3) sug-
gested that the successful performance of home management 
chores, such as cooking and cleaning, is necessary to maintain a 
reasonable standard of living. In another study investigating gender 
bias in the reported impairment of daily activities in cancer pa-
tients, approximately half of the help received by married men was 
attributable to gender role responsibilities (tasks seen as women’s 
work) rather than functional disability. Role-related help with 
household tasks was less prevalent among married women.4) 

The perceived gender roles of older adults may further differ be-
tween countries and cultures. In East Asian countries such as Ko-
rea, where gender segregation has traditionally been more pro-
nounced than in other countries, gender-specific patterns of item 
response bias for ADL/IADL questionnaires may be particularly 

Copyright© 2019 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.



salient. Moreover, because of gender- and age-based differences in 
educational attainment, gender may have significant latent effects 
on the ADL/IADL item responses of older generations. Based on 
studies performed for the development of the Korean versions of 
ADL and IADL,5-8) Won et al.6) observed that older Korean men 
reported being unable to do laundry, prepare meals, and perform 
household chores because they had not previously performed 
these activities. Likewise, older women were likely to have difficul-
ties managing money, using the telephone, and using transporta-
tion because they lacked prior experience with such tasks. 

Women in Korea have only recently attained any degree of eco-
nomic power.9) Social activities such as managing money, banking, 
using the subway, and driving were previously considered specific 
male tasks rather than basic functional activities. With dramatically 
improved and modernized education after World War II and the 
Korean War, older women of more recent generations and baby 
boomers may be less subject to gender bias in ADL/IADL re-
sponses. However, although they are physically capable of doing 
these things, many older Korean women are still dependent on 
their husbands, children, and other family members for tasks such 
as using cell phones, taking public transport, and using a bank.9) 
Thus, women are likely to report needing help with ‘cognitive ac-
tivities’ while being independent in their ability to perform house-
hold activities, while older men show an opposite tendency. 

Item response theory (IRT) is used in comparison tests and 
similar instruments to measure unobservable respondent charac-
teristics. IRT models are used extensively in the study of health 
outcomes and the development of item banks and computerized 
adaptive testing.10) Eight previous IRT-based studies have revealed 
multidimensionality,11-13) comparability,14) and group differenc-
es11,15) in ADL/IADL responses. Cabrero-Garcia et al.11) suggested 
a modified aggregated ADL/IADL measure that would account 
for gender bias in determining the severity of impairment. Items 
on the IADL list can be divided into household, outdoor, and cog-
nitive activities; based on traditional gender roles, gender bias is 
particularly strong in household activities. However, unidimen-
sional analyses of ADL appear to be sufficient in women, while in 
men, ADL is bidimensional and divided into self-care and mobili-
ty.4,11) 

To more accurately measure and monitor functional status, the 
use and interpretation of ADL/IADL measurements should con-
sider the characteristics of tasks and cultural backgrounds of the 
respondents. Therefore, we investigated the gender-, educational 
level-, and age-specific IRTs of ADL/IADL items in older Korean 
adults and the latent bias in the measurement tool when determin-
ing functional status. 

MATERIALS AND METHODS 

Data and Sample 
The analyses were based on the baseline wave of the Korean Lon-
gitudinal Study of Ageing (KLoSA), a population-based survey of 
a nationally representative sample of older adults conducted from 
July to September 2006. All participants aged 65 years or older 
were included if they responded to ADL/IADL items and report-
ed their educational level. A total of 4,164 subjects were included 
in the final analyses. The study design and protocol were reviewed 
and approved by the Chung-Aung University Institutional Review 
Board (No. 1041078-201708-HRSB-163-01). 

Functional Disability 
Functional disability was measured using the 7-item Korean ADL 
scale and the 10-item Korean IADL scale.8) The ADL scale in-
cludes items on getting dressed, washing one’s face and hands, 
bathing, eating meals, leaving a room, using the toilet, and urinat-
ing and/or defecating; the IADL scale includes items related to 
personal grooming, going out for short walks, using transporta-
tion, making/receiving phone calls, managing money, doing 
household chores, preparing meals and cooking, shopping, taking 
medications, and doing laundry. If the respondents were partly or 
totally dependent for a given activity, they were categorized as de-
pendent (dependent = 1, independent = 0). The sum of their ADL 
and IADL deficit scores were representative of their functional sta-
tus. Some controversy remains whether ADL and IADL are unidi-
mensional or multidimensional measures.16) As proposed previ-
ously,17,18) we divided ADLs and IADLs into two and three dimen-
sions, respectively. The ADL tasks that included changing clothes, 
washing, shower, eating, using the toilet, and defecation and urina-
tion were categorized as ‘self-care’. Items related to getting up and 
leaving the room were conceptualized as ‘mobility’. We considered 
IADL tasks such as grooming and going out to rely on physical 
health or strength and, therefore, classified them as ‘physical 
IADLs’. Likewise, we considered tasks involving using transporta-
tion, managing money, using the telephone, and taking medication 
to require complex cognitive resources, and, thus, classified them 
as ‘cognitive IADLs’. We categorized other tasks, such as perform-
ing light housework, cooking, doing laundry, and shopping, as 
‘household activities’.17,19) 

Statistical Analyses 
Gender, age, and educational level were exogenous variables. Age 
and education level were dichotomized ( < 75 vs. ≥ 75 years and 
any vs. no education). The total combined ADL/IADL scores 
were log-transformed to correct for skewness before being used in 
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the analyses. We used Mantel–Haenszel (MH) adjustment meth-
ods. The MH odds ratio (OR) conditioned on the total scale score 
is test a commonly used for differential item functioning (DIF) 
analysis in which both response items and exogenous variables are 
binary.16,20,21) According to IRT, the responses to a survey item are 
expected to be the same across the level of the exogenous variables 
once conditioned on the latent variable. An independent associa-
tion between any item and any exogenous variable (i.e., if the total 
scale-adjusted OR is not equal to 1.0) provides evidence that the re-
sponse to that item is biased with respect to the exogenous variable. 

DIF is used when the items intended to measure a latent trait are 
unfair, favoring one group of individuals over another. DIF is in-
vestigated in conjunction with fitting IRT models. DIF includes an 
assessment that the item behaves differently across respondents 
with the same value of the latent trait. An item ‘functions different-
ly’ across individuals with the same latent trait level if these indi-
viduals have different probabilities of selecting a given response.22) 

We explored the odds assumption for p-values from the odds 
score test < 0.05. As the p-value confounds sample size with effect 
size, we also followed a previous study on IRT20) by retaining all 
items with relatively large practically meaningful biases, which we 
defined as an OR > 2.0 or < 0.5. An OR of 2.0 means that those in 
the test group were twice as likely to provide a higher response (i.e., 
to report disability) to an individual item than those in the control 
group after matching for overall functional disability score. To test 
for item discrimination bias, we included an interaction term be-
tween the exogenous variable and the total ADL/IADL score for 
those items with practically meaningful item difficulty bias. We 
tested for differential factor functioning or factor bias by associat-
ing the factor score with each exogenous variable, while condition-
ing the overall ADL and IADL scores. The ADL and IADL items 
were grouped into 5 categories (self-care, mobility, physical activi-
ties, cognitive activities, and household activities) based on the re-
sults of previous studies. Finally, we calculated the disability rates 
using the full versions of ADL and IADL as well as shortened re-
vised versions of the ADL and IADL from which we removed 
items that functioned significantly differently from the exogenous 
variables (gender, age, and educational level). We calculated the 
disability rates as the percentage of older adults categorized as de-
pendent in one or more ADL/IADL items.  

RESULTS 

The mean participant age was 72.9 ± 6.3 years. About 35.5% were 
aged 75 years or older, 41.8% were men, and 44.5% had completed 
any level of formal education. All item responses were skewed to-
wards the ‘do not need help’ category. The average total functional 

disability (ADL and IADL) score was 1.5 ± 3.7 (range, 0–17). The 
average log-transformed functional disability score was 0.33 ± 0.75 
(range, 0–2.83). The percentages of dependent responses for the 
ADL/IADL items are shown in Table 1. Functional status was gen-
erally better for younger ( < 75 years) and educated (vs. non-edu-
cated) respondents, while gender differences in functional status 
varied by item. Women reported being better at household activi-
ties such as cooking and doing laundry, while men reported need-
ing less help with other IADL items including going out, using 
transportation, shopping, managing money, and using the tele-
phone. No gender differences were seen in responses to ADL items, 
aside from defecation (Table 1). 

Two IADL items and all seven ADL items were relatively free of 
item bias according to gender, age group, and educational level 
(Table 2). Eight IADL items appeared to have practically meaning-
ful item-level biases, with ORs > 2.0. Men were 7.69 times more 
likely to report needing help with preparing meals (95% confi-
dence interval [CI], 5.14–11.50) and 2.55 times more likely to re-
port needing help doing laundry (95% CI, 1.86–3.49) than wom-
en matched for overall functional disability. In contrast, men were 
less likely to report needing help going outside to a nearby location 
(OR = 0.43; 95% CI, 0.28–0.67), using transportation (OR = 0.21; 
95% CI, 0.14–0.31), shopping (OR = 0.40; 95% CI, 0.25–0.63), 
managing money (OR = 0.36; 95% CI, 0.26–0.51), and using the 
telephone (OR = 0.48; 95% CI, 0.34–0.68). Adults aged 75 years 
or older were more likely to report dependence in managing mon-
ey (OR = 2.04; 95% CI, 1.51–2.74) and using the telephone 
(OR = 3.37; 95% CI, 2.36–4.81) than younger elderly people 
matched for overall functional status. 

