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Since 2010, when the European Working Group on Sarcopenia in 
Older People (EWGSOP) first presented guidelines for the diag-
nosis of sarcopenia,1) worldwide medical interest in this condition 
has exploded. The International Classification of Diseases, 10th 
Revision, Clinical Modification (ICD-10-CM) code for sarcope-
nia (M62.84) represents a major step forward in recognizing sar-
copenia as a disease2) and has been registered in the disease code 
systems of countries worldwide. The number of papers related to 
sarcopenia indexed in the PubMed database has increased expo-
nentially, with more than 2,000 papers published per year in the 
last 2 years (Fig. 1). Thus, sarcopenia has become an important gi-
ant in geriatric medicine.3) 

This geriatric giant has undergone a huge transition in the past 
year with the announcement by the EWGSOP of a revised con-
sensus on sarcopenia 9 years after the first consensus.4) This update 
maintains the three key axes for sarcopenia diagnosis; namely, 
muscle mass, muscle strength, and physical performance. Howev-
er, unlike previous algorithms that measured walking speed first, 
muscle strength was first measured through grip strength or the 
chair stand test, which can be easily applied in the clinic to identify 
“probable sarcopenia.” In cases of confirmed sarcopenia, the algo-
rithm can be used to diagnose “severe sarcopenia” based on physi-
cal performance. In addition, a step was added to identify cases in 
the clinic through the application of the SARC-F questionnaire 
(The SARC-F questionnaire is composed of five domains: 
Strength, Assistance with walking, Rise from a chair, Climb stairs 
and Falls). The cut-off values for muscle mass, muscle strength, 
and physical performance were updated based on the clinical data 
accumulated to date. In line with this, the Asian Working Group 
for Sarcopenia (AWGS) also updated the consensus report in 
2019,5) to include “case finding” in the diagnostic algorithm con-
sistent with that in the revised EWGSOP. Calf circumference and 
the SARC-F were also added. In addition, while the revised EWG-
SOP regarded the five-time chair stand test as a diagnostic method 
for “muscle strength,” the AWGS 2019 included this test in “physi-
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cal performance” based on the 6-Meter Walk Test and Short Physi-
cal Performance Battery. The development and evolution of efforts 
to more easily and accurately diagnose and classify sarcopenia in 
clinical practice are anticipated.  

The first-line treatment for sarcopenia is exercise and nutritional 
intervention. Strong evidence supports the application of progres-
sive resistance exercises suitable for older adults as well as targeted 
protein intake and provision of nutrition.6,7) However, more reli-
able and sustainable interventions in geriatric medicine additional-
ly require pharmacological interventions for sarcopenia.8) Clinical 
trials of new drugs targeting multiple molecules are ongoing. The 
positive results of trials of myostatin inhibitors, selective androgen 
receptor modulators, and vitamin D targeting various sarcopenia 
phenotypes have been published. For instance, bimagrumab, a 
monoclonal antibody of activin receptor type 2B, has been report-
ed in clinical trials targeting diseases such as inclusion body myosi-
tis9) and chronic obstructive pulmonary disease.10) Finally, the re-
sults of an international multicenter clinical trial (38 sites in 13 
countries) on the treatment of sarcopenia in community-dwelling 
older adults were finally released in 2020.11) While the sarcopenia 
drug treatments evaluated in clinical trials to date have the effect of 
increasing muscle mass, this increased mass did not lead to im-
proved muscle strength or physical performance. But in the near 
future, science certainly expects to find the right answer. 

In 2020, we faced the coronavirus disease 2020 pandemic, an 
unprecedented global infectious disease that continues to this day. 
As of February 2021, 113 million people worldwide have been 
confirmed to have COVID-19, with a mortality rate of approxi-
mately 2.22%. Older patients with COVID-19 complain of severe 
muscle weakness and poor physical function even after recovering 
from acute illness.12,13) In addition, strong social distancing and 
lockdowns implemented in almost all countries will further accel-
erate frailty in this population. Therefore, the phenomena we have 
experienced over the past year due to the pandemic have further 
increased the prevalence of sarcopenia in older adults; thus, clini-

Copyright © 2021 by The Korean Geriatrics Society
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cians should prepare for a new phase after COVID-19. 
Sarcopenia, which has become a geriatric giant, is already grow-

ing in size and has become a protagonist requiring our attention in 
a super-aged society. This giant stands amid the huge inflection of 
revised diagnoses, new treatments, and COVID-19. If we do not 
tame this giant in advance, it will present as a bigger and more ter-
rifying challenge to the next generation. 
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INTRODUCTION 

The infectious severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has resulted in a global pandemic, causing signifi-
cant disruption and loss of life. In response, there has been an un-
precedented effort for the rapid development of vaccines to pre-
vent coronavirus disease 2019 (COVID-19). As of January 1, 
2021, 60 and 172 vaccines are in clinical and pre-clinical develop-
ment, respectively.1) The United States Food and Drug Adminis-
tration has issued Emergency Use Authorizations approving the 
distribution and use of two vaccines in the United States: the 
BNT162b2 vaccine by Pfizer-BioNTech on December 11, 2020, 
and the mRNA-1273 vaccine from Moderna on December 18, 
2020.2) 

When COVID-19 vaccine programs are implemented, there 
will likely be limited supplies depending on the rates of vaccine 
production, shipping, and distribution and the ability to adminis-
ter vaccines in mass-immunization programs. The World Health 

Coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has resulted in a global pandemic and significant loss of life. Older people 
are vulnerable to SARS-CoV-2 infections and complications; thus, they are a priority group to re-
ceive COVID-19 vaccines. This review discusses considerations for COVID-19 vaccines for older 
adults. The general concepts of vaccine effectiveness in older adults are described, particularly 
immune senescence and vaccine development approaches to improve immunogenicity. The types 
of COVID-19 vaccine platforms are also described before reviewing the available, although limit-
ed, evidence from phase 3 COVID-19 vaccine trials relevant to older adults. The BNT162b2 vac-
cine by Pfizer-BioNTech and mRNA-1273 vaccine from Moderna demonstrated high efficacy and 
immunogenicity, which were also observed in older people. While the ChAdOx1 nCoV-19 vaccine 
(AZD1222) by AstraZeneca demonstrated some efficacy in older people, the vaccine dose requires 
clarification through further studies. Finally, the Ad26.COV2.S vaccine by Janssen Pharmaceuti-
cals shows promise as a single-dose vaccine with a potential durability of response. 

Key Words: COVID-19, Aged, Older adults, Vaccines  
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Organization (WHO) Strategic Advisory Group of Experts offers 
guidance for prioritizing the allocation of available COVID-19 
vaccines. People considered high-priority groups include essential 
workers to ensure continuity of critical services, people who are 
more likely to be exposed to and spread the virus, and finally, those 
with a higher risk of morbidity and mortality, such as older adults.3) 

The present review discusses COVID-19 vaccine considerations 
for older adults. The general concept of vaccine effectiveness in 
older adults is described, followed by an overview of the types of 
COVID-19 vaccine platforms, before reviewing the currently avail-
able, although somewhat limited, evidence from phase 3 
COVID-19 vaccine trials relevant to older adults.  

VACCINATION EFFECTIVENESS IN OLDER ADULTS 

COVID-19 vaccine trials should demonstrate proof of useful vac-
cine efficacy in terms of protection against severe disease. They 
should also evaluate the duration of protection by providing con-

Copyright © 2021 by The Korean Geriatrics Society
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tinued blinded follow-up of the vaccine and placebo groups, even 
if there is evidence of short-term efficacy. The WHO recommends 
that vaccines show an estimated risk reduction of at least 50%, with 
sufficient precision to conclude that the true vaccine efficacy is 
above 30%. This is because a vaccine with 50% efficacy may suffi-
ciently reduce the incidence of COVID-19 in those who are vacci-
nated, although the efficacy far above 50% is preferable.4) 

In older adults, immune senescence results in an increased vul-
nerability to respiratory diseases, such as influenza, with a corre-
sponding reduction in vaccine effectiveness. Medical illness, men-
tal and psychosocial health issues, frailty, and functional depen-
dence accelerate changes associated with immune senescence. 
Combined with reduced adaptive immune response, inflammag-
ing (chronic elevation of inflammatory cytokine levels), and un-
der-regulation of cytokine production, older people tend to have 
poorer responses to vaccination. Thus, the goal of vaccination in 
older people is to provide some clinical protection against the dis-
ease rather than inducing sterilizing immunity against infections.5) 

When older people are administered vaccines, antibody re-
sponses are commonly evaluated based on the rates of seroprotec-
tion (titers above 1:40 by hemagglutination inhibition testing) and 
seroconversion (at least a four-fold increase in antibody titer com-
pared to that at baseline).6) 

In influenza vaccine studies, antibody responses in older adults 
were less compared with those observed in younger adults and 
were not the best correlates for immune protection against infec-
tions. Measures of cell-mediated immune responses, such as the 
ratio of interferon-γ to interleukin-10 and the level of cytolytic me-
diatory granzyme B, were better correlated with protection. This 
makes sense as cell-mediated immunity plays an important role in 
preventing respiratory virus infections.7) 

These findings have several important implications. First, the 
evaluation of vaccine efficacy in older people through immunolog-
ical surrogates should measure both antibody and T-cell responses 
to assess the potential for clinical protection. Moreover, vaccine 
development for older people should consider novel approaches 
for antigen presentation, particularly protein content that stimu-
lates cell-mediated immunity, alternative routes of vaccine delivery 
for an augmented vaccine response, use of higher doses, and use of 
attenuated-live viruses or virus-like particles. Adjuvants, or sub-
stances that enhance both humoral and T-cell-mediated responses 
via enhanced antigen presentation, activation and maturation of 
dendritic cells, and production of inflammatory cytokines, may 
also be added to improve immunogenicity.8) 

A review of influenza vaccines in older people found that en-
hanced vaccines using high doses, adjuvants, and intradermal ad-
ministration resulted in 82%, 52%, and 32% greater titers than 

standard-dose vaccines.9) While adjuvants improved vaccine im-
munogenicity, a systematic review and meta-analysis of adjuvanted 
vaccines also showed higher rates of solicited adverse events. How-
ever, these were mostly mild and transient, without causing signifi-
cant safety concerns.10) 

Overall, owing to changes in the immune system with age, trials 
evaluating the response of vaccines in older people should be as-
sessed separately. Immunosenescence leads to defects in innate 
and adaptive immune responses; thus, vaccine responses tend to 
be weaker and decline earlier. Therefore, improved vaccination 
strategies, adjuvants, and vaccines that specifically target the aged 
immune system may be required.11) 

TYPES OF COVID-19 VACCINE PLATFORMS 

Several platforms are being explored for vaccines against SARS-
CoV-2. The four main platforms are virus vaccines, nucleic acid 
vaccines, viral vector vaccines, and protein-based vaccines.12,13) For 
inactivated viral vaccines, the viruses should be completely inacti-
vated to avoid causing disease. However, there is an associated risk 
of vaccine-associated enhanced disease, in which vaccinated peo-
ple develop more severe disease if they encounter an infection. 
Nucleic acid vaccines are based on DNA and RNA segments inte-
grated into a plasmid, which when taken up by host cells, allow the 
virus protein to be manufactured within the cells to mount an im-
mune response. DNA vaccines have a theoretical risk of integrating 
with host cell DNA, although this has not been observed in animal 
or human studies. This is less likely with mRNA vaccines, which 
do not include retrovirus elements for reverse transcription into 
DNA.14) 

Viral vector-based vaccines use viral vectors, such as adenovirus-
es, to introduce genetic sequence coding for the antigen into host 
cells. However, there is a risk of loss of genetic material coding for 
the antigen during manufacturing processes, which may result in 
vaccine failure. Viral proteins produced using recombinant ap-
proaches are available but tend to require adjuvants to develop an 
acceptable immune response. An intermediate between protein 
subunits and inactivated viruses can be achieved by assembling 
proteins into virus-like particles (VLPs), which can mimic the wild 
virus structure but are not infectious owing to the lack of genetic 
material. The “molecular clamp” enables viral proteins to retain 
their shape; thus, VLPs can induce a strong immune response.12,13) 
The route of vaccination is also an important consideration. While 
intramuscular injections can lead to protective IgG antibodies in 
the respiratory mucosa, they are less effective in inducing mucosal 
IgA antibodies or T-cell responses in the lungs. The respiratory 
mucosal route is more adapted to this function, as well as generat-
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ing macrophage-mediated immunity.15) 

Inactivated virus, protein subunit, and nucleic acid vaccines can-
not be administered via the respiratory mucosa as this mode of ad-
ministration may not be safe with immune adjuvants and repeated 
delivery. However, recombinant viral-vectored vaccines, particular-
ly those using human serotype 5 adenovirus (Ad5) or chimpan-
zee-derived adenovirus (ChAd), have been shown to be safe and 
effective for respiratory mucosal vaccination with other vaccines.16) 
Thus, to develop safe and effective COVID-19 vaccines, the vac-
cine platform, adjuvant, excipient, dose, and route of administra-
tion must be considered.17) 

Table 1 summarizes the candidate vaccines and vaccine plat-
forms that are already in phase 2/3 or phase 3 trials (as of January 
1, 2021), along with the age groups of participants to be enrolled. 

EVIDENCE FROM COVID-19 VACCINE TRIALS 
RELEVANT TO OLDER ADULTS 

Evaluation of the results of COVID-19 vaccine trials relevant to 
older adults requires a review of immunogenicity, i.e., the ability of 
vaccines to induce an immune response, and reactogenicity, i.e., 
the likelihood of adverse events owing to the vaccine. 

The two mRNA vaccines, BNT162b2 from Pfizer-BioNTech 
and mRNA-1273 by Moderna, were the first COVID-19 vaccines 
to demonstrate efficacy in phase 3 trials.18,19) In the BNT162b2 
phase 3 study, 43,548 participants were randomized to receive two 
30-µg doses of the vaccine or saline placebo 21 days apart. The 
study enrolled people aged 16 years and older, with 42% of partici-
pants aged above 55 years. The vaccine showed 95% efficacy in 
protecting against SARS-CoV-2 infections, with eight cases occur-
ring in the BNT162b2 group and 162 cases in the placebo group. 
In terms of reactogenicity, the most common adverse events were 
mild to moderate pain at the injection site, fatigue, and headache. 
These adverse events were transient, with a low incidence of seri-
ous adverse events. When the two age groups (16–55 and > 55 
years) were compared, the second dose was associated with more 
local and systemic adverse events, while there was less reactogenic-
ity in the older age group.18) 

In the phase 3 trial of the mRNA-1273 vaccine, 30,420 partici-
pants aged 18 years and older were randomized to receive two 100-
µg doses of mRNA-1273 or saline placebo 28 days apart. The vac-
cine showed an efficacy of 94.1%, with 11 cases occurring in the 
mRNA-1273 vaccine group versus 185 cases in the placebo group. 
The rates of adverse events in the vaccine and placebo groups were 
84.2% and 19.8%, respectively, for the first dose and 88.6% and 
18.8%, respectively, for the second dose. While reactogenicity in-
creased from the first to the second dose, the incidence of serious 

adverse events was low. Similar to the BNT162b2 vaccine, the 
rates of solicited injection site and systemic adverse events were 
higher in the younger (18–65 years) group than in the older (65 
years and above) participants.19) 

For these mRNA vaccines, the higher rate of immunogenicity 
likely translated into the high efficacy rate in reducing SARS-
CoV-2 infection, as seen in the phase 3 studies. While there are 
theoretical concerns regarding reduced immunogenicity with age, 
phase 1 dose-escalation trials of the mRNA-1273 vaccine observed 
similar effective antibody responses in three age groups (18–55, 
56–70, and 71 years and older). The antibody titers measured at 
three different time points (summarized in Table 2) suggested that 
mRNA vaccines are likely to be effective in older people.20,21) 

The other vaccine with published phase 3 results is ChAdOx1 
nCoV-19 (AZD1222), an adenovirus-vectored vaccine by Astra-
Zeneca, with interim results available showing its safety and effica-
cy in 11,636 participants. AZD1222 was compared to a control 
vaccine, in which two doses were administered 28 days apart. 
Among participants receiving two standard doses of AZD1222, 
the efficacy was 62.1% (27 cases in AZD1222, 71 cases in place-
bo). However, a subgroup of participants inadvertently adminis-
tered a lower dose of the vaccine for the first injection showed a 
90.0% efficacy rate (3 cases in AZD1222; 30 cases in placebo).22) 
Unfortunately, the results from the different dosing regimens could 
not be compared owing to effects from multiple confounding fac-
tors, particularly the dosing interval. A longer dosing interval be-
tween both doses may result in better immunogenicity, which was 
generally longer in the low-dose group.23) This uncertainty regard-
ing the optimal dose for AZD1222 requires further study before 
any firm conclusions can be made. 

In terms of safety data, the interim results contained data from 
74,341 person-months of follow-up. There were 175 severe ad-
verse events, of which 84 occurred with AZD1222 and 91 in the 
control group.22) A case of transverse myelitis (an idiopathic 
short-segment spinal cord demyelination) was reported as possibly 
related to the vaccine. Two other cases of transverse myelitis also 
occurred during follow-up, which were unrelated to AZD1222; 
one was deemed unlikely to be vaccine-related as the patient had 
previously undiagnosed multiple sclerosis and the other patient 
had received the MenACWY vaccine. Generally, AZD1222 
showed a good safety profile, with similar rates of adverse events 
across the study arms. The phase 2/3 trial of AZD1222 also 
demonstrated lower rates of solicited local and systemic adverse 
events in the older age group and after the second vaccine dose.24) 

Finally, the Ad26.COV2.S vaccine is an adenovirus serotype 26 
(Ad26) vector by Janssen Pharmaceuticals. This vaccine deserves 
mention as it is planned as a single-dose vaccine, which is likely to 
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improve compliance, particularly for older people. In the phase 
1–2a trial, 805 participants aged 18–55 and 65 years or older were 
randomized to receive Ad26.COV2.S at a dose of 5 × 1010 viral par-
ticles (low-dose) or 1 × 1011 viral particles (high-dose) per millili-
ter or placebo (as one or two-dose regimens). A single dose of 
Ad26.COV2.S resulted in a strong humoral response independent 
of the age group or vaccine dose. These titers further increased and 
stabilized at 71 days follow-up after the first dose, suggesting a du-
rability of response after a single dose. The most frequent systemic 
adverse events were fever, fatigue, headache, myalgia, and injection 
site pain. There was less reactogenicity in the older age group for 
the low dose and after a second dose.25) 

CONCLUSION 

Older people are vulnerable to developing SARS-CoV-2 infections 
and complications; thus, they are a priority group for preventive 
vaccination campaigns. A general understanding of the immune 
response of older people to vaccines and the various COVID-19 
vaccine platforms is required, in addition to current knowledge of 
evidence from ongoing available phase 3 trials of vaccines specific 
to older people to evaluate the risks and benefits of different vac-
cines for this population. 
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INTRODUCTION 

On August 3, 2020, the World Health Assembly of the World 
Health Organization (WHO) endorsed the proposal for a Decade 
of Healthy Ageing (2020–2030). Thereafter, the proposal was sub-
mitted to the United Nations General Assembly, which proclaimed 
2021–2030 as the United Nations (UN) Decade of Healthy Age-

The World Health Organization (WHO) recently endorsed the proposal for a Decade of Healthy 
Ageing (2020–2030). The WHO defines “healthy aging” as “the process of developing and main-
taining the functional ability that enables wellbeing in older age.” Among the strategies for the 
Decade of Healthy Ageing, the WHO has suggested enhancing intrinsic capacity, promoting func-
tional ability, and implementing the Integrated Care for Older People (ICOPE) package. The WHO 
has defined steps for ICOPE evaluation and scale-up and is performing a prospective study in 2–3 
countries (low and middle income, high income) to test its feasibility in 2021–2022 and a multi-
national randomized study to validate its clinical efficacy and effectiveness in 2022–2024. Intrin-
sic capacity and frailty represent two faces of the same coin, with one indicating the reserves of 
the individual and the other indicating the deficits that accumulate with age. The Integrated Care 
of Older Patients with Frailty in Primary Care (ICOOP_Frail) study is the first integrated care pro-
gram for frailty or functional decline in primary care in Korea. The results suggest that the 
ICOOP_Frail study can be utilized as a reference for ICOPE studies in Korea or at least to provide 
important findings for the forthcoming ICOPE implementation study in Korea. 

Key Words: Healthy aging, Frailty  
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ing on December 14, 2020.1) Following the UN decision, govern-
ments, international and regional organizations, civil society, the 
private sector, academia, and the media have been encouraged to 
actively support the Decade’s goals.1)  

The WHO defines “healthy aging” as “the process of developing 
and maintaining the functional ability that enables wellbeing in 
older age.” Functional ability is the capability of people to do what 
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they have reason to value. Being free of disease is not a requirement 
for healthy aging as many older adults have one or more health 
conditions that, when well-controlled, have little influence on their 
functional abilities.1) By its definition, functional ability includes a 
person’s capacity to:1) meet his or her basic needs; learn, grow, and 
make decisions; be mobile; build and maintain relationships; and 
contribute to society. Therefore, “functional ability” depends on 
the intrinsic capacity (IC) of the individual, relevant environmen-
tal characteristics, and the interaction between them.1) 

The concept of IC was first introduced by the WHO in 2015 to 
create a multidimensional indicator related to an individual’s func-
tional status, the follow-up of which over time may be useful to 
achieve healthy aging.2) IC comprises all the mental and physical 
capacities upon which a person relies and includes their ability to 
walk, think, see, hear, remember, etc. In addition, several factors, 
including diseases, injuries, and age-related changes, may influence 
the level of IC. The environment includes the home, community, 
and broader society and all the factors within them, such as the fa-
cilities, people and their relationships, attitudes and values of soci-
ety members, health and social policies of the government, and the 
systems and services that support them.1) 

As one of the strategies to implement the Decade of Healthy 
Ageing by enhancing IC, promoting functional ability, and mini-
mizing care dependency, the WHO provided the Integrated Care 
for Older People (ICOPE) package in 2017. Evidence-based pro-
grams help key stakeholders in health and social care to under-
stand, design, and implement a person-centered and coordinated 
model of care. The ICOPE program offers evidence-based tools 
and guidance specific to every level of care to maximize the IC and 
functional ability of older people. 

