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INTRODUCTION 

As a journal focused on aging and age-related conditions, Annals of 
Geriatric Medicine and Research (AGMR) has aspired to address 
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Annals of Geriatric Medicine and Research held its inaugural international editorial board virtual 
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summarizes the key concepts obtained from the webinar proceedings, with further development 
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disparities by representing the rapidly growing older populations 
of Asian and emerging countries since its inception.1) While the 
journal has experienced substantial growth in terms of volume and 
visibility,2) challenges remain for AGMR in its quest to become a 
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highly impactful arena for discussion. Therefore, to brainstorm 
ideas regarding design strategies for sustainable growth to ade-
quately address the current challenges, AGMR held its inaugural 
international editorial board virtual meeting on September 16, 
2021. The webinar included two lectures from the editors-in-chief 
of AGMR (JYL) and the Journal of Frailty and Aging (MC), four 
short talks from panelists, and fruitful discussion/brainstorming 
among editorial board members. 

This special article summarizes the key concepts originating 
from the webinar proceedings, with further development of these 
ideas from ensuing discussions after the meeting. From the initial 
discussion points provided by eight editorial board members, in-
cluding six presenters, email discussions further developed these 
ideas to construct the current special article. The key points dis-
cussed were: (1) impactful research and impact factors; (2) inter-
national and Asian perspectives; and (3) challenges to sustainable 
growth. Inputs from these eight participants were collected and 
drafted by HWJ and circulated for further enrichment. In particu-
lar, the authors aimed to encompass potential issues for academic 
journals on aging in general, not limiting the scope to AGMR itself. 
The participants felt that the accrued insights might be salient and 
potentially transferable to other journals in the Western Pacific re-
gion that may be experiencing similar challenges. 

CURRENT STATUS OF THE ANNALS OF GERIATRIC 
MEDICINE AND RESEARCH 

AGMR has undergone a significant transformation in recent years. 
Changing its language from Korean to English in 2016 heralded a 
significant shift in the focus of AGMR to grow from a national 
journal of geriatrics to a more international one, with a broader 
spectrum of topics spanning geriatrics and gerontology. In addi-
tion, noting the challenge of addressing the tremendous research 
gaps in Asian countries experiencing the rapid aging of their popu-
lations, AGMR sought to become a high-profile journal to first 
serve and support this region with evidence-based material. After 
being indexed in SCOPUS (2019) and PubMed Central (2020), 
submissions to the journal have doubled annually. The number of 
contributions from outside Korea has also skyrocketed. As AGMR 
remains a non-profit, open-access platform operating on funding 
support from the Korean Geriatrics Society, the editorial board has 
been overwhelmed by the growing volume of submissions and the 
need to maintain a reasonable turnaround time for each submitted 
manuscript. In this process, editorial board members face new po-
tential conflicts and challenges in balancing the diverse goals for 
journal growth. 

IMPACTFUL RESEARCH AND IMPACT FACTOR 

Indeed, there has been an ongoing debate over whether the impact 
factor adequately represents the real impact of publications in jour-
nals.3) The impact factor was initially established as a cita-
tion-based metric, a simple tool for ranking scientific journals from 
the standpoint of bibliometric influence.4) On the other hand, the 
Research Excellence Framework defined “impact” as “an effect on, 
change or benefit to the economy, society, culture, public policy or 
services, health, the environment or quality of life, beyond aca-
demia.”5,6) However, many countries and institutions have increas-
ingly used the impact factor as the de facto metric in evaluating the 
track record of researchers. This environment creates pressure on 
researchers to study mature and crowded topics and is a disincen-
tive to risky and potentially groundbreaking work requiring sub-
stantial lead time before obtaining citations. At the same time, the 
pressure to publish (for being cited) likely affects the general quali-
ty of the research output by prioritizing quantity.3) 

This discrepancy between impact factor and research impact is 
particularly problematic in the Western Pacific region, where the 
fast pace of population aging underlines the pressing need for 
well-designed, impactful research that targets older persons.7) Un-
fortunately, the growth of academic journals (in addition to aging) 
in this region lags the pace of aging. There is a tendency for hyster-
esis—defined as a system with a rate-independent memory ef-
fect;8) hence, the state of the system is dependent on its history—
in the relationship between the visibility of academic journals 
(commonly represented by the impact factor) and the research im-
pacts of their published papers. As researchers in many countries 
are rewarded by their quantifiable research output, impetus exists 
to submit better-quality papers to journals with higher impact fac-
tors.  

Therefore, a chicken-and-egg cycle ensues for journals based in 
developing countries, with lower visibility (vis-à-vis the more 
prominent journals in aging), leading to fewer submissions. 

Editors recognize and often have to grapple with the potential 
conflict between publishing potentially impactful research for the 
target population of the journal in the long run and soliciting man-
uscripts that are more helpful in attracting mid-term citations to 
increase the journal’s impact factor. For example, although a small-
scale hypothesis-generating study might have a substantial clinical 
impact on a specific population, the volume of researchers in the 
same milieu9) that potentially cite the work may be less than the 
critical mass required to establish sufficient visibility for the study 
(especially in the context of the relentless flood of academic litera-
ture). Furthermore, the stringency of current clinical research stan-
dards in a publication that often preclude real-world studies, even 
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in advanced societies,10) may likewise prevent researchers in small-
er organizations from establishing a viable research agenda based 
on clinical observations. In our experience, editors face a growing 
volume of manuscripts from developing countries that can be 
meaningful and novel when contextualized at the national level but 
may tend to be incomplete or marginal in terms of scientific rigor 
or generalizability (thus failing to find resonance in terms of per-
ceived impact with high-quality bibliographic databases). There-
fore, in the current stage of AGMR, the editors often find them-
selves choosing between Scylla and Charybdis in our roles as ad-
vocates of aging research in developing countries, fostering prom-
ising early-stage works (but with the tradeoff of less comprehen-
sive scientific data) vis-à-vis more established but potentially less 
novel research. 

Notwithstanding these challenges, there is agreement that, be-
yond its inherent significance, persevering with impactful research 
will ultimately translate into parallel and gradual gains in visibility, 
which is, therefore, consistent with the organic growth of the jour-
nal. Therefore, it is critical to resist the gentle nudge of hysteresis 
towards the false dichotomy of impactful research versus impact 
factor, especially when the journal’s growth in visibility may lag be-
hind the academic impact. Instead, we must steer the discourse to-
wards an alignment between impactful research and impact factor. 
To this end, the editorial board comprising international scholars 
plays an important role in shaping research priorities, pushing the 
frontiers of knowledge, and cultivating impactful research that ad-
dresses specific gaps for populations around the region. 

INTERNATIONAL AND REGIONAL PERSPECTIVES 

Editors have also experienced a dilemma for a journal under devel-
opment; that is, whether to steer the journal towards adopting a 
more international outlook or to retain its unique Asian perspec-
tives. To be more global, journals aspire to reach a larger communi-
ty of the target audience and play a more prominent role in guiding 
the direction of scientific research in general.9) In contrast, this goal 
is less attainable for lower-profile regional journals. While more re-
gional journals may attract more research specifically designed for 
a certain population, in some cases, they may, ironically, grapple 
with a lower volume of regional research submissions. 

This issue is especially problematic for academic journals fo-
cused on the health and social issues of the older population. The 
feasibility and effectiveness of specific healthcare delivery models 
for the older population may be primarily affected by social struc-
ture, cultural perception, and economic resources, as previously 
noted in AGMR.1) These factors might be less relevant for study-
ing individual diseases with clearly defined biomedical definitions 

and therapeutics. For example, deprescribing medications in older 
adults with polypharmacy and frailty might be more critical in es-
tablished medical systems with fee-for-service than in developing 
countries where seeking medical attention per se is barely accessi-
ble for most populations (and the number of excessive prescrip-
tions is probably lower). “What matters” (i.e., one of the four cor-
nerstones of the age-friendly health system framework)11) is also 
affected by the social characteristics of populations. While research 
diversity in aging is considered a pressing issue in the United 
States,12) knowledge gaps among different societies have been less 
addressed globally.  

The cultural characteristics of Asian countries have long been 
considered significant when dealing with the care issues of older 
persons. For instance, providing nutritional support through enter-
al access has been considered a default in many Asian societies, 
even in patients with advanced dementia, even though tube feed-
ing in these patients is clinically controversial.12,13) Similarly, a re-
cent study suggested that socio-cultural factors pose barriers in ini-
tiating discussions about advance care planning in older persons 
with dementia.14) Specifically, in Chinese culture, discussing mat-
ters related to death has been considered taboo.15) In addition, it is 
not uncommon in Asian cultures for older people to leave end-of-
life decisions to their family members.16) Again, from the caregiv-
ing perspective, the traditional concept of filial piety has primarily 
served as a backbone for providing long-term caregiving for older 
adults with functional needs within the community.17) 

However, the salience of filial piety and familial caregiving in 
many Asian societies is increasingly questioned as shrinking family 
size and urbanization make familial care of older adults less feasible 
and portend the growing unmet needs of social support for the 
older population. The evolving social structure and lifestyle of 
Asian countries might ultimately attenuate the importance of tra-
ditional cultural beliefs regarding the duty to care for older adults. 
Academic journals in this region may serve as bridges by linking 
international evidence with the richness of local perspectives, pro-
viding leadership to define research frontiers, and translating the 
findings of research studies to address the specific needs of target 
populations.18) Altogether, journals would again serve to move be-
yond the limitations of a “false dichotomy” mindset by embracing 
a dualistic outlook of achieving both research impact and impact 
factor and harnessing the eclectic richness of international and re-
gional perspectives. 

CHALLENGES TO SUSTAINABLE GROWTH 

Peer reviewers have long been considered the guardians of research 
quality.19) Regional independent journals are usually operated by 
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the voluntary support of editors and reviewers. Securing high-qual-
ity review standards for the growing volume of submitted manu-
scripts while simultaneously minimizing the turnaround time of 
peer review is particularly challenging in this context. Many re-
gional scientific societies and organizations do not have sufficient 
resources to attract internationally renowned scholars. Even local 
scientists with competitive track records are less incentivized to 
support lower-profile journals.9) As a significant proportion of 
manuscripts submitted to regional journals are of low quality (in 
terms of writing, editing, and scientific rigor), the increasing vol-
ume of submissions aggravates the editorial team’s workload. 

Moreover, the general volume of scientific literature has been 
growing, with many publishers choosing open access systems to 
maximize their volume, impact, and profit. Indeed, one of the most 
notable changes in the ecosystem of scientific publications over 
the last decade is the rise in open access publications.20) Open ac-
cess journals with extensive networks, standardized editing plat-
forms, and existing brand premiums inherited from their flagship 
journals have enjoyed tremendous growth in terms of publication 
volume. However, unlike these journals, non-profit-independent 
journals backed by national scientific societies are experiencing ev-
er-growing challenges in maintaining sustainable positive trajecto-
ries, both in quantity and quality. 

Although attracting support from established scholars might be 
less feasible, regional journals can strategically leverage the uneven 
field of the research ecosystem. For example, while senior scholars 
have been primarily considered candidates for the role of peer re-
viewers, studies have shown that younger researchers tend to pro-
vide peer reviews of better quality.21,22) Moreover, for junior re-
searchers in their growing career path, regional journals with a 
strong relationship with local academic societies can serve as step-
ping stones for participation in core groups of researchers in the 
field and as editorial board members. In this ecosystem, regional 
journals can play a role as an arena for developing fresh ideas, inno-
vative methodologies, and high-quality work by junior researchers 
and faculty members. To this extent, this ecosystem can be forged 
into a community of committed and motivated reviewers, regular 
contributors, and active readership. Thus, regional journals can 
serve as stepladders in research career development and as con-
duits for participation within the discipline.23) 

Currently, most regional journals are financially supported by 
governments and national academic societies. Inherently, the limit-
ed amount of such funding restricts the expansion of publication 
volumes if these journals do not request article processing charges 
(APC). At the same time, imposing an APC is difficult for these 
journals, presumably experiencing a scarcity of high-quality manu-
scripts. Indeed, securing funding sources is a challenge for these 

journals, and a valley of death ensues before these journals get 
enough visibility to attract a sufficient number of authors to absorb 
the APC, similar to the experience of early-stage startup compa-
nies.24) On the other hand, journals may expand their available re-
sources by establishing sustainable business models that balance 
academic, professional, and financial considerations. These efforts 
can be facilitated by advances in technology, journal administra-
tion, and the agile activities of supporting staff. One example might 
be granting discount vouchers for reviewers that can be used as 
APCs for future submissions. This strategy incentivizes reviewers, 
simultaneously alleviating resistance to APC among authors. In 
addition, journals may hold educational conferences on research 
methodologies, writing, and other issues on academic publications 
to diversify sustainable value streams. 

Another consideration for attaining a sustainable growth trajec-
tory is the development of reputable journals in research fields. 
Both brand and impact factor matter in academic publications. 
Many high-quality manuscripts are submitted to recently started 
franchise journals without an impact factor by researchers antici-
pating that gaining visibility for the journal (and, thus, for their ar-
ticle) is just a matter of time. To build robust reputations for jour-
nals, editors and reviewers should provide consistent experiences 
for contributors. A good reputation is, ultimately, dependent on 
the time-honored values of trust, dependability, timeliness, and re-
spect. 