Seven IADL items presented meaningful item-level bias accord-
ing to educational level. The item bias was similar to the results by 
gender in terms of preparing meals, doing laundry, using transpor-
tation, shopping, managing money, and using the telephone. 
However, going outside nearby was not biased according to edu-
cational level. In addition, the odds of educated people reporting 
that they needed help doing household chores was 2.14 times 
greater than that of older adults with no education (95% CI, 
1.31–3.48) (Table 2). 

Men matched for functional ability reported being more dis-
abled than women in performing household chores, preparing 
meals, and doing laundry, three items that comprised the house-
hold activities dimension of the IADL. Thus, this item-level bias 
carried over as a positive factor-level bias. As seen in Table 3, the 
OR of men reporting higher levels of disability in the household 
activities dimension subscale was 4.27 (95% CI, 3.25–5.60) times 
that in women matched for overall functional disability. Regarding 
the cognitive activities dimension, the OR for men was 0.37 (95% 
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CI, 0.29–0.46) times that of women matched for overall functional 
disability. The cognitive and household activities dimensions were 
positive factor-level biases for both age group and educational level 
(Table 2). 

The internal consistency reliability of the full version of ADL/
IADL was 0.96, as measured using Cronbach’s alpha. The reduced 
9-item ADL/IADL that excluded the 8 IADL items with item-lev-
el bias retained an internal consistency reliability of 0.95. The 
9-item version of the ADL/IADL showed a correlation of 0.68 
with the full 17-item version. The disability rate from the reduced 
9-item ADL and IADL was 10.6%, which was lower than that for 
the full version (25.3%). Gender differences in disability rates were 
apparent in the reduced version in that women were significantly 
more disabled (11.4%) than men (9.4%). No gender differences in 
disability rates were detected using the full version. Older and less 
educated individuals were more likely to have some disability; this 
tendency was the same regardless of full or short version of the 
ADL/IADL (Table 3). 

DISCUSSION 

In our study, eight out of ten IADL items functioned differently 

among subgroups defined by gender, age, and educational level. 
Four of these items related to household activities, three were cog-
nitive activities, and one item was related to physical activity. The 
items comprising household activities were biased in the direction 
of higher endorsement by men (i.e., men were more likely to rate 
themselves as dependent in these areas), while items comprising 
cognitive activities were biased toward higher endorsement among 
women after matching for overall functional disability. Measure-
ment with the DIF-adjusted versions of ADL and IADL revealed 
statistically robust gender-based differences in disability rates even 
though the absolute gap in disability rate by gender was similar be-
tween original and DIF-adjusted versions of ADL and IADL. 

In previous studies examining gender-based item response bias, 
DIF was detected in items related to bathing,23) shopping,11,15)   per-
forming household chores,11) using the telephone,15) caring for 
others,11) doing laundry,19) and taking medication.19) However re-
cent studies applying DIF analysis to ADL and IADL were exclu-
sively performed in Western settings, where the gendered division 
of household labor is not as skewed as in the Asian context. In this 
study, we found item-level bias in all of those items as well as in 
items related to managing money and using transportation, which 
are cognitive activities. In addition, we found item-level bias in the 

Table 1. Dependent rates (percentages) for each ADL and IADL task by sex, age, and educational level among older Korean adults, KLoSA baseline

Total 
(n = 4,164)

Sex Age (y) Education
Male 

(n = 1,741)
Female 

(n = 2,423)
65–74 

(n = 2,683)
≥ 75 

(n = 1,481)
None 

(n = 3,026)
Any 

(n = 1,135)
ADL
 Dressing 6.03 6.26 5.86 2.87 11.75** 6.74 4.14*
 Washing 5.16 5.68 4.83 2.50 9.99** 5.58 4.05*
 Showering 7.68 7.01 8.17 3.62 15.06** 8.59 5.29**
 Eating 4.37 4.88 4.00 2.16 8.37** 4.79 3.26*
 Rising and exiting a room 5.12 5.51 4.83 2.42 9.99** 5.65 3.70*
 Using the toilet 3.77 4.31 3.38 2.01 6.95** 4.06 3.00
 Defecating 3.53 4.19 3.05* 1.71 6.82** 3.93 2.47*
IADL
 Grooming 5.88 5.92 5.86 2.65 11.75** 6.54 4.14*
 Performing household chores 10.88 10.68 11.02 6.04 19.65** 11.96 8.02**
 Cooking 14.07 17.98 11.27** 8.95 23.36** 14.34 13.39
 Doing laundry 16.53 18.10 15.39* 10.85 26.82** 17.22 14.71
 Going out 11.12 8.79 12.79** 5.48 21.34** 12.82 6.52**
 Using transportation 15.27 10.97 18.37** 7.86 28.70** 18.11 7.67**
 Shopping 10.71 8.39 12.38** 4.62 21.74** 12.62 5.55**
 Managing money 13.52 10.28 15.85** 6.63 26.00** 16.13 6.52**
 Using the telephone 9.03 7.24 10.32** 3.39 19.24** 10.84 4.23**
 Taking medication 5.50 5.57 5.45 2.24 11.41** 6.18 3.70*

ADL, activities of daily living; IADL, instrumental activities of daily living; KLoSA, Korean Longitudinal Study of Aging.
*p<0.05, **p<0.001 by chi-square test according to sex, age, and educational level separately.
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direction of endorsement of further disability in women for the 
physical activity of getting around outside. Comparison of our re-
sults with those of previous studies (Supplementary Table S1) 
showed that more IADL items in the Korean older adults showed 
gender-specific response biases than those in other populations. 
To our knowledge, this is the first such report among East Asian 
countries. The differential item responses to household activities 
were more pronounced in this study than the gendered DIF re-
ported in Singapore.19) 

We also observed item response bias according to age group 
( < 75 vs. ≥ 75 years) for doing laundry and using the telephone. 
The older age group was less likely to endorse disability in doing 

laundry and more likely to do so in using the telephone. This find-
ing is similar to the gender item response differences for these 
items. This similarity might be due to the high correlation between 
age and gender: 64.2% of the adults aged 75 years or older were 
women, indicating that women were more likely to be older than 
men. In previous studies, the items that differed in item response 
according to age included preparing meals19) and performing 
household chores.17) Fleishman et al.15) compared DIF according 
to combined gender and age groups, observing item-level bias in 

Table 2. DIF by gender, educational level, and age

Men Age ≥ 75 y Education
ADL
 Dressing 1.15 0.98 0.87
 Washing hands and face 1.20 0.56 1.86
 Bathing 0.64 0.92 1.30
 Feeding self 1.40 0.67 1.08
 Walking across room 1.44 0.74 1.24
 Using toilet 1.15 0.54 1.38
 Defecating & urinating 1.83 0.56 0.54
IADL
 Grooming 0.99 0.90 1.16
 Doing light housework 1.55 0.58 2.20
 Preparing meals 7.83 0.51 4.90
 Laundry 3.05 0.44 4.25
 Going outside nearby 0.43 0.93 0.66
 Using transportation 0.20 1.57 0.21
 Shopping 0.40 1.97 0.37
 Managing finances 0.37 1.74 0.30
 Using the telephone 0.49 3.03 0.29
 Taking medication 1.03 1.87 0.83
ADL dimension*
 Self-care dimension 1.27 0.61 1.22
 Mobility dimension 1.26 0.83 1.03
IADL dimension†
 Physical activities dimension 0.66 1.13 0.70
 Cognitive activities dimension 0.35 2.80 0.22
 Household activities dimension 4.01 0.68 2.51

Bold text represent a significant difference (OR>2.0 or OR<0.5).
DIF, differential item functioning; ADL, activities of daily living; IADL, 
instrumental activities of daily living.
*Self-care include dressing, washing, showering, eating, using toilet, defecating 
and urinating; and Mobility include getting up and exiting a room.
†Physical activities include grooming, going out nearby; Cognitive activities, 
using transportation, managing money, using the telephone, taking medica-
tion; and Household activities, performing household chores, preparing meals, 
doing laundry, shopping.

Table 3. Comparisons of disability rates from the full ADL/IADL and 
DIF-adjusted reduced scales

n
Disability rate

Full scale DIF-adjusted 
short scale

Total 4,164 25.3 10.6
 Sex
  Male 1,741 24.4 9.4*
  Female 2,423 26.0 11.4
 Age (y)
  65–74 2,683 16.7** 5.2**
  75–84 1250 35.4 16.0
  ≥ 85 231 71.0 43.3
 Educational level
  Elementary or below 3,026 27.8** 12.1**
  Middle school 407 19.9 6.6
  High school or over 728 18.0 6.3
Men
 Age (y)
  65–74 1,211 18.9** 5.6**
  75–84 463 32.4 15.1
  ≥ 85 67 67.2 37.3
 Educational level
  Elementary or below 921 27.3** 11.1*
  Middle school 249 23.3 8.0
  High school or over 570 20.2 7.2
Women
 Age (y)
  65–74 1,472 14.8** 4.9**
  75–84 787 37.2 16.5
  ≥ 85 164 72.6 45.7
 Educational level
  Elementary school or below 2,105 28.0** 12.6**
  Middle school 158 14.6 4.4
  High school or over 158 10.1 3.2

Full scale include 17 items of ADL and IADL; and DIF-adjusted short scale 
include 9 items of ADL and IADL.
ADL, activities of daily living; IADL, instrumental activities of daily living; 
DIF, differential item functioning.
*p < 0.05, **p < 0.01 by chi-square test.
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shopping, doing light housework, and managing money in young 
men and shopping and using the telephone in middle-aged men 
compared to those in older me. The results of these studies 
demonstrated the tendency for items showing DIF of age and gen-
der to overlap. 

Previous studies have not identified IRT according to education-
al level. However, as many of the IADL items include cognitive ac-
tivities and education level is low among the current older genera-
tions in countries such as Korea that have experienced recent rapid 
growth, it is important to investigate IRT according to educational 
attainment. In Korea, the current older generations, who reached 
adulthood during the period of rapid modernization after pro-
longed war during their school-age years, have relatively little expo-
sure to westernized formal educational systems.24) Older women 
are particularly likely to have lower levels of formal education due 
to unequal opportunities in the educational system, as reflected by 
the fact that 69.5% of older women the present study had not com-
pleted an elementary school education. The similarities between 
DIF according to educational level and according to gender reflect 
the strong correlation between gender and education level. 

The current full versions of ADL and IADL do not accurately 
capture disability rates because of their acknowledged biases in 
item responses by gender, age, and education level. In addition, the 
current scales do not clearly show differences between groups. The 
higher disability rates in women’s cognitive activities are due to the 
latent gender construct reflected in these items; if this is not con-
sidered, measurements of disability in women would be exaggerat-
ed. Likewise, men report greater difficulties with household activi-
ties items because of the latent construct reflected in these items 
and, if not taken into consideration, the disability rates of men are 
also exaggerated. Aside from the 8 items with high DIF, the reli-
ability of these scales was high and the gender differences in dis-
ability rates based on ADL/IADL responses to the other 9 items 
were more accurate than those reported by the previous full ver-
sion. Women have higher rates of disability than men and are more 
likely to have daily disabilities than are men of the same age25) due 
to musculoskeletal disease morbidity and pain sensitivity. In this 
study, women were more likely to report limitations, use of assis-
tance, and a greater degree of disability, particularly among IADL 
categories. However, these gender differences were largely ex-
plained by differences in disability-related health conditions. The 
comorbid conditions associated with disability in this cohort, 
which were predominantly musculoskeletal, neurodegenerative, 
and psychological in origin, were generally more prevalent among 
women than in men.25) One limitation of our study was the time 
gap since the KLoSA baseline survey was performed (2006), 13 
years ago. Many older citizens now own and use smartphones 

since their invention in 2007. Thus, technology compliance should 
be also considered when interpreting our study results. 

As culture and the degree of social infrastructure development 
differ across countries, responses to ADL and IADL are highly 
context-specific. Unless corrected for, cross-national variations in 
disability rates may, therefore, reflect item-response bias rather 
than real differences in disability levels. Older adults in Korea have 
experienced strong gender segregation from a young age and have 
grown up in a social structural environment with limited educa-
tional opportunities, particularly for older women. These cultural 
aspects are reflected in IRT-based research of older Korean popula-
tions. Further IRT research on the ability to perform everyday ac-
tivities in societies with diverse cultural backgrounds is needed to 
allow more accurate measurement of disabilities across cultures. In 
particular, comparisons of disability rates by country should sepa-
rately assess household and cognitive activities from the IADL 
scale, or should completely exclude these two dimensions when 
comparing ADL and IADL item measurements. If possible, a cul-
ture-neutral ADL and IADL measurement that does not require 
DIF analyses should be developed. 
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Background: Although the average age of patients undergoing surgical procedures or anesthesia 
is increasing, differences in anesthesia-related injuries among different age groups have been not 
reported. This study compared older and younger patients on the basis of disputes regarding an-
esthesia-related injuries referred to the Korean Society of Anesthesiologists (KSA). Methods: We 
retrospectively analyzed disputes regarding anesthesia-related injuries referred to the KSA be-
tween 2009 and 2018. After excluding duplicates, incomplete data, local anesthesia cases, and 
patients aged ≤18 or 55–64 years, the subjects were divided into older (≥65 years) and younger 
(19–54 years) age groups. The parameters included in the KSA database were compared between 
these two groups. Results: The 115 cases included in the study included 28 and 87 cases from 
the older and younger groups, respectively. The proportions of preventable cases of anesthe-
sia-related adverse events differed significantly between the older (25%) and younger groups 
(48.3%). The most common medical disputes in the older group were related to general anesthe-
sia, orthopedic surgery, local hospitals, and anesthesiologist, whereas those in the younger group 
were related to sedation, plastic surgery, local clinics, and non-anesthesiologists. Conclusion: In 
addition to understanding the differences in anesthesia characteristics according to age group, it 
is also necessary to develop means for reducing preventable anesthesia-related adverse events. 
Furthermore, we must continue to register anesthesia-related disputes, and a voluntary reporting 
system should be established to prevent anesthesia-related accidents. 

Key Words: Anesthesia, Geriatric assessment, Dissent and disputes
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INTRODUCTION 

South Korea became an aged society in August 2017. With 14.3% 
of the population considered aged in July 2018, it will become a 
post-aged society by 2026 according to the Korean Statistical In-
formation Service.1) According to the Health Insurance Review 
and Assessment Service (HIRA), the rate of geriatric anesthesia 
(age ≥ 65 years) has been increasing, accounting for 26% of all cas-
es of anesthesia in 2018 and exceeding the proportion of aged peo-
ple in the population. Furthermore, age is a risk factor for anesthe-
sia and surgery. Therefore, it is important to closely monitor geriat-
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ric anesthesia and related injuries. 
Injuries require treatment and patients make claims when unex-

pected damage occurs. As injuries related to anesthesia can cause 
serious patient injury, opinions and feedback from various sources 
are needed to solve this problem. Since the American Society of 
Anesthesiologists (ASA) organized the Closed Claim Project in 
1985, research on patient safety has been conducted continuously, 
and patient safety concerning anesthesia has improved. The Kore-
an Society of Anesthesiologists (KSA) established a database in 
2009 at the request of the courts, public prosecutor’s office, and 
police regarding medical disputes or claims for problems associat-
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ed with anesthesia. The findings of several analytical studies based 
on the KSA database2-4) have led to changes in healthcare policies. 
However, to our knowledge, no comparative studies have used this 
database to assess anesthesia-related injuries according to age 
group. Therefore, the present study compared older and younger 
patients on the basis of medical disputes referred to the KSA be-
tween 2009 and 2018. 

MATERIALS AND METHODS 

Study Design and Population
The present study was approved by the Institutional Review Board 
of Konyang University Hospital (No. KYUH-2018-06-017). We 
retrospectively analyzed the database, which was developed by the 
KSA in 2009–2018. There was no requirement to obtain informed 
consent from the subjects because of the retrospective nature of 
the study. 

The inclusion criteria were legal claims associated with anesthe-
sia in cases referred to the KSA in 2009–2018. Of those, duplicate 
cases because of re-consultation, cases in which a connection be-
tween anesthesia and outcome could not be confirmed because of 
incomplete data, cases involving local anesthesia, and cases in 
which the patients were aged ≤ 18 or 55–64 years were excluded. 
The parameters registered in the KSA database were compared be-
tween the remaining subjects, who were divided into older ( ≥ 65 
years) and younger (19–54 years) age groups. 

Patients Characteristics
The patients’ characteristics included age, sex, ASA physical status 
classification, pre-anesthetic assessment, and surgical diagnosis. 
The characteristics of the surgery included its nature (cosmetic, 
disease treatment, or diagnosis), types (plastic surgery, orthopedic 
surgery, general surgery, obstetrics and gynecology, urology, oto-
laryngology, ophthalmology, neurosurgery, cardiothoracic surgery, 
dental, or ‘non-surgery’—i.e., procedures performed by non-sur-
geons, such as general physicians, internal medicine physicians, 
family medicine physicians, dermatologists, and anesthesiologists), 
and the types of hospital in which the operation took place (uni-
versity or general hospital, local hospital, or local clinic). The char-
acteristics of anesthesia included the types of anesthesia (general, 
spinal, epidural, sedation—defined here as only procedural seda-
tion—or peripheral nerve block), anesthesia provider (anesthesi-
ologist, non-anesthesiologist, or nurse), and induction agent. 

Outcome assessments
Adverse events, defined as the cause of the final outcome, were 
classified as respiratory system, cardiovascular system, nervous 

system, or other events (musculoskeletal-system, skin, hepatic or 
renal, endocrine, thermal, or infectious events; transfusion reac-
tions; equipment problems; incorrect drug or dose; drug reac-
tions; and others). The outcomes were defined by the final result 
of the adverse event and were classified as temporary, permanent, 
or death. Permanent injury was defined as cases requiring continu-
ous treatment, such as brain damage, quadriplegia, or irreversible 
neurological damage. The appropriateness of anesthesia was as-
sessed by a reviewer who provided an expert consultation about 
the assigned cases using a numeric rating scale (NRS) from 1 to 9, 
in which 1 was the least appropriate and 9 was most appropriate in 
the process of anesthesia. On the basis of appropriateness, we esti-
mated the preventability of the adverse event or outcome,4) which 
was the possibility that a certain injury could have been prevented 
by appropriate treatment or precautions. NRS 1–3 included pre-
ventable events, that is, events that could easily have been prevent-
ed; NRS 4–6 included moderately preventable events, that is, 
events that might have been preventable; and NRS 7–9 included 
hardly preventable events, that is, events that were unlikely to have 
been prevented.4) The primary outcome was the percentage of 
preventable events. In addition, in the older patient group, we de-
termined whether a preoperative frailty evaluation or comprehen-
sive geriatric assessment had been carried out. 

We performed comparisons between total cases and cases with-
out sedation because sedation is used mainly in cosmetic or diag-
nostic procedures, which are expected to differ from other proce-
dures in terms of patient age distribution. Moreover, the causes of 
accidents in sedated patients were different from those in other pa-
tients administered anesthesia.5-8) 

Statistical Analyses 
Statistical analyses were carried out using PASW Statistics for Win-
dows, version 18.0 (SPSS Inc., Chicago, IL, USA). The patients’ 
characteristics, surgical characteristics, anesthesia characteristics, 
adverse events, outcomes, and appropriateness were compared be-
tween the older and younger groups. Continuous data were ana-
lyzed using Student t-test or Mann– Whitney U-test depending on 
the variables and normality, whereas categorical data were analyzed 
using the chi-square test or Fisher exact test. p-values < 0.05 were 
considered statistically significant. 