Another concept associated with reduced IC is frailty. Frailty is 
related to functional deficits, and IC refers to functional reserve. 
Therefore, efforts to diagnose and manage frailty may help assess 
and prevent declines in IC. The authors recently started a random-
ized controlled trial of the Integrated Care of Older Patients with 
Frailty in Primary Care (ICOOP_Frail) to identify how the 
ICOOP_Frail could contribute to the WHO ICOPE by reviewing 
the associations between the two programs. 

ICOPE GUIDELINES PUBLISHED BY THE WHO 

The current ICOPE guidelines are organized into three modules.3) 

Module I: Declines in IC, including mobility loss, malnutrition 
(vitality), visual impairment, hearing loss, cognitive impairment, 
and depressive symptoms. 

Module II: Geriatric syndromes associated with care dependency, 

including urinary incontinence and risk of falls. 
Module III: Caregiver support that includes interventions to sup-
port caregiving and prevents caregiver strain. 

These guidelines cover evidence-based interventions to manage 
common declines in capacity in older age, including mobility, nu-
trition or vitality, vision, hearing, cognition, and mood, as well as 
important geriatric syndromes of urinary incontinence and risk of 
falls. These conditions were selected because they are strong inde-
pendent predictors of mortality and care dependency in older 
age.4) 

The general care pathways for those functional declines com-
prise the following five steps.3) 

Step 1: Screen for declines in IC. 
Step 2: Undertake a person-centered assessment in primary care.  
Step 3: Define the goal of care and develop a personalized care plan. 
Step 4: Ensure a referral pathway and monitor the care plan with 

links to specialized geriatric care. 
Step 5: Engage communities and support caregivers. 

IC and frailty represent the two faces of the same coin, with one 
indicating the reserves of the individual and the other the deficits 
that accumulate with aging.2) 

Although both frailty and IC are dynamic entities, frailty is mainly 
used in cross-sectional assessments, while IC is applied in longitudi-
nal approaches. However, instead of the frailty phenotype, a frailty 
index can be used in longitudinal approaches. The frailty index is re-
lated to physical, psychological, cognitive, sensory, and social func-
tional declines, and the index is used not only to identify frail persons 
but also those at risk of frailty.5) 

In addition, the frailty index and IC are based on the assumption 
that aging individuals can be adequately assessed and managed 
only if comprehensively evaluated and followed in a novel health-
care model based on service integration and multidisciplinarity.2) 

Therefore, the integrated care of older patients with frailty or 
risk of frailty using the frailty index is as important for achieving 
healthy aging as reducing frailty level is for promoting it.6) 

ICOPE IMPLEMENTATION PILOT PROGRAMS 
WORLDWIDE 

The first phase of the ICOPE implementation pilot program start-
ed in France, Andorra, China, India, Italy, Kenya, Mexico, Qatar, 
and Vietnam to assess its feasibility and acceptability.3) In France, 
the ICOPE pilot program (the INSPIRE ICOPE-CARE program) 
was implemented in clinical practice in the Occitania region to 
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promote healthy aging and maintain the autonomy of seniors 
based on the use of digital medicine.7) 

The target population is independent seniors aged 60 years and 
over. The six domains of IC are systematically monitored using 
pre-established tools proposed by the WHO, which have been ad-
opted in digital form to allow remote and large-scale monitoring. 

Step 1 (screening) of the INSPIRE ICOPE-CARE program is 
performed every 4–6 months by professionals or the seniors them-
selves. If a deterioration in one or more domains of IC is identified, 
an alert is generated by an algorithm, which allows rapid interven-
tion by health professionals. The operational implementation of 
the INSPIRE ICOPE-CARE program in Occitania is performed 
by the Territorial Teams of Aging and Prevention of Dependency  
network, which comprises 2,200 professionals in the medical, 
medico-social, and social sectors. The program aims to screen and 
monitor 200,000 older people in the Occitania region within 3–5 
years and promote preventive actions. The French Presidential 
Plan Grand Age has largely implemented the WHO ICOPE pro-
gram in France based on the experiences of the INSPIRE ICOPE-
CARE program in Occitania.7) 

Step 2 (person-centered assessment) and Step 3 (personalized 
care plan) of the INSPIRE ICOPE-CARE program are conducted 
by a general practitioner or if possible by a nurse trained in geriat-
rics. Experienced trained nurses of the Gerontopole perform geri-
atric evaluations of older people in their homes or public spaces 
close to their homes. These nurses with the support of a hospital 
geriatrician propose personalized care plans for the older people 
evaluated. This plan is then sent to the general practitioner to en-
sure its implementation and follow-up.7) 

The WHO ICOPE’s Ready-Set-Go approaches to test and learn 
from the feasibility and acceptability of pilot studies, as well as 
studies to evaluate clinical effectiveness and efficacy are planned to 
be completed by 2024 (Table 1). From 2025, ICOPE will be rolled 
out within primary healthcare settings in a wider range of coun-
tries.3)  

THE ICOOP_FRAIL STUDY 

Since June 2020, we have been conducting the ICOOP_Frail ran-
domized controlled trial of the National Evidence-based Health-
care Collaborating Agency in Korea. The study is underway in 
four primary care clinics, and two more clinics have recently 
joined. Nurses and doctors at the clinics apply the Korean Frailty 
Index for Primary Care (KFI_PC) to evaluate the functional de-
cline and frailty of older adult patients visiting the clinics.8) The 
KFI_PC consists of 54 items in the following 10 domains: (1) 
cognitive status, including delirium or dementia; (2) mood; (3) 
communication, including vision, hearing, and speech; (4) mobil-
ity; (5) balance; (6) bowel function; (7) bladder function; (8) 
ability to perform activities of daily living; (9) nutrition; and (10) 
social resources. All items in the KFI_PC are already embedded in 
and displayed on a mobile notepad so that the nurses and doctors 
can easily evaluate the patient, determine the frailty index score, 
and assess risk factors for frailty, which are automatically displayed 
on the notepad. In the ICOOP_Frail study, patients with KFI_PC 
scores ≥ 0.25, which is defined as frail, are randomized into experi-
mental or control groups (Fig. 1). 

In the experimental group, primary care physicians explain func-
tional declines or risk factors and educate patients about nutrition 
or exercise, adjust medication, and manage diseases based on the 
recommendations automatically displayed for the patient (Table 2). 
Within 1 month, a health coach contacts the patient via telephone 
to monitor the patient and encourage their consumption of a pro-
tein-rich balanced diet or/and practicing exercise, as well as con-
nects the patient to community resources for social support, if 
needed. We surveyed the available community resources for social 
welfare services managed by community administration centers or 
senior welfare centers in advance to connect the participants to fa-
vored services. Unfortunately, all community services have been 
closed due to the coronavirus disease 2019 (COVID-19) pandem-
ic. The health coaches involved in ICOOP_Frail are paramedical 
students studying gerontologic epidemiology at Kyung Hee Uni-
versity. In the future, volunteers or public health workers in the 
community will be welcome to serve as health coaches. The phone 

Table 1. Steps for ICOPE evaluation and scale-up: the Ready-Set-Go approach

Ready (2020–2021) Set (2021–2022) Go (2022–2024) Universal health coverage (2025–2030)
Analysis of real-world usability of 

ICOPE Handbook & Readiness sur-
vey at system and service levels based 
on an ICOPE implementation score-
card

Prospective study in 2–3 countries (low 
and middle income, high income) to 
test the feasibility, identify barriers 
and enablers, and refine outcome in-
dicators

Multinational (10+ countries) random-
ized study to validate the clinical effi-
cacy and effectiveness

Based on previous results, countries se-
lect ICOPE interventions as part of 
their national benefit packages

Referenced by World Health Organization. Guidelines on Integrated Care for Older People (ICOPE). Available from: https://www.who.int/ageing/
publications/guidelines-icope/en/.
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Connect to 
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Fig. 1. ICOOP_Frail study, patients with the Korean Frailty Index for Primary Care (KFI_PC) scores ≥0.25, which is defined as frail, are 
randomized into experimental or control groups.

Table 2. Example of identified frailty risk factors (functional declines) and displayed recommendations in the ICOOP_Frail study

Identified problem Recommendations
Sarcopenia suspected Rule out underlying diseases.

Protein intake of 20 g per meal.
Resistance exercise twice weekly and aerobic exercise 30 minutes daily.

Hearing problem Refer to ENT doctor.
Sleep problems Investigate the causes.

Improve the sleep environment and increase daytime outdoor activities.
Stop unnecessary psychotropic use.
Treat depression if indicated.

Daytime drowsiness Stop unnecessary use of psychotropics or sleep pills.
Investigate the presence of sleep problems at night.
Investigate the presence of snoring during sleep (sleep apnea).

Urinary incontinence Urinalysis.
Evaluate bladder movement.
Urge incontinence : try bladder-specific anticholinergics or consult a urologist.

IADL impairment Arrange the help of family or caregiver (or care-worker).
Insufficient social contact Link to nearby community resources or services; search for home visiting service if needed. A health coach may visit the patient’s 

home.
Fewer than two meals per day Check for the cause of infrequent meals; e.g., economic problems, no person to provide meals, or disease.

Link to nearby community resources or services; search for food delivery services.
A health coach may visit the patient’s home.

Diseases Check whether the diseases are well-managed.

ICOPE, Integrated Care for Older People; ENT, ear-nose-throat; IADL, instrumental activities of daily living.
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call for health coaching is repeated monthly for a total of 6 months. 
The KFI_PC is re-evaluated after 3 and 6 months. The primary 
outcome variables were defined as frailty index and the number of 
acute medical visits, while activities of daily living, health habits 
(exercise, diet), social activities, and gait ability were defined as the 
secondary outcomes. 

WHO ICOPE AND ICOOP_FRAIL IN PRIMARY CARE 

IC and frailty represent the two faces of the same coin. One indi-
cates individual reserves, while the other indicates deficits that 
have accumulated with aging.2) Although both frailty and IC are 
dynamic entities, frailty is mainly evaluated in cross-sectional as-
sessments, while IC is often used in longitudinal approaches. How-
ever, instead of the frailty phenotype, the frailty index can also be 
used in longitudinal approaches. The frailty index is related to de-
clines in physical, psychological, cognitive, sensory, and social 
functions and can be used to identify not only frail persons but 
also those at risk of frailty.5) In addition, the frailty index and IC are 
based on the assumption that aging individuals can be adequately 
assessed and managed only if comprehensively evaluated and fol-
lowed in a novel healthcare model based on service integration and 
multidisciplinarity.2) Therefore, the integrated care of older patients 
with frailty or risk of frailty based on the frailty index is as import-
ant for achieving healthy aging as reducing frailty is for promoting 
healthy aging.6) 

The WHO has described steps to evaluate and scale-up ICOPE, 
including a prospective study in 2–3 countries (low and middle in-
come, as well as high income) in 2021–2022 to test its feasibility 
and a multinational randomized study in 2022–2024 to validate its 
clinical efficacy and effectiveness. The managed care system in Ko-
rea has implemented a chronic disease management program in 
primary care9) and evaluated a technology-enhanced integrated 
care model for a frail older person in nursing home;10) however, the 
ICOOP_Frail study is the first integrated care program for frailty 
or functional decline in primary care in Korea. 

Comparisons of the eight core items of WHO ICOPE and 53 
items of the KFI_PC in ICOOP_Frail showed that all the eight 
core items of the ICOPE were well integrated into the KFI_PC 
(Table 3). In addition, WHO ICOPE and ICOOP_Frail both (1) 
are designed to be implemented in primary care at the community 
level, (2) are integrated programs that consider not only medical 
but also social and psychological aspects; (3) develop personalized 
care plans; and (4) aim to promote healthy aging (Table 4). There-
fore, we suggest that the ICOOP_Frail study can be utilized as a 
reference study for ICOPE studies in Korea or may provide im-
portant findings for future studies on ICOPE implementation in 
Korea. However, ICOOP_Frail does not include the referral path-
way and caregiver support addressed in ICOPE. 

Table 3. Eight core items of the WHO ICOPE and their corresponding items in the Korean Frailty Index for Primary Care (KFI_PC)

ICOPE KFI_PC (ICOOP_Frail)
Six items of intrinsic 

capacity
Cognitive decline Remember three words Remember three words

Orientation in time and space Orientation in time (month, weekday)
Recall the three words Recall the three words

Limited mobility Chair rise test Chair rise test
Malnutrition Weight loss Weight loss of 4.5 kg or more per year

Appetite loss SNAQ question: How is your appetite?
Visual impairment Ask patients if they have any problems with their eyes, 

such as seeing far away, reading, eye disease or under 
medical treatment (diabetes mellitus, hypertension)

Ask patients if they have any problems with their sight in 
daily life

Hearing loss Whisper test or audiometry Ask patients if they have any problems with their hearing 
in daily life

Depressive symptoms Ask patients if they are feeling down, depressed, or hope-
less

Ask patients if they have felt depressed or sad in the last 
month

Two items related to 
geriatric syndromes

Urinary incontinence Ask patients if they have a strong and sudden urge to void 
that makes them leak before reaching the toilet

Urinary incontinence experience in the past month

Risk of falls Recurrent falls in the past year or gait and/or balance ab-
normalities

Frequency of falls in the past year

Use of a walking aid
Balance problem as evaluated by a physician

WHO, World Health Organization; ICOPE, Integrated Care for Older People; SNAQ, Simplified Nutritional Appetite Questionnaire.
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Table 4. Comparisons of WHO ICOPE and ICOOP_Frail: concept, purpose, design, contents, outcomes, and policy implications

ICOPE ICOOP_Frail
Conceptual framework To reverse or delay declines in intrinsic capacity is crucial for 

healthy aging.
Frail people are at higher risks for impaired function, which hinders 

healthy aging.
Declines in intrinsic capacity are often not identified, treated, or 

monitored.
Frailty is the status of decreased functional reserve (intrinsic capac-

ity).
Most healthcare professionals lack guidance or training to recog-

nize and manage impairments in intrinsic capacity in older adults.
The progression of frailty can be delayed or slowed, which will lead 

to healthy aging.
There is a pressing need to develop comprehensive communi-

ty-based approaches and introduce interventions at the primary 
healthcare level to prevent declines in capacity.

The role of primary care is crucial, given that primary care physi-
cians can focus more on patient-oriented care while considering 
the social context of their patients.

Purpose Maximize intrinsic capacities and functional abilities. Maximize the intrinsic capacities and manage frailty to maintain 
functional abilities.

Design A person-centered and coordinated model A person-centered and coordinated model
Comprehensive assessment and care plans shared with all provid-

ers
Comprehensive assessment and care plans

Health coach engagement

Part of primary health services at community levels
Community engagement and caregiver support
Part of primary health services at community levels

Contents Module I: Declines in intrinsic capacity, including mobility loss, 
malnutrition, visual impairment, hearing loss, cognitive impair-
ment, and depressive symptoms.

1. Early identification of vulnerable older adults.

2. Comprehensive geriatric assessment, including a frailty index.

3. Creation of individualized wellness plans to enhance patient 
health, including exercise, socialization, and nutrition.

4. Coaching: telephone-based health coaching to support patients 
and track their progress in achieving goals in terms of exercise, 
chronic healthcare issues management, and connections to re-
sources in the community.

Module II: Geriatric syndromes associated with care dependency, 
including urinary incontinence and risk of falls.

Module III: Caregiver support: interventions to support caregiving 
and prevent caregiver strain.

Outcomes Maintain intrinsic capacity Improve frailty index (maintain intrinsic capacity)
Prevent and ensure well-management of existing diseases Improve functional ability
Optimize functional ability Increase healthy habits (exercise, diet)

Increase social activities
Policy implications These standards can act as the basis for national guidelines and the 

inclusion of healthcare for older people in primary care programs, 
using a person-centered and integrated approach.

The identification and treatment of frailty is currently not part of 
standard practice in primary care.

Drive primary care physicians to provide person-centered compre-
hensive assessment and care plans.

WHO, World Health Organization; ICOPE, Integrated Care for Older People.

CONCLUSION 

The WHO recently endorsed the proposal for a Decade of Healthy 
Aging (2020–2030). The WHO defines “healthy aging” as “the 
process of developing and maintaining the functional ability that 
enables wellbeing in older age.” Among the strategies to implement 
the Decade of Healthy Ageing, the WHO suggested the enhance-
ment of intrinsic capacity and use of the ICOPE package program. 

ICOOP_Frail is the first integrated care program for frailty or 
functional decline in primary care in Korea. Comparison of the 
eight core items of the WHO ICOPE to the 53 items of the KFI_
PC revealed that all the eight core items were well integrated into 
the KFI_PC, upon which the ICOOP_Frail study was based. 

We suggest that the ICOOP_Frail study can be utilized as a ref-
erence study for ICOPE studies in Korea or provide important 

findings for future ICOPE implementation studies in Korea. 
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INTRODUCTION 

Cognitive impairment and malnutrition are common health con-
cerns in older adults.1,2) Numerous studies have reported associa-
tions between nutritional factors and cognitive function.3) For in-
stance, a Japanese prospective study reported that poor nutritional 
status increased the risk of cognitive decline,4) whereas a multina-
tional cohort study revealed that a higher-quality diet reduced the 
risk of cognitive decline.5) Dining is an essential activity in daily liv-
ing. Eating alone or with others is a critical factor for the screening 
of nutritional risk in older adults and is included in the Nutrition 
Screening Initiative (NSI) checklist.6) Eating with others can en-

Background: Eating alone is a critical factor in nutritional risk screening among older adults. We 
investigated whether changes in eating status (eating alone or with others) in late-life affected 
cognitive decline in community-dwelling older adults. Methods: We used data from the Survey 
of the Living Conditions and Welfare Needs of Korean Older Persons. Nutritional risk, including 
eating status, was assessed using seven questions from the Nutrition Screening Initiative check-
list, and cognitive function was measured using the Mini-Mental State Examination (MMSE). On 
the basis of changes in eating status between baseline (2008) and the 3-year follow-up (2011), 
the subjects were divided into four groups: group 1 (eating with others at both surveys), group 2 
(eating alone in 2008 and eating with others in 2011), group 3 (eating with others in 2008 and 
eating alone in 2011), and group 4 (eating alone at both surveys). Generalized linear models were 
used to compare the changes in MMSE scores over the 3-year period among the four groups. 
Results: Among older women, group 2 had the least decline in MMSE scores (-0.55±0.46), 
whereas group 3 had the greatest decline (-1.76±0.37) (p=0.034). We observed no difference in 
the change in MMSE scores among the four eating groups in older men. Conclusion: Deprivation 
of mealtime partners in late life showed significant cognitive decline compared with gaining 
mealtime partners. Eating alone may be a risk factor for cognitive impairment; thus, meal pro-
grams reinforcing social integration might help preserve cognitive function. 
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hance food and calorie intake, leading to social interaction with 
other people during mealtimes.7) However, older adults who eat 
alone tend to skip meals and have less food diversity.8) Therefore, 
“eating alone” reflects both nutritional status and social life among 
older adults. Social frailty, which refers to a lack of social activities 
and social resources, is an important issue in older adults and is as-
sociated with a risk of cognitive impairment and dementia.9) Thus, 
more extensive social networks may help prevent dementia.10) 

However, few studies have explored the influence of eating alone 
on cognitive function in older adults. A prospective Taiwanese 
study reported a combined effect of nutritional status and eating 
alone on cognitive function, wherein older women with poor nu-
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tritional status who ate alone showed a greater cognitive decline 
than did women with normal nutritional status who ate with oth-
ers.11) The results of a recent Japanese cross-sectional study sug-
gested an association between eating alone (despite living with 
family) and frailty, mainly impaired memory domains, in older 
women.12) 

On the basis of existing evidence, we hypothesized that “eating 
alone” was a modifiable risk factor for cognitive impairment in old-
er adults and investigated the effects of changes in eating status 
(eating alone or with others) in late-life over a 3-year period on 
cognitive decline among community-dwelling Korean older 
adults. 

MATERIALS AND METHODS 

Study Population 
Our study used data from the 2008 and 2011 Surveys of Living 
Conditions and Welfare Needs of Koran Older Persons. The sur-
veys are conducted by the Korea Institute for Health and Social 
Affairs and have been performed at 3-year intervals on a represen-
tative sample of community-dwelling Korean older adults (aged 
≥ 60 years) since 2008. The surveys include health-related infor-
mation such as a medical history of chronic diseases and cancers, 
functional disabilities, nutritional status, Geriatric Depression 
Scale (GDS) score, cognitive function, health behaviors, body 
weight, and height. In this study, we included 9,459 subjects who 
had participated in both the first- and second-wave surveys (2008 
and 2011). We excluded subjects who were aged < 65 years 
(n = 1,328); were frail, disabled, or had cancer (n = 1,275); had de-
mentia or cognitive impairment (n = 1,744); or were missing data 
on nutritional status or cognitive function (n = 966). Finally, we in-
cluded 4,146 subjects in this study. All subjects provided informed 
consent before participation in the study, either by themselves or, 
in cases of decision-impaired adults, through a legally authorized 
representative. This study was approved by the Institutional Re-
view Board of Hallym University Sacred Heart Hospital (No. 
2018-04-028). 

Measurements 

Nutritional risk and eating status 
Nutritional risk was assessed using a questionnaire consisting of 
seven questions (on disease; eating less than two meals per day; 
eating few fruits, vegetables, and dairy products; tooth loss/mouth 
pain; economic hardship; reduced social contact; and involuntary 
weight loss/gain) from the NSI checklist.6) The total score ranged 
from 0 to 7, with higher scores indicating higher nutritional risk. 

The nutritional risk was divided into two categories on the basis of 
this score: “good” (0–2 points) and “not good” (3–7 points). To 
assess eating status, we used responses to the question, “Do you of-
ten eat alone?” among the seven questions. Eating status was as-
sessed at baseline (2008) and at the 3-year follow-up (2011). On 
the basis of changes in eating status over a 3-year period, the sub-
jects were divided into four groups: group 1 (n = 2,777, eating with 
others in both 2008 and 2011), group 2 (n = 237, eating alone in 
2008 and eating with others in 2011), group 3 (n = 586, eating 
with others in 2008 and eating alone in 2011), and group 4 
(n = 787, eating alone in both 2008 and 2011).  

Cognitive function 
At baseline (2008) and the follow-up survey (2011), cognitive 
function was evaluated using the Korean version of the Mini-Men-
tal Status Examination (MMSE-KC). The MMSE-KC uses the 
Korean language and has been standardized, with scores ranging 
from 0 to 30. Trained researchers administered the MMSE-KC in 
a separate space where the subjects would not be disturbed for ap-
proximately 10 minutes. Cognitive impairment was defined as an 
MMSE-KC score of < 1.5 standard deviations from the age-, sex-, 
and education-adjusted norm for older Koreans.13) To assess cog-
nitive change over a 3-year period, we calculated the difference of 
MMSE-KC between at baseline and at follow-up survey. 

Covariates 
Participant demographic information, including age, sex, educa-
tional level, household income, marital status, and living status 
were collected. Smoking status was classified as never, ex-, or cur-
rent smoker. Alcohol drinking status was classified as non-high-risk 
and high-risk drinkers. High-risk alcohol consumption was defined 
as drinking alcohol ≥ 2 days/week and ≥ 7 (men) or ≥ 5 (women) 
standard-sized drinks/drinking day. Physical activity was classified 
as adequate if > 150 min/week of exercise was reported.14) Disease 
history (hypertension, diabetes mellitus, dyslipidemia, and depres-
sion) and the number of medications were also assessed. The short 
version of the GDS contains 15 questions, which were translated 
into Korean. The GDS scores range from 0 to 15, with scores ≥ 8 
indicating depression.15) Physical performance was assessed by 
asking patients whether they could run around a playground (400 
m), walk around a playground (400 m), climb 10 stairs without 
rest, bend their body, squat, sit with bent knees, and stretch their 
arms to place something above their heads. The possible answers 
were “can do it easily” (4 points), “can do it but slightly difficult” (3 
points), “can do it but very difficult” (2 points), and “cannot do it” 
(1 point). The scores were summed and graphed on a 100-point 
scale. We divided the subjects into tertiles according to their physi-
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cal performance scores. 

Statistical analysis 
Considering for the complex sampling design of the Survey of Liv-
ing Conditions and Welfare Needs of Korean Older Persons, we 
used sampling weights in all the analyses. For baseline characteris-
tics, we calculated the means with standard deviations or frequen-
cies (percentages). The assumption of normality of the data was 
evaluated using Shapiro–Wilk tests, with p-values > 0.05 indicat-
ing that the observed distribution of a variable was not significantly 
different from the normal distribution. The MMSE-KC was 
log-transformed to fit a normal distribution. We used analysis of 
variance tests to compare continuous variables and chi-square tests 
to compare categorical variables among the four eating status 
groups. We used generalized linear models (GLM) to compare the 

changes in cognitive function among the four eating groups after 
adjusting for potential confounding factors. Age and sex were ad-
justed in Model 1, and household income, marital status, and living 
status were adjusted in Model 2 in addition to age and sex. In Mod-
el 3, health behaviors, physical performance, body mass index, and 
GDS score were added to the variables in Model 2, and finally, in 
Model 4, comorbidities and the number of medications were add-
ed to the variables in Model 3 as adjusted variables. All tests were 
two-sided, with a significance level set at p < 0.05. All analyses were 
performed using SAS software version 9.3 (SAS Institute, Cary, 
NC, USA). 

RESULTS 

Table 1 shows the baseline characteristics of the four groups. The 

Table 1. Baseline characteristics of the study participants according to eating status

Group 1 (n = 2,777) Group 2 (n = 237) Group 3 (n = 586) Group 4 (n = 787) p-value
Age (y) 71.1 ± 5.4 71.5 ± 5 72.4 ± 5.6 73.7 ± 5.3 < 0.0001
Sex < 0.0001
 Male 1,442 (51.9) 83 (35.2) 157 (26.9) 89 (11.3)
 Female 1,336 (48.1) 154 (64.8) 428 (73.1) 698 (88.7)
Educational attainment < 0.0001
 Less than middle school 1,765 (63.6) 168 (70.8) 435 (74.2) 658 (83.7)
 Middle-high school and above 1,012 (36.4) 69 (29.2) 151 (25.8) 129 (16.3)
Household net worth < 0.0001
 1st quintile 259 (9.3) 35 (14.8) 119 (20.4) 348 (44.2)
 2nd quintile 524 (18.9) 61 (25.5) 134 (22.9) 206 (26.2)
 3rd quintile 676 (24.3) 58 (24.3) 127 (21.8) 112 (14.3)
 4th quintile 636 (22.9) 41 (17.3) 98 (16.6) 75 (9.5)
 5th quintile 683 (24.6) 43 (18.1) 107 (18.3) 45 (5.8)
Marital status < 0.0001
 Single/widowed/divorced 304 (10.9) 102 (43.0) 301 (51.3) 738 (93.8)
 Married 2,473 (89.1) 135 (57.0) 285 (48.7) 49 (6.2)
Living status < 0.0001
 Living with others 1,890 (98.7) 107 (67.9) 253 (63.78) 44 (6.9)
 Living alone 25 (1.3) 51 (32.1) 144 (36.22) 592 (93.1)
Smoking < 0.0001
 Never smoker 1,666 (60.0) 161 (68.0) 449 (76.7) 649 (82.5)
 Ex-smoker 673 (24.2) 48 (20.4) 80 (13.7) 64 (8.2)
 Current smoker 439 (15.8) 28 (11.6) 57 (9.6) 74 (9.3)
Alcohol < 0.0001
 Non-high-risk drinker 2,524 (90.9) 220 (93.0) 556 (95.0) 761 (96.8)
 High risk drinker 254 (9.1) 17 (7.0) 30 (5.0) 26 (3.2)
Physical exercise < 0.0001
 None 2,285 (82.3) 210 (88.8) 521 (88.9) 720 (91.5)
 Adequate exercise 492 (17.7) 26 (11.2) 65 (11.1) 67 (8.5)
Nutritional risk < 0.0001

(Continued to the next page)
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 Good 1,920 (69.1) 53 (22.6) 366 (62.5) 131 (16.6)
 Not good 857 (30.9) 183 (77.4) 220 (37.5) 656 (83.4)
Physical performance < 0.0001
 1st tertile 600 (21.7) 75 (31.9) 198 (34.1) 350 (45.1)
 2nd tertile 926 (33.6) 86 (36.4) 216 (37.1) 281 (36.3)
 3rd tertile 1,231 (44.7) 74 (31.7) 168 (28.8) 144 (18.6)
BMI categories  < 0.0001
 Underweight 81 (3.0) 7 (2.9) 32 (5.8) 32 (4.3)
 Normal 1,030 (38.4) 90 (38.6) 206 (37.0) 284 (38.5)
 Overweight 773 (28.9) 53 (22.7) 123 (22.1) 146 (19.7)
 Obesity 795 (29.7) 84 (35.8) 196 (35.1) 277 (37.5)
Mean BMI (kg/m2) 23.7 ± 3.2 24.2 ± 3.6 23.7 ± 3.5 23.9 ± 3.3 0.068
GDS < 0.0001
 < 8 2,360 (85.8) 165 (69.8) 437 (75.5) 473 (60.2)
 ≥ 8 391 (14.2) 72 (30.2) 142 (24.5) 313 (39.8)
Comorbidities
 Hypertension 1,214 (43.7) 142 (60.0) 305 (52.1) 414 (52.6) 0.053
 Diabetes mellitus 408 (14.7) 49 (20.7) 85 (14.5) 132 (16.7) < 0.0001
 Dyslipidemia 147 (5.3) 21 (8.8) 31 (5.2) 34 (4.3) 0.056
 Depression 20 (0.7) 3 (1.3) 3 (0.6) 24 (3.1) < 0.0001
Numbers of medications 1.8 ± 1.2 2.0 ± 1.2 1.9 ± 1.3 2.1 ± 1.1 < 0.0001
MMSE-KC in 2008 25.7 ± 3.4 25.3 ± 3.8 24.5 ± 3.5 23.4 ± 3.6 < 0.0001
MMSE-KC in 2011 24.8 ± 4.3 24.1 ± 4.7 23 ± 4.4 22.3 ± 4.2 < 0.0001
Change in MMSE-KC -0.9 ± 3.7 -1.2 ± 4.2 -1.5 ± 3.8 -1.1 ± 3.6 0.010
Cognitive impairment in 2011 0.439
 No 2,333 (84.0) 204 (86.2) 490 (83.6) 677 (86.0)
 Yes 444 (16.0) 33 (13.8) 96 (16.4) 110 (14.0)

Values are presented as mean±standard deviation or frequencies (%).
The subjects were divided into four groups: group 1 (eating with others in both 2008 and 2011), group 2 (eating alone in 2008 and eating with others in 2011), 
group 3 (eating with others in 2008 and eating alone in 2011), and group 4 (eating alone in both 2008 and 2011).
BMI, body mass index; GDS, Geriatric Depression Scale; MMSE-KC, Mini-Mental State Examination (Korean version).

Group 1 (n = 2,777) Group 2 (n = 237) Group 3 (n = 586) Group 4 (n = 787) p-value

Table 1. Continued

weighted number of total study population was 4,387. Group 1 
(eating with others in both 2008 and 2011) had the lowest mean 
age (71.1 ± 5.4 years) and percentage of women (48.1%) but the 
highest education level and household income. This group also 
had the highest percentages of subjects who were married (89.1%) 
and lived with others (98.7%). Conversely, group 4 (eating alone 
in both 2008 and 2011) had the highest mean age (73.7 ± 5.3 
years) and percentage of women (88.7%). In contrast, this group 
had the lowest education level, household income, and percentag-
es of subjects who were married (6.2%) and living with others 
(6.9%). Regarding health behaviors, group 1 had the highest per-
centages of current smokers (15.8%), high-risk drinking (9.1%), 
adequate exercise (17.7%), good nutritional status (69.1%), and 
good physical performance (44.7%) but the lowest percentage of a 
higher GDS score ( ≥ 8, 14.2%). Group 4 had the lowest percent-
ages of current smokers (9.3%), high-risk drinking (3.2%), ade-

quate exercise (8.5%), good nutritional status (16.6%), and good 
physical performance (18.6%) and the highest percentage of high-
er GDS scores ( ≥ 8, 39.8%). 

Group 1 had the highest MMSE-KC score at both baseline and 
the 3-year follow-up (25.7 ± 3.4, and 24.8 ± 4.3, respectively), 
whereas group 4 had the lowest scores at both survey (23.4 ± 3.6, 
and 22.3 ± 4.2, respectively). At the 3-year follow-up, 683 subjects 
(16.5%) showed cognitive impairment. There was no significant 
difference in the prevalence of cognitive impairment among the 
four groups. 

Table 2 shows the MMSE-KC scores at the follow-up survey for 
the four eating groups after adjusting for potential confounding 
factors. Group 2 (eating alone in 2008 and eating with others in 
2011) had the highest MMSE-KC score, whereas group 3 (eating 
with others in 2008 and eating alone in 2011) had the lowest 
MMSE-KC score. When we performed a sex-stratified analysis, 
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the difference was significant only in women and not in men. In 
women, group 2 had the highest MMSE-KC score (23.2 ± 0.5), 
whereas group 3 had the lowest MMSE-KC score (21.2 ± 0.4) 
(p = 0.014). 

Table 3 shows the comparisons of cognitive changes over a 
3-year period among the four eating groups. In the total study pop-
ulation, there was no difference in cognitive changes among the 
groups. However, among women, group 2 had the least change in 
MMSE-KC scores over the 3-year follow-up (-0.55 ± 0.46), where-
as group 3 had the greatest change in MMSE-KC scores 
(-1.76 ± 0.37) after adjusting for potential confounding factors 
(p = 0.034). When we divided the subjects into two groups by age 
( < 75 and ≥ 75 years), the difference was more prominent in sub-
jects aged < 75 years (-0.59 ± 0.36 in group 2 and -1.4 ± 0.29 in 
group 3), which was marginally significant (p = 0.051). 

DISCUSSION 

The results of this large representative study showed that a change 
in eating status in late-life over a 3-year period affected cognitive 
decline in Korean older adults. Older women who ate alone at 
baseline but who ate with others at the follow-up survey had the 
least cognitive decline. In contrast, older women who ate with oth-
ers at baseline but ate alone at the follow-up survey had the greatest 
cognitive decline. Deprivation of mealtime partners in late life 

caused greater cognitive decline than did gaining mealtime part-
ners among older women. Thus, “eating alone” may be a modifi-
able risk factor for cognitive impairment in older adults. 

These findings are consistent with those of previous studies. 
The results of a Japanese cross-sectional study suggested an associ-
ation between eating alone, despite living with family, and im-
paired memory domains of frailty in older women.12) A prospec-
tive study in Taiwan reported a negative association between a 
combination of poor nutritional status and eating alone with cog-
nitive function in older women.11) However, these previous studies 
examined the combined effects of eating alone and nutritional sta-
tus or living status on cognitive function. Unlike previous studies, 
we found that eating alone was independently associated with cog-
nitive decline in older adults after adjusting for nutritional risk or 
living status. 

There are several possible mechanisms by which eating status af-
fects cognitive function in older adults. First, commensality might 
provide companionship, social support, and social integration.16) 
However, older adults who eat alone lack opportunities for social 
interactions or exchange of information with other people during 
mealtimes. Conversation with others is cognitively stimulating and 
requires linguistic ability, attention, working memory, executive 
functions, and social cognition to understand others’ feelings and 
intentions.17) Conversation while eating is a highly developed func-
tion that is confined to humans. Interestingly, in the present study, 

Table 2. Comparisons of MMSE-KC scores at the follow-up survey among four eating groups

Eating status Model 1 Model 2 Model 3 Model 4
Total Group 1 24.40 ± 0.08 24.72 ± 0.13 23.94 ± 0.16 23.75 ± 0.19

Group 2 24.19 ± 0.27 25.13 ± 0.30 24.67 ± 0.30 24.41 ± 0.34
Group 3 23.34 ± 0.17 23.85 ± 0.19 23.42 ± 0.22 23.28 ± 0.24
Group 4 23.07 ± 0.15 23.71 ± 0.23 23.54 ± 0.24 23.61 ± 0.26
p-value < 0.0001 < 0.0001 0.002 0.026

Male Group 1 26.15 ± 0.09 26.04 ± 0.12 25.36 ± 0.16 25.17 ± 0.19
Group 2 25.56 ± 0.37 25.89 ± 0.42 25.18 ± 0.41 24.88 ± 0.47
Group 3 25.34 ± 0.27 25.53 ± 0.32 25.04 ± 0.33 25.18 ± 0.39
Group 4 25.40 ± 0.36 25.78 ± 0.54 25.29 ± 0.52 26.12 ± 0.59
p-value 0.005 0.504 0.786 0.393

Female Group 1 23.33 ± 0.12 23.98 ± 0.23 21.87 ± 0.37 21.85 ± 0.39
Group 2 23.30 ± 0.36 24.63 ± 0.42 23.30 ± 0.47 23.17 ± 0.50
Group 3 22.14 ± 0.22 22.87 ± 0.26 21.30 ± 0.38 21.22 ± 0.39
Group 4 21.89 ± 0.17 22.75 ± 0.25 21.59 ± 0.35 21.63 ± 0.37
p-value < 0.0001 < 0.0001 0.0004 0.001

Values are presented as mean±standard deviation or frequencies (%).
The subjects were divided into four groups: group 1 (eating with others in both 2008 and 2011), group 2 (eating alone in 2008 and eating with others in 
2011), group 3 (eating with others in 2008 and eating alone in 2011), and group 4 (eating alone in both 2008 and 2011). Model 1 was adjusted for age and sex; 
Model 2 was additionally adjusted for and household income, marital status, and living status; Model 3 was additionally adjusted for health behaviors, physical 
performance, body mass index, and Geriatric Depression Scale score; and Model 4 was additionally adjusted for comorbidities and the number of medications.
MMSE-KC, Mini-Mental State Examination (Korean version).
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Table 3. Comparisons of the changes of MMSE-KC scores over the 3-year study period among the four eating groups

Eating status Model 1 Model 2 Model 3 Model 4
Total Group 1 -1.02 ± 0.07 -0.89 ± 0.12 -0.89 ± 0.16 -0.94 ± 0.18

Group 2 -1.26 ± 0.24 -0.74 ± 0.28 -0.85 ± 0.29 -0.69 ± 0.32
Group 3 -1.44 ± 0.15 -1.21 ± 0.18 -1.22 ± 0.21 -1.14 ± 0.23
Group 4 -0.97 ± 0.14 -1.22 ± 0.21 -1.39 ± 0.23 -1.17 ± 0.25
p-value 0.060 0.330 0.259 0.566

Male Group 1 -0.91 ± 0.09 -0.84 ± 0.11 -1.21 ± 0.17 -1.26 ± 0.19
Group 2 -1.79 ± 0.35 -1.32 ± 0.41 -1.90 ± 0.43 -1.57 ± 0.47
Group 3 -0.99 ± 0.26 -0.72 ± 0.31 -0.88 ± 0.33 -0.57 ± 0.40
Group 4 -1.09 ± 0.34 -0.94 ± 0.53 -1.44 ± 0.53 -0.62 ± 0.61
p-value 0.115 0.684 0.252 0.218

Female Group 1 -1.09 ± 0.11 -0.92 ± 0.21 -1.20 ± 0.35 -1.14 ± 0.37
Group 2 -0.99 ± 0.32 -0.40 ± 0.38 -0.62 ± 0.45 -0.55 ± 0.46
Group 3 -1.62 ± 0.19 -1.48 ± 0.23 -1.90 ± 0.36 -1.76 ± 0.37
Group 4 -0.99 ± 0.15 -1.35 ± 0.22 -1.84 ± 0.34 -1.71 ± 0.35
p-value 0.049 0.059 0.012 0.034

Age < 75 y Group 1 -0.77 ± 0.08 -0.57 ± 0.12 -0.63 ± 0.18 -0.65 ± 0.21
Group 2 -0.96 ± 0.26 -0.53 ± 0.30 -0.77 ± 0.33 -0.59 ± 0.36
Group 3 -1.44 ± 0.18 -1.46 ± 0.21 -1.46 ± 0.25 -1.40 ± 0.29
Group 4 -0.89 ± 0.17 -1.37 ± 0.26 -1.58 ± 0.29 -1.16 ± 0.31
p-value 0.007 0.002 0.004 0.051

Age ≥ 75 y Group 1 -1.58 ± 0.17 -2.00 ± 0.35 -1.75 ± 0.40 -1.61 ± 0.43
Group 2 -2.04 ± 0.54 -1.54 ± 0.67 -1.38 ± 0.70 -1.20 ± 0.73
Group 3 -1.44 ± 0.30 -0.82 ± 0.35 -0.87 ± 0.39 -0.80 ± 0.42
Group 4 -1.26 ± 0.23 -0.77 ± 0.36 -0.77 ± 0.41 -1.05 ± 0.44
p-value 0.523 0.066 0.279 0.445

Values are presented as mean±standard deviation or frequencies (%).
The subjects were divided into four groups: group 1 (eating with others in both 2008 and 2011), group 2 (eating alone in 2008 and eating with others in 
2011), group 3 (eating with others in 2008 and eating alone in 2011), and group 4 (eating alone in both 2008 and 2011). Model 1 was adjusted for age and sex; 
Model 2 was additionally adjusted for and household income, marital status, and living status; Model 3 was additionally adjusted for health behaviors, physical 
performance, body mass index, and Geriatric Depression Scale score; and Model 4 was additionally adjusted for comorbidities and the number of medications.
MMSE-KC, Mini-Mental State Examination (Korean version).

we observed sex differences in the impact of eating alone on cogni-
tive decline, with significant results observed only among women. 
Women tend to contribute more utterances to conversations than 
men at family dinner time.18) Further studies are needed to eluci-
date how the quantity and quality of conversations during meal-
times affect cognitive function in older adults. Second, poor social 
networks and social activities may increase the risk of demen-
tia.19,20) The results of a randomized controlled trial suggested that 
a multicomponent intervention including social activities im-
proved cognitive function in older adults with mild cognitive im-
pairment.21) A 6-week randomized controlled trial concluded that 
web-based conversational interactions improved cognitive func-
tion in older adults without dementia.22) Mealtime conversation is 
expected to decrease in frequency during the current outbreak of 
coronavirus disease 2019 (COVID-19), which may accelerate cog-
nitive decline in the older adult populations according to our study 

results. Internet-based interventions or mealtime artificial intelli-
gence partners might be useful in preventing cognitive decline in 
older adults. 

Globally, home-delivered meals or congregate meal services 
have been provided to older adults at risk of malnutrition. Addi-
tionally, recent studies have emphasized nutritional programs that 
could provide both social interactions and nutritional benefits.23,24) 
Further longitudinal studies or clinical trials are needed to demon-
strate the effect of nutritional programs with social components 
for seniors on various health conditions, including cognitive func-
tion. 

Our study had several limitations. First, because the 3-year peri-
od was relatively short to observe changes in cognitive function, 
the differences in MMSE-KC scores at baseline and follow-up 
among the four eating groups were relatively small. Second, we 
evaluated the nutritional risk using the NSI checklist. This screen-

www.e-agmr.org

22 Hye-Mi Noh et al.



ing tool has been widely used in community research and has been 
validated in older adults at risk for malnutrition.25) However, be-
cause it does not include accurate information on the food intake 
of the participants, we could not measure the precise dietary intake 
or quality. Further studies are needed to elucidate the role of these 
factors in cognitive function among older adults who eat alone. 
Despite these limitations, this study has several strengths. First, we 
used data from a nationwide representative sample of Korean older 
adults; therefore, our findings can be generalized. Second, previous 
Taiwanese and Japanese studies examined the combined effects of 
eating alone with nutritional status or living status on cognitive 
function. However, to our knowledge, this is the first prospective 
study to demonstrate that eating alone was independently associ-
ated with cognitive decline in older adults. Third, our findings re-
mained significant after adjusting for a wide range of confounding 
factors. 

In conclusion, the results of this study showed that the depriva-
tion of mealtime partners in late life may aggravate cognitive de-
cline in Korean older adults. Our findings suggest that the develop-
ment of meal programs that reinforce social integration for seniors 
might contribute to preserving their cognitive function. 
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Background: Although more than half of the population of Japan wants to spend their last days 
at home, approximately only 10% are able to do so. This study examined the associations be-
tween death at home and healthcare facility density by municipality based on the analysis of na-
tionwide observed data in Japan. Methods: We used data on deaths at home and healthcare re-
sources in municipalities across Japan for the fiscal years 2014 and 2017. The proportions of 
deaths at home by municipality were used as the dependent variable, while healthcare resources 
(e.g., hospital density) divided by the population of older people in each municipality and munici-
pality-level income were used as independent variables. We applied a fixed-effects regression 
analysis to examine the association of healthcare resources and municipality-level income with 
death at home. Results: Clinics providing home medical care and facilities providing visiting 
nursing services were positively associated with death at home, with coefficients (95% confi-
dence intervals) of 2.14 (1.12 to 3.15) and 2.19 (0.99 to 3.39), respectively. Stratified analysis 
showed that these associations were observed in higher income-level municipalities but not in 
lower income-level municipalities. Conclusion: Municipalities with a higher density of home care 
services had higher rates of death at home, whereas municipalities with a higher density of hos-
pitals had lower rates. We recommend the development of policy that allows hospitals to be 
converted into home care providers so that more people can spend time in peace at home at the 
end of their lives. 

Key Words: Area-level income, Home medical care, Socioeconomic status, Visiting nursing ser-
vices  
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INTRODUCTION 

Many people wish to choose their place of death (POD). Most 
people in high-income countries have a desire to die outside hospi-
tals, that is, at home or in a care home, if their disease situation is 
difficult to cure. According to a national report, more than half of 
Japanese people stated they would prefer to die at home;1,2) howev-
er, it is not an easy task to ensure that one does. The government 
report in 2018 estimated that 72% of Japanese deaths occurred in 
hospitals.3) In the United States, however, the percentage of deaths 

at home is on the rise, surpassing hospitals as the number one 
POD in 2017.4) The reason many people want to spend their last 
days at home is to have a good death. A “good death” has a variety 
of components, such as a particular death process, a pain-free 
death, religious and spiritual needs met, emotional well-being, 
completion of life, treatment preferences, dignity, family, and quali-
ty of life.5) The quality of death at home is reported to be better 
than that in palliative care units or hospitals.6) Without appropriate 
arrangements for end-of-life care, people often end up being trans-
ferred to subacute or acute care settings before death and experi-
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ence lower-quality terminal care.7,8) 

In Japan, home healthcare has become more widespread since 
2006 when the insurance system first included home healthcare 
support clinics.9) Since then, the Japanese government has been 
fine tuning the medical fee system, revising it every 2 years to re-
ward medical institutions that provide end-of-life care at home and 
increasing incentives for medical institutions that provide end-of-
life care at home around the clock. This policy is based on the gov-
ernment’s vision of a “Community-based Integrated Care System,” 
which aims to ensure the comprehensive provision of healthcare, 
preventive care, nursing care, and housing in each community by 
2025.10) The prefectural government is responsible for the medical 
care delivery system, while the municipal government is responsi-
ble for the long-term care delivery system, which are linked to 
achieve the government’s vision.10,11) Therefore, it is important to 
better understand how more people can achieve a death in their 
chosen location, which in most cases, is at home. 

Previous studies have reported factors affecting POD. Besides 
people’s wishes concerning their POD, medical factors, including 
symptom control,12) availability of multidisciplinary home pallia-
tive care13) or home care support medical service,14) and cancer as 
opposed to other diagnoses,4) also influence whether or not people 
can end their lives at home. Additional to medical factors are social 
factors, such as living alone,15) having caregiver support,16) and 
caregivers’ coping skills or educational attainment.17) Although 
some studies have evaluated factors affecting POD, they have lim-
itations. For instance, some studies evaluated only individual-level 
factors associated with POD,18-21) and information on area-level 
factors that affect POD remains largely unexplored.22) 

One example of area-level factors is the income level of the area. 
People living in the poorest communities may be more likely to die 
in hospitals than people living in affluent neighborhoods in 
high-income countries.17) Only one cross-sectional study from Ja-
pan using nationwide data reported an association between higher 
municipality-level income and higher rates of death at home.14) 
However, this study was a cross-sectional study, and it remains un-
clear whether area-level income is associated with POD. In many 
countries, there is a large gap between people’s wishes and where 
they eventually die. It is natural to assume that local healthcare re-
sources affect the POD. One Japanese cross-sectional study report-
ed a positive association between the density of home visiting clin-
ics and higher rates of death at home; however, the authors14) did 
not consider local healthcare resources such as home-visit nursing 
offices. In Japan and other countries, the densities of home-visiting 
clinics or nursing offices vary across municipalities or prefectures. 
While these considerable differences in local healthcare resources 
are assumed to affect POD, no quantitative studies have analyzed 

this association. We hypothesized that local healthcare resources 
such as the density of clinics, hospitals, home-visiting nursing of-
fices, and different types of care facilities would affect people’s 
choice of POD. Thus, this study examined the association between 
the percentages of deaths at home and the density of home-visiting 
medical care services by municipality using nationwide public data 
in Japan.  

MATERIALS AND METHODS  

Data 
We used public data provided by the Ministry of Health, Labour 
and Welfare on deaths at home and healthcare resources (e.g., hos-
pital density) across all 1,741 municipalities.23) Data from the fiscal 
years (FYs) of 2014 and 2017 were used. We constructed two-
wave panel data. No ethical approval was obtained as we used only 
publicly available data. 

Variables 
We defined the proportion of deaths at home by municipality as 
the dependent variable. The POD in Japan is recorded on a physi-
cian-written death certificate. We defined the densities of the fol-
lowing healthcare resources as independent variables: (1) clinics, 
(2) hospitals, (3) home care support hospitals, (4) home care 
support clinics, (5) hospitals providing home visit medical care, 
(6) clinics providing home visit medical care, (7) hospitals/clin-
ics/nursing stations providing home-visit nursing care, (8) long-
term care hospital beds, (9) long-term healthcare facility beds, 
(10) rooms in special nursing homes for older adults, (11) small-
scale multifunction home care offices, and (12) composite service 
offices. Home care support hospitals/clinics (#3/#4) were defined 
as those that specialized in 24-hour home care support and were 
approved by the government based on facility requirements.24) In 
Japan, clinics and hospitals are defined as those with ≤ 20 and > 20 
beds, respectively. The requirement for home care support hospi-
tals/clinics involves attending physicians or nurses to maintain a 
system that allows 24-hour contact with patients and their families 
and cooperating with local long-term care and welfare service pro-
viders. More details on the requirement are described elsewhere.24) 
Other hospitals/home clinics not approved but providing home 
visit medical care were categorized into variables listed in #5 or #6. 
Composite service offices (#12) were defined as those providing 
home-visit nursing care in addition to care services offered by 
small-scale multifunction-type home care offices. In Japan, more 
than 90% of deaths occurred in people aged 65 years and older in 
2017.25) Moreover, many users of the healthcare resource used in 
our analysis were older people. Thus, all the variables were includ-
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ed in the analytic models after being divided by the population of 
the older residents in each municipality (shown as “per 1,000 of 
the municipality-level population” in the tables). Data on munici-
pality-level income (per capita income of the municipality) in each 
FY were obtained from the Ministry of Internal Affairs and Com-
munications.26) 

Statistical Analysis 
We used a fixed-effects regression model with robust standard er-
rors to examine the associations between healthcare resources and 
municipality-level income and deaths at home. This model esti-
mated within-municipality changes in the proportions of deaths at 
home (dependent variable) regressed on changes in the indepen-
dent variables described above. We developed a multivariate mod-
el that included all independent variables (Model 1). We then con-
structed a second model that added an interaction term between 
municipality-level income and significant variables to confirm 
whether the effect of healthcare resources on death at home dif-
fered by income level (Model 2). The municipality-level income 
variable used in the interaction term was dichotomized according 
to income data from 2014. We also performed a stratified analysis 
according to income level in 2014. All analyses were conducted us-
ing Stata version 16.0 (Stata Corp, College Station, TX). 

RESULTS 

The proportions of deaths at home in each prefecture according to 
the year of investigation are presented in Table 1. Overall, the aver-
age proportion of deaths at home in Japan increased slightly from 
12.8% in 2014 to 13.2% in 2017. Among the 47 prefectures, the 
proportion of deaths at home increased the most in Tokyo, by 
4.6% from 2014 to 2017 (Table 1). Table 2 shows the changes in 
the area-level factors between 2014 and 2017.  

The results of the multivariate fixed-effects regression models 
are shown in Table 3. Our regression models showed that death at 
home was positively associated with the density of clinics provid-
ing home visit medical care and hospitals/clinics/nursing sta-
tions/nurse stations providing home-visit nursing care, with coef-
ficients (95% confidence intervals [CIs]) of 2.14 (1.12 to 3.15) 
and 2.19 (0.99 to 3.39), respectively. The densities of hospitals, 
long-term care hospital beds, long-term healthcare facilities, and 
small-scale multifunction-type home care offices were inversely 
associated with death at home (Model 1). For instance, the density 
of hospitals was negatively associated with death at home with a 
coefficient (95% CI) of −3.93 (−7.45 to −0.40). Although area-lev-
el income was not associated with death at home, several interac-
tion terms of income level in 2014 with the density of healthcare 

resources (hospitals/clinics/nursing stations providing home-visit 
nursing guidance, long-term healthcare facilities, and small-scale 
multifunction home care offices) were significant (Model 2). 

Table 4 shows our stratified analysis by municipality income lev-
el in 2014. In higher-income municipalities, the densities of home 
care support clinics, clinics providing home visit medical care, and 
hospitals/clinics/nursing stations providing home-visit nursing 
and guidance were positively associated with death at home. How-
ever, these associations were not observed in lower income munic-
ipalities. In contrast, the density of hospitals was negatively associ-
ated with death at home in lower-income municipalities but not in 
higher-income municipalities. 

DISCUSSION 

Using comprehensive empirical data on Japanese municipalities, 
we showed a significant positive association between the rates of 
death at home and the density of clinics providing home-visit 
medical care. In addition, the density of facilities providing nursing 
services was positively associated with death at home. Conversely, 
the density of hospitals or long-term care facilities, as well as 
non-medical care facilities, was negatively associated with home 
death. 

The main finding of our study was the positive association be-
tween death at home and the density of clinics providing home 
visit medical care, which is consistent with that of a previous 
study.14) We further added robust evidence using two-wave panel 
data that higher hospital bed density may lead to a lower death rate 
at home.14) We observed a significant association between death at 
home and home care support clinics but not home care support 
hospitals. This discordance might be explained by the differences 
in the roles of these two facilities (clinics or hospitals). Medical 
care at clinics is often repetitive and medium to long term; thus, it 
is relatively easy to form a trusting relationship between patients 
and their doctor. Older people who do not seek life-saving care us-
ing advanced medical equipment may particularly want to be cared 
for by a doctor they trust whom they see regularly. In contrast, 
When patients often visit the hospital, it is due to a sudden illness. 
Since it is their intial meeting, it is difficult for them to establish a 
trusting relationship. In particular, if the patient is an older person 
with a difficult medical condition, he or she may not want to spend 
the rest of their life in a hospital but rather desire to see his or her 
family doctor and return to the clinic from the hospital.24) The re-
sults of our study also provide new evidence of the positive associ-
ation between medical facilities or nursing offices that provide 
home nursing care and death at home. Another study from Japan 
also showed that the use of in-home services was associated with a 
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Table 1. Proportions of home deaths with respect to prefecture and year of investigation

Prefecture Number of  
municipalities

2014 2017 2017–2014
% of deaths at home Number of  

older  
population

% of deaths at home Number of  
older  

population

Change in % of  
deaths at homeMean Median  

(25th–75th percentile) Mean Median  
(25th–75th percentile)

Hokkaido 179 6.6 6.9 (4.1–8.8) 1,460,774 7.1 6.6 (4.5–9.2) 1,587,834 0.5
Aomori 40 9.4 9.1 (7.5–11.0) 376,009 8.9 8.9 (5.8–11.0) 402,286 −0.5
Iwate 33 10.2 10.0 (7.7–12.5) 373,052 10.0 9.5 (8.5–11.6) 393,769 −0.2
Miyagi 35 12.4 12.5 (9.1–14.8) 550,541 12.7 13.2 (10.3–15.4) 601,931 0.3
Akita 25 9.1 9.3 (7.5–10.8) 333,095 9.3 9.6 (7.5–10.8) 350,886 0.2
Yamagata 35 10.8 10.4 (8.4–12.6) 330,796 10.0 9.5 (7.9–12.8) 349,220 −0.8
Fukushima 59 11.7 11.6 (7.6–15.3) 521,351 12.3 11.1 (7.4–13.8) 556,697 0.6
Ibaraki 44 11.2 10.8 (9.1–13.1) 728,635 11.0 10.3 (9.3–13.2) 797,397 −0.2
Tochigi 25 12.8 12.2 (10.8–13.4) 479,205 13.3 13.9 (11.3–15.3) 525,420 0.5
Gunma 35 9.9 9.5 (8.3–12.3) 511,233 9.7 10.0 (7.3–11.6) 552,960 −0.2
Saitama 63 11.2 11.4 (9.9–13.1) 1,650,437 12.0 12.1 (9.9–13.9) 1,831,494 0.8
Chiba 54 14.5 14.4 (12.2–16.3) 1,465,241 13.8 14.0 (11.5–15.8) 1,616,292 −0.7
Tokyo 62 16.2 16.1 (14.2–18.4) 2,826,614 20.8 17.8 (16.4–19.7) 3,023,613 4.6
Kanagawa 33 13.7 13.7 (11.6–15.3) 2,012,575 15.7 14.9 (14.0–17.0) 2,202,553 2.0
Niigata 30 12.3 10.7 (9.4–13.1) 653,715 10.1 10.2 (8.8–11.5) 696,626 −2.2
Toyama 15 9.2 8.6 (7.5–11.7) 308,335 11.0 11.3 (8.3–12.6) 327,725 1.8
Ishikawa 19 8.6 8.0 (7.0–10.0) 300,333 9.7 9.6 (8.2–11.3) 322,900 1.1
Fukui 17 12.8 12.0 (10.7–12.7) 210,775 11.6 10.8 (9.5–13.1) 225,869 −1.2
Yamanashi 27 12.7 12.0 (10.3–14.9) 225,500 11.7 12.4 (8.7–15.0) 240,505 −1.0
Nagano 77 14.2 13.3 (9.5–16.7) 601,557 14.1 12.7 (10.4–16.0) 636,771 −0.1
Gifu 42 13.5 12.4 (10.1–14.9) 541,917 12.3 12.0 (9.4–14.4) 581,664 −1.2
Shizuoka 35 13.4 12.5 (10.4–16.2) 969,600 13.8 13.4 (11.5–15.8) 1,048,332 0.4
Aichi 54 11.7 11.5 (9.9–13.0) 1,649,838 12.9 12.6 (10.8–14.3) 1,794,630 1.2
Mie 29 12.2 12.4 (10.1–13.5) 481,125 12.4 12.3 (9.5–15.4) 512,947 0.2
Shiga 19 14.4 15.2 (13.4–16.5) 316,461 13.8 13.6 (12.0–15.0) 347,257 −0.6
Kyoto 26 15.1 12.9 (10.9–15.3) 658,773 14.4 13.3 (12.9–15.9) 710,704 −0.7
Osaka 43 13.8 14.0 (12.0–15.6) 2,117,492 14.9 14.9 (12.8–16.6) 2,286,486 1.1
Hyogo 41 14.5 14.1 (11.9–17.1) 1,386,229 14.1 14.6 (11.9–16.1) 1,497,767 −0.4
Nara 39 17.2 15.6 (13.9–19.4) 368,182 15.9 16.7 (13.5–19.4) 399,774 −1.3
Wakayama 30 13.0 13.2 (11.1–16.8) 288,253 11.4 11.5 (10.2–14.2) 303,860 −1.6
Tottori 19 10.2 10.3 (8.0–13.3) 161,826 10.8 10.5 (8.1–13.0) 171,475 0.6
Shimane 19 10.9 9.9 (5.5–13.0) 216,174 11.6 10.0 (6.2–12.6) 226,600 0.7
Okayama 27 10.8 9.7 (8.7–12.1) 519,665 10.6 9.5 (7.5–11.9) 552,419 −0.2
Hiroshima 23 11.6 11.0 (9.8–13.0) 735,409 11.5 11.8 (10.2–12.3) 791,069 −0.1
Yamaguchi 19 10.0 10.1 (8.0–11.9) 428,348 10.2 10.2 (8.6–10.6) 455,557 0.2
Tokushima 24 10.5 10.2 (8.2–12.6) 222,731 9.7 9.4 (8.2–11.4) 237,095 −0.8
Kagawa 17 12.5 12.1 (9.7–15.1) 276,064 12.8 12.7 (10.0–15.0) 294,705 0.3
Ehime 20 12.2 12.2 (9.4–14.2) 405,751 12.3 12.2 (9.8–14.1) 432,021 0.1
Kochi 34 9.4 9.6 (6.6–12.7) 230,811 8.5 8.6 (6.5–10.7) 242,320 −0.9
Fukuoka 60 7.9 8.0 (6.9–9.2) 1,212,470 8.8 9.0 (7.3–10.1) 1,329,727 0.9
Saga 20 6.9 6.8 (4.4–8.0) 217,864 8.3 7.7 (5.3–10.5) 234,364 1.4
Nagasaki 21 8.6 8.5 (7.6–9.8) 390,147 8.9 8.5 (6.2–10.8) 417,651 0.3
Kumamoto 45 8.8 8.7 (7.1–11.0) 490,182 7.6 8.0 (5.7 –9.0) 522,792 −1.2
Oita 18 7.8 7.9 (6.6–8.9) 337,626 7.1 7.2 (5.5–8.1) 360,437 −0.7
Miyazaki 26 8.6 8.1 (7.0–10.3) 311,487 7.4 7.9 (5.8–8.4) 333,985 −1.2
Kagoshima 43 8.7 8.0 (6.4–9.8) 467,910 10.2 9.0 (6.6–11.4) 494,555 1.5
Okinawa 41 12.3 11.8 (8.6–14.9) 260,308 12.6 11.6 (8.8–14.0) 293,448 0.3
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Table 2. Changes in area-level factors between 2014 and 2017

Non-standardized values Standardized valuesa)

2014 2017 Δ2017–2014 2014 2017 Δ2017–2014
Density of hospitals 4.88 ± 12.12 4.83 ± 11.99 –0.05 0.25 ± 0.23 0.23 ± 0.21 –0.02
Density of clinics 57.70 ± 169.53 58.28 ± 172.58 0.58 2.65 ± 2.26 2.50 ± 2.22 –0.15
Density of home care support hospitals 0.53 ± 1.72 0.69 ± 2.13 0.15 0.03 ± 0.08 0.03 ± 0.08 0.00
Density of home care support clinics 8.27 ± 28.66 8.42 ± 29.20 0.15 0.34 ± 0.37 0.33 ± 0.41 –0.01
Density of hospitals providing home visit medi-

cal care
1.55 ± 3.52 1.55 ± 3.54 0.01 0.10 ± 0.16 0.10 ± 0.15 –0.01

Density of clinics providing home visit medical 
care

11.83 ± 34.28 11.58 ± 34.22 –0.25 0.60 ± 0.53 0.56 ± 0.63 –0.04

Density of hospitals/clinics/nursing stations 
providing home-visit nursing and guidance

1.65 ± 6.93 1.88 ± 8.99 0.23 0.43 ± 0.41 0.43 ± 0.59 0.00

Density of long-term care hospital beds 38.44 ± 121.20 30.64 ± 104.14 –7.80 2.02 ± 5.78 1.54 ± 5.11 –0.48
Density of long-term healthcare facility beds 208.03 ± 478.91 214.06 ± 494.53 6.03 12.55 ± 13.99 12.02 ± 13.52 –0.54
Density of rooms of special nursing homes for 

older adults
286.23 ± 631.80 311.60 ± 701.29 25.37 21.54 ± 17.74 21.71 ± 17.74 0.16

Density of small-scale multifunction type home 
care offices

2.66 ± 7.10 3.07 ± 8.21 0.41 0.15 ± 0.27 0.16 ± 0.28 0.01

Density of composite service offices 0.09 ± 0.55 0.22 ± 0.95 0.13 0.00 ± 0.01 0.01 ± 0.02 0.00
Municipality-level income (Japanese yenb)) 2,778.35 ± 552.82 2,855.87 ± 554.71 77.52 - - -

Values are presented as mean±standard deviation.
a)All healthcare resources other than municipality-level income were standardized by the number of the older population in each municipality per 1,000 
municipality-level population. b)100 yen roughly equals one US dollar.

higher probability of death at home.27) Clinically, it is assumed that 
care at home is necessary for peaceful end-of-life care, and our 
analysis confirmed this assumption. Currently, although most peo-
ple in Japan want to spend a peaceful end-of-life at home, this goal 
is not often achieved. To fill this gap, more facilities providing 
home visiting care are needed. 

The densities of hospitals, long-term care hospital beds, and 
long-term care facilities in the area were negatively associated with 
home death rates, with a large coefficient (95% CI) for hospitals of 
−3.93 (−7.45 to −0.40). The negative association between hospital 
density and death at home was reported previously, which is con-
sistent with our finding.14) Although the causal interpretation of 
our result using fixed-effects models might be questioned, it is rea-
sonable to consider this as a causal relationship to some extent, jus-
tified by the concept of “physician-induced demand,” in which a 
physician influences a patient’s demand for care against the physi-
cian’s interpretation of the best interests of the patient.28) Almost 
90% of hospitals in Japan are private; thus, physicians and other 
healthcare workers in hospitals might motivate patients to use their 
services unnecessarily so that their hospitals will not go bankrupt. 
An excess of hospital beds will not only increase healthcare costs 
but also negatively affect people’s desire to die at home. In addi-
tion, Japan’s population is likely to continue declining; therefore, 
the density of beds per population will increase. Given this situa-
tion, the Japanese government should work more aggressively to 

reduce the density of beds or provide incentives to become home 
care providers. 

The associations between healthcare resources and death at 
home differed with respect to the area-level income. We observed 
a negative association between death at home and hospital density 
in lower-income municipalities but not in high-income municipal-
ities. Hence, it was more difficult for people in deprived areas to 
spend their end-of-life at home than people in affluent areas. This 
finding is consistent with those of studies from the United 
States16,22) and Japan.14) Thus, disparities also exist in health and 
death. The co-payment for end-of-life care at home is relatively 
high compared to that at hospitalization,29) although home care is 
covered by universal health insurance in Japan. The high cost of 
this co-payment likely influenced this choice. Our results empha-
size the importance of addressing inequalities in access to home 
healthcare services. 

While the present study has some significant findings, it has 
some limitations. First, a classification of “death at home” does not 
necessarily mean a comfortable peaceful death. It could include 
suicide, homicide, or unexpected sudden death such as myocardial 
infarction or stroke occurring at home. However, as the density of 
homicides and suicides was an order of magnitude lower than that 
of people accessing end-of-life care, this bias was unlikely to have 
significantly impacted our results. Second, this study examined 
only area-level factors. Future studies should consider both indi-
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Table 3. Area-level factors for deaths at home (multivariate fixed-effects regression analysis)

Model 1 Model 2
Coefficient 95% CI Coefficient 95% CI

Area-level factors for deaths at home
 Density of hospitals –3.93 –7.45 to –0.40 –7.30 –13.17 to –1.44
 Density of clinics –1.31 –2.89 to 0.28 –0.76 –2.38 to 0.85
 Density of home care support hospitals 0.50 –3.63 to 4.63 1.01 –2.79 to 4.82
 Density of home care support clinics 0.99 –0.41 to 2.40 0.63 –0.41 to 1.68
 Density of hospitals providing home visit medical care 1.76 –0.85 to 4.37 1.81 –0.78 to 4.40
 Density of clinics providing home visit medical care 2.14 1.12 to 3.15 1.11 0.17 to 2.06
 Density of hospitals/clinics/nursing stations providing home-visit nursing 

and guidance
2.19 0.99 to 3.39 3.99 2.84 to 5.15

 Density of long-term care hospital beds –0.16 –0.24 to –0.08 –0.21 –0.30 to –0.12
 Density of long-term healthcare facility beds –0.10 –0.19 to –0.01 –0.09 –0.21 to 0.04
 Density of rooms of special nursing homes for older adults 0.03 –0.01 to 0.08 0.03 –0.01 to 0.08
 Density of small-scale multifunction type home care offices –2.95 –4.76 to –1.14 –0.45 –3.01 to 2.11
 Density of composite service offices 0.18 –13.15 to 13.50 0.54 –12.82 to 13.90
 Municipality-level income (continuous) 0.000 –0.002 to 0.001 –0.001 –0.002 to 0.001
Interaction terms of municipality-level income in 2014 (ref. high-level income)
 Density of hospitals - - 4.36 –2.04 to 10.76
 Density of clinics providing home visit medical care - - –0.12 –1.80 to 1.55
 Density of hospitals/clinics/nursing stations providing home-visit nursing 

and guidance
- - –4.56 –6.15 to –2.97

 Density of long-term care hospital beds - - 0.23 0.08 to 0.38
 Density of long-term healthcare facility beds - - –0.02 –0.19 to 0.15
 Density of small-scale multifunction type home care offices - - –3.69 –6.71 to –0.67

All healthcare resources other than municipality-level income were standardized by the number of the older population in each municipality per 1,000 
municipality-level population.
Model 2 is additionally included interaction terms that were significantly associated in Model 1.
CI, confidence interval.
Statistically significant associations (p<0.05) are indicated in bold type.

Table 4. Area-level factors for deaths at home with respect to income level in 2014 (multivariate fixed-effects regression analysis)

Higher-income municipalities (n = 870) Lower-income municipalities (n = 871)
Coefficient 95% CI Coef. 95% CI

Density of hospitals –5.83 –14.26 to 2.60 –3.77 –7.21 to –0.34
Density of clinics –0.95 –3.68 to 1.79 –0.50 –2.04 to 1.05
Density of home care support hospitals –0.22 –4.18 to 3.73 1.50 –3.05 to 6.06
Density of home care support clinics 1.80 0.85 to 2.76 –0.43 –1.79 to 0.93
Density of hospitals providing home visit medical care 1.31 –3.90 to 6.51 2.10 –0.72 to 4.92
Density of clinics providing home visit medical care 1.58 0.51 to 2.65 0.96 –0.47 to 2.39
Density of hospitals/clinics/nursing stations providing home-visit nursing 

and guidance
3.60 2.23 to 4.97 –0.54 –1.64 to 0.56

Density of long-term care hospital beds –0.21 –0.30 to –0.11 0.00 –0.12 to 0.12
Density of long-term healthcare facility beds –0.09 –0.21 to 0.02 –0.14 –0.26 to –0.02
Density of rooms of special nursing homes for older adults 0.04 –0.05 to 0.13 0.03 –0.03 to 0.08
Density of small-scale multifunction type home care offices –0.92 –3.67 to 1.83 –4.07 –5.88 to –2.27
Density of composite service offices 5.57 –13.78 to 24.92 –5.47 –17.06 to 6.13
Municipality-level income 0.00 –0.001 to 0.002 –0.002 –0.004 to 0.0002
All healthcare resources other than municipality-level income were standardized by the number of older population in each municipality per 1,000 municipality-
level population.
CI, confidence interval.
Statistically significant associations (p<0.05) are indicated in bold type.
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vidual- and municipality-level factors. Third, our findings were 
based on observational data rather than data from randomized 
controlled trials. Thus, it was difficult to determine causal relation-
ships. An abundance of local medical resources may allow many 
people to receive care at home; conversely, medical facilities sup-
porting home care may exist in areas where many people receive 
care at home. Current research methods do not allow for a strict 
distinction between causes. 

In conclusion, our analysis of comprehensive empirical data in 
Japan revealed a significant positive association between clinics 
supporting home medical care and death at home. Moreover, we 
found that the associations between healthcare resources and 
death at home differed with respect to area-level income. While 
most people in Japan want to spend their last days at home as 
much as possible, approximately only 10% achieve this goal. To 
close the regional gap in end-of-life care at home, the government 
should consider providing financial support for home healthcare 
in poor areas. 
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INTRODUCTION 

Alzheimer’s disease is a rapidly growing concern in Korea because 
it is the fastest aging country among the Organisation for Econom-
ic Co-operation and Development (OECD) countries, with pro-
jections showing it possibly becoming the country with the highest 
number of older people in 2075.1) As cognitive decline increases 
with age, the prevalence of the disease is bound to grow with de-
mographic change. In 2018, approximately 750,000 older Koreans 
had been diagnosed with dementia, with 75% being due to Alzhei-

mer’s disease. This number is expected to increase to 3 million by 
2050,2) and 1.7 million Koreans are estimated to currently live with 
mild cognitive impairment (MCI).3) In response, various therapies 
aiming to prevent, delay the onset, and/or slow the progression of 
Alzheimer’s disease are being investigated. While numerous clini-
cal trials have failed, recent progress provides hope for the possibil-
ity of the first disease-modifying therapy to become available in 
2021.4) 

However, the introduction of such a treatment will create chal-
lenges for the healthcare system, especially in light of the coronavi-
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Background: With the rapid demographic change in Korea, Alzheimer’s disease has become a 
primary concern. Recent developments in disease-modifying therapies provide hope that therapy 
may become available soon. The high disease prevalence and complex evaluation process will 
create challenges for the healthcare system already burdened by the current pandemic. This 
study examined the preparedness of the South Korean healthcare system to identify and treat 
patients when such a therapy becomes available. Methods: We used a Markov model to simulate 
a stylized patient’s journey. Based on national data and expert input, we presented projections of 
the diagnosis and treatment wait times and respective queues of patients under treatment and 
no-treatment scenarios and further simulated the possible option of adopting a blood-based bio-
marker test. Results: Under the current system, we estimated a peak waiting time of 14 months 
when a treatment became available, largely because of the limited number of dementia special-
ists. Adopting a blood-based biomarker test dramatically reduced the initial wait times by more 
than half. A disease-modifying therapy was estimated to avert 575,000 incident cases in the first 
10 years after the treatment entered the market, and a blood-based test further avoided 86,000 
additional cases. Conclusion: South Korea’s healthcare infrastructure requires more preparation 
for the introduction of a disease-modifying therapy, with the primary capacity limitation being 
the low number of dementia specialists. The utilization of a blood-based test for Alzheimer’s dis-
ease biomarkers may be an effective solution. 
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rus disease 2019 (COVID-19) pandemic, thus creating competing 
priorities.5) A disease-modifying therapy will likely be prescribed 
to patients in the early stages of the disease to slow its progression. 
Identifying treatment-eligible patients requires a complex evalua-
tion process, including brief cognitive assessment, confirmatory 
neurocognitive evaluation, and biomarker tests. Fortunately, the 
Korean government has been implementing a series of national 
dementia strategies since 2008. In 2017, the current administration 
announced the National Dementia Responsibility Policy, in which 
the country should bear most of the burden of dementia care.6) 
The policy established regional dementia centers that provide free 
consultation and cognitive screening for dementia patients and 
family members.7) 

This study analyzed the preparedness of the Korean healthcare 
system when a disease-modifying therapy for Alzheimer’s disease 
becomes available. We simulated the identification and treatment 
processes of people with early-stage Alzheimer’s disease under a 
treatment compared to a no-treatment status and presented pro-
jections of the potential wait times in Korea. We further simulated 
the effect of adopting a blood-based biomarker test for Alzheimer’s 
disease pathology. 

MATERIALS AND METHODS 

Simulation Model 
Our simulation model used a patient journey on the path to a dis-
ease-modifying therapy as our basis. Individuals aged 50 years and 
over go through a cognitive assessment (screening phase), where 
those detected with MCI are referred to a dementia specialist for 
further analysis (diagnostic phase), and if confirmed with a posi-
tive biomarker test, they are referred to treatment (treatment 
phase). For individuals who are untreated, the disease continues to 
progress. We applied this path to a Markov model and transition 
probabilities derived from the literature,8,9) where individuals 
moved through the disease states: normal cognition to MCI to 
Alzheimer’s disease. To simulate the healthcare system, our model 
included three capacity constraints: dementia specialists, biomark-
er testing facilities, and treatment delivery facilities. The details of 
the model can be found in previous studies, in which we analyzed 
the preparedness of the healthcare systems in the United States, 
Australia, Canada, Japan, and six European countries (Germany, 
France, Italy, Spain, Sweden, and the UK).10-14) 

Data 
Our population projections and mortality rates were obtained 
from the Korean Census,15) and similar to our previous research, 
estimations of those for people with MCI and Alzheimer’s disease 

were derived from information from the literature.16-20) Based on 
expert input from Korean subject-matter experts, we assumed that 
80% of neurologists and 35% of psychiatrists would evaluate pa-
tients with MCI and Alzheimer’s disease. Regarding biomarker 
tests in Korea, we assumed that the majority (95%) of tests would 
be performed using positron emission tomography (PET) for am-
yloid deposits in the brain and the remaining via cerebrospinal flu-
id (CSF) tests owing to the strong reluctance of Koreans to under-
go lumbar puncture. Our model did not apply any constraint on 
CSF tests, while the capacity was constrained for PET given the 
limited excess capacity and a slight decrease in the number of de-
vices. The numbers of specialists and PET scanners were derived 
from Korea’s Health Insurance Review & Assessment Service and 
OECD Health Statistics.21,22) We projected future capacities using 
the historical trends of the physician workforce and PET scanners. 
For the treatment phase, we assumed that a disease-modifying 
therapy would be intravenously delivered and reduce the risk of 
progression from MCI to dementia by 30%. Because of the lack of 
infusion data in Korea, we used a healthcare system capacity index 
for infusion projections using OECD data,21) consistent with our 
previous analyses. 

Model Assumptions 
Our model started with individuals aged 50 years and older because 
most later-stage clinical trials included individuals with ages as low as 
50 years (e.g., the Phase 3 trial of BAN2401, NCT03887455). We 
assumed that a disease-modifying therapy for patients with MCI 
due to Alzheimer’s disease would become available in 2022 and 
that screening would start 1 year earlier in 2021. The treatment 
was assumed to be delivered via intravenous infusion every 4 
weeks for 18 months following the protocol for aducanumab. Our 
Korean model applied the same assumptions for treatment effec-
tiveness, patient uptake, excess capacity, and epidemiological pa-
rameters as in our previous studies but modified them for the Ko-
rean context. We consulted several experts familiar with the Kore-
an subject matter to adapt these assumptions. Details on the model 
assumptions are described in our previous studies.10-14) 

Effects of a Blood-Based Biomarker Test 
Several blood-based test kits for Alzheimer’s disease have emerged 
in Korea,23) and in 2020, a test in which a multimer detection sys-
tem (MDS) detects plasma Aβ oligomers,24) with a discriminative 
accuracy comparable to an amyloid PET,25) the “MDS-OAβ test,” 
received approval from the Korean Food & Drug Administration 
(FDA). The introduction of a blood-based biomarker test for Alz-
heimer’s disease would allow the identification of patients with 
MCI due to other causes earlier in the process. A study using US 
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data showed that such a test could lead to an approximate reduc-
tion in specialist visits by 60% and the use of PET by 40%.26) Based 
on this study, our model reflected the possible introduction of such 
a blood-based test to analyze its potential effect on clearing wait 
times and respective queues. 

RESULTS 

Based on our analysis, 1.8 million Koreans are estimated to have 
MCI in 2021. Among them, 0.9 million are assumed to seek fur-
ther evaluation by a dementia specialist, of whom 0.8 million 
would undergo biomarker tests, with half of the patients expected 
to test positive for amyloid pathology, resulting in 0.3 million pa-
tients eligible for treatment. 

The projected number of patients in queues for a disease-modi-
fying therapy and respective wait times are presented in Fig. 1. The 
initial peak wait time was estimated to be 14 months, with the 
main capacity limitation being specialist visits. Initially, over 
500,000 Korean patients were estimated to wait for their specialist 
appointment. Infusion delivery wait times were minimal and 
would persist until 2028. The backlog of cases was projected to 

clear in 2029 when patients could access treatment without wait-
ing. We did not project waitlists for biomarker tests because of the 
relatively high PET scanner capacity in Korea. 

Fig. 2 shows that a blood-based biomarker test would reduce the 
initial wait times by more than half, to 5.7 months, with queues for 
specialist visits clearing in 2023. While the increased throughput 
in the screening phase would result in more patients waiting for in-
fusions, the net effect was lower wait times and 620,000 fewer pa-
tients waiting in queues that would persist until 2028. Cumulative-
ly, 769,000 patients would wait for infusion treatment from 2021 
to 2029, with a peak of 171,000 people in queue in 2024.  

Fig. 3 further compares the projected incident cases of Alzhei-
mer’s disease up to 2050 under three scenarios: without treatment 
(gray dashed line) and with treatment assuming that a blood test is 
not (blue solid line) and is (orange line with markers) available. 
Compared to the cumulative number of new cases in the absence 
of a treatment, the disease-modifying therapy helped avoid ap-
proximately 575,000 additional cases in the first 10 years after the 
entry of a treatment in the market, assuming our projected wait 
times in the absence of a blood test. Assuming the availability of a 
blood-based test, an additional 86,000 incident cases could be 
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Fig. 1. Projected wait times (A) and waitlists (B) for a disease-modifying therapy.
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Fig. 2. Projected wait times (A) and waitlists (B) for blood-based tests.
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averted owing to faster access to treatment. If we increased the pro-
jection period to 2050, the disease-modifying therapy could help 
avert 2.6 million new cases compared to no treatment and the 
blood-based test would avert further 92,000 additional cases. 

DISCUSSION 

A disease-modifying therapy for Alzheimer’s disease may soon be-
come available for the first time. Such therapy may reduce the 
number of patients with dementia due to Alzheimer’s disease by 
delaying or preventing disease progression. However, this preven-
tive paradigm implies that the population effect of a therapy will 
depend on a country’s ability to identify patients eligible for treat-
ment and to administer it in a timely manner. Waiting times per-
sisted for a decade, with the annual average wait times peaking at 
14 months. The projected peak wait time was similar to that in Ja-
pan (15 months) and the UK (14 months) and shorter than that 
in the United States (19 months) and Canada (28 months).10-14) 

The limited capacity of dementia specialists is the biggest obsta-
cle in evaluating patients with MCI in Korea. Geriatric medicine is 
yet to be established as an official specialty in Korea, with a negligi-
ble number of physicians specializing in dementia. For instance, 
approximately 6,000 members participated in the Korean Geriatric 
Society in 2010, mostly from internal and family medicine.27) Ex-
panding the number of specialists is also the most challenging con-
straint to address because of the long training times and overall 
limited number of physicians. 

Fortunately, blood-based tests for Alzheimer’s disease pathology 

are the functional equivalent of increasing specialist capacity by 
60% because they improve the efficiency of the initial triage pro-
cess. The currently available cognitive tests have limited specificity 
for discerning MCI due to Alzheimer’s disease from MCI due to 
other etiologies.28) Blood-based tests in combination with a brief 
cognitive test, however, may help prioritize patients with likely 
MCI due to Alzheimer’s disease at the primary care level for spe-
cialist referral and reduce the need for confirmatory biomarker 
tests. The recently approved test kit in Korea has been demonstrat-
ed to be a reliable method for evaluation of individuals with Alz-
heimer’s disease.23-25) 

Eliminating the constraint for infusion delivery is also needed. 
This could be achieved by increasing the number of hospital beds 
for infusion delivery. In the long term, home infusions may be-
come available, especially in rural areas, which can further reduce 
related wait times. At-home services organized by regional demen-
tia centers may include home infusions in the future. 

Our analysis had several limitations; thus, our estimates repre-
sented the magnitude of the problem rather than an exact projec-
tion of wait times and disease progression. We relied on several as-
sumptions to identify potential capacity constraints if a dis-
ease-modifying therapy becomes available. These assumptions 
were based on the blood-based biomarker test reducing capacity 
constraints from an example of the United States case; however, 
the effect may differ in the Korean system using a Korean test kit. 
The study using US data was based on a test detecting beta-amy-
loid 42 and 40 (Aβ42 and Aβ40) with a sensitivity and specificity 
of 0.89 and 0.69, respectively.29) The Korean test kit detects plasma 

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Cu
m

ul
at

iv
e 

in
ci

de
nt

 A
lz

he
im

er
's 

di
se

as
e 

ca
se

s 
(m

ill
io

ns
)

20
22

20
24

20
26

20
28

20
30

20
32

20
34

20
36

20
38

20
40

20
42

20
44

20
46

20
48

20
50

No treatment Treatment without BBBT Treatment with BBBT

Fig. 3. Projected cumulative numbers of new cases of Alzheimer’s disease under different scenarios. BBBT, blood-based biomarker test.

www.e-agmr.org

36 Hankyung Jun et al.



Aβ oligomers and also incubates plasma samples with synthesized 
Aβ42 before the assay. The tests show promise, with a sensitivity of 
78.3% and a specificity of 86.5%.30) In our study, we assumed that 
80% of neurologists and 35% of psychiatrists would be able to di-
agnose patients. This does not reflect the smaller proportion of 
physicians currently specializing in dementia care but rather the 
proportion of experts we considered would be capable of evaluat-
ing patients with cognitive decline. Using the actual proportion of 
dementia specialists would lead to higher wait times. We did not 
consider capacity challenges related to cognitive screening, mag-
netic resonance imaging, radiologists and nuclear medicine spe-
cialists, and treatment monitoring owing to the complexity of the 
model. Our focus on dementia specialists, biomarker testing for di-
agnosis, and infusion delivery reflected the fact that these are likely 
to be the most crucial and pressing barriers to overcome with the 
introduction of a disease-modifying therapy. 

In conclusion, there is cautious optimism that a disease-modify-
ing therapy for Alzheimer’s disease will soon be available. Similar 
to many other countries, Korea does not yet have sufficient infra-
structure to deliver such a therapy to a large pool of prevalent pa-
tients, leading to initial wait times for access to treatment. Utilizing 
a blood-based biomarker test for the early diagnosis of Alzheimer’s 
disease may help accelerate the evaluation of treatment-eligible pa-
tients, thereby preventing disease progression to manifest demen-
tia in a greater number of patients. 
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Background: A comprehensive visual rating scale (CVRS) using brain magnetic resonance imag-
ing (MRI) was previously developed to evaluate structural changes in the brains of older patients. 
This study investigated the usefulness of the CVRS in predicting dementia with Alzheimer disease 
(AD) in patients with prodromal AD. Methods: We included 189 patients with prodromal AD with 
available data from the Alzheimer’s Disease Neuroimaging Initiative study. We evaluated all pa-
tients using CVRS and assessed their progression to AD dementia over 3 years of longitudinal fol-
low-up. Survival analysis was performed using the Cox proportional hazards model to analyze 
the hazard ratios of the CVRS for progression to AD dementia. Results: Among 189 patients with 
prodromal AD, 61 (32.3%) progressed to dementia. The mean baseline CVRS scores differed sig-
nificantly between the stable and progressive groups (9.9±5.1 vs. 12.4±4.9; p=0.002). An initial 
high CVRS score was an independent risk factor for the progression to AD dementia (hazard ra-
tio=1.110; 95% confidence interval, 1.043–1.182). Conclusion: The baseline CVRS score predicted 
the progression to dementia in patients with prodromal AD, indicating its independent associa-
tion with longitudinal cognitive decline. 

Key Words: Magnetic resonance imaging, Alzheimer disease, Cognitive dysfunction
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INTRODUCTION 

Alzheimer disease (AD) is the most common neurodegenerative 
disease that causes dementia. Mild cognitive impairment (MCI), a 
prodromal stage of dementia, is characterized by cognitive dys-
function without definite functional deficits. Prodromal AD is de-
fined as MCI with positivity for an AD biomarker, such as amyloid 
deposition, on positron emission tomography (PET) imaging.1) In 
clinical practice, there is an increasing need for biomarkers to as-
sess patients at high risk of progression to AD dementia among pa-
tients with prodromal AD.2)  

Among the in-vivo visualization of cerebral structural changes, 
brain magnetic resonance imaging (MRI) is commonly used for 
the identification of AD and MCI.3) The diagnostic criteria include 
cerebral atrophy in brain MRI as a neurodegenerative marker of 

AD.4,5) As MCI is usually associated with various pathologies,6) the 
development of neuroimaging biomarkers to simultaneously re-
flect neurodegeneration and vascular injury is required. 

A comprehensive visual rating scale (CVRS) using brain MRI 
was developed to assess structural changes occurring due to cere-
bral atrophy and vascular lesions.7) The CVRS integrates preexist-
ing visual rating scales such as cortical atrophy, hippocampal atro-
phy, ventricular enlargement, and small vessel disease.7) The CVRS 
was previously validated for individuals with AD, MCI, and nor-
mal cognition. It was found to indicate structural changes in the 
brains of patients with AD and MCI and was significantly correlat-
ed with the results of neuropsychological tests.7) In addition, this 
scale was used to predict disease progression and its relationship to 
cognitive decline in longitudinal follow-ups of subjects with MCI.8) 
Consistent with previous studies, this longitudinal follow-up study 
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evaluated the usefulness of the CVRS in predicting the progression 
to AD dementia in patients with prodromal AD. 

MATERIALS AND METHODS 

Study population 
We downloaded data for this study from the Alzheimer’s Disease 
Neuroimaging Initiative (ADNI) database (http://adni.loni.usc.
edu/). The principal investigator, Michael W. Weiner started the 
ADNI in 2003 as a public-private partnership. The primary aim of 
the ADNI is to determine whether the combination of serial bio-
logical markers and clinical and neuropsychological tests can be 
used to measure the progression of AD and MCI. The study pro-
cedures were approved by the Institutional Review Board of the 
Kangwon National University Hospital (No. KNUH-2020-04-
015) and written informed consent was obtained from all partici-
pants or their authorized representatives. The detailed protocols 
regarding informed consent of the ADNI subjects and current in-
formation can be found on the ADNI webpage (http://adni.loni.
usc.edu/). 

We downloaded the data included in this study from the ADNI 
database on June 20, 2020. We included patients with prodromal 
AD who underwent a baseline MRI scan. The primary outcome 
was progression to AD dementia during a follow-up period of 36 
months. This study finally included 189 patients with prodromal 
AD from the ADNI cohort. 

MCI was diagnosed based on the presence of objective memory 
impairment without meeting the criteria for dementia. All subjects 
had a Mini-Mental State Examination (MMSE) score of ≥ 24, a 
CDR memory score of ≥ 0.5, a global Clinical Dementia Rating 
(CDR) score of 0.5, and a score for the delayed recall from Story A 
of the Wechsler Memory Scale-Revised of ≤ 2 (0–7 years of edu-
cation), ≤ 4 (8–15 years of education) or ≤ 8 ( ≥ 16 years of educa-
tion).9) The diagnosis of dementia at follow-up was based on the 
presence of memory complaints, a global CDR score of ≥ 0.5, and 
significant impairments in objective cognition and ADL. 

MRI 
All subjects underwent imaging studies using a 3-T MRI scanner 
(GE, Philips, or Siemens). Various ADNI sites collect data using a 
standardized MRI protocol to evaluate and compare three-dimen-
sional T1-weighted sequences (http://adni.loni.usc.edu/meth-
ods/documents/mri-protocols/). MRI data were acquired and 
processed according to a standard protocol.10) We downloaded 
preprocessed T1-weighted magnetization-prepared rapid gradi-
ent-echo (MP-RAGE) MR images, T2 star-weighted images, and 
fluid-attenuated inversion recovery images from the database.  

CVRS  
The CVRS includes the hippocampal atrophy, cortical atrophy, 
subcortical atrophy (ventricular enlargement), and small vessel 
disease scales, which summarize degenerative or vascular injury of 
the pathologic brain (Table 1).11-16) A previous study described the 
details of each scale.7) The CVRS integrates validated scales to 
quantify the effects of various brain deficits, thus producing a scale 
score ranging from 0 to 30, with higher scores indicating more 
deficits. 

Neurologists (JKC) who were blinded to the clinical and demo-
graphic information performed the visual rating using a template. 

Pathologic changes in AD 
The presence of amyloid by positron emission tomography (PET) 
was used to confirm the pathologic changes in AD. The mean stan-
dard uptake value ratio (SUVR) of 18F-AV-45 PET was deter-
mined for each subject. An SUVR threshold of ≥ 1.10 was used to 
define amyloid positive (Aβ+) status according to the ADNI study 
using the composite volume of interest (VOI) SUVR with the 
highest accuracy for discriminating between patients with AD and 
cognitively normal subjects.17) 

Neuropsychological tests 
Neuropsychological tests such as the MMSE, CDR-sum of boxes 
(CDR-SOB), and Alzheimer’s Disease Assessment Scale-cognitive 
subscale (ADAS-cog)18) were performed at baseline and annual 

Table 1. Composition of the comprehensive visual rating scale

Adopted or modified scales Scale range
Hippocampal atrophy Scheltens’ scale for coronal image11) 0–8 (bilaterally)

Kim and Jung’s scale for the Axial image12)

Cortical atrophy Victoroff ’s scale for frontal and temporal lobe13) 0–9
Koedam’s scale for parietal lobe14)

Subcortical atrophy Donovan’s scale for the anterior and posterior horn of the lateral ventricle15) 0–6
Small vessel disease Modified Fazekas and Scheltens’ scale for white matter hyperintensity16) 0–3

Lacunes and microbleeds: the total number was graded 0–4
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follow-ups over 3 years. 

Statistical analysis 
We used independent t-test and chi-square test for continuous and 
categorical variables, respectively, to analyze group differences. We 
evaluated the hazard ratios (HRs) of baseline demographics, neu-
ropsychological tests, and CVRS using univariate Cox regression 
analysis using follow-up time by yearly intervals as the time vari-
able and progression to AD dementia as the status variable. To de-
termine whether the CVRS was significantly associated with pro-
gression to AD dementia, we used Kaplan-Meier plots based on 
“high” and “low” CVRS according to the maximally selected rank 
statistics.19) We applied multivariate Cox analysis to confirm the in-
dependent determinants of AD dementia progression with rele-
vant covariates. The retention threshold was p < 0.2 in univariate 
Cox regression and also included clinically important variables. 
The MMSE and ADAS-cog scores were highly correlated and 
were divided into Models 1 and 2. 

Statistical significance was defined as p < 0.05. Statistical analy-
ses were performed using R version 4.0.2 (The R Foundation for 
Statistical Computing, 64-bit platform). Cox regression analysis 
was performed using the survival package,20) while the optimal 
cutoff points of continuous variables in the “survival” analysis were 
determined using the “maxstat” package.19) Graphics were created 
using the “ggplot2” package.21) 

RESULTS 

This study included 189 patients with prodromal AD. Their mean 
age was 72.6 years and 86 (45.5%) were female. A total of 122 pa-

tients (64.5%) had at least one APOE ε4 allele. We observed that 
61 patients (32.3%) progressed to dementia, while 128 patients 
did not, during a follow-up period of 36 months. The baseline 
characteristics based on the progression to dementia, categorized 
as stable or progressive prodromal AD, are presented in Table 2. 
Patients with prodromal AD that progressed to dementia had 
poorer cognitive performance and CVRS scores at baseline. 

Subjects with higher CVRS scores ( > 16 points) had a signifi-
cantly higher HR for progression to AD dementia in the univariate 
Cox regression analysis (HR = 1.089; 95% confidence interval 
[CI], 1.034–1.146) (Fig. 1, Table 3). The rate of progression to 
AD dementia was significantly higher in APOE ε4 carriers. Poor 
baseline cognitive tests, as indicated by MMSE, CDR-SOB, and 
ADAS-cog subscale 11 (ADAS-cog 11) scores, were significantly 
associated with progression to AD dementia. 

Multivariate Cox analysis included clinical (age, sex, level of edu-
cation) and statistically relevant variables (APOE ε4 allele, MMSE, 
ADAS-cog 11, CDR-SOB, and CVRS) (Table 3). Owing to the 
high correlation between the ADAS-cog and MMSE scores, we 
analyzed them as Models 1 and 2, respectively. The adjusted co-
variates did not change the significance of the HRs of CVRS 
(HR = 1.110; 95% CI, 1.043–1.182 for Model 1 and HR = 1.084; 
95% CI, 1.014–1.159 for Model 2). However, we did not observe 
significant relationships between baseline MMSE, APOE ε4, and 
AD dementia progression after adjusting for other covariates. We 
examined the receiver operating characteristic curve and area un-
der the curve (AUC) to determine the utility of the CVRS for the 
prediction of prodromal AD compared to each subscale (Table 4). 
The AUC of the CVRS was higher than that of the other subscales. 

Table 2. Baseline characteristics of patients with prodromal Alzheimer disease

Stable group (n = 128) Progressive group (n = 61) Total (n = 189) p-value
Age (y) 72.6 ± 6.5 72.5 ± 7.0 72.6 ± 6.7 0.933
Sex, female 57 (44.5) 29 (47.5) 86 (45.5) 0.816
Education (y) 16.3 ± 2.8 16.5 ± 2.6 16.3 ± 2.7 0.650
APOE ε4 carriers 77 (60.2) 45 (73.7) 122 (64.5) 0.179
CDR-SOB 1.3 ± 0.8 2.2 ± 1.0 1.6 ± 1.0 < 0.001
ADAS-cog 11 8.6 ± 3.6 13.1 ± 4.8 10.1 ± 4.5 < 0.001
MMSE 28.0 ± 1.7 27.4 ± 1.9 27.8 ± 1.8 0.028
CVRS (total) 9.9 ± 5.1 12.4 ± 4.9 10.7 ± 5.1 0.002
 Hippocampal atrophy 2.9 ± 2.0 3.9 ± 1.8 3.2 ± 2.0 0.001
 Cortical atrophy 3.6 ± 2.2 4.7 ± 2.2 3.9 ± 2.2 0.002
 Subcortical atrophy 2.1 ± 1.4 2.7 ± 1.4 2.3 ± 1.4 0.019
 Small vessel disease 1.3 ± 1.0 1.2 ± 1.1 1.2 ± 1.0 0.471

Values are presented as mean±standard deviation or number (%).
CDR-SOB, Clinical Dementia Rating sum of boxes; ADAS-cog, Alzheimer’s Disease Assessment Scale cognitive subscale; MMSE, Mini-Mental State 
Examination; CVRS, Comprehensive Visual Rating Scale.
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Fig. 1. Cox proportional hazards model for progression to Alzheimer disease (AD) dementia in patients with prodromal AD according to 
comprehensive visual rating scale (CVRS) score: low, ≤16 points; high, >16 points.

Table 3. Univariate and multivariate Cox regression analysis

Univariate analysis
Multivariate analysis

Model 1 Model 2
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value

Age 1.001 (0.963–1.041) 0.951 0.977 (0.929–1.028) 0.371 0.953 (0.905–1.003) 0.065
Male 0.909 (0.550–1.503) 0.711 0.678 (0.378–1.217) 0.193 0.709 (0.391–1.285) 0.256
Education 1.035 (0.943–1.136) 0.473 1.109 (0.999–1.232) 0.051 1.083 (0.977–1.201) 0.129
APOE ε4 carrier 1.425 (1.001–2.029) 0.049 1.310 (0.866–1.984) 0.202 1.310 (0.875–1.961) 0.189
MMSE 0.848 (0.741–0.971) 0.017 0.866 (0.741–1.012) 0.071 NI NI
ADAS-cog 11 1.221 (1.159–1.285) < 0.001 NI NI 1.177 (1.110–1.247) < 0.001
CDR-SOB 2.163 (1.715–2.727) < 0.001 2.166 (1.684–2.786) < 0.0001 1.847 (1.420–2.401) < 0.001
CVRS 1.089 (1.034–1.146) 0.001 1.110 (1.043–1.182) 0.001 1.084 (1.014–1.159) 0.019

CDR-SOB, Clinical Dementia Rating sum of boxes; MMSE, Mini-Mental State Examination; CVRS, Comprehensive Visual Rating Scale; NI, not included.
Model 1: adjusted for age, sex, education, APOE ε4 carrier, MMSE, CDR-SOB, and CVRS.
Model 2: adjusted for age, sex, education, APOE ε4 carrier, ADAS-cog 11, CDR-SOB, and CVRS.

Table 4. AUC comparisons of subscales between progressive and stable MCI

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC 95% CI
CVRS 63.9 59.4 42.9 77.6 0.642 0.558–0.726
Hippocampal atrophy 78.7 48.4 42.1 82.7 0.636 0.568–0.703
Cortical atrophy 57.4 64.1 43.2 75.9 0.635 0.551–0.719
Subcortical atrophy 63.9 56.2 41.1 76.6 0.610 0.526–0.694
Small vessel disease 73.8 35.2 35.2 73.8 0.548 0.464–0.632

AUC, area under the curve; MCI, mild cognitive impairment; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; CVRS, 
Comprehensive Visual Rating Scale.

DISCUSSION 

We assessed the effects of baseline cerebral structural abnormali-
ties evaluated by CVRS on the progression to AD dementia 

among older patients with prodromal AD. The important finding 
of the study was that patients with prodromal AD with higher 
baseline CVRS were more likely to progress to AD dementia 
during the 3-year follow-up. The early identification of prodromal 
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AD with a high risk of progression to dementia may allow preven-
tive intervention.22) CVRS scores for prodromal AD could help 
identify patients who are most likely to be referred for intensive 
preventive care to slow further cognitive decline.23) 

The CVRS is composed of cerebral atrophy (23 points) and 
small vessel disease (7 points) scales, totaling 30 points. Therefore, 
the CVRS mainly reflects cerebral atrophy in brain MRI, which is a 
biomarker of neuronal injury or neurodegeneration. Approximate-
ly one-quarter of the CVRS comprises scores for small vessel dis-
ease, including white matter hyperintensities, lacunar infarcts, and 
microbleeds. Mixed pathologies, including neurodegenerative and 
cerebrovascular diseases, have been shown to important for AD 
dementia in clinical-pathological studies.24) MCI has also been ob-
served in approximately 60% of individuals in combination with 
vascular pathologies. 

Visual scales are more feasible in outpatient clinics because they 
can be applied without using specific software.7,25) Therefore, visu-
al rating scales such as the CVRS are useful for evaluating subjects 
in primary clinics, whereas automated analyses are more appropri-
ate for specific research for group analyses in longitudinal stud-
ies.25) 

Some visual rating scales such as Scheltens’ hippocampal atro-
phy scale11) have been widely used for AD diagnosis and predic-
tion,26) while other scales have little impact without subsequent 
replication.27) The CVRS suggests a unified integration of various 
validated scales related to neuronal and small vascular injury, while 
others have only assessed a single scale for specific diseases.27) Our 
findings were consistent with those of previous studies on the vali-
dation and correlation of the CVRS with cognitive measures.7) 

Our study was limited by the inclusion of prodromal AD sub-
jects as defined by amyloid positivity at baseline from the ADNI 
cohort, which may have resulted in selection bias. Amyloid PET is 
increasingly used in clinical practice to focus on study populations 
comprising prodromal AD rather than heterogeneous MCI sub-
jects. Additionally, the CVRS includes visual rating scales that re-
quire experienced clinicians. To address this issue, we provided rat-
er template images for use as a reference for the closest MRI imag-
es of the subjects. 

In conclusion, the results of this study showed that baseline 
CVRS scores in patients with prodromal AD were independently 
associated with progression to AD dementia across a 3-year fol-
low-up period. This finding suggests that the CVRS can be used to 
predict progression in patients with prodromal AD.  
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Background: Inspiratory muscle training (IMT) is a commonly used exercise method for both pa-
tients with chronic obstructive pulmonary disease (COPD) and the older adult population. In ad-
dition to their primary function, respiratory muscles play an active role in core stabilization. 
However, no IMT program includes both of these functions (i.e., core stabilization and postural 
control functions as well as respiration). This study investigated the effects of a newly integrated 
exercise program, termed “functional IMT,” in geriatric individuals with and without COPD. 
Methods: This prospective and experimental study included 45 geriatric individuals with COPD 
(n=22) and without COPD (n=23). The training program consisted of 4 weeks of conventional 
IMT followed by 4 weeks of functional IMT. Respiratory muscle strength, symptoms, exercise ca-
pacity, balance, postural control, physical activity, and quality of life were evaluated. Results: Af-
ter training, respiratory muscle strength, symptoms, exercise capacity, balance, postural control, 
and quality of life improved in both groups (p<0.05). In addition, physical activity was increased 
in the COPD group (p<0.05). We observed no statistically significant difference in outcomes be-
tween the two groups before and after treatment (p>0.05). Conclusion: The gains were similar in 
both groups. Functional IMT, which is an integrated approach that includes all respiratory muscle 
functions, is a safe, effective, and innovative method for use in geriatric individuals with and 
without COPD. 

Key Words: Chronic obstructive pulmonary disease, Exercise, Respiratory muscles  
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INTRODUCTION 

The incidence of chronic obstructive pulmonary disease (COPD), 
one of the most important causes of worldwide mortality and 
morbidity, increases with age; moreover, the disease worsens with 
aging.1) Airflow obstruction in COPD causes problems with lung 
hyperinflation and blood gas exchange, a condition that increases 
respiratory workload. When respiratory muscles cannot meet the 
demand, dyspnea causes exercise intolerance and eventually leads 
to physical inactivity.2) Aging increases physical impairment that 

results in functional disability.3) 

Respiratory muscles are skeletal muscles that must maintain 
continuous activity to ensure life.4) Similar to other skeletal mus-
cles, respiratory muscles can also be trained based on the principles 
of exercise.5) Inspiratory muscle training (IMT) is an exercise 
method used for both patients with COPD and the older adult 
population, with positive effects in both populations.6-8)  

However, in these studies, the IMT (also known as “foundation 
or conventional IMT”) focused only on the respiratory task of re-
spiratory muscles. In addition to their basic task of respiration, re-
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spiratory muscles are involved in core stabilization and postural 
control.9) The motor activities of all trunk muscles, including the 
diaphragm, during both postural and respiratory tasks are coordi-
nated by the central nervous system. The regulation of abdominal 
pressure occurs through coordinated activities of the abdominal, 
diaphragm, and pelvic floor muscles, and such modulation is im-
portant for postural control and spinal stability.9) Moreover, bal-
ance and postural control are impaired in patients with COPD. 
10,11) 

The idea of a newly integrated exercise program that includes 
functional IMT, which includes all inspiratory muscle functions, 
was first proposed by McConnell.5) This program aims to increase 
the gains by applying exercises addressing all muscle functions,5) 
whereas foundation IMT mainly targets respiration. However, the 
contributions of the respiratory muscles to postural control and 
core stabilization have not been directly addressed in a rehabilita-
tion context. To our knowledge, no previous study has directly as-
sessed the effects of respiratory muscle training together with 
non-respiratory functions (core stabilization and postural control) 
in COPD and geriatric rehabilitation programs. Thus, this study 
aimed to create and investigate the effects of an integrated IMT 
program for geriatric individuals with and without COPD. 

MATERIALS AND METHODS 

Study Design and Participants 
This prospective experimental study included 45 geriatric individ-
uals (age ≥ 65 years) with COPD (n = 22) and without COPD 
(n = 23) (ClinicalTrials.gov Identifier: NCT04460261). The train-
ing program was identical for both groups and consisted of 4 weeks 
of foundation IMT followed by 4 weeks of functional IMT. Nor-
mal spirometry values were set as the inclusion criteria for healthy 
older adults. The study was announced to healthy older adults via 
social media and brochures. The Global Initiative for Chronic Ob-
structive Pulmonary Disease (GOLD) guidelines were used to di-
agnose COPD. The inclusion criterion for patients with COPD 
was the diagnosis of COPD—forced expiratory volume in 1 sec-
ond (FEV1)/forced vital capacity (FVC) ratio < 0.7 after broncho-
dilator administration. At the time of the study, all patients with 
COPD were in a stable clinical condition (same medication rou-
tine for the past 3 weeks without taking any antibiotics). Patients 
with neurological, orthopedic, or cognitive problems were exclud-
ed from the study. 

All procedures performed in studies involving human partici-
pants or human tissue were conducted according to the ethical 
standards of the Institutional Ethical Review Board of Dokuz Eylul 
University (No. 2017/21-50) and the 1975 Declaration of Helsin-

ki and its later amendments or comparable ethical standards. In-
formed consent was obtained from all participants included in the 
study.  

Outcome Measures  
The evaluations were conducted over 2 days. In particular, balance 
and postural control and exercise capacity tests were conducted on 
separate days. All performance tests were performed twice to elim-
inate the learning effect and ensure measurement accuracy. 

A computer-based spirometer (Minispir; Medical International 
Research, Rome, Italy) was used to assess pulmonary function.12) 

Primary outcome measures 
Inspiratory and expiratory muscle strength: Inspiratory muscle 
strength (maximal inspiratory pressure [MIP]) and expiratory 
muscle strength (maximal expiratory pressure [MEP]) were mea-
sured using a handheld mouth pressure device (Micro RMP; Mi-
cro Medical, Rochester, UK). Three to five acceptable and repro-
ducible maximal maneuvers (i.e., differences between values 
< 10%) were performed, and the highest value was recorded.13) 

Secondary outcome measures 
Symptoms: The modified Medical Research Council (mMRC) 
Dyspnea Scale was used to evaluate dyspnea. Commonly used in 
the assessment of dyspnea in COPD patients, the mMRC has a 
five-level scoring system ranging from 0 to 4, in which a high score 
indicates an increased sense of dyspnea.14) 

The COPD Assessment Test (CAT) was used to assess symp-
toms in patients with COPD. The CAT has eight items, with scores 
ranging from 0 to 40. Higher scores indicate increased symptoms.15) 

Functional exercise capacity: The 6-minute walking test (6MWT) 
and the 6-minute pegboard and ring test (6PBRT) were performed 
to assess functional exercise capacity. The 6MWT was performed 
according to American Thoracic Society guidelines16) as follows. 
The 6MWT was performed on a 32-m continuous track. The 
6PBRT was performed as described by Zhan et al.17) to assess un-
supported upper-extremity exercise capacity. 
Balance and postural control: Balance was assessed using the 
Berg Balance Scale (BBS). This scale consists of 14 items, each of 
which is scored between 0 and 4, with higher scores indicating a 
better balance.18) A portable balance device (Biodex Biosway Por-
table Balance System, New York, NY, USA) was used to measure 
static postural stability. A total of three measurements, each for 20 
seconds, with a rest period of 10 seconds between measurements, 
were performed, with higher scores indicating impaired postural 
control.19) 

Physical activity: Physical activity was assessed using the Physical 
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Activity Scale for the Elderly (PASE), a validated 12-item self-ad-
ministered scale, in which higher scores indicated increased physical 
activity.20) 

Quality of life: Quality of life was assessed using the World 
Health Organization Quality of Life Instrument-Older Adults 
Module (WHOQOL-OLD). This questionnaire consists of 24 
items in six different domains, with higher scores indicating a bet-
ter quality of life.21) 

Treatment Programs 
We divided participants into two groups based on the presence or 
absence of COPD. Both groups underwent a total of 8 weeks of 
IMT using a threshold pressure loading device (POWERbreathe 
Classic Light Resistance; IMT Technologies Ltd., Birmingham, 
UK). The participants were asked to perform IMT twice daily in the 
morning and evening. Both groups were trained 3 days a week under 
physiotherapist supervision and without supervision on the other 
days of the week. The exercise duration and frequency were record-
ed in a diary. This study required that participants attend at least 80 
prescribed exercise sessions. The treatment program consisted of 4 
weeks of foundation IMT followed by 4 weeks of functional IMT.  

IMT Intensity 
The intensity of the exercise was adjusted to 40%–50% of the MIP. 
After 10 consecutive breathing cycles, the participants were asked 
to perform 3–4 breath controls. As tolerance increased, the num-
ber of consecutive respiratory cycles increased. The IMT intensity 
was adjusted using weekly MIP measurements (Table 1). 

Foundation IMT 
Foundation IMT is commonly used to train respiratory muscles. 

The present study applied foundation IMT during the first 4 
weeks of training. We asked participants to sit in a comfortable up-
right position. We then placed a nose clip and instructed the pa-
tients to tighten their lips around the mouthpiece and breathe 
against the resistance. During this 4-week-long training, all IMT 
was performed solely in a sitting position, without any loading in 
other positions. 

Functional IMT 
After the foundation IMT, all participants underwent 4 weeks of 
functional IMT. Initially, all participants were taught diaphragmat-
ic breathing and activation of the abdominal wall musculature. 
Each training session started with warm-up exercises and ended 
with cool-down exercises. During the loading phase, core stability, 
dynamic trunk activation, and postural control exercises were ap-
plied together with the IMT. The contents of the exercise program 
are shown in Table 2 and Fig. 1. 

Sample Size 
To our knowledge, no other study has investigated the effects of 
functional IMT in geriatric individuals with and without COPD. 
However, a previous study showed that IMT increased MIP in 
older individuals (baseline MIP, 82 ± 27 cmH2O; post-interven-
tion MIP, 103 ± 23 cmH2O).22) Based on these results, we calculat-
ed a minimum required sample size of 18 patients per group for an 
effect size of 0.83. A probability level of 0.05, and a statistical power 
level of 90% using G*Power Software (ver. 3.1.9.2; Düsseldorf, 
Germany). Allowing for a 20% dropout rate, this study included 
45 participants. 

Data Analysis 
We analyzed the data using IBM SPSS Statistics for Windows ver-
sion 20.0. (IBM Corp., Armonk, NY, USA). Shapiro-Wilk tests 
and histograms were used to check for normality of the data distri-
butions. Values are expressed as mean ± standard deviation and 
median (25th–75th quartiles) for continuous variables and as fre-
quencies for categorical variables. Independent samples t-test 
(when samples met parametric conditions) and Mann–Whitney 
U test (when samples did not meet parametric conditions) were 
used to compare continuous variables between the two groups. 
Chi-square tests were used to compare categorical variables be-
tween the two groups. Paired-sample t-test (when samples met 
parametric conditions) and Wilcoxon signed-rank test (when sam-
ples did not meet parametric conditions) were used to determine 
the mean differences between before and after treatment. 

Table 1. IMT programs

DeSCRIption
Duration Foundation IMT: 4 weeks

Functional IMT: 4 weeks
Intensity Foundation IMT: Weeks 1–2, MIP 40%; weeks 3–4, 

MIP 50%
Functional IMT: Weeks 5–6, MIP 40%; weeks 7–8, 

MIP 50%
Frequency Two times daily in the morning and evening
Time A total of 30 minutes per day
Number of repetitions 10 consecutive breathing cycles (3–4 breath control)

A gradually increasing number of cycles depending 
on tolerance

Exercise load The IMT intensity was adjusted according to weekly 
MIP measurements

IMT, inspiratory muscle training; MIP, maximal inspiratory pressure (inspiratory 
muscle strength).
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Table 2. Content of the functional IMT program

Description Exercise time Remark
Warm-up Diaphragmatic breathing exercises 5–10 minutes At the same time IMT

Flexibility exercises
Core stability exercises Plank on the wall 60 seconds, 3 sets

Side bridge on the wall 60 seconds, 3 sets
Bridge on the wall 60 seconds, 3 sets

Dynamic trunk activation exercises with upper-extremity movements Shoulder flexion 8–12 reps, 2 sets
Shoulder abduction 8–12 reps, 2 sets
Trunk rotation 8–12 reps, 2 sets

Postural control exercises Sit-stand 6 reps, 2 sets
Standing leg lift 30 seconds, 2 sets
Walking 30 seconds, 3 sets

Cool-down Flexibility exercises 5 minutes

IMT, inspiratory muscle training; MIP, maximal inspiratory pressure (inspiratory muscle strength).

Fig. 1. The contents of the exercise program. Core stability exercises: (A) plank on the wall, (B) side bridge on the wall, and (C) bridge on 
the wall. Dynamic trunk activation exercises with upper-extremity movements: (D) shoulder flexion, (E) shoulder abduction, and (F) trunk 
rotation. Postural control exercises: (G) sit-stand, (H) standing leg lift, and (I) walking.

B

D

G

F

I

A C

E

H
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RESULTS 

This study included a total of 45 geriatric individuals (COPD 
group, n = 22; non-COPD group, n = 23). Three participants in the 
COPD group and two in the non-COPD group dropped out. 
Hence, the study was completed with 19 and 21 participants in the 
COPD and non-COPD groups, respectively (Fig. 2).  

The demographic characteristics (age, sex, weight, height, and 
body mass index) and cognitive status (Mini-Mental State Examina-
tion score) were similar between the groups (p>0.05) (Table 3). 

Pulmonary function, respiratory muscle strength (except 
MIP%), exercise capacity, balance, postural control (except anteri-
or/posterior [score]), physical activity, and quality of life were sig-
nificantly higher in the non-COPD group than in the COPD group, 
while symptom scores were significantly higher in the COPD 
group than in the non-COPD group (all p < 0.05) (Table 3). 

After training, respiratory muscle strength, symptom percep-
tion, exercise capacity, balance, postural control, and quality of life 
were significantly improved in both groups (p < 0.05) (Table 4). 
Additionally, physical activity was increased in the COPD group 
(p < 0.05) (Table 4). 

We observed no statistically significant differences in respiratory 
muscle strength, symptom perception, exercise capacity, balance, 
postural control, physical activity, and quality of life between the 
groups before and after treatment (p > 0.05) (Table 4). 

DISCUSSION 

This is the first study to investigate the effects of a new integrated 
exercise program, called functional IMT, in geriatric individuals 

with and without COPD. After the intervention, the gains were 
similar between groups. In the literature, IMT for COPD patients 
and geriatric people has focused solely on the respiratory tasks of 
the inspiratory muscles. However, the inspiratory muscles are also 
involved in core stabilization and postural control. Muscle training 
should include all muscle functions for optimal gain. Thus, the 
training program in the present study included all inspiratory mus-
cle functions, i.e., both respiration and core stabilization. 

In our study, 4 weeks of foundation IMT was followed by 4 
weeks of functional IMT. The most important indication for IMT 
is the disturbance of supply/demand balance owing to increased 
respiratory workload. Increased demand for respiration leads to in-
creased loading of respiratory muscles to meet these needs. In such 
situations, the respiratory muscles are mainly involved in their pri-
mary task of breathing, with their postural stabilization/control 
functions secondary to the primary task. Enhancing the optimal 
gain from a muscle training program requires functional training.  
Functional loading of the respiratory muscles while they lack the 
strength to perform their primary task of breathing will lead to fail-
ure of the muscles to perform optimally. Therefore, we initially ap-
plied foundation IMT to strengthen the muscles for respiration. 
Functional IMT was administered only when the adaptive process 
was completed.5) 

Respiratory muscle training is an exercise method frequently 
employed for individuals with COPD.23,24) A review investigating 
the effects of IMT in individuals with COPD reported that the 
treatment increased inspiratory muscle strength. 23) Furthermore, 
both inspiratory and expiratory muscle strengths improve with 
IMT.25) Souza et al.8) reported increased diaphragm mobility and 
thickness and improved inspiratory and expiratory muscle strength 
in geriatric women following IMT. Another study conducted in a 
geriatric population showed the development of inspiratory mus-
cle strength with IMT.22) Consistent with the literature showing 
the positive effects of IMT, functional IMT in our study increased 
both inspiratory and expiratory muscle strength in geriatric indi-
viduals with and without COPD. However, the gains were similar 
in both groups. 

Respiratory muscle weakness plays a predominant role in the 
development of dyspnea.2) Therefore, studies of COPD often eval-
uate dyspnea as an outcome measure. Two large systematic reviews 
examining the effects of IMT on individuals with COPD showed 
that IMT reduced dyspnea.23,24) In our study, we observed de-
creased mMRC scores after 8 weeks of IMT, consistent with previ-
ous findings. We also observed a decrease in CAT scores after 
treatment, indicating that functional IMT can reduce dyspnea and 
general symptom perception in patients with COPD. The effects 
of IMT in geriatric individuals are mostly assessed relative to respi-

COPD group
Meeting inclusion criteria (n=22)

Analyzed (n=19)

Follow-up

Analysis

Analyzed (n=21)

Non-COPD group
Meeting inclusion criteria (n=23)

Geriatric participants
Meeting inclusion criteria (n=45)

Lost to follow-up (n=3)
• Three participants did not 

complete the end-program 
assessment

Lost to follow-up (n=2)
• Two participants did not 

complete the end-program 
assessment

Fig. 2. Study flow diagram. COPD, Chronic obstructive pulmonary 
disease.
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Table 3. Demographic and clinical characteristics

COPD group Non-COPD group p-value
Age (y) 78.0 (72.0–85.0) 75.0 (70.0–79.0) 0.270a)

Sex 0.962c)

 Male 58 57
 Female 42 43
Weigh (kg) 72.7 ± 10.7 74.0 ± 12.2 0.740b)

Height (cm) 164.7 ± 9.5 164.6 ± 8.9 0.955b)

BMI (kg/m2) 24.9 (24.1–29.4) 27.1 (24.3–28.8) 0.361a)

GOLD stage
 II 13 -
 III 6 -
MMSE score 27.0 (27.0–28.0) 28.0 (27.0–28.0) 0.525a)

Pulmonary function
 FEV1 (% predicted) 57.2 ± 12.2 101.3 ± 26.5 < 0.001*,b)

 FVC (% predicted) 72.7 ± 13.5 93.5 ± 23.0 0.001*,b)

 FEV1/FVC 64.9 (53.7–66.2) 82.4 (80.8–89.1) < 0.001*,a)

 PEF (% predicted) 52.0 (40.0–76.0) 93.0 (68.5–130.5) < 0.001*,a)

 FEF25–75% (% predicted) 38.0 (25.0–61.0) 95.0 (83.0–156.0) < 0.001*,a)

Respiratory muscle strength
 MIP (cmH2O) 43.0 (35.0–79.0) 58.0 (47.0–79.0) 0.031*,a)

 MIP (%) 72.5 (55.0–98.0) 88.1 (72.9–112.9) 0.068a)

 MEP (cmH2O) 72.0 (50.0–105.0) 100.0 (75.0–138.0) 0.036*,a)

 MEP (%) 56.8 ± 19.4 75.1 ± 28.7 0.025*,b)

Symptoms
 mMRC (score) 2.0 (2.0–3.0) 1.0 (0.0–1.0) < 0.001*,a)

 CAT (score) 14.8 ± 5.3 -
Exercise capacity
 6MWT distance (m) 350.0 (280.0–393.8) 455.0 (358.8–490.0) 0.012*,a)

 6MWT distance (%) 61.9 ± 13.6 74.3 ± 12.3 0.004*,b)

 6PBRT (score) 111.9 ± 27.7 140.3 ± 27.9 0.003*,b)

Balance and postural control
 Balance
  BBS (0–56) 47.6 ± 3.3 50.3 ± 3.6 0.022*,b)

 Static postural stability
  A/P stability index (score) 0.5 (0.4–0.6) 0.4 (0.3–0.6) 0.111a)

  M/L stability index (score) 0.3 (0.2–0.5) 0.2 (0.1–0.3) 0.018*,a)

  Overall stability index (score) 0.6 (0.5–0.9) 0.4 (0.3–0.8) 0.033*,a)

Physical activity and quality of life
 PASE (score) 68.3 ± 30.4 100.0 ± 35.1 0.004*,b)

 WHOQOL-OLD (score) 54.2 (47.9–58.3) 66.7 (63.5–72.4) < 0.001*,a)

Values are expressed as mean±standard deviation or median (25–75 quartiles) for continuous variables and frequencies were reported for categorical variables.
COPD, Chronic obstructive pulmonary disease; BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Pulmonary Disease; MMSE, Mini-
Mental State Examination; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; PEF, peak expiratory flow rate; FEF25–75%, forced expiratory 
flow between 25% and 75% of FVC; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; mMRC, modified Medical Research Council; CAT, 
COPD Assessment Test; 6MWT, 6-minute walk test; 6PBRT, 6-minute pegboard and ring test; BBS, Berg Balance Scale; A/P, anterior/posterior; M/L, medial/
lateral; PASE, Physical Activity Scale for the Elderly; WHOQOL-OLD, World Health Organization Quality of Life Instrument-Older Adults Module.
*p<0.05.
a)Mann-Whitney U test, b)Student t-test, c)chi-square test.
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ratory muscle strength and exercise capacity; however, a study in-
vestigating the effects on dyspnea reported decreased dyspnea af-
ter 6 weeks of training.26) Consistent with the literature, we ob-
served decreased dyspnea following functional IMT in geriatric in-
dividuals. However, the difference between the two groups was 
not statistically significant. These results suggest that functional 
IMT is an effective method for reducing dyspnea in geriatric indi-
viduals with and without COPD. 

Functional exercise capacity is one of the most important out-
come measures in IMT studies of individuals with COPD.23) 

There are inconsistent results regarding the effects of IMT on 
6MWT distance in geriatric individuals. One study reported sig-
nificant improvements in 6MWT and 12MWT results in the IMT 
group compared to those in the control group.23) In contrast, Mills 
et al. reported no change in 6MWT distance after an 8-week-long 
IMT in 65- to 75-year-old individuals.22) However, Huang et al.26) 
reported that functional exercise capacity improved after 6 weeks 
of IMT in geriatric individuals without COPD. In our study, the 
6MWT distance improved after the training program in both 
groups, indicating that functional IMT is an effective method to 
increase functional exercise capacity in geriatric individuals with 
and without COPD. 

Studies on exercise capacity in COPD have generally focused on 
the lower extremities. However, the upper extremities play a key 
role in performing daily living activities.27) Zhan et al.17) reported 
that the 6PBRT was a valid and reliable test for individuals with 
COPD. However, no study has investigated the effect of IMT on 
6PBRT in geriatric individuals with and without COPD. We found 
functional IMT to be an effective method for increasing the un-
supported upper-extremity exercise capacity in geriatric individu-
als with and without COPD. One reason for this finding may be 
the increased efficiency of respiratory muscles in performing 
non-respiratory tasks owing to improved strength, which leads to 
higher exercise capacity in the arms. Decreased dyspnea may also 
contribute to improved exercise capacity of the upper extremities. 

To our knowledge, no other studies have investigated the effects 
of IMT on balance and postural control in COPD and geriatric in-
dividuals, which makes comparisons difficult. In our study, func-
tional IMT yielded similar gains in balance and postural control in 
geriatric individuals with and without COPD. Further studies on 
this subject are required. 

Physical activity levels were significantly lower in individuals 
with COPD than in healthy controls.28) Eight weeks of IMT re-
portedly decreased dynamic hyperinflation and consequently im-
proved physical performance in patients with GOLD stage II–III 
COPD.29) In our study, the PASE scores of the COPD group in-
creased after the training program. This result shows that function-

al IMT can improve physical activity in geriatric patients with 
COPD. 

A study including geriatric individuals that evaluated physical 
activity using an accelerometer reported increased physical activity 
as a result of an 8-week-long IMT program.30) In contrast with the 
literature, in our study, the physical activity scores of participants in 
the non-COPD group were similar before and after the training, 
which might be due to the differences in the method of evaluating 
physical activity. 

Quality of life in older individuals is a multidimensional concept 
that is mainly based on perceived health and happiness. Quality of 
life is affected in patients with COPD; moreover, as the disease se-
verity increases, there is a marked deterioration in the patient qual-
ity of life.31) In the literature, quality of life is considered a main 
outcome of IMT. Two comprehensive reviews stated that IMT 
improved the quality of life of patients with COPD.23,24) In our 
study, quality of life improved significantly in the COPD group, in-
dicating that functional IMT can improve the quality of life in 
these patients. 

Contradicting results have been reported regarding the effects of 
IMT on the quality of life of geriatric individuals. Mills et al.22) con-
cluded that 8 weeks of IMT did not affect the quality of life of geri-
atric individuals. The results of a study investigating the effects of 
IMT on the quality of life of physically active geriatric individuals 
observed no improvement in the quality of life score.32) However, 
Huang et al.26) studied the effects of 6 weeks of IMT in geriatric in-
dividuals and reported improved quality of life. In our study, par-
ticipants in the non-COPD group showed a significant increase in 
quality of life scores, thus demonstrating that functional IMT can 
be effective in increasing the quality of life of geriatric individuals 
with or without COPD.  

This study had some limitations. First, the study did not include 
a control group, which might have provided clearer information 
regarding treatment effectiveness. However, there were difficulties 
in designing treatment applications for the control group. The nu-
merous options include control groups with sham IMT, founda-
tion IMT, postural control, core stabilization, and no intervention. 
Regardless of the control group, we could not completely demon-
strate the effectiveness of functional IMT. Further studies are re-
quired on this subject. Second, only acute effects of the training 
were investigated without any long-term follow-up. 

In conclusion, this is the first study to investigate the effects of a 
newly integrated exercise program, functional IMT, in geriatric in-
dividuals with and without COPD. After the intervention, the 
gains were similar between the groups. Our results of the study 
suggest that functional IMT is safe and effective in geriatric indi-
viduals with and without COPD. 
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INTRODUCTION 

Diffuse idiopathic skeletal hyperostosis (DISH) is a non-inflam-
matory process characterized by hyperostosis at tendon insertions 
and around joint capsules and ossification of the anterior longitu-
dinal ligament of the spine. The prevalence of DISH is approxi-
mately 10% in persons aged > 50 years.1) The condition is diag-
nosed based on the following radiological criteria: the presence of 
≥ 4 consecutive fused vertebral bodies with contiguous ligamen-
tous ossification, preservation of the intervertebral disk space, and 
absence of gross degeneration in the apophyseal and sacroiliac 
joints.2) Although various established orthopedic problems are re-
portedly associated with DISH, including vulnerability to trauma 
and risk of fractures,3-8) few studies have reported DISH as a cause 
of restrictive respiratory impairment.9-11) Here, we report two cases 
of DISH that led to type 2 (hypercapnic) respiratory failure by 
limiting the respiratory movement of the chest wall. To our knowl-
edge, this is the first report describing patients with severe type 2 

Diffuse idiopathic skeletal hyperostosis (DISH) is a non-inflammatory process characterized by 
hyperostosis at tendon insertions and around joint capsules and ossification of the anterior lon-
gitudinal ligament of the spine. The flexibility of the spinal column is reduced in DISH and affects 
the movement of the thorax, leading to restrictive ventilatory function. In this report, we describe 
the first two cases of severe type 2 (hypercapnic) respiratory failure associated with DISH. Two 
older men presented with histories of shortness of breath. Radiography of the spine revealed 
DISH with coexisting ankylosis of the costovertebral joints. The patients’ thoracic motion was se-
verely restricted, reducing the mechanism of lung expansion to diaphragm contraction only. Both 
patients required non-invasive positive-pressure ventilation therapy to cope with their condi-
tions. Our report sheds light on the risk of potentially life-threatening respiratory manifestations 
of DISH among older adults. 
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respiratory failure associated with DISH, which necessitated 
non-invasive positive-pressure ventilation therapy (NIPPV). 

CASE DESCRIPTION 

Case 1 
An 81-year-old man presented to the neurology department with 
progressive dyspnea on exertion that started 3 years ago. He expe-
rienced cholelithiasis 9 years ago that was surgically treated. His 
preoperative vital capacity as a percent of predicted (%VC) was 
decreased to 61%. His medical history included cervical spondylo-
sis treated by posterior decompression at 62 years of age. He had 
smoked a pack of cigarettes per day for 50 years and had no expo-
sure to dust or asbestos. The results of a bronchodilator response 
test ruled out asthma. 

The patient’s oxygen saturation at rest was 95% and dropped to 
85% while walking. His respiratory sounds were normal on auscul-
tation. Arterial blood gas analysis revealed a pH of 7.33, partial 

Copyright © 2021 by The Korean Geriatrics Society
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



pressure of oxygen (PaO2) of 79 mmHg, and partial pressure of 
carbon dioxide (PaCO2) of 65 mmHg while breathing ambient air. 
His bicarbonate (HCO3

–) level was elevated (30.1 mEq/L), indi-
cating metabolic compensation for respiratory acidosis. His body 
mass index (BMI) was 14.2 kg/m2 and his %VC decreased to 
39.1% in respiratory function tests (Table 1). The patient’s forced 

expired volume in 1 second as a percent of predicted (FEV1%) re-
mained unchanged. His tidal volume decreased to 300 mL (nor-
mal range, 350–500 mL), while his minute volume remained at 
7.71 L/min (normal range, 5–9 L/min) owing to his increased 
respiratory rate. The significant increase in the residual volume 
(RV) compared with the unchanged total lung capacity (TLC) 
resulted in an elevated RV/TLC. Although the findings of neuro-
logical examinations, including manual muscle testing (MMT) 
and grip strength and electromyography of the extremities, were 
normal, he could not bend backward owing to reduced spinal 
mobility (Fig. 1A). Thoracic movement was hardly observable 
even while taking deep breaths. Radiography of the lumbar spine 
showed non-marginal syndesmophytes on the anterior and lateral 
aspects of the vertebral columns with a “flowing candle wax” ap-
pearance, while the intervertebral spaces were preserved (Fig. 1B–
1D). We observed degeneration of the cervical spine with bone 
spurs; however, we found no lesions causing upper airway obstruc-
tion (Fig. 1E). Computed tomography (CT) revealed longitudinal 
ossification of the anterior longitudinal ligament in the thoraco-
lumbar spine and ankylosis of the costovertebral joints (Fig. 1F, 
1G) but no abnormalities in the lung fields or pleura. Moreover, 
we observed no ankylosis in the apophyseal and sacroiliac joints. 
Therefore, we diagnosed the patient as having DISH associated 
with restrictive respiratory impairment, which eventually led to 
type 2 respiratory failure. Introduction of NIPPV that was adjusted 
to the patient’s relatively high respiratory rate relieved his symp-

Table 1. Results of the respiratory function test in Case 1

Volume (L) %
Respiratory function test
 VC 1.15 39.4
 IC 0.64
 IRV 0.31
 TV 0.33
 ERV 0.51 40.8
 TLC 5.22 105.9
 FRC 4.58 103.2
 RV 4.07 184.2
 RV/TLC (%) 78.0 174.1
Spirometry
 FVC 1.14 39.0
 FEV1 1.12 64.4
 FEV1% 98.2

VC, vital capacity; IC, inspiratory capacity; IRV, inspiratory reserve volume; 
TV, tidal volume; ERV, expiratory reserve volume; TLC, total lung capacity; 
FRC, functional residual capacity; RV residual volume; FVC, forced vital 
capacity; FEV1, forced expiratory volume in one second; FEV1%, forced 
expiratory volume in one second as a percent of predicted.

B

D FA
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Fig. 1. (A) Because of reduced spinal mobility, the patient could not touch the mattress with the back of his head while lying down. (B–D) 
Radiography of the spine showing osteophytes on the anterior and lateral aspects of the vertebral columns with preserved intervertebral disc 
spaces. (E) Radiography of the cervical spine showing degeneration of the vertebral bodies with bone spurs. No upper airway obstruction owing 
to diffuse idiopathic skeletal hyperostosis lesions are observed. (F, G) Chest computed tomography showing longitudinal ossification of the 
anterior longitudinal ligament and hyperostosis of the thoracic costovertebral joints.
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toms. One year following his discharge, his findings remain stable. 

Case 2 
An 89-year-old man with a chief complaint of shortness of breath 
presented to our hospital. His symptoms had begun 1 week before 
and had progressively worsened. He had a medical history of hy-
pertension and cervical spinal stenosis that had been treated surgi-
cally. His social history was positive for smoking tobacco (40 pack-
years), although he had quit smoking 30 years ago. He had no his-
tory of exposure to dust or asbestos. 

On arrival, the patient’s blood pressure was 153/84 mmHg and 
his pulse was 86 bpm. His respiratory rate was 26/min, and his ox-
ygen saturation while breathing ambient air was 70%, which in-
creased to 90% with a 3-L nasal cannula. His BMI was 21.3 kg/m2. 
We observed distention of his jugular veins and edema in his lower 
extremities. Arterial blood gas analysis revealed a pH of 7.24, PaO2 
of 45 mmHg, and PaCO2 of 107 mmHg with a 0.75-L nasal can-
nula. His HCO3

– level was elevated (45.4 mEq/L). Blood test re-
sults revealed markedly increased brain natriuretic peptide levels 
(920 pg/mL) (normal < 18.4 pg/ mL). Electrocardiography 
showed a normal sinus rhythm. Echocardiography showed a mod-
erately elevated tricuspid regurgitation velocity, indicating right 
heart strain. Chest radiography showed cardiac enlargement ac-
companied by bilateral pleural effusion. Chest CT showed no ab-
normalities in the lung fields other than pulmonary arterial dilata-

tion and bilateral pleural effusion. 
The patient was diagnosed with congestive heart failure and 

started treatment with NIPPV and diuretics. After 10 days in the 
intensive care unit, his symptoms had resolved and arterial blood 
gas analysis showed a pH of 7.39, PaO2 of 77 mmHg, and PaCO2 
of 53 mmHg with a 0.5-L nasal cannula. While his HCO3

– level 
decreased to 29.6 mEq/L, it still indicated metabolic compensa-
tion for respiratory acidosis. His weight dropped to his regular 
weight of 48 kg (BMI 18.3 kg/m2). The respiratory function test 
conducted following recovery from the initial respiratory failure 
revealed low %VC and FEV1% (Table 2). Examination of his ner-
vous system, including MMT and grip strength, showed no abnor-
malities. We detected no abnormal lung sounds, such as stridor or 
wheeze, on auscultation. Needle electromyography showed no sig-
nificant changes. Chest fluoroscopy showed significantly reduced 
movements of the thoracic cage, with deep breathing and dia-
phragmatic contraction seemingly the only mechanisms contribut-
ing to his respiratory motion (Fig. 2A, 2B). The difference in chest 
measurements at the fourth intercostal space between inspiration 
and expiration was only 0.5 cm (lower limit of normal, 2.5 cm), re-
flecting the restricted thoracic motion. Trunk CT revealed longitu-
dinal ossification of the anterior longitudinal ligament in the tho-
racic spine and ankylosis of the costovertebral joints without signs 
of degeneration in the sacroiliac joints (Fig. 2C–2E). Based on 
these findings, the patient’s underlying restrictive respiratory im-
pairment was attributed to DISH. We observed no lesion causing 
upper airway obstruction on the anterior aspect of the cervical 

B

D F

A C

E

Fig. 2. Movement of the thoracic cage between inspiration (A) 
and expiration (B) was not observed, other than diaphragmatic 
contraction on fluoroscopy (still images). Trunk computed 
tomography showing longitudinal ossification of the anterior 
longitudinal ligament in the thoracic spines (C) and ankylosis of the 
costovertebral joints (D). (E) The sacroiliac joints are intact. (F) 
Radiography of the cervical spine showing no lesions causing upper 
airway obstruction on the anterior aspect of the vertebrae.

Table 2. Results of the respiratory function test in Case 2

Volume (L) %
Respiratory function test
 VC 1.78 59.3
 IC 0.92
 IRV 0.33
 TV 0.59
 ERV 0.86 66.2
 TLC 4.44 84.6
 FRC 3.52 75.2
 RV 2.66 99.3
 RV/TLC (%) 59.9 117.1
Spirometry
 FVC 1.80 60.0
 FEV1 0.87 45.5
 FEV1% 48.3

VC, vital capacity; IC, inspiratory capacity; IRV, inspiratory reserve volume; 
TV, tidal volume; ERV, expiratory reserve volume; TLC, total lung capacity; 
FRC, functional residual capacity; RV residual volume; FVC, forced vital 
capacity; FEV1, forced expiratory volume in one second; FEV1%, forced 
expiratory volume in one second as a percent of predicted.
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spine (Fig. 2F). The patient was discharged under NIPPV therapy. 
Six months after discharge, he remains independent in his activi-
ties of daily living and lacks signs of heart failure, although blood 
gas analysis shows persistent hypercapnia with metabolic compen-
sation. 

All author declare that written informed consent was obtained 
from the patient for publication of this case report and accompa-
nying image.

DISCUSSION 

The flexibility of the spinal column is reduced in patients with 
DISH owing to the ossification of the anterior longitudinal liga-
ment. The coexistence of ankylosis of the costovertebral joints 
with ossification further restricts thoracic motion, reducing the 
mechanism of lung expansion to diaphragmatic contraction 
only.9,10) In ankylosing spondylitis (AS), which shares the same 
features of spinal ankylosis with DISH, ankylosis of the joints re-
duces the compliance of the thorax, fixing the thorax in the ex-
tended position.12,13) These changes lead to decreased vital capacity 
and relatively increased RV with preserved TLC. Decreased alveo-
lar ventilation volume leads to increased PaCO2. These features 
were observed on spirometry in both of our cases. In Case 1, the 
preserved minute volume during respiratory function tests with a 
compensatory increase in respiratory rate indicated no apparent 
loss of strength in the respiratory muscles themselves. However, 
there was a limit to the increase in respiratory rate during continu-
ous movement. The patient could not compensate for increased 
oxygen demand owing to persistent tachypnea; thus, his oxygen 
saturation (SpO2) decreased while walking and other daily activi-
ties. We also observed increased RV/TLC with relatively pre-
served TLC along with severe restrictive respiratory impairment in 
Case 2. The ossification of the anterior longitudinal ligament ob-
served in the two patients was not as bulky as previously reported 
in patients with DISH;14) however, there were no signs of sacroilii-
tis, which is the hallmark sign of AS. Additionally, both patients 
denied experiencing back pain when they were young. Consider-
ing these facts and their age, we concluded that DISH rather than 
AS was the underlying condition for restrictive respiratory impair-
ment. Severe upper respiratory tract obstruction caused by cervical 
osteophytes is a mechanism of respiratory failure related to 
DISH.15) However, neither patient had lesions obstructing their 
upper respiratory tracts. The present cases indicate that restrictive 
ventilatory function caused by thoracic lesions may lead to severe 
respiratory failure in patients with DISH. In line with previous re-
ports,9,10) we assume that ankylosis of the costovertebral joints 
contributes to severe respiratory dysfunction. The patients did not 

take medications that may have caused drug-induced hypercapnia, 
such as tranquilizers or painkillers. 

The pattern of spirometry was similar to that observed in pa-
tients with amyotrophic lateral sclerosis (ALS).16) The two patients 
described here were evaluated in our neurology department for 
suspected motor neuron disease with respiratory onset. However, 
needle electromyography did not show a progressive denervation 
process, which is the hallmark of ALS,17) in either patient. Although 
neuromuscular diseases are major extrinsic factors of restrictive 
spirometric patterns, physicians should also pay attention to ab-
normalities in vertebral bodies, especially after ruling out common 
restrictive causes. In Case 2, reduced FEV1% was also observed, al-
though no signs of emphysema were noted on chest CT. Based on 
the patients’ smoking history and right heart strain indicated by 
echocardiography, he might have had non-emphysematous chron-
ic obstructive pulmonary disease. However, the use of bronchodi-
lators and inhaled corticosteroids did not relieve his respiratory 
symptoms. Moreover, signs of asthma, such as persistent coughing 
and wheezing sounds, were not observed. Based on a study report-
ing the association of DISH with reduced FEV1,18) we speculate 
that DISH affected the patient’s expiratory ability and vital capaci-
ty. 

To our knowledge, these are the first two reported cases of 
DISH associated with severe type 2 respiratory failure, although 
the prevalence rate of thoracic DISH is high among older adults. 
Along with skeletal problems limiting thoracic motion, the low 
BMI in this population might be related to adverse outcomes be-
cause physical frailty is a known aggravator of respiratory diseas-
es.19) However, despite the severity of their respiratory failure, the 
muscle strength in the extremities, including grip strength, in these 
patients remained normal on MMT, and they did not report unin-
tentional weight loss at the time of diagnosis. Thus, we concluded 
that DISH restricting thoracic motion rather than physical frailty 
was the leading cause of their restrictive ventilatory function. NIP-
PV allowed the patients to perform their activities of daily living. 

Although DISH is a relatively common condition among older 
adults, its effect on respiratory function is underestimated. Herein, 
we illustrated the importance of focusing on thoracic movement 
and explicitly evaluating DISH when physicians encounter cases 
with restrictive respiratory impairment of unknown etiology. Re-
strictive respiratory impairment caused by the disease can follow a 
severe life-threatening clinical course, as described in the present 
report. 
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Mr. Kim, a 79-year-old man, was diagnosed with community-ac-
quired pneumonia (CAP) and admitted to the hospital for intrave-
nous antibiotic treatment. As one of the most common acute in-
fectious illnesses, most people do not consider CAP a life-chang-
ing medical event. During his 1-week stay in the hospital, Mr. Kim 
recovered from pneumonia; however, he also became weaker and 
could not walk for several minutes or perform daily activities with-
out assistance. This deconditioning, called “hospitalization-associ-
ated disability,” is defined as a newly acquired disability among ac-
tivities of daily living (ADL) during hospitalization.1,2) In a recent 
study, almost one in two older adults hospitalized with pneumonia 
developed hospitalization-associated disability.3) 

After a rapid economic and social transformation, older adults in 
Korea are in crucial need of long-term care system due to the shift 
in family duties away from caring for one’s parents.4) In response to 
these needs, the Long-Term Care Insurance (LTCI) was launched 
in 2008.5) LTCI has played a major role in the transition from 
home care to long-term care facilities and increased social respon-
sibilities for older adults.6) While LTCI has built the foundation for 
care benefits in communities focusing on ADL, the system has 
provided little attention to caregiving issues associated with post-
acute care. Older adults are vulnerable to the adverse effects of 
hospitalization,1) are prone to experiencing functional decline, and 
in many cases, never return to their baseline status.7) Patients with 
stronger familial support and hence the ability to perform self-re-
habilitation showed better resilience to functional decline after 
hospitalization, underscoring the role of social support in care 
transition.3,8) 

Older patients with both multimorbidity and functional impair-
ment who are in the transition phase of acute hospitalization re-
quire attention from multiple domains of medical, nursing, and so-
cial care in both communities and hospitals. However, in the cur-
rent medical delivery system of Korea, at the patient level, there are 
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few options after discharge from hospitalization, with gaps in serv-
ing discharged patients with newly developed hospitalization-asso-
ciated disabilities. To receive LTCI services, patients sometimes 
have to wait up to 6 months during the screening period before re-
ceiving benefits;9) moreover, the service does not cover care ex-
penses for convalescent hospitals. Consequently, caregiving issues 
in the transition period fall largely to family members. 

Care transition is a broad idea, comprising all transitions within 
the hospital setting or across healthcare settings.10) Moreover, care 
transition does not refer only to physical changes in healthcare set-
tings. Issues from care transitions might be addressed by a form of 
multidisciplinary intervention consisting of assessment, identifica-
tion, communication, home visits, and involvement by primary 
care physicians for follow-up.10,11) In 2018, the Ministry of Health 
and Welfare announced the launch of community care projects in 
local communities to promote community care as an extension of 
LTCI. As of February 2020, two distinct pilot programs have been 
established: a nationwide transitional care team and the Pilot Proj-
ect of Rehabilitation Medical Institutions.12) These models are 
structured under responsible medical institutions to supply essen-
tial medical councils with regional government-designated centers 
and local healthcare institutions. Therefore, the model requires 
well-linked cooperation between institutions and communities; 
however, this remains insufficient due to a lack of communication 
and awareness within the medical institutions and local healthcare 
centers. The barriers to cooperation with public health centers in-
clude a high rejection rate and unfamiliarity with the service.13) 

The aim of the transition of care for older adults should include 
patients’ functional recovery from hospitalization by minimizing 
the fragmentation of healthcare services. To meet this goal, discus-
sions on medical and functional care plans should be started at the 
initial admission.14) Moreover, we need to identify factors to help 
select the target population for optimal care settings; in this con-
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text, some studies have suggested measuring frailty as a guide for 
resource allocation.15,16) 

To date, there is little evidence regarding the effectiveness of the 
transitional care systems in Korea and further research is needed. 
Resolving the existing drawbacks of current systems with care 
transition services requires strategies to identify the target popula-
tion who would benefit from the service, when they should receive 
the service, and in which state of care. In addition, streamlined 
strategies should be developed to interlink medical services paid 
by the National Health Insurance System and welfare services by 
the LTCI. Both qualitative and quantitative studies on potential 
barriers and solutions targeting patients and healthcare personnel 
to foster effective care transition strategies in older adults are war-
ranted. Intervention studies with varying scales, adopting the hy-
potheses from qualitative and observational studies, may provide 
effective and scalable service models. By successfully filling current 
gaps in care transition from acute hospitalization to different levels 
of care, a significant population with functional issues that current-
ly end up in care facilities may instead be able to stay at home and 
regain functional independence. 
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Courses and Conferences

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

[The 67th Annual Meeting of the Korean Geriatrics Society 
(Online)]
May 29-30, 2021
For more information please contact kgskorea1968@gmail.com  

Membership Fee Information

Membership Fee

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

• Other member: KRW 30,000

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

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

Information on Geriatric Medicine Certification

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

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

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

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

Meetings.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Process for Managing Research and Publication Miscon-
duct
When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflict of interest, ethical problems with a submitted 
manuscript, appropriation by a reviewer of an author’s idea or 
data, and complaints against editors, the resolution process will 
follow the flowchart provided by COPE (http://publicationeth-
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ics.org/resources/flowcharts). The discussion and decision on 
the suspected 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-ag-
mr.org/authors/copyright_transfer_agreement.php) during the sub-
mission process. The corresponding author is responsible for submit-
ting the copyright transfer agreement to the publisher.

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

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

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

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

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

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

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

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

SUBMISSION & PEER REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (http://submit.e-agmr.org/submission/) by the correspond-
ing author. Once you have logged into your account, the online 
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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; NL, no limited.
a)Maximum number of words is exclusive of the abstract, references, 
tables, and figure legends.
b)Background, methods, results, and conclusion.

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

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

• Author names and affiliations in the correct order: Where the 
family name may be ambiguous (e.g., a double name), please 
indicate this clearly. Present the authors’ affiliation (where the 
actual work was done) below the names. Indicate all institution-

al affiliations, including the city and country, using lower-case 
superscript letters immediately after the author’s name and in 
front of the appropriate address.

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

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

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

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

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

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

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

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

- Previous Presentation: Please inform any previous presenta-
tion of the material. Provide the exact data and location of the 
meeting.
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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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