CALL TO ACTION: THE “IMPACT” STRATEGY 

We discussed the challenges that regional journals on geriatrics 
and gerontology currently face in their growth trajectories in terms 
of research impact, regional characteristics, and sustainability. We 
agreed that dichotomies in these matters are not necessarily mutu-
ally exclusive and can be navigated through elaborations targeting 
the sweet spot of organic growth. We noted that these journals 
may serve as a critical platform for the academic ecosystem to pro-
vide immersive user experiences for members of academic disci-
plines in the region and attract meaningful and impactful research, 
thereby attaining visibility and completing a virtuous cycle of 
growth. Ironically, the disruption or cessation of research activities 
by the coronavirus disease 2019 (COVID-19) pandemic may rep-
resent a unique opportunity for regional journals to take advantage 
of well-conducted innovative research that will not reach the ex-
pected, high-level journals owing to incomplete data.25) By em-
bracing a diverse array of possibilities, journals can steer towards 
pursuing research works that may translate into real-world practice 
in the region, from enriched perspectives driven by collaborations 
among professions and disciplines across regions. In navigating re-
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search and real-world applications, journals may adopt the concept 
of Pasteur’s quadrant, pursuing both scientific excellence and us-
ability in scientific research.26) Putting these together, we call for an 
“IMPACT” strategy, an acronym for (1) IMmersive user experi-
ence encompassing authors, reviewers, and readers; (2) Pasteur’s 
quadrant use-inspired research; (3) Asia-Pacific; (4) Collabora-
tive; and (5) Translational (Fig. 1). We hope that by adopting this 
strategy, journals in the region may position themselves as the nex-
us of the value chain of research, from hypothesis-generating to 
policymaking and practice. 
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Background: Despite the increasing number of older adults as the population ages, there is a lack 
of frailty prevention guidelines for community-dwelling older adults. The Korean Frailty and Ag-
ing Cohort Study conducted systematic review on contributors to frailty and developed guidelines 
on the primary prevention of frailty in community-dwelling older adults. Methods: This study 
updated a previous systematic review of contributors to frailty by adding the most recent articles. 
Based on this updated systematic review, experts in geriatrics and gerontology developed guide-
lines for preventing frailty using the Delphi method. Results: These guidelines categorized the 
recommendations into physical activity, resilience, oral health, management of non-communica-
ble diseases, involvement in society, smoking cessation, and eating various kinds of food. Conclu-
sion: Unlike previous frailty-related guidelines, this study developed evidence-based frailty pre-
vention guidelines based on a systematic review. The guidelines are expected to contribute to the 
healthy aging of community-dwelling older adults by the primary prevention of frailty. 
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INTRODUCTION 

The aging population is a global trend. The proportion of the 
world’s population aged 65 years or older is projected to reach 
15.9% of the total population by 2050.1) The results of several 
studies have shifted the perspective of aging from chronological to 
biological age, resulting in the concept of frailty.2) 

Frailty is a vulnerable condition in which the intrinsic capacity 

to respond to internal and external stressors is weakened, increas-
ing the likelihood of adverse health outcomes such as disability, 
hospitalization, institutionalization, and death.3-6) Eventually, 
frailty is a state of declined biological homeostasis that resists en-
tropy.2) 

The prevalence of frailty is global. The reported community 
prevalence in high-income countries is 10%–12%7,8) and increases 
with age to 15.7% and 26.1% in those aged 80–84 and 85 years or 
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older, respectively.7) The prevalence of prefrailty is reported at 
41.6%. Therefore more than half of the older population in high-in-
come countries is related to frailty or prefrailty. The prevalence of 
frailty and prefrailty in middle-and low-income countries is 17.4% 
and 49.3%, respectively, higher than that in high-income coun-
tries.9) In Korea, the reported prevalence of frailty and prefrailty is 
2.5%–12.4% and 27.7%–49.7%, respectively.10) 

A recent meta-analysis reported an incidence of frailty and pre-
frailty in communities of 43.4 and 150.6 cases per 1,000 per-
son-years, respectively. The change from robust to frailty was 12.0 
cases per 1,000 person-years, whereas the change from prefrailty to 
frailty was 62.7 cases per 1,000 person-years.11) 

The critical point in frailty is that it is a dynamic concept that 
frailty is preventable and can be reversed to robustness in some 
cases.12-14) Nevertheless, there remains a lack of frailty prevention 
guidelines for community-dwelling older adults. Moreover, despite 
the importance of self-care in frailty prevention, literature reviews 
of modifiable contributors to frailty are also lacking. 

Therefore, this study conducted a systematic review on contrib-
utors to frailty and applied the Delphi method to develop frailty 
prevention guidelines for community-dwelling older adults. These 
evidence-based guidelines can contribute to the primary preven-
tion of frailty by improving self-care among community-dwelling 
older adults. 

MATERIALS AND METHODS 

Purpose and Scope 
The purpose of these guidelines is to prevent frailty by helping 
community-dwelling older adults avoid frailty risk factors and ob-
tain/maintain protective factors. In this context, this study devel-
oped evidence-based guidelines with which older adults can com-
ply in the real world (Table 1). 

Team 
The guidelines were developed as part of the Korean Frailty and 
Aging Cohort Study (KFACS). The KFACS is a nationwide multi-
center study that aimed to identify and analyze causes and effects 
of aging.15,16) The guideline development team comprised a multi-
disciplinary group, including three geriatricians, three preventive 
medicine and public health experts, four nutritionists, three physi-
cal education experts, and one social welfare expert. 

Key Questions 
The detailed contents of structured key questions for the article 
search are shown in Table 2. Since there has not been a clear sum-
mary of the contributors of frailty previously, the intervention/ex-
posure items have been comprehensively set to cover as many con-
tributors as possible. The outcomes were limited to physical frailty 
identified by validated tools based on the phenotype or cumulative 
deficit model. In addition, the study design was limited to cohort 
studies considering that randomized clinical trials that set out-
comes as the occurrence of frailty are challenging to conduct and 
recommendations should be applicable to the community. 

Evidence Retrieval 
The search strategy, including systematic reviews, was based on a 
decision tree of the systematic review in the WHO Handbook for 

Table 1. Scope of developing the guideline

PIPOH Scope
Population Community-dwelling adults aged 60 years or older
Intervention Avoidance of risk factors of frailty

Acquisition/maintenance of factors protective against 
frailty

Professionals/patients Community-dwelling adults aged 60 or older
Outcome Physical frailty
Healthcare setting Community

Table 2. PICOTSS framework for key questions

PICOTSS Contents
Population Community-dwelling adults aged 60 years or older
Intervention/exposure Modifiable contributors (physical activity, nutrition, cognitive activity, social activity, and other lifestyles), management of non-commu-

nicable diseases
Comparison A group not acquiring/maintaining modifiable protective factors

A group not avoiding modifiable risk factors
A group not managing non-communicable diseases

Outcome Physical frailty
Time A follow-up period of 1 year or more
Setting Community
Study design Cohort study
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Guideline Development.17) First, a systematic review published in 
2017 was identified as a result of searching for systematic reviews 
related to the key questions.18) The quality of this systematic re-
view was evaluated by assessing the methodological quality of sys-
tematic reviews (AMSTAR 2)19) It was evaluated to be of high 
quality. Therefore, the development team used it for guideline de-
velopment. 

However, since this systematic review was conducted on articles 
published between January 2005 and September 2016, the devel-
opment team updated the systematic review by adding more re-
cent articles (January 2016–December 2018). To minimize miss-
ing articles, the overlapping period of 9 months was created. 

For consistency, we used the same inclusion criteria as those 
used in a previous systematic review to search for updates. First, 
the included articles were as follows: (1) original articles, (2) arti-
cles related to contributors of frailty, (3) articles on communi-
ty-dwelling older adults, and (4) articles whose outcome was frail-
ty. Second, we included articles that used (1) a longitudinal study 
design, (2) a clear definition of frailty, and (3) specific tools to 
measure frailty and that included (4) subjects aged 60 years or old-
er. The search formula was the same as that used in the previous 
systematic review. The search sources were the Embase on Ovid, 
Ovid MEDLINE, Cochrane Library, Web of Science, and CI-
NAHL EBSCOhost databases. 

Two public health experts (doctor 1, MPH 1) independently re-
viewed the titles and abstracts of the identified articles to select 
those that met the inclusion criteria. In the case of disagreement, 
the inclusion of an article was decided through discussion with a 
third party. Next, two experts independently conducted a full-text 
review of the selected articles, with disagreements resolved through 
discussion with a third party. 

The quality of each article was also evaluated using the Quality 
of Reporting of Observational Longitudinal Research, as described 
in a previous systematic review.20) The total score for this tool was 
30 points. As in the previous systematic review, articles with > 15 
and > 20 points were judged to be of adequate and high quality, re-
spectively. Likewise, two people evaluated each article inde-
pendently and resolved disagreements through discussion with a 
third party. 

The articles included in the previous systematic review were also 
reviewed. In addition, articles unsuitable for developing guidelines, 
such as articles irrelevant to frailty prevention and those about 
contributors that could not be modified, were removed. Finally, 28 
articles were selected for guideline development (Fig. 1). All se-
lected articles used the phenotype model, which evaluates physical 
functions such as gait speed and handgrip strength but does not 
evaluate other areas such as cognition, social status, and oral health. 
The list of all articles can be found in Supplement A. 

Records identified through 
database searching (n=8,109)

Articles retrieved by screening 
review references (n=3)

Records after duplicates 
removed (n=4,283)

Records excluded (n=3,661) Records excluded (n=1,492)

Papers excluded after 
evaluation of full-text:

- Low quality (n=1)
- Non-inclusion criteria (n=7)

Papers excluded after further 
review:

-  Frailty management, not 
frailty prevention (n=8)

- Non-modifiable factor (n=2)
-  Duplicated with previous 

systematic review (n=1)

Papers excluded after evaluation of full-text:
-  Not a longitudinal study design or data 

not longitudinally analyzed (n=140)
-  No tool used to assess frailty (n=2)
- Baseline sample's age <60 (n=2)

Papers excluded after further review:
-  Frailty management, not frailty 

prevention (n=5)
- Non-modifiable factor (n=4)
- Baseline sample's age ≤65 (n=1)

Titles and abstracts screened 
(n=3,832)

Full-text articles assessed for 
eligibility (n=171)

Studies included in qualitative 
synthesis (n=23)

Studies adequate for guideline 
development (n=13)

Syudies included in guideline development (n=28)

Records identified through 
database searching (n=4,648)

Records after duplicates 
removed (n=2,911)

Titles and abstracts screened 
(n=1,527)

Full-text articles assessed for 
eligibility (n=35)

Studies included in qualitative 
synthesis (n=26)

Studies adequate for guideline 
development (n=15)

Previous systematic review
(Jan 2005 – Sep 2016)

Updated systematic review
(Jan 2016 – Dec 2018)

Fig. 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart.
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Draft Guideline Statements 
From the 28 selected articles, 51 recommendations related to the 
prevention of frailty were prepared by organizing the contributors 
to frailty. However, the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) system was not applied. 
The GRADE is a representative grading system to evaluate articles 
according to the certainty of the evidence and strength of the rec-
ommendations. The certainty of the evidence is rated based on the 
study design, while the strength of the recommendations is rated 
according to the certainty of the evidence, benefit-harm assess-
ment, preference and value, and cost-effectiveness.21)  

These guidelines are based on cohort studies; therefore, the cer-
tainty of the evidence was homogenous and low. In addition, these 
guidelines have little harm, high applicability, and high cost-effec-
tiveness; thus, the strength of the recommendations is also likely to 
be homogeneous and strongly recommended. 

However, given that the target population is community-dwelling 
older adults, the gap between low certainty of evidence and strong 
recommendations is likely to confuse the target population. More-
over, information beyond the guideline text itself is likely to impair 
the applicability to community-dwelling older adults. Consequently, 
there was little benefit in the application of the grading system. 

Reaching Agreement on Recommendations 
We applied the Delphi method to reach a consensus. A question-
naire was prepared for each recommendation, with answer sheets 
made on a 9-point Likert scale. The Delphi survey was conducted 
in two rounds. The second round included only recommendations 
that did not reach a consensus in the first round. Agreement was 
defined as 75% or more answers within 7–9 points, ambivalence as 
75% or more answers within 4–6 points, and disagreement as 75% 
or more answers were 1–3 points.22,23) 

Finally, a consensus was reached on 41 recommendations. Ex-
cept for one recommendation, which reached ambivalence, all 
others reached an agreement. To improve the acceptability and us-
ability among community-dwelling older adults, the recommenda-
tions are categorized into six domains: resilience, oral health, 
non-communicable disease management, involvement in society, 
smoking cessation, and eating various kinds of food. 

However, no cohort study has assessed physical activity, which is 
a significant frailty intervention. As randomized clinical trials have 
evaluated physical activity, the guideline development team includ-
ed physical activity recommendations from the Development of 
Clinical Intervention Guidelines on Prevention and Management 
of Frailty (unpublished) developed in the second year of the 
KFACS in these guidelines. 

This unpublished guideline was developed by conducting a sys-

tematic review (Supplement B) and then implementing the Delphi 
method. It recommended exercise and combined interventions of 
exercise and nutrition to improve frailty (Supplement C). However, 
only one of the supporting evidence in this unpublished guideline 
included non-frail subjects in the study and could be a study related 
to primary prevention. Therefore, these prevention guidelines rec-
ommended physical activity based on supporting evidence. 

Through this process, the present guidelines for frailty preven-
tion were established. After external review, these guidelines com-
prising seven domains, including physical activity, were finalized. 

RESULTS 

The guidelines for frailty prevention categorized the recommenda-
tions into seven domains: physical activity, resilience, oral health, 
management of non-communicable disease, involvement in soci-
ety, smoking cessation, and eating various kinds of food. This 
study also created the “PROMISE” mnemonic to define and dis-
seminate these guidelines (Table 3). 

Physical Activity 

Make multicomponent exercise a way of life 
The prevalence of frailty is 1.9 times higher among those who do 
not perform multicomponent exercise than among those who do. 
Multicomponent exercise refers to physical activities that include 
resistance, aerobics, balance, and flexibility training. The intensity 
of these multicomponent exercises should be increased incremen-
tally over 2–3 weeks. Multicomponent exercise can reduce seden-
tariness, prevent frailty, and even prevent disability.24) 

Resilience 

Manage psychological problems with mental health professionals 
A positive effect reduced the risk of frailty by 8%.25) Additionally, 
the higher the number of depressive symptoms, the greater the 
risk of frailty,26) which increases by up to 2.2 fold.27) Moreover, ap-

Table 3. Frailty prevention mnemonics: PROMISE

PROMISE mnemonics
Physical activity
Resilience
Oral health
Management of non-communicable diseases
Involvement in society
Smoking cessation
Eating various kinds of food
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athy and high levels of loneliness increase frailty risk by 2.9 and 
1.9 times, respectively.28,29) Therefore, psychological difficulties in 
old age should be managed with the help of mental health profes-
sionals. 

Oral Health 

Take care of your teeth and gums 
Each additional tooth preserved in old age reduces the risk of frail-
ty by 5%.30) A weak maximum bite force increases the risk of frailty 
by 2.8 fold31) and severe periodontitis increases the risk of frailty by 
2.1 fold. Teeth should also be brushed three times daily to main-
tain oral hygiene, while dentures should be washed daily. Finally, 
oral health checkups and tartar removal should be performed ev-
ery 6 months to manage oral health. 

Management of Non-communicable Diseases 

Actively manage your chronic conditions 
High blood pressure,27,30) diabetes, stroke, chronic obstructive pul-
monary disease,27) osteoporosis,30) metabolic syndrome,32) arthri-
tis,27) and chronic pain33) increase the risk of frailty. In old age, 
non-communicable diseases must be actively managed by regular-
ly seeing a doctor. Vision and hearing impairment are additional 
health challenges that are easily overlooked. The risk of frailty in-
creases by 2.1 fold when vision is impaired34) and by 1.4 fold when 
hearing is impaired.35) Problems with vision or hearing should be 
managed by a doctor. 

Review medications regularly 
The risk of frailty increases by 5.6 fold in people who take six or 
more drugs.36) Older adults often take various drugs for multimor-
bidity. Regular medication reviews should be conducted to evalu-
ate polypharmacy, and overlapping or unnecessary drugs should 
be discontinued. 

Involvement in Society 

Meet people often 
Decreased social activities, social roles, or relationships (social 
frailty) increase the risk of frailty by 3.9 fold.37) These guidelines 
recommend going out and visiting friends as often, in addition to 
talking to people every day, and if this is difficult, talking over the 
phone is recommended. 

Take care of yourself and your partner 
A spouse’s depressive symptoms increase the risk of one’s depres-

sive symptoms; similarly, a spouse’s frailty also increases an indi-
vidual’s risk of frailty.38) Therefore, frailty prevention with a partner 
is more effective than alone.  

Smoking Cessation 

Stop smoking 
Smoking increases the risk of frailty by 1.5–2.9 times.26,27,39) Smok-
ing cessation positively affects health, even in old age. Smoking 
causes various diseases and frailty; therefore, we recommend quit-
ting smoking as soon as possible. 

Eating Various Kinds of Food 

Maintain a balanced diet 
The consumption of fish,40) fruits and vegetables,41) low-fat milk, 
and low-fat yogurt42) reduces the risk of frailty. In old age, eating 
habits are fixed, and preparing meals is challenging; therefore, old-
er adults frequently eat simple meals such as rice, kimchi, or instant 
foods. These unbalanced diets increase the risk of frailty; therefore, 
we recommend the conscious eating of a variety of foods. 

Eat sufficient food 
Lower intakes of protein and vitamin D increase the risk of frailty 
by up to 2.4 fold43) and 1.6 fold,26) respectively. Intakes of vitamin 
B6, folic acid, vitamin C, and vitamin E below the recommended 
dietary allowances (RDA) also increase the risk of frailty (Supple-
ment D).44) Among the 10 vitamins, older adults with < 5 RDAs 
have a 2.8-fold increased risk of frailty.44) In addition, being under-
weight (body mass index < 18.5 kg/m2) increases the risk of frailty 
by 1.7 fold.27) Therefore, eating can prevent frailty. However, as the 
risk of frailty increases by 1.4–4 fold in older adults with or at risk 
of obesity (body mass index ≥ 30 kg/m2),26,27) food consumption 
should be reduced. 

DISCUSSION 

This study developed guidelines for the primary prevention of 
frailty in community-dwelling older adults based on the results of a 
systematic review. Because older adults have complex medical con-
ditions owing to physiological changes, multimorbidity, polyphar-
macy, and interactions,45) the approach to frailty should be com-
prehensive.46) By setting comprehensive key questions for the sys-
tematic review, the development team tried to capture the contrib-
utors of frailty as much as possible. 

Based on the identified evidence, experts in geriatrics and geron-
tology derived recommendations using the Delphi method. As the 
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users of these guidelines are community-dwelling older adults and 
not health practitioners, this study attempted to improve the ac-
ceptability of the guidelines by organizing recommendations span-
ning various areas. Thus, we categorized the guidelines for prevent-
ing aging into seven areas: physical activity, resilience, oral health, 
chronic disease management, social participation, smoking cessa-
tion, and various food intake. 

However, this study had some limitations. First, the evidence 
used to develop these guidelines was based on the results of cohort 
studies. Thus, the recommendations lacked certainty of the evi-
dence and it was not easy to apply the GRADE system to the 
guidelines. Second, because the guidelines were developed based 
on known contributors to frailty, the recommendations were inev-
itably presented in a limited area. 

In conclusion, these frailty prevention guidelines were devel-
oped by reflecting the contributors to frailty through a systematic 
review. The guidelines must be continuously updated by consider-
ing new scientific evidence. Therefore, the development team 
plans to update these guidelines through regular systematic re-
views and also develop frailty management guidelines for health 
practitioners.  

We hope that these guidelines based on scientific evidence will 
contribute to the prevention of frailty and help the healthy aging of 
community-dwelling older adults. A Korean version of the guide-
line is provided in Supplement E.

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/10. 
4235/agmr.21.0072. 
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INTRODUCTION 

In Korea, where geographic and financial accessibilities to tertiary 
hospitals are high, overcrowding of the emergency department 
(ED) of tertiary medical institutions is a serious problem. Such 
overcrowding, especially in the ED, leads to poor patient out-
comes, increased length of stay, and increased risk of infectious dis-
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Background: Unnecessary emergency department (ED) visits are a crucial consideration in dis-
charge planning for acutely admitted patients. This study aimed to identify the reasons for un-
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ease transmission.1-4) The rates of unplanned readmission of hospi-
talized patients after discharge range between 10% and 25%,5-10) 
with most patients readmitted through the ED. Thus, discharge 
planning to minimize unnecessary post-discharge ED visits should 
be considered an important medical issue to reduce ED over-
crowding and consequent readmissions. 

With the increasing prevalence of chronic diseases owing to ag-
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ing, many patients have multimorbidities.11-13) The risks of read-
mission and ED visits are high among older or multimorbid pa-
tients. Hence, eliminating unnecessary hospital visits among these 
patients is a priority.14-18) Since the launch of the hospitalist system, 
older or multimorbid patients are often treated in hospital units by 
hospitalists who provide generalized medical care.5,6) Studies of 
medical hospitalist units in tertiary teaching hospitals in Korea 
have reported that the mean age of hospital inpatients is > 60 
years, that most patients have multimorbidities, and that the aver-
age Charlson Comorbidity Index score is 6 or more.5) Hence, the 
readmission of patients from hospitalist units is of crucial concern 
when considering post-discharge ED visits. 

To our knowledge, no published data have yet described the de-
tails and causes of ED visits after acute admission to hospitalist 
units in Korea. This study aimed to identify reasons for visiting the 
ED within 30 days of discharge and describe the reasons for un-
necessary ED visits in multimorbid or older medical patients. We 
assessed cases in detail and proposed how physicians might pre-
vent unnecessary ED visits, which could not only reduce ED 
overcrowding but also minimize unnecessary use of medical re-
sources.19) 

MATERIALS AND METHODS 

Study Design and Participants 
This retrospective database study collected information on ED 
visits of patients who were discharged from the hospitalist unit of a 
tertiary teaching hospital in Korea in 2018. The medical hospitalist 
unit services older or multimorbid inpatients as described in previ-
ous studies from the same unit.5,6) We then reviewed in detail med-
ical records of patients who visited the ED within 30 days of dis-
charge. 

The study protocol was reviewed and approved by the Institu-
tional Review Board of the Seoul National University Hospital 
(No. 2021-070-1180), which approved a waiver of consent be-
cause of the retrospective nature of the study. The study protocol 
conformed to the ethical guidelines of the 1975 Declaration of 
Helsinki. 

Determination and Classification of Unnecessary ED Visits 
Previous studies have proposed criteria for determining unneces-
sary ED visits based on diagnostic or procedural codes.20,21) How-
ever, criteria based on codes are insufficient to identify the cause of 
each case or suggest countermeasures. Thus, in this study, a round-
table discussion was performed with all authors who were 
board-certified internists and currently working in the ED or med-
ical hospitalist units in the same hospital to discuss each case in 

depth. First, unnecessary ED visits were determined based on the 
following criteria. 

(1)  Primary care treatable: A patient visited the ED with symp-
toms that were not obvious or mild enough to be managed by 
the primary outpatient clinic of the community. 

(2)  Preventable: If a patient’s symptoms were reported during the 
index hospitalization, an appropriate plan was omitted at the 
time of discharge. 

(3)  Hospice care suitable: If a patient’s symptoms were worse than 
before or new, but could have been predicted while the under-
lying disease was progressing, and for which hospice care was 
recommended for patients during the index hospitalization.  

Second, unnecessary ED visits were classified according to causes:

(1)  Failure of care transitions: Cases that returned to the ED ow-
ing to unmet medical or care needs after discharge to the com-
munity or that were admitted to medical institutions in the 
community. This category also included issues regarding dis-
cordance between physicians and patients regarding the thera-
peutic goal of index hospitalizations leading to ED visits. 

(2)  Unestablished care plans for predictable issues: This category 
included unnecessary ED visits associated with previous dis-
charge planning, such as predictable medical or caregiving is-
sues after index discharge regarding symptoms (e.g., pain, dys-
pnea) of the underlying medical conditions. 

(3)  Insufficient patient education: This category included issues 
such as education for the management of feeding tubes, drain-
age tubes, or intravenous catheters, as well as the administra-
tion of certain medications. 

Statistical Analysis 
Data are expressed as mean ± standard deviation or number (per-
centage), unless stated otherwise. Independent t-test and Pearson 
χ2 test were used to compare continuous and categorical variables, 
respectively, between patients who visited the ED and those who 
did not. We considered two-sided p-values < 0.05 to be statistically 
significant. IBM SPSS Statistics for Windows version 23.0 (IBM 
Corp., Armonk, NY, USA) was used for all statistical analyses. 

RESULTS 

Clinical Characteristics of Index Hospitalizations 
A total of 1,343 patients were discharged from the medical hospi-
talist unit during the study period. Their mean age was 62.9 years 
(range, 15–99 years); 720 patients (53.6%) were men, and 323 pa-
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tients (24.1%) were admitted to the ED. A total of 1,052 patients 
(78.3%) were initially admitted owing to cancer-related problems. 
Excluding patients with cancer, the common reasons for admission 
were respiratory tract infection, liver disease, and kidney disease. 
The mean length of stay was 11.3 nights, and 57 patients (4.2%) 
were transferred to long-term care hospitals after discharge. 

A total of 215 patients (16.0%) visited the ED within 30 days of 
discharge. Among them, 16.3% were admitted from the ED to the 
ward. The mean age of patients did not differ significantly between 
those who did and did not visit the ED. Compared to those in the 
non-visiting group, patients in the visiting ED group had higher 
proportions of men and patients admitted to the ED for index hos-
pitalization (63.3% vs. 51.8% and 34.0% vs. 22.3%; p = 0.002 and 
p < 0.001, respectively). Patients in the visiting ED group also had 
longer hospital stays during the index hospitalization than those in 
the non-visiting group (mean, 13.4 nights vs. 10.9 nights; p=0.001). 
The proportions of patients with cancer or those who were trans-
ferred to long-term care hospitals did not differ between the two 
groups (Table 1). 

Clinical Characteristics and Causes of Unnecessary ED Visits 
Of the 215 visits to the ED within 30 days of discharge, 57 (26.5%) 
were determined to be unnecessary (40 primary care treatable, 12 

preventable, and 5 hospice care suitable). There were fewer men in 
the unnecessary visiting group than in the necessary visiting group 
(49.1% vs. 68.4%; p = 0.010), and no significant differences in age, 
route of index hospitalization, proportion of patients with cancer, 
length of hospital stay, and proportion of patients transferred were 
noted between the two groups (Table 2). 

Categorization of unnecessary ED visits according to causes re-
vealed 30 (52.6%) visits for failure of care transition, 15 (26.3%) 
for unestablished care plans for predictable issues, and 12 (21.1%) 
for insufficient patient education (Fig. 1).  

First cause: failure of care transitions 
This category was the most common reason for unnecessary ED 
visits. Most cases in this category (24 of 30 visits) were treatable by 
primary care institutions. The cases in this category largely in-
volved communication issues related to discharge planning or in-
sufficient information about the local health system’s coping capa-
bilities. Several patients wanted parenteral nutrition, paracentesis, 
medications to control non-serious symptoms, and reassurance re-
garding insignificant symptoms. For example, a 49-year-old male 
patient returned to the ED 3 weeks after transfer seeking a pre-
scription for laxatives. This category also included patients and 
their caregivers who were dissatisfied with the local medical insti-

Table 1. Clinical characteristics of the study population

Variable Non-visiting Visiting ED p-value
Number of patients 1,128 (84.0) 215 (16.0)
Age (y) 62.9 ± 13.6 62.8 ± 13.2 0.978
Sex, male 584 (51.8) 136 (63.3) 0.002
Index hospitalization through the ED 250 (22.3) 73 (34.0) < 0.001
Malignancy-associated problems 876 (77.7) 176 (81.9) 0.171
Length of stay (nights) 10.9 ± 10.1 13.4 ± 9.3 0.001
Transfer to LTCHs 51 (4.5) 6 (2.8) 0.248

Values are presented as number (%) or mean±standard deviation.
ED, emergency department; LTCH, long-term care hospital.

Table 2. Clinical characteristics of patients who visited the ED within 30 days of discharge

Variable Necessary Unnecessary p-value
Number of patients 158 (73.5) 57 (26.5)
Age (y) 63.6 ± 12.7 60.6 ± 14.7 0.136
Sex, male 108 (68.4) 28 (49.1) 0.010
Index hospitalization through ED 57 (36.1) 16 (28.1) 0.274
Malignancy-associated problems 133 (84.2) 43 (75.4) 0.142
Length of stay (nights) 13.5 ± 9.3 12.9 ± 9.3 0.680
Transfer to LTCHs 4 (2.5) 2 (3.5) 0.657*

Values are presented as number (%) or mean±standard deviation.
ED, emergency department; LTCH, long-term care hospital. 
*Fisher exact test.
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tutions who instead visited the ED of a tertiary hospital seeking 
admission. In this category, three patients returned to the ED after 
being discharged home and were eventually transferred to a medi-
cal institution at which hospice care was available. 

Second cause: unestablished care plans for predictable issues 
The most common reason for ED visits in this category was defi-
cient analgesics for predictable pain (9 of 15 visits), such as break-
through cancer pain. A patient revisited the ED complaining of ab-
dominal pain only 3 days after discharge. The patient had stage IV 
intrahepatic cholangiocarcinoma and was discharged after under-
going biopsy of the newly detected neoplasm found on computed 
tomography. Since the patient complained of persistent pain in the 
right upper quadrant during hospitalization, it was predictable that 
the pain would continue even after discharge. There were also sev-
eral cases of ED revisits owing to diet-related problems (3 of 15 
visits). For instance, a 58-year-old man was brought to the ED be-
cause of seizures. During index hospitalization, the patient had a 
seizure for the first time and was prescribed an antiepileptic drug. 
However, pills were prescribed at the time of discharge despite the 
patient having difficulty swallowing. As the patient could not take 
oral medication, the blood level of the antiepileptic drug de-
creased, resulting in more seizures. 

Third cause: insufficient patient education 
A total of 12 patients returned to the ED owing to a lack of training 
in drug administration and management of feeding or drainage 
tubes. One patient also visited the ED because of hypoglycemia. 
During the previous hospitalization, the patient started taking in-

sulin for the first time and thus was not familiar with insulin ad-
ministration. Another patient returned to the ED because the per-
cutaneous transhepatic biliary drainage (PTBD) catheter had dis-
connected from the drainage bag. The patient was discharged in 
the morning and had to return to the ED within several hours. The 
patient returned home immediately after the healthcare staff re-
connected the PTBD catheter to the drainage bag. Most cases in 
this category (10 of 12) were treatable by primary care. 

DISCUSSION 

Consistent with the literature, the results of this study revealed that 
a substantial number of patients returned to the ED shortly after 
discharge. Of these, 26.5% of ED visits were unnecessary. Unnec-
essary ED visits cost patients, consume their physical strength, and 
risk the acquisition of infectious diseases. More importantly, un-
necessary ED visits may lead to wasted medical resources and pre-
vent the efficient use of these resources for patients who require 
emergency treatment. In this study, we classified the causes of un-
necessary ED visits after discharge into three categories. 

In this study population, the most common type of unnecessary 
ED visits was primary care treatable, often caused by a failure of 
transition care. It is essential to link patients to community medical 
institutions at or before discharge so that they can visit primary or 
secondary medical institutions rather than tertiary hospitals for 
mild symptoms. It is also important to create a referral detailing 
the patient’s condition for local primary or secondary medical in-
stitutions. Patients also return to the ED after discharge because of 
a lack of communication between the staff of medical institutions. 
If a patient is discharged from a tertiary hospital and transferred to 
a nursing home or another hospital, the attending physician must 
fully explain the patient’s condition to the medical staff at the hos-
pital. For instance, if no additional treatment plan and hospice care 
are needed, ED visits for worsening medical conditions can be a 
futile process. Patients may experience unnecessary suffering from 
being repeatedly transferred to the ED, even when death is immi-
nent. Sharing information and ensuring two-way open communi-
cation between medical service providers are important for reduc-
ing unnecessary ED visits.22,23) In addition, a system that allows 
hospitals to share medical records for a certain period before and 
after transfer is also worth considering. 

Patient factors often negate efforts for effective care transitions. 
This may be because of current medical delivery systems in Korea. 
Patients in Korea can receive treatment at a tertiary hospital for a 
similar fee, even for common mild chronic disease, with a simple 
request from the primary clinic.24) Medical institutions at each level 
are trying to attract patients through competition rather than co-

Discharged patients in study (n = 1343)

Emergency department visits within 30 days after discharge (n = 215)

Visits considered unnecessary (n = 57)

Categories

Causes

Primary care treatable 
(n = 40)

Failure of care 
transitions  

(n = 30)

Preventable  
(n = 12)

Unestablished care plan 
for predictable issues 

(n = 15)

Hospice care suitable  
(n = 5)

Insufficient patient 
education 
(n = 12)

Fig. 1. Classification according to causes of unnecessary emergency 
department visits.
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operation. Most patients, regardless of their degree of discomfort, 
tend to seek treatment at large tertiary hospitals. A similar trend 
has been reported in emergency care.25,26) Therefore, successful 
care transitions should always also inform patients about the capa-
bilities of local primary or secondary medical institutions. Attend-
ing physicians must also explain to patients the disease course and 
prognosis and provide a list of indications for when he or she 
should visit the ED of the tertiary hospital at which they had previ-
ously received treatment. The patients in this study tended to visit 
the ED even for mild symptoms that did not require treatment at a 
tertiary hospital. When a patient is discharged from a tertiary med-
ical institution, the attending physician may instruct the patient to 
visit a local primary or secondary medical institution for minor 
problems.27,28) 

Predicting and responding to potential health-related situations 
in patients are important roles of attending physicians upon dis-
charge. Unless told how to properly cope with their situation, pa-
tients will likely return to the ED every time unexpected symp-
toms occur. When a meticulous care plan is not available, patients 
will likely return to the ED after discharge for inappropriate issues 
such as hydration, additional nutritional supplementation, or drug 
prescription. When a physician prescribes discharge medications, 
it is necessary to follow a process that reflects the opinions of phar-
macists, nurses, caregivers, and patients.29-32) 

Patient education must be provided to empower their self-care 
ability upon discharge.27,29,32) Such education may include informa-
tion on daily life, such as eating and bathing, or medical informa-
tion such as the name, dose, and method of taking medications. In 
particular, healthcare professionals must educate patients who are 
discharged from the hospital with indwelling medical devices such 
as urinary catheters, nasogastric tubes, or PTBD on proper man-
agement procedures. Training these patients to adjust their insulin 
dose or manage drainage tubes would avoid visits to the ED. If ed-
ucation encompassing instructions for patients who are discharged 
from acute hospitals could be reimbursed, unnecessary ED visits 
associated with this issue might be alleviated. 

Discharging patients from hospitals is a complex process, as ob-
served for each case in this study. Meticulous and individualized 
discharge plans may reduce unnecessary post-discharge ED visits. 
Previous studies have proposed various approaches to improve the 
discharge process and reduce unnecessary ED visits, including 
pre-discharge interventions (including discharge planning, patient 
education, and scheduling follow-up appointments) or post-dis-
charge interventions (follow-up phone calls after discharge, com-
munication by telemedicine, etc.).33-35) Bridging interventions, 
such as transition coaches and continuity of care between inpatient 
and outpatient departments, may also be helpful. Reducing unnec-

essary ED visits may improve both patient quality of life and the fi-
nancial status of the healthcare system. Furthermore, the burden 
on medical personnel may decrease. 

The findings of this study should be considered in light of the 
following limitations. First, the study sample was limited to data 
from the medical hospitalists-operated unit of a tertiary hospital, in 
which most patients were older or had serious underlying diseases 
such as cancer. The results of this study might be difficult to apply 
to primary or secondary local hospital situations. Second, cases of 
ED visits other than the hospital where the patients were dis-
charged were not investigated. Third, this study depended on the 
accuracy of the documented data, which was retrospective and ad-
ministrative in nature. Finally, although there have been sugges-
tions on ways to reduce ED visits, none of them were assessed for 
their efficacy in this descriptive study. 

In conclusion, a significant number of short-term ED visits after 
the discharge of multimorbid or older medical patients were un-
necessary. Comprehensive discharge procedures, including care 
transition, planning for predictable issues, and patient education, 
are essential. Further interventional and prospective studies are 
needed to investigate the effects of discharge interventions on ED 
visits. 
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INTRODUCTION 

The life expectancy of the older adult population is increasing 
globally.1) The number of emergency laparotomies performed for 
geriatric patients increases similar to other surgical procedures in 
an aging population.2) Although the definition of older adult is 
controversial, many authors agree on an age over 65 years.3) Pa-
tients who undergo emergency laparotomy have high morbidity 
and mortality rates with additional high risks.4,5) In addition, older 
patients undergoing abdominal surgery in emergency settings usu-

Original Article
pISSN 2508-4798   eISSN 2508-4909

Ann Geriatr Med Res 2021;25(4):252-259
https://doi.org/10.4235/agmr.21.0104

Association of Preoperative Risk Factors and Mortality in Older Patients 
following Emergency Abdominal Surgery: A Retrospective Cohort Study 
Nadir Adnan Hacım1, Ahmet Akbaş1, Yigit Ulgen2, Talar Vartanoglu Aktokmakyan1, Serhat Meric1, Merve Tokocin1,  
Onder Karabay3, Gulcin Ercan1, Yuksel Altinel1

1Department of General Surgery, Bagcilar Training and Research Hospital, Istanbul, Turkey
2Department of Pathology, Bagcilar Training and Research Hospital, Istanbul, Turkey
3Department of General Surgery, Beykent University, Istanbul, Turkey

Background: Older patients undergoing emergency laparotomy have high morbidity and mortali-
ty rates. Preoperative risk assessment with good predictors is an appropriate measure in this pop-
ulation. Frailty status is significantly associated with postoperative outcomes in older adults. This 
study aimed to investigate the effect of preoperative risk factors and frailty on short-term out-
comes following emergency surgery for acute abdomen in older patients. Methods: This study 
included older patients (≥65 years of age) who underwent emergency abdominal surgery. We ret-
rospectively analyzed their demographic and clinical variables and used the modified Frailty In-
dex-11 to evaluate their frailty status. The primary outcome was the 30-day mortality rate. We 
also analyzed risk factors of mortality in these patients. Results: The study included 150 patients 
with a median age of 74 years. The mortality rate was 17.3% (n=26). We observed significantly 
higher mortality rates in patients who were obese and who had higher American Society of An-
esthesiology (ASA grades) (p<0.05). Frailty status was worse in deceased group (p<0.001), when 
compared to individuals who survived. Septic shock was associated with the development of 
mortality (p<0.001). Multivariate regression analysis revealed that ASA grade was the only inde-
pendent risk factor for mortality (odds ratio=19.642; 95% confidence interval, 3.886–99.274; 
p<0.001). Conclusion: Older patients with obesity and frailty presenting with higher ASA grades 
and septic shock had the worst survival following emergency abdominal surgery. The ASA grade 
was an independent risk factor for mortality. 

Key Words: Acute abdomen, Aged, Frailty, Mortality rate  

Corresponding Author: 
Nadir Adnan Hacım, MD 
Department of General Surgery, 
Bagcilar Training and Research 
Hospital, Merkez Mah. Dr. Sadık 
Ahmet Cd. No:5, 34200 Istanbul, 
Turkey 
E-mail: adnanhcm@hotmail.com   
ORCID: 
https://orcid.org/0000-0002-3906-2538

Received: September 8, 2021 
Revised: November 8, 2021 
Accepted: November 30, 2021 

ally require intensive care and longer hospital stays. Therefore, 
compared to younger patients, it is essential to provide a safe, ben-
eficial, and effective surgical assessment system to evaluate medical 
risks of consequent illness and clinical competence in older pa-
tients. 

Chronological age alone may not be a good predictor for poor 
outcomes in emergency operations of older adults.6,7) Preoperative 
risk assessment is an appropriate measure for decision-making and 
preemptive resource allocation.4) Previous studies assessed in de-
tail morbidity and mortality rates in older patients following emer-
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gency laparotomy.8-10) Several perioperative risk scoring systems 
have been developed to assess the outcomes in surgical patients in 
elective or emergent situations.5) These systems of identifying 
high-risk patients and providing them with the appropriate level of 
care include the American Society of Anesthesiology (ASA) 
grades, Portsmouth Physiological and Operative Severity Score 
(P-POSSUM) for the enumeration of mortality and morbidity, 
American College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) surgical risk calculator, and Nation-
al Emergency Laparotomy Audit (NELA) risk prediction calcula-
tor.4-6,11-14) 

The strengths and weaknesses of these tools have been report-
ed.15) The major criticisms include various parameters that may 
not be routinely performed and the overestimation of mortality 
and morbidity.4,6) Moreover, there remains no consensus regarding 
the reliability of these tools in geriatric populations subjected to 
emergency laparotomy.16) Because of differences among institu-
tions in their risk prediction of mortality, detailed analyses are 
needed to determine the reproducibility of the variables used for 
these tools. Thus, identifying more accurate predictors of mortali-
ty in older patients could help identify a surgical assessment 
tool.11,16) 

There is a lack of consensus on the definition of frailty in the 
literature, and this term has been used subjectively.4,12,17) It often 
denotes unintentional weight loss, exhaustion, weakness, slow 
walking, low physical activity, and lack of phenotype.4,18) The 
Clinical Frailty Scale has been used to apply a more consistent 
definition.6,17) Because of the lack of a uniform definition and a 
tool to identify frailty in older patients, several tools have been 
proposed in different patient groups. Among these, the Clinical 
Frailty Scale has the advantage of being fast and straightforward 
to perform.17,18) However, a prospective clinical observation is 
needed, which includes comorbidities, ability to perform specific 
activities of daily living, oxygen supplementation, and presence 
of a terminal illness. The modified Frailty Index-11 (mFI-11) 
comprises 11 possible comorbidities/deficits that can be record-
ed retrospectively.6) 

As frailty is significantly reportedly associated with 90-day mor-
tality and postoperative morbidity in patients undergoing emer-
gency laparotomy,19) we examined the effect of preoperative frailty 
on the loss of functional independence following emergency ab-
dominal surgery in older adults. 

The present retrospective cohort study aimed to investigate the 
associations of some preoperative predictive factors, including 
frailty, with morbidity, mortality, management strategies, and 
short-term outcomes of emergency surgery for acute abdomen in 
patients aged 65 years and older. 

MATERIAL AND METHODS 

Study 
This retrospective cohort study included all consecutive older pa-
tients who underwent emergency abdominal surgery at Bagcilar 
Training and Research Hospital in Istanbul, Turkey, between 
February 2016 and January 2020. The Bagcilar Training and Re-
search Hospital Local Ethics Committee approved the study 
(No. 2020.10.2.01.162). We conducted this study in accordance 
with the principles of the Declaration of Helsinki. Written con-
sent could not be obtained due to the retrospective design of the 
study and the anonymity of the data. 

Patients 
We retrospectively searched all emergency general surgery admis-
sions using the hospital information system and medical records to 
include patients aged ≥ 65 years. We identified a total of 831 pa-
tients. The exclusion criteria were age < 65 years on the day of sur-
gery (n = 647) and incomplete data (n = 11). All types of gyneco-
logical and urological procedures in non-trauma or trauma surgery 
settings (n = 23) were also excluded. Thus, we evaluated data from 
150 admissions. 

We collected data on patient characteristics, including demo-
graphic data, body mass index (BMI), comorbidities, ASA score, 
perioperative features, and outcomes. The patients were grouped 
based on their age (65–74 or ≥ 75 years). Clinical data, including 
evidence of sepsis and systemic shock, systolic blood pressure 
(mmHg), and the lowest or highest values of the laboratory pa-
rameters in the initial 24-hour period, were obtained from emer-
gency department records. Comorbidities included diabetes melli-
tus (DM), hypertension, coronary artery disease (CAD), chronic 
obstructive pulmonary disease (COPD), and chronic renal failure 
(CRF). We also recorded perioperative characteristics, diseases re-
quiring surgical treatment, surgical approach, type of surgery, dura-
tion, length of intensive care unit (ICU) and hospital stays, post-
operative complications, and readmission data. 

Frailty status was evaluated using mFI-11. This 11-point scoring 
system includes 11 possible comorbidities and deficits (Table 1). 
As a comorbidity-dominant scoring system, it requires binary 
non-subjective responses. The score can also be calculated without 
phenotypic measures of the patients, such as exhaustion, slowness, 
and reduced physical activity.6) Each component is assigned one 
point with a total point range of 0–11. Frailty status is categorized 
as frail (score > 3 points), pre-frail (1–2 points), and absence of 
frailty (0 points). For analysis, we grouped the patients as frail (frail 
and pre-frail) and non-frail. 

Clinical decisions, including the decision to undergo surgery 
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and choice of operative technique (open or laparoscopic), were 
based on the discretion of the attending consultant surgeons. The 
surgical procedures were performed by the consultant surgeons or 
under their supervision. 

All patients were followed up to 30 days postoperatively or to 
death. 

Statistical Analyses 
The primary outcome was 30-day mortality. We grouped the pa-
tients based on the development of mortality (non-survivors and 
survivors). 

We performed statistical analyses using SPSS version 15.0 
(SPSS Inc., Chicago, IL, USA). Continuous variables with or 
without normal distribution are presented as mean ± standard de-
viation and median with interquartile range (IQR, 25% to 75%). 
Categorical variables are presented as frequencies with percentag-
es. We applied the Kolmogorov-Smirnov test to check the nor-
mality of the numerical variables. We used the independent sam-
ples t-test to compare two independent groups with normally dis-
tributed variables and the Mann-Whitney U test for non-normally 
distributed variables. We applied Pearson chi-square and Fisher 
exact tests in 2 × 2 tables to compare the differences in categorical 
variables. 

Multivariate logistic regression analyses were performed to an-
alyze the factors affecting the development of mortality. Statisti-
cally significant factors in the univariate analyses were included 
in the multivariate analysis. Statistical significance was set at 
p < 0.05.  

RESULTS 

Table 2 presents the details of the patients’ demographic and clini-
cal characteristics. The median age of the 150 patients was 74 
years. Of these, 124 patients (82.7%) survived to discharge (survi-
vors), while 26 patients (17.3%) died (non-survivors) within a 
median length of 3 days (IQR, 2–6). 

The numbers of female and male patients were similar (71 vs. 
79). The mean BMI of the study group was 26.7 ± 4.2 kg/m2. 
Most of the patients were classified as ASA III (n = 62; 41.3%), fol-
lowed by ASA II (n = 46; 30.7%). Most patients (90%) had at least 
one type of comorbid disease. Hypertension and DM were the 
two most common coexisting diseases in the study group. Frailty 
was not observed in 126 patients (84.0%), 19 patients (12.7%) 
were pre-frail, and five (3.3%) were frail. Seventeen patients 
(11.3%) experienced septic shock. Table 3 summarizes the labora-
tory findings of the study groups. 

Gastrointestinal perforation was the most common diagnosis in 
the study group. Forty-four patients (29.3%) had perforation, fol-
lowed by intestinal obstruction in 30 patients (20.0%). The other 
diagnoses are listed in Table 4. Intestinal resection with ostomy 
formation and anastomosis was the most frequently performed 
surgical procedure in 31 (20.7%) and 22 (14.7%) patients, respec-
tively. The distribution of operations is presented in Table 5. 

A total of 26 deaths occurred within postoperative 30 days 
(non-survivors), corresponding to a mortality rate of 17.3%. The 
median age of the non-survivors was significantly higher than that 
of the survivors (p < 0.001). The rate of patients aged 75 years or 
more was significantly higher among the non-survivors than in the 
survivors (80.8% vs. 41.9%) (p < 0.001). We observed significant-
ly higher mortality rates in obese older patients with higher ASA 
grades (Table 3). Hypertension and CAD were more common in 
non-surviving patients (p = 0.040 and p = 0.003, respectively). The 
absence of frailty was more frequently observed in the surviving 
patients than in non-surviving patients (91.1% vs. 50%; p < 0.001). 
All patients with frailty (n = 5) were non-survivors, whereas no pa-
tient in the survivor group was categorized as frail. Grouping based 
on frailty (frail and pre-frail) and the abscence of frailty revealed a 
significant difference in mortality rates (54.2% vs. 10.3%; p<0.001). 
In non-survivors, the incidence of septic shock was higher than that 
in survivors (p < 0.001). 

Patients with frailty (frail and pre-frail) were likely to be older 
(p < 0.001); have higher ASA grades (p < 0.001); and have higher 
incidences of hypertension (p = 0.001), DM (p = 0.046), and sep-
tic shock (p = 0.001). Other demographic and clinical variables 
were not significantly associated with frailty (p > 0.05). 

We observed significant differences in laboratory parameters be-

Table 1. Modified Frailty Index-11 (mFI-11)

Comorbidities and/or deficits
 Diabetes mellitus
 Congestive cardiac failure
 Hypertension requiring medication
 History of either transient ischemic attack or cerebrovascular accident
 A functional status that is non-independent
 History of myocardial infarction
 History of peripheral vascular disease or rest pain
 History of a cerebrovascular accident with neurological deficit
 History of either chronic obstructive pulmonary disease or pneumonia
 History of either prior percutaneous coronary intervention, previous coro-

nary surgery, or history of angina
 History of impaired sensorium
Frailty status (total score)
 > 3, frail
 1–2, pre-frail
 0, absence of frailty
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Table 2. Demographic and clinical characteristics of the study groups (n=150)

Variable Overall (n = 150) Non-survivors (n = 26) Survivors (n = 124) p-value
Age (y) 74 (69–79) 81 (76–85) 73 (69–77) < 0.001
 65–74 77 (51.3) 5 (19.2) 72 (58.1) < 0.001
 ≥ 75 73 (48.7) 21 (80.8) 52 (41.9)
Sex 1.0
 Female 71 (47.3) 12 (46.2) 59 (47.6)
 Male 79 (52.7) 14 (53.8) 65 (52.4)
BMI (kg/m2) 26.1 (23.8–29) 27.5 (25.7–31.6) 25.9 (23.7–28.6) 0.025
ASA grade < 0.001
 1 10 (6.7) 0 (0) 10 (8.1)
 2 46 (30.7) 1 (3.8) 45 (36.3)
 3 62 (41.3) 2 (7.7) 60 (48.4)
 4 26 (17.3) 17 (65.4) 9 (7.3)
 5 6 (4.0) 6 (23.1) 0 (0)
Comorbidity 0.470
 Present 135 (90) 25 (96.2) 110 (88.7)
 Absent 15 (10) 1 (3.8) 14 (11.3)
Types of comorbidity
 Hypertension 103 (68.7) 22(84.6) 81 (65.3) 0.040
 DM 61 (40.7) 13 (50) 48 (38.7) 0.198
 CAD 25 (16.7) 10 (38.5) 15 (12.1) 0.003
 COPD 16 (10.7) 1 (3.8) 15 (12.1) 0.191
 CRF 14 (9.3) 4 (15.4) 10 (8.1) 0.206
Frailty < 0.001
 Absence of frailty 126 (84.0) 13 (50) 113 (91.1)
 Pre-frail 19 (12.7) 8 (30.8) 11 (8.9)
 Frail 5 (3.3) 5 (19.2) 0 (0)
Septic shock < 0.001
 Present 17 (11.3) 12 (46.2) 5 (4.0)
 Absent 133 (88.7) 14 (53.8) 119 (96.0)
SBP (mmHg) 140 (120–160) 135 (90–150) 145 (120–160) 0.075

Values are presented as median (interquartile range) or number (%).
BMI, body mass index; ASA, American Society of Anesthesiologists; DM, diabetes mellitus; CAD, coronary artery disease; COPD, chronic obstructive pulmo-
nary disease; CRF, chronic renal failure; SBP; systolic blood pressure.

Table 3. Laboratory features of the study groups (n=150)

Variable Overall (n = 150) Non-survivors (n = 26) Survivors (n = 124) p-value
Hemoglobin (g/dL) 12.4 (10.5–13.5) 12.1 (8.4–13.2) 12.4 (11.1–13.5) 0.075
WBC ( × 109/L) 11.1 (7.3–14.5) 16.0 (10.5–18.7) 10.4 (7.2–13.5) 0.003
Glucose (mg/dL) 109 (89–139.3) 120 (100–190) 101 (88–134) 0.013
Creatinine (mg/dL) 1.4 (1–3.1) 3.6 (1.9–4.4) 1.3 (1.0–1.75) < 0.001
Sodium (mEq/L) 138.8 ± 4.6 138.0 ± 5.3 139.0 ± 4.5 0.444
Albumin (g/dL) 3.9 (2.9–4.9) 2.35 (2–3.4) 4.15 (3.3–4.95) < 0.001
CRP (mg/dL) 52.0 (18.8–123.6) 183.5 (114–245) 39 (13.8–80.5) < 0.001
NLR 4.5 (3.0–7.7) 9.65 (6.5–11.9) 3.8 (2.9–5.9) < 0.001

Values are presented as mean±standard deviation or median (interquartile range).
WBC, white blood cell; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio.
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tween the two groups (Table 3). Lower albumin values were signifi-
cantly associated with the development of mortality (p < 0.001). 
Non-survivors had significantly higher white blood cell (WBC) 
counts and glucose, creatinine, and C-reactive protein (CRP) val-
ues (p = 0.003, p = 0.013, p < 0.001, and p < 0.001, respectively). 
The median neutrophil-to-lymphocyte ratio (NLR) values dif-
fered significantly between the non-survivor and survivor groups 
(9.65 vs. 4.8; p < 0.001). 

We observed significant associations between the diseases requir-
ing surgical treatment and the development of mortality (p = 0.004) 
(Table 4). Perforation was detected in 61.6% of the non-survivors 
compared to 22.6% of the survivors. No patients with acute chole-
cystitis or appendicitis died. Intestinal obstruction was more fre-
quently observed in survivors (22.6% vs. 7.7%, respectively). The 
disease-related mortality rates for perforation, bleeding (intra-ab-
dominal or gastrointestinal), and mesenteric ischemia were 36.4%, 
28.6%, and 22.2%, respectively. The distribution of the most fre-
quently performed surgical procedures is presented in Table 5. 

The overall morbidity rate was 52%, with a significant difference 

between groups (100% vs. 41.9%, respectively; p < 0.001). The 
median operation times differed significantly between non-survi-
vors and survivors (118 vs. 85 minutes; p = 0.001). Although the 
length of hospital stay was shorter in non-survivors than in the sur-
vivors (p = 0.027), the length of the ICU stay was significantly lon-
ger in non-survivors (p < 0.001).  

Overall, 184 complications occurred in 77 patients (51.3%). In 
other words, 73 patients (48.7%) had no complications. Surgical 
site infection and renal failure were the most common complica-
tions. Cardiac complications were observed only in patients who 
died. The types of complications are detailed in Table 6. 

The univariate regression analysis identified frailty status, shock, 
and ASA grade as significant risk factors for mortality. In the multi-
variate regression analysis, ASA grade was the only independent 
risk factor for mortality (odds ratio = 19.642; 95% confidence in-
terval, 3.886–99.274; p < 0.001) (Table 7). 

DISCUSSION 

The present retrospective study examined the effect of clinical fac-
tors and preoperative frailty on morbidity and mortality following 
emergency abdominal surgery in older patients. We found that 
17.3% of patients died within 30 days of surgery. Older patients 
who were obese and frail with higher ASA grades were the most 
vulnerable to mortality following emergency abdominal surgery. 

Given the increasing incidence of older patients requiring emer-
gency laparotomy, there is an urgent need for a detailed under-
standing of the outcomes after this surgery because of the higher 
risks of mortality.2) Consistent with previous studies,2,10,12,18,19) the 
most significant predictors for mortality in the present study were 
age, ASA grade, frailty status, and presence of septic shock. It was 
not unexpected that these variables were associated with death as 
they represent the degree of preoperative physiological derange-

Table 4. Distribution of diagnoses in the study groups

Diagnoses Overall (n = 150) Non-survivors (n = 26) Survivors (n = 124) p-value
Perforation 44 (29.3) 16 (61.6) 28 (22.6)
Intestinal obstruction 30 (20.0) 2 (7.7) 28 (22.6)
Mesenteric ischemia 18 (12.0) 4 (15.4) 14 (11.3)
Acute cholecystitis 17 (11.3) 0 (0) 17 (13.7) 0.004
Anastomotic problems 12 (8.0) 1 (3.8) 11 (8.9)
Acute appendicitis 8 (5.3) 0 (0) 8 (6.5)
Bleedinga) 7 (4.7) 2 (7.7) 5 (4.0)
Hernia 3 (2.0) 0 (0) 3 (2.4)
Othersb) 11 (7.3) 1 (3.8) 10 (8.1)

Values are presented as number (%).
a)Upper gastrointestinal (n=4), intra-abdominal (n=3); b)diagnostic laparotomy/laparoscopy (n=8), acute pancreatitis/gastrointestinal foreign body/invagination 
in each.

Table 5. Distribution of surgical procedures in the study group

Type of operation n (%)
Intestinal resection with ostomy formation 31 (20.7)
Intestinal resection with anastomosis 22 (14.7)
Cholecystectomy 17 (11.3)
Diagnostic laparoscopy/laparotomy 16 (10.7)
Primary suturing 16 (10.7)
Ostomy formation 15 (10.0)
Adhesiolysis 10 (6.7)
Appendectomy 8 (5.3)
Othersa) 15 (10.0)

a)Diagnostic laparoscopy/laparotomy, drainage, hemostasis, embolectomy, 
splenectomy, necrosectomy, hernia repair, and antrectomy.
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ment. Although there are controversial findings regarding the ef-
fect of advancing age on mortality, the mortality rates in the pres-
ent study were higher in older patients aged ≥ 75 years. Thus, like 
other investigators,2,3,9,10,20) we recommend considering patient age 
in the decision-making process for emergency abdominal surgery 
in older patients. 

The results of multivariate regression analysis in the present 
study identified ASA grade as the only independent risk factor for 
mortality. Although this finding was contrary to those of other 
studies in which the ASA grade was not associated with mortality 
after emergency colectomy,21,22) this may be due to differences in 
population characteristics. Due to the possible reciprocal relation-
ships between aging and morbidity, it is difficult to determine the 
specific effect of each factor on mortality. With increasing age, pa-
tients are more likely to have comorbidities and experience poly-
pharmacy.19,23) Hypertension and CAD were significant risk factors 
for the development of mortality in the present study. Therefore, 
physicians should be aware of the higher risk of adverse events 
leading to mortality in older patients with hypertension and CAD. 

Frailty has been studied as a preoperative risk assessment vari-
able to identify high-risk patients for mortality.3,19,24) Although 
there is no universal definition of frailty, it may be defined as a phe-
notype that includes any combination of unintentional weight loss, 
self-reported exhaustion, grip strength weakness, slow walking 
speed, and low physical activity.4) However, not all frail patients are 
old; thus, frailty can be considered a risk factor independent of 
age.23,24) Different scales or indices have been developed to assess 
frailty.4,6,17,23) Many of these tools evaluate phenotypic measures 
such as physical strength, speed, activity, nutritional status, and fa-
tigue. The main advantage of the mFI-11 is its comorbidity-domi-
nant scoring system.6) Because of the present study’s retrospective 
design and unavailability of data to measure these phenotypic 
measures, we used the mFI-11 to assess frailty status. However, the 
clinical significance of each system has not been proven satisfacto-
rily, and more research is needed to determine the optimum frailty 
assessment tool. 

Previous studies have reported significant associations between 
frailty and several outcomes such as mortality, increased risk of 

Table 6. Distribution of complications in the study groups

Complication Overall (n = 150) Non-survivors (n = 26) Survivors (n = 124)
SSI 45 (24.5) 11 (12.5) 34 (35.4)
ARF 30 (16.3) 11 (12.5) 19 (19.8)
Sepsis 23 (12.5) 20 (22.7) 3 (3.1)
Respiratory 20 (10.9) 4 (4.5) 16 (16.7)
Cardiac 16 (8.7) 16 (18.2) 0
UTI 14 (7.6) 1 (1.1) 13 (13.5)
Bleeding 11 (6.0) 8 (9.1) 3 (3.1)
Evisceration 10 (5.4) 8 (9.1) 2 (2.1)
Anastomotic leakage 8 (4.3) 4 (4.5) 4 (4.2)
Stoma related 7 (3.8) 5 (5.7) 2 (2.1)
Total 184 88 96

Values are presented as number (%).
SSI, surgical site infections; ARF, acute renal failure; UTI, urinary tract infection.

Table 7. Results of univariate and multivariate logistic regression analyses for mortality

Variable
Univariate Multivariate

OR
95% CI

p-value OR
95% CI

p-value
Lower Upper Lower Upper

Age ( ≥ 75 vs. 65–74 y) 0.005 –0.098 0.105 0.943 0.772 0.115 5.193 0.790
BMI 0.080 –0.004 0.018 0.198 1.157 0.950 1.409 0.148
Hypertension (yes vs. no) –0.038 –0.132 0.071 0.553 0.711 0.134 3.773 0.689
CAD (yes vs. no) 0.102 –0.021 0.229 0.101 3.400 0.723 15.976 0.121
Frailty (yes vs. no) 0.158 0.022 0.305 0.024 1.806 0.340 9.589 0.487
Septic shock (yes vs. no) 0.268 0.165 0.475 < 0.001 4.040 0.499 32.723 0.191
ASA grade 0.415 0.110 0.227 < 0.001 19.642 3.886 99.274 < 0.001

BMI, body mass index; CAD, coronary artery disease; ASA, American Society of Anesthesiologists; OR, odds ratio; CI, confidence interval.
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complications, and length of hospital stay in older patients under-
going emergency laparotomy.3,17,18) Frailty is also considered an in-
dependent risk factor for readmissions and post-discharge deaths. 
In the present study, frailty was also a significant risk factor for in-
patient mortality during the postoperative 30 days. This result may 
be due to the use of the mFl-11 scale, which is a comorbidity-dom-
inant scoring system.6) The results of the present study showed 
that higher ASA grades were significantly associated with mortali-
ty. Additionally, hypertension and CAD were predictive factors for 
mortality. Therefore, both the number and severity of comorbid 
diseases associated with frailty were crucial variables for the devel-
opment of mortality in this patient group. 

Multi-dimensional phenotypic manifestations of frailty, such as 
physical strength, walking speed, activity, nutritional status, and fa-
tigue, could be better indicators of the physiological reserve. How-
ever, owing to the retrospective design of the present study, it was 
not possible to collect such data. The most common indication for 
surgical treatment in the present study was gastrointestinal perfo-
ration. Various etiological causes have been attributed to gastroin-
testinal perforation in different study populations, such as bowel 
obstruction secondary to cancer or adhesions.19) Although the 
mortality rates vary based on the diagnoses, peritonitis is generally 
regarded as the most severe intra-abdominal pathology associated 
with high mortality rates.19) However, we did not evaluate peritoni-
tis as a separate diagnostic category in this study because there is 
some degree of subjectivity in grading peritonitis and the condi-
tion can result from various etiologies, such as perforation and 
ischemia. 

The major limitation of the present study was that it assessed 
only 30-day mortality and did not include 90-day mortality. The 
other limitations were the use of data from a single-center, retro-
spective design, lack of standardization for postoperative care pro-
tocols, and relatively small sample size. 

In conclusion, older patients with obesity and frailty with higher 
ASA grades and septic shock had worse survival following emer-
gency abdominal surgery. Early recognition of these high-risk 
groups necessitates dedicated and detailed follow-up after emer-
gency abdominal surgery. 
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Utilization of Digoxin among Hospitalized Older Patients with Heart Failure 
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Background: Digoxin is used to control heart rate in patients with heart failure (HF) and atrial 
fibrillation (AF). However, its use is often limited in older patients, as they are prone to digoxin 
toxicity. This study aimed to determine the prevalence of digoxin use, investigate the factors as-
sociated with digoxin use, and explore the association between digoxin use and clinical outcomes 
in older Thai patients with HF and AF. Methods: This cross-sectional study used data obtained 
from an electronic medical records database. We performed logistic regression analysis to deter-
mine the prevalence of digoxin use at index discharge and the factors associated with its use. The 
Cox proportional hazard model was used to determine the association of all-cause mortality and 
HF rehospitalization with digoxin use. Results: Of the 640 patients assessed, 107 (16.72%) were 
prescribed digoxin before discharge. The factors negatively associated with digoxin use included 
high serum creatinine level (adjusted odds ratio [AOR]=0.38; 95% confidence interval [CI], 0.22–
0.65) and ischemic heart disease (IHD) (AOR=0.52; 95% CI, 0.30–0.88). The factors positively as-
sociated with digoxin use were the use of diuretics (AOR=2.65; 95% CI, 1.60–4.38) and miner-
alocorticoid receptor antagonists (MRAs) (AOR=2.24; 95% CI, 1.18–4.27). We observed no signif-
icant association between digoxin use and clinical outcomes (adjusted hazard ratio=1.00; 95% 
CI, 0.77–1.30). Conclusion: Digoxin use was prevalent among older patients with HF and AF. Pa-
tients with high serum creatinine or IHD were less likely to be prescribed digoxin, whereas those 
using diuretics or MRAs were more likely to be prescribed digoxin. Although digoxin use was not 
uncommon among older patients, it was prescribed with caution among Thai patients hospital-
ized with HF and AF.
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INTRODUCTION 

Atrial fibrillation (AF) typically coexists with heart failure (HF), 
especially in older adults. The coexistence of both conditions at 
the time of discharge from the hospital is frequently reported 
among hospitalized older adults.1,2) The prevalence of AF among 

patients with HF increases with age.1,3) A report on older Thai pa-
tients (mean age, 64 ± 14 years) hospitalized for acute HF revealed 
that 24.1% had a history of AF.4) Additionally, combined HF and 
AF occurred in 20.8% of patients aged ≥ 65 years.5) The coexis-
tence of both conditions in older adults was not only associated 
with increased adverse outcomes such as mortality, hospitalization, 
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and healthcare costs4,5) but also necessitated complicated pharma-
cological therapies.1) 

Digoxin is a therapeutic agent used for the treatment of HF and 
AF. Its use is dependent on the type of HF. HF is classified by ejec-
tion fraction (EF) as HF with reduced EF (HFrEF) (EF < 40%), 
HF with mid-range EF (HFmrEF) (EF 41%–49%), and HF with 
preserved EF (HFpEF) (EF ≥ 50%). In the treatment of HF alone, 
digoxin is recommended as an add-on therapy in symptomatic pa-
tients with HFrEF to reduce HF-related hospitalization but is not 
recommended for use in patients with HFmrEF and HFpEF due 
to a lack of clinical benefit.6-8) However, digoxin still plays an im-
portant role in AF therapy in patients with HF. In the treatment of 
AF in these patients, the three common therapeutic agents recom-
mended for heart rate control are beta-blockers (BBs), non-dihy-
dropyridine calcium channel blockers (non-DHP CCBs), and di-
goxin.9-11) While any of these three options can be used in patients 
with HFmrEF and HFpEF, non-DHP CCBs are contraindicated in 
patients with HFrEF.9,11) Although BBs and non-DHP CCBs are 
considered first-line therapy, their synergistic negative inotropic ef-
fect on the heart is a significant clinical concern for older adults, 
who are vulnerable to this effect. Avoidance of non-DHP CCBs is 
also recommended for patients with severe HF.12) Thus, digoxin has 
become an alternative treatment choice for older patients with both 
HF and AF, resulting in its broad prescription in clinical practice. 

The prevalence of digoxin use in previous studies varied depend-
ing on the study population. Digoxin was more likely to be pre-
scribed to patients with HF and AF than to patients with HF alone. 
For example, prevalence rates of 20.84%13) and 11.0%14) were re-
ported in patients with HF with and without AF, respectively. This 
is because digoxin is used as an add-on therapy in HFrEF but is 
used as mainstream therapy in AF. Nevertheless, digoxin use is not 
considered to be highly prevalent in patients with both conditions. 
Advanced age and renal function are important factors that limit the 
use of digoxin in clinical practice because they are associated with 
an increased risk of digoxin toxicity that is common among older 
patients and patients with impaired renal function. 

Among clinical outcomes, a randomized trial demonstrated the 
relationship between digoxin treatment and decreased risk of re-
hospitalization in HFrEF patients without concurrent AF15) and 
that the relationship was not age-dependent.16) However, the clini-
cal benefits of digoxin for older adults with both HF and AF re-
main controversial. Both post-hoc analyses of randomized con-
trolled trials (RCTs)17-19) and well-designed observational stud-
ies13,20-25) have reported conflicting evidence on the risk-benefit 
profile of digoxin. Some studies observed an association of digoxin 
and increased risk of mortality in AF patients with or without 
HF.17-20) Conversely, several other studies did not report such find-

ings.13,21-25) Recently, studies in Asians have evaluated the safety 
and benefits of digoxin use in older patients.26,27) A study in Taiwan 
showed that digoxin use was related to increased ischemic stroke 
and mortality in AF patients without HF but not in those with 
HF.26) Another study in China found that digoxin use was related 
to an increased likelihood of mortality and rehospitalization in 
HFrEF patients with or without AF.27) These results varied accord-
ing to differences in the prevalence of digoxin use and outcomes in 
each clinical setting. 

In Thailand, the national HF guidelines suggest the use of digox-
in as a therapeutic agent for heart rate control in patients with HF 
and coexisting AF.9) However, the prescribing rate, contributing 
factors, and clinical outcomes of digoxin use in older adults with 
both conditions have not been reported. Thus, the primary objec-
tive of the present study was to determine the prevalence and iden-
tify factors associated with digoxin use. The secondary objective 
was to explore the association between digoxin treatment and clin-
ical outcomes.  

MATERIALS AND METHODS  

Study Design and Settings 
This cross-sectional study included data on patients diagnosed 
with both HF and AF, which were obtained from the electronic 
medical records (EMR) database of a tertiary care teaching urban 
hospital (a 1,100-bed public hospital) in Phitsanulok Province. 
The study hospital is an academic referral center for the lower 
northern region of Thailand. The EMR database included patient 
demographics, clinical characteristics, and medication informa-
tion. At the time of the study, well-trained hospital staff entered pa-
tient information into the EMR database. 

The research protocol was approved by the Research Ethics 
Committee of Buddhachinaraj Hospital (IRB No. 067/63, Ap-
proval data: March 26, 2020) before retrieval of patient data. 

Subjects 
The analysis included patients aged ≥ 60 years (based on a defini-
tion of “older adult” of 60 years)28) and diagnosed with HF and AF 
who were hospitalized for HF for the first time between January 
2014 and December 2018 (defined as the patient’s index hospital-
ization). Patients were identified as having HF and AF using the 
following International Statistical Classification of Disease and Re-
lated Health Problems 10th Revision (ICD-10) codes: I50.0, 
I50.1, or I50.9 (for HF) and I48.0 (for AF). Patients with serum 
creatinine concentrations > 3 mg/dL or serum potassium concen-
trations < 3.2 or > 5.5 mEq/L were excluded from the analysis. 

Among the eligible patients discharged alive, those who were 
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prescribed oral digoxin at index predischarge were assigned to the 
exposed group (i.e., patients treated with digoxin). The remaining 
patients were assigned to the unexposed group (i.e., patients not 
treated with digoxin). The patients in the unexposed group were 
examined for digoxin prescription post-discharge to ensure that 
none were exposed to digoxin during the follow-up period. Both 
patient groups were followed up until December 10, 2020, for clin-
ical outcome measurement. 

Data Collection 
All study factors and outcomes were obtained from the EMR data-
base. The study factors were categorized as patient demographics, 
including sex and age (calculated on the index date of admission); 
clinical characteristics, including echocardiogram results, last labo-
ratory findings, length of stay (LOS); cardiovascular (CV) comor-
bidities and comorbidity score calculated using the Charlson Co-
morbidity Index (CCI);29,30) and discharge medication lists. Data 
on disease severity (e.g., New York Heart Association [NYHA] 
classification or brain natriuretic peptide [BNP] level) were not 
routinely recorded in the EMR database. As one study suggested 
that LOS, which might indicate HF severity or complex condi-
tions, was a positive predictor of rehospitalization,31) we used this 
factor to determine HF severity in this study. All medications used 
for the treatment of AF and HF were identified using the drug 
codes of the study hospital. 

Definitions of Clinical Outcomes 
The primary outcome was a composite outcome of all-cause mor-
tality and HF rehospitalization occurring after the index discharge. 
The primary discharge diagnosis, which was defined based on 
ICD-10 codes related to HF diagnoses (I50.0, I50.1, or I50.9), was 
used to identify HF rehospitalization. The cause of death, which 
was recorded in the database, was used to identify in-hospital 
deaths from any cause. The secondary outcomes were all-cause 
mortality and HF rehospitalization. Digoxin toxicity was identified 
according to ICD-10 code T46.0.  

Statistical Analysis  
Continuous variables with normal distribution were presented as 
mean ± standard deviation, and independent sample t-tests were 
used for comparisons between patient groups. Continuous vari-
ables with non-normal distribution were presented as median and 
interquartile range (IQR), and Mann-Whitney U tests were used 
for between-group comparisons. Categorical variables were pre-
sented as frequencies and percentages, and either the chi-square 
test or Fisher exact test was used for between-group comparisons, 
as appropriate. 

The prevalence of digoxin use was calculated by dividing the 
number of patients who were prescribed digoxin by the total num-
ber of patients and presented as a percentage (%). To determine 
the factors affecting digoxin prescription, we performed univari-
able and multivariable binary logistic regression analyses and cal-
culated crude odds ratios (ORs), adjusted ORs, and 95% confi-
dence intervals (CIs). In univariate analysis, we selected factors 
with p < 0.1 for multicollinearity tests. In the multicollinearity tests, 
in which independent variables in a binary logistic regression mod-
el are highly correlated, we excluded factors with a variance infla-
tion factor (VIF) > 10.32) In the multivariate analysis, we applied 
the backward elimination method, in which the least significant 
variable was discarded at each step until all remaining variables in 
the model reached a significance level of ≤ 0.05. 

We also assessed clinical outcomes, including all-cause mortality 
and rehospitalization due to HF, and calculated hazard ratios (HRs) 
using the Cox proportional hazards model between patients treated 
and not treated with digoxin. The cohorts were adjusted using the 
most frequently reported factors associated with all-cause mortality 
and rehospitalization due to HF, including sex, age, comorbidity 
score, and LOS. All analyses were conducted using Stata release 
14.0 (Stata Corporation, College Station, TX, USA). Statistical 
significance was set at p < 0.05. All p-values were two-tailed. 

RESULTS 

Patient Characteristics 
From the EMR database, we included a total of 640 older adults 
with HF and AF (Fig. 1). Characteristics of the total patient group, 

Patients aged ≥60 years with HF and AF (n=714)

Eligible patients with HF and AF were included (n=640)

Patients prescribed digoxin  
(n=107)

Patients NOT prescribed digoxin 
(n=533)

2,225 HF patients without 
AF were excluded

43 patients with serum 
creatinine >3 mg/dL

31 patients with serum 
potassium <3.2 or >5.5 
mEq/L were excluded

Fig. 1. Flowchart showing the process of data retrieval. HF, heart fail-
ure; EMR, electronic medical records; AF, atrial fibrillation.

Patients aged ≥60 years with first HF hospitalization in 2014–2018 retrieved 
from the EMR (n=2,939)

www.e-agmr.org

262 Noppaket Singkham et al.



Table 1. Characteristics of all patients with heart failure and atrial fibrillation

Characteristic Total patients (n =  640) Patients treated with digoxin (n =  107) Patients not treated with digoxin (n =  533) p-value
Demographics
 Sex, male 284 (44.38) 42 (39.25) 242 (45.40) 0.243
 Age (y) 74.42 ± 8.23 72.94 ± 7.75 74.71 ± 8.33 0.044
  ≥ 80 193 (30.16) 24 (22.43) 169 (31.71) 0.058
Clinical characteristics
 EFa) (%) 53.97 ± 18.84 51.44 ± 18.15 54.54 ± 18.98 0.271
 HF with EF 0.666
  HFrEF (EF < 40%) 84 (28.09) 17 (30.91) 67 (27.46)
  HFmrEF (EF 40%–49%) 31 (10.37) 4 (7.27) 27 (11.07)
  HFpEF (EF ≥ 50%) 184 (61.54) 34 (61.82) 150 (61.48)
 Serum sodium (mmol/L) 138.28 ± 4.58 137.83 ± 4.79 138.37 ± 4.53 0.266
 Serum potassium (mmol/L) 3.90 ± 0.42 3.89 ± 0.40 3.90 ± 0.42 0.920
 Serum creatinine (mg/dL) 1.25 ± 0.50 1.08 ± 0.36 1.28 ± 0.52 < 0.001
 eGFR (mL/min) 56.19 ± 22.54 62.76 ± 19.67 54.87 ± 22.86 0.001
 LOS (day) 6 (3–10) 5 (4–9) 6 (3–10) 0.532
  > 5 331 (51.72) 53 (49.53) 278 (52.16) 0.620
Cardiovascular comorbidities
 Hypertension 278 (43.44) 41 (38.32) 237 (44.47) 0.242
 Dyslipidemia 198 (30.94) 27 (25.23) 171 (32.08) 0.163
 Ischemic heart disease 189 (29.53) 21 (19.63) 168 (31.52) 0.015
 Diabetes mellitus 157 (24.53) 24 (22.43) 133 (24.95) 0.580
 Chronic kidney disease 50 (7.81) 5 (4.67) 45 (8.44) 0.192
 Stroke 12 (1.88) 1 (0.93) 11 (2.06) 0.444
 Comorbidity score ≥ 2 350 (54.69) 53 (49.53) 297 (55.72) 0.015
 Comorbidity score 2 (1–2) 1 (1–2) 2 (1–2) 0.241
HF medications
 OACs 598 (93.44) 107 (100.00) 491 (92.12) 0.003
 Diuretics 391 (61.09) 83 (77.57) 308 (57.79) < 0.001
 BBs 287 (44.84) 43 (40.19) 244 (45.78) 0.289
 ACEIs 172 (26.88) 37 (34.58) 135 (25.33) 0.050
 ARBs 62 (9.69) 14 (13.08) 48 (9.01) 0.196
 MRAs 51 (7.97) 18 (16.82) 33 (6.19) < 0.001
 Nitrates 50 (7.81) 7 (6.54) 43 (8.07) 0.592
 DHP CCBs 41 (6.41) 4 (3.74) 37 (6.94) 0.224
 Hydralazine 30 (4.69) 2 (1.87) 28 (5.25) 0.149
 Non-DHP CCBs 18 (2.81) 5 (4.67) 13 (2.44) 0.210

Values are presented as number (%) or mean ± standard deviation or median (interquartile range).
HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection frac-
tion; eGFR, estimated glomerular filtration rate; LOS, length of stay; OACs, oral anticoagulants; BBs, beta-blockers; ACEIs, angiotensin-converting enzyme 
inhibitors; ARBs, angiotensin II receptor blockers; CCBs, calcium channel blockers; MRAs, mineralocorticoid receptor antagonists.
a)Data were available for 55 and 244 patients with and without digoxin, respectively.

patients treated with digoxin, and those not treated with digoxin 
are shown in Table 1. Overall, the average age of the patients was 
74.42 ± 8.23 years and they were mostly female (55.62%). Among 
patients with EF (46.72%), almost three-fourths had an EF 
≥ 40%. The mean serum potassium and serum creatinine concen-
trations were 3.9 ± 0.42 mmol/L and 1.25 ± 0.50 mmol/L, respec-

tively. 
The most frequently reported cardiovascular comorbidity was 

hypertension, followed by dyslipidemia and ischemic heart disease 
(IHD). Almost all patients (93.44%) were treated with oral anti-
coagulants (OACs), and BBs were the primary agents used to 
control heart rate. Among HF medications, 44.84%, 36.57%, and 
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7.97% of the patients were receiving BBs, angiotensin-converting 
enzyme inhibitors (ACEIs) or angiotensin II receptor blockers 
(ARBs), and mineralocorticoid receptor antagonists (MRAs), re-
spectively. 

Prevalence and Associated Factors of Digoxin Use 
Our review of the index discharge medication lists of all study pa-
tients showed that 107 patients (16.72%) were prescribed oral di-
goxin at the index hospital discharge. The prevalence rate of digox-
in use in patients with EF < 40%, with EF ≥ 40%, and with no EF 
were 20.24%, 17.67%, and 15.25%, respectively. Among patients 
treated with digoxin, most (90.65%) received oral digoxin at a dai-
ly dose of 0.125 mg, and only a few received a daily dose of 0.0625 
mg and 0.250 mg (4.67% each). 

The results of univariate and multivariate analyses are shown in 
Table 2. In the univariate analysis, the factors negatively associated 
with digoxin use included older age (crude OR = 0.97; 95% CI, 
0.95–0.99), higher serum creatinine (crude OR = 0.37; 95% CI, 
0.22–0.62), IHD (crude OR = 0.53; 95% CI 0.32–0.88), and high-
er CCI (crude OR = 0.74; 95% CI, 0.59–0.95). The factors posi-
tively associated with digoxin use were higher estimated glomeru-
lar filtration rate (eGFR) (crude OR = 1.02; 95% CI, 1.01–1.03), 
use of diuretics (crude OR = 2.53; 95% CI, 1.55–4.11), and use of 
MRAs (crude OR = 3.06; 95% CI, 1.65–5.68). 

In the multivariate analysis, the factors negatively associated 
with digoxin use included higher serum creatinine (adjusted 
OR = 0.38; 95% CI, 0.22–0.65) and IHD (adjusted OR = 0.52; 
95% CI, 0.30–0.88). The two medication classes positively associ-
ated with digoxin use were diuretics and MRAs (adjusted 
OR = 2.65; 95% CI, 1.60–4.38 and adjusted OR = 2.24; 95% CI, 
1.18–4.27, respectively). 

Relationships between Digoxin Treatment and Clinical 
Outcomes 
The results of the analysis of the associations between digoxin 
treatment and clinical outcomes are shown in Table 3. The study 
outcomes occurred in 413 patients (64.53%) during a median fol-
low-up period of 4.7 (IQR 3.3–5.8) years. In an unadjusted analy-
sis, we observed no statistically significant decrease in the risk of 
the primary outcome among patients treated with digoxin com-
pared to the risk in those who did not receive digoxin (HR = 0.91; 
95% CI, 0.70–1.18). Patients treated with digoxin had a longer 
mean survival time (850 ± 69 vs. 789 ± 30 days; p = 0.414). In ad-
dition, we observed no statistically significant association after ad-
justing for sex, age, comorbidity score, and LOS (adjusted 
HR = 1.00; 95% CI, 0.77–1.30) (Fig. 2). 

Among the secondary outcomes, all-cause mortality and rehospi-
talization due to HF occurred in 372 (58.13%) and 139 (21.72%) 
patients, respectively. In the univariate analysis, we observed no sta-
tistically significant decreases in the risks of all-cause mortality 
(crude HR = 0.91; 95% CI, 0.70–1.83) and rehospitalization due 
to HF (crude HR = 0.99; 95% CI, 0.64–1.53) in patients treated 
with digoxin compared to those in patients who did not receive 
this treatment. After controlling for pre-specified covariates, the as-
sociation remained the same for all-cause mortality (adjusted 
HR = 1.02; 95% CI, 0.77–1.35) and rehospitalization due to HF 
(crude HR = 0.96; 95% CI, 0.62–1.50). 

A subgroup analysis performed according to EF categories 
showed that treatment with digoxin was not significantly associat-
ed with the primary outcome in patients with EF < 40% and in pa-
tients with EF ≥ 40% (adjusted HR = 0.87; 95% CI, 0.43–1.76; 
p = 0.692 and adjusted HR = 1.10; 95% CI, 0.71–1.71; p = 0.669, 
respectively). Similarly, we observed no statistically significant as-
sociation between treatment with digoxin and all-cause mortality 

Table 2. Results of univariable and multivariable analyses for the identification of study factors associated with digoxin treatment

Study factorsa) Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
Age (y) 0.97 (0.95–0.99) 0.044
Age, ≥ 80 y 0.62 (0.38–1.02) 0.058
Serum creatinine (mg/dL) 0.37 (0.22–0.62) < 0.001 0.38 (0.22–0.65) < 0.001b)

eGFR (mL/min) 1.02 (1.01–1.03) 0.001
Ischemic heart disease 0.53 (0.32–0.88) 0.015 0.52 (0.30–0.88) 0.015b)

Comorbidity score 0.74 (0.59–0.95) 0.015
Diuretics 2.53 (1.55–4.11) < 0.001 2.65 (1.60–4.38) < 0.001b)

ACEIs 1.56 (0.99–2.42) 0.050
MRAs 3.06 (1.65–5.68) < 0.001 2.24 (1.18–4.27) 0.014b)

OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; MRAs, mineralocorticoid 
receptor antagonists.
a)Factors with p-value <0.1 were included in the multivariable model.
b)After adjusting for serum creatinine, ischemic heart disease, diuretics, and MRAs in the adjusted model with a mean variance inflation factor of 1.83.
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and HF rehospitalization in patients with EF < 40% and EF ≥ 40% 
(Table 3). 

DISCUSSION 

The safety of digoxin treatment for heart rate control in older pa-
tients with HF and AF has been questioned due to its adverse 
clinical effects, including mortality, hospitalization, and digoxin 
toxicity. Given the safety concerns in this population, direct evi-
dence on digoxin treatment among older Thai patients with both 
conditions is required to understand digoxin use in real-world 
clinical practice. Our results indicated that digoxin use was rela-
tively prevalent. Both positively and negatively associated factors 
contributed to the use of digoxin. However, we observed no sta-

tistically significant association between adverse clinical outcomes 
and digoxin use. 

Despite advances in procedure-based AF therapies, pharmaco-
logical therapy still plays a major role in controlling the heart rate 
in AF treatment. The results of the present study revealed that BBs 
and digoxin were the primary agents for heart rate control in the 
study cohort, with 44.84%, 16.72%, and 6.72% of patients receiv-
ing BBs, digoxin, and a combination of both agents, respectively, 
whereas only 2.81% of patients received non-DHP CCBs (ver-
apamil and diltiazem). According to the AF status in HF guide-
lines, either BBs, digoxin, or a combination can be used in all HF 
types (EF < 40% and ≥ 40%), while non-DHP CCBs should be 
avoided in patients with EF < 40%.9) Less than half of the patients 
(46.72%) in this study had known EF, with 28.09% and 71.91% 
having EF < 40% and EF ≥ 40%, respectively. These data suggest-
ed that BBs and digoxin were safer than non-DHP CCBs for older 
patients with known and unknown EF. Additionally, the combina-
tion of BBs and non-DHP CCBs is inappropriate for older patients 
with EF ≥ 40% because of their negative inotropic effect, which is 
high among these patients.12) This is why digoxin is the second 
choice of therapeutic agent for heart rate control in older patients 
with HF and AF. 

The prevalence of digoxin use in our study was slightly lower 
than that reported previously (16.72% vs. 20.84%).13) Although 
we excluded patients with a contraindication to digoxin use (serum 
creatinine concentration > 3 mg/dL or serum potassium concen-
tration < 3.2 or > 5.5 mEq/L), we identified other factors contrib-
uting to digoxin. Patients with higher serum creatinine concentra-
tion or IHD were less likely to be treated with digoxin, whereas pa-
tients receiving diuretics or MRAs were more likely to be treated 

Table 3. Results of the analysis of associations between digoxin treatment and clinical outcomes

Study outcomes Crude HR (95% CI) p-value Adjusted HRa) (95% CI) p-value
All-cause mortality and HF rehospitalization
 All patients 0.91 (0.70–1.18) 0.484 1.00 (0.77–1.30) 0.997
 EFb) < 40% 0.76 (0.38–1.50) 0.422 0.87 (0.43–1.76) 0.692
 EF ≥ 40% 1.15 (0.75–1.76) 0.521 1.10 (0.71–1.71) 0.669
All-cause mortality
 All patients 0.91 (0.70–1.83) 0.507 1.02 (0.77–1.35) 0.874
 EF < 40% 0.79 (0.39–1.64) 0.533 0.92 (0.43–1.94) 0.822
 EF ≥ 40% 1.06 (0.67–1.68) 0.813 1.09 (0.68–1.74) 0.730
HF rehospitalization
 All patients 0.99 (0.64–1.53) 0.963 0.96 (0.62–1.50) 0.872
 EF < 40% 0.95 (0.35–2.57) 0.924 0.99 (0.35–2.74) 0.979
 EF ≥ 40% 1.04 (0.48–2.23) 0.923 0.82 (0.38–1.80) 0.628
HR, hazard ratio; CI, confidence interval; HF, heart failure; EF, ejection fraction.
a)When controlling for sex, age, comorbidity score, and length of stay.
b)EF data were available for 84 and 215 patients with EF <40% and ≥40%, respectively.

Digoxin aHR=1.00; 95% CI, 0.77-1.30; p=0.997

Non-digoxin

1.00

0.75

0.50

0.25

0.00

Pa
tie

nt
s 

(%
)

Time (y)
0 1 2 3 4 5 6

Number at risk

 Digoxin 533 318 257 172 100 57 21

 Non-digoxin 107 66 57 35 24 14 5

Fig. 2. Kaplan-Meier survival plot of all-cause mortality and heart fail-
ure rehospitalization according to digoxin prescription. aHR, adjusted 
hazard ratio; CI, confidence interval.
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with digoxin. Digoxin might not be considered for patients with 
increasing serum creatinine levels, which indicates worse renal 
function and a susceptibility to digoxin toxicity.33) IHD may deteri-
orate due to the positive inotropic effect of digoxin. In addition, a 
recent study indicated that digoxin therapy was associated with an 
increased risk of all-cause and cardiovascular death in patients with 
ischemic heart failure.34) Two medication classes were positively 
associated with digoxin use, including diuretics and MRAs. Cur-
rent HF guidelines suggest digoxin as an adjunct to medical thera-
py for HFrEF; thus, digoxin may have been additionally prescribed 
in HFrEF patients receiving diuretics or MRAs, indicating per-
sistent symptoms.9-11) In addition to the previously mentioned fac-
tors, the low prevalence of digoxin use may be related to the clini-
cians’ perception of increased mortality risk associated with digox-
in use, as reported in previous studies.17-20)

Among adverse clinical impacts of digoxin use, we observed no 
occurrence of digoxin toxicity in patients treated with digoxin. 
This is because most of the patients in our study were adminis-
tered a daily dose of 0.125 mg, which is the recommended oral di-
goxin dose for older patients with HF.12) We observed no signifi-
cant relationship between digoxin treatment and all-cause mortali-
ty and HF rehospitalization in either unadjusted or adjusted analy-
ses. Our study findings were consