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INTRODUCTION 

In recent years, we have faced challenges in addressing the corona-
virus disease 2019 (COVID-19) pandemic caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). Not surpris-
ingly, the pandemic has changed people’s lives, especially those of 
older adults. We have witnessed a crisis in geriatric care services, 
undermining the possibility for older adults to maintain their ca-
pacities and abilities during the pandemic. Disruptions in the rou-
tine management of chronic diseases, physical inactivity worsening 
physical function and quality of life, malnutrition, and mental dis-
orders are major threats to the health of older adults.1) 
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In recent years, we have faced challenges in managing coronavirus disease 2019 (COVID-19), es-
pecially in older adults. The pandemic has precipitated a global health crisis that impeded older 
adults from maintaining their health. Disruption of the routine management of chronic diseases, 
physical inactivity deteriorating physical function and quality of life, malnutrition, and mental 
disorders have been suggested as major threats to the health of older adults. To address these 
problems and facilitate reactivation of normal care activities, this article summarizes the con-
tents of a webinar held by the Annals of Geriatric Medicine and Research (AGMR) regarding the 
future directions of geriatric medicine and research in the post-COVID-19 era. 
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Social distancing measures have been introduced since the be-
ginning of the pandemic. Although many guidelines and recom-
mendations to preserve physical and psychological health have 
also been provided,2,3) the level of physical activity in communi-
ty-dwelling older adults has decreased significantly, with negative 
consequences reported worldwide.4) Furthermore, some older pa-
tients requiring urgent care for their non-communicable diseases 
did not receive appropriate and timely treatment, causing in-
creased morbidity and/or an excess of deaths across countries.5,6) 
Special attention is required to ascertain the long-term impact of 
the pandemic on global health.  

These challenges highlight the importance of future geriatric 
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and gerontological research. Understanding and addressing the 
unique needs of older adults can help them to bounce forward and 
improve their health outcomes in the face of future challenges. In 
this article, the editors of the Annals of Geriatric Medicine and Re-
search (AGMR) aimed to crystallize lessons and key questions 
learned from the pandemic that must be addressed and resolved 
amid numerous inappropriate responses, trials, errors, and chaotic 
situations that have occurred in geriatric care over the past three 
years. 

LESSONS LEARNED 

At the annual webinar held by the AGMR on October 6, 2022, 
distinguished scholars of geriatric medicine held an in-depth dis-
cussion regarding the future of geriatric medicine and research in 
the post-COVID-19 era, particularly highlighting the priorities to 
be addressed by geriatric and gerontology journals. 

The webinar was an opportunity to discuss the responses to 
protect the geriatric population from infectious diseases, how geri-
atric care was conducted during the pandemic, countermeasures 
taken to preserve the health of older people, and the impact of the 
pandemic on geriatric research and scientific journals. From the 
beginning of the pandemic, the United Nations and World Health 
Organization provided guidelines to protect the older population 
from infection and informed them about how to preserve optimal 
health. In a specific call to action, the Asian Working Group for 
Sarcopenia (AWGS) emphasized the need to balance pandemic 
control and prevent consequences due to restrictions in the older 
population.2) In the United States, COVID-19-related mortality in 
long-term care facilities accounts for one-quarter of all cases due to 
SARS-Cov-2. Notably, our journal published specific preventive 
guidelines for long-term care facilities in the early phase of the pan-
demic to reduce the risk of infection clusters.7) 

In addition, the reduced immunological capacity of older per-
sons, their high vulnerability to COVID-19, and their vaccina-
tion-related side effects were discussed. While the benefits of vac-
cination against COVID-19 are well established, studies exploring 
its efficacy and safety in older persons, especially among the frailest 
adults (e.g., nursing home residents), are still relatively scarce.8,9) 
The possible role of COVID-19 in the acceleration of the aging 
process was corroborated by DNA methylation profiling analy-
sis.10) The volume of the hippocampal cortex decreased faster in 
persons infected with SARS-CoV-2 compared to that in non-in-
fected individuals.11) Consistently, a worsening frailty status has 
been documented after COVID-19.12) 

Excess mortality has frequently been used to measure the impact 
of the COVID-19 pandemic on the population. The number of 

deaths during the pandemic has been reported worldwide.6) For 
example, the number of excess deaths in the United States from 
March 2020 through February 2022; that is, during the first two 
years of the pandemic, was an estimated 1,159,580 cases (first year: 
620,872; second year: 538,708).5) In Korea, the number of deaths 
in March 2022 (i.e., when the Omicron wave reached its peak) ex-
ceeded 18,000. These excess deaths may not directly result from 
infection, but rather may result from inadequate management of 
other diseases. Disruptions in healthcare access or utilization may 
have caused inappropriate and delayed treatment, especially in old-
er persons. Furthermore, a recent study by the World Health Orga-
nization showed that the number of excess deaths during the 
COVID-19 period might be largely underestimated, with 2.74-fold 
more cases than what has been reported.13) 

To deliver critical information during the pandemic and facili-
tate scientific advancements against COVID-19, most academic 
journals have conducted fast-track peer-reviewing and prioritized 
the publication of articles on the disease. Consequently, the vol-
ume of articles in the field has been massive and the impact factors 
of major medical journals have been affected by substantial chang-
es from such an irregular pattern of publication. AGMR has pub-
lished 14 articles on COVID-19 until last September, contributing 
to an increase in the Scopus impact score to 2.7. However, in the 
webinar, the participants discussed the need to focus more on the 
paper quality. We should always remember the reasons for the 
publication. The increasing number of misconduct reports and re-
tractions should be considered in terms of quality assurance and 
ethical eligibility of journals.14) Academic journals must focus on 
major research topics to facilitate the post-pandemic era. In addi-
tion, the importance of navigating between the unique Asian per-
spectives and the international outlooks of the geriatric care can-
not be overemphasized due to the different consequences and out-
comes generated by the pandemic in the different regions.15) 

As we approach the end of the pandemic, it is time to rethink 
how resilience can be promoted and geriatric care be developed in 
this new world. Since older age represents a critical risk factor for 
infectious diseases, we should explore the specific phenotypes and 
main mechanisms of immunosenescence responsible for the onset 
of severe forms of diseases in older adults. Further research is need-
ed to identify the main immune-related indicators that can predict 
disease severity. During a public health crisis, what are the long-
term effects of the decline and worsening of intrinsic capacity 
among older adults? Large-sized, multicenter, international, and 
prospective longitudinal cohort studies are necessary to observe 
and track health trajectories and predict future risks and conse-
quences. Strategic plans to mitigate the negative consequences of 
future pandemics should be introduced, with evidence supporting 
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the feasibility and effectiveness of specific interventions. In addi-
tion, the ongoing status and plausible causes for the excess deaths 
in the older population during the COVID-19 period, and the 
needs in the geriatric and gerontologic fields to minimize such 
events are critical points to explore to prepare adequate counter-
measures in the case of a future public health crisis. Epidemiologi-
cal studies and policy-driven approaches to this issue should be 
highlighted in the post-pandemic era. 

Furthermore, it is important to note that COVID-19 has sub-
stantially reshaped the older population in three major ways: (1) 
the frailest died, (2) survivors who were infected may have been 
experiencing an acceleration of their aging process, and (3) those 
who were not infected have still suffered from the social restric-
tions and limited access to care. In other words, this post-pandemic 
older population is a different one compared to the pre-pandemic. 
Therefore, these aspects should be considered for future clinical 
and research activities. For example, is a cohort/biobank of older 
persons generated in the pre-pandemic period still valid to explore 
specific biological or clinical manifestations? The results should be 
carefully read and interpreted. Similarly, should the recruitment of 
participants between those who have experienced the disease 
compared with those who have not be differented? This is a salient 
consideration, given the different life experiences and biological/
clinical consequences.

CONCLUSION 

The COVID-19 pandemic has highlighted the importance of geri-
atric and gerontological research to address the unique needs of 
older adults. The challenges posed by the pandemic, such as dis-
ruption of the routine management of chronic diseases and physi-
cal inactivity worsening physical function, have led to poor health 
outcomes in older adults. Bouncing forward and improving the 
health outcomes of older adults in the post-pandemic future re-
quires understanding and addressing these challenges through re-
search and evidence-based approaches. In addition, the pandemic 
has highlighted the need for better preparedness and response to 
future infectious diseases as well as the need for more robust and 
resilient healthcare systems that can adapt to new challenges. By 
addressing these issues, we can ensure that older adults are better 
equipped to cope with future challenges and to maintain their 
health and well-being. 

As we are on the verge of a paradigm shift towards a post-pan-
demic future, AGMR especially welcomes any type of review and 
original research raising questions and providing answers to the 
above-raised issues. Special issues in the upcoming year will pro-
vide an effective way for in-depth discussions and contribute to 

post-pandemic recovery. 
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Frailty is an age-related clinical state associated with deterioration across multiple physiological 
systems and a leading cause of morbidity and mortality later in life. To understand how frailty 
develops and what causes its progression, longitudinal data with repeated frailty measurements 
are required. This review summarizes evidence from longitudinal studies on frailty trajectories, 
transitions, and trends. We identified several consistent findings: frailty increases with aging and 
is a dynamic condition, and more recent generations of older adults have higher frailty levels. 
These findings have both clinical and public health relevance, including the provision of health-
care and aged care services in the coming years. Further studies are required, particularly those 
conducted in low- and middle-income countries and those investigating factors associated with 
changes in frailty. The latter may help develop better-targeted interventions to reverse or slow 
the progression of frailty. 
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INTRODUCTION 

The global population of older adults (60 years and over) will 
nearly double to 2.1 billion people by 2050 because of gains in life 
expectancy.1) However, many countries are not prepared for this 
rapid growth in the older population.2) Hospitals and the long-
term care sector are already running at full capacity in many re-
gions.3) Additionally, gains in life expectancy are not translated into 
gains in disability-free life for many older adults; thus, in their ex-
tended years, these adults face disabilities and poor overall health.2) 

The most common condition affecting older adults in terms of 
both mortality and morbidity is frailty.4,5) Frailty is defined as an 
age-related clinical state associated with deterioration across multi-
ple physiological systems, particularly the musculoskeletal, cardio-
respiratory, and immune systems.5-7) Frailty is a preventable condi-
tion, and not all older adults will develop frailty during their life-
time.8) Likewise, frailty is not a fixed state.9,10) Rather, the condition 

is a dynamic entity, wherein individuals can fluctuate between 
states.10) For example, a person can transition from “robust” (not 
frail) to either a pre-frail (the pre-cursor state of frailty) or frail 
state, and vice versa.8,9) Unfortunately, frailty is common, affecting 
an estimated 11% of community-dwelling adults aged ≥ 65 
years.11) The prevalence of frailty is especially high in the oldest 
older adults ( ≥ 80 years),12) those residing in low- and middle-in-
come countries,13) residents of long-term care facilities,14) and pop-
ulations with chronic diseases such as chronic obstructive pulmo-
nary disease,15) chronic kidney disease,16) cancer,17) and cardiovas-
cular disease.18) The likelihood of developing frailty is affected by 
inequalities in socioeconomic position.13,19-22) The sexes show sig-
nificant differences, with women typically experiencing more frail-
ty,23) yet with higher survival rates than men either with or without 
frailty.23)  

Despite the increasing awareness that frailty is preventable, lon-
gitudinal data with repeated frailty measurements are still not 
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widely used. This review collated longitudinal studies on frailty to 
inform the timelines of frailty development and progression in old-
er adults. By examining frailty trajectories, transitions, and trends, 
we can identify factors that may accelerate or slow frailty develop-
ment and progression. 

FRAILTY MEASUREMENT 

Two main conceptual models of frailty exist in the literature today: 
the phenotypic model first proposed by Fried et al.24) and the accu-
mulated deficit multidimensional frailty index (FI) described by 
Mitnitski et al.,25) both of which were introduced in 2001. Fried’s 
phenotypic model identifies frailty as the presence of three or 
more of five physical components: slowness (slow gait speed), 
shrinking (weight loss), exhaustion (self-reported), weakness (low 
grip strength), and low physical activity.24) When only one or two 
of these physical components are present, an individual is classified 
as “pre-frail”; if no component is present, the individual is classified 
as “robust.”24) 

The FI model considers frailty to be an accumulation of health 
deficits, wherein the more deficits individuals have, the frailer they 
are.25-27) The FI is a continuous variable from 0 (no health deficits 
present) to 1 (all health deficits present) and is expressed as the 
number of deficits present divided by the total number of deficits 
in the list. For instance, in a list of 50 health deficits, an individual 
with 10 deficits has an FI score of 0.2 (10/50).26) The maximum 
FI score viable for life is around 0.68.28) 

CHANGES IN FRAILTY 

For many years, the field of frailty research has been dominated by 
studies that evaluate frailty measurements at a single time point. 
These studies examined the cross-sectional associations between 
frailty and other variables or used frailty as a predictor of adverse 
outcomes, particularly mortality.5) However, longitudinal data with 
repeated frailty measurements are crucial to understanding how 
frailty develops and what causes its progression. Over the past 15 
years, research on the changes in frailty has emerged, including 
studies on changes in frailty with aging (trajectories and transi-
tions) as well as studies on historical changes (trends). Fig. 1 shows 
that the number of studies in PubMed mentioning “frailty trajecto-
ries” or “frailty changes” has progressively increased in recent years. 
Various study types across a wide range of populations were ob-
served. A more detailed examination of the search results revealed 
two dominant research trends. First, to investigate frailty develop-
ment and progression, repeated frailty measures were used in the 
same sample. Second, to study frailty trends, various independent 

samples from the same age group were used. Table 1 presents a se-
lection of key empirical papers on trajectories, transitions, and 
trends in frailty among older adults,22,29-39) which will be discussed 
below. 

Frailty Trajectories 
Various longitudinal studies have examined frailty trajectories us-
ing measurements at three or more time points, in which frailty is 
typically included as a continuous measure (mainly assessed with 
the FI).40) Four examples of such studies are shown in Table 1. 
Overall, these studies provide an overview of increasing frailty lev-
els with age. However, the rate of change and the shape of the 
change curve (linear or quadratic) vary across studies.22,29-31) Jen-
kins et al.30) aimed to replicate findings across five longitudinal co-
hort studies from Europe and the United States. The included ag-
ing cohorts had 11–20 years of follow-up. A linear model best 
characterized frailty progression, and frailty trajectories did not dif-
fer between men and women. Additional insights into frailty 
changes over the life course can be derived from the work of Ray-
mond et al.,31) as this study also included younger individuals. In-
terestingly, a turning point was observed at 65 years of age, with a 
faster increase in frailty levels after that age. The studies listed in 
Table 1 represent those on frailty trajectories in older populations. 
However, in the field of frailty trajectories, more specific research 
directions are evolving, such as work in specific patient popula-
tions (e.g., psychiatry and oncology),41,42) latent frailty trajectories 
(i.e., groupings of people based on distinct frailty trajectories),43) 
frailty fluctuations (i.e., within-person deviations from general 
frailty trajectories),10) the order in which frailty components devel-
op,44) and terminal decline in frailty.45,46) 
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Fig. 1. Number of articles in PubMed mentioning “frailty trajectories” 
or “frailty changes” in the past 15 years. The year 2022 was still ongo-
ing when the search was done (November 26, 2022).
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Frailty Transitions 
The study of frailty transitions provides another way to examine 
longitudinal data. To study these transitions, frailty scores must be 
categorized. Especially for clinical care pathways, the frailty transi-
tion approach is helpful because categorization simplifies clinical 
decision-making, although the classifications may sometimes be 
arbitrary. Understanding transitions in frailty may help to identify 
optimal target populations for frailty interventions. Studies have 
suggested targeting pre-frailty for early interventions.47) Studies on 

transitions are predominantly performed using the frailty pheno-
type, which has clear categories (robust, pre-frail, and frail). How-
ever, theoretically, other frailty measures such as the FI may also be 
used for this purpose. In 2019, Kojima et al.47) performed a system-
atic review of transitions between frailty states in communi-
ty-dwelling older adults, which included 16 studies related to this 
topic. Table 1 includes four examples of studies on frailty transi-
tions. In general, these studies showed that frailty is a dynamic 
condition, as all studies reported that frailty worsening and frailty 

Table 1. Selection of key empirical papers on trajectories, transitions, and trends in frailty among older adults

Study Year Data Frailty instrument Main findings
Trajectories Hoogendijk et al.29) 2018 The Netherlands, the Longitudinal  

Aging Study Amsterdam (LASA),  
17-year follow-up

Frailty index (32 items) Linear increase in frailty with aging. Partner 
status impacted frailty trajectories, sex and 
education did not.

Jenkins et al.30) 2022 Five longitudinal cohorts from the 
USA, UK, Italy and the Netherlands, 
11 to 20 years of follow-up

Frailty index (30–42 items) Linear increase in frailty over time. No clear  
association between sex and frailty progres-
sion.

Raymond et al.31) 2020 Swedish Adoption/Twin Study of  
Aging (SATSA), 27-year follow-up

Frailty index (42 items) Frailty increased non-linearly from adulthood 
into old age. A higher increase was observed  
after age 65. Deviations from normal weight 
were associated with frailty trajectories.

Stolz et al.22) 2017 10 European countries, the Survey of 
Health, Ageing and Retirement in  
Europe (SHARE), 9-year follow-up

Frailty index (40 items) Frailty increased with aging (quadratic curve). 
Different measures of socioeconomic  
position had a different impact on frailty  
trajectories.

Transitions Espinoza et al.33) 2012 USA, San Antonio Longitudinal Study 
of Aging (SALSA), 7-year follow-up

Frailty phenotype A mix of frailty transitions (worsening,  
improvement, no change) occurred. A lower 
level of education was associated with frailty 
worsening.

Gill et al.32) 2006 USA, Precipitating Events Project 
(PEP), 4.5-year follow-up

Frailty phenotype During follow-up 58% of the study sample had 
at least one frailty transition. Frailty  
worsening was more common than frailty 
improvement.

Lee et al.34) 2014 China, longitudinal study, 2-year  
follow-up

Frailty phenotype More than half of the sample remained in the 
same frailty state during follow-up. Various 
characteristics associated with frailty  
worsening were identified, such as being 
male.

Romero-Ortuno et al.35) 2021 Ireland, Irish Longitudinal Study on 
Ageing (TILDA), 8-year follow-up

Frailty phenotype Frailty was shown to be dynamic. Both frailty 
worsening (e.g., risk of non-frail to pre-frail  
progression: 27%) and frailty improvement 
(e.g., risk of favorable transition from frail to 
pre-frail: 18%) were common.

Trends Blodgett et al.39) 2021 USA, the National Health and  
Nutrition Examination Survey 
(NHANES), 1999–2018

Frailty index (46 items) Frailty scores were higher in more recent  
cohorts in middle-aged ( ≥ 35 years) and  
older adults ( ≥ 65 years). Frailty lethality  
was stable.

Hoogendijk et al.37) 2021 The Netherlands, the Longitudinal  
Aging Study Amsterdam (LASA), 
1995–2016

Frailty index (32 items) The prevalence of frailty increased among  
people aged 64-84 years in more recent years. 
The association between frailty and  
mortality remained the same.

Mousa et al.36) 2018 UK, the Cognitive Function and  
Ageing Studies (CFAS), 1991–2011

Frailty index (30 items) Frailty level was higher in 2011 than in 1991 
among people aged 65 and over. Its  
association with mortality did not change.

Wennberg et al.38) 2022 Sweden, the 1895–1945 birth cohorts, 
1990–2020

Hospital Frailty Risk 
Score (HFRS)

Frailty prevalence increased in more recent 
birth cohorts, at all ages (75, 85 and 95 years).
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improvement were common, while large parts of the study sam-
ples remained in the same state at follow-up.32-35) The study by Gill 
et al.32) was one of the earlier studies on frailty transitions. Over 4.5 
years, the participants underwent assessments every 1.5 years; 
among these participants, at least 58% experienced a frailty transi-
tion during follow-up. Espinoza et al.33) examined potential predic-
tors of frailty progression, in which fewer years of education, 
among other factors, was associated with frailty progression. How-
ever, only two measurements (baseline and follow-up) were per-
formed in this study. More research over an extended time is need-
ed to better understand the transitions in frailty later in life and the 
factors associated with the transitions. 

Frailty Trends 
Studies on frailty trends are relatively scarce as very few longitudi-
nal cohort studies have a cohort-sequential design in which re-
fresher samples of older adults from new generations are added to 
the study after several years. To our knowledge, only studies in the 
United States, the Netherlands, the UK, and Sweden have report-
ed on this topic (Table 1).36-39) All these studies focused on older 
adults in the same age group at different periods over a long time 
span, and together they cover the period from 1990 to 2020. For 
example, a study from the Netherlands (Longitudinal Aging Study 
Amsterdam [LASA]) showed that the prevalence of frailty among 
older adults aged 64–84 years increased from 21% in 1995–1996 
to 28% in 2011–2012.37) Other studies have shown similar results, 
with increasing levels of frailty or higher frailty prevalence in more 
recent generations of older adults aged 65 years and over.36,38,39) 
Blodgett et al.39) reported an increasing trend in frailty levels be-
tween 1999 and 2018 among middle-aged people ( ≥ 35 years) in 
the United States using data from the National Health and Nutri-
tion Examination Survey. A study from Sweden reported that in-
creasing frailty prevalence rates were mainly driven by increased 
frailty scores among individuals in the highest quartile of the frailty 
score.38) Further explanations for the increasing trend in frailty 
among older adults are unknown and should be explored in future 
research. Some of the above-mentioned studies also examined 
trends in the association between frailty and mortality and found 
that this association remained stable (i.e., in subsequent genera-
tions of older adults, the association between frailty and mortality 
did not become weaker or stronger).36,38,39) Altogether, the results 
of trend studies indicate a negative prospect for the future, as there 
are no signs of a decline in the excess mortality rates of frailty. 

Risk Factors for Changes 
Insight into risk factors for certain frailty trajectories, transitions, 
and trends may inform the development of better-targeted inter-

ventions to prevent or reduce frailty levels in older adults. Risk fac-
tors are not limited to lifestyle and clinical factors relevant later in 
life and may also involve behavioral and clinical conditions during 
early life stages, such as midlife and childhood.5) A recent review of 
frailty trajectory studies conducted so far by Welstead et al.40) 
showed that the different methodologies of these studies make it 
difficult to draw conclusions regarding which factors contribute to 
frailty progression. Some risk factors were only identified in a sin-
gle study.40) Nevertheless, factors such as low socioeconomic posi-
tion and lack of physical activity likely contribute to frailty progres-
sion. This research field requires expansion, and results should be 
replicated using similar methodological approaches across studies 
and settings. 

Clinical and Public Health Implications 
Based on the results of studies on the trajectories, transitions, and 
trends in frailty among older adults, some implications for clinical 
practice and public health can be derived. First, the results of the 
studies discussed in this review emphasize the importance of early 
identification of frailty. Identification of frailty at an early stage of a 
frailty trajectory is critical to promote early interventions.8,48) Sec-
ond, regular (e.g., yearly) assessments of frailty among older adults 
in routine clinical care may be important to monitor frailty chang-
es. An individual reaching a certain frailty level may require addi-
tional evidence-based clinical actions.49) Change in frailty is a risk 
factor for mortality in later life,50,51) although findings from previ-
ous studies show conflicting results.51-53) Third, knowledge of frail-
ty trajectories and transitions can inform the cost-effectiveness of 
future economic planning, which in turn, directly informs policy. 
Fourth, the findings from trend studies indicate the expected in-
creased burden of frailty for healthcare systems and underscore the 
need for continued efforts to prevent or reduce frailty among older 
adults. Frailty prevalence is increasing in more recent generations 
of older adults, while frailty-associated mortality remains the 
same.37,39) Finally, the studies presented in this review make clear 
the major research gaps, which limit our ability to formulate clear 
messages for healthcare policymakers. These gaps include the lim-
ited number of studies on risk factors for frailty trajectories, transi-
tions, and trends and the lack of studies in low- and middle-income 
countries. A single study identified various risk factors for frailty 
progression; thus, replication of these findings is desperately need-
ed.40) Although most of the world’s older population lives in low- 
and middle-income countries,54) nearly all evidence on frailty tra-
jectories comes from high-income countries, especially European 
countries and the United States. Increased efforts are needed to 
overcome systemic issues that make frailty research in low- and 
middle-income countries challenging.5) 
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CONCLUSION 

In the past decade, research on trajectories, transitions, and trends 
in frailty among older adults has emerged. The handful of publica-
tions at the beginning of the 2010s has increased in recent years to 
a substantial research field, with studies using data from large co-
horts in various countries. Based on these studies, important clini-
cal implications were derived. For example, frailty prevalence has 
increased in subsequent generations of older adults, an increase 
that is expected to continue.37-39) This suggests that in clinical prac-
tice, the number of older adults presenting with frailty will increase 
substantially in the coming years. This imposes a high burden on 
already overstretched healthcare systems. Further research on frail-
ty trajectories, transitions, and trends is needed to increase our un-
derstanding of how frailty changes over time and the factors asso-
ciated with these changes. However, most studies on this topic 
have been conducted in high-income countries. More evidence 
from low- and middle-income countries, based on high-quality 
data collection, is required to monitor frailty globally. Simultane-
ously, efforts are needed to develop successful interventional pro-
grams to prevent and reduce frailty in older adults, for which data 
from robust clinical trials are indispensable.6) 
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The coexistence of sarcopenia and obesity characterizes sarcopenic obesity. In this condition, 
there is an imbalance between lean and fat mass amounts. It is a prevalent issue that is gaining 
prevalence among the elderly population. To evaluate the condition, allied health professionals 
may employ non-invasive diagnostic techniques, such as gait speed, skeletal muscle mass, and 
muscle strength. Nevertheless, early diagnosis and treatment of pathology are essential for pre-
venting debilitating effects and providing the highest quality of care. This article reviews the 
prevalence of sarcopenic obesity in numerous medical conditions, such as cancer, arthritis, post-
operative cases, diabetes mellitus, obesity, and metabolic syndrome. In addition, this paper aims 
to examine the available evidence regarding the prevalence of sarcopenic obesity in other condi-
tions along with their diagnostic markers and therapeutic approaches. 
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INTRODUCTION 

Obesity has become a grave concern in all age groups. The global 
pandemic of overweight and obesity, colloquially referred to as 
"globosity," is rapidly becoming a significant public health concern 
worldwide.1) Obesity and aging exert enormous demands on the 
global healthcare system; moreover, the global population is rapid-
ly aging. Over 22% of the population will be over 60 years of age in 
2050, with approximately 5% over 80 years of age. As society ages, 
numerous health concerns progressively increase. For instance, 
> 42% of 55-year-olds globally have trouble performing daily tasks, 
and 85%–90% require medication for type 2 diabetes, hyperten-
sion, and cardiovascular disease. Consequently, the risks of falls, 
hospitalization, loss of mobility, and premature mortality have 
gradually increased over the past two centuries.2,3) 

Obesity is another major cause of physical limitations in older 
people. Because sarcopenia and obesity impact each other, the 
combination of the two, termed sarcopenic obesity (SO), has a 
much worse effect on physical limitations. Moreover, these condi-
tions result in increased burdens on the healthcare system, result-

ing in higher healthcare costs. Multiple factors contribute to physi-
cal limitations, including age-related skeletal muscle atrophy. As 
people age, impaired skeletal and muscular function, as well as a 
disease known as sarcopenia, are significant factors.4) The body 
composition phenotypes of older adults are categorized as normal, 
sarcopenic, obese, and a combination of sarcopenia and obesity. 
Sarcopenia is a common problem in older people that affects the 
distribution of fat and is linked to functional impairment.5) Sarco-
penia is a condition in which muscle mass, strength, and physical 
function decrease with age. Baumgartner6) defined SO as sarcope-
nia accompanied by increased adipose tissue. In recent years, inter-
est in age-related changes in body composition, such as the gradual 
loss of muscle mass and increase in fat mass, has increased.7) More 
than 50 million people worldwide experience sarcopenia, which is 
characterized by the loss of skeletal muscle mass and functional 
impairment.8,9) Over 200 million people will be affected by sarco-
penia in the next four decades. Obesity, particularly visceral obesi-
ty, is a trend noted particularly among the elderly that promotes 
metabolic conditions such as hypertension, diabetes, and hyperlip-
idemia and poses a substantial risk for cardiovascular disease.10)  
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SARCOPENIC OBESITY 

The word "sarcopenia" comes from the Greek words "sarx," mean-
ing "flesh," and "penia," meaning "muscle loss." Owing to the lack of 
a clear description of the disorder, there remains no standardized 
method for identifying sarcopenia. Sarcopenia was previously be-
lieved to affect only older adults; however, significant muscle loss 
has been observed in patients with chronic illness, inflammation, 
and starvation.11) The European Working Group Sarcopenia in 
Older People (EWGSOP) defines sarcopenia as "a condition char-
acterized by gradual and widespread loss of skeletal muscle mass 
and strength associated with a risk of adverse outcomes, such as 
physical impairment, poor quality of life, and mortality." Sarcope-
nia is associated with physical limitations, falls, prolonged hospital 
stays, infectious and non-infectious conditions, and an increased 
overall risk of death. Sarcopenia is not restricted to thin or under-
weight individuals; as all people age, they lose muscle and gain 
subcutaneous and intramuscular fat, resulting in SO. Compared 
with obesity or sarcopenia, SO is associated with a lower quality of 
life and more disability, illness, and death.12) 

Obesity due to sarcopenia can be identified using a variety of ap-
proaches and thresholds based on body composition. An appen-
dicular skeletal muscle mass index (SMI; muscle mass in kilograms 
divided by height in squared meters) greater than two standard de-
viations below the mean of a young comparison group is a com-
monly used definition for sarcopenia in the investigation of the ag-
ing process. Dual-energy X-ray absorptiometry (DXA) measures 
lean soft tissue (LST) in the limbs to determine appendicular skel-
etal muscle mass. Because appendicular LST is almost entirely 
composed of muscles, it is a reliable indicator of muscle mass. Bio-
electrical impedance analysis (BIA) is an additional low-cost 
method for assessing LST.13,14) 

Most studies have defined SO based on the presence of both 
obesity and sarcopenia. Fewer studies have applied the population 
distribution of the residuals of linear regression models to predict 
fat-free appendicular mass using independent factors, such as 
height in meters and fat mass as kg/m2 to classify SO. To detect 
SO, two studies evaluated the fat mass to fat-free mass (FFM) or 
visceral adipose tissue area-to-thigh muscle area ratios. Moreover, 
various studies have described sarcopenia in obese people as a loss 
of muscular strength as manifested by decreased handgrip strength 
(HGS). However, no study has defined sarcopenia as the presence 
of decreased muscle strength and mass.15) Several studies have re-
ported a lower rate of sarcopenia among participants using statins; 
however, scientific evidence is lacking.16) 

METHODS OF REVIEW 

We conducted a literature search of the MEDLINE, PubMed, and 
Google Scholar databases to identify relevant articles based on the 
following search strategy: Sarcopenia OR Sarcopenic Obesity Or 
Obesity AND (prevalence * OR metabolic syndrome OR osteoar-
thritis OR cancer * OR rheumatoid arthritis * OR diabetes or car-
diometabolic OR gait speed OR walking speed OR handgrip 
strength OR strength). The terms "skeletal muscle OR body com-
position" were also used. We used "children" and "interventions" as 
the search terms. The search expanded as the citations in the pa-
pers identified during the initial search led to the discovery of addi-
tional potentially relevant publications. Papers detailing effects, in-
terventions, and the development of diagnostic tools were ruled 
out, and the enhanced search method included only prevalence 
studies with diagnostic and epidemiological emphases. The full 
texts of the included studies were obtained. Due to our focus on 
middle-aged and older men and women, we excluded studies with 
participants < 18 years of age without a separate analysis according 
to age group and studies with both sexes. We also included partici-
pants who were overweight or obese (defined as a body mass index 
[BMI] of 25–30 kg/m2). The retrieved studies were published be-
tween 2015 and 2022. 

PREVALENCE OF SARCOPENIC OBESITY 

It is difficult to determine the prevalence of SO owing to the ab-
sence of a global consensus definition of sarcopenia and the use of 
different methods for measuring body composition. However, the 
sarcopenic obese phenotype has been identified in many medical 
conditions (Fig. 1), likely due to the rising prevalence of obesity 
worldwide and intense muscle catabolism.  

Sarcopenic obesity in Various Comorbidities 

Sarcopenic obesity and diabetes mellitus 
A cross-sectional study in Singapore including adults (n = 1,235) 
> 45 years of age with type 2 diabetes identified SO in approxi-
mately one-fifth of the patients ( > 20%). Furthermore, the study 
used BIA device analysis and sexual preference cut-offs for appen-
dicular lean mass (ALM)/ height2,17) as recommended by Janssen 
et al.,18) (10.75 and 6.50 kg/m2 for men and women, respectively). 
Kreidieh et al.19) assessed the prevalence of SO among overweight 
and obese women seeking therapy and the association between 
type 2 diabetes, hypertension, and dyslipidemia. They also as-
sessed the potential correlations between these three conditions. 
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Among the 154 individuals, the incidence of type 2 diabetes and 
hypertension was considerably greater in 31 individuals who were 
overweight or obese and satisfied the SO criteria. SO was present 
in nearly 20% of adult women who were obese and under treat-
ment for their condition. 

Sarcopenic obesity and cancer 
Hom20) examined the incidence of sarcopenia and SO in non-Lati-
no whites and African Americans with and without colorectal can-
cer using 128 individuals with colorectal cancer and matched can-
cer-free controls (n = 128). In 2020, Kaledkiewicz et al.21) applied 
conventional techniques to examine the incidence of SO in a 
case-control study of 103 postmenopausal women > 50 years of 
age with a previous breast cancer diagnosis. The participants were 
classified into group 1 (78 patients who had completed cancer 
treatment and had shown reduced or no symptoms for at least 5 
years), group 2 (25 patients with cancer recurrence), and group 3 
(the control group of 73 women with no history of breast cancer). 
The prevalence of SO in groups 1, 2, and 3 was 0%–11.5%, 0%–
40%, and 0%–4.1%, respectively. 

Sarcopenic obesity and osteoarthritis 
A cross-sectional study in Korea by Lee et al.22) that included 2,893 
participants > 45 years of age with knee osteoarthritis (OA) re-
ported a 3% prevalence of SO participants who were obese. Pa-
tients with SO were substantially older and had a lower appendicu-
lar skeletal mass, higher whole-body fat mass, and a larger waist 
measurement compared with those in participants with non-SO. 
Using DXA, Ji et al.23) studied the incidence of sarcopenia and SO 
in patients undergoing orthopedic surgeries. Their results showed 

that the incidence of SO varied from 1.8% to 21.2%. Godziuk et 
al.24) examined the similarity between the phenotype of SO, de-
fined as low muscle mass and high adiposity, in people with ad-
vanced knee OA. Patients with and without SO were identified 
based on diagnostic criteria, including muscle/fat mass, muscular 
strength, and physical performance. The body composition was 
then compared based on DXA, and pain, function, and quality of 
life outcomes were evaluated. Gait velocity, HGS, 6-minute walk-
ing test time, pain, physical performance, and health-related quality 
of life were assessed using the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) and EuroQol Foun-
dation questionnaire. Among 151 total participants, 59% were 
women and the average BMI was 37.1 ± 5.5 kg/m2. Among adults, 
the frequency of SO varied between 1.3%, 14.6%, and 27.2% re-
spectively.24) 

Sarcopenic obesity and cognitive function 
Obesity and sarcopenia are detrimental to health, especially cogni-
tive function. Moreover, the combination of obesity and sarcope-
nia may be more dangerous than either condition alone. Tolea et 
al.25) administered the Montreal Cognitive Assessment (MoCA) 
test to 353 adults > 40 years of age as part of a cross-sectional study 
to assess the potential link between SO and performance on global 
and subdomain-specific cognitive assessments. The lowest global 
cognition score was linked to a type of fat called sarcopenic fat. A 
cross-sectional study by Yigit et al.26) on 201 participants aged > 65 
years in Istanbul reported significantly higher scores in older indi-
viduals with reduced cognitive function compared to the scores in 
participants with normal cognitive functions. 

Fig. 1. Graphical abstract depicting implications of sarcopenic obesity in different conditions.
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Sarcopenic obesity and coronavirus disease 
Coronavirus disease 2019 (COVID-19) is a potentially fatal con-
dition caused by infection by the coronavirus responsible for se-
vere acute respiratory syndrome (SARS-CoV-2). Wilkinson et 
al.27) evaluated the link between sarcopenic status and the potential 
for severe COVID-19 resulting in hospital admission or death in 
the UK Biobank among 490,301 individuals aged 37–73 years 
from the collected general-public data between March 2006 and 
December 2010. The authors reported that individuals with SO 
were twice as likely to develop severe COVID-19. Furthermore, 
SO appeared to increase the risk of severe COVID-19 more than 
the risk of obesity alone.27) 

Sarcopenic obesity, obesity in both sexes, and sarcopenic obesity 
in postmenopausal women 
Johnson Stoklossa28) examined the prevalence of SO among 120 
individuals with class II/III obesity. The prevalence of SO varied 
widely according to the criterion used, with estimates ranging from 
0% in women to 84.5% in men. Park et al.29) conducted a cross-sec-
tional study of 2,810 postmenopausal women who had participat-
ed in the Korea National Health and Nutrition Examination Sur-
vey from 2008 to 2011. The authors identified SO in 14.8% of 
postmenopausal women. SO was also linked to platelet counts 
around the maximum healthy range in postmenopausal women. 

Sarcopenic obesity and cardiovascular conditions 
Chung et al.30) examined the association between sarcopenia and 
coronary atherosclerosis based on the presence or absence of fat in 
a group of participants undergoing health checkups. The preva-
lence of elevated coronary artery calcification (CAC) was 21% 
among the 1,282 participants (mean age 58.1 years; 75.5% men). 
When the study population was classified into four groups based 
on obesity and sarcopenia status, the prevalence of increased CAC 
was more significant in the SO group compared with non-sarcope-
nic, non-obese group (40.7%, p < 0.001). SO is highly associated 
with CAC, independent of other risk factors for coronary artery 
disease. As the world's population ages, heart failure with a stable 
ejection fraction has become more common. However, the rela-
tionship between sarcopenia, reduced muscle mass, and left ven-
tricular diastolic dysfunction remains unclear. Yoo et al.31) assessed 
the connection between diastolic dysfunction and factors such as 
sarcopenia and obesity in a cross-sectional study including a large 
population of 31,258 people at the Health Promotion Center of 
the Samsung Medical Center in Seoul, Korea. The authors ob-
served diastolic dysfunction in 3,058 (9.78%) participants. Dia-
stolic dysfunction was significantly more common in SO—odds 
ratio [OR] = 1.70; 95% confidence interval [CI], 1.44–1.99. Yang 

et al.32) reported SO in 7.23% of 844 seniors aged 65 years and old-
er (448 men and 396 women). In addition, obesity and sarcopenia 
were connected. For example, higher serum high-sensitivity C-re-
active protein (hs-CRP) levels were associated with obesity in men 
who were obese. 

Sarcopenic obesity and rheumatoid arthritis 
In 2021, Baker et al.33) evaluated the prevalence of SO among three 
rheumatoid arthritis (RA) cohorts. SO was observed in 12.6% of 
the patients. Compared to the general public, RA patients showed 
lower lean mass and increased incidence of SO. 

Sarcopenic obesity and metabolic syndrome 
SO is characterized by a high percentage of fat and a low percent-
age of fat-free weight in the body, which contributes to an in-
creased risk of cardiometabolic illness. In their 2021 study, Siervo 
et al.34) reported the incidence of SO and the link between SO and 
the risk of metabolic syndrome in 4,296 people in Iran aged 35–70 
years. Body composition indices, such as fat mass, FFM, ALM, and 
SMI were measured and analyzed using BIA. The SO fraction var-
ied from 4% to 26% depending on the method of classification 
used. Metabolic syndrome was diagnosed in 12.8% of men and 
31.6% of women. In addition, a correlation between SO and an in-
creased risk of developing metabolic syndrome has been reported. 
Poggiogalle et al.35) conducted a study on 727 Caucasian adults 
aged 18–65 years to determine the prevalence of SO. In this study, 
1.0% of men (34.8%) and 0.6% of women had SO (50.1%). Pa-
tients with SO had a higher risk of developing metabolic syndrome 
than those without sarcopenia (47.6%). Metabolic syndrome and 
low-grade inflammation were also associated with SO in Cauca-
sians. Therefore, patients with SO should consider undergoing 
metabolic profiling. 

Sarcopenic obesity and community-dwelling older adults 
A cross-sectional study of 423 individuals over 65 years of age by 
Ozturk et al.36) investigated the relationship between body compo-
sition changes, particularly their clinical components, and quali-
ty-of-life factors. Sarcopenic patients with obesity comprised 11% 
of the study population. Sarcopenia was correlated with adverse 
health outcomes such as an increased risk of falling and diminished 
health-related quality of life. A 2018 study in Turkey by Bahat et 
al.8) to determine the fat percentage cut-off values for obesity and 
sarcopenic obesity in community-dwelling older adults recruited 
992 individuals aged > 65 years (308 men and 684 women). The 
authors observed sarcopenia in 3.1% of the population compared 
with 0.4%, with SO identified in 0.3% compared to 0.1%. After ad-
justing the skeletal muscle mass for the square of the height to de-
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tect low muscle mass, the low incidence was attributed to an un-
derestimation of sarcopenia among participants with obesity. Lee 
and Park37) investigated the prevalence of SO and its contributing 
factors in a cohort study of 338 community-dwelling women > 65 
years in South Korea. Based on the Asian Working Group on Sar-
copenia (AWGS) definition of SO as the upper two quintiles of 
percent body fat, the prevalence of sarcopenia was 6.2%. In 2015, 
Kemmler et al.38) conducted a similar study on 1,325 German 
women aged over 70 years. The cohort showed similar distribu-
tions of height, weight, family, education, socio-economic status, 
lifestyle, and number and distribution of illnesses, and compared 
to those in the German population. For example, 4.5% of individu-
als had sarcopenia according to EWGSOP standards, compared 
with 3.3% of individuals according to the International Working 
Group on Sarcopenia (IWGS) standards. Kemmler et al.39) report-
ed the prevalence of sarcopenia and SO in a cohort of 965 commu-
nity-dwelling German men aged > 70 years using different sarco-
penia (EWGSOP, IWGS, and FINH) and obesity classifications 
(i.e., BMI and body fat). The incidence of SO varied from 4.1% 
(EWGSOP + body fat > 25%) to 2.1% (IWGS + body fat > 30%) 
across the cohort. Asare et al.40) examined the prevalence of SO 
among 300 African Americans aged 55–74 years in the United 
States. According to US Census Centers of Disease Control and 
Prevention (CDC) data from 84,838 individuals between 2006 
and 2008, African American men and women comprised 32.6% 
(95% CI, 31.4–33.9) and 40.6% (95% CI, 39.7–41.5) of the popu-
lation in the South. In that study, the proportion of individuals 
with SO was significantly higher among women. 

In 2019, Du et al.41) conducted a study in East China to evaluate 
sex differences in the incidence and adverse effects of sarcopenia 
and SO among 213 men and 418 women aged 65 years and older. 
In this study, 7.0% of men and 2.4% of women had SO. Based on 
the AWGS criteria, men had a significantly increased risk of sarco-
penia and SO compared with that in women. In addition, men 
with SO had an increased risk of osteoporosis and dyslipidemia; 
however, women with SO had an increased risk of higher blood 
glucose levels. A 2017 study by Santos et al.42) reported the preva-
lence of SO among 1,373 adults aged 65 years and older in the 
community as well as socio-demographic health problems and 
problems with functionality and performance related to SO ac-
cording to the database maintained by the FIBRA Network at the 
Federal University of Minas Gerais. SO was detected in 4.44% of 
older adults. Furthermore, SO was related to insufficiency in com-
plex and fundamental daily activities and gait speed and also sig-
nificantly increased the likelihood of pre-frailty and frailty. A 2020 
study by de Campos et al.43) examined 270 older adults to assess 
the incidence of SO and its association with functionality, life-

styles, biological indicators, and morbidity. The prevalence of SO 
in Brazil was 29.3%. Scott et al.44) examined whether decreased 
muscle mass (sarcopenia) or strength (dynapenia) in the presence 
of obesity was associated with an increased risk of osteoporosis 
and non-vertebral fracture among 1,089 community-dwelling in-
dividuals aged 5–10 years for which baseline measurements were 
collected. Compared to women without SO, women with sarcope-
nic obesity had a higher risk of fracture (2.8; range, 1.4–5.6). A 
2016 study by Perna et al.45) assessed the incidence of sarcopenia 
and SO in hospitalized older adult patients and examined their 
metabolic profiles and significant changes compared to those in 
healthy controls. Their study included 639 participants > 65 years 
of age (196 men and 443 women). Of the SO population, 8.13% 
were female and 22.45% were male. 

Mo et al.46) investigated the frequency of SO and diagnostic con-
cordance of the condition in 1,050 Chinese community-dwelling 
older adults, including 347 men (71.3 years of age) and 703 wom-
en (69.9 years) using a variety of obesity diagnostic approaches. 
The incidence of SO ranged from 0.1% to 7.9%. In 2016, Moreira 
et al.47) utilized BIA to determine the prevalence of SO and the re-
lationship between SO and physical performance in 491 mid-
dle-aged women in Northeast Brazil. In their study, 7% of the par-
ticipants had SO, which was linked to poor physical performance. 
Du et al.48) reported that the prevalence of sarcopenia and SO dif-
fered significantly across racial and ethnic subpopulations of older 
people. Hispanics had the highest prevalence of sarcopenia and 
SO, whereas African Americans had the lowest prevalence. Devel-
oping effective medical screenings and interventions for an in-
creasingly diverse population of older adults in the United States 
may require a deeper understanding of these differences. Wagenaar 
et al.49) analyzed 119 participants of the Dutch Lifelines to deter-
mine the prevalence and causes of SO and sarcopenic obesity 
overweight (SOW) in the general public. Muscle mass was deter-
mined based on sex-specific analysis of 24-hour urine creatinine 
excretion. Obesity was defined as a BMI ≥ 30 kg/m2, whereas 
overweight was defined as a BMI ≥ 25 kg/m2. The prevalence of  

SO was 0.9% in men and 1.4% in women, whereas the frequen-
cies of SOW were 6.5% and 6%, respectively. The incidence of 
SOW and SO was greater in women than in men across all age cat-
egories, except for men aged 40–59 years, who had a higher inci-
dence of SOW. In addition, age was a significant factor in SO and 
SOW, with the frequency increasing after 50 years of age. However, 
82.5% of individuals with SO or SOW were < 70 years of age. 
Wang et al.50) conducted a cohort study to investigate the associa-
tion between SO and cognitive impairment in community-dwell-
ing participants aged 60–92 years. SO was detected in 6% of the 
population (7.3% of men and 4.8% of women). The incidence of 
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SO was relatively low among community-dwelling Chinese indi-
viduals > 60 years of age overall (6.0%). Von Berens et al.51) also 
assessed SO in 521 individuals aged ≥ 75 years who participated in 
the Gothenburg H70 Birth Cohort Studies and 288 men aged 87 
years who participated in the Uppsala Longitudinal Study of Adult 
Men (ULSAM), in which 4%–11% of senior citizens had SO. 

Ishii et al.52) examined the association between depressive symp-
toms, sarcopenia, and obesity in Japanese seniors. From the resi-
dent records of Kashiwa City in Chiba, Japan, 1,731 Japanese peo-
ple > 65 years of age (875 men and 856 women) living inde-
pendently in the community were randomly selected. Depression 
affected 10.1% of the population, while 3.7%, 13.6%, and 3.7% 
were affected by sarcopenia/obesity, sarcopenia or non-obesity, 
and sarcopenia/non-obesity, respectively. The data suggested that 
SO has a compounding influence on the risk of developing depres-
sive symptoms, particularly in individuals aged 65–74 years. Kwon 
et al.53) examined SO in Korean women > 60 years of age in good 
health. Of the 2,396 women aged 65 years and older, 1,491 
(62.2%) were underweight, average weight, or overweight, while 
905 (37.8%) were obese. Using a cut-off value of 5.4 kg/m2, sarco-
penia was identified in 64.9% of underweight women (63/97), 
38.2% of normal-weight women (320/838), 17.1% of overweight 
women (95/556), and 6.1% of obese women (55/905). Lim et 
al.54) examined the frequency of sarcopenia and SO in older adult 
Koreans and their relationship with chronic disease. They divided 
the 3,492 participants into three groups (non-sarcopenia, sarcope-
nia, and SO) and performed statistical analyses to compare general 
anthropometry, health behavior, food consumption, and chronic 
illness status among the groups. Compared to the lean category, 
the sarcopenic obese cohort ingested considerably more calories 
(p = 0.005), protein (p = 0.046), and fat (p = 0.001). Furthermore, 
among the three groups, the cohort with the most significant dia-
betic population (p = 0.023) and dyslipidemia (p = 0.004) had sar-
copenia and obesity, respectively. 

Sarcopenic Obesity in Specific Medical Conditions 

Sarcopenic obesity and postsurgical conditions 
In their 2016 retrospective study, Carias et al.55) reported factors 
predicting sarcopenia and SO in 207 patients with cirrhosis under-
going liver transplantation (LT) between January 2008 and De-
cember 2013. Men comprised 68% percent of the study popula-
tion. SO was identified in 41.7% of patients. Nishigori et al.56) ex-
amined the association between body composition and surgical 
site infection (SSI) after total laparoscopic gastrectomy (LTG). A 
total of 157 patients with gastric cancer who underwent LTG at 
Kyoto University Hospital between March 2006 and October 

2014 were retrospectively studied. SO was detected in 28 of the 
population (18%). Sarcopenia, similar to LTG, is a risk factor for 
developing SSI. Gan et al.57) examined the association between 
cholecystectomy and low muscle mass, poor muscle strength, sar-
copenia, and SO in 4,909 people aged 18–80 years. Individuals 
who underwent cholecystectomy had lower muscle mass, strength, 
and sarcopenia compared to those who did not. Furthermore, 
those who underwent cholecystectomy more than 7 years prior 
were more likely to develop sarcopenia compared to those who 
had recently undergone cholecystectomy (the average time be-
tween cholecystectomy and a physical assessment was 7 years). 
Cholecystectomy has also been linked to decreased muscle mass, 
strength, and sarcopenia. In 2019, Anastacio et al.58) reported the 
physiological changes, prevalence, and associated variables of sar-
copenia, obesity, and SO after transplantation in 100 patients 
(52.6 ± 13.3 years; 57.0% male). The fat mass index decreased 
from 17.9 ± 2.5 to 17.5 ± 3.5 kg/m2. However, the fat mass in-
creased from 8.5 ± 3.5 to 9.0 ± 4.0 (p < 0.05). Although the in-
crease was not statistically significant, the rates of sarcopenia 
(19.0%–22.0%), obesity (32.0%–37.0%), and SO (0%–2.0%) all 
increased. Sarcopenia is also more common in women than men. 

Sarcopenic obesity and spinal cord injury 
In their cross-sectional study, Pelletier et al.59) established the inci-
dence and clinical utility of spinal cord injury (SCI)-specific and 
general population obesity and SO thresholds in tertiary SCI reha-
bilitation institutions in Toronto. The participants were 136 pa-
tients aged > 18 years with chronic SCI for at least 2 years who 
provided informed consent. Participants who were above the 
weight limit of the densitometer (123 kg), were pregnant or trying 
to become pregnant, or with a disease known to influence bone 
metabolism were excluded. Obesity associated with sarcopenia 
was observed in 41.9% of the participants. Moreover, SO was com-
mon among individuals with long-term SCIs. 

Sarcopenic obesity and bariatric surgery 
Molero et al.60) investigated the effect of age on the incidence of 
SO among applicants for a bariatric surgery. A total of 1,370 pa-
tients > 18 years of age who underwent bariatric surgery were cat-
egorized according to age (18–39, 40–49, 50–59, and > 60 years). 
The incidence of SO in class I and II were 16.4%, and 4.6%, re-
spectively. Women showed a higher incidence of SO (p = 0.005), 
and the proportion of women with SO increased with age, whereas 
no such correlation was observed in men. Class I SO was observed 
in 29.1% of women > 60 years of age compared with 12.8% among 
those with class II SO. Percent SMM showed comparable results 
(Cohen's coefficient = 0.888, p = 0.001). Thus, age was a potential 
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risk factor for SO in patients undergoing bariatric surgery, and SO 
was prevalent among women bariatric surgery candidates aged 
≥ 60 years. 

Sarcopenic obesity and stroke 
A cross-sectional study by Matsushita et al.61) included 376 consec-
utive 65-year-old patients admitted for post-stroke rehabilitation 
between January 2017 and March 2019 to better understand the 
relationship between SO, simple obesity, and ADL in patients with 
stroke in convalescent rehabilitation wards. In that study, 46% 
(172/376) of the 376 patients were obese (mean age, 77.7 years; 
117 men and 55 women), while 28% (107/376) were classified as 
having SO. The patients with SO were significantly older 
(p = 0.001), had a higher BMI (p = 0.001), and had a significantly 
higher percentage of body fat compared to those with simple obe-
sity (p = 0.001). 

Sarcopenic obesity and peritoneal dialysis 
Tabibi et al.62) reported the prevalence of SO in Tehran in 2018 
and its association with cardiovascular disease (CVD) risk factors 
in patients with Parkinson disease. SO was identified in 3.8% of pa-
tients with Parkinson disease. These patients have significantly ele-
vated levels of hs-CRP, soluble intercellular adhesion molecule 
type 1, triglycerides, total cholesterol, and low-density lipoprotein 
cholesterol. In addition, the blood concentrations of CVD risk fac-
tor markers were more remarkable in patients with Parkinson dis-
ease and SO compared with those in obese individuals without 
SO. These findings suggested that Parkinson disease and sarcope-
nia were associated with CVD risk factors, despite the low preva-
lence of SO in patients with Parkinson disease. Malhotra et al.63) 
investigated the influence of different definitions on the incidence 
of SO in terms of mortality in a database of patients undergoing 
hemodialysis. The average age of the 122 participants was 46 years 
(interquartile range, 40–54 years) for men and 50 years (44–61 
years) for women. SO was identified in 12% to 62% of men and 2% 
to 74% of women. 

Diagnostic Markers of Sarcopenic Obesity 
Aging, inactivity, poor diet, and lifestyle variables including insulin 
resistance (IR), systemic inflammation, and oxidative stress play 
roles in SO development and lead to decreased total muscle mass, 
muscle quality, and muscle strength, in addition to increased fat 
mass. Increased adipocyte size and proliferation, and immune cell 
infiltration of adipose tissue, trigger an inflammatory reaction. Adi-
pocytes produce adipokines and immunological cells, an inflam-
matory reaction that is not confined to the fat tissue but rather ex-
tends throughout the body.64) Mitochondrial malfunction and un-

balanced myokine production by myocytes—including myostatin, 
irisin, tumor necrosis factor-alpha (TNF-α), and interleukins 
(ILs)—may occur due to inflammatory processes and fat buildup. 
These could be potential biomarkers of SO. Some studies have 
proposed the use of serum myostatin as a predictive marker for the 
early diagnosis of sarcopenia and other forms of muscle wasting as-
sociated with aging.65,66) One study reported higher serum insu-
lin-like growth factor 1 (IGF-1) levels in older adults with SO who 
performed weight training compared to those in the SO group that 
did not perform weight training. These findings provided evidence 
that a deficit in IGF-1 increased the risk of developing SO.67,68) Sev-
eral studies have reported the potential correlation between fibro-
blast growth factor 21 (FGF21) disruption and sarcopenia and 
SO. However, the influence of FGF21 on either of these illnesses 
remains unclear; thus, further in-depth research on the function of 
FGF21 as a diagnostic marker for SO is required.69-71) The inflam-
matory factors IL-6 and TNF-α are upregulated in SO in older 
adults.72) Another study reported the association between elevated 
IL-6 levels and SO in an aged population.5) Moreover, low plasma 
levels of IL-15 were associated with sarcopenia development.73) 
The usefulness of IL-15 as a biomarker requires further research in 
both scientific and therapeutic contexts. Other myokines, includ-
ing leukemia inhibitory factor (LIF), angiopoietin-like 4 
(ANGPTL4), apelin, β-aminoisobutyric acid (BAIBA), decorin, 
meteorin-like (Metrnl), myonectin, and secreted protein acidic 
and rich in cysteine (SPARC), are also potential tools for predict-
ing the development of SO74); however, the evidence is reported in 
a limited number of studies. 

Therapeutic Approaches for Sarcopenic Obesity 
Individuals with severe conditions cannot perform heavy work-
outs; therefore, blood flow occlusion training has recently been ad-
vised.75) Several studies have shown that low-intensity blood flow 
occlusion may build muscle mass and strength as well as the capa-
bility for high-intensity strength training. Thus, exercise therapies 
and blood flow restriction may be valuable methods to avoid wors-
ening sarcopenia and obesity.75) Independent of the use of other 
amino acids, leucine supplementation in older individuals was as-
sociated with increased muscle protein synthesis rates.76) Studies 
are underway to determine the efficiency of dietary interventions 
in avoiding muscle atrophy in older adults. Even as changes in the 
way of living are an essential component of the treatment of SO, 
these modifications may not be possible in some instances due to 
limits imposed by the body or a lack of adherence. Other break-
through treatment options also exist for patients with SO. The de-
crease in testosterone due to aging occurs concurrently with the 
age-related reduction in lean body mass and increase in body fat, 
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causing SO.77) Testosterone replacement therapy in hypogonadal 
males improves body composition and muscular strength.78) The 
function of myostatin in SO has recently attracted attention, with 
data suggesting that blocking myostatin could lead to beneficial al-
terations in fat and muscle composition. Participants in phase I or 
phase II clinical studies of a myostatin antibody for the treatment 
of muscular dystrophy did not show improved muscular endur-
ance or function, although the study was not designed to assess the 
treatment effectiveness.79) One study reported that inhibiting myo-
statin in individuals with muscular dystrophy improved cellu-
lar-level muscular activity but did not contribute to measurable in-
creases in muscle endurance.80) Inhibiting myostatin could reduce 
the risk or management of SO; however, long-term studies are 
needed to understand this relationship, with studies underway in 
healthy individuals. The dietary form of anamorelin stimulates ap-
petite in individuals with cancer cachexia and shows potential for 
treating patients with SO. The anti-inflammatory and anabolic 
qualities of anamorelin may help counteract the unfavorable nitro-
gen balance that is characteristic of sarcopenia.81) 

DISCUSSION 

To our knowledge, this study is the first to discuss the prevalence 
of SO in the presence of various comorbid conditions. In this 
study, based on the criteria and study samples, the estimated inci-
dence of SO in older adults ranged from 0.9% to 81.1%, with a sig-
nificantly higher prevalence among those aged 65 years and older. 
Most research has been conducted on community-dwelling indi-
viduals. However, sarcopenia has emerged as a significant public 
health concern because of both the rapidly increasing older popu-
lation and widespread obesity, which has been associated with det-
rimental cardiometabolic effects and adverse health outcomes.82) 
One in six individuals worldwide will be 60 or older by 2030, ac-
cording to the World Health Organization.83) By that time, there 
will be 1.4 billion people over the age of 60 years, up from 1 billion 
in 2020. The number of persons in the globe who are 60 years or 
older will double by 2050. (2.1 billion). Between 2020 and 2050, 
the number of people 80 years or older is projected to treble, reach-
ing 426 million. In 2047, senior citizens are projected to outnum-
ber children for the first time in recorded history. Based on previ-
ous estimates of SO prevalence and the global population of older 
adults, SO currently affects 40–80 million individuals, which will 
increase to 100–200 million individuals within the next 35 years. 
This group is newly considered in the study of sarcopenia and SO, 
and research in this field is still in its infancy.83,84) Estimates of SO 
prevalence have fluctuated widely in the past, depending on the 

sarcopenia diagnostic criteria, muscle mass assessment methods, 
research settings, and geographic locations. Therefore, no varia-
tions in prevalence could be considered statistically significant 
among the various diagnostic criteria for obesity. Moreover, aging 
modifies body fat distribution, resulting in subcutaneous fat loss, 
visceral fat gain, and ectopic fat deposition. Multiple metabolic 
processes contribute to aging-associated SO. Basal metabolic rate 
and metabolic adaptations such as adaptive thermogenesis decline 
with age, resulting in decreased muscle mass and increased body 
fat. Aging also leads to decreased resting metabolic rate, physical 
fitness, mitochondrial volume, and oxidative capability, all of 
which contribute to decreased muscle size and strength.84)  

The results of the present study also showed no statistically sig-
nificant differences in the incidence of SO according to sex, indi-
cating that both men and women are at risk. This could be due to 
the decreased sex-specific hormone levels in older adults. SO is 
significantly affected by hormonal differences between men and 
women. After menopause, women experience increased body 
weight and fat mass as well as a shift from subcutaneous to visceral 
fat storage.85) In addition, lower testosterone levels are associated 
with sarcopenia, decreased muscular strength, poor physical per-
formance, and an increased risk of falling in older men whose total 
testosterone levels decline by approximately 1% per year.86) 

Muscle mass and strength begin to decrease around 30 years of 
age, with a sharp increase in the rate of decline after 60 years of age. 
In contrast, the amount of body fat increases steadily with age, 
peaking between 60 and 75 years, and this can lead to obesity. 
Thus, older adults may be more susceptible to SO owing to these 
physiological factors.87) In addition, the pooled prevalence of SO 
was higher in hospitalized patients than in community residents in 
the included studies. This may be because malnutrition and a sed-
entary lifestyle are linked to SO incidence; thus, hospitalized pa-
tients may experience malnutrition due to disease or other thera-
peutic strategies; moreover, complete bed rest leads to low physical 
activity levels. Based on the results of pooled-effects analyses, sev-
eral studies reported greater mortality risk among hospitalized old-
er adults with SO compared with that in older individuals living in 
the community.88) 

However, no drugs are licensed for the treatment of SO because 
its pathophysiology is still unclear; thus, lifestyle modifications, es-
pecially exercise and dietary interventions, are the most common 
care recommended.89) Resistance training, aerobic exercise, and 
full-body electrical muscle stimulation are the most prescribed 
physical activities. Nutritional therapies include supplementation 
(with protein, amino acids, or vitamin D) and dietary changes to 
improve health.90-92) These therapies may be prescribed inde-
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pendently or in conjunction. As discussed previously, systematic 
studies have demonstrated the effectiveness of therapies focusing 
on exercise and diet for the treatment of SO. However, multi-cen-
ter studies with large sample sizes are needed to further study SO 
in hospitalized older adults. Doctors should prioritize SO screen-
ing for future clinical procedures. 

In conclusion, obesity and aging are the two significant health 
risks for adults worldwide. Both factors increase the likelihood of 
illness or other health problems. SO occurs when both sarcopenia 
and obesity are present in the body and significantly impact the 
health of older adults. Many effective strategies have been devel-
oped to investigate the prevalence of SO. The present study fo-
cused on the increasing incidence of various conditions because 
SO has a multiplicatively deleterious impact on physical perfor-
mance and general health. The present review aimed to summarize 
the occurrence rates of different disease conditions. In addition, 
the comparison of research efficacy was complicated because SO 
is defined in various ways. However, the results of the present 
study demonstrated that SO is multifactorial, necessitating 
multi-targeted treatment. Thus, screening for SO in older adults 
should be a priority to allow the early identification of at-risk indi-
viduals and the implementation of suitable treatments to minimize 
the incidence of unfavorable outcomes and improve quality of life 
and healthy aging. Thorough physical examinations are essential 
for the correct diagnosis of SO. The top scientific priorities are 
evaluating SO and the comprehensive testing of therapeutic alter-
natives via randomized controlled trials. Awareness of SO is also 
essential, which may help to determine the exact proportion of SO 
worldwide under different conditions. These findings support the 
argument for a broader focus on SO beyond geriatrics, particularly 
among individuals with multiple medical conditions. 
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Differential Associations of Frailty with the Incidence of Mild and Severe 
Disabilities in Older Adults: A 3-Year Cohort Study 
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Background: Frailty is associated with the incidence of disability in older adults; however, few 
studies have investigated differences in the association of frailty with mild and severe disabilities 
according to Japanese long-term care insurance certification. This study separately investigated 
the associations between frailty and the incidence of mild and severe disabilities. Methods: This 
3-year retrospective cohort study included community-dwelling adults in Okayama City aged 
≥65 years. We assessed frailty status using the Kihon Checklist and defined the outcomes as mild 
and severe disabilities according to long-term care insurance certifications. We applied multino-
mial logistic regression analysis to investigate the association between frailty and the incidence 
of mild and severe disabilities. Results: The analysis included a total of 36,043 participants. For 
mild disability, the odds ratios (ORs) comparing frail to robust and prefrail to robust were 3.85 
(95% confidence interval [CI], 3.36–4.42) and 1.82 (95% CI, 1.58–2.10), respectively. Similarly, 
the corresponding ORs for severe disability were 4.35 (95% CI, 3.55– 5.34) and 1.78 (95% CI, 
1.43–2.21), respectively. In the age-stratified analysis of mild disability, the pre-old group (aged 
65–74 years) with frail showed a higher association than the old-age group (aged ≥75 years) 
with frail. Regarding severe disability, the older group with frailty showed a higher association 
than the pre-old group with frailty. Conclusion: The results showed that both prefrail and frail 
were associated with the incidence of mild and severe disabilities, with different patterns of as-
sociation between the pre-old and old age groups. 
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INTRODUCTION 

The Japanese population is aging rapidly. In 2020, the aged popu-
lation ( ≥ 65 years) accounted for 28.8% of the total Japanese pop-
ulation and is predicted to increase to 38.1% in 2060.1) In a su-
per-aged society such as Japan, disability in older adults is an im-
portant issue. At the individual level, disability is associated with 
limited activity and a decreased quality of life. Consequently, fami-
ly care and financial burdens increase at the macro level.  

Since 2000, the Japanese government has implemented long-
term care insurance (LTCI), depending on the degree of physical 
and mental disability, for every Japanese adult aged ≥ 65 years. Eli-

gibility is assessed by a questionnaire about activities of daily living 
(ADL) and subsequently decided by the Certification Committee 
of Needed Long-Term Care based on the initial computer evalua-
tion, home-visit report, and a family doctor’s opinion.2) The seven 
LTCI certification levels include support levels 1–2 and care need 
levels 1–5. Care need levels require more care than support levels, 
with more care required at higher levels. The LTCI certification 
levels are defined as follows: support level 1, “requiring some sup-
port for instrumental activities of daily living (IADL) but indepen-
dent in basic ADL”; care level 1, “declining IADL ability beyond 
support levels, with partial care required”; care level 3, “significant-
ly declining ADL and IADL abilities, with almost constant care re-
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quired”; and care level 5, “requiring care in all tasks of ADL to live.” 
The LTCI costs are increasing annually, exceeding 10 trillion yen 
per year in 2018.3) As the aged population is expected to increase, 
the early identification of high-risk individuals for future disability 
is essential to delay or decrease LTCI certification. 

Disability is an adverse outcome of frailty.4) Older adults with 
frailty have a higher risk of future disability compared to those 
without frailty.5,6) Previous studies have shown that frailty is associ-
ated with the incidence of disability using the Japanese LTCI certi-
fication.7-9) However, most previous studies integrated all five levels 
of care need of LTCI certification as a single outcome, although 
the disability levels differ widely, ranging from almost independent 
in basic ADL (corresponding to care need level 1) to requiring care 
in all ADL tasks (level 5). Moreover, while previous studies have 
investigated the association of frailty with the incidence of mild 
and severe disabilities separately,10) few have investigated this topic 
according to Japanese LTCI certification. 

We hypothesized that frailty is differently associated with the in-
cidence of mild and severe disabilities. Therefore, this study inves-
tigated the association between frailty and the incidence of mild 
and severe disabilities separately in older adults. 

MATERIALS AND METHODS 

Participants 
This 3-year retrospective cohort study was part of the Okayama 
Study, a longitudinal retrospective cohort study conducted in 
Okayama City. Okayama City, located in western Japan, is the cap-
ital city of Okayama Prefecture. The Okayama Study investigated 
the relationship between behavior and LTCI certification. The ba-
sic health examination used in this study included questions relat-
ed to medical history, self-rated health, lifestyle habits, and physical 
activity. The cohort was followed up for up to 10 years to obtain 
information on LTCI certification. The participants were 54,851 
community-dwelling adults aged ≥ 65 years in Okayama City who 
underwent a basic health examination in 2006 or 2007. Okayama 
City had a population of 660,996 in 2006, with 125,954 (19.1%) 
adults aged ≥ 65 years.11) The inclusion criteria were age ≥ 65 
years at the baseline measurement and residents of Okayama City. 
We excluded individuals who were already certified in LTCI (care 
need) at baseline, had missing data on frailty status or covariates, 
died without any LTCI certification, and were lost to follow-up 
(e.g., moving out of the city) during the follow-up period. 

This study was approved by the Ethics Committee of the Okaya-
ma University Graduate School of Medicine, Dentistry, and Phar-
maceutical Sciences and Okayama University Hospital (No. 
K2106-038), which waived the requirement for informed consent 

because this study was retrospective and the data anonymized for 
analysis. This study followed the ethical guidelines for authorship 
and publication in the Annals of Geriatric Medicine and Research.12) 

Exposure: Frailty Status 
We applied the Kihon Checklist (KCL) to assess frailty status. The 
KCL is a questionnaire developed in Japan to identify older adults 
who are more likely to need care. It is a self-administered question-
naire with “yes” and “no” responses. It consists of 25 items divided 
into seven domains: ADL, physical function, nutrition, oral func-
tion, housebound, cognitive function, and depressive mood. One 
point was added for responses to each question on whether they 
had a problem, with a higher total score indicating a higher risk of 
disability. A previous study13) reported that KCL is associated with 
frailty status, as defined by the Cardiovascular Health Study 
(CHS) frailty index, a representative evaluation of frailty status. 
Based on that study, we defined frail as a total KCL score of ≥ 8 
points, pre-frail as 4–7 points, and robust as 0–3 points. 

Outcome: Mild and Severe Disabilities
We divided LTCI certification (care need levels 1–5) into mild 
(care need levels 1 or 2) and severe (care need levels 3–5) disabili-
ties, which were defined as the outcomes. Some definitions of the 
LTCI certification levels are described above. At care need levels 
≥ 3, ADL and IADL become severely restricted and the burden on 
the family increases.14,15) Therefore, we defined the outcome as 
mild and severe disabilities in the new LTCI certification. We ob-
tained information on LTCI certifications at the end of each year. 

Covariates 
The following baseline characteristics were recorded: age, sex, co-
morbidities, alcohol consumption, and smoking status. The co-
morbidities included heart disease, renal disease, diabetes, and 
anemia. We selected these variables as covariates because previous 
studies have demonstrated that they might be confounders be-
tween frailty and future disability,16-18) and these data were available 
in our database. 

Statistical Analysis 
After descriptive analysis, multinomial logistic regression analysis 
was used to estimate the odds ratio (OR) and 95% confidence in-
terval (CI) for the associations between frailty status and incidence 
of mild and severe disabilities. Model 1 was a crude model and 
Model 2 was adjusted for age and sex. Model 3 was additionally 
adjusted for comorbidities, alcohol consumption, and smoking 
status. 

Stratified analyses were performed to assess the association be-
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tween frailty and the incidence of mild and severe disabilities by 
age group. We stratified the participants into two groups: pre-old 
(age 65–74 years) and old ( ≥ 75 years).19) 

All analyses were performed using Stata/SE 17.0 (Stata Corp 
LP, College Station, TX, USA). 

RESULTS 

Fig. 1 shows the flow chart of the study participants. We excluded 
17,382 of the 54,851 participants with certified LTCI (care need) 
at baseline (n = 4,892), missing KCL scores (n = 11,526), and 
missing covariate data (n = 964). In addition, 471 participants died 
without any LTCI certification and 955 participants were lost 
during the 3-year follow-up. Finally, we analyzed 36,043 partici-
pants. 

Table 1 shows the baseline characteristics of the participants. The 
median age of the participants was 74 years and 13,166 (36.5%) 
were male. The prevalence of frail was 21.0% (n = 7,575), prefrail 
was 31.5% (n = 11,357), and robust was 47.5% (n = 17,111). 

Table 2 presents the numbers of participants according to their 
disability level. Overall, 33,434 (92.8%) participants had no dis-
ability, 1,809 (5.0%) participants certified mild disability, and 800 
(2.2%) participants certified severe disability.

Table 3 presents the results of the multinomial logistic regression 
analysis. In the fully adjusted model, the ORs comparing frail to 
robust and prefrail to robust for mild disability were 3.85 (95% CI, 
3.36–4.42) and 1.82 (95% CI, 1.58–2.10), respectively. Similarly, 
the corresponding ORs for severe disability were 4.35 (95% CI, 
3.55–5.34) and 1.78 (95% CI, 1.43– 2.21), respectively. 

Table 4 and Fig. 2 present the results of stratified analysis by the 
two age groups (pre-old aged 65–74 years; old ≥ 75 years). The 
pre-old group with frail (OR = 8.56; 95% CI, 6.56–11.17) showed 
a higher association with mild disability compared to that in the 
old group with frail (OR = 4.02; 95% CI, 3.46–4.68). In contrast, 
the old-age group with frailty showed a higher association with se-
vere disability (OR = 6.02; 95% CI, 4.73–7.67) compared to that 
in the pre-old group (OR = 4.33; 95% CI, 2.92–6.41). 

DISCUSSION 

Using multinomial logistic regression analysis, we investigated the 
association between frailty and the incidence of mild and severe 
disabilities separately over a 3-year follow-up period. Both prefrail 

All participants aged ≥65
(n=54,851)

Eligible participants
(n=37,469)

Available for analysis
(n=36,043)

Exclusion (n=17,382)
Certified LTCI (care need) at baseline (n=4,892)
Missing data for the KCL (n=11,526)
Missing data for covariates (n=964)

Died without any LTCI certification (n=471)
Lost to follow up (e.g., moving out of the city) (n=955)

Fig. 1. Flow chart of participants. LTCI, long-term care insurance; 
KCL, Kihon Checklist.

Table 1. Baseline characteristics

Overall Robust Prefrail Frail
Number of participants 36,043 (100) 17,111 (47.5) 11,357 (31.5) 7,575 (21.0)
Demographic variables
 Age (y) 74 (70–78) 72 (69–76) 74 (70–78) 77 (73–81)
 Sex, male 13,166 (36.5) 6,936 (40.5 ) 3,941 (34.7) 2,289 (30.2)
 BMI (kg/m2) 22.9 (20.8–25.0) 22.9 (21.0–24.9) 22.9 (20.8–25.1) 22.7 (20.1–25.2)
Comorbidities
 Heart disease 3,422 (9.5) 1,248 (7.3) 1,136 (10.0) 1,038 (13.7)
 Renal disease 344 (1.0) 130 (0.8) 111 (1.0) 103 (1.4)
 Diabetes 3,195 (8.9) 1,388 (8.1) 1,022 (9.0) 785 (10.4)
 Anemia 439 (1.2) 110 (0.6) 143 (1.3) 186 (2.5)
Alcohol consumption 12,008 (33.3) 6,559 (38.3) 3,598 (31.7) 1,851 (24.4)
Current smoker 3,403 (9.4) 1,538 (9.0) 1,108 (9.8) 757 (10.0)
Kihon Checklist total score (points) 4 (2–7) 2 (1–2) 5 (4–6) 10 (9–12)

Values are presented as number (%) or median (interquartile range).
BMI, body mass index.
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Table 2. Number of participants according to disability level

Disability (certified long-term care insurance: care need)
No disability Mild disabilitya) Severe disabilityb)

Overall 33,434 (92.8) 1,809 (5.0) 800 (2.2)
 Robust
  Total 16,642 (97.3) 332 (1.9) 137 (0.8)
   Pre-old group (65–74 y) 11,490 (98.8) 86 (0.7) 52 (0.5)
   Old group ( ≥ 75 y) 5,152 (94.0) 246 (4.5) 85 (1.5)
 Prefrail
  Total 10,614 (93.5) 529 (4.7) 214 (1.8)
   Pre-old group (65–74 y) 5,956 (97.7) 104 (1.7) 39 (0.6)
   Old group ( ≥ 75 y) 4,658 (88.6) 425 (8.1) 175 (3.3)
 Frail
  Total 6,178 (81.6) 948 (12.5) 449 (5.9)
   Pre-old group (65–74 y) 2,384 (91.5) 170 (6.5) 52 (2.0)
   Old group ( ≥ 75 y) 3,794 (76.4) 778 (15.7) 397 (7.9)
Values are presented as number (%).
a)Care need level 1 or 2.
b)Care need level 3–5.

Table 3. Multinomial logistic regression for 3 years incidence of mild and severe disability

Disability (certified long-term care insurance: care need)
Mild disability Severe disability

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Frailty
 Robust Ref. Ref. Ref. Ref. Ref. Ref.
 Prefrail 2.50 (2.17–2.87) 1.86 (1.61–2.15) 1.82 (1.58–2.10) 2.45 (1.97–3.04) 1.84 (1.48–2.29) 1.78 (1.43–2.21)
 Frail 7.69 (6.77–8.75) 4.03 (3.51–4.61) 3.85 (3.36–4.42) 8.83 (7.28–10.71) 4.66 (3.80–5.71) 4.35 (3.55–5.34)
Age 1.15 (1.14–1.16) 1.15 (1.14–1.16) 1.16 (1.14–1.17) 1.16 (1.14–1.17)
Sex
 Male 0.92 (0.82–1.02) 0.91 (0.80–1.03) 1.20 (1.03–1.39) 1.12 (0.94–1.33)
Comorbidities
 Heart disease 1.29 (1.12–1.48) 1.29 (1.06–1.56)
 Renal disease 1.05 (0.67–1.64) 1.18 (0.66–2.11)
 Diabetes 1.61 (1.38–1.87) 1.61 (1.30–2.01)
 Anemia 0.98 (0.69–1.40) 1.49 (0.98–2.26)
Alcohol consumption 0.80 (0.70–0.91) 0.79 (0.65–0.95)
Current smoker 1.37 (1.15–1.64) 1.83 (1.46–2.30)
Values are presented as odds ratio (95% confidence interval).
No disability (not certified long-term care insurance) is reference; mild disability, care need level 1 or 2; severe disability, care need level 3–5.
Model 1, crude; Model 2, adjusted for age and sex; Model 3, further adjusted for comorbidities (heart disease–renal disease–diabetes–anemia)–alcohol con-
sumption & current smoker.

Table 4. Stratified analysis by age group

Disability (certified long-term care insurance: care need)
Mild disability Severe disability

Robust Prefrail Frail Robust Prefrail Frail
Age
 Pre-old group (65–74 y) Ref. 2.21 (1.66–2.95) 8.56 (6.56–11.17) Ref. 1.38 (0.91–2.09) 4.33 (2.92–6.41)
 Old group ( ≥ 75 y) Ref. 1.85 (1.57–2.18) 4.03 (3.46–4.68) Ref. 2.23 (1.71–2.90) 6.02 (4.73–7.67)

Values are presented as odds ratio (95% confidence interval).
No disability (not certified long-term care insurance) is reference; mild disability, care need level 1 or 2; severe disability, care need level 3–5.
Adjusted for age–sex–comorbidities (heart disease–renal disease–diabetes–anemia)–alcohol consumption & current smoker.
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and frail were associated with the incidence of mild and severe dis-
abilities. Notably, in frail individuals, we observed different pat-
terns of association between the pre-old and old age groups. Re-
garding mild disability, the pre-old group showed a higher associa-
tion than the old group. Conversely, for severe disability, the old 
group showed a higher association than the pre-old group. 

These results suggested that the older adults with frail were more 
likely to have severe disability. Generally, the physiological reserve 
gradually decreases with aging, and older adults are likely to expe-
rience decreased ADL function due to relatively minor stressor 
events.20) Furthermore, older age is associated with a low recovery 
of ADL function.20) Therefore, older adults may be more strongly 
affected by frailty and more likely to have severe disability com-
pared to pre-old adults. In contrast, our results suggested that the 
pre-old adults with frail were more likely to have mild disability. 
Generally, the prevalence of frailty increases with age. A previous 
systematic review and meta-analysis reported an increased preva-
lence of frailty in Japan among adults in their late 70s and be-
yond.21,22) Therefore, frail individuals, despite pre-old age, may be 
relatively more vulnerable and their ADL function more likely to 
decline to mild disability, without progressing to severe disability. 

Despite the different patterns between the pre-old and old age 
groups described above, the importance of preventing frailty may 
be the same across all ages. The causes of LTCI certification differ 
by age group.23) Specifically, lifestyle diseases (e.g., stroke, heart 
disease, and cancer) are more prevalent in the pre-old group, 
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Prefrail

Mild disability Severe disability

PrefrailFrail Frail

Overall
Pre-old group
Old group

Fig. 2. Adjusted odds ratios and 95% confidence interval (CI) from 
multinomial logistic regression analysis. No disability is the reference. 
The pre-old group is aged 65–74 years and the old group is aged ≥75 
years.

whereas the prevalence of frailty-related factors (e.g., dementia, 
fracture and fall, joint disorder, and weakness) is higher in the old 
group. Although the proportion of adults with frailty as a cause of 
disability may be low in the pre-old group of adults, those with 
frailty may be at high risk. In contrast, frailty may be a major factor 
directly related to severe disability in the old group. Therefore, in-
terventions to prevent and improve frailty are essential to prevent 
the progression of disability. 

A major strength of this study is the use of a large popula-
tion-based sample and the reporting of separate ORs of frailty as-
sociated with mild and severe disabilities. However, this study has 
several limitations. First, more than half of the target population 
did not participate in health examinations. Our results might have 
been underestimated because the health status of older adults who 
did not participate in health examinations was reportedly poor.24) 
Second, there was the potential for unmeasured confounding. For 
example, other comorbidities (e.g., dementia and stroke) and so-
cial factors are reportedly associated with the incidence of disabili-
ty.25,26) We could not obtain this information because this study 
was retrospective and used health examination data from the local 
government. Third, our results might have underestimated the in-
cidence of disability since it is a factor that is strongly associated 
with death. This study did not include individuals who did not ap-
ply for LTCI or who became disabled due to rapid progression and 
died without LTCI certification. Fourth, the KCL is not an inter-
nationally representative scale for assessing frailty. Although a pre-
vious study reported an association between the CHS frailty index 
and reliability,13,27) the comparability requires consideration. Fifth, 
using a scale that primarily assesses disability may lead to errors in 
assessing frailty since disability is very often a consequence of frail-
ty. Future studies should apply frailty assessment scales that are es-
sentially independent of disability. Lastly, we were unable to deter-
mine the cause of the LTCI certification as this information was 
not available. Therefore, how frailty affects the incidence of disabil-
ities remains unclear. 

In conclusion, the results of our study showed that both prefrail 
and frail were associated with the incidence of mild and severe dis-
abilities, with different patterns of association between the pre-
old/old age groups. Our findings suggest that different interpreta-
tions and approaches to frailty should be considered by age group 
for disability prevention in older adults.
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INTRODUCTION 

Increased age is associated with gradual molecular and cellular 
damage, impaired bodily functions; decreased muscle mass and 
strength; reduced bone density; multimorbidity; and hearing, vi-
sion, and recognition decline or loss, leading to the development 
of frailty in older individuals.1) Frailty is an age-associated biologi-
cal syndrome that precedes disability and negatively affects multi-
ple functional domains, including gait and mobility, balance, mus-
cle strength, aerobic endurance, and motor processing.2,3) Such 
conditions in older adults are often associated with an increased 
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risk of falls, hospitalization, and morbidity, subsequently causing 
negative effects on their ability to conduct daily activities.4,5) More-
over, functional limitations and frailty are associated with low cog-
nitive performance.6,7) Although methods exist for preventing frail-
ty, such as exercise or the development of guidelines on primary 
prevention,8,9) early risk screening can enhance the effectiveness of 
these prevention methods. Therefore, screening and monitoring 
tools for early detection and periodic follow-up are important for 
effective disease prevention and treatment. 

The most common methods of diagnosing frailty are based on 
phenotypic and deficit accumulation approaches.10) The frailty 
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phenotype approach, or Fried’s frailty phenotype, classifies an in-
dividual as frail if they present three or more of the five frailty 
items—slow walking speed, impaired grip strength, declining 
physical activity levels, exhaustion, and unintended weight loss. 
The presence of one or two of the five items is defined as pre-frail-
ty, while individuals with none of these items are considered 
healthy or robust.11) In addition, many screening tools are available 
to assess the risk of frailty. However, most of these are in the form 
of questionnaires11,13) for qualitative assessment, including the Frail 
Non-Disabled (FiND) questionnaire, Clinical Frailty Scale, and 
simple frailty questionnaire (FRAIL).14,15) These are commonly 
applied through interviews and observations; thus, the outcomes 
are subjective and highly dependent on the experience of the as-
sessors.16) In addition, decisions about clinically relevant changes 
can be difficult to make when the time intervals between visits are 
long or when assessors change.17) By contrast, functional assess-
ments are objective and roughly indicate the functioning levels of 
individuals; moreover, the outcomes may suggest further assess-
ments for systems with disorders.18-20) Therefore, functional assess-
ments, as assessed by Fried’s frailty phenotype, may be more useful 
and are commonly used as screening and monitoring tools over 
time.20) However, this standard method of assessment is based on a 
combination of multiple tests, which can be time-consuming and 
may be inconvenient for use in communities with large popula-
tions. Therefore, the exploration of a simple functional test reflect-
ing the overall functional ability that contributes to frailty is crucial 
and may promote the effectiveness of prevention and management 
strategies for older individuals. 

Frailty is often determined by important physical abilities, in-
cluding strength, gait ability, and balance. Therefore, we previously 
developed a three-time stand and walk test (TTSW) to assess 
muscle strength, gait, and balance ability in community-dwelling 
older individuals.21) The test requires individuals to perform sit-to-
stand movements on a chair three times, walk around a traffic cone 
placed 3 m from the front edge of the chair, and return to sit down 
on the chair at the fastest safe speed.21) The test has excellent reli-
ability (intraclass correlation coefficient [ICC] = 0.991; 95% confi-
dence interval [CI], 0.984–0.996) and good correlation with stan-
dard tests, including the five-time sit-to-stand (FTSST) (r = 0.648, 
p < 0.001) and Timed Up and Go test (TUGT) (r = 0.673, 
p < 0.100).22) Moreover, the outcome of TTSW was used to indi-
cate the risk of falling in older individuals.21) Therefore, the present 
study hypothesized that the TTSW is an appropriate method for 
detecting frailty related to falls and cognition in community-dwell-
ing older adults. The objectives of this study were to assess the pre-
dictive validity (primary objective) by exploring the optimal cut-
off score of the TTSW and to determine frailty and concurrent va-

lidity (secondary objective) by investigating the correlation be-
tween TTSW outcomes with falls and cognitive function in com-
munity-dwelling older adults. 

MATERIALS AND METHODS 

The cross-sectional study involved 118 Thai community-dwelling 
older people aged 60 years and above and a body mass index 
(BMI) between 18.5 and 29.9 kg/m2. For eligibility, the partici-
pants were required to be able to stand up independently, walk 
with or without a walking device, and understand the commands 
used in this study. The exclusion criteria were any signs and symp-
toms that might affect study participation, such as uncontrolled or 
unstable hypertension, heart disease, and pain in the musculoskel-
etal system with a visual analog scale score of more than 5 out of 
10. The research protocols were approved by the Ethics Commit-
tee of the Institute for Human Research (No. 2/064/61), Univer-
sity of Phayao, Thailand. The participants provided written in-
formed consent before their participation in the study. 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.23) 

Procedures 
The eligible participants were assessed to collect demographic 
data, including age, sex, height, weight, vital signs, underlying dis-
eases, requirement for a walking device, and fall history over the 
past 6 months. The participants were diagnosed with frailty based 
on the frailty phenotype criteria.11) The participants were then as-
sessed for the study outcomes (Fig. 1), including the following. 

FiND questionnaire 
This study used the FiND questionnaire as a standard screening 
tool to determine frailty. The FiND questionnaire consists of five 
questions. Two questions are specifically aimed at identifying indi-
viduals with mobility disabilities (an early stage of the disabling 
process). For the present analysis, we defined the presence of mo-
bility disability as “a lot of difficulties” or “inability” to perform at 
least one of these two terms. The remaining three questions are 
aimed at assessing the following signs, symptoms, or conditions 
that are commonly considered components of frailty syndrome: 
weight loss, exhaustion, and sedentary behavior. In the present anal-
yses, we considered participants meeting one or more frailty criteria 
in the absence of mobility disability to be “frail.” Notably, the weight 
loss and exhaustion criteria included in the FiND questionnaire 
were the same as those originally proposed for the frailty pheno-
type. Participants reporting no mobility disability and no frailty cri-
teria were considered robust in the FiND questionnaire.11,14,24) 
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TTSW 
The participants were required to sit on a standard armless chair 
with their backs upright, a hip flexion of 90°, feet placed flat on the 
floor approximately 10 cm behind the knees, and arms at their 
sides. The participants were then instructed to stand with their 
hips and knees in full extension and then sit down three times, 
walk around a traffic cone placed 3 m from the front edge of the 
chair, and return to sit down on the chair at the fastest safe speed.21) 
The average time to complete the three trials was used in the data 
analyses. During the tests, the participants wore a lightweight safe-
ty belt around their waist, with a physiotherapist walking alongside 
them to ensure the safety of the participants and improve the accu-
racy of the outcomes. 

Fear of falls (FOF) assessment 
We tested the participants’ FOF using a yes/no question evalua-
tion scale combined with the Falls Efficacy Scale-International 
(FES-I).25) The FES-I was developed and validated for the inten-
sive assessment of FOF, self-efficacy, and balance confidence. The 
questionnaire comprises 16 items, including basic and instrumen-
tal activities of daily living. Each activity was scored from 1 (not at 
all concerned) to 4 (very concerned), resulting in a total score 
ranging from 16 (absence of concern) to 64 (extreme concern). 

Mini-Mental State Examination (MMSE) Thai 2002 
This study used the Thai version of the MMSE (MMSE-Thai 
2002). The test was developed and validated using the original En-
glish version.26) The MMSE-Thai 2002 is a screening instrument 

commonly used as a global cognitive test and is the current clinical 
mainstay cognitive screening instrument in Thailand. The test was 
scored in terms of the number of correctly completed items, in 
which low scores indicated poor performance and significant cog-
nitive impairment. This 30-item questionnaire (the maximum 
score is 30) is used extensively in clinical, research, and community 
settings to measure and screen for cognitive impairment.27,28) 

Statistical Analysis 
We used descriptive statistics to explain the personal data and 
study findings. An independent sample t-test was used to indicate 
the discriminative ability of TTSW for participants with and with-
out frailty. Spearman rank correlation coefficient (rho) and Pear-
son correlation coefficient (r) were used to quantify the levels of 
correlation between the outcomes of TTSW and those of FiND, 
FES-I, and MMSE-Thai 2002 scores. Receiver operating charac-
teristic (ROC) curves were further utilized to verify the diagnostic 
accuracy of the TTSW to indicate frailty by exploring the optimal 
cut-off score, sensitivity, specificity, and area under the ROC curve 
(AUC). The level of statistical significance was set at p < 0.05. 

RESULTS 

The current study recruited a total of 118 eligible participants with 
an average age of 73 years and a normal BMI. The average age and 
BMIs differed significantly between frail and normal participants 
(p < 0.001 and p < 0.05, respectively) (Table 1). Although most 
participants could walk independently without assistive walking 
devices (77.97%), all those who used walking devices (26 partici-
pants) were frail. The results showed significant differences in the 
TTSW, FES-I, and MMSE-Thai 2002 scores between participants 
with and without frailty (p < 0.001) (Table 1). 

Fig. 2 is a scatterplot showing the levels of correlation between 
the outcomes of the TTSW and the FiND, FES-I, and MMSE-
Thai 2002. The results revealed that the TTSW scores were signifi-
cantly correlated with FiND, FES-I, and MMSE-Thai 2002 
(rho = 0.705, r = 0.482, and r = –0.510, respectively; p < 0.001) 
(Fig. 2). 

Table 2 shows the optimal cut-off scores for the TTSW. The re-
sults indicated that a TTSW time ≥ 18 seconds had a good ability 
to indicate frailty in older individuals, with the best sensitivity, 
specificity, and accuracy. 

DISCUSSION 

The results of the present study verified the TTSW as an alterna-
tive optimal screening tool to detect frailty in community-dwelling 

Eligible participants (n=118)

Analyze data

Frail (n=69) Normal (n=49)

Interview/assess;
• Demographics data
• FES-I questionnaire
• MMSE-Thai 2002 questionnaire
• FiND questionnaire

Diagnose frailty by using the FiND

Performed three-time stand and walk test

Fig. 1. Participation flowchart. FES-I, Falls Efficacy Scale-Internation-
al; MMSE-Thai 2002, Mini-Mental State Examination Thai version 
2002; FiND, Frail Non-Disabled.
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Table 1. Demographics of the participants

Variable Total (n = 118) frailty (n = 69) normal (n = 49) p-value
Age (y) 73.03 ± 7.69 74.81 ± 8.68 70.53 ± 5.00 < 0.001
Sex
 Male 39 (33.05) 21 (30.43) 18 (36.73)
 Female 79 (66.95) 48 (69.57) 31 (63.27)
BMI (kg/m2) 22.13 ± 3.94 21.48 ± 4.27 23.08 ± 3.22 0.028
Assistive walking devices
 None 92 (77.97) 43 (62.32) 49 (100)
 Cane 24 (20.34) 24 (34.78) 0 (0)
 Walker 2 (1.69) 2 (2.70) 0 (0)
FES-I score 35.95 ± 13.73 40.87 ± 13.50 29.02 ± 10.84 < 0.001
MMSE-Thai 2002 score 24.53 ± 3.71 23.15 ± 3.68 26.55 ± 2.70 < 0.001
FiND score
 0 49 (41.53) - -
 1 49 (41.53) - -
 2 17 (14.40) - -
 3 3 (2.54) - -

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; FES-I, Falls Efficacy Scale-International; MMSE-Thai 2002, Mini-Mental State Examination Thai version 2002; FiND, Frail Non-Dis-
abled; TTSW, three-time stand and walk test.
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older adults. The key finding of the current study was that the 
TTSW was significantly correlated with frailty, FOF, and cognitive 
function, as measured using FiND, FES-I, and MMSE-Thai 2002, 
respectively. Moreover, the results of the current study showed that 
the time to complete TTSW was at least 18 seconds, which was 
the optimal cut-off score to indicate frailty in community-dwelling 
older individuals. 

The TTSW was developed to assess the functional capacity and 
risk of falls in community-dwelling older individuals.21) The test is 
challenging and demanding for muscles in the lower extremities 
and for assessing balance control and walking ability. This ability re-
quires adequate muscle co-contraction, muscle force, and joint 
torque in the lower extremities to repeatedly perform sit-to-stand 
movements. Moreover, the ability to stand from a chair at the fastest 
safe speed three times can determine the functional capacity and 
risk of falls in community-dwelling older adults.29) The ability to 
perform sit-to-stand movements three times was significantly cor-
related with FTSST (r = 0.942, p < 0.001) and was an excellent fall 
indicator (sensitivity = 88.89%, specificity = 100%, AUC = 0.92, 
95% CI 0.81–1.00).29) In addition, the participants were requested 
to walk at the fastest and safest speed for 3 m and then return to sit 
in the testing chair. This ability requires good postural control while 
walking at the maximum speed and turning. In particular, the ability 
to walk at a maximum and safe speed requires good neuromuscular 
function30) and can be a valuable assessment tool to more rapidly 
determine functional decline than that based on usual walking 
speed with advancing age.31,32) Moreover, the assessment of walking 
speed has shown validity in predicting frailty.33,34) Therefore, the re-
sults of the test were significantly positively correlated with func-
tional strength and balance in community-dwelling older people 
(r = 0.88, p < 0.001 and r = 0.91, p < 0.001, respectively)35) and can 
be a good fall screening tool, with high sensitivity and specificity 
and a high AUC (sensitivity = 80.00%, specificity = 91.43%, 
AUC = 0.87, 95% CI 0.79–0.98).21) 

Frailty leads to poor outcomes in older people.11) In particular, 
frailty is associated with physical capacity impairments, such as 
muscular weakness and slow walking speed,11) and decreases in 

other physical capacities, including reduced balance, speed, endur-
ance, dexterity, and muscle density.36,37) Older individuals who ex-
perience falls often develop FOF when performing daily activi-
ties.38,39) The results of the present study demonstrated that falls 
are an independent predictor for developing FOF 20 months later 
(OR = 1.75; p < 0.001), and that FOF at baseline was a predictor 
of falling at 20 months (OR = 1.79; p < 0.001).39) An intense FOF 
caused a 1.45-fold higher risk of cognitive decline in older adults 
compared to that in individuals without FOF.40) In particular, the 
participants with and without frailty showed significant differences 
in executive functions and processing speed domain (p < 0.01), as 
measured by the MMSE.40) 

This study has some limitations. First, many methods were used 
to screen for frailty in older individuals, which may have affected the 
identification of the participants in this study compared to other 
studies and their future use. In particular, the current study was con-
ducted in older Thais; therefore, caution is needed when applying 
the results to other populations that may have different baseline 
characteristics. Second, two-thirds of the participants were women, 
which may have affected the results. However, when the partici-
pants were divided into frail and non-frail groups, the proportions 
of male and female participants were equal. Third, this study uti-
lized the FiND to identify frailty; however, this tool may not be 
consistent with other international definitions of frailty. Further 
studies may need to apply gold-standard diagnostic criteria such as 
the Cardiovascular Health Study (CHS) frailty phenotypes. 

In conclusion, the results of the current study support the use of 
the TTSW to determine frailty in community-dwelling older 
adults. TTSW showed significant correlations with the outcomes 
of frailty, FOF, and cognitive function (rho = 0.705, r = 0.482 and 
r = –0.510, respectively; p < 0.001) (Fig. 2) and had excellent diag-
nostic accuracy in determining frailty with high sensitivity 
(88.41%), specificity (83.67%), and AUC (0.926; 95% CI 0.883–
0.970) (Table 2). The TTSW is a complex but practical and inex-
pensive tool with minimum equipment requirements. The imple-
mentation of this tool in a community setting may be useful for the 
initial screening, monitoring, and referral of data by healthcare 

Table 2. Cut-off score of the TTSW to determine frailty in older adults

Cut-off (s) Sensitivity (%) Specificity (%) Correctly classified (%) AUC (95% CI)
16 91.30 71.43 83.05 0.926 (0.883–0.970)
17 88.41 75.51 83.05
18 88.41 83.67 86.44
19 79.71 87.76 83.90
20 72.46 91.84 80.57

TTSW, three-time stand and walk test; AUC, area under ROC curve; CI, confidence interval.
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professionals. A TTSW cut-off score of 18 seconds was the opti-
mal criterion to indicate frailty in community-dwelling older peo-
ple. 
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Background: Aging causes locomotive syndrome (LS), which is characterized by difficulty in 
walking. The present study determined the effects of locomotion training and regular aerobic ex-
ercise programs on the aerobic capacity of older nursing home residents with LS stage 1. Meth-
ods: This randomized controlled trial included 24 participants aged 60-80 years with LS stage 1 
residing in a single nursing home in Surabaya, Indonesia. The participants were randomly as-
signed to either the locomotion training group (LTG) or the control group (CG). Both the groups 
performed 30 minutes of a daily group-based aerobic exercise program for 8 weeks. The LTG per-
formed additional locomotion training three times weekly, with three sets per session, gradually 
increasing to five sets per session according to the participant’s tolerance. Two-minute walking 
test (2MWT) values before and after the 8-week intervention were determined in both the groups 
and converted to maximum oxygen consumption (VO2max) values. Results: After 8 weeks of inter-
vention, a significant increase in VO2max was observed in both the groups (both p<0.05). The LTG 
showed a more significant improvement in VO2max (p<0.05) compared to the CG. Conclusion: The 
study results demonstrated the positive effect of 8 weeks of locomotion training and regular aer-
obic exercise programs in improving the aerobic capacity of older adult nursing home residents 
with LS stage 1. 

Key Words: Older adult, Locomotion, Mobility limitation, Aerobic exercise, Physical Fitness, Nurs-
ing home

Corresponding Author: 
Damayanti Tinduh, MD, PhD 
Department of Physical Medicine and 
Rehabilitation, Dr Soetomo General 
Academic Hospital, Faculty of 
Medicine, Airlangga University, Jalan 
Mayjen. Prof. Dr. Moestopo No. 6-8, 
Surabaya, Jawa Timur 60286, Indonesia 
E-mail: damayanti.tinduh@fk.unair.ac.id  
ORCID: 
https://orcid.org/0000-0001-6604-8152

Received: July 7, 2022 
Revised: September 17, 2022 
Accepted: September 27, 2022 

INTRODUCTION 

Indonesia is an aging society. According to Indonesian Central Bu-
reau of Statistics (BPS) data in 2020, the number of citizens aged 
60 years or older in Indonesia reached 26.82 million, or approxi-
mately 9.92% of the total population. This number is predicted to 
increase to around 20% in 2045.1) Aging causes the deterioration 
of various organs, including locomotor organs such as the bones, 
joints, muscles, and nerves.2) Locomotive syndrome (LS) is a state 
of degraded mobility due to impaired locomotive organs, which 

results in an increased risk of disability.3) This syndrome, charac-
terized by decreased physical function in older adults, leads to lim-
itations 1st in activities of daily living (ADL) and reduced quality 
of life.2,3) Locomotion syndrome is classified into three stages de-
pending on the severity of locomotion dysfunction. Locomotion 
stage 1 indicates the beginning of the mobility function decline 
and is recommended to perform exercise training (locomotion 
training). Locomotion stages 2 and 3 need further physician evalu-
ation before any intervention is taken.2,3)

The decrease in physical function with increasing age can be as-
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sessed by measuring exercise capacity using maximal and submax-
imal exercise tests to measure maximum oxygen consumption 
(VO2max).4) The 2-minute walk test (2MWT) is a shorter and rela-
tively safer submaximal training test, especially for frail older 
adults. These tests are safe and simple, provide the same informa-
tion on mobility, and are valid and reliable for the measurement of 
aerobic capacity in older adults.5,6) 

Physical exercise can improve physical function, reduce inflam-
mation, and delay dependence in older adults.7-9) The recommend-
ed physical exercise program for older adults is multicomponent 
exercises that include strength, flexibility, balance, and aerobic ex-
ercise.10) The locomotion training developed by the Japanese Or-
thopedic Association is a combination of strengthening and bal-
ance exercises that are proven safe, simple, and effective for im-
proving the physical function of older adults.2,3) 

Nursing homes in Indonesia are funded mainly by the govern-
ment, private companies, and charity organizations. Usually, only 
older adults with comorbidities and poor financial support move 
to nursing homes.11) Due to the lack of funds and staff, many of 
these nursing homes cannot provide comprehensive and multi-
modal exercise programs to their residents. Thus, short-duration, 
low-to-moderate-intensity aerobic exercise has become a staple in 
most nursing homes in Indonesia. 

The present study aimed to assess the effect of locomotion train-
ing and regular aerobic exercise programs on the aerobic capacity 
of older adults with LS stage 1 living in nursing homes. We hypoth-
esized that older adults who participated in the intervention 
groups would show significantly improved outcomes compared to 
their peers in the control group (CG). 

MATERIALS AND METHODS 

Study Design and Study Population 
This randomized clinical trial was conducted at Jambangan Nurs-
ing Home from December 2020 to February 2021. The study 
population consisted of older adults residing in the nursing home. 
The inclusion criteria were older adults aged 60–80 years with LS 
stage 1—a positive Indonesian version of the loco-check12) and a 
25-question Geriatric Locomotive Function Scale (GLFS-25) 
score of 7–15.13) The exclusion criteria were loss of sight, hearing, 
and other senses that affected communication; previous diagnosis 
of dementia or cognitive impairment; unstable hemodynamics; 
any acute metabolic disorder; heart failure (New York Heart Asso-
ciation [NYHA] class II, III, and IV); uncontrolled hypertension 
(systolic blood pressure > 180 mmHg, diastolic blood pressure 
> 100 mmHg); uncontrolled arrhythmia; stable or unstable angi-
na pectoris; and any pain or physical disability that prevented exer-
cise. Fig. 1 shows a flowchart of the study participants. This study 
was approved by the Research Ethics Committee of Airlangga 
University School of Medicine Health (No. 207/EC/KEPK/
FKUA/2020). All procedures followed the principles of the 1964 
Declaration of Helsinki and its later amendments or comparable 
ethical standards. The patients were informed about the study pro-
tocol, and they provided their written informed consent. This 
study complied the ethical guidelines for authorship and publish-
ing in the Annals of Geriatric Medicine and Research.14) 

Randomization 
This randomized controlled trial included 24 older adults aged 

Assessed for eligibility (n=87)

Randomized (n=24)

Allocated to aerobic exercise group (n=12)

Analyzed (n=10)

10 Participants assessed lost to follow-up (n=2)
• Drop out (n=1)
• Knee pain during assessment (n=1)

Allocated to locomotion training addition group (n=12)

Analyzed (n=10)

10 Participants assessed lost to follow-up (n=2)
• Lower extremity pain (n=2)

Excluded (n=63)
- Bedridden or wheelchair bound (n=42)
- Low cognitive or dementia (n=3)
- Decreased hearing and vision (n=5)
- Negative loco check (n=2)
- GLFS-25 >15 (n=11)

Enrollment

Allocation

Follow-up

Analysis 8 week

Fig. 1. Flowchart of the study procedure. GLFS-25, 25-question Geriatric Locomotive Function Scale.
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60–80 years residing in a single nursing home in Surabaya, Indone-
sia. The participants were randomly assigned to the intervention/
locomotion training group (LTG) or CG. This trial was not blind-
ed for participants and investigators because the intervention could 
not be blinded. The sample size for the present study was calculat-
ed15) based on a previous study examining the effects of a multi-
component exercise intervention on frail older adults,16) with alpha 
error rate (α) =  5% and beta error rate (β) =  20%. The research 
sample comprised 10 older adults in each group. The sample size 
was increased by 20% to account for participant dropout during 
follow-up. The final sample size was 24 older adults, who were 
equally distributed between the two groups (12 participants in 
each group).  

Interventions 
The participants in both the groups performed mild-to-moderate 
aerobic exercise daily (40%–70% maximal heart rate) for 30 min-
utes per session. The aerobic exercise included movements to im-
prove cardiorespiratory and muscle endurance and maintain joint 
flexibility. The LTG received additional locomotion training three 
times per week; the three sets per session were gradually increased 
to five sets per session according to the participants’ tolerance. In 
both LTG and CG, measurements were performed before and af-
ter 8 weeks of intervention and compared statistically. 

Locomotion Training 
The locomotion training included strengthening and balancing ex-
ercises. The four exercises included one-leg stand, half-squat, heel 
raise, and forward lunge. All exercises were performed in six-mem-
ber groups under the supervision of a physician, two physiothera-
pists, and nursing home medical staff on pre-programmed days 
and hours in the Jambangan Nursing Home multipurpose room. A 
physiotherapist provided examples of the movements to ensure 
the correctness of the movements during locomotion training. 
The participants were also provided with a booklet and video de-
scribing the locomotion training. The details of each set of loco-
motion training exercises and instructions were as follows: sin-
gle-leg standing with eyes open (1 minute for each leg), squats (six 
repetitions), heel raises (10 repetitions), and forward lunges (five 
repetitions for each leg). Further details are available from the Jap-
anese Orthopedic Association (https://locomo-joa.jp/assets/
pdf/index_english.pdf). 

Control Group 
The CG received routine health care at Jambangan Nursing Home, 
including monthly physician visits, tests, prescription medications, 
and daily activities. The CG participants were asked not to partici-

pate in any other intervention-based training program during the 
8-week study period. To meet the ethical principles, the CG was 
provided knowledge of the concepts of the locomotion training 
program and its applications after completing the research data. 

Assessments 
We obtained written informed consent from all participants after 
providing them with necessary information about the study. The 
participants then completed the research forms, which allowed the 
collection of data on sociodemographic characteristics including 
age, sex, education, and use of walking aids. The participants re-
corded their body weight, body height, body mass index (BMI), 
and submaximal exercise testing with 2MWT in 30-m courses. 
The distance was recorded and converted to VO2max using equa-
tion6): 

VO2max (mL/kg BB/min) =  2.809 + (0.868 ×  age) – (0.0412 ×  
body weight) – (0.382 ×  body height) – (0.474 ×  walking speed) 

Note: Age (y), body weight (kg), body height (cm), walking speed 
(m/min), estimation of error standard =  0.119. 

This equation was developed by Pratiwi et al.6) in 2019 for older 
adults with frailty. The VO2max value obtained from this equation 
was calculated using confirmatory factor analysis. The calculation 
of the Pearson correlation coefficient revealed a strong correlation 
(r = 0.791; p < 0.001) with the 2MWT and a significant correlation 
with VO2max values during the 6-minute walking test (6MWT) 
submaximal training test. The 2MWT has shown very good 
test-retest reliability (intraclass correlation coefficient [ICC] =  
92.5%). This result demonstrated that the 2MWT submaximal 
training test was reliable for the assessment of aerobic capacity.6) 

Statistical Analyses 
IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Ar-
monk, NY, USA) was used to analyze the data. Categorical vari-
ables are expressed as numbers and percentages, while continuous 
variables are expressed as means and standard deviation (SD). In 
the statistical evaluations of the variables, we assessed the normali-
ty of the variable measurements using Shapiro-Wilk tests. Indepen-
dent- and paired-sample t-tests were used in pairwise comparisons 
and within- and between-group evaluations because they were 
consistent with the normal distribution. Statistical significance was 
set at p < 0.05. 

RESULTS 

The mean ages of the LTG and CG (75.40 ± 4.88 and 72.30 ± 4.30 
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years, respectively) were similar, and most participants in both the 
groups were female (70% in both the groups). The other demo-
graphic characteristics of the two groups were also similar (Table 
1). We observed no significant differences in the mean and SD of 
baseline body weight, height, BMI, GLFS-25, 2MWT, and VO2max 
between the LTG and CG (Table 1). Two participants each in the 
LTG and CG dropped out of the study. Hence, the study was com-
pleted by 10 participants each in the LTG and CG. The outcomes 
of within- and between-group assessments after calculating the 
median and mean values for each scale before and after the 8-week 
intervention were also performed. The mean 2MWT score before 
and after the 8-week intervention differed significantly in the LTG 
(p = 0.001). The mean and SD of 2MWT before the intervention, 
91.70 ± 20.90, increased to 107.00 ± 21.38 after the intervention, 
indicating the effectiveness of the additional locomotion training 
on improving mobility in older adults with LS. However, we ob-
served no significant changes in the CG (p = 0.249). The mean 
2MWT values differed significantly between the two groups after 
the 8-week intervention (p = 0.004) (Table 2). The mean VO2max 
differed significantly before and after the 8-week intervention in 
the LTG and CG (p < 0.001 and p = 0.022, respectively). The 
mean and standard deviation of VO2max before the intervention, 
28.9 ± 6.9, increased to 33.4 ± 8.3 after the intervention in the LTG. 
Moreover, the mean and SD of the VO2max before the intervention, 
34.6 ± 8.6, increased to 36.6 ± 8.8 after the intervention. The two 

groups also showed a significant difference in the mean VO2max val-
ues after the 8-week intervention (p = 0.016) (Table 3). 

DISCUSSION 

The present study assessed the effect of locomotion training and 
regular aerobic exercise programs on older adults with LS stage 1 
who were nursing home residents. LS is a condition of reduced 
mobility due to impairment of the locomotive organs. Because up-
right bipedal walking involves minutely controlled movement pat-
terns, it can be adversely affected by the impairment of any aspect 
of the locomotive organs. The progression of these impairments 
eventually results in limitations in ADL, reduction in quality of life, 
and the necessity for care support. Based on the 2020 LS criteria, 
LS can be classified into three stages based on the total GLFS-25 
score, with scores ≥ 7 to < 16, ≥ 16 to < 24, and ≤ 24 categorized 
as LS stages 1, 2, and 3, respectively. A higher score indicates lower 
locomotive function, and physical performance test results differ 
significantly between LS stages 2 and 3, while muscle strength dif-
fers significantly between LS stages 1 and 2.2,3,13) 

Functional mobility and independence are the main objectives 
of rehabilitation programs. Functional capacity reflects an individ-
ual’s aerobic capacity.6) The current concept of LS focuses on 
strength and balance impairments in determining decreased func-
tional capacity and mobility in older adults.2,3) The lower limb 

Table 1. Baseline demographic characteristics of the participant groups

Characteristic Locomotion training group (n = 10) Control group (n = 10) p-value
Age (y) 75.40 ± 4.88 72.30 ± 4.30 0.15
Sex
 Female 7 (70) 7 (70)
 Male 3 (30) 3 (30)
Education level
 Elementary school or lower 7 (70) 8 (80)
 Middle school 1 (10) 1 (10)
 High school 1 (10) 1 (10)
 University 1 (10) 0 (0)
Ambulatory Aid
 Yes 1 (10) 0 (0)
 No 9 (90) 10 (100)
Body height (cm) 148.5 ± 8.51 153.7 ± 7.97 0.18
Body weight (kg) 45.41 ± 8.08 48.96 ± 13.30 0.48
BMI (kg/m2) 20.56 ± 3.19 20.50 ± 4.38 0.97
GLFS-25 score 8.20 ± 1.93 8.50 ± 1.58 0.71
Baseline 2MWT (m) 91.7 ± 20.9 90.0 ± 14.5 0.84
Baseline VO2max (mL/kg/min) 28.9 ± 6.9 34.6 ± 8.6 0.12

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; GLFS-25, 25-question Geriatric Locomotive Function Scale; 2MWT, 2-minute walk test; VO2max, maximum oxygen consumption.

www.e-agmr.org

326 Michael Prayogo et al.



muscle strength is strongly positively correlated with body balance 
in older adults.17) Strength and balance are often significant con-
tributors to mobility limitations, and aerobic capacity, often mea-
sured as maximal oxygen uptake (VO2max) or peak oxygen uptake 
(VO2peak), also correlates with self-reported difficulty and disability 
and timed functional performance in older adults.18) 

Aerobic capacity is generally assessed by measuring VO2max. 
However, this measurement requires complex equipment and lab-
oratories, specific and expensive equipment, supervision of a pro-
fessional medical team, and consideration of the motivation and 
physical effort of the subject to undergo the training test. There-
fore, an alternative test is required to estimate VO2max using a sub-
maximal training test.6,19) 

The 6MWT is a standardized test developed by the American 
Thoracic Society in 2002 to measure VO2max. However, this test 
has limitations in older adults, especially those with frailty. The 
6MWT is too tiring, takes longer, and increases the risk of falling 
in frail older adults; therefore, the 2MWT may be an alternative in 
this population. The 2MWT has good validity, as anthropometric 
parameters of weight, height, age, sex, and walking speed in the 
2MWT were significantly correlated with VO2max during the 
6MWT submaximal training test. The 2MWT also has excellent 
test-retest reliability in frail older adults.6) 

In older adults, physical activity is associated with many health 
benefits and functional abilities, including ADL mobility and inde-
pendence. Physical activity also promotes better outcomes in older 
adults with chronic diseases. Physical exercise reduces the risk of 
falls and improves physical function, particularly in frail older 
adults with limited mobility.7,20)  

In this study, locomotion training and a regular aerobic exercise 

program for 8 weeks resulted in a significant increase in 2MWT in 
the LTG (15.3 ± 9.8 m). In contrast, we observed no significant 
change between the baseline and post-exercise periods in the CG. 
Connelly et al.5) reported that the minimum change value for the 
2MWT to show the effect of exercise on the aerobic capacity of 
older adults in nursing homes was 15 m, with a time between mea-
surements of at least 1 week. 

The walking test for measuring aerobic capacity indicates the ca-
pacity for independent mobility, defined as the ability to adjust 
body position independently, strength for vertical and horizontal 
transitions, and aerobic fitness. Tests based on runs have limita-
tions for use in older individuals with multisystem disorders.5) 
Walking test results are also highly correlated with other mobility 
measures, including balance and strength.21) LS is characterized by 
decreased balance and strength. Locomotion training combines 
strengthening and balance exercises; therefore, regular locomotion 
training can improve these factors, including the mobility ability of 
patients with LS.2,3) This improved mobility capability is evident in 
the 2MWT results. 

Comparisons of mean VO2max values before and after the 8-week 
intervention showed a significant difference between the LTG and 
CG (p =  0.016). Both the groups showed significantly increased 
VO2max; however, the difference was greater in the LTG than in the 
CG. A meta-analysis by Hurst et al.22) concluded that for the same 
duration, a combination of aerobic and strengthening exercises 
provided a better benefit in increasing VO2max compared to aerobic 
exercise alone in a population aged > 50 years. This is because ag-
ing simultaneously affects several physiological systems. Therefore, 
physical exercise in older adults should include resistance training, 
aerobics, balance, and flexibility exercises.23) 

Table 2. Within-group and between-group comparisons of 2MWT scores before and 8 weeks after the intervention

Locomotion training group Control group
p-value (between-group)

Score p-value (within-group) Score p-value (within-group)
Pre-intervention 91.7 ± 20.90 0.001* 90.0 ± 14.50 0.249 0.004*
Post-intervention 107.0 ± 21.38 92.7 ± 10.84

Values are presented as mean±standard deviation.
2MWT, 2-minute walking test.
*p<0.05.

Table 3. Within-group and between-group comparisons of VO2max scores before and 8 weeks after the intervention

Locomotion training group Control group
p-value (between-group)

Score p-value (within-group) Score p-value (within-group)
Pre-intervention 28.9 ± 6.9 < 0.001* 34.6 ± 8.6 0.022* 0.016*
Post-intervention 33.4 ± 8.3 36.6 ± 8.8

Values are presented as mean±standard deviation.
VO2max, maximum oxygen consumption.
*p<0.05.
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This study had several limitations. First, this study was per-
formed during the coronavirus disease 2019 pandemic and includ-
ed a relatively small number of participants in a single study area. 
Owing to the small number of participants, we could not assess the 
effect of locomotion training addition based on participant sex; 
therefore, sex differences in locomotive performance could be pos-
sible. Moreover, most participants were women; therefore, the re-
sults could not completely reflect the older population. Follow-up 
studies with larger sample sizes and geographical areas are warrant-
ed. Second, long-term effects of locomotion training were not 
monitored and the total exercise duration was longer in the LTG 
than in the CG. These differences in exercise durations also affect-
ed the results of the locomotion training. The evaluation of the 
long-term effects and an increased duration of the CG is recom-
mended in follow-up studies. 

In conclusion, the addition of locomotion training to a regular 
aerobic exercise program in nursing homes showed positive effects 
on improving mobility and aerobic capacity in older adults with 
LS stage 1. Locomotive training may be an effective intervention 
to prevent and slow LS progression in older adults living in nursing 
homes. 
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INTRODUCTION 

The demographic change due to increasing life expectancy and a 
decreasing fertility rate causes the aging of a society.1) Globally, the 
number of people aged 60 years or above is expected to double by 
2050.2) Although 9.7% of the total population in Turkey is aged 65 
years and over, this proportion is predicted to increase to 16.3% in 
2040 and 22.6% in 2060. In other words, nearly one in four people 
will be over 65 years of age in 2060.3) 

Despite currently lagging behind developed countries in terms 
of population aging, Turkey is facing an increasing number of aged 
people. In addition, sociodemographic changes reduce the support 
of informal caregivers and increase the demand for formal care. 
This situation underscores the need for the development of poli-
cies on long-term care (LTC) services before the situation be-
comes severe. Since public acceptance contributes to policy effec-
tiveness, it is critical to identify the LTC preferences of society be-
fore implementing LTC policies. 

LTC is defined as "a variety of ongoing health and social services 
provided for individuals who need assistance continuously be-

cause of physical or mental disability".4) While the need for LTC is 
not age-related, the need increases with age.1,5) These services can 
be categorized as home care (informal or formal), institutional 
care, and cash benefits. Given the cost of services, many countries 
build their LTC systems predominantly to strengthen home care.6-

9) Individuals also prefer to receive services in their homes.10,11) 
However, it is not always possible to provide these services. The 
absence of a family member prevents informal care at home. In 
some cases, despite the availability of a suitable family member for 
informal care, avoidance of support may occur owing to the heavy 
burden of care.12) 

Although individuals are more willing to stay in their own 
homes in old age, factors such as age, sex, dependency level, and 
the presence of chronic diseases and cognitive disorders impact 
the care preferences of individuals.6,12-14) Individuals' personal pref-
erences may differ regarding receiving care at home (formal or in-
formal) or in an institution.15-17) Several studies have reported that 
individuals who live alone, women, and younger people prefer in-
stitutional care.13,18) In contrast, men generally prefer informal 
care.13,18,19) Studies have also shown a positive relationship between 
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individuals' education level and their preferences for institutional 
(or formal) care.20) Guo et al.10) reported that the LTC preference 
depends significantly on the severity of an individual's health im-
pairment. Matsumoto et al.19) highlighted the effects of neighbor-
hood environmental factors on LTC preference, in which people 
living in difficult areas with limited access to markets, hospitals, 
and transportation options preferred to relocate rather than remain 
in their homes when bedridden. 

Today, many countries improve their LTC systems according to 
the socio-demographic characteristics, culture, and values of their 
societies.21) No uniform system can be applied to every country.22) 
The demand characteristics play a crucial role in the planning of 
LTC services. In particular, factors such as (1) individuals' prefer-
ences for institutional or home care and (2) the availability of in-
formal support should be considered in shaping care workers and 
financing. 

The Andersen Model, originally developed to determine the 
factors affecting the utility of healthcare services, is also frequently 
used to identify the factors affecting the preferences for LTC ser-
vices.16,20,23) The many factors driving the use of services can be 
classified into three groups: predisposing, enabling, and need. Pre-
disposing factors include demographic characteristics, health be-
liefs (attitudes, beliefs, and information on healthcare), and so-
cio-economic status indicators. Enabling factors refer to personal 
and community resources that facilitate service use, including the 
availability of health personnel and facilities and the means and 
knowledge of access to them. Lastly, need factors address subjec-
tively perceived and/or professionally assessed health sta-
tus.16,17,24,25) 

The present study aimed to identify LTC preferences and the 
factors affecting those preferences in Turkish society based on the 
Andersen Behavior Model.23) Understanding the preferences and 
the affecting factors is important for providing human-centered 
care, which is essential for effectively delivering high-quality LTC. 
As LTC will soon become an important issue in Turkey, the early 
identification of these preferences and the significant factors influ-
encing them are critical for effective policymaking. 

LTC in Turkey: Caregiving for Older and Dependent People 
Turkey currently has no universal coverage system for LTC. Only 
individuals meeting the criteria regarding means-testing and de-
pendency level can benefit from public LTC services.26) Addition-
ally, high-income individuals can receive services from private ser-
vice providers. Although services are mainly provided by public or 
private organizations, local governments and non-profit organiza-
tions play roles in service delivery, even if their shares are small.27,28) 

The latest data show that Turkey's expenditure on LTC services 
is 0.22% of its GDP.29) At the same time, the general budget financ-
es public services, while the services provided by municipalities 
and other public institutions are covered by their budgets. Private 
LTC services are based on out-of-pocket payment. LTC insurance 
does not exist and private health insurance policies do not cover 
LTC services. 

These services can be roughly divided into in-kind services and 
cash benefits. Almost 30,000 people are residents of 451 nursing 
homes, of which 267 are private, 163 are public, and 21 are 
non-profit organizations. In addition to nursing homes, 256 public 
and 295 private care and rehabilitation centers also exist. In addi-
tion, Turkey has 152 public centers in the form of "Hope Houses," 
where two to four individuals in need of LTC live together.30) 

Cash benefits for informal care are provided to strengthen infor-
mal care and help individuals and their families in need. About half 
a million people benefit from this assistance annually, which im-
plies that approximately ten billion Turkish liras are distributed an-
nually.30)  

High urbanization rates, shrinkage in family structure, changes 
in the role of women in the family, and increased participation in 
working life negatively affect informal LTC.8,31) However, it re-
mains the main source of care, as the rate of informal care provided 
by family members is still quite high in Turkey. Women mostly 
provide care to their families, such as spouses, children, and daugh-
ters-in-law.32,33) According to the Family Structure Survey, care is 
mostly provided by brides (28%), daughters (23%), spouses 
(18%), and sons (14%) in households with older adults requiring 
care. Only 2% of households have paid caregivers.34) 

In Turkey, due to the effect of traditional family structure and 
culture, individuals prefer to receive care in their homes. Kurtka-
pan35) showed that this is true for younger individuals, as 79% re-
ported a preference for home care. Asayesh and Ozben36) reported 
the reasons for preferring nursing home stays in different regions. 
Accordingly, the reasons for preferring nursing home stays in West-
ern Turkey included not being a burden to the family and not be-
ing alone. In contrast, the lack of care support from their children 
or families (or relatives) is the predominant motivation for nursing 
home stays in eastern Turkey.36) In addition, Kilic and Selimen37) 
investigated the reasons for the preferences for nursing home stays 
among people aged > 65 years in Istanbul, the most developed 
part of Turkey. In their study, 25.3% of individuals preferred to stay 
in the nursing home, 23% owing to the lack of care support by 
their children, 16.4% because of loneliness, and 6.4% due to being 
exposed to physical abuse. 
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MATERIALS AND METHODS 

In this quantitative study, secondary data were analyzed. We used 
data from the Family Structure Survey, a nationwide cross-section-
al survey conducted by the Turkish Statistical Institute (TurkStat) 
in Turkey in 2016. The survey collected social, demographic, eco-
nomic, and health data from 35,475 individuals living in Turkey. 

We performed logistic regressions by establishing binary and 
multinomial logit models. The binary logit model identified fac-
tors affecting the probability of selecting institutional care over 
home care. The estimated effects (coefficients) were the effects of 
log odds rather than the LTC preferences. We also calculated the 
marginal effects to determine the direct effects of the variables on 
the likelihood of choosing institutional care over home care (for-
mal or informal). 

The second model revealed the factors affecting the probability 
of selecting formal or institutional care over informal care at home. 
Because the LTC preferences were not in any particular order, a 
multinomial logit design was used to determine how the factors in 
the model affected each other. 

The outcome variables in the models were generated using a 
specific question investigating the LTC preferences of individuals. 
The possible responses were formal care at an institution, informal 
care by a son, informal care by a daughter, and formal care at home. 
Thus, the first option corresponded to formal care at an institution, 
the next two options to informal care, and the last option to formal 
care at home. 

We classified the factors according to the Andersen Model.23) 
The predisposing factors were age, sex, marital status, educational 
status, and living arrangement. The enabling factors were income, 
residential status, region, housing type, and number of children in 
the household. Finally, the need factors were the health status and 
level of happiness of the family. Table 1 summarizes the statistics of 
the variables used in the models. 

Ethical approval was not required. This study complied the ethi-
cal guidelines for authorship and publishing in the Annals of Geri-
atric Medicine and Research.38) 

RESULTS 

In this study, 12% (n = 4,188) of the respondents selected institu-
tional care, 30% (n = 10,631) selected formal care at home, 37% 
(n = 12,990) selected informal care, and 21% (n = 7,666) had no 
preference. Individuals without an LTC preference were not in-
cluded in the analyses (Fig. 1). 

Table 1. Description of the variables

Variable Value
Predisposing factors
 Sex
  Female 19,701 (55.5)
  Male 15,774 (44.5)
 Age (y) 42.9 (15–110)
 Marital status
  Single 7,572 (21.3)
  Married 24,566 (69.2)
  Divorced 1,012 (2.9)
  Widowed 2,325 (6.6)
 Educational status
  No education 5,250 (14.8)
  Primary school 14,048 (39.6)
  Secondary school 4,718 (13.3)
  High school 6,101 (17.2)
  Graduate 4,824 (13.6)
  Postgraduate 532 (1.5)
 Living arrangement
  Alone 1,964 (5.5)
  Elemantary family 27,675 (78.0)
  Extended family 5,836 (16.5)
Enabling factors
 Income (Turkish lira) 1,889.19 (1–75,000)
 Residency
  Village 13,764 (38.8)
  City centre 11,991 (33.8)
  District 9,188 (25.9)
  Abroad 532 (1.5)
 Region
  Eastern Anatolia 5,925 (16.7)
  Marmara 10,181 (28.7)
  Aegea 5,144 (14.5)
  Central 6,811 (19.2)
  Meditarrenean 3,689 (10.4)
  Black Sea 3,725 (10.5)
 Housing type
  House 15,183 (42.8)
  Flat 20,291 (57.2)
 Number of children 2.151 (0–18)
Need factors
 Health 3.752 (1–5)
 Happiness of the family 3.815 (1–5)

Values are presented as frequency (%) or mean (min–max).

Institutional Care vs. Home Care (Informal or Formal Care) 
The findings are summarized in Table 2. We observed that an indi-
vidual's age had a negligible effect on the probability of selecting 
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institutional care over home care. Men were less likely to choose 
institutional care compared to women. Marital status showed di-
vergent effects on LTC preference. Divorced individuals were al-
most 10% more likely to select institutional care compared to sin-
gle individuals, whereas widowed individuals were almost 10% less 
likely to select institutional care. Individuals with more education 
were more likely to choose institutional care than people with no 
education. 

Additionally, although the marginal effects are small, individuals 
with extended or elementary families were almost 5% less likely to 
select institutional care. Income was not associated with LTC pref-
erence, although we observed notable effects of residential and re-
gional status. Individuals living in city centers and districts were al-
most 5% more likely to select institutional care over home care 
compared to their counterparts living in villages. In addition, all 
other regional categories were more likely to select institutional 
care compared to individuals living in Eastern Anatolia. Individu-
als living in flat areas were more likely to choose institutional care 
compared to individuals living in houses. An increased number of 
children in the house was associated with a 3% reduced chance of 
choosing an institution over home care. 

Surprisingly, we observed no significant effects of health status 
on LTC preferences, whereas increased family happiness was asso-
ciated with a decreased likelihood of choosing institutional care 
over home care. 

Formal Care at Home vs. Informal Care at Home (Panel 1) 
Table 3 presents the results of the multinomial logit estimation. 
Men were two-fold (1/0.489) less likely to select formal care at 
home over informal care. In addition, the logarithmic chance of se-
lecting formal care at home increased with increasing respondent 
age. All marital categories placed in the model were less likely to se-

lect formal care at home compared to single individuals, which was 
the reference category. Compared to their single counterparts, 
widowed people were approximately four times less likely to 
choose formal care at home. 

We observed a trend in which more educated individuals were 

Do not have any 
idea 21%

Formal care to 
nursery home 12%

Formal care at 
home 30%

Informal care at 
home 37%

Fig. 1. Distribution of the respondents across the preferences of long-
term care.

Table 2. Formal care at nursing home (institutional care) vs. formal 
or informal care at home

Variable Coefficient Marginal effects
Predisposing factors
 Sex (female)
  Male -0.341** -0.041**
 Age 0.018** 0.002**
 Marital status (single)
  Married -0.051 -0.002
  Divorced 0.563** 0.079**
  Widowed -0.739** -0.070**
 Educational status (no education)
  Primary school 0.513** -0.063**
  Secondary school 0.720** 0.103**
  High school 0.864** 0.124**
  Graduate 1.128** 0.169**
  Postgraduate 0.933** 0.147**
 Living arrangement (alone)
  Elemantary family -0.258** -0.031**
  Extended family -0.416** -0.044**
Enabling factors
 Income 0.001 0.001
 Residency (village)
  City centre 0.394** 0.048**
  District 0.352** 0.044**
  Abroad -0.143 -0.015
 Region (Eastern Anatolia)
  Marmara 0.466** 0.058**
  Aegea 0.815** 0.116**
  Central 0.656** 0.089**
  Meditarrenean 0.639** 0.089**
  Black Sea 0.568** 0.078*
 Housing type (house)
  Flat 0.224** 0.025**
 Number of children -0.241** -0.028**
Need factors
 Health -0.044 -0.005
 Happiness of the family -0.144** -0.017**
  Constant -2.421**
  Number of observations 17009
  LR 1359.97**
  Pseudo-R2 0.089

LR, logistic regression.
*p<0.05, **p<0.01.
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Table 3. Multinomial logit model estimation results between formal care at home vs. informal care at home (Panel 1) and institutional care vs. 
informal care at home (Panel 2)

Variable
Panel 1 Panel 2

Coefficient RRR Coefficient RRR
Predisposing factors
 Sex (female)
  Male -0.713** 0.489** -0.768** 0.463**
 Age 0.021** 1.021** 0.030** 1.031**
 Marital status (single)
  Married -0.300** 0.740** -0.252* 0.776*
  Divorced -0.400** 0.670** 0.302* 1.355*
  Widowed -1.396** 0.247** -1.562** 0.209**
 Educational status (no education)
  Primary school 0.488** 1.630** 0.736** 2.089**
  Secondary school 0.750** 2.118** 1.081** 2.949**
  High school 0.764** 2.147** 1.233** 3.433**
  Graduate 0.876** 2.402** 1.557** 4.748**
  Postgraduate 0.893** 2.443** 1.382** 3.986**
 Living arrangement (alone)
  Elemantary family -0.546** 0.578** -0.604** 0.546**
  Extended family -0.934** 0.392** -0.930** 0.394**
Enabling factors
 Income 0.001** 1.000** 0.001** 1.000**
 Residency (village)
  City Centre 0.406** 1.501** 0.600** 1.822**
  District 0.356** 1.428** 0.525** 1.690**
  Abroad -0.019 0.98 -0.183 0.832
 Region (Eastern Anatolia)
  Marmara -0.025 0.975 0.435** 1.546**
  Aegea 0.493** 1.638** 1.083** 2.954**
  Central Anatolia 0.113* 1.119* 0.703** 2.021**
  Meditarrenean 0.401** 1.493** 0.847** 2.333**
  Black Sea -0.291** 0.747** 0.424** 1.528**
 Housing type (house)
  Flat 0.272** 1.313** 0.358** 1.431**
 Number of children -0.103** 0.902** -0.291** 0.747**
Need factors
 Health 0.022 1.022 0.031 0.968
 Happiness of the family -0.079** 0.923** -0.190** 0.826**
 Constant -0.520** 0.594** -1.850** 0.157**
 Number of observations 17009 17009 17009 17009
 LR 3174.72** 3174.72** 3174.72** 3174.72**
 Pseudo-R2 0.091 0.091 0.091 0.091

RRR, relative risk ratio; LR, logistic regression.
Panel 1, formal care at home vs. informal care at home; Panel 2, institutional care vs. informal care at home.
*p<0.05, **p<0.01.

more likely to select formal care at home over informal care. Re-
garding living arrangements, individuals living with their immedi-
ate or extended family were 1.73 (1/0.578) and 2.55 (1/0.392) 
times less likely to select formal care at home, respectively. The 

probability of selecting informal care tended to increase with in-
creasing family size. However, the respondent’s income was not as-
sociated with LTC preference, although the estimated coefficient 
was not statistically significant. Individuals living in city centers or 
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districts and the Aegean, Central Anatolian, and Mediterranean re-
gions were more likely to select formal care at home over informal 
care compared to their village-residing counterparts. 

In contrast, individuals in the Black Sea region were less likely to 
select formal care at home over informal care compared to individ-
uals in Eastern Anatolia. Respondents living in flats were more 
likely to select formal care at home compared to respondents living 
in houses. Finally, a one-unit increase in the number of children in 
the household was associated with a decrease in the logarithmic 
chance of selecting formal care at home over informal care. More-
over, an individual's health status did not significantly impact their 
LTC preference. Finally, increased family happiness was associated 
with decreases in the logarithmic chance of selecting formal care at 
home, suggesting that happier families were more likely to select 
informal care. 

Institutional Care vs. Informal Care at Home (Panel 2) 
Compared to women, men were approximately two-fold (1/0.46) 
less likely to select institutional care. In addition, the logarithmic 
chance of selecting institutional care increased with increasing re-
spondent age. Divorced individuals were more likely to select insti-
tutional care, while married and widowed people were less likely to 
select informal care compared to their single counterparts. Wid-
owed individuals were nearly five times less likely to select institu-
tional care (1/0.209) compared to single individuals. All educa-
tional categories were more likely to select institutional care (over 
informal care at home) compared to individuals with no educa-
tion. In addition, we observed a trend in which more educated in-
dividuals were more likely to choose institutional care (despite the 
relative risk ratio of postgraduates being lower than that of univer-
sity graduates). Finally, individuals living with their elementary or 
extended families were 1.83 or 2.53 times less likely to select insti-
tutional care, respectively, compared to their lone counterparts. In-
come did not affect the LTC preferences. Individuals living in city 
centers and districts were more likely to select institutional care 
over informal compared to those living in villages. In addition, all 
regional categories were more likely to select institutional care than 
their Eastern Anatolia counterparts. Individuals living in flat areas 
were also more likely to select institutional care compared to those 
living in houses. Finally, the logarithmic chance of selecting institu-
tional care tended to decrease with an increasing number of chil-
dren. Thus, an individual's health status does not affect his/her 
preference for LTC, whereas an increasing level of happiness in the 
family decreases the probability of selecting institutional care over 
informal care. 

DISCUSSION 

Using the Anderson Model, this study explored LTC preferences 
and their determinants in Turkey. The findings of the study con-
firmed the findings in the existing literature suggesting that indi-
viduals desire to live in their own homes at older ages.6,10,16,25,39) Ad-
ditionally, the preferences for LTC were linked to age, sex, educa-
tion level, marital status, family type, number of children in the 
household, region, and family happiness. 

Comparisons of institutional and home (informal or formal) 
care showed that an individual's age had a negligible effect on the 
probability of selecting institutional care over home care. In addi-
tion, as age increased, individuals preferred formal care at home to 
informal care. Although other studies support these findings,17,20) 
other studies reported conflicting findings.13,18) It is most likely that 
patients would prefer to avoid being a burden to the family. In oth-
er words, older people may be more concerned about this issue, 
making them more likely to choose formal care.36) 

Men were less likely to select formal care (institutional or formal 
care at home) compared to women. Instead, they preferred to re-
ceive informal care at home. The traditional family structure in 
Turkey is patriarchal, and domestic work, including when caring 
for the aged and children, is generally perceived as the duty of 
women. Throughout their lives, men are generally supported by 
women in their families, including mothers, sisters, and spouses. 
Therefore, men are more likely to prefer informal care at home 
when they are older. 

Regarding marital status, divorced individuals were almost 10% 
more likely to select institutional care compared to single individu-
als, while widowed individuals were almost 10% less likely to select 
institutional care over home care. Among home care options, all 
marital categories (married, divorced, widowed) were less likely to 
select formal care at home than single individuals. Fernandez-Car-
ro15) also reported that widows more often preferred co-residence 
over institutional care. These may relate to the fact that divorced or 
single individuals may choose to live independently, i.e., without 
the presence and support of a spouse. However, living without a 
spouse was not the choice of widowers. This type of choice may 
also affect future preferences. 

Individuals with higher educational levels were more likely to 
select institutional care over home care. Additionally, we observed 
a clear trend in which more educated individuals were more likely 
to prefer formal care at home over informal care. This finding was 
confirmed by Liu et al.,20) indicating that more educated people 
more often preferred institutional care, and some studies state that 
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less educated people prefer home care more.6,10) This finding can 
be explained by the fact that people with higher education have 
different ideologies and are more open to accepting innovations.20) 
Individuals with a higher level of education also likely have higher 
income levels, implying that they may have better opportunities to 
receive formal care. Moreover, their knowledge of LTC services is 
better than that of their less-educated counterparts. Therefore, 
they may be more likely to receive LTC services from professionals 
compared to less-educated individuals. 

Individuals with extended or elementary families were almost 
5% less likely to select institutional care compared to single indi-
viduals. In terms of home care, the same group was less likely to 
prefer formal care over informal care. This confirmed the literature 
suggesting that more informal support and wider social network-
ing (e.g., more frequent contact with children and relatives) in-
creased the preference for informal and mixed assistance over in-
stitutional care.40) Not only the family type but also the characteris-
tics of the individual's location (like the city center or district) and 
the region in which an individual lived affected the LTC prefer-
ence. Accordingly, individuals living in city centers and districts are 
almost 5% more likely to select institutional or formal care at home 
compared to their counterparts living in villages. This can be ex-
plained by the tight relationships between kinship and neighbor-
ship in the villages, in contrast to the decrease in social solidarity in 
the cities. 

People living in the above-mentioned regions were more likely 
to select institutional care compared to individuals living in East-
ern Anatolia, which has the lowest levels of development and edu-
cation in Turkey.41) In addition, the family structure is more exten-
sive and the number of children in families is comparatively high, 
implying that the traditional family culture remains strictly main-
tained in Eastern Anatolia. In contrast, the levels of development 
and education are comparatively high, family sizes are relatively 
small, and the number of children is proportionately low in the 
Mediterranean, Aegean, and Marmara regions. The variations in 
these characteristics may be associated with differences in LTC 
preferences. 

Individuals living in flats were more likely to prefer institutional 
or formal care at home than their counterparts living in houses. 
The weaker neighborly relationships and accustomization to indi-
vidual lifestyle of respondents living in flats may be a potential 
mechanism for this finding. 

Individuals with more children were less likely to prefer institu-
tional or formal care at home. This may be related to more infor-
mal caregiver opportunities. Having more caregiver opportunities 
has positive effects, including the ability to distribute the burden of 
care among potential caregivers. This also affects the caregivers’ 

willingness to provide care. When the caregiving burden is too 
high, caregivers such as children or spouses may avoid caregiv-
ing.14,42) Hence, sharing the burden or support may affect caregiv-
ers’ willingness to provide care. 

Although health status does not significantly impact LTC care 
preferences, increased family happiness is associated with a de-
creased probability of selecting institutional care over formal or in-
formal care at home. Hong et al.17) suggested that poor health is the 
main determinant for relocation in older adults. Specifically, indi-
viduals with poor health status are more likely to relocate to a nurs-
ing home.17,43) Nonetheless, we observed no significant effects of 
health status on LTC preference in the present study, confirming 
the findings of Liu et al.20) However, the observed effect of happi-
ness confirmed the suggestion by Sugimoto et al.18) that a good 
family relationship affects preference for home care over institu-
tional care. It is reasonable that individuals want to live with their 
loved ones, especially when they become frail due to aging. 

The extended family type, which was formerly common in Tur-
key, has been replaced with smaller families in recent years. In-
creased job opportunities in major cities have led young people to 
migrate from rural areas to cities. Furthermore, women's participa-
tion in the labor force has increased, implying their decreased roles 
as family caregivers. Socio-demographic transitions in recent years 
have affected lifestyles and may result in the tendency towards an 
individual lifestyle from the traditional family structure. Despite 
this, the traditional family structure is preserved, especially in rural 
areas. This is also true for LTC preferences. Hence, it is important 
to consider the current and future sociodemographic status of the 
society when designing LTC systems. 

Approximately seven of ten people in Turkey prefer to receive 
care in their own homes, while more than half of these seven prefer 
to receive care from their family members. While other studies 
worldwide have also reported a higher preference for home 
care,11,15,25) some studies have suggested a change in preferences 
over time. Two studies conducted 7 years apart reported an in-
creased preference for institutional care in China, although the 
preference for home care remained very high, at 80%–90%.20,44) 
The preference for institutional care in Japan is almost 40%, with 
more young people preferring institutional care.13,18) This implies 
that more individuals may benefit from institutional care in Japan 
in the future. The preference types for care and service use are also 
influenced by government incentives. For example, as a result of a 
policy encouraging home care in Germany, 80% of those who ben-
efit from LTC services receive home care.45) 

Socio-economic, cultural, and policy differences among coun-
tries are evident in LTC preferences and practices. Although no 
uniform LTC system is applicable to every country, the experience 
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of each country is valuable and can guide other countries in de-
signing their own LTC systems. Therefore, it is important to iden-
tify the preferences for LTC in Turkey, a society that has trans-
formed from a traditional family structure to a nuclear family, 
where internal migration is experienced due to wider employment 
opportunities and in which the role of women in society has 
changed. Our findings revealed that informal care remains the pre-
dominant preference for individuals in Turkey. Age, sex, education 
level, marital status, family type, number of children in the house-
hold, region, and family happiness were significantly associated 
with preferences for LTC. Individuals' preferences should be 
strengthened according to their preferences, taking regional differ-
ences into account. 

Since the predominant preference is for informal care, the gov-
ernment should develop policies to train caregivers and support 
them financially, socially, and emotionally. Examples of good prac-
tices in different countries, such as free training and consultancy 
services, the possibility of benefiting from temporary institutional 
or formal care, care payments, insurance, and pension rights for in-
formal caregivers, can help inform this development. 

This study has several limitations. First, the study was cross-sec-
tional; thus, causal conclusions were not possible. Second, because 
the survey data were self-reported, they may have been biased. 
Third, some regulations were set for the LTC system in Turkey af-
ter the survey was conducted in 2016. For instance, receiving ser-
vices from daycare centers could not be considered an option in 
the present study. However, the positive effects of daycare centers 
on both the care recipient and caregiver have been reported.46) 
Thus, these services may support individuals needing to live longer 
in their homes.47) Although these changes may have influenced the 
preferences in favor of informal care, no alternative dataset is avail-
able to avoid this issue. Future studies that consider daycare centers 
as an alternative may contribute to the existing literature. 

In conclusion, although individuals preferred informal care, 
some socio-demographic factors positively affected institutional 
care preferences. However, no LTC insurance exists in Turkey and 
the degree of dependency or income status before receiving ser-
vices are barriers to LTC. These barriers affect an individual's abili-
ty to choose freely. Preferences may shift when the barriers to ac-
cess care are removed and the variety of services is increased. In 
this context, our study provides valuable evidence that can con-
tribute to developing an LTC system in Turkey. However, further 
studies are needed to assess LTC practices recently implemented 
in Turkey and show any changes in individuals' preferences over 
time. 
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Comparison of Intra-articular Hyaluronic Acid and Platelet- Rich Plasma 
Injection in Knee Osteoarthritis: Do the Results Differ in Geriatric Patients? 
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Background: The intra-articular application of platelet-rich plasma and hyaluronic acid have 
gained popularity as treatment options for knee osteoarthritis. Although intra-articular plate-
let-rich plasma injections have been suggested to be superior to hyaluronic acid injections in the 
general population of patients with osteoarthritis, the effect of older age on both treatment op-
tions has not been thoroughly evaluated. Therefore, this study compared the results of plate-
let-rich plasma and hyaluronic acid injections in geriatric patients with knee osteoarthritis. 
Methods: This study evaluated a total of 226 patients treated with intra-articular injections for 
knee osteoarthritis. The patients were divided into two groups: those who received platelet-rich 
plasma and those who received hyaluronic acid. All patients attended follow-up appointments at 
the 1st, 3rd, and 6th months. Results: After applying the exclusion criteria, this study included 
202 patients. The clinical results revealed significant improvements in all parameters compared 
to the baseline assessments in both groups (p<0.05). The inter-group comparisons indicated sig-
nificantly lower pain in the hyaluronic acid recipients at the first and third months compared to 
those in patients receiving platelet-rich plasma (p<0.05). Conclusion: Intra-articular platelet-rich 
plasma and hyaluronic acid injections appear to be effective in patients with knee osteoarthritis. 
In the geriatric patient population, hyaluronic acid showed superior effects on pain compared to 
platelet-rich plasma, contrary to the results in the general population. 
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INTRODUCTION 

Knee osteoarthritis is a disease seen in patients of all ages that caus-
es a loss of function and significantly reduces the quality of life, es-
pecially in older adult patients. Moreover, its frequency has been 
increasing.1) Knee osteoarthritis currently affects approximately 
250 million people worldwide, 46% of whom are geriatric (aged 
> 65 years).2) 

The management of knee osteoarthritis involves three primary 
treatment stages. Initially, exercise, weight control, and anti-inflam-
matory drugs are applied. When these methods prove insufficient, 

intra-articular therapeutics are indicated. The final management 
option is surgical intervention.3) Due to the progressive nature of 
knee osteoarthritis, lifestyle changes tend to prove inadequate and, 
combined with patient desire to avoid surgical treatment, intra-ar-
ticular injections are the most widely used option for the treatment 
of knee osteoarthritis.4,5) 

Previous studies have demonstrated the effectiveness of intra-ar-
ticular injections.4-6) Several injection options are available, al-
though the most commonly studied agents are hyaluronic acid 
(HA) and platelet-rich plasma (PRP). Previous studies have 
shown that PRP has superior effects in terms of pain and function 
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in both the medium- and long-term. One possible reason for this is 
that the growth factors in PRP stimulate anabolic processes and in-
crease cartilage biosynthesis.11-14) However, the effect of intra-artic-
ular application of HA may have more mechanical therapeutic 
mechanisms of action, including absorption, joint lubrication, an-
ti-inflammatory effects, chondroprotection, and proteoglycan syn-
thesis.15) 

Previous studies have reported a gradual decrease in wound 
healing and cartilage regeneration potential and accelerated degen-
eration processes in aging populations.16) The decrease in the po-
tential of this new cartilage formation raises questions regarding 
the potential differences in the effectiveness of biological treat-
ments such as PRP in different age groups. 

Therefore, we hypothesized that PRP may show relatively limit-
ed effects in geriatric patients aged > 65 years owing to their re-
duced capacity for tissue regeneration. Our review of the literature 
did not yield any comparative studies evaluating patients aged 
> 65 years. Therefore, the present study investigated the effects of 
intra-articular HA and PRP application on pain and function in 
geriatric patients with knee osteoarthritis. 

MATERIALS AND METHODS 

Study Design 
This retrospective observational study included patients aged > 65 
years who were admitted to our outpatient clinic due to knee pain 
and diagnosed with gonarthrosis. All initially evaluated patients 
(n = 226) were treated conservatively with intra-articular injections 
between January and June 2021. The minimum follow-up period 
for the study was 6 months. Approval to conduct this study was 
obtained from the Institutional Review Board of Rumeli Universi-
ty Ethics Committee (No. E-53938333-050.06-9245). Informed 
consent to use their information in scientific studies was obtained 
from all patients who received intra-articular injections. 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.17) 

Patients and Treatments 
We evaluated a total of 226 patients for inclusion in the present 
study. After the evaluation, 24 patients were excluded for declining 
to participate (11 patients), receiving intra-articular corticosteroid 
treatment (six patients), systemic corticosteroid use (two patients), 
recent febrile illness (four patients), and history of malignancy 
(one patient). All the patients included in the study received injec-
tions into one knee. No other injections were administered to any 
patient until 6 months before this injection. During the study, no 
treatment was applied except for the treatments mentioned.  

All patients had Kellgren-Lawrence grade 2–3 knee osteoarthri-
tis (OA), a visual analog scale pain score of ≥ 40, and did not re-
spond to pharmacological treatment (paracetamol 500 mg twice 
daily for 1 month, and topical ibuprofen twice daily). Patients 
whose pain did not decrease on the 15th day additionally received 
400 mg ibuprofen twice daily, with the recommended use with a 
proton pump inhibitor. Patients whose complaints did not im-
prove were evaluated for intraarticular injection. Patients sched-
uled for intra-articular knee injections were informed about the 
PRP and HA treatments. We selected the agent for injection ac-
cording to the individual patient’s preference. We provided the pa-
tients with detailed information about the PRP and HA injections 
and explained their respective advantages and disadvantages. Pa-
tient age, sex, body mass index (BMI), and clinical outcome were 
recorded. The inclusion and exclusion criteria are listed in Table 1. 

Preparation and Administration of PRP and HA 
A 4-mL ready-to-inject HA preparation (lightly cross-linked sodi-
um hyaluronate, Monovisc; DePuy Synthes, Raynham, MA, USA) 
was administered to the patients in the HA group. For PRP prepa-
ration, 50 mL of venous blood was obtained, transferred to a PRP 
separation system containing acid citrate, and centrifuged (3200 
rpm for 15 minutes), as recommended by the manufacturer. A 
4-mL aliquot including the resultant buffy coat was drawn into a 
syringe and used for the intra-articular injection into the knee joint. 
In all patients, the injections were performed under aseptic condi-
tions using an anterolateral parapatellar approach with the patients 
in a sitting position. The injected area was cleaned with 10% povi-
done iodide. A vapocoolant spray was then applied at 15 cm. The 

Table 1. Inclusion and exclusion criteria

Inclusion criteria Age ≥ 65 y
Kellgren-Lawrence grade 2-3
Pain visual analog scale ≥ 40
Failure of pharmacologic treatment
Written informed consent

Exclusion criteria Coagulation disorders
Presence or history of autoimmune disease
Recent (within 4 week) fever or serious illness
Local infection at the site of the procedure
Corticosteroid injection at the site of the procedure in 

the past 8 weeks
Systemic use of corticosteroid in the past 2 eeks
Platelet-inhibiting agent (NASID) or antivitamin K
Use of Immunosuppressants in the pas 6 week or  

immune deficit
History of malignancy
Patient involved in another clinical trial
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PRP and HA injections were performed using 21-G needles. HA 
and PRP injections were administered to each patient as a single 
dose throughout the study. A single physician (CP) administered 
all injections. After the injections, the patients were advised to re-
strict their activity for 24 hours, rest, and apply cold packs. 

Clinical Outcomes 
We used the patients’ International Knee Documentation Com-
mittee (IKDC) subjective knee evaluation form,18) 100-mm visual 
analog scale (VAS), and Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) scores to evaluate the treat-
ment results.19) Patient assessments were performed at the 1st, 3rd, 
and 6th months following injection. A physician (Faruk Uysal) 
who did not participate in the study performed the post-interven-
tional assessments. 

Statistical Analysis 
All continuous data are expressed as means and standard devia-
tion, while all categorical data are expressed as frequencies (n) and 
percentage. Kolmogorov-Smirnov tests (with Lilliefors correction) 
were applied to each continuous variable to assess the presence of 
a normal distribution. The patients’ baseline demographic charac-
teristics and mean improvement from baseline for each clinical 
outcome were assessed during each follow-up visit. Continuous 
variables were compared between the two groups using either Stu-
dent t-test (for normally distributed continuous data) or 
Mann-Whitney U test (for non-normally distributed continuous 
data). Pearson chi-square tests were used to evaluate differences in 
the distributions of categorical variables between the two groups. 
All analyses were performed using IBM SPSS Statistics for Win-
dows, version 21.0 (IBM Corp., Armonk, NY, USA). Statistical 
significance was set at p < 0.05. 

RESULTS 

This study included a final total of 202 patients, 98 and 104 of 
which received PRP and HA injections, respectively (Fig. 1). The 
two groups were similar in terms of age, sex, BMI, and Kell-
gren-Lawrence OA grade (Table 2).  

During the clinical evaluations, the baseline mean IKDC scores 
in the HA and PRP groups were 45.3 ± 10.7 and 44.2 ± 9.9, respec-
tively. The VAS scores in the HA and PRP groups were 60.5 ± 5.5 
and 59.7 ± 6.2, respectively. The WOMAC scores in the HA and 
PRP groups were 37.4 ± 11.6 and 36.9 ± 10.8, respectively. 

We observed significant improvements compared to baseline in 
all outcome parameters (IKDC, VAS, and WOMAC scores) at the 
1-, 3-, and 6-month follow-up appointments in both groups. The 

Assessment for eligibility (n=226)

Platelet rich plasma group (n=102)
- Interaarticular injection (n=102)

Hyaluronic acid group (n=98)
- Interaarticular injection (n=98)

Excluded (n=24)
- Informed consent (n=11)
- Coricosteroid injection (n=6)
- Recent fever (n=4)
- Systemic corticosteroid use (n=2)
- Malignancy (n=1)

Fig. 1. Flow diagram of the assessments and sample sizes for analysis.

Table 2. Demographic characteristics of patients

HA (n = 104) PRP (n = 98) p-valuea)

Age (y) 72.5 ± 5.4 0.372
Sex 0.704
 Female 85 74
 Male 19 24
Body mass index (kg/m2) 25.9 ± 2.3 25.2 ± 2.7 0.404
Kellgren-Lawrence grade 0.751
 2 55 54 0.751
 3 49 44
100-mm VAS score 60.5 ± 5.5 59.7 ± 6.2 0.691
IKDC score 45.3 ± 10.7 45.3 ± 10.7 0.155
WOMAC total score 37.4 ± 11.6 37.4 ± 11.6+ 0.196

Values are presented as mean±standard deviation or number.
HA, hyaluronic acid; PRP, platelet-rich plasma; VAS, visual analog scale; 
IKDC, International Knee Documentation Committee; WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis Index.
a)p-value from Student t test, Pearson chi-square test, Mann-Whitney U test.

mean VAS, WOMAC, and IKDC values at the follow-up visits 
compared to baseline showed significantly improved results in all 
scores at the 1-, 3-, and 6-month follow-up assessments in both 
groups (p < 0.001) (Figs. 2, 3). Regarding the between-group eval-
uations, the average IKDC score was significantly higher in the HA 
group than that in the PRP group at the 3-month follow-up ap-
pointment (p = 0.018). The groups showed similar IKDC results 
at other time points. A comparison of pain levels between the 
groups showed significantly lower VAS scores among the HA re-
cipients compared to those among the PRP recipients at the 1- and 
3-month follow-up appointments (p = 0.039 and p = 0.019, re-
spectively). The groups showed similar VAS scores at the 6-month 
follow-up appointments. No significant differences in WOMAC 
scores were observed between the two groups at any time point 
(Table 3). We identified no serious side effects in any patient who 
received intra-articular injections. 
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DISCUSSION 

The important role of injections in the knee joint in the treatment 
of knee OA is well established.2) The results of the present study 
demonstrated decreased pain and increased knee function com-
pared to baseline in patients receiving intra-articular PRP and HA 
injections for knee OA. Moreover, the intergroup comparisons 
(PRP vs. HA) showed better 3-month IKDC scores in the HA 
group, although the WOMAC scores did not support this appar-
ent functional difference. We observed no significant differences in 
other functional results. However, the HA recipients showed better 
pain-related outcomes compared to those in the PRP recipients 
throughout the first 3 months of the follow-up period. Although 
the efficacy of intra-articular agents remains controversial, several 
studies have shown that PRP is generally more effective than other 
agents. However, our findings indicate that this situation may be 
different for treatments administered in a geriatric patient popula-
tion. 

HA and PRP injections are the two most commonly used meth-
ods for the non-operative treatment of knee osteoarthritis. HA is a 
natural component of the synovial fluid and articular cartilage and 
is primarily responsible for providing lubrication.20) In contrast, 
PRP is obtained from platelet-rich blood acquired by whole-blood 
centrifugation. Growth factors and proteins in PRP contribute to 
cartilage cell regeneration and reduced rates of articular erosion.8) 
In addition, the contents of PRP samples obtained from different 
age groups differ. Previous studies reported especially high levels 
of tumor necrosis factor-α and matrix metalloproteinase in these 
different age groups, as well as increased chondrocyte responses to 
matrix synthesis and macrophage activation.16) In the previous 
study, a comparison of PRP samples showed higher growth factor, 
cytokine, and platelet concentrations in the younger age group 
compared to the older age group. The present study compared the 
23–33 years and 62–85 years age groups. Other studies comparing 
the clinical results of PRP and HA applications assessed wide rang-
es of age groups such as 27–84 and 33–80 years.21,22) Although a 
consensus is still lacking, evaluation of these studies in terms of 
PRP and HA injections showed better results for PRPs. However, 
when evaluated together with studies reporting different PRP con-
tent and efficacy according to age group, the reliability of the re-
sults of evaluations in such a wide age range is controversial. Our 
study is the first to focus on the evaluation of the aging population 
to demonstrate that the clinical results of HA application are better 
than those of PRP, especially in pain scores, contrary to the previ-
ous literature. 

Previous studies have assessed whether HA or PRP injections 
are the most effective treatment for knee OA. For example, a study 

Fig. 2. Improvement in HA group scores during follow-up. VAS, visu-
al analog scale; IKDC, International Knee Documentation Commit-
tee; WOMAC, Western Ontario and McMaster Universities Osteoar-
thritis Index.

Fig. 3. Improvement in PRP group scores during follow-up. VAS, 
visual analog scale; IKDC, International Knee Documentation Com-
mittee; WOMAC, Western Ontario and McMaster Universities Os-
teoarthritis Index.
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Table 3. Clinical outcomes as improvement from baseline

HA (n = 104) PRP (n = 98) p-valuea)

100-mm VAS score
 1 month 14.8 ± 3.2 14.9 ± 5.9 0.039
 3 months 20.4 ± 5.5 23.8 ± 2.7 0.018
 6 months 24.2 ± 3.0 25.6 ± 3.1 0.147
IKDC score
 1 month 11.9 ± 8.4 10.5 ± 9.2 0.387
 3 months 17.1 ± 9.9 15.1 ± 7.8 0.018
 6 months 18.6 ± 8.3 18.1 ± 8.6 0.497
WOMAC total score
 1 month 8.7 ± 4.3 10.4 ± 8.9 0.194
 3 months 12.4 ± 10.1 14.3 ± 9.7 0.175
 6 months 14.9 ± 5.9 15.2 ± 8.6 0.165

Values are presented as mean ± 6 standard deviation.
HA, hyaluronic acid; PRP, platelet-rich plasma; VAS, visual analog scale; 
IKDC, International Knee Documentation Committee; WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis Index.
a)p-value from Student t test, Pearson chi-square test, Mann-Whitney U test.
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including 50 patients demonstrated that intra-articular PRP injec-
tion was more effective than HA injection, in which magnetic res-
onance imaging (MRI) revealed reduced articular erosion reduced 
in patients receiving PRP.14) Moreover, previous reports showed 
that the application of PRP led to better functional results and re-
duced pain scores compared to the application of HA.11,23) Howev-
er, the age distributions in these studies were not homogeneous, 
and our findings demonstrated better outcomes following the ap-
plication of HA in older patients. Given the limited regenerative 
ability of the articular cartilage among the geriatric population, the 
mechanical lubrication caused by HA may be relatively more im-
portant and, therefore, lead to better results compared to those for 
PRP. 

Studies evaluating the effects of PRP application on knee pain 
and function showed that PRP improved WOMAC and VAS 
scores.5,12,13) We also observed this effect in the comparisons of the 
follow-up results to the baseline assessments. However, none of 
the previous studies included control groups, as the effectiveness 
of PRP was investigated directly rather than through comparisons 
with other agents. 

Previous studies failed to demonstrate significant differences in 
functional results between PRP and HA. However, some reports 
indicated that side effects are more common following PRP. The 
mechanism underlying these side effects has been associated with 
synovial reactions caused by white and red blood cells, which are 
likely to be present in small amounts within PRP.11,24) We observed 
no significant differences in functional results between the two 
groups. Moreover, our evaluation of the adverse effects of the treat-
ments did not reveal any significant differences between the 
groups. 

Recent studies have compared the use of PRP and HA dual ther-
apy with the use of HA or PRP alone. The findings of these studies 
suggested that dual therapy may lead to better outcomes. However, 
one of the advantages of intra-articular applications is their low 
cost; thus, dual therapy should only be considered if its use does 
not result in an excessive increase in costs. In terms of cost, we ob-
served differences between the groups within the first 3 months of 
the follow-up period, indicating a loss of efficacy after this point. 
Therefore, although the use of quarterly injections appears to be a 
viable option based on the current data, there is still room to dis-
cuss the use of dual therapy.25,26) Additional studies are needed to 
assess the costs and treatment efficacy associated with the use of 
these two treatment approaches before proposing new suggestions 
for the treatment of patients with knee OA. 

The retrospective study design is a primary limitation, as it pre-
vents definitive conclusions regarding the treatment efficacies of 
PRP and HA in geriatric patients. Blind injection was not possible 

due to the distinctly different colors of PRP and HA. Another lim-
itation was the evaluation of single-injection HA and PRP. Previ-
ous studies showed that multiple injections are more effective, al-
though there remains no consensus regarding this issue. Thus, a 
randomized controlled trial comparing single- and multiple-dose 
administration of PRP and HA is needed. Repeated administra-
tion reportedly shows better clinical results than single-dose ad-
ministration. The present study compared patients to the control 
group that received intraarticular injections 1 week apart. Howev-
er, another study reported no difference between the administra-
tion of single and two doses at a 1-week interval. Moreover, a con-
sensus has not yet been reached. However, both studies reported 
no difference between single- and multiple-dose administration in 
patients with advanced osteoarthritis.21,22) 

This study did not evaluate radiological improvements and MRI 
results in the patients; thus, we could not determine whether the 
observed functional and pain-related improvements were associat-
ed with the clinical characteristics of the pathology. However, as 
this study aimed to compare the functional outcomes of these two 
modalities in older patients, the lack of imaging did not prevent 
functional comparisons. 

In conclusion, the results of this study showed that intra-articu-
lar PRP and HA injections were both effective treatment modali-
ties in geriatric patients with knee OA, as demonstrated by the ob-
served pain-related and functional improvements, particularly 
within the first 3 months after the interventions. However, HA was 
relatively more effective than PRP, especially in terms of pain man-
agement, in this population. These findings highlight the need for 
further studies evaluating larger randomized controlled series 
among populations with homogeneous age distributions.  
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Invasive versus Conservative Treatment Approach among Older Adult 
Patients Admitted with Acute ST-Segment Elevation Myocardial Infarction 
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Background: Primary percutaneous coronary intervention (PCI) is the preferred treatment strate-
gy for patients with ST-elevation myocardial infarction (STEMI); however, its efficacy remains un-
clear in very older adult patients with STEMI. Methods: This retrospective single-center observa-
tional study included 530 patients aged >75 years admitted to Tel Aviv Sourasky Medical Center 
with a diagnosis of acute STEMI. Primary PCI was performed for patients with symptoms ≤12 
hours in duration, while the other patients were conservatively treated. We evaluated 30-day 
mortality and complications occurring during hospitalization based on data from patient records. 
Results: Among the study patients, only 28/530 (5%) were conservatively treated. In-hospital 
complications, including the use of inotropes or intra-aortic balloon counterpulsation and the 
need for mechanical ventilation, did not differ significantly between the groups. The only param-
eter that showed a trend toward significance was the incidence of heart failure during hospital-
ization (p=0.042). The risk for 30-day mortality was substantially higher in the conservative 
treatment group than in the invasive treatment group (27% vs. 10%; p = 0.02). Conclusion: Our 
data suggested that despite concerns regarding the safety of the primary PCI strategy in the old-
er adult STEMI population, this treatment strategy was associated with a survival benefit. 
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INTRODUCTION 

The average life expectancy of the world’s population has dramati-
cally increased in the past century. This trend is accompanied by a 
corresponding increase in the prevalence of ischemic heart disease 
in older adults.1-3) Older age is independently associated with ath-
erosclerosis and cardiovascular events.4) 

In clinical practice, patients aged > 75 years account for approxi-
mately 35% of all patients with acute coronary syndrome 
(ACS)5,6); however, only a minority of published clinical trials have 
included older adult patients.7)  

Primary percutaneous coronary intervention (PCI) is the pre-
ferred treatment strategy for patients with ST-elevation myocardial 
infarction (STEMI).8,9) However, its efficacy remains unclear in 

older patients with STEMI because of their frailty and comorbidi-
ties, which are associated with a higher incidence of complications 
and mortality.10,11) According to the current European Society of 
Cardiology and American College of Cardiology Foundation/
American Heart Association STEMI guidelines, there is no upper 
age limit for reperfusion therapy, especially primary PCI.12,13) 

This study examined the effect of primary PCI versus conserva-
tive treatment in older adult patients hospitalized for STEMI. 

MATERIALS AND METHODS 

Patient Population 
We performed this retrospective single-center observational study 
at Tel Aviv Sourasky Medical Center, a tertiary referral hospital 
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with around-the-clock primary PCI capabilities. 
Among all consecutive patients with STEMI who were admitted 

to the cardiac intensive care unit (CICU) between January 2007 
and June 2020, we included only those aged > 75 years. The cutoff 
age of 75 years was based on previous studies of the geriatric popu-
lation that defined patients aged ≥ 75 years as older adults.14) 
STEMI was diagnosed according to published guidelines, includ-
ing typical history of chest pain, diagnostic electrocardiographic 
changes, and serial elevation of cardiac biomarker levels.15,16) Pri-
mary PCI was performed in patients with symptoms lasting ≤ 12 
hours and those with symptoms lasting 12–48 hours with pain at 
the time of admission. Symptom duration was defined as the time 
from symptom onset to admission to the emergency room or cath-
eterization laboratory. The door-to-balloon time was defined as 
the time (in minute) between a patient’s arrival at the hospital 
(taken from the computerized patient file) and the first balloon in-
flation or device deployment in the culprit artery, as documented 
in the patient’s medical record. All patients received dual antiplate-
let therapy. The conservatively treated patients received additional 
anticoagulation for up to 7 days following CICU admission. Pa-
tients undergoing PCI were administered additional anticoagula-
tion only when clinically indicated (e.g., the presence of atrial 
fibrillation). Baseline demographics, cardiovascular history, clinical 
risk factors, treatment characteristics, and laboratory test results 
were retrieved from the hospital’s electronic medical records. Pa-
tient records were evaluated for complications that occurred 
during hospitalization, including cardiogenic shock requiring ino-
tropes or intra-aortic balloon counterpulsation (IABC) insertion, 
mechanical ventilation, heart failure, clinically significant tachyar-
rhythmias, bradyarrhythmias requiring a pacemaker, and major 
bleeding (requiring blood transfusion). Bleeding was defined ac-
cording to the Bleeding Academic Research Consortium criteria.17) 
IABC insertion was performed in patients with cardiogenic shock 
or mitral regurgitation. Thirty-day and 1-year mortality were de-
termined from computerized records of the population registry 
bureau and were available for all included patients. The Tel Aviv 
Sourasky Medical Center (No. Tlv 16-0224) approved the study 
protocol and waived the requirement for informed consent. 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.18) 

Statistical Analysis 
All data were summarized and presented as mean ± standard devi-
ation or medians (25%–75% interquartile ranges) for continuous 
variables and as number (percentage) of patients in each group for 
categorical variables. Continuous variables were compared using 
independent sample t-tests for normally distributed data and the 

Kruskal-Wallis tests for non-normally distributed variables. Fisher 
exact tests were used to compare categorical variables. 

Predictors of 30-day and 1-year mortality were determined using 
univariate and multivariate logistic regression models. The models 
were adjusted for all baseline variables that differed significantly 
between the treatment groups. The models included the following 
variables: age, sex, history of hypertension, diabetes mellitus, hy-
perlipidemia, family history of coronary artery disease, smoking, 
myocardial infarction, admission creatinine level, left ventricular 
ejection fraction (LVEF), and time to the emergency department. 
Hazard ratio (HR) and corresponding 95% confidence interval 
(CI) for the association between treatment assignment and 1-year 
mortality were estimated using the Cox proportional hazards mod-
el, which included the aforementioned independent variables. 
Data were censored at death, 1 year after the index date, or at the 
end of the study period. Kaplan-Meier survival curves were com-
pared using log-rank tests. 

Given the inherent bias in the choice of patients receiving prima-
ry PCI and the resulting differences in baseline patient characteris-
tics, we made comparisons after propensity score nearest-neighbor 
matching using a logistic regression model in a 2:1 ratio. Due to 
the requirement for complete data in the matching process, we 
performed this analysis only for 30-day mortality. A two-tailed 
p-value < 0.05 was considered significant for all analyses. All statis-
tical analyses were performed using R Statistical Software (version 
3.6.1; R Foundation for Statistical Computing, Vienna, Austria). 

RESULTS 

The study population comprised 530 patients. Among those pa-
tients, only 28 (5%) were conservatively treated. Among those pa-
tients, PCI was waived due to advanced renal failure (15 patients), 
symptom duration > 12 hours and asymptomatic at the time of 
presentation (10 patients), and advanced dementia (3 patients). 

The baseline characteristics of the patients stratified according 
to treatment strategy are shown in Table 1. Patients conservatively 
treated were older (mean age, 86 ± 6.3 vs. 82 ± 4.9 years; p < 0.001) 
and more commonly female. 

In addition, creatinine levels at admission were higher among 
patients in the conservative treatment group. Table 2 demonstrates 
the in-hospital outcomes of the patients in the two groups. Patients 
conservatively treated were more likely to develop heart fail-
ure—12 (46%) vs. 122 (25%), p = 0.042—bradycardia, ventricu-
lar tachycardia, and ventricular fibrillation than those invasively 
treated. However, the use of inotropes or IABC and the need for 
mechanical ventilation were almost equal between the two groups. 
Moreover, bleeding and acute kidney injury (AKI) occurrence 
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were almost equal between the two groups—54 (10.8%) vs. 3 
(11.5%), p = 1.00 and 110 (22.1%) vs. 6 (23.1%), p = 1.00, respec-
tively (Table 2). 

The risks for 30-day and 1-year mortality were significantly 
higher in the conservative treatment group than in the invasive 
treatment group—7 (27%) vs. 48 (10%), p = 0.02 and 9 (35%) vs. 
66 (14%), p = 0.007, respectively (Table 2, Fig. 1). 

In the univariate analysis, conservative treatment was associated 
with increased 1-year mortality—hazard ratio (HR) = 2.7; 95% 
confidence interval (CI), 1.34–5.41; p = 0.005 (Table 3). 

However, this association was not statistically significant in the 
multivariate analysis. In the multivariate analysis, the independent 
variables associated with mortality risk in the first year after 

STEMI were age, admission creatinine level, and LVEF. After 2:1 
matching, we identified 81 patients, among whom 27 (33%) were 
conservatively treated and 54 (67%) underwent primary PCI. The 
patient characteristics did not differ significantly between the 
groups after matching. 

In a multivariate analysis using the matched cohort, conservative 
treatment was associated with a higher mortality risk in the first 30 
days after STEMI—HR = 27.2; 95% CI, 2.53–1026.63; p = 0.023 
(Table 4). 

DISCUSSION 

This observational study of older adult patients with STEMI 

Table 1. Baseline patient characteristics

Invasive treatment group Conservative treatment group p-value
Age (y) 82.2 ± 4.9 86.4 ± 6.3 < 0.001*
Sex 0.016*
 Male 284 (59.8) 9 (33.3)
 Female 191 (40.2) 18 (66.7)
Hypertension 342 (72.0) 21 (77.8) 0.522
Diabetes mellitus 146 (30.7) 12 (44.4) 0.147
Hyperlipidemia 262 (55.2) 12 (44.4) 0.435
Family history of coronary artery disease 21 (4.4) 0 (0) 0.631
Smoking history 95 (20.0) 3 (11.1) 0.327
Past myocardial infarction 101 (21.3) 6 (22.2) 0.649
Admission creatinine (mg%) 1.1 (0.4) 1.3 (0.5) 0.003*
LV ejection fraction 45.0 (10.0) 40.0 (15.0) 0.163
Time to emergency department (min) 180.0 (630.0) 900.0 (1380.0) 0.148

Values are presented as mean±standard deviation or number (%). Admission creatinine, LV ejection fraction, and Time to emergency department are presented 
as median (interquartile range).
LV, left ventricle
*p<0.05.

Table 2. Complications stratified according to the treatment group

Complication Invasive treatment group Conservative treatment group p-value
30-day mortality 48 (9.7) 7 (26.9) 0.021*
1-year mortality 66 (13.3) 9 (34.6) 0.007*
IABC/inotropes treatment 53 (10.7) 3 (11.5) 1.000
Mechanical ventilation 50 (10.1) 3 (11.5) 0.753
Heart failure 122 (24.5) 12 (46.2) 0.042*
Bradycardia 48 (9.7) 3 (11.5) 0.745
VT/VF 36 (7.2) 4 (15.4) 0.153
In-hospital CABG 11 (2.2) 0 (0.0) 1.000
Acute kidney injury 110 (22.1) 6 (23.1) 1.000
Bleeding 54 (10.9) 3 (11.5) 1.000

Values are presented as number (%).
IABC, intra-aortic balloon counterpulsation; VT, ventricular tachycardia; VF, ventricular fibrillation; CABG, coronary artery bypass graft.
*p<0.05.
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Fig. 1. Kaplan-Meier plot for survival in the first year following ST-el-
evation myocardial infarction by treatment strategy.
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Table 3. Associations between treatment strategy (conservative vs. primary percutaneous coronary intervention) and survival during the first 
year following STEMI

All
Univariable Multivariable

HR (95% CI) p-value HR (95% CI) p-value
Age (y) 82.5 ± 5.1 1.10 (1.05–1.14) 0.001 1.07 (1.02–1.13) 0.006
Sex
 Male 312 (100) - -
 Female 218 (100) 1.35 (0.86–2.11) 0.195 1.32 (0.79–2.23) 0.289
Hypertension 384 (100) 1.25 (0.74–2.12) 0.411 1.18 (0.62–2.27) 0.612
Diabetes mellitus 174 (100) 1.39 (0.88–2.20) 0.160 0.97 (0.54–1.73) 0.912
Hyperlipidemia 292 (100) 1.01 (0.64–1.59) 0.955 0.89 (0.50–1.57) 0.690
Family history of coronary artery disease 24 (100) 1.23 (0.45–3.36) 0.688 1.29 (0.40–4.23) 0.670
Smoking history 101 (100) 0.69 (0.36–1.30) 0.250 0.81 (0.41–1.58) 0.532
Past myocardial infarction 118 (100) 1.09 (0.64–1.85) 0.750 1.02 (0.55–1.86) 0.959
Admission creatinine (mg%) 1.3 ± 0.6 1.56 (1.31–1.85) 0.001 1.70 (1.32–2.19) 0.001
LV ejection fraction 44.7 ± 8.9 0.92 (0.90–0.95) 0.001 0.93 (0.91–0.96) 0.001
Time to emergency department (min) 543.1 ± 853.9 1.00 (1.00–1.00) 0.260 1.00 (1.00–1.00) 0.675
Treatment group
 Invasive 502 (100) - -
 Conservative 28 (100) 2.70 (1.34–5.41) 0.005 1.26 (0.51–3.09) 0.614

Values are presented as mean±standard deviation or number (%).
STEMI, ST-elevation myocardial infarction; LV, left ventricle; HR, hazard ratio; CI, confidence interval.

demonstrated that invasive primary treatment is associated with 
better outcomes. Older adults are a heterogeneous group of pa-
tients with marked differences in chronological and biological age, 
which are explained by comorbidities and biological situations 
such as frailty.19) Mortality owing to ACS at all ages has dramatical-
ly decreased during the last decade due to aggressive risk factor re-
duction, optimized medical therapy, and early coronary revascular-
ization. However, not all therapeutic approaches are equally suit-
able for all age groups. More consideration is needed in the older 

adult population to select a treatment strategy based on procedural 
risks.20) 

The treatment approaches for older adult patients diagnosed 
with STEMI have recently changed. The use of primary PCI in 
older adults has consistently increased globally. Until 2010, only 
17% of older adult patients with STEMI had been treated with a 
primary PCI strategy.21,22) In comparison, 95% of these patients 
were treated with a primary PCI strategy at our medical center in 
2020, and a similar trend was demonstrated in the United States, 
with a shift from 19.7% in 2007 to 31.2% in 2010. These numbers 
have significantly increased worldwide over the last decade.23) 

Current clinical guidelines for STEMI in older adults state that 
there is no upper age limit for reperfusion, especially with primary 
PCI, and recommend that the decision regarding treatment strate-
gy should balance ischemic risk and bleeding risk.24) Previous 
studies have demonstrated that PCI reduces in-hospital mortality, 
even in STEMI patients aged ≥ 80 years. Despite existing guide-
lines and evidence for mortality benefits from other registries, 
there remains uncertainty about the use of reperfusion strategies in 
older adults due to concerns of higher periprocedural complica-
tion risk in this population, especially contrast nephropathy and 
bleeding.22) Primary PCI among older adult patients was associat-
ed with consistent rates of major bleeding events (3%–5%) and in-
tracranial hemorrhages (1.4%).2,3,25) Periprocedural bleeding is also 
a major determinant of poor prognosis, including myocardial in-
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farction, procedure failure, and all-cause mortality in older patients 
undergoing primary PCI.26) 

Older adults are more susceptible to the detrimental effects of 
bleeding due to hypovolemia, hypoxia, reduced oxygen-carrying 
capacity, and hypotension.27) Moreover, chronic kidney disease 
(CKD) is more prevalent in older people and increases the risk of 
contrast-induced nephropathy.28) CKD may also lead to the over-
dosing of antithrombotic drugs and an increased risk of bleed-
ing.29) 

Renal dysfunction is generally associated with a higher mortality 
rate in patients with STEMI who undergo primary PCI.30) Several 
studies have also shown that functional status is strongly associated 
with mortality.31) Therefore, a clinical frailty assessment may im-
prove patient selection for primary PCI. In the older adult popula-
tion, a delay in the arrival time to the hospital from symptom onset 
may be related, at least in part, to cognitive decline and alterations 
in perception and reaction to pain.32) 

In this study, we examined patients aged > 75 years who were 
more likely to have comorbidities that could affect their prognosis, 
including diabetes mellitus, hypertension, previous myocardial in-
farction, previous heart failure symptoms, and CKD.33) Previous 
studies have also shown that patients of these ages tend to develop 
more complications.34-36) However, we observed a higher risk of 
clinical heart failure and 30-day mortality in the conservative treat-
ment group (27%) than in the invasive treatment group (10%). 

The findings were similar when we examined 1-year mortality 
(35% vs. 14%). 

These findings suggest that an invasive strategy should be the 
default strategy in older adult patients with STEMI and that older 
age should not limit the use of reperfusion therapy, especially pri-
mary PCI. Nevertheless, as older adult patients are likely to have 
numerous comorbidities, functional and cognitive status must be 
assessed before determining a treatment strategy. 

The main strengths of our study are that it was based on re-
al-world data and included unselected consecutive patients with 
STEMI admitted to our hospital over 13 years. Our study had sev-
eral limitations. First, as an observational study, it was subject to 
confounding factors. For instance, there was a selection bias in 
choosing the primary PCI strategy. Thus, conservative treatment 
may be chosen for older and sicker patients. This limitation was 
addressed by propensity score matching; however, residual bias 
could not be excluded. Second, we had no information regarding 
the patients’ status on admission, which could have affected the 
treatment decision. Although our results demonstrated the surviv-
al advantage of primary PCI, owing to the small number of patients 
in the conservative treatment arm, the study was not powered to 
demonstrate differences in other outcomes between the groups. 
Third, this was a single-center clinical study, which could have 
caused a selection bias. Fourth, accurate survival analysis could be 
limited by the relatively small number of patients and adverse 

Table 4. Associations between treatment strategy (conservative vs. primary percutaneous coronary intervention) and survival during the first 
30 days following STEMI in the matched-cohort population

No Yes
Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value
Age (y) 85.2 ± 6.1 86.9 ± 6.6 1.05 (0.95–1.16) 0.385 0.99 (0.78–1.25) 0.950
Sex
 Male 22 (91.7) 2 (8.3) - -
 Female 47 (82.5) 10 (17.5) 2.34 (0.56–16.07) 0.298 42.33 (1.80–6368.52) 0.067
Hypertension 49 (83.1) 10 (16.9) 2.04 (0.48–14.05) 0.384 0.35 (0.02–5.01) 0.436
Diabetes mellitus 29 (85.3) 5 (14.7) 0.99 (0.27–3.40) 0.981 0.38 (0.02–4.26) 0.457
Hyperlipidemia 31 (81.6) 7 (18.4) 1.72 (0.50–6.30) 0.394 4.04 (0.53–43.47) 0.197
Family history of coronary artery disease 0 (0) 1 (100) NA NA
Smoking history 14 (100) 0 (0) NA NA
Past myocardial infarction 13 (81.2) 3 (18.8) 1.44 (0.29–5.63) 0.622 0.32 (0.01–3.52) 0.409
Admission creatinine (mg%) 1.3 ± 0.7 2.3 ± 2.4 1.69 (1.05–3.24) 0.067 3.04 (1.33–14.18) 0.047
LV ejection fraction 43.9 ± 8.6 36.2 ± 9.1 0.90 (0.81–0.97) 0.011 0.80 (0.60–0.94) 0.038
Time to emergency department (min) 1140.6 ± 1798.9 772.5 ± 867.3 1.00 (1.00–1.00) 0.496 1.00 (1.00–1.00) 0.366
Treatment group
 Invasive 49 (90.7) 5 (9.3) - -
 Conservative 20 (74.1) 7 (25.9) 3.43 (0.98–12.83) 0.055 27.18 (2.53–1026.63) 0.023

Values are presented as mean±standard deviation or number (%).
STEMI, ST-elevation myocardial infarction; LV, left ventricle; OR, odds ratio; CI, confidence interval; NA, not available.
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events. Finally, as the population registry bureau did not include 
information about the cause of death, we could not differentiate 
between cardiac and noncardiac deaths in this population. 

In conclusion, our findings suggested that despite concerns re-
garding the safety of the primary PCI strategy in the population of 
older adults with STEMI, this treatment strategy is associated with 
a survival benefit. Further studies are required to determine the 
best treatment approach for this population. 
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Background: This study aimed to identify differences in quality of life before and during the 
coronavirus disease 2019 (COVID-19) pandemic and determine the influence of psychological 
status on the observed changes in the quality of life among older adults. Methods: The Malay-
sian Elders Longitudinal Research study recruited Malaysians aged at least 55 years from 2013 to 
2015. Follow-ups were conducted between September and December 2020. Quality of life was 
determined using the 12-item Control, Autonomy, Self-Realization, and Pleasure questionnaire. 
Psychological statuses were assessed using the 21-item Depression Anxiety and Stress Scale, 15-
item Geriatric Depression Scale, and 4-item Perceived Stress Scale. Results: This study included 
data from 706 individuals (mean age, 73.3±6.8 years). We observed reduced quality of life and 
increased anxiety among 402 (43.1%) and 144 (20.9%) participants, respectively. Participants felt 
“out of control,” “left out,” “short of money,” and “life was full of opportunities” less often and 
could “please themselves with what they did” more often. Multivariate analyses revealed in-
creased depression, anxiety, and stress as independent risk factors for reduced quality of life. 
Conclusion: Individuals with increased depression, anxiety, and stress levels during the pandemic 
experienced a worsening quality of life. Thus, the development of effective strategies to address 
the mental health of older adults is needed to mitigate the effects of the pandemic on their qual-
ity of life. 
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INTRODUCTION 

The emergence of novel severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) represents a major public health threat 
globally. Preventive measures against the transmission of the dead-
ly virus have recommended shielding older adults, physical dis-
tancing, and infection control measures.1) Albeit necessary, the en-
forcement of social isolation has significantly altered day-to-day 

living among older adults.2) Strict movement control orders 
(MCOs) in Malaysia were abruptly implemented with limited 
forewarning over 18 months, depriving older persons of their usual 
routines, outdoor activities, social interactions, and family gather-
ings. All these, alongside the fear or effect of contracting coronavi-
rus disease 2019 (COVID-19) and the loss of family members and 
friends due to COVID-19, have raised concerns of unseen adverse 
effects on the mental health and quality of life (QoL) of older 
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adults. 
Studies conducted throughout the COVID-19 pandemic have 

reported worsening of QoL indicators in various populations.2,3) In 
a study of Italian older adults with dementia, Tondo et al.4) found 
that lockdowns affected social interactions, increased obstacles in 
coping with daily life constraints and routine disruption, and also 
restricted access to healthcare. As such, older adults were faced 
with the double-edged sword of being unable to leave their prem-
ises and inability to cope with social isolation.5) Longer lockdown 
durations, like that experienced in Malaysia, were associated with 
increased neuropsychiatric symptoms, resulting in behavioral dis-
turbance.6) Correspondingly, several studies described increased 
anxiety and depressive symptoms among older adults throughout 
the pandemic, which could have stemmed primarily from the fear 
of contracting COVID-19, fear for the safety and well-being of 
their next of kin, and fear for the future.5) Furthermore, the com-
mon stressors reported by older adults included quarantines/
movement restrictions, worry for others, and seclusion.7) Physical 
activity restriction and lifestyle changes have led to reduction in 
psychological health and quality of life among older adults.8) 

However, other studies reported little to no adverse effects of the 
pandemic on the QoL and mental health in older adults. For in-
stance, in their study of Swedish older adults, Kivi et. al.9) reported 
higher than average well-being compared to previous years. Simi-
larly, a study of Polish and German older adults reported better 
QoL, and well-being compared to the younger population. The 
study also described lower trait anxiety, higher ability to relax, and 
higher optimism among older adults than their younger counter-
parts.10) 

The effects of the pandemic on the mental health of the global 
population are expected to persist well beyond the pandemic.11,12) 
Further, the negative effects of depression and anxiety on QoL in-
crease with age.13) Quantification of the changes in psychological 
status associated with the COVID-19 pandemic and its effect on 
QoL will be invaluable for resource allocation and informing poli-
cymakers. Therefore, this study aimed to determine the QoL be-
fore and during the COVID-19 pandemic and further explore the 
role of psychological status in relation to these changes among old-
er adults in Malaysia. 

MATERIALS AND METHODS 

Study Design 
This study utilized a longitudinal cohort study design involving 
two measures: changes in QoL and psychological status. We oper-
ationally defined changes in QoL within the context of this study 
as a difference in overall QoL scores over 6 to 8 years of follow-up 

using the 12-item Control Autonomy Self-Realization and Plea-
sure (CASP-12) scale. Psychological status within the context of 
this study included measures of depression, anxiety, and stress, 
which we operationally defined as changes in depression, anxiety, 
and stress scores. We obtained ethics approval from the University 
of Malaya Medical Centre Medical Ethics Committee and the 
study was conducted in accordance with the Principles of the Dec-
laration of Helsinki 1983 (MREC ID: 20191231-8121).  

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.14)  

Study Population 
The Transforming Cognitive Frailty into Later-Life Self Sufficien-
cy (AGELESS) study is an ongoing longitudinal study of aging 
formed by combining three pre-existing cohorts.15) We extracted 
only information from participants originally included in the Ma-
laysian Elders Longitudinal Research (MELoR) study as anxiety 
and QoL were not included in the previous waves of the other 
original cohorts. The first wave of this study involved face-to-face 
interviews from 2013 to 2015. The study recruited 1,565 partici-
pants aged above 55 years and older via stratified simple random 
sampling from the parliamentary electoral rolls of the Petaling Jaya 
North, Petaling Jaya South, and Lembah Pantai constituencies. 
The inclusion criteria were age 55 years and older and the ability to 
provide written informed consent.16) Follow-up interviews were 
conducted virtually during the COVID-19 MCO between Sep-
tember and December 2020.15) 

Quality of Life Measure 
We applied the CASP-12 age-specific tool to measure changes in 
QoL. The CASP-12 was derived from the CASP-19, which was 
utilized in the SHARE studies.17) The CASP-12 consists of two 
domains (control/autonomy and self-realization/pleasure) as-
sessed through 12 items on a 4-point Likert-type scale ranging 
from often to never. Each item consists of a statement to denote 
how the participant feels about or perceives their life. Some of the 
items involved reverse scoring. The total scores ranged from 0 to 
36, where higher scores indicated a higher QoL. 

Psychological Measures 

Anxiety 
The 21-item Depression Anxiety and Stress Scale (DASS-21) was 
administered at baseline. The scale includes three subscales: de-
pression, anxiety, and stress. Each subscale consisted of seven items 
rated on a 4-point Likert scale ranging from 0 (did not apply to me 
at all) to 3 (applied to me very much, or most of the time). Only 
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the seven items in the anxiety subscale were administered during 
follow-up virtual interviews.18) Thus, the maximum total score for 
each subscale was 21. 

Depression 
As mentioned above, depression was determined using the 
DASS-Depression scale at baseline and the 15-item Geriatric De-
pression Scale (GDS-15). The GDS-15 has been extensively used 
to measure depression among older adults, with each item drawing 
a dichotomous response of “Yes” or “No.” Positive responses in 10 
items and negative responses in the remaining five items were as-
signed scores of one, with scores of five or more indicating the 
presence of depression.19,20) 

Stress 
Stress was measured with the DASS-Stress scale at baseline and 
the Perceived Stress Scale (PSS-4) at follow-up.21) The four-item 
scale measure stress based on a Likert-type scale ranging from 0 
(never) to 4 (very often). Scoring was reversed for positive items. 
The maximum attainable score is 16, with higher scores denoting 
higher levels of stress. 

Data Analysis 
We performed the data analysis using IBM SPSS Statistics for 
Windows, version 27.0 (IBM Corp., Armonk, NY, USA). We sub-
tracted the total anxiety scores for Wave 1 from those in Wave 4 to 
calculate the change in anxiety scores. Individuals with changes in 
anxiety scores of one and above were then categorized into the in-
creased anxiety group, while those with a change in anxiety scores 
of zero or less were categorized into the no-change or decreased 
anxiety group. Since depression and stress were assessed at base-
line with DASS-21 depression and stress subscales, respectively, 
and at follow-up with GDS-15 and PSS-4, respectively, we harmo-
nized the baseline and follow-up data by categorizing the scores 
into four groups utilizing the 50th, 75th and 95th percentile cut-
offs for DASS-Depression and DASS-Stress scores obtained at 
baseline and GDS-15 and PSS-4 at the Wave 4 follow-up. It was 
not possible to obtain four equal groups due to the ordinal nature 
of the data and the large proportion of participants with total 
scores of 0 for DASS-anxiety, DASS-depression, and PSS-4. Thus, 
we categorized individuals who moved up the centile groups into 
the increased depression or stress groups, while those who re-
mained in the same group or dropped to a lower group were cate-
gorized into the no change/decreased depression or stress groups. 
We then performed general descriptive and frequency analyses for 
both categorical and continuous variables; the former is presented 
as frequencies and percentages and the latter as means and stan-

dard deviation. Hypothesis testing was conducted using Friedman 
and Wilcoxon signed-rank tests to determine the differences in 
psychological status and QOL between baseline and follow-up. 
We then used linear regression analyses to determine the influence 
of psychological status at follow-up and changes in psychological 
status on alterations in QoL scores. The parameter estimate, B, and 
95% confidence interval (CI) were presented. B was considered 
the correlation or adjusted correlation coefficient in the unadjust-
ed and adjusted models for continuous variables in the total anxi-
ety, depression, and stress scores, while depression and stress were 
considered the mean difference for the dichotomous independent 
variables of increased anxiety. We considered the relationships in 
the linear regression models to be statistically significant if the 95% 
CI did not cross the null value. The potential confounders for mul-
tiple linear regression analyses were selected from variables with 
p < 0.05 in Table 1. We created dummy variables for categorical 
variables utilized within the multiple linear regression models. Sta-
tistical significance was set at p < 0.05. 

RESULTS 

Participant Characteristics 
Follow-up data for the variables of interest were available for 750 
participants from the original MELoR cohort. We observed in-
creased anxiety scores in 144 (20.9%) participants, with 327 
(47.2%) and 189 (27.2%) participants assigned to the increased 
depression and increased stress groups, respectively. Table 1 shows 
the comparisons among the groups with increased and no change 
or decreased anxiety, depression, and stress. 

Changes in Psychological Status 
At baseline, the mean ± standard deviation scores for depression, 
anxiety, and stress measured using DASS-21 were 1.24 ± 2.17, 
3.53 ± 4.03, and 2.15 ± 2.82, respectively. The mean ± standard de-
viation scores for depression, anxiety, and stress at follow-up mea-
sured using the GDS-15, DASS-anxiety and PSS-4 were 
6.49 ± 1.55, 1.93 ± 3.21, and 2.98 ± 2.89, respectively. The anxiety 
scores were significantly higher before the COVID-19 pandemic 
compared to those during the COVID-19 pandemic (p < 0.001). 
No direct comparisons between depression and stress scores were 
possible due to the different scales used. 

Changes in QoL 
We observed no difference in total CASP-12 scores between base-
line and Wave 4 follow-up (Table 2). A total of 304 (43.1%) partic-
ipants showed reduced total CASP-12 scores. Four of the 12 items 
showed improvements in individual item scores, three of which 
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were reverse scored items, with participants reporting that they felt 
“out of control,” “left out of things,” and “short of money” less of-
ten, and able to “please themselves in what they did” more often. 
We observed deteriorations in scores in two items, with partici-
pants less often indicating that they felt “life was full of opportuni-
ties” and “full of energy.”  

The total control/autonomy domain scores were higher at fol-
low-up compared to those at baseline while the total self-realiza-
tion/pleasure domain scores were lower at follow-up compared to 
those at baseline. 

Influence of Psychological Status on Changes in QoL 
Tables 3 and 4 summarize the results of the linear regression analy-
ses of changes in CASP-12 scores from baseline to the Wave 4 fol-
low-up as the dependent variable. 

Psychological Scores at Follow-up 
We included the total anxiety, depression, and stress measured 
during the Wave 4 follow-up using the DASS-Anxiety, GDS-15, 
and PSS-4 as independent variables in separate models. Within the 
unadjusted models, total anxiety, depression, and stress scores at 
the Wave 4 follow-up were significantly negatively correlated with 
changes in QoL scores, with correlation coefficients of -0.525, 
-0.857, and -0.617, respectively, indicating strong negative correla-

Table 2. Quality of life scores at baseline and follow-up

CASP-12 item Baseline Follow-up Z p-value
1. My age prevents me from doing the things I would like to dob,c) 2.85 ± 1.09 2.82 ± 1.11 0.438 0.661
2. I feel that what happens to me is out of my controla,c) 2.81 ± 1.09 3.00 ± 1.08 -3.312 0.001*
3. I feel left out of thingsa,c) 3.21 ± 1.02 3.31 ± 0.93 -2.163 0.031*
4. I can do the things I want to doa) 1.35 ± 0.69 1.35 ± 0.66 -0.039 0.969
5. I feel that I can please myself in what I doa) 1.28 ± 0.61 1.21 ± 0.52 2.191 0.028*
6. I feel that the future looks good for meb) 1.47 ± 0.78 1.52 ± 0.77 -1.487 0.137
7. I feel that life is full of opportunitiesb) 1.40 ± 0.75 1.58 ± 0.81 -4.560 < 0.001*
8. I feel full of energy these daysb) 1.61 ± 0.78 1.69 ± 0.78 -2.059 0.040*
9. I enjoy the things that I doa) 1.13 ± 0.39 1.17 ± 0.47 -1.876 0.061
10. I feel that my life has meaninga) 1.21 ± 0.56 1.22 ± 0.56 -0.406 0.685
11. I look forward to each dayb) 1.24 ± 0.65 1.27 ± 0.61 -1.207 0.227
12. Shortage of money stops me from doing the things I want to doa,c) 2.85 ± 1.15 3.06 ± 1.06 -4.217 < 0.001*
Control/Autonomy domain 13.10 ± 3.31 13.63 ± 3.35 3.776 < 0.001
Self-realisation/Pleasure domain 15.94 ± 2.52 15.55 ± 2.83 -3.024 0.002
Total scores 29.04 ± 4.86 29.18 ± 5.34 1.012 0.311

Values are presented as mean±standard deviation.
CASP-12, 12-item Control, Autonomy, Self-Realization and Pleasure scale.
Z-values and p-values obtained through Wilcoxon signed-rank test.
a)Wilcoxon sign-rank mean rank higher at follow-up than baseline.
b)Wilcoxon sign-rank mean rank higher at baseline than follow-up.
c)Reverse scored items (1=often, 2=sometimes, 3=not often, 4=never).
*p<0.05.

tions. The anxiety, depression, and stress levels at follow-up re-
mained significantly negatively correlated with changes in QoL 
scores after adjusting for the potential confounders of age, gender, 
marital status, ethnicity, educational level, and presence of new 
medical condition (Table 3). 

Increased Anxiety, Depression, and Stress 
The presence of increased anxiety, depression, and stress was asso-
ciated with significantly reduced QoL scores in the unadjusted lin-
ear regression models. The negative association between changes 
in QoL scores with increased anxiety, depression, and stress re-
mained significant following adjustment for age, gender, ethnicity, 
marital status, educational level, and presence of a new medical 
problem. The CASP-12 scores in individuals with increased anxi-
ety, depression, and stress were 2.6, 2.9, and 4.0 points lower, with 
a maximal attainable CASP-12 score of 36 (Table 4). 

DISCUSSION 

Individuals who experienced increased anxiety, depression, and 
stress during the COVID-19 pandemic compared to the baseline 
values at recruitment showed significant reductions in total QoL 
scores measured using the CASP-12. We observed a significant re-
duction in total anxiety scores and no change in QoL scores during 
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the COVID-19 pandemic compared to baseline data collected 
from 2013 to 2015. Considering the lack of longitudinal data on 
older adults’ QoL and psychological status, the results of this study 
provide important novel information on the impact of COVID-19 
on the lives of older adults in a multiracial middle-income develop-
ing nation. 

Previous studies have shown that older adults faced a general 
lack of social activity leading to little social support during the 
COVID-19 pandemic.22-24) However, in our study, anxiety levels 
were lower during the COVID-19 pandemic compared to those 
before the pandemic. This suggests a different societal structure in 
terms of greater reliance on family members for social support 
rather than community or friends.25) Hence, a loss of social activity 
in our community did not negatively influence the mental health 
of older people, which may also imply low social activity among 
our older adults even before the pandemic. 

Social isolation and restrictions enforced to try to curb the 
spread of COVID-19 are expected to lead to major changes in the 
QoL of older adults. However, amidst these challenging times, the 
older adults in our study felt less out of control, less left out, and 
less short of money but were more likely to feel that they lacked 
energy and that life lacked opportunities compared to 6–8 years 
ago. This reflected a potential lack of optimism for the future but a 
refreshing level of resilience. Unlike developed countries, where 

20% to 27% of older adults live alone,26) only 4.8% of our cohort 
lived alone. Hence, when lockdown measures were in place, adult 
children and other family members were more likely to be at 
home. Thus, society currently holds to filial piety values, which are 
considered core for Asian culture.27) In times of crisis, communi-
ties ensure what the older adult population is provided for. Indeed, 
older adults were prioritized for vaccinations and admission to the 
hospital during the COVID-19 pandemic.28) Furthermore, days 
were more predictable; therefore, older adults felt more in control 
and were able to manage their spending. 

The social determination theory corroborates that motivation 
are driven by human being’s basic psychological need for autono-
my, competence, and relatedness.29) Our study’s population scored 
better in the domains of control and autonomy during the pan-
demic. Despite restrictions, older adults experienced elements of 
control and autonomy within their households as Asian older 
adults maintain significant decision-making powers and head of 
household stature, especially those living within multi-generation-
al households. Lower scores in the self-realization and pleasure do-
mains may be due to a lack of exposure to leisure, entertainment, 
and social contact with their peers. Furthermore, demotivation is 
expected and a natural process of any prolonged crisis, which over 
time forces individuals to adopt various coping mechanisms.30,31) 

Overall, our older adults reported being more pleased with what 

Table 3. Linear regression analyses for psychological status and QoL at follow-up

Psychological scores at Wave 4

Change in QoL scores
Unadjusted Adjusted

Correlation coefficient (B)
95% CI

Correlation coefficient (B)
95% CI

Lower Upper Lower Upper
Anxiety (DASS-Anxiety at Wave 4) -0.525** -0.809 -0.241 -0.611** -0.905 -0.316
Depression (GDS-15 at Wave 4) -0.857** -1.140 -0.574 -0.860** -1.150 -0.571
Stress (PSS-4 at Wave 4) -0.616** -0.762 -0.469 -0.666** -0.816 -0.516

QoL, quality of life; DASS-Anxiety, 7-item anxiety subscale from the 21-item Depression, Anxiety, Stress Scale; PSS-4, 4-item Perceived Stress Scale; CI, confi-
dence interval.
Adjusted for age, sex, ethnicity, marital status, educational level, and new medical problem(s).
**p<0.001.

Table 4. Linear regression analyses for changes in psychological status and QoL

Change in psychological status from Wave 1 to Wave 4
Change in QoL scores

Mean difference
95% CI Adjusted 95% CI

Lower Upper mean difference Lower Upper
Increased anxiety -2.438** -3.540 -1.335 -2.627** -3.744 -1.511
Increased depression -2.974** -3.850 -2.097 -2.976** -3.871 -2.080
Increased stress -3.774** -4.751 -2.797 -4.002** -4.995 -3.010

QoL, quality of life; CI, confidence interval.
Adjusted for age, sex, ethnicity, marital status, educational level, and new medical problem(s).
**p<0.001.
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they did during the COVID-19 pandemic. Similarly, Bidzan-Blu-
ma et al.10) reported that older Polish and German adults were 
more content with life compared to younger adults during the 
COVID-19 pandemic. The participants in the present study were 
born and raised amidst the Japanese occupation and communist 
insurgency in Malaysia (then known as Malaya) from 1941 to 
1960. Therefore, adhering to curfews and strict restrictive mea-
sures were not new to them. The lessons learned based on their ex-
perience from past life events may also have inculcated resilience 
among them to undergo dire situations like the pandemic. Fur-
thermore, the attributes of later-life resilience include the ability to 
experience positive phenomena during a crisis, as observed among 
participants in this study.32,33) 

Studies conducted among Asian populations before the 
COVID-19 pandemic reported the impacts of depressive, anxiety, 
and stress symptoms on health-related QoL.34,35) The results of the 
present study indicated that the anxiety, depression, and stress lev-
els as well as the presence of increased anxiety, depression, and 
stress had negative effects on the QoL of older individuals. There 
is a general expectation that the QoL in older adults, particularly 
those in developing countries, is influenced by access to healthcare, 
the availability of necessities such as food and clothing, and eco-
nomic status. However, the adverse effects of psychological symp-
toms such as anxiety could have led to physical manifestations, re-
sulting in an inability to continue with activities of daily living.5) 
QoL remains foreign in terms of importance among the Malaysian 
population. While numerous studies have explored QoL across 
different populations in Malaysia, there remains a general lack of 
emphasis on QoL within Malaysian households. The link between 
individual psychological status and QoL observed within this 
study calls for urgent attention to both mental health and main-
taining QoL among older adults, with and without the presence of 
a pandemic. 

The COVID-19 pandemic required the administration of virtu-
al surveys for data collection.13) Thus, the data obtained could fa-
vor older adults with access to telecommunication and smart de-
vices, possibly representing a more educated group. This may have 
led to a survival advantage, as reflected by the improved anxiety 
scores and comparable QoL scores before and during the pandem-
ic. As the AGELESS study subsumes three existing cohorts, com-
promises occurred in the harmonization of the dataset, therefore 
limiting our ability to make direct comparisons among depression 
and stress scores. Few studies have explored the relationship be-
tween psychological status and QoL using the CASP-12, as psy-
chological status and QoL are often measured concurrently.36) The 
strong correlation between QoL and psychological scores may be 

due to overlaps between the aspects measured by these scales rath-
er than a true influence of psychological status on QoL. Regard-
less, we have demonstrated the strong impact of current and 
changes in psychological status on QoL among older adults. These 
findings may drive the development of policies to address mental 
health in older adults during and after the pandemic. Future stud-
ies should also consider strategies to address mental health among 
older adults and the effect of interventions in mental health on 
overall QoL.  

In conclusion, overall, the findings of this study revealed that 
older adults did not experience changes in QoL during the 
COVID-19 pandemic compared to measurements obtained be-
fore the pandemic. However, increased anxiety, depression, and 
stress negatively influenced QoL among older adults during the 
pandemic. Therefore, measures to mitigate the effect of the pan-
demic on the overall QoL of our older population should consider 
mental health interventions. 
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Frailty is a clinically measurable state of vulnerability to developing increased dependency and/or 
mortality when exposed to a stressor. Chronic diseases, aggressive treatments, antibiotic overuse, 
microbiota changes, immune senescence, and increased use of medical devices and implants (i.e., 
central lines and catheters) expose modern patients to healthcare-associated infections (HAIs), 
multidrug-resistant bacteria, and new and unusual opportunistic pathogens. Older adults are 
among the main victims of HAIs and are associated with high costs, disability, morbidity, and 
mortality. Ralstonia pickettii is an emerging opportunistic pathogen that causes rare nosocomial 
infections in frail individuals. Herein, we present a case of bloodstream infection caused by R. 
pickettii in an 88-year-old woman with a relatively mild course. In addition to describing this un-
usual finding, this report discusses the problem of HAIs in older adults. Older age, comorbidities, 
and hospital admissions were among the main risk factors for HAIs. Adherence to guidelines, 
training, auditing, and surveillance is crucial for reducing the burden of HAIs in acute settings. 
Furthermore, avoiding incongruous hospitalizations would have positive implications both for 
preventing HAIs and improving patient quality of life. 
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INTRODUCTION 

Frailty is defined as a clinically measurable state of vulnerability to 
developing increased dependency and/or mortality when exposed 
to a stressor.1) As shown by the coronavirus disease 2019 
(COVID-19) pandemic, measuring frailty represents a key con-
cept for evaluating therapeutic options, outcomes, and risks.2-4) 
Longevity does not necessarily come with “healthy aging” and 
“healthy frailty,”5) and the presence of several determinants like 
chronic diseases, exposure to aggressive treatments, overuse of an-
tibiotics, changes in microbiota, immune senescence, and the 
growing use of medical devices and implants (i.e., central lines and 
catheters) expose modern patients to healthcare-associated infec-
tions (HAIs), multidrug-resistant bacteria, and new and unusual 

pathogens that usually have low virulence in healthy individuals. 
Older adults are among the main victims of HAIs and are associat-
ed with high costs, disability, morbidity, and mortality.6,7) Ralstonia 
pickettii is a Gram-negative bacillus identified as an emerging op-
portunistic pathogen responsible for rare nosocomial infections in 
immunocompromised and multimorbid individuals.8)  

Herein, we present a case of bloodstream infection caused by R. 
pickettii in an 88-year-old woman. In addition to describing this 
unusual finding, this report also discusses the challenge of HAIs in 
older adults. 

CASE REPORT 

An 88-year-old woman was admitted to our Geriatric Medicine 
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ward because of involuntary movements of her left leg and walking 
difficulties. She was completely dependent in her activities of daily 
living (ADL) and had a history of Alzheimer disease with severe 
cognitive impairment, severe behavioral and psychological symp-
toms, dyslipidemia, chronic anemia, osteoporosis, previous hem-
orrhagic and ischemic strokes, tight carotid artery stenosis (95%), 
and unspecified arrhythmic heart disease. 

In the emergency room (ER), she was alert but not self-oriented 
in space and time upon her arrival. Her vital parameters were with-
in normal ranges and she was not feverish. Physical examination 
revealed three pressure ulcers in the sacral area (third stage) and 
both heels (third stage, with eschar), for which a urinary catheter 
was placed. Wound treatment was initiated, as indicated by the Ad-
vanced Wound Treatment Team. Her C-reactive protein level was 
moderately high (20.7 mg/ dL), and her leukocyte levels were 
within normal limits (5.23 × 109/L). Cerebral computed tomogra-
phy (CT) was negative for acute ischemic or hemorrhagic events. 
The following day, she was transferred to our hospital. 

She did not exhibit any involuntary movements of her left leg 
upon arrival or during the following days. Her drug history was 
negative for possible risk factors, and the electroencephalogram 
was negative for epileptic activity. 

Four days after admission, she presented with a fever (38.2°C) 
and decreased consciousness. Blood and urinary cultures were 
negative. After 2 days, she presented again with a fever (38.5°C); 
this time, blood cultures tested positive for R. pickettii, which was 
sensitive to piperacillin-tazobactam and resistant to amikacin, ce-
fotaxime, ceftazidime-avibactam, ceftolozane-tazobactam, genta-
micin, and tobramycin. She showed increased blood inflamma-
tion marker levels (leukocytes, 30.63 × 109/L, of which 91.8% 
were neutrophils; C-reactive protein, 131.6 mg/L), worsening re-
nal function during the septic state (estimated glomerular filtra-
tion rate [eGFR] from 64 to 16 mL/min/1.73 m2). Owing to ve-
nous unavailability, a mini-midline peripheral insertion central 
catheter was placed after 4 days to ensure the administration of 
antibiotic therapy. A nasogastric feeding tube was inserted be-
cause of reduced consciousness. Both devices were removed after 
improvement in her clinical conditions, including her state of 
consciousness. 

Piperacillin-tazobactam was prescribed and blood cultures per-
formed 72 hours after the start of antibiotic therapy tested nega-
tive. Antibiotics were administered for a total of 14 days, with a de-
crease in blood inflammation marker levels, improved renal func-
tion, and overall clinical conditions (C-reactive protein, 11.6 mg/
mL; leukocytes 8.01 × 109/L; eGFR, 52 mL/min/1.73 m2). The 
patient was discharged. 

Written informed consent was obtained from the patient. 

DISCUSSION 

R. pickettii is a Gram-negative bacillus identified as an emerging 
opportunistic pathogen responsible for rare nosocomial infections 
in immunocompromised and multimorbid individuals. R. pickettii 
has been associated with several bacteremia outbreaks due to con-
tamination of water and medical solutions, and also with infections 
of prostheses and medical devices such as central lines.9) Both mild 
and severe cases of bloodstream infections, pneumonia, meningi-
tis, urinary tract infections, wound infections, endocarditis, septic 
arthritis, osteomyelitis, and endophthalmitis caused by R. pickettii 
have been reported.10,11) Disruption of oral microbiota and con-
tamination from R. pickettii has been associated with increased 
mortality in patients who underwent hematopoietic stem cell 
transplantation.12) 

In the present case, the source of infection was unclear. The pa-
tient had peripheral venous access and a urinary catheter, but the 
first blood and urine culture samples were negative. Although nei-
ther swab culture nor tissue biopsies were performed in this spe-
cific case, wound infections due to R. pickettii have been report-
ed.13) Therefore, one possible source of infection and bacteremia 
was the contamination of the sacral pressure ulcers, despite regu-
lar treatment. 

Frailty is a condition that determines the major state of vulnera-
bility to stressors. The relevant determinants of frailty in this pa-
tient were advanced age, severe cognitive deterioration, complete 
dependence on personal care, and comorbidities. Increasing evi-
dence identifies frailty as a multi-system dysregulation that de-
pends on physical, psychological, and social health and is charac-
terized by deep changes in the biological phenotype. More specifi-
cally, frailty is associated with an increased pro-inflammatory state 
and an alteration of the immune system, referred to as inflammag-
ing and immune senescence, which ultimately lead to reduced effi-
ciency of the immune system (immunodepression).14,15) In our 
case, increased exposure to potential pathogens due to hospitaliza-
tion and pressure ulcers and reduced efficiency of the immune sys-
tem favored the development of an opportunistic HAI. 

Frailty and hospital readmission are among the main risk factors 
for HAIs. The global population is increasing in number.16) In Italy, 
according to the latest report, 43% of the population aged over 65 
years has severe non-communicable diseases, with the percentage 
increasing to > 60% in older adults ≥ 85 years of age.17) A strict ad-
herence to the guidelines established by the World Health Organi-
zation,18) appropriate training, auditing, and surveillance are cru-
cial to protect frail patients from HAIs, as well as conducting cam-
paigns to raise awareness among healthcare workers, patients, and 
visitors. In recent years, our hospital, the Fondazione Policlinico 
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Universitario Agostino Gemelli IRCCS, has made great efforts and 
conducted several campaigns to fight HAIs.19) Nevertheless, much 
work remains to be done, and no one can let their guard down, as 
overlooking the risk of infection in hospitalized patients means ex-
posing them to a potentially fatal threat. In this scenario, the need 
for more sustainable healthcare and the pivotal role of geriatricians 
is increasing.20) In hospitals, a more adequate model should involve 
a shorter length of stay in ERs and acute wards, creating se-
nior-friendly hospitals with dedicated paths. One possible model 
is represented by the geriatric frailty network currently implement-
ed in our hospital, which aims to assist emergency rooms and ward 
doctors in preventing the most common geriatric syndromes and 
reducing the number of incongruous hospitalizations. The charac-
teristics of the proposed model have been discussed elsewhere.21) 

Attention should be paid to optimizing transitional care and ensur-
ing better communication between hospitals and families, caregiv-
ers, and local facilities. The ultimate goal should be not only to op-
timize diagnostic and therapeutic procedures but also to avoid un-
necessary ER readmissions by effectively managing frail and com-
plex patients outside the hospital (Fig. 1).22,23) 

In conclusion, we report a case of R. pickettii bloodstream infec-
tion in an 88-year-old woman with a relatively mild course. R. pick-
ettii is one of several emerging healthcare-associated pathogens 
that affect frail older adult patients. Older age, comorbidities, and 
hospital admissions are among the main risk factors for HAIs. Ad-
herence to guidelines, training, auditing, and surveillance is crucial 

for reducing the burden of HAIs. Furthermore, avoiding incongru-
ous hospitalizations has positive implications both for preventing 
HAIs and improving patient quality of life. The possible strategies 
involve improving the transition-of-care processes, providing at-
tentive follow-up to identify and treat possible causes of hospital-
ization, and ensuring both the patients’ and caregivers’ compliance 
with discharge instructions. The true core of geriatric medicine 
should be primary care. 
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Herpes Simplex Virus Type 1 with Concomitant Pneumonia and Urinary 
Tract Infection in an Older Patient: A Case Report 
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A 76-year-old female patient was unable to ambulate due to sequelae of cerebrovascular disease 
and had been living in a healthcare facility. On admission, the patient was diagnosed with sepsis 
and a urinary tract infection caused by Candida tropicalis. Chest radiography showed right lung 
atelectasis, while bronchoscopy showed bronchial stenosis with anthracotic pigmentation in both 
bronchi. Bronchial washing cytology revealed herpes simplex virus (HSV) type 1-infected cells 
with intranuclear inclusions and multinucleation on the 7th day. Moreover, the patient showed 
microscopic hematuria. Urine cytology also revealed HSV type 1-infected cells. The patient was 
treated with antiviral (acyclovir), antifungal, and antibiotic agents. One week later, follow-up 
urine cytology revealed the absence of HSV infection, and her condition was stabilized. However, 
her clinical condition deteriorated due to an infection caused by multidrug-resistant bacterial 
pathogens, and she eventually died 4 weeks after admission. We describe a case of HSV type 1 
pneumonia and urinary tract infection in an older adult patient. 
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INTRODUCTION 

Herpes simplex virus (HSV) causes a variety of infections that in-
volve mucocutaneous surfaces, the central nervous system, and, 
occasionally, the visceral organs.1) The virus has been associated 
with pulmonary disease and was first reported by Morgan and Fin-
land.2) HSV pneumonia has mostly been reported in immuno-
compromised hosts and rarely occurs in immunocompetent hosts. 
Several cases of HSV pneumonia have been reported in Korea. 
One case was reported in an immunocompromised patient.3) An-
other two cases were reported in older immunocompetent hosts.4) 
Additionally, a case of HSV-induced urethritis was reported in a 
Korean soldier.5) 

These reported cases of HSV infection affected several organs. 
However, no previous reports have described the simultaneous oc-
currence of a urinary tract infection and pneumonia caused by 
HSV. 

Therefore, we report a cytologically proven case of concomitant 
HSV pneumonia and urinary tract infection in an older adult fe-
male patient with poor performance status. 

CASE REPORT 

A 76-year-old woman was transferred to Daegu Catholic Universi-
ty Medical Center due to worsening dyspnea. She had been living 
in a long-term healthcare facility because of an inability to ambu-
late effectively as a sequela of cerebrovascular disease since 1 year. 

She was suffering from hypertension for 18 years, type 2 diabe-
tes mellitus, subarachnoid hemorrhage 17 years ago, endobronchi-
al tuberculosis 14 years ago, and intracerebral hemorrhage 4 years 
ago. In the last 4 years, she had experienced and then recovered 
from several episodes of pneumonia.  

Her initial vital signs were as follows: blood pressure, 140/54 
mmHg; pulse rate, 90 beats/min; body temperature, 36.1°C; and 
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respiratory rate, 14 breaths/min. Crackle breathing sounds were 
observed in both the lung fields. She did not show any skin lesions 
and had an indwelling urinary catheter. 

The laboratory test results were as follows: white blood cell 
count, 361,000/µL (neutrophils 95.8%, lymphocytes 1.1%, and 
monocytes 2.5%); hemoglobin level, 7.2 g/dL; platelet count 
76 × 103/µL; C-reactive protein level, 41.7 mg/L; blood urea ni-
trogen, 61 mg/dL; creatinine, 0.8 mg/dL; Na, 130 mEq/L; total 
protein 3.4 g/dL; albumin, 2.2 g/dL; and pro B-natriuretic pep-
tide, 3,669 pg/mL. Arterial blood gas analysis showed a pH level of 
7.3999, an arterial carbon dioxide partial pressure of 53.1 mmHg, 
an arterial oxygen partial pressure of 61.9 mmHg, and a peripheral 
oxygen saturation of 99% under a fractional inspired oxygen 
(FiO2) of 60%. 

Initially, Candida tropicalis was detected in the blood and urine 
cultures, while Klebsiella pneumoniae (carbapenem-resistant En-
terobacteriaceae) was detected in the sputum culture. 

Chest radiography revealed diffusely increased opacity in the 
right hemithorax, with right upper lobe atelectasis and collapse 
consolidation (Fig. 1A). Chest computed tomography (CT) re-
vealed consolidation in the right lung and combined atelectasis 
with obliteration in the right main bronchi. Chest CT also showed 
a small consolidation in the left upper lobe (Fig. 1B, 1C). 

Based on the above results, the patient was diagnosed with 
pneumonia, acute respiratory failure, and candidemia. She was 
treated with meropenem, colistimethate sodium, and fluconazole. 
Then, high-flow nasal cannula oxygen therapy was administered. 

On the second day of admission, flexible bronchoscopy per-
formed in the intensive care unit (ICU) revealed a narrowing of 
the right main bronchus with anthracotic pigmentation (Fig. 2A, 
2B). Bronchial washing for routine culture, acid-fast bacilli stain-

ing, Mycobacterium tuberculosis polymerase chain reaction (PCR), 
and cytology were performed on the right main bronchus. No in-
fected cells were observed in bronchial washing cytology. Nine 
hours after the bronchoscopy, the patient experienced worsening 
hypoxia and dyspnea despite increasing FiO2; therefore, endotra-
cheal intubation and mechanical ventilation were performed. 

On the 3rd day of admission, urinalysis showed microscopic he-
maturia; therefore, a urine cytology test was performed. Simulta-
neously, HSV serology showed that immunoglobulin M (IgM) 
was negative, and IgG was positive, and the titers were 27.9 index 
value (negative < 0.9). 

On the 7th day of admission, due to weaning failure, percutane-
ous dilatational tracheostomy with bronchoscopy and repeat bron-
chial washing cytology in the narrowed and anthracotic right main 
bronchus were performed bronchial washing cytology revealed 
HSV type 1-positive cells with intranuclear inclusions and multi-
nucleation (Fig. 3A. 3B) by reverse transcription (RT)-PCR. HSV 

Fig. 1. (A) Chest radiography on admission showing diffuse increased opacity in the right hemithorax with right upper lobe atelectasis and col-
lapse consolidation. (B, C) Chest computed tomography on admission showing consolidation in the right lung and combined atelectasis with 
obliteration in the right main bronchi. Small consolidation is also visible in the left upper lobe. (D) Chest radiography showing no change in the 
atelectasis of the right upper lobe after acyclovir treatment.
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Fig. 2. Bronchoscopy showing narrowing of the right main bronchus 
with anthracotic pigmentation. (A) Right main bronchus stenosis at 
the carinal level. (B) Right upper lobe atelectasis with anthracotic pig-
mentation at the right main bronchus.
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type 1-infected cells were also identified by urine cytology per-
formed on the 3rd day of admission. Hence, treatment with 300 
mg of acyclovir was initiated three times a day. One week after acy-
clovir treatment, subsequent urine cytology revealed an absence of 
HSV infection. However, a repeat bronchoscopy to confirm HSV 
infection in the bronchi was not performed. After acyclovir treat-
ment, the patient’s vital signs remained stable without fever. Her 
laboratory test results were as follows: white blood cell count, 
4,400/µL (neutrophils 88.7%, lymphocytes 7.5%, and monocytes 
2.4%); hemoglobin level, 8.6 g/dL; platelet count 65 × 103/µL; 
C-reactive protein level, 78.1 mg/L. Chest radiography showed 
stable right upper lobe atelectasis after acyclovir treatment without 
any other progression (Fig. 1D). 

On the 20th day of admission, vancomycin-resistant Enterococci 
were detected in the urine and stool cultures. The patient subse-
quently developed sepsis. Hence, linezolid 600 mg twice daily was 
added to the initial treatment. Her urine output decreased insidi-
ously, and acute renal failure occurred. The patient refused to un-
dergo hemodialysis and cardiopulmonary resuscitation; therefore, 
the caregiver did not attempt to resuscitate the patient. The patient 
eventually died on the 28th day after admission.  

DISCUSSION 

This was a case of HSV type 1 pneumonia and urinary tract infec-
tion in an older patient who received intensive care. The patient 
had been bedridden for 1 year and received enteral feeding via a 
nasogastric tube as a sequela of cerebrovascular disease. 

In recent years, the incidence of opportunistic infections has in-
creased owing to widespread organ transplantation and immuno-
suppressant use. The incidence of viral infections has also in-
creased in recent years. Old age can be considered an immunosup-

pressive state. Aging does not necessarily lead to an inevitable de-
cline in immune function but is a significant contributing factor to 
the increased risk and severity of infections in older adults.6) 

Cytology can be used as a rapid and simple routine tool to diag-
nose viral infections.7) HSV is rarely detected simultaneously in 
bronchial washing and urine cytology examination. Because HSV 
inclusion bodies were observed in urine cytology and RT-PCR of 
urine specimens showed positive HSV type 1, this case is worth-
while to report. 

In general, HSV type 2 causes infection in the genital area.8) Al-
though not as common as HSV type 2, genital infection in HSV 
type 1 can cause genital ulceration, pelvic lymphadenopathy, and 
systemic symptoms, such as fever or myalgia. Occasionally, it caus-
es autonomic dysfunction accompanied by urinary retention or 
constipation.9) Few reports have described genital infections 
caused by HSV type 1. A previous report observed perineal skin 
vesicles and diagnosed the infection by viral culture from the le-
sion. In another report, a patient was diagnosed with plasma posi-
tive for HSV type 1 by PCR; simultaneously, the HSV type 1 anti-
body titers were IgM-negative and IgG-positive, as observed in the 
present case.9) However, no previous reports have described HSV 
infection in urine cytology due to HSV type 1, although a case of 
HSV type 2, confirmed by bladder biopsy due to hemorrhagic cys-
titis, has been reported. In the present case, the cytological exam-
ination was performed because of hematuria and revealed HSV 
type 1; therefore, hematuria may be an important symptom of 
HSV infection.10) 

In HSV pneumonia, focal disease may start as an oropharyngeal 
disease and spread to the lower respiratory tract, whereas diffuse 
pneumonia is associated with hematogenous dissemination of the 
virus from mucocutaneous oral or genital lesions into the lungs.11) 
HSV type 1 may reach the lower respiratory tract through three 

Fig. 3. Bronchial washing cytology showing intranuclear inclusion and multinucleation, suggesting herpes simplex virus-infected cells (Papanico-
laou stain, × 400).
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different mechanisms. First, contiguous spread to the lung paren-
chyma or aspiration of the virus in patients shedding the virus 
from mucocutaneous or oropharyngeal lesions.12) Second, hema-
togenous seeding, as supported by Ramsey et al.11) The recovery of 
HSV from circulating lymphocytes or peripheral buffy coat blood 
cells supports this mechanism.13) Third, reactivation of latent infec-
tion within the vagal ganglion, which spreads along the vagus 
nerve to the lung epithelium, has also been postulated.14) HSV 
pneumonia can be provoked by aspiration of infected exudates 
from the upper airways.15) Simoons-Smit et al.1) noted the pres-
ence of HSV in the upper and lower respiratory tracts in 22% and 
39% of ICU patients, respectively. Critically ill patients in the ICU 
ventilated for > 5 days showed an increased risk of herpes bron-
chopneumonia; these patients also had worse outcomes.16) 

Distinguishing between HSV colonization and pneumonitis is 
difficult. This case did not show a typical viral pneumonia pattern, 
such as ground-glass opacities, because it was difficult to observe 
this pattern due to physical stenosis of the right upper lobe atelec-
tasis that might be caused by anthracofibrosis. Cytological confir-
mation of HSV type 1 in bronchoalveolar washing fluid, but not in 
tracheal or oral aspiration samples, suggests a true infection.16) The 
improvement in leukocytosis, inflammatory markers, and vital 
signs after treatment with acyclovir also suggested a true infection, 
although other factors may also have played a role as an ICU pa-
tient. 

In the present case, we performed real-time HSV PCR to con-
firm the diagnosis. A complete diagnosis of HSV is difficult to es-
tablish because the clinical criteria, radiological features, and labo-
ratory findings lack specificity. In patients with suspected HSV in-
fection, HSV PCR and culture are the most commonly used tests 
to confirm the diagnosis. In addition to PCR and culture, other 
types of tests include direct fluorescent antibody and serological 
assays. However, these methods are not recommended owing to 
their poor sensitivity compared with that of PCR and culture. Se-
rological tests cannot differentiate between primary, recurrent, and 
previous HSV infections. The specificity of both cytological exam-
ination and virus culture increases when the samples are collected 
by bronchoalveolar lavage.17) 

HSV pneumonia is associated with increased mortality rates in 
critically ill patients.18) Clinical studies on HSV respiratory infec-
tions in critically ill patients have reported up to 63% mortality.1) 
One study reported a slow decline in HSV viral loads after the ini-
tiation of HSV treatment with acyclovir, with no deaths among the 
treated patients. However, the mortality rate was not significantly 
higher in patients who did not receive acyclovir. Similarly, Schuller 
et al.19) reported no differences in mortality, duration of mechani-
cal ventilation, or length of stay between patients with and without 

acyclovir administration.1) However, a recent study demonstrated 
that acyclovir treatment was associated with a significantly longer 
time to death in the ICU, reduced hazard ratio for ICU death, and 
clinically improved circulatory and pulmonary oxygenation func-
tions in patients with ventilator-associated pneumonia, antibiotic 
treatment failure, and high levels of HSV replication.20) The patient 
in the present case was bedridden and infected with multidrug-re-
sistant organisms as well as HSV, and eventually died of complica-
tions from HSV infection, multidrug-resistant bacterial infection, 
and consequent treatment. 

In conclusion, older age with poor general condition can lead to 
opportunistic infections, similar to immunocompromised hosts. 
Therefore, cytology may be useful for the diagnosis of viral diseas-
es. In addition, this study is crucial as it reports a rare case of HSV 
infection, especially HSV type 1, found simultaneously in the 
urine and bronchial washing fluid. 
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Perivascular epithelioid cell tumors (PEComa) are rare mesenchymal neoplasms composed of cells 
that express melanocytic and myogenic markers and grow around small blood vessels. PEComa 
often show benign behaviors but can also be highly aggressive. In frail and more complex pa-
tients, many conditions can overlap, compounding the diagnostic and therapeutic difficulties in-
herent in rare diseases. Moreover, the complexity of modern patients introduces new and signifi-
cant players in host-microbe interactions, and emerging pathogens represent a relevant chal-
lenge to modern healthcare. Among these pathogens is Eggerthella lenta, an anaerobic 
gram-positive bacterium of the normal gut microbiota associated with life-threatening infec-
tions. Here, we present a case of malignant pelvic PEComa with rapid metastatic progression in a 
73-year-old man who presented with an E. lenta bloodstream infection. Approaching differential 
diagnosis with open-mindedness may assist in better imaging interpretation, surgery scheduling, 
and proper treatment planning. Despite progress in diagnostic techniques for a more accurate 
pathogen diagnosis and characterization, a good dose of wisdom is vital to avoid overlooking po-
tentially harmful pathogens, particularly in frail individuals.
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INTRODUCTION 

Perivascular epithelioid cell tumors (PEComa) are rare mesenchy-
mal neoplasms composed of cells that express melanocytic and 
myogenic markers and grow around small blood vessels. While 
PEComa usually exhibit benign behavior, highly aggressive forms 
also exist.1) In frail and more complex patients, many conditions 
responsible for disability, hospitalization, institutionalization, and 
mortality can overlap with the diagnostic and therapeutic difficul-

ties inherent in dealing with rare diseases. The complexity of mod-
ern patients introduces new and significant players in host-microbe 
interactions, and emerging pathogens represent a relevant chal-
lenge in modern healthcare.2) Among these pathogens is Eggerthel-
la lenta, an anaerobic gram-positive bacterium of the normal gut 
microbiota associated with life-threatening infections.3,4) 

We present a case of malignant pelvic PEComa with rapid meta-
static progression in a 73-year-old man who presented with E. lenta 
bloodstream infection. Written informed consent was obtained for 
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the publication of this case report. 

CASE REPORT 

A 73-year-old man was admitted to our hospital with a fever and 
abdominal pain. He had a history of hypertension, chronic kidney 
disease (CKD), benign prostatic hyperplasia (BPH) treated with 
partial prostatic resection 14 years earlier, and bilateral internal ca-
rotid artery stenosis. He was independent in activities of daily liv-
ing (ADL) and instrumental activities of daily living (IADL) be-
fore admission. 

He reported chronic stypsis and weight loss during the last 4 
months. Two months before, he had undergone an endoscopic 
closure procedure for linear fissuration of the sigmoid colon. He 
also reported a fever 1 week before admission, for which he had 
started taking ciprofloxacin without clinical benefit. On his general 
practitioner’s advice, he presented to the emergency room (ER) of 
our hospital. Computed tomography-urography (CTU) per-
formed elsewhere revealed right hydronephrosis (30 mm) associ-
ated with a large pelvic mass (10 cm × 10 cm × 11 cm) character-
ized by multiple hypodense formations with a multiloculated ap-
pearance of possible abscess origin. He reported a last total pros-
tate-specific antigen (tPSA) value of 1.7 ng/mL. 

Bedside ultrasound performed in the ER showed bladder en-
largement, with > 500 mL residual urine. Urinary catheterization 
was performed because the mass was initially described as an en-
larged prostate. Instead, suprapubic cystostomy and a right ne-
phrostomy were performed. The following day, he was transferred 
to our Geriatric Internal Medicine ward for further evaluation. 

Upon arrival, the patient was feverish (39.0°C), awake, and par-
tially oriented in space and time. Physical examination showed that 
the abdomen was aching and tender in the hypogastric region, 
with pain radiating to all abdominal regions. The exacerbating fac-
tors were deep breathing and postural change. Physical examina-
tion of the heart, lungs, and skin revealed no abnormalities. Blood 
cultures collected upon arrival were positive for E. lenta. He began 
antibiotic therapy with meropenem for 5 days, and shifted to pip-
eracillin-tazobactam for 7 more days based on the antibiogram re-
sults, with improvement in his clinical conditions and blood in-
flammation markers. 

CTU (Fig. 1) and pelvic magnetic resonance imaging (MRI) 
(Fig. 2) showed a coarse expansive neoformative lesion in the cen-
tral portion of the pelvis, approximately 10 cm × 10 cm × 11 cm in 
size, with a non-homogeneous structure that was partly solid and 
partly colliquated. The mass determined the dislocation of the pel-
vic structures without a neat cleaving surface with the bladder and 
sigmoid colon. The case was discussed with the consultant sur-

geon and laparotomic surgery with a subumbilical midline incision 
was performed. A voluminous neoformation occupying the entire 
pelvic cavity was found, with extended inflammation involving the 
greater omentum, exceeding the sigmoid colon (dolichocolon) 
and dome of the bladder. The top of the neoformation appeared 
partially colliquated, and approximately 300 mL of corpuscular 
material, partly necrotic and partly abscessed, was drained. Micro-
biological examination showed positivity for Escherichia coli and 
Bacteroides vulgatus, both of which were susceptible to piperacil-

Fig. 1. Computed tomography-urography showed a coarse expansive 
neoformative lesion in the central portion of the pelvis, approximately 
10 cm×10 cm×11 cm in size, with a non-homogeneous structure that 
was partly solid and partly colliquated.

Fig. 2. Pelvic magnetic resonance imaging showed a coarse expansive 
neoformative lesion in the central portion of the pelvis, approximately 
10 cm×10 cm×11 cm in size, with a non-homogeneous structure that 
was partly solid and partly colliquated.
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lin-tazobactam. Debulking of the neoplasm confirmed infiltration 
of the bladder and the left iliac axis. During the procedure, 3/4 of 
the mass was removed. An omental flap was placed between the 
bladder and rectum in the residual tumor bed. Morphological ex-
amination of the intraoperative sample showed neoplastic mesen-
chymal proliferation characterized by epithelioid cells with variable 
cytoplasm (from clear to eosinophilic), severe cytokaryological 
atypia, neoplastic necrosis, and a high mitotic index. Immunohis-
tochemical investigations showed positivity for cathepsin K, SMA, 
INI1, and focal expression of Melan-A, HMB45, and H-caldes-
mon. The cells were negative for a large panel of cytokeratin (CK 
AE1/AE3, Cam5.2, EMA), desmin, myoglobin, myogenin, 
MyoD1, S100, MDM2, CDK4, CD34, calretinin, chromogranin, 
synaptophysin, and inhibin (Fig. 3). These findings were consis-
tent with the diagnosis of PEComa with malignant behavior ac-
cording to the current classification criteria.5) 

Two weeks later, because of a new temperature elevation and 
worsening of the patient’s clinical condition, antibiotic therapy 
with piperacillin-tazobactam was reinstated. A new contrast-en-
hanced CT scan of the abdomen showed an abscess (14 cm × 6 
cm × 12 cm) on the right side of the neoplasm. The infected col-
lection was drained using an ultrasound-guided percutaneous pro-
cedure. Staging CT did not reveal any metastasis. At discharge, the 
antibiotic therapy was shifted to oral amoxicillin-clavulanate and 
trimethoprim-sulfamethoxazole. 

One month later, the patient was treated with everolimus (Afini-
tor). Everolimus was discontinued and replaced with pazopanib 
(Votrient) after 2 months because of disease progression. Two 
weeks later, the patient was re-admitted to our hospital for intesti-
nal occlusion, for which colostomy placement surgery was per-
formed. Contrast-enhanced CT of the abdomen revealed two he-
patic metastases localized in segment VI. A colostomy placement 

was scheduled. To date, the patient continues to have infectious 
disease and oncological and radiotherapy follow-ups. 

DISCUSSION 

PEComa is a rare mesenchymal tumor comprising perivascular 
epithelioid cells (PEC). PEComa is characterized by a clear to 
granular cytoplasm and a central round to oval nucleus without 
prominent nucleoli that grow in a distinctive perivascular pattern. 
PEComa express both melanocytic markers, including HMB-45, 
Melan A/Mart 1, and MITF, as well as myogenic markers, includ-
ing actin, myosin, and calponin. To date, the “normal” counterpart 
of PECs is not known. It shows a strong genetic association with 
tuberous sclerosis complex (TSC) genes TSC1 (9q34) and TSC2 
(16p13.3).1,6) PEComa mainly affects young women (73%, medi-
an age at diagnosis 43 years). It is often unifocal and has benign be-
havior, although multiple lesions have also been reported, especial-
ly in malignant variants. The most common locations in adults are 
the uterus, retroperitoneal space, pelvis, and kidney.7) The symp-
toms of PEComa are non-specific. Symptomatic forms are usually 
locally advanced and manifest as pelvic or abdominal pain and dis-
comfort, weight loss, or vaginal bleeding (in uterine PEComa). 
Malignant forms often spread to the lungs (up to 90% for pelvic 
PEComa), liver (up to 77.8% of tumors located in the kidneys and 
mesentery), and bones. PEComa is often an incidental finding 
(20% of cases). While imaging features may help identify neo-
plasms,8) the diagnosis is based on histopathological characteris-
tics. The differential diagnoses include gastrointestinal stromal tu-
mor, melanoma, chromophobic renal cell carcinoma, clear cell sar-
coma, alveolar soft part sarcoma, and epithelioid leiomyosarco-
ma.1) Radical surgery is the only effective treatment for pelvic PE-
Coma. Radiotherapy can be administered to unresectable tumors 

Fig. 3. (A) Histopathological evaluation showed a lesion composed of high-grade epithelioid cells with clear to eosinophilic and granular cyto-
plasm (original magnification x10); necrosis and brisk mitotic activity were reported. (B) The cells were positive for cathepsin-K (original magni-
fication x20), melanocytic and smooth muscle markers.
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or as a neoadjuvant treatment. Support therapeutic options in-
clude mTOR inhibitors (mTOR is often upregulated in association 
with TSC1/TSC2 mutations) and VEGF inhibitors (because of 
abundant vascularization).8,9) Patients with malignant PEComa re-
quire strict follow-up as relapse can occur even within 10 years 
from surgery.10,11) 

E. lenta is an anaerobic, gram-positive bacterium of the normal 
gut microbiota. It is an emerging pathogen, as it has been recently 
associated with life-threatening infections, with a mortality rate of 
up to 20%.3,4) The shift toward a pro- inflammatory phenotype and 
immune dysregulation in frailty have attracted increasing interest 
in recent years. In this regard, a “frailty cytokinoma,” a system of in-
flammatory biomarkers involved in dysregulation of the cytokine 
network, has been identified.12) Systemic inflammation is closely 
related to changes in the microbiota that occur with aging and ac-
cumulation of frailty, among others. Almost oversimplifying such a 
complex topic, frailty is associated with a reduction in the diversity 
of the gut microbiota, with a shift toward a “inflammatory microbi-
ome”. Dysbiosis causes local inflammation, which contributes to a 
looser gut barrier, allowing the systemic spread of molecules that 
fuel chronic systemic inflammation, and even the translocation of 
bacteria into the bloodstream.13) Jackson et al.14) suggested that 
such changes may occur many years before clinically relevant frail-
ty develops and identified Eubacterium dolichum and E. lenta as 
abundant bacterial species in frail individuals. Recently, E. lenta has 
been associated with an important immunomodulatory role. Alex-
ander et al.15) speculated that this microorganism may provide an-
tigenic stimulation through Th17 lymphocyte activation. As E. len-
ta infections are often reported in older adults with comorbidities 
and oncological patients with advanced cancer, Woerther et al.16) 
defined it as a possible “witness of frailty.” The antibiograms and 
susceptibility of specific cases should be carefully considered, as E. 
lenta infections are associated with high costs and poor out-
comes.17-19) 

In conclusion, the present study described a case of an unusual 
type of cancer and bloodstream infection caused by an emerging 
pathogen. 

Approaching differential diagnosis with an open mind may assist 
in better imaging interpretation, surgery scheduling, and proper 
treatment planning. While PEComa are generally benign, on some 
occasions, as in our case, it can be highly aggressive. Non-specific 
clinical presentations might delay timely diagnosis, while the ab-
sence of well-consolidated guidelines undermines appropriate dis-
ease management. In these cases, careful surveillance is crucial for 
better outcomes. 

Emerging pathogens represent an important challenge in health-
care. Non-communicable diseases, immune dysfunction, aggres-

sive treatments such as surgery or chemotherapy, implants and 
medical devices such as central lines or catheters, prolonged expo-
sure to antibiotics, and microbiome disruption play significant 
roles in the development of infections. Progress in diagnostic tech-
niques, such as the implementation of MALDI-TOF (matrix-as-
sisted laser desorption/ionization-time of flight) mass spectrome-
try for micro-organism identification,19) help with more accurate 
pathogen diagnosis and characterization. This allows the most ap-
propriate therapy to be implemented, as well as better surveillance 
of antibiotic resistance, infection prevention, and control mea-
sures.20) Nevertheless, a good dose of wisdom is vital to avoid over-
looking potentially harmful pathogens, particularly in individuals 
with frailty. 
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Courses and Conferences

Upcoming academic events in 2023 of the Korean Geriatrics 
Society.
We would like to invite members of the Korean Geriatric Soci-
etyand anyone who are interested.

[The 71th Annual Meeting of the Korean Geriatrics Society]
May 27-28 , 2023
Kim Dae Jung Convention Center
30, Sangmunuri-ro, Seo-gu, Gwangju, Republic of Korea.

Membership Fee Information

Membership Fee

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

• Other member: KRW 30,000

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

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

Information on Geriatric Medicine Certification

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

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

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

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

Meetings.

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

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

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

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

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

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

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

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

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

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

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

The Korean Geriatrics Society News
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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 via web submission system
(Form available on our website or journal)

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

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

Journal Subscription Guide

Subscription fees

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

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

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

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

www.e-agmr.org



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

Manuscripts on geriatrics and gerontology, including clinical re-
search, aging-related basic research, and policy research related to 
senior health and welfare will be considered for publication. Re-
searchers from a wide range of geriatric specialties, multidisci-
plinary areas, and related disciplines of gerontology are encour-
aged to submit manuscripts for publication. AGMR is published 
quarterly on the last days of March, June, September, and Decem-
ber. The official website of AGMR is https://www.e-agmr.org/.

Manuscripts submitted to AGMR should be prepared accord-
ing to the instructions below. For issues not addressed in these in-
structions, the author should refer to the Recommendations for 
the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (http://www.icmje.org/icmje-recom-
mendations.pdf) from the International Committee of Medical 
Journal Editors (ICMJE).

Contact Us
Editor-in-Chief: Jae-Young Lim, MD, PhD
Department of Rehabilitation Medicine, Seoul National Universi-
ty College of Medicine, Seoul National University Bundang Hos-
pital, 82 Gumi-ro 173 beon-gil, Bundang-gu, Seongnam 13620, 
Korea
Tel: +82-31-787-7732, Fax: +82-31-787-4056
E-mail: drlim1@snu.ac.kr

Editorial Office: Korean Geriatrics Society
401 Yuksam Hyundai Venturetel, 20 Teheran-ro 25-gil, Gangnam-
gu, Seoul 06132, Korea
Tel: +82-2-2269-1039, Fax: +82-2-2269-1040
E-mail: agmr.editorial@gmail.com

RESEARCH AND PUBLICATION ETHICS

The journal adheres to the guidelines and best practices published 
by professional organizations, including International Standards 
for Editors and Authors (https://publicationethics.org/node/ 
11184), ICMJE Recommendations, and the Principles of Trans-
parency and Best Practice in Scholarly Publishing (joint statement 
by the Committee on Publication Ethics [COPE], Directory of 
Open Access Journals [DOAJ], World Association of Medical 
Editors [WAME], and Open Access Scholarly Publishers Associ-
ation [OASPA]; https://doaj.org/bestpractice). Further, all pro-
cesses of handling research and publication misconduct shall fol-
low the applicable COPE flowchart (https://publicationethics.
org/resources/flowcharts).

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with the 
World Medical Association’s Declaration of Helsinki (https://
www.wma.net/policies-post/wma-declaration-of-helsinki-ethi-
cal-principles-for-medical-research-involving-human-subjects/). 
Clinical studies that do not meet the Helsinki Declaration will not 
be considered for publication. For human subjects, identifiable in-
formation, such as patients’ names, initials, hospital numbers, 
dates of birth, and other protected health care information, should 
not be disclosed. For animal subjects, research should be per-
formed based on the National or Institutional Guide for the Care 
and Use of Laboratory Animals. The ethical treatment of all ex-
perimental animals should be maintained.

Statement of Informed Consent and Institutional Approval
Copies of written informed consent should be kept for studies on 
human subjects. Clinical studies with human subjects should pro-
vide a certificate, an agreement, or the approval by the Institutional 
Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an Insti-
tutional Animal Care and Use Committee (IACUC). If necessary, 
the editor or reviewers may request copies of these documents to 
resolve questions regarding IRB/IACUC approval and study con-
duct.

Instructions to authors
Enactment December 27, 2013

Revision March 1, 2021

www.e-agmr.org

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/


Conflict of Interest Statement
The corresponding author of an article is asked to inform the Edi-
tor of the authors’ potential conflicts of interest possibly influenc-
ing their interpretation of data. Examples of potential conflicts of 
interest include employment, consultancies, stock ownership, 
honoraria, paid expert testimony, patent applications/registra-
tions, and grants or other funding. A potential conflict of interest 
should be disclosed in the manuscript even when the authors are 
confident that their judgments have not been influenced in pre-
paring the manuscript. The disclosure form should be the same as 
the ICMJE Form for Disclosure of Potential Conflicts of Interest 
(http://www.icmje.org/conflicts-ofinterest/).

Originality, Plagiarism, and Duplicate Publication
Redundant or duplicate publication refers to the publication of a 
paper that overlaps substantially with one already published. 
Upon receipt, submitted manuscripts are screened for possible 
plagiarism or duplicate publication using Crossref Similarity 
Check. If a paper that might be regarded as duplicate or redundant 
had already been published in another journal or submitted for 
publication, the author should notify the fact in advance at the 
time of submission. Under these conditions, any such work 
should be referred to and referenced in the new paper. The new 
manuscript should be submitted together with copies of the du-
plicate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-
nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy the 
conditions for secondary publication of the ICMJE Recommenda-
tions (http://www.icmje.org/icmje-recommendations.pdf).

Authorship and Author’s Responsibility
Authorship credit should be based on (1) substantial contribu-
tions to conception and design, acquisition of data, and analysis 
and interpretation of data; (2) drafting the article or revising it crit-
ically for important intellectual content; (3) final approval of the 
version to be published; and (4) agreement to be accountable for 
all aspects of the work in ensuring that questions related to the ac-
curacy or integrity of any part of the work are appropriately investi-
gated and resolved. Authors should meet these four conditions.

• A list of each author’s role should accompany the submitted paper.
• Correction of authorship: Any requests for such changes in au-

thorship (adding author(s), removing author(s), or re-arrang-
ing the order of authors) after the initial manuscript submission 
and before publication should be explained in writing to the ed-
itor in a letter or e-mail from all authors. This letter must be 
signed by all authors of the paper. A copyright assignment must 
be completed by every author.

• Role of corresponding author: The corresponding author takes 
primary responsibility for communication with the journal 
during the manuscript submission, peer review, and publication 
process. The corresponding author typically ensures that all of 
the journal’s administrative requirements, such as providing the 
details of authorship, ethics committee approval, clinical trial 
registration documentation, and conflict of interest forms and 
statements, are properly completed, although these duties may 
be delegated to one or more coauthors. The corresponding au-
thor should be available throughout the submission and peer 
review process to respond to editorial queries in a timely man-
ner, and after publication, should be available to respond to cri-
tiques of the work and cooperate with any requests from the 
journal for data or additional information or questions about 
the article.

• All authors of a manuscript must have agreed to its submission 
and are responsible for its content, including appropriate cita-
tions and acknowledgements; they must also have agreed that 
the corresponding author has the authority to act on their be-
half on all matters pertaining to the publication of the paper.

• Description of co-first authors or co-corresponding authors is 
also accepted if corresponding author believes that their roles 
are equally contributed.

• Contributors: Any researcher who does not meet all four ICM-
JE criteria for authorship discussed above but contribute sub-
stantively to the study in terms of idea development, manu-
script writing, conducting research, data analysis, and financial 
support should have their contributions listed in the Acknowl-
edgments section of the article.

Process for Managing Research and Publication Miscon-
duct
When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflict of interest, ethical problems with a submitted 
manuscript, appropriation by a reviewer of an author’s idea or data, 
and complaints against editors, the resolution process will follow 
the flowchart provided by COPE (http://publicationethics.org/
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resources/flowcharts). The discussion and decision on the sus-
pected cases are carried out by the Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor and safe-
guard publication ethics: guidelines for retracting articles; mainte-
nance of the integrity of academic records; preclusion of business 
needs from compromising intellectual and ethical standards; pub-
lishing corrections, clarifications, retractions, and apologies when 
needed; and excluding plagiarized and fraudulent data. The edi-
tors maintain the following responsibilities: responsibility and au-
thority to reject and accept articles; avoid any conflict of interest 
with respect to articles they reject or accept; promote the publica-
tion of corrections or retractions when errors are found; and pre-
serve the anonymity of reviewers.

EDITORIAL POLICY

Copyright
Copyright in all published material is owned by the Korean Geriatrics 
Society. Authors must agree to transfer copyright (https://www. 
e-agmr.org/authors/copyright_transfer_agreement.php) during the 
submission process. The corresponding author is responsible for  
submitting the copyright transfer agreement to the publisher.

Open Access Policy
AGMR is an open-access journal. Articles are distributed under 
the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unre-
stricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited. Au-
thor(s) do not need to permission to use tables or figures pub-
lished in AGMR in other journals, books, or media for scholarly 
and educational purposes. This policy is in accordance with the 
Budapest Open Access Initiative definition of open access.

Registration of Clinical Trial Research
It is recommended that any research dealing with a clinical trial be 
registered with a primary national clinical trial registration site 
such as Clinical Research Information Service (http://cris.cdc.
go.kr/), or other sites accredited by the World Health Organiza-
tion ICTRP (http://www.who.int/ictrp/en) and ClinicalTrials.
gov (http://clinicaltrials.gov/), a service of the United States Na-
tional Institutes of Health.

Data Sharing
AGMR encourages data sharing wherever possible, unless this is 

prevented by ethical, privacy, or confidentiality matters. Authors 
wishing to do so may deposit their data in a publicly accessible re-
pository and include a link to the DOI within the text of the man-
uscript.
• Clinical Trials: AGMR accepts the ICMJE Recommendations 

for data sharing statement policy. Authors may refer to the edi-
torial, “Data Sharing statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal Edi-
tors,” in the Journal of Korean Medical Science (https://dx.doi.
org/10.3346/jkms.2017.32.7.1051).

Archiving and Posting Policy
AGMR provides electronic archiving and preservation of access to 
the journal content in the event the journal is no longer published, 
by archiving in the National Library of Korea. According to the de-
posit policy (self-archiving policy) of Sherpa/Romeo (http://
www.sherpa.ac.uk/), authors cannot archive pre-print (i.e., pre-ref-
ereeing) but they can archive post-print (i.e., final draft post-refer-
eeing). Authors can archive the publisher’s version/PDF.

Correction
If correction is needed, it will follow the ICMJE Recommenda-
tion for Corrections, Retractions, Republications and Version 
Control available from: http://www.icmje.org/recommendations/
browse/publishing-and-editorial-issues/corrections-and-version- 
control.html as follows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections 
are needed for errors of fact. Minimum standards are as follows: 
First, it shall publish a correction notice as soon as possible, detail-
ing changes from and citing the original publication on both an 
electronic and numbered print page that is included in an elec-
tronic or a print Table of Contents to ensure proper indexing; 
Second, it shall post a new article version with details of the 
changes from the original version and the date(s) on which the 
changes were made through CrossMark; Third, it shall archive all 
prior versions of the article. This archive can be either directly ac-
cessible to readers; and Fourth, previous electronic versions shall 
prominently note that there are more recent versions of the article 
via CrossMark.

SUBMISSION & PEER REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (http://submit.e-agmr.org/submission/) by the correspond-
ing author. Once you have logged into your account, the online 
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system will lead you through the submission process in a stepwise 
orderly process. Submission instructions are available at the web-
site. All articles submitted to the journal must comply with these 
instructions. Failure to do so will result in the return of the manu-
script and possible delay in publication.

Peer-Review Process
• A submitted manuscript will be evaluated by editors and review-

ers. All manuscripts submitted to AGMR undergo screening by 
the Editorial Board, who then determines whether a manu-
script undergoes external review.

• The journal uses a double-blind peer review process: the review-
ers are not aware of the identity of the authors, and vice versa. 
They are peer reviewed by at least 3 anonymous reviewers se-
lected by the editor. We neither guarantee the acceptance with-
out reviewing process nor very short peer review times for un-
solicited manuscripts. Commissioned manuscripts will also be 
reviewed before publication.

• The average time interval for an initial review process that in-
volves both editorial and peer reviews is approximately 1 
month; occasionally, there are unavoidable delays, usually be-
cause a manuscript needs multiple reviews or several revisions.

• The corresponding author will be notified as soon as possible of 
the editor’s decision to accept, reject, or ask for revisions. When 
manuscripts are returned for a revision, a cover letter from the 
editor provides directions that should be followed carefully. 
When submitting the revised manuscript, authors should in-
clude a Response Letter, which describes how the manuscript 
has been revised. A point-by-point response to the editor 
should be included with the revised manuscript. Authors who 
plan to resubmit but cannot meet this deadline should contact 
the Editorial Office. Manuscripts held for revision will be re-
tained for a maximum of 90 days. The revised manuscript and 
the author’s comments will be reviewed again. If a manuscript is 
completely acceptable according to the criteria set forth in these 
instructions, it is scheduled for publication in the next available 
issue.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal a decision should contact the Editor-in-Chief, explaining in 
detail the reasons for the appeal. All appeals will be discussed with 
at least one other associate editor. If consensus cannot be reached 
thereby, an appeal will be discussed at a full editorial meeting. The 
process of handling complaints and appeals follows the guidelines 
of COPE available from https://publicationethics.org/appeals. 

AGMR does not consider second appeals.

MANUSCRIPT PREPARATION

AGMR focuses on clinical and experimental studies, reviews, case 
reports, editorials and letters in geriatric medicine and gerontolo-
gy. Any researcher throughout the world can submit a manuscript 
if the scope of the manuscript is appropriate.

General Requirements
• The manuscript must be written using Microsoft Word and 

saved as “.doc” or “.docx” file format. The font size must be 11 
points. The body text must be left aligned, double spaced, and 
presented in one column. The left, right, and bottom margins 
must be 3 cm, but the top margin must be 3.5 cm.

• Page numbers must be indicated in Arabic numerals in the mid-
dle of the bottom margin, starting from the abstract page.

• A complete title page should be submitted separately from the 
main document file, and the latter should contain no informa-
tion that identifies the author or the author’s institutional affilia-
tion.

• All manuscripts must be written in clearly understandable En-
glish. Authors whose first language is not English are requested 
to have their manuscripts checked for grammatical and linguis-
tic correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided.

• The use of abbreviations should be minimized and restricted to 
those that are generally recognized. When using an abbreviated 
word, it should be spelled out in full on first usage in the manu-
script, followed by the abbreviation in parentheses.

• Numbers should be written in Arabic numerals, but must be 
spelled out when placed at the beginning of a sentence.

• Drugs and chemicals should be referred to using standard chem-
ical or generic terms. The names and locations (city, state, and 
country only) of manufacturers of equipment and non-generic 
drugs should be given.

• Measurements should be described using the metric system, and 
hematologic and biochemical markers using the International 
System of Units. All units must be preceded by one space, ex-
cept for the following symbols: percentage (%), temperature 
(°C), and degree (°).
All authors of a manuscript must have agreed to its submission 

and are responsible for its content, including appropriate citations 
and acknowledgements; they must also have agreed that the corre-
sponding author has the authority to act on their behalf on all 
matters pertaining to the publication of the paper. By publishing in 
this journal, the authors agree that the Korean Geriatrics Society 
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has the right to protect the manuscript from misappropriation. Il-
lustrations in published articles will not be returned to the authors.

Reporting Guidelines for Specific Study Designs
For specific study designs, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational stud-
ies, and non-randomized studies, authors are encouraged to con-
sult the reporting guidelines relevant to their specific research de-
sign. A good source of reporting guidelines is the EQUATOR Net-
work (https://www.equator-network.org/) and NLM (https://
www.nlm.nih.gov/services/research_report_guide.html).

Composition of Manuscripts
The manuscript sections should be presented in the following or-
der: Cover Letter, Title Page, Abstract and Keywords, Introduc-
tion, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, and Figure Legends. Provide only one 
table or figure per page. Table 1 shows the recommended maxi-
mums of manuscripts according to publication type; however, 
these requirements are negotiable with the editor.

Table 1. Recommended maximums for articles submitted to AGMR

Type of article Abstract 
(word)

Text 
(word)a) Reference Table & 

figure
Original article Struc-

turedb), 250
3,500 50 7

Review 150 6,000 unlimited 7
Case report 150 1,500 20 7
Editorial No 1,200 15 7
Letter to the edi-
tor

No 1,200 15 1

AGMR, Annals of Geriatric Medicine and Research.
a)Maximum number of words is exclusive of the abstract, references, 
tables, and figure legends.
b)Background, methods, results, and conclusion.

Title Page
The Title Page should include only the following information:
• Title: The title and the running title should be 25 or less and 10 

or less words, respectively. Please consider the title very carefully, 
as these are often used in information-retrieval systems. Please 
use a concise and informative title (avoiding abbreviations where 
possible). The title should be written in sentence case (capitalize 
only the first word of the title and proper nouns).

• Author names and affiliations in the correct order: Where the 
family name may be ambiguous (e.g., a double name), please 
indicate this clearly. Present the authors’ affiliation (where the 

actual work was done) below the names. Indicate all institution-
al affiliations, including the city and country, using lower-case 
superscript letters immediately after the author’s name and in 
front of the appropriate address.

• Corresponding author: Clearly indicate who will handle corre-
spondence at all stages of the refereeing and publication process 
and after publication. Provide the full postal address, including 
the city and country and, if available, the e-mail address of each 
author. When stating the author’s degree, do not place periods 
within “MD” and “PhD”. The e-mail address and ORCID of the 
corresponding author should be placed in the title page. Con-
tact details must be kept up-to-date by the corresponding au-
thor. ORCID (Open Researcher and Contributor ID) identifier 
must be also addressed. If the corresponding author does not 
have an ORCID identifier, it can be obtained through the OR-
CID website (https://orcid.org).

• Acknowledgments: This section is for the Conflicts of Interest, 
Funding, Author Contributions, ORCID, Additional Contri-
butions, and Previous Presentations.
- Conflicts of Interest Disclosures: Please include the authors’ 

potential conflicts of interest that could possibly influence 
their interpretation of data. If no conflict exists, please state 
the following: “The researcher(s) claim(s) no conflicts of in-
terest.”

- Funding: For each source of funds, both the research funder 
and the grant number should be listed in this section.

- Author Contributions: The contributions of all authors must 
be described using the CRediT (https://www.casrai.org/
credit.html) Taxonomy of author roles.
Sample:

Conceptualization, GDH; Data curation, JHK; Funding ac-
quisition, GDH; Investigation, JHK, SSL; Methodology, 
AGK; Project administration, GDH; Supervision, GDH; 
Writing–original draft, JHK, SSL; Writing–review & editing, 
GDH, AGK

- ORCID: We recommend that the open researcher and con-
tributor ID (ORCID) of all authors be provided. In order to 
obtain an ORCID, authors should register in the ORCID 
website: http://orcid.org/. Registration is free to every re-
searcher in the world.

- Additional Contributions: All persons who have made sub-
stantial contributions, but who have not met the criteria for 
authorship, are acknowledged here.

- Previous Presentation: Please inform any previous presenta-
tion of the material. Provide the exact data and location of the 
meeting.
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Abstract & Keywords
A concise and factual abstract is required. The abstract should not 
be more than 250 words (150 words for case reports and reviews). 
Abstracts should include the following headings: Background, 
Methods, Results, and Conclusion. Author(s) should specify the 
number of study participants. The abstract’s conclusion should 
emphasize clinical relevance. Do not use vague phrases such as 
“We believe that …” or “We suppose that …”. Non-standard or un-
common abbreviations should be avoided, but if essential, must be 
defined the first time they are mentioned in the abstract. After the 
abstract, list 3-5 keywords to be used for indexing. The keywords 
are from medical subject headings (MeSH; https://www.ncbi.
nlm.nih.gov/mesh). Editorials and Letters to the editor do not re-
quire an abstract. An abstract is often presented separately from the 
article, and therefore must be able to stand alone.

Guidelines for the Main Body
• Introduction: State the objectives of the work and provide ade-

quate background, avoiding a detailed literature survey or sum-
mary of the results.

• Materials and Methods: Authors of empirical papers are expect-
ed to provide full details of the research methods used, includ-
ing study location(s), sampling procedures, date(s) of data col-
lection, research instruments, and data analysis techniques. 
Methods already published should be indicated in a reference; 
only relevant modifications should be described. For Case Re-
ports, the case history or case description replaces the Methods 
section, as well as the Results section. Any study using human 
subjects or materials should be approved by the Institutional 
Review Board, as well through patient consent. Affiliation name 
of Institutional Review Board and approval number must be 
clearly stated as the following: “This study was approved by the 
Institutional Review Board of [Name of Affiliation] (Approval 
Number)”. Any study using animals should state the Institution-
al Animal Care approval and number. Any other ethics approv-
als should also be listed. If no ethical approvals were achieved or 
required, please state the reason (e.g., “In this study, the Institu-
tional Review Board of [Name of Affiliation] approved the ex-
emption and allowed authors to review the patient’s records 
with no need for the informed consents.”). Ensure correct use 
of the terms sex (when reporting biological factors) and gender 
(identity, psychosocial or cultural factors), and, unless inappro-
priate, report the sex and/or gender of study participants, the 
sex of animals or cells, and describe the methods used to deter-
mine sex and gender. If the study was done involving an exclu-
sive population, for example in only one sex, authors should 
justify why, except in obvious cases (e.g., prostate cancer).

• Results: Results should be clear and concise. Excessive repeti-
tion of table or figure content should be avoided.

• Discussion: This should explore the significance of the findings, 
rather than repeating them. Avoid extensive citations or a dis-
cussion of published literature. The main conclusions of the 
study may be presented in a short Conclusion section, which 
may stand alone or form a subsection of the Discussion section.

References
The citation of references in the text should be made using con-
secutive numbers in parentheses (Vancouver style). They should 
be listed in the text in the order of citation, with consecutive num-
bering in this separate section. The style for papers in periodicals 
is as follows: the name and initials of all authors, the full title of ar-
ticle, the journal name abbreviated in accordance with Index 
Medicus, the year and volume, and the first and last page num-
bers. If there are more than 7 authors, write the names of the first 
6 authors, followed by “et al.” The style for a book chapter is as fol-
lows: author and title of the chapter, editor of the book, title of the 
book, edition, volume, place, publisher, year, and first and last 
page numbers. The style for a book is as follows: author, title of 
the book, edition, place of publication, publisher, and year of pub-
lication. The style for a website is as follows: title of the website, 
place of publication, publisher, year of copyright, and Internet ad-
dress. Other types of references not described below should fol-
low ICMJE Recommendations (https://www.nlm.nih.gov/bsd/
uniform_requirements.html). Authors are responsible for the ac-
curacy and completeness of their references and for ensuring that 
their text citations are correct. Papers still in press may be listed 
among the references using the journal name and a tentative year 
of publication. Unpublished data and personal communications 
may be listed only with the author’s written permission.

Reference Style
- Journal article:

1. Oh TJ, Song Y, Moon JH, Choi SH, Jang HC. Diabetic pe-
ripheral neuropathy as a risk factor for sarcopenia. Ann Geriatr 
Med Res 2019;23:170-5.

- Book:
2. Fillit H, Rockwood K, Woodhouse K, Young JB. Brockle-

hurst’s textbook of geriatric medicine and gerontology. 8th ed. 
Philadelphia, PA: Elsevier; 2016.

3. Korea National Statistical Office. Annual report on the cause 
of death statistics, 2015. Daejeon: Korea National Statistical 
Office; 2016.

- Book chapter:
4. Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh 
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JH, Brenner BM, editors. Hypertension pathophysiology, di-
agnosis, and management. 2nd ed. New York, NY: Raven 
Press; 1995. p. 465-78.

- Website:
5. AMA: helping doctors help patients [Internet]. Chicago, IL: 

American Medical Association; c2019 [cited 2019 Dec 22]. 
Available from: http://www.ama-assn.org.

Tables and Figures
Tables should be submitted separately from the main body of the 
paper, and figure legends should be typed on separate sheets.
• Table: Please submit tables as editable text and not as images. 

Avoid using vertical rules. Tables should be simple and should 
not duplicate information already presented in figures. Title all 
tables and number them using Arabic numerals in the order of 
their citation. Tables should be double-spaced, with each table 
on a separate sheet. Describe all abbreviations using footnotes. 
Footnotes are followed by the source notes, other general notes, 
abbreviation, notes on specific parts of the table (a), b), c), 
d)…), and notes on level of probability (*, **, *** for p-values). 
Each column and row should have an appropriate heading. The 
first letter of the first word in each column and row should be 
capitalized. Use Arabic numerals after “Table” in accordance 
with the order of citation, with a space between “Table” and the 
Arabic number. Mean and standard deviation (mean ± SD) and 
numbers of subjects are included and the significance of results 
is indicated through appropriate statistical analysis. The p-value 
should be provided to 3 decimal places and the letter “p” in 
“p-value” written in lower case. Table footnotes should be indi-
cated with superscript markings. All units of measurement and 
concentration should be designated. Exponential terminology 
is discouraged. The table should be drawn in MS word and not 
as an image file (JPG, GIF, TIFF, etc.).

• Figure: Electronic art should be created/scanned and saved and 
submitted as either a TIFF (tagged image file format) or an EPS 
(encapsulated postscript) file. Figures must be cited in the text 
and numbered in order of first mention. Make sure to mark the 
figure number clearly on the figure or part of the electronic file 
name (i.e., Figure 1.tif). Line art must have a resolution of at 
least 1,200 dpi (dots per inch), and electronic photographs, ra-
diographs, CT scans, and scanned images must have a resolu-
tion of at least 300 dpi. Images should be supplied at a size that 
approximates the final figure size in the print journal. If fonts are 
used in the artwork, they must be converted to paths or out-
lines, or embedded in the files. Color images must be created/
scanned, saved, and then submitted as CMYK files. Please note 
that artwork generated using office suite programs such as 

Corel Draw or MS Word, as well as artwork downloaded from 
the Internet (JPEG or GIFF files), cannot be used. Color pho-
tographs will be published if the editor considers them abso-
lutely necessary. The expense of reproducing color photo-
graphs/ designs will be passed on to the author. The author is 
responsible for submitting prints that are of sufficient quality to 
permit accurate reproduction, and for approving the final color 
galley proof.

• Figure legend: All of the figure legends should be typewritten 
and double-spaced. Use a separate sheet for each legend. Figure 
legends should describe briefly the data shown, explain any ab-
breviations or reference points in the photographs, and identify 
all units, mathematical expressions, abscissas, ordinates, and 
symbols.

Other Manuscript Formats
General guidelines are same as for original articles.
• Review Articles: The text is structured in the following order: 

Title page, Introduction, Main text, Conclusion, and Referenc-
es, which should not exceed 100. Unstructured abstracts should 
contain no more than 150 words. Review article does not nec-
essarily need to be reviewed by an Institutional Review Board.

• Case Reports
- Case reports are considered for publication only if they report 

rare conditions, atypical symptoms and signs, or novel diag-
nostic or therapeutic approaches. The manuscript is struc-
tured in the following order: Title Page, Abstract, Introduc-
tion, Case Report, Discussion, References, Tables, and Fig-
ures. The abstract should be unstructured and should be no 
more than 150 words, with no more than 3 keywords at-
tached. The introduction should briefly state the background 
and significance of the case. The actual case report should 
describe the clinical presentation and the diagnostic and ther-
apeutic measures taken. The discussion should focus on the 
uniqueness of the case and should not contain an extensive 
review of the disease or disorder. The number of references is 
limited to 20. The maximum word count is 1,500 words, ex-
cept references, figure legends, and tables.

- A case report is an academic/educational activity that does 
not meet the definition of “research”, which is: “a systematic 
investigation, including research development, testing and 
evaluation, designed to develop or contribute to generalizable 
knowledge.” Therefore, the activity does not necessarily need 
to be reviewed by an Institutional Review Board. However, 
patients have a right to privacy that should not be infringed 
without an informed consent. Identifying information, in-
cluding patients’ names, initials, or hospital numbers, should 
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not be published in written descriptions, photographs, and 
pedigrees unless the information is essential for scientific 
purposes and the patient (or parent or guardian) gives writ-
ten informed consent for publication. Informed consent for 
this purpose requires that a patient who is identifiable be 
shown the manuscript to be published. Complete anonymity 
is difficult to achieve, however, an informed consent should 
be obtained if there is any doubt. For example, masking the 
eye region in photographs of patients is inadequate protec-
tion of anonymity. If identifying characteristics are altered to 
protect anonymity, such as in genetic pedigrees, authors 
should provide assurance that alterations do not distort sci-
entific meaning and editors should so note.

• Editorials are an invited comment on a recently published man-
uscript. Editorial offers broader view of raised issues, balanced 
interpretation, and a link to further questions. Manuscript lim-
itations are 1,200 words and 15 references.

• Letters to the editor: Letters to the editor comment on papers 
published in this journal or on other relevant matters and do 
not require an abstract. Manuscripts may be no longer than 
1,200 words, with 15 or less references and may include only 1 
figure or table. Subtitles should not be used, and any acknowl-
edgements should be included in the body of the letter. Writing 
a letter is an academic/educational activity that does not meet 
the definition of “research”, which is: “a systematic investigation, 
including research development, testing and evaluation, de-
signed to develop or contribute to generalizable knowledge.” 
Therefore, the activity does not necessarily need to be reviewed 
by an Institutional Review Board.

Supplemental Data
Additional data, including Methods, Results, References, Tables, 
Figures, and video, that are difficult to be inserted in the main 
body can be submitted in the form of Supplemental Data. Supple-
mental Data submitted by the author will be published online to-
gether with the main body without going through a separate edit-
ing procedure. All supplemental data, except video materials, are 
to be submitted in a single file, and the manuscript title, authors’ 
name, organization, and corresponding author’s contact informa-
tion must be specified in the first page.

FINAL PREPARATION FOR PUBLICATION

Final Version
After the paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names and 
affiliations of the authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. Symbols 
(e.g., circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction to 
the journal’s column widths. All symbols must be defined in the 
figure caption. If references, tables, or figures are moved, added, or 
deleted during the revision process, renumber them to reflect 
such changes so that all tables, references, and figures are cited in 
numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within 2 days when the manuscript editor 
contacts the corresponding author for revisions. If the response is 
delayed, the manuscript’s publication may be postponed to the 
next issue.

Gallery Proof
The author(s) will receive the final version of the manuscript as a 
PDF file. Upon receipt, the author(s) must notify the Editorial 
Office (or printing office) of any errors found in the file within 2 
days. Any errors found after this time are the responsibility of the 
author(s) and will have to be corrected as an erratum.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 
should contact the journal’s Editorial Office with a detailed de-
scription of the proposed correction. Corrections that profoundly 
affect the interpretation or conclusions of the article will be re-
viewed by the editors. Corrections will be published as corrigenda 
(corrections of the author’s errors) or errata (corrections of the 
publisher’s errors) in a later issue of the journal.

ARTICLE PROCESSING CHARGES

There are no article submission charges or article processing 
charges for AGMR. Only reprinting cost will be charged to the 
authors. Reprints may be ordered directly from the publisher. An 
order form for reprints will be sent with the proofs to the corre-
sponding author. Reprints are available in quantities of 50.
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Date :                                                                                                                     

No. of Manuscript : AGMR-                                                                                                                                                                                                                                           

Title of Manuscript :                                                                                                                                                                                                                                            

Before submitting the manuscript, please complete the author’s checklist below and send it to the editorial office using online submis-
sion system (http://www.e-agmr.org).

General Guideline
☐ The content of the manuscript is original.
☐ The contact information (address, ORCID, e-mail address) of the corresponding author is indicated.

Abstract and Keywords
☐ The abstract is 250 words or less.
☐ The abstract is presented in the order of background, methods, results, and conclusion.
☐ The keywords are from medical subject headings (MeSH) (see https://www.ncbi.nlm.nih.gov/mesh).

References
☐ References are listed in accordance with the “submission guidelines”.
☐ The number of references is appropriate.
☐ One or more articles are cited from the “Annals of Geriatric Medicine and Research”.

Tables and Figures
☐ No more than 7 tables and figures in total.
☐ The title and legends of tables and figures are clear and concise.

Author’s checklist

Print Name Signiture
Corresponding Author                                                                                                                  
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*Must be signed and returned to the editor-in-chief of the journal before the manuscript can be considered for publication

YOUR STATUS
I am the author signing on behalf of all co-authors of the manuscript
Name/Title/Institution/Signature: _______________________________________________________________
E-mail address: _________________________________________________________________________

I have read and agree to the terms of the License Agreement [     ]

Author(s) hereby certify that: 
1. The Author(s) are the sole authors of and sole owners of the copyright in the Contribution.
2. If the Contribution includes materials of others, the Author(s) certify that they have obtained written permission for the use of text, ta-

bles, and/or illustrations from any copyrighted source(s), and agree to supply such written permission(s) to the Korean Geriatrics Soci-
ety (KGS) upon request.

3. In consideration of publication of the Contribution in the Annals of Geriatric Medicine and Research (AGMR), the Author(s) hereby 
grants to KGS for the full term of copyright and any extensions thereto the sole and exclusive, irrevocable license to publish, reproduce, 
distribute, transmit, display, store, translate, create derivate works from and otherwise use the Work in any language or in any form, man-
ner, format, or medium now known or hereafter developed without limitation throughout the world, and to permit and/or license oth-
ers to do any or all of the above. In the event that AGMR decides not to publish the Contribution, this license shall be terminated and all 
rights revert to the author(s). And I agree to the AGMR Open Access license agreement: Creative Commons Attribution Noncommer-
cial license.

AUTHORS RIGHTS

Ownership of copyright remains with the Authors, and provided that, when reproducing the Contribution or extracts from it, they ac-
knowledge first and reference publication in the Journal. Authors also retain the following nonexclusive rights:
* To reproduce the Contribution in whole or in part in any printed volume (book or thesis) of which they are the author(s).
* They and any academic institution where they work at the time may reproduce the Contribution for the purpose of course teaching.
* To post a copy of the Contribution as accepted for publication after peer review (in Word or Text format) on the Authors’ own web site 

or institutional repository or the Author’s funding body’s archive, after publication of the printed or online edition of the Journal, provid-
ed that they also give a hyperlink from the Contribution to the Journal’s web site.

* To reuse figures or tables created by them and contained in the Contribution in other works created by them.

USERS RIGHTS: SUMMARY OF CREATIVE COMMONS LICENCES

CREATIVE COMMONS ATTRIBUTION-NON-COMMERCIAL LICENCE
Users are free to share (copy, distribute and transmit) and remix (adapt) the contribution under the following conditions (read full legal 
code at https://creativecommons.org/licenses/by-nc/4.0/legalcode):
* Attribution: Users must attribute the contribution in the manner specified by the author or licensor (but not in any way that suggests 

that they or their use of the contribution is endorsed by the author or licensor).
* Noncommercial: Users may not use this work for commercial purposes.
* For any reuse or distribution, users must make clear to others the license terms of this work, preferably using a link to the Creative com-

mons webpage (http://creativecommons.org/licenses/)
* Any of the above conditions can be waived if users get permission from the copyright holder.

Copyright transfer form
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AUTHOR REPRESENTATIONS / ETHICS AND DISCLOSURE

I affirm the Author Representations noted below, and confirm that I have reviewed and complied with the relevant Instructions to Authors.

Author representations
The Article I have submitted to the journal for review is original, has been written by the stated authors and has not been previously pub-
lished.
The Article was not submitted for review to another journal while under review by this journal and will not be submitted to any other 
journal.
The Article and the Supplemental Materials do not infringe any copyright, violate any other intellectual property, privacy or other rights of 
any person or entity, or contain any libelous or other unlawful matter.
I have obtained written permission from copyright owners for any excerpts from copyrighted works that are included and have credited 
the sources in the Article or the Supplemental Materials. Except as expressly set out in this License Agreement, the Article is not subject to 
any prior rights or licenses and, if my or any of my co-authors’ institution has a policy that might restrict my ability to grant the rights re-
quired by this License Agreement (taking into account the Author Rights permitted hereunder, including Internal Institutional Use), a 
written waiver of that policy has been obtained.
If I am using any personal details or images of patients, research subjects or other individuals, I have obtained all consents required by ap-
plicable law and complied with the publisher’s policies relating to the use of such images or personal information. If the Article or any of 
the Supplemental Materials were prepared jointly with other authors, I have informed the coauthor( s) of the terms of this License Agree-
ment and that I am signing on their behalf as their agent, and I am authorized to do so.
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