RESULTS 

Anesthesia-related claims in 154 cases in the target age groups 
were referred to the KSA; of these, 115 cases were analyzed after 
excluding duplicate cases, cases of incomplete data, and local anes-
thesia cases. A flowchart is shown in Fig. 1. 
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Comparisons of the Older and Younger Groups: Analysis of 
Total Cases 
The older and younger groups included 28 and 87 cases, respec-
tively. The differences between the two groups are presented in 
Table 1. The percentages of preventable cases were 25% in the old-
er group and 48.3% in the younger group (p = 0.047). The distri-
butions of ASA physical status classification differed significantly 
between the two groups (p = 0.003), with 75% ASA class-I and -II 
cases in the older group and 90.8% in the younger group. The 
types of anesthesia also differed significantly between the two 
groups (p < 0.001), with general anesthesia most common in the 
older group and sedation most common in the younger group 
(50.0% and 52.9%, respectively). The nature of the surgery also 
differed significantly between the two groups (p < 0.001), al-
though treatment was the most common reason for surgery in 
both (89.3% and 48.3%, respectively). The distribution of hospital 
type in which anesthesia differed significantly between the two 
groups (p < 0.001); with local hospitals most common in the older 
group and local clinics in the younger group (53.6% and 59.8%, re-

spectively). The distributions of anesthesia providers also differed 
significantly between the two groups (p < 0.001), with anesthesi-
ologists the most common provider in the older group and 
non-anesthesiologists most common in the younger group (82.1% 
and 52.9%, respectively). The presence of anesthesia records was 
significantly higher in the older group than in the younger group 
(82.1% and 52.9% of cases, respectively; p =  0.007). The percent-
age of hospitals directly employing anesthesiologists was also sig-
nificantly higher in the older group than that in the younger group 
(82.1% and 42.5%, respectively; p < 0.001). The mortality rates 

Anesthesia claims referred to KSA (n=154)

Study population (n=115)

Patient characteristics
Surgical characteristics 

Anesthesia characteristics
Adverse events

Outcomes
Appropriateness

Older group (n=28) Younger  group (n=87)

Enrollment

Allocation

Analysis

Excluded (n=39)
 Duplicate cases
 Incomplete data
 Local anesthesia

Fig. 1. Study flowchart. KSA, Korean Society of Anesthesiologists.

Table 1. Comparisons of the older and the younger groups: total cases

Older 
(n = 28)

Younger 
(n = 87) p-value

Age (y) 74 (70–80.8) 37 (28–46) < 0.001
Sex, male 14 (50.0) 32 (36.8) 0.269
ASA class 0.003
 I 3 (10.7) 60 (69.0)
 II 18 (64.3) 19 (21.8)
 III 7 (25.0) 3 (3.5)
 NE 0 (0) 5 (5.7)
Types of anesthesia < 0.001
 General 14 (50.0) 30 (34.5)
 Spinal 7 (25.0) 5 (5.7)
 Epidural 3 (10.7) 3 (3.4)
 Sedation 4 (14.3) 46 (52.9)
 Peripheral nerve block 0 (0) 3 (3.4)
Nature of surgery < 0.001
 Cosmetic 0 (0) 38 (43.7)
 Treatment 25 (89.3) 42 (48.3)
 Diagnosis 3 (10.7) 6 (6.9)
 Other 0 (0) 1 (1.1)
Types of hospital < 0.001
 University or general hospital 11 (39.3) 13 (14.9)
 Local hospital 15 (53.6) 22 (25.3)
 Local clinic 2 (7.1) 52 (59.8)
Anesthesia provider < 0.001
 Anesthesiologist 23 (82.1) 38 (43.7)
 Non-anesthesiologist 5 (17.9) 46 (52.9)
 Nurse 0 (0) 3 (3.4)
Anesthesia consent 16 (57.1) 44 (50.6) 0.665
Presence of anesthesia records 23 (82.1) 46 (52.9) 0.007
Full-time anesthesiologist 23 (82.1) 37 (42.5) < 0.001
Preventable case 7 (25.0) 42 (48.3) 0.047
Outcomes 0.152
 Death 23 (82.1) 59 (67.8)
 Permanent injury 3 (10.7) 24 (27.6)
 Temporary injury 2 (7.1) 4 (4.6)

Values are expressed as the median (Q1–Q3) or number (%).
ASA, American Society of Anesthesiologists; NE, not evaluated.
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were 82.1% in the older group and 67.8% in the younger group. 
Fig. 2A presents the types of surgery in the two groups. Ortho-

pedic surgery was the most common type in the older group, 
whereas plastic surgery was the most common type in the younger 
group (57.1% and 31%, respectively). 

Adverse events are presented in Fig. 3A. The most common ad-
verse events were cardiovascular system events in the older group 
and respiratory system events in the younger group (57.1% and 
50.6%, respectively; p =  0.009). No patients with the older group 
had received preoperative frailty evaluations or comprehensive 
geriatric assessments.  

Comparisons of Older and Younger Groups without Sedation 
The 65 patients who were not sedated included 24 and 41 patients 
in the older and younger groups, respectively. Table 2 shows the 
comparisons of the two age groups without sedation. The percent-
ages of preventable cases were 16.7% in the older group and 29.3% 
in the younger group, which were lower than those observed in the 
total case analysis. The distribution of ASA physical status classifi-
cations differed significantly between the two groups (p < 0.001), 
with 75% and 92.7% of cases categorized as ASA class-I and -II in 
the older and younger groups, respectively. The distributions of 
hospital types differed significantly between the older and younger 
groups (p = 0.027), with local hospitals being the most common 
in both groups (54.2% and 48.8%, respectively). General anesthe-
sia was the most common in both groups, at 58.3% and 73.2% 
among those without sedation, respectively. The most common 
anesthesia providers were anesthesiologists in both groups with-
out sedation (95.8% and 82.9%, respectively). The mortality rates 
did not differ significantly between the older and younger groups, 

at 79.2% and 75.6%, respectively, after excluding patients with se-
dation.

Orthopedic surgery was most common in both the older and 
younger groups (76.2% and 34.1%, respectively) (Fig. 2B) regardless 
of sedation. Cardiovascular events were the most common adverse 
events in both groups (66.7% and 39%, respectively) among those 
without sedation (Fig. 3B). 

DISCUSSION 

We observed a difference in legal anesthesia-related disputes be-
tween older and younger groups and propose that an increased 
understanding of the factors leading to the differences between the 
two groups might help prevent anesthesia-related accidents. 

Although cardiovascular and respiratory events were overall the 
most common adverse events in the older group younger groups, 
cardiovascular events were the most common in both groups with-
out sedation. This difference may have been due to differences in 
the types of surgery and anesthesia between the older and younger 
groups. Only 3% of cases had monitored anesthesia care (MAC) 
in a study of closed claims in 2012,5) and MAC claims were associ-
ated with higher age, higher ASA, and similar percentages of death 
and brain damage compared with other anesthesia-related claims.6) 
Furthermore, as there were no sedation-related claims in an analy-
sis of anesthesia-related medical disputes referred to the KSA in 
2004,7) cosmetic procedures using propofol sedation appear to 
have begun to be performed mainly in younger patients. Except for 
sedation, although the ASA physical status was higher in older 
group than that in the younger group, there were no differences in 
the type of surgery, type of anesthesia, or preventable cases be-

Fig. 2. Type of surgery: (a) total cases and (b) cases without sedation.
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tween the two groups. The percentages of patients with sedation 
and of younger age in this study were higher than those reported in 
a closed claims study in the United States (US);8) these factors may 
have contributed to the difference in preventable events between 
the two groups. 

We expected that claims would be rare in older patients, as we 
assumed that death or injury would be more readily accepted in 
these patients, even in the context of critical events. As older adults 
often have multiple comorbidities, such as diabetes mellitus, hy-
pertension, and cardiac hypertrophy, they are not only a high-risk 
group for anesthesia and surgery but also require management in 
terms of baseline diseases.9,10) In addition, anesthesia in geriatric 
patients must be administered carefully because of their decreased 
sympathetic response, venous compliance, and cardiac preload; 
propensity for injury in association with glucose tolerance; diastol-
ic dysfunction; and decline in renal function and mass.11) Indeed, 
the rate of claims by older patients is about 5–10 times lower than 
that by younger patients.12) In addition, as our older patients re-
ceived appropriate explanations and provided consent on the basis 
of their family’s understanding of their condition and the associat-
ed risks in the event of problems, we expected a low likelihood of 
medical disputes when negative results occurred. Contrary to our 
expectations, however, the percentage of claims referred to the 
KSA in the older group was 24.3% and increased to 36.9% after ex-
cluding cases with sedation. Although older adult patients com-
prised 14.3% of the population in 2018,1) 26.2% of cases of anes-
thesia involved older adults. Thus, the percentage of older patients 
undergoing anesthesia for surgery is higher than the percentage of 

older adults in the overall population. 
Reducing the overall number of claims requires examination of 

the current problems associated with sedation. Our results regard-
ing sedation-related problems are consistent with those of previous 
studies13-15) showing that respiratory system events were the most 
common adverse events. Several studies4,13-17) have warned of the 
risk of respiratory depression associated with propofol overdose. 
The risk of propofol overdose is emphasized because the metabol-
ic ability varies 19-fold among individuals;18) thus, a lack of suffi-
cient physician attention is related to a high risk of overdose. A pre-
vious study using the KSA database of 2009–20144) showed that 
most cases of sedation were managed by a non-anesthesiologist 
(92.3%) and were associated with the use of propofol (89.7%), 
similar to our observations. Our results show that propofol ac-
counted for 92% of sedation-related claims, which is a comparably 
high percentage to that reported previously. 

The European National Societies of Anesthesia concluded that 
non-anesthesiologists should not use propofol as a sedative agent 
for clinical procedures.16) Moreover, Korean studies4,19) have recom-
mended that propofol be used only with close monitoring by au-
thorized clinicians or anesthesiologists. Despite these concerns, the 
use of propofol and critical problems related to its use have in-
creased in Korea.19) Furthermore, claims for sedation-related inju-
ries continue to be made. Although sedation can be performed by 
any qualified specialist, simultaneous anesthesia and surgery is diffi-
cult.4) Recently, the European Society of Anesthesiology proposed 
a minimal requirement that those performing procedural sedation 
be able to assess and manage the level sedation.20) They also recom-
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Fig. 3. Comparison of adverse events between the older and younger groups: (a) total cases and (b) cases without sedation. ‘Others’ includes 
musculoskeletal-system, skin, hepatic or renal, endocrine, thermal, or infectious events; transfusion reactions; equipment problems; inappropriate 
drug or dose; drug reaction, etc.
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mended that procedural sedation and analgesia be performed in an 
environment in which an anesthesiologist is readily available.20) Sev-
eral methods have been proposed to resolve the problems associat-
ed with sedation, including strengthening the sedation monitoring 
standards, for example, via addition of end-tidal CO2 (EtCO2) 
monitoring, making the monitoring of operations by doctors man-
datory (depending on the type or difficulty of surgery), or mandat-
ing anesthesiologist participation in sedation. Such measures could 
help prevent sedation-related accidents. In situations requiring the 
use of propofol, the ‘Practice Guidelines for Propofol Sedation by 
Non-anesthesiologists21)’ should be followed. 

On the basis of the numbers of cases of anesthesia investigated 

by the HIRA in 2018 (1,112,139 in university and general hospi-
tals, 689,872 in local hospitals, and 124,779 in local clinics) as well 
as the poor condition of patients and the difficulty in performing 
surgery in university or general hospitals, the number of anesthesia 
accidents were predicted to be higher in university or general hos-
pitals than in other hospitals. However, local hospitals and local 
clinics were most commonly associated with claims in the older 
group and younger groups, respectively. The low rate of cases pro-
ceeding to a dispute in university or general hospitals may be due 
to the provision of adequate explanations about anesthesia before 
surgery, as well as to the provision of informed consent, the diffi-
culty of determining whether the accident was caused by anesthe-
sia or surgery, and physician recognition of poor patients’ condi-
tion. In contrast, the increased numbers of disputes in local hospi-
tals and local clinics may be due to the lower likelihood of adequate 
explanations regarding anesthesia before surgery, lower rate of in-
formed consent, and deficiencies in physician education and abili-
ty to cope with medical disputes. Furthermore, as the behavior of 
physicians and their ability to communicate with patients affect 
the numbers of claims,22) disputes are more likely in local hospitals 
and local clinics characterized by a lack of communication between 
physicians and patients because of the absence of full-time anes-
thesiologists.23) In our study, the anesthesiologists were full-time in 
only 42.5% of hospitals in the younger group and written consent 
for anesthesia was obtained in only half of cases across both 
groups. Freelance anesthesiologists are relatively common in Ko-
rea, which may have been the cause of improper preanesthetic as-
sessments23) and inadequate explanations about anesthesia before 
surgery. 

However, there are other problems associated with anesthesia in 
Korea in addition to inadequate explanations and lack of informed 
consent. There were no claims involving intubation failure during 
the induction of general anesthesia at university or general hospi-
tals in the KSA database, whereas four deaths related to intubation 
failure had occurred in local clinics and hospitals. Adequate equip-
ment, such as videoscopes or bronchoscopes, as well as sufficient 
manpower to address airway problems is likely to be available in 
university or general hospitals. However, anesthesia providers at 
local hospitals or clinics are not usually available full time,23) and 
shortage of manpower and equipment is possible. Freelance anes-
thesiologists may not be sufficiently familiar with a hospital’s facili-
ties to act appropriately in the event of an accident. As peripheral 
oxygen saturation (SpO2) and EtCO2 monitoring reduce the inci-
dence rates of mortality and brain death associated with respirato-
ry problems,10) a standard for anesthetic care including sedation is 
necessary to ensure adequate manpower and equipment essential 
for anesthesia. 

Table 2. Comparisons of the older and the younger groups after 
excluding cases with sedation

Older 
(n = 24)

Younger 
(n = 41) p-value

Age (y) 74 (70–80.8) 42 (32–50) < 0.001
Sex, male 12 (50.0) 22 (53.7) 0.776
ASA class < 0.001
 I 2 (8.3) 23 (56.1)
 II 16 (66.7) 15 (36.6)
 III 6 (25.0) 2 (4.9)
 NE 0 (0) 1 (2.4)
Types of anesthesia 0.178
 General 14 (58.3) 30 (73.2)
 Spinal 7 (29.2) 5 (12.2)
 Epidural 3 (12.5) 3 (7.3)
 Peripheral nerve block 0 (0) 3 (7.3)
Nature of surgery 0.288
 Cosmetic 0 (0) 4 (9.8)
 Treatment 24 (100.0) 37 (90.2)
Types of hospital 0.027
 University or general hospital 10 (41.7) 9 (22.0)
 Local hospital 13 (54.2) 20 (48.8)
 Local clinic 1 (4.2) 12 (29.3)
Anesthesia provider 0.356
 Anesthesiologist 23 (95.8) 34 (82.9)
 Non-anesthesiologist 1 (4.2) 4 (9.8)
 Nurse 0 (0) 3 (7.3)
Anesthesia consent 16 (66.7) 28 (68.3) 1.000
Presence of anesthesia records 23 (95.8) 36 (87.8) 0.400
Full-time anesthesiologist 22 (91.7) 29 (70.7) 0.063
Preventable cases 4 (16.7) 12 (29.3) 0.373
Outcome 0.647
 Death 19 (79.2) 31 (75.6)
 Permanent injury 3 (12.5) 8 (19.5)
 Temporary injury 2 (8.3) 2 (4.9)

Values are expressed as the median (Q1–Q3) or number (%).
ASA, American Society of Anesthesiologists; NE, not evaluated.
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It is important to collect detailed data on anesthesia-related inju-
ries. The closed-claims database established by the ASA in 1985 
has contributed to improved patient safety.9,24) A system has also 
been implemented in Korea since 2015 for voluntary reporting of 
medical accidents; however, it comprises mainly reports of minor 
accidents and reports of fatal accidents are very rare. The rates of 
serious adverse events, including death and permanent brain dam-
age, in closed-claims analyses conducted in the US were 56% in 
1975 and 27% in 2000.24) The death rates in the older and younger 
groups in the present study were 82.1% and 67.8%, respectively, 
higher than those reported in the US. This difference may be be-
cause of a greater tendency for cases involving minor problems to 
proceed to medical disputes in the US than in Korea. However, the 
percentage of cases resolved through settlement before proceeding 
to a medical dispute is high in Korea, and medical disputes regard-
ing minor problems can be resolved by government organizations 
such as the Korea Consumer Agency or the Korea Medical Dis-
pute Mediation and Arbitration Agency, which may also cause the 
percentage of cases of deaths to differ from that in the US. An in-
crease in medical litigation associated with cases of death, perma-
nent injury, temporary nerve injury, or backache that are not due 
to malpractice is expected; thus, suitable preparations are neces-
sary to deal with such cases. Analysis of closed-claims studies and 
cases referred to the KSA could provide a basis for resolving com-
mon accidents. However, because of settlements, it is difficult to 
determine the true incidence of some accident types, even in fatal 
cases. In addition, if the numbers of accidents associated with a 
type of drug or anesthesia are increasing, early identification and 
prevention may be limited. Therefore, a system that allows volun-
tary reporting of accidents to the KSA is essential. However, even if 
the KSA were to create such a system, individuals making volun-
tary reports cannot be legally protected, and the system could be 
subject to the issue of warrants by the courts. A system that legally 
protects those reporting to the KSA and thus encourages voluntary 
reporting, as in other fields of geriatric medicine, is required to pre-
vent medical accidents and improve patient safety.25) 

Although the awareness of patients’ rights is increasing in Korea, 
an understanding of the difference between medical malpractice 
and medical maloccurrence (i.e., adverse outcomes that are unre-
lated to the quality of care provided) remains poor. A Korean court 
recently ruled that an automobile accident that caused only minor 
scalp abrasions was responsible for dementia. Legal disputes relat-
ed to older patients may be more likely in cases of postoperative 
functional deterioration or dementia and may be affected by 
whether appropriate patient evaluation is judged to have been per-
formed. Predicting the complications of anesthesia and surgery in 
older surgical patients requires expanding the implementation of 

preoperative comprehensive geriatric assessments; furthermore, 
informed consent and appropriate explanation of anesthesia are 
also important to improve patient safety and prevent legal disputes. 

This study has some limitations. First, the data were extracted 
from datasheets stored at the KSA. As mentioned above, we could 
not accurately determine the incidence of anesthesia-related inju-
ries because of the use of claims data. In addition, as this was a ret-
rospective study, the results might have differed if other assessment 
criteria had been used, including the preventability and appropri-
ateness of anesthesia as assessed by different anesthesiologists. 

In conclusion, we identified differences in anesthesia-related dis-
putes between older and younger patients. Preventable events were 
more likely in younger patients than in older patients. When seda-
tion was not considered, no differences were seen between the 
older and younger groups. However, the analysis was based on the 
KSA database and it was not possible to determine causal relation-
ships in the anesthesia-related injury data. Anesthesia-related dis-
putes should be registered via a voluntary reporting system, which 
must be established by the KSA itself to help prevent accidents. 
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Many studies have provided evidence that air pollutants are harm-
ful to humans.1-3) Emerging data and literature from South Korea 
support the relationship between air pollutants and healthcare ex-
penditure and the threat of even ambient air pollution to mortality, 
morbidity, and various adverse health outcomes and quality of 
life.4) Through monthly balanced data using fixed and random-ef-
fect models, this study demonstrated the contributions of 5 com-
mon air pollutants to healthcare expenditure in 16 cities and prov-
inces over 8 years (January 2010 to September 2017). The study 
also showed how each air pollutant affected healthcare expendi-
tures in a particular population. Led by economists and not physi-
cians, these findings emphasized the association between air pol-
lutants and healthcare expenditures, indicating the urgent need for 
policymakers to develop effective healthcare policies. 

The authors not only presented a systematic analysis of health-
care expenditure but also categorized the healthcare costs by re-
gion, demographic structure, and specific diseases.4) One interest-
ing aspect was their presentation of the regional minimum and 
maximum per-patient healthcare expenditures. The authors 
showed that a higher personal income level leads to higher health-
care expenditure and that per-patient healthcare expenditure in-
creases with population age. As in other countries, older adults in 
South Korea are the population most vulnerable to air pollutants 
and environmental diseases. These reports will facilitate research 
on air pollutant exposure and health effects in the older population 
of South Korea. Moreover, life-course approaches investigating the 
adverse effects of air pollutants in older adults are needed. The re-
sults of these studies will highlight the urgent need for an emphasis 
on this topic in older populations. 

However, older populations are heterogeneous, and individuals 
may have a wide variety of health conditions, which may result in 
differences in their resistance to the exposure and health effects of 
air pollutants.5,6) Researchers and policymakers discussing the im-
pact of air pollutants should consider the following characteristics 
of older adults: (1) vague symptoms and atypical presentation 
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even in known specific diseases that are easily misdiagnosed as a 
normal aging process and which delay the diagnosis of the worsen-
ing of chronic disease or newly-onset disease;7) (2) functional de-
cline, including physical performance or cognition, as an early sign 
of health deterioration in older populations;8) (3) various aging 
specific symptoms and disorders known as geriatric syndromes, 
and their accumulation which facilitates the worsening vicious cy-
cle in the health condition of older adults eventually leading to 
morbidity and mortality;9) and (4) multimorbidity and risk of 
polypharmacy, which increase the risk of adverse effects and ob-
scure the judgment of exposure.10,11) 

Air pollution exacerbates poor prognoses by increasing individu-
als’ susceptibility to diseases rather than causing direct harm to 
health or disease itself.12) For the reasons mentioned above, howev-
er, the effects of air pollutants on older populations cannot be 
judged simply by individual risk factors such as age, chronic disease, 
cardiovascular disease, and cognitive function. Unlike that in the 
general younger population, the health spectrum of the older popu-
lation is varied. Even when exposed to chronic ambient air pollut-
ants, vulnerable older individuals are more likely to have vague 
symptoms such as fatigue, dizziness, functional decline, and ulti-
mately, a worsened quality of life owing to air pollutant exposure 
before physician diagnosis. In particular, it remains unclear if the 
conventional analytic method that assesses the impact of air pollut-
ant exposure mainly based on several subtle cardiopulmonary or 
cognitive functions can distinguish between the effects of air pollut-
ants and the aging phenomenon, which is eventually likely to un-
derestimate its influence. Vulnerability in older adults can be de-
scribed as a looped system formed by a linkage between vulnerable 
health factors;13) therefore, the conventional risk stratification sys-
tem is unlikely to be effective in older adult populations. Similar to 
other several diseases, a unique evaluation and risk stratification 
system specialized for older populations are required.14-16) 

With these concerns, our researchers believe that frailty, a valu-
able measure of the health status of older individuals, might be the 
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most suitable marker for measuring the effects of air pollutants in 
older populations.17,18) This measure encompasses all age-related 
symptoms and disorders such as dementia, sarcopenia, insomnia, 
and falls, which can be used to estimate the possible effects. How-
ever, the timing and intensity of the effects on the domains are ex-
pected to vary greatly and consideration should be given to respira-
tory influences, nonspecific symptoms, and pathophysiology.2) 
Therefore, rather than the conventional frailty index, a targeted 
concept and definition of frailty, namely an “air-pollutant frailty in-
dex” that reflects both the specificity of the aging physiology and 
the conventional known health effects of air pollutant exposure, 
should be developed.16) As with human immunodeficiency vi-
rus,14) myelodysplastic syndrome,19) and systemic lupus erythema-
tosus,15) this concept of a disease-specific frailty index is also likely 
to be effective in vulnerable young populations. This frailty con-
cept will serve as a compass for future fine dust studies in older 
adults. 
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Courses and Conferences

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

[The 66th Annual Meeting of the Korean Geriatrics Society]
June 20-21, 2020.
KimDaeJung Convention Center
30, Sangmunuri-ro, Seo-gu, Gwangju, Republic of Korea.
For more information please contact kgskorea1968@gmail.com

Membership Fee Information

Membership Fee

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

• Other member: KRW 30,000

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

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

Information on Geriatric Medicine Certification

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

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

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

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

Meetings.

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

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

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

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

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

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

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

the 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.
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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 by fax
(Form available on our website or journal)

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

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

Journal Subscription Guide

Subscription fees

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

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

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

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

www.e-agmr.org



JOURNAL DESCRIPTION AND SCOPE

Aims and Scope
Annals of Geriatric Medicine and Research (Ann Geriatr Med Res, 
AGMR) is a peer-reviewed journal that aims to introduce new 
knowledge related to geriatric medicine and to provide a forum 
for the analysis of gerontology, broadly defined. As a leading jour-
nal of geriatrics and gerontology in Korea, one of the fastest aging 
countries, AGMR offers future perspectives on policymaking for 
older adults, clinical and biological science in aging researches es-
pecially for Asian emerging countries. Original manuscripts relat-
ing to any aspect of geriatrics, including clinical research, aging-re-
lated basic research, and policy research related to senior health 
and welfare will be considered for publication. Professionals from 
a wide range of geriatric specialties, multidisciplinary areas, and 
related disciplines are encouraged to submit manuscripts for pub-
lication.

General Information
The official journal title has been Annals of Geriatric Medicine and 
Research since September 2016 which followed the Journal of the 
Korean Geriatrics Society (1997-2016, pISSN: 1229-2397, eISSN: 
2288-1239). It 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 pub-
lished in English quarterly on the last days of March, June, Septem-
ber, and December. The journal publishes original research articles, 
case reports, reviews, special contributions, and commentaries. Re-
view board consists of members in 7 different countries. Articles are 
welcome for submission from all over the world. The contents of 
this Journal are indexed in Web of Science, EBSCO, DOAJ, Ko-
reaMed, KoMCI, KCI, DOI/Crossref, and Google Scholar. It is ac-
cessible without barrier from Korea Citation Index (https://www.
kci.go.kr) or National Library of Korea (http://nl.go.kr) in the 
event a journal is no longer published.

Subscription Information
For subscription and all other information visit our website avail-
able from: http://www.e-agmr.org. To subscribe to this journal or 
renew your current subscription, please contact us through Fax 
(+82-2-2269-1040) or E-mail (agmr.editorial@gmail.com). The 
printed journal also can be ordered by contacting our Editorial 

Office. The Korean Geriatrics Society regularly published about 
300 copies of printed journals.

Open Access
This is an open-access journal distributed under the term of the 
Creative Common Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0) which permits unre-
stricted noncommercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

ETHICAL CONSIDERATIONS

Annals of Geriatric Medicine and Research adheres to the research 
and publication ethics policies outlined in International Standards 
for Editors and Authors (https://publicationethics.org/
node/11184) and the Recommendations for the Conduct, Report-
ing, Editing, and Publication of Scholarly work in Medical Journals 
(http://icmje.org/recommendations/). Any studies involving hu-
man subject must comply with the principles of the World Medical 
Association Declaration of Helsinki. Clinical research should be ap-
proved by the Institutional Review Board, as well through patient 
consent. A patient’s personal information cannot be published in 
any form. However, if it is absolutely necessary to use a patient’s per-
sonal information, the consent of the patient or his/her guardian 
will be needed before publishing. Animal studies should be per-
formed in compliance with all relevant guidelines, observing the 
standards described in the NIH Guide for the Care and Use of Lab-
oratory Animals.

Cases that require editorial expressions of concern or retraction 
shall follow the COPE flowcharts available from: http://publica-
tionethics.org/resources/flowcharts. If correction is needed, it 
will follow the ICMJE Recommendation for Corrections, Retrac-
tions, Republications and Version Control available from: http://
www.icmje.org/recommendations/browse/publishing-and-edi-
torial-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; 

Instructions to authors
Enactment December 27, 2013

Revision March 31, 2019
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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.

Registration of Clinical Trial Research and Clinical Data 
Sharing Policy
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.

This journal follows the data sharing policy described in “Data 
Sharing Statements for Clinical Trials: A Requirement of the In-
ternational Committee of Medical Journal Editors”. The ICMJE’s 
policy regarding trial registration is explained at http://www.icm-
je.org/recommendations/browse/publishing-and-editorial-is-
sues/clinical-trialregistration.html#two. If the data sharing plan 
changes after registration this should be reflected in the statement 
submitted and published with the manuscript, and updated in the 
registry record.

Statement of Informed Consent
Patients have a right to privacy that should not be infringed with-
out an informed consent. Identifying information, including pa-
tients’ names, initials, or hospital numbers, should not be pub-
lished in written descriptions, photographs, and pedigrees unless 
the information is essential for scientific purposes and the patient 
(or parent or guardian) gives written informed consent for publi-
cation. 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 in-
formed consent should be obtained if there is any doubt. For ex-
ample, masking the eye region in photographs of patients is inade-
quate protection of anonymity. If identifying characteristics are al-
tered to protect anonymity, such as in genetic pedigrees, authors 
should provide assurance that alterations do not distort scientific 
meaning and editors should so note.

Exclusive Publication Statement
Manuscripts submitted to Annals of Geriatric Medicine and Re-
search must be original or review papers not previously published 

and not being considered for publication elsewhere. Neither the 
whole—nor any part of the text or illustrations of an original pa-
per—should be (or have been) published elsewhere. The original 
raw data must be available for review by the Editor if necessary.

Authorship
Every author listed in a manuscript must have been responsible 
for one of the following: (1) designing the study or carrying out 
the collection/evaluation of data; (2) making a substantial contri-
bution to writing, changing, or improving the manuscript; (3) ap-
proving the final version to be published; and (4) agreement to be 
accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are ap-
propriately investigated and resolved. Authors are responsible for 
replying to all questions asked by reviewers or editors that relate 
to the accuracy or integrity of any part of the work. All persons 
who have made a substantial contribution, but who are not eligi-
ble as authors, should be named in the acknowledgements. Au-
thors are expected to consider carefully the way authors should be 
listed and ordered before submitting their manuscripts, and to 
provide a definitive list of authors with their original submission.

Any addition, deletion, or rearrangement of author names in 
the authorship list should be made before the manuscript has 
been accepted—and only if approved by the journal Editor. To re-
quest such a change, the Editor must receive the following from 
the corresponding author: (a) the reason for requesting a change 
in the list of authors; and (b) written confirmation (by e-mail or 
letter) from all authors to say that they agree with the addition, re-
moval, or rearrangement.

Conflict of Interest
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/).

Funding Source
For each source of funds, both the research funder and the grant 
number should be listed in the acknowledgements. Even if no 
participating author has a conflict of interest to disclose, it is still 
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necessary to include a disclosure statement in the manuscript 
text.

MANUSCRIPT SUBMISSION

Submissions to this journal must be made online. Please submit 
your manuscript directly to Jae-Young Lim, MD, PhD (Editor in 
Chief), using the online submission system (http://www.e-agmr.
org). The manuscript must be accompanied by a cover letter, 
which includes the corresponding author’s e-mail address, com-
plete postal address, and telephone and/or fax numbers (with 
country and area codes).
Annals of Geriatric Medicine and Research requires the correspond-
ing author to sign a copyright transfer agreement on behalf of all 
authors. A complete title page should be submitted separately 
from the main document file, and the latter should contain no in-
formation that identifies the author or the author’s institutional 
affiliation. Manuscripts should be less than 10,000 words and 
have no more than 7 tables and figures in total.

Send all correspondence regarding submissions to:
Editorial Office of the Korean Geriatrics Society
Address: #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
Homepage: www.e-agmr.org.

Editorial Policy

Annals of Geriatric Medicine and Research adheres completely to 
the ethical guidelines for research and publication described in 
Guidelines on Good Publication (http://publicationethics.org/
resources/guidelines) and the Principles of Transparency and 
Best Practice in Scholarly Publishing (http://doaj.org/bestprac-
tice). For issues not addressed in theses instructions, the author is 
referred to the International Committee of Medical Journal Edi-
tors (ICMJE) “Recommendations for the Conduct, Reporting, 
Editing and Publication of Scholarly Work in Medical Journals” 
(http://www.icmje.org/icmje-recommendations.pdf).

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 mat-
ters pertaining to the publication of the paper. By publishing in this 
journal, the authors agree that the Korean Geriatrics Society has 

the right to protect the manuscript from misappropriation. Illustra-
tions in published articles will not be returned to the authors.

Advertising Policy
Annals of Geriatric Medicine and Research accepts advertising and 
sponsorship for its printed journal according to the following 
principles:
- Advertising is separate from content. Advertisers and sponsors 

have no advance knowledge of our editorial contents, nor do the 
editors have advance knowledge of advertisers. Content is never 
altered, added, or deleted to accommodate advertising. Adver-
tisers and sponsors have no input regarding any of our editorial 
decisions or advertising policies.

- Annals of Geriatric Medicine and Research reserves the right to de-
cline or cancel any advertisement at any time.

- Advertisements for pharmaceutical products must conform to 
all regulations and policies of the Ministry of Food and Drug 
Safety, Republic of Korea in every respect.

Copyright
All published papers become the permanent property of the Ko-
rean Geriatrics Society. Copyrights of all published materials are 
owned by the Korean Geriatrics Society. Permission must be ob-
tained from the Korean Geriatrics Society for any commercial use 
of materials. Every author should sign the copyright transfer 
agreement forms. This journal is owned by the publisher, the Ko-
rean Geriatrics Society (http://www.geriatrics.or.kr/eng/).

GENERAL GUIDELINES

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 linguistic 
correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided. The use of abbrevi-
ations should be minimized and restricted to those that are gener-
ally recognized. When using an abbreviated word, it should be 
spelled out in full on first usage in the manuscript, 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 chemical or generic terms. Measurements should be de-
scribed using the metric system, and hematologic and biochemi-
cal markers using the International System of Units. All units must 
be preceded by one space, except for the following symbols: per-
centage (%), temperature (°C), and degree (°).
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Peer Review and the Production Process
All manuscripts are considered confidential. They are peerrev-
iewed by at least 3 anonymous reviewers selected by the Editor. 
We neither guarantee the acceptance without reviewing process 
nor very short peer review times for unsolicited manuscripts. 
Commissioned manuscripts will also be reviewed before publica-
tion. We adopt double-blind peer review in which case, not only 
authors but also reviewers do not know each other. The average 
time interval for an initial review process that involves both edito-
rial and peer reviews is approximately 1 month; occasionally, there 
are unavoidable delays, usually because a manuscript needs multi-
ple 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 include 
a Response Letter, which describes how the manuscript has been 
revised. A pointby-point response to the Editor should be includ-
ed 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 retained for a maximum of 
90 days. The revised manuscript and the author’s comments will 
be reviewed again. If a manuscript is completely acceptable, ac-
cording to the criteria set forth in these instructions, it is sched-
uled for publication in the next available issue.

Publication Charge
There are no article submission charges or article processing 
charges for Annals of Geriatric Medicine and Research. Only re-
printing cost will be charged to the authors. Reprints may be or-
dered directly from the publisher. An order form for reprints will 
be sent with the proofs to the corresponding author. Reprints are 
available in quantities of 50.

MANUSCRIPT FORMAT

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. Microsoft Word 
(MS) format is preferred for manuscript submissions. The manu-
script must be typed and double-spaced (200%) with a margin of 
at least 2.5 cm on all sides. All pages should be numbered consec-
utively, starting from the title page. Provide only one table or fig-
ure per page. The manuscript should be less than 10,000 words, 
with no more than 7 tables and figures in total.

Essential Title Page Information
The Title Page should include only the following information:
Title: The title and the running title should be less than 20 and 8 
words, respectively. Please consider the title very carefully, as these 
are often used in information-retrieval systems. Please use a con-
cise and informative title (avoiding abbreviations where possible).

Author names and affiliations in the correct order: Where the 
family name may be ambiguous (e.g., a double name), please indi-
cate this clearly. Present the authors’ affiliation addresses (where 
the actual work was done) below the names. Indicate all institu-
tional affiliations, including the city and country name, using low-
er-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 name 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. Contact 
details must be kept up-to-date by the corresponding author. OR-
CID (Open Researcher and Contributor ID) identifier must be 
also addressed. If the corresponding author did not have an OR-
CID identifier, it can be obtained through the website (https://
orcid.org).

Conflicts of Interest Disclosures: Please include any such a dec-
laration, just before the Acknowledgements, under the heading 
“Conflicts of Interest Disclosures:”. If no conflict exists, please state 
the following: “The researcher(s) claim(s) no conflicts of interest.”

Acknowledgements: This is the place to recognize individuals 
who provided help during the research, as well as funding sourc-
es—acknowledging funders or sponsors in whatever way they 
prefer to be mentioned. For each source of funds, both the re-
search funder and the grant number should be listed in the ac-
knowledgements. Even if no participating author has a conflict of 
interest to disclose, it is still necessary to include a disclosure state-
ment in the manuscript text.

Article Structure
Divide your article into clearly defined sections. Each subsection 
is given a brief heading. Each heading should appear on a sepa-
rate line.
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Abstract: A concise and factual abstract is required. The abstract 
text should not be more than 250 words (150 words for case re-
ports). Abstracts should include the following headings: Back-
ground, Methods, Results, and Conclusion. Author should speci-
fy the number of study participants. Emphasize clinical relevance 
in the abstract’s conclusion. Do not use the vague phrases such as 
“We believe that …” or “We suppose that …”. Non-standard or 
uncommon 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) (see 
https://www.ncbi.nlm.nih.gov/mesh). Editorials and Letters to 
the Editor do not require an abstract. An abstract is often present-
ed separately from the article, and therefore must be able to stand 
alone.

Introduction: State the objectives of the work and provide ade-
quate background, avoiding a detailed literature survey or summa-
ry of the results.

Materials and Methods: Authors of empirical papers are expect-
ed to provide full details of the research methods used, including 
study location(s), sampling procedures, date(s) of data collection, 
research instruments, and data analysis techniques. Methods al-
ready published should be indicated in a reference; only relevant 
modifications should be described. For Case Reports, 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 ap-
proved by the Institutional Review Board, as well through patient 
consent. Affiliation name of Institutional Review Board and ap-
proval number must be clearly stated as the following: “This study 
was approved by the Institutional Review Board of [Name of Af-
filiation] (Approval Number)”. Any study using animals should 
state the Institutional Animal Care approval and number. Any 
other ethics approvals should also be listed. If no ethical approvals 
were achieved or required, please state the reason (e.g., “In this 
study, the Institutional Review Board of [Name of Affiliation] ap-
proved the exemption 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 inappropriate, report the sex and/or gender of study 
participants, the sex of animals or cells, and describe the methods 
used to determine sex and gender. If the study was done involving 
an exclusive 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 repetition 
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 discus-
sion 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 consecutive numbers in parentheses (Vancouver style). 
They should be listed in the text in the order of citation, with con-
secutive numbering in this separate section. The style for papers 
in periodicals is as follows: the name and initials of all authors, the 
full title of article, the journal name abbreviated in accordance 
with Index Medicus, the year and volume, and the first and last 
page numbers. If there are more than 7 authors, write the names 
of the first 6 authors, followed by “et al.” The style for a book chap-
ter is as follows: 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 publication. The style for a website is as follows: title of the 
website, place of publication, publisher, year of copyright, and In-
ternet address. All other references should be listed as shown in 
Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly work in Medical Journals (http://icmje.
org). Authors are responsible for the accuracy and completeness 
of their references and for ensuring that their text citations are cor-
rect. 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: Bekkers SC, Habets JH, Cheriex EC, Palmans A, 
Pinto Y, Hofstra L, et al. Abdominal aortic aneurysm screening 
during transthoracic echocardiography in an unselected popula-
tion. J Am Soc Echocardiogr 2005;18:389-93.
Book: Fillit H, Rockwood K, Woodhouse K, Brocklehurst JC. 
Brocklehurst’s textbook of geriatric medicine and gerontology. 7th 
ed. Philadelphia: Saunders/Elsevier; 2010. Korea National Statis-
tical Office. Annual report on the cause of death statistics, 2005. 
Daejeon: Korea National Statistical Office; 2006.
Book chapter: Phillips SJ, Whisnant JP. Hypertension and stroke. 
In: Laragh JH, Brenner BM, and editors. Hypertension patho-
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physiology, diagnosis, and management. 2nd ed. New York: Ra-
ven Press; 1995; p. 465-78.
Website: AMA: helping doctors help patients [Internet]. Chica-
go: American Medical Association; c1995-2007 [cited 2007 Feb 
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.

Tables: 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 cita-
tion. Tables should be double-spaced, with each table on a separate 
sheet. Describe all abbreviations using footnotes. Table footnotes 
should be indicated using superscript markings in the following se-
quence: *, †, ‡, §, ||, ¶, and **. Each column and row should have 
an appropriate heading. The first letter of the first word in each col-
umn and row should be capitalized. Use Arabic numerals after “Ta-
ble” 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 signifi-
cance 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 in-
dicated 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.).

Figures and Legends: Electronic art should be created/scanned 
and saved and submitted as either a TIFF (tagged image file for-
mat) or an EPS (encapsulated postscript) file. Figures must be cit-
ed 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 elec-
tronic 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, 
radiographs, CT scans, and scanned images must have a resolu-
tion of at least 300 dpi. Images should be supplied at a size that ap-
proximates the final figure size in the print journal. If fonts are 
used in the artwork, they must be converted to paths or outlines, 
or embedded in the files. Color images must be created/scanned, 
saved, and then submitted as CMYK files. Please note that art-
work 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 photographs will be 

published if the Editor considers them absolutely necessary. The 
expense of reproducing color photographs/ 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.

All of the figure legends should be typewritten and double-spaced. 
Use a separate sheet for each legend. Figure legends should de-
scribe briefly the data shown, explain any abbreviations or refer-
ence points in the photographs, and identify all units, mathemati-
cal expressions, abscissas, ordinates, and symbols.

OTHER MANUSCRIPT FORMATS

General guidelines are same as for original articles.

Case Reports: Case reports are considered for publication only if 
they report rare conditions, atypical symptoms and signs, or novel 
diagnostic or therapeutic approaches. The manuscript is struc-
tured in the following order: Title Page, Abstract, Introduction, 
Case Report, Discussion, References, Tables, and Figures. The 
abstract should be unstructured and limited to 150 words, with 
no more than 3 keywords attached. The introduction should 
briefly state the background and significance of the case. The ac-
tual case report should describe the clinical presentation and the 
diagnostic and therapeutic measures taken. The discussion should 
focus on the uniqueness of the case and should not contain an ex-
tensive review of the disease or disorder. The number of referenc-
es is limited to 15. The maximum word count is 1,500 words, ex-
cept references and figure legends, and tables.

A case report is an academic/educational activity that does not 
meet the definition of “research”, which is: “a systematic investiga-
tion, 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.

However, patients have a right to privacy that should not be in-
fringed without an informed consent. Identifying information, in-
cluding patients’ names, initials, or hospital numbers, should not 
be published in written descriptions, photographs, and pedigrees 
unless the information is essential for scientific purposes and the 
patient (or parent or guardian) gives written informed consent for 
publication. Informed consent for this purpose requires that a pa-
tient 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 
protection of anonymity. If identifying characteristics are altered 
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to protect anonymity, such as in genetic pedigrees, authors should 
provide assurance that alterations do not distort scientific mean-
ing and editors should so note.

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 500 words 
and may include only 1 figure or table. Subtitles should not be 
used, and any acknowledgements 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 system-

atic 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.

Review Articles: The text is structured in the following order: 
Title page, Introduction, Main text, Conclusion, and References, 
which should not exceed 100. Unstructured abstracts should con-
tain no more than 150 words. Review article does not necessarily 
need to be reviewed by an Institutional Review Board.
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Publication ethics

Editorial Policy

Annals of Geriatric Medicine and Research adheres completely to 
the ethical guidelines for research and publication described in 
Guidelines on Good Publication (http://publicationethics.org/
resources/guidelines), Publication of Scholarly Work in Medical 
Journals (http://www.icmje.org/icmje-recommendations.pdf) 
and the Principles of Transparency and Best Practice in Scholarly 
Publishing (http://doaj.org/bestpractice). For issues not ad-
dressed in theses instructions, the author is referred to the Inter-
national Committee of Medical Journal Editors (ICMJE) “Rec-
ommendations for the Conduct, Reporting, Editing and Publica-
tion of Scholarly Work in Medical Journals” (http://www.icmje.
org/icmje-recommendations.pdf).

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 mat-
ters pertaining to the publication of the paper. By publishing in this 
journal, the authors agree that the Korean Geriatrics Society has the 
right to protect the manuscript from misappropriation. Illustrations 
in published articles will not be returned to the authors.

Readership

It is primarily for physicians who care geriatric patients or older 
age group more than 65 years-old. They are able to obtain tailored 
information to adopt for their research and practice. Its readership 
can be expanded to other positions:
• Researchers can get the recent topics of clinical research in geri-

atrics field and detailed research methods;
• Clinicians in the field can get the new information and recent 

development for care of geriatrics patients;
• Medical teacher can access and adopt a variety of data in medical 

education;
• Allied health professionals including nurses are able to get the re-

cent information for care of older persons with geriatric diseases;
• Medical health students can understand the recent trends of the 

field and interesting cases for their work;
• Policy makers are able to reflect the results of the articles to the 

nation-wide health care policies for older persons with geriatric 
diseases;

• The public, especially family of older patients with geriatric dis-

eases are able to read the advancement in their family’s diseases 
so that they have a better knowledge on the diseases and a con-
fidence in the physicians’ devotion to their family.

Advertising Policy

Annals of Geriatric Medicine and Research accepts advertising 
and sponsorship for its printed journal according to the following 
principles:
• Advertising is separate from content. Advertisers and sponsors 

have no advance knowledge of our editorial contents, nor do 
the editors have advance knowledge of advertisers. Content is 
never altered, added, or deleted to accommodate advertising. 
Advertisers and sponsors have no input regarding any of our 
editorial decisions or advertising policies.

• Annals of Geriatric Medicine and Research reserves the right to 
decline or cancel any advertisement at any time.

• Advertisements for pharmaceutical products must conform to 
all regulations and policies of the Ministry of Food and Drug 
Safety, Republic of Korea in every respect.

Direct Marketing

Journal propagation has been done through the journal web site 
and distribution of an introduction pamphlet. Invitations to sub-
mit a manuscript are usually focused on the presenters at confer-
ences, seminars, or workshops if the topic is related to the journal’s 
aims and scope.

Copyright

All published papers become the permanent property of the Ko-
rean Geriatrics Society. Copyrights of all published materials are 
owned by the Korean Geriatrics Society. Permission must be ob-
tained from the Korean Geriatrics Society for any commercial use 
of materials. Every author should sign the copyright transfer 
agreement forms. This journal is owned by the publisher, the Ko-
rean Geriatrics Society (http://www.geriatrics.or.kr/eng/).

Deposit Policy

According to the deposit policy (self-archiving policy) of Sherpa/
Romeo (http://www.sherpa.ac.uk/), authors cannot archive pre-
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print, i.e. pre-refereeing), but they can archive post-print (i.e. final 
draft post-refereeing). Authors can archive publisher’s version/
PDF.

Data Sharing and Reproducibility

This journal follows the data sharing policy described in “Data 
Sharing Statements for Clinical Trials: A Requirement of the In-

ternational Committee of Medical Journal Editors”. The ICMJE’s 
policy regarding trial registration is explained at http://www.icm-
je.org/recommendations/browse/publishing-and-editorial-is-
sues/clinical-trial-registration.html#two. If the data sharing plan 
changes after registration this should be reflected in the statement 
submitted and published with the manuscript, and updated in the 
registry record.
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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
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*Must be signed and returned to the editor-in-chief of the journal before the manuscript can be considered for publication

YOUR STATUS
I am the author signing on behalf of all co-authors of the manuscript
Name/Job title/Company: _________________________________________________________________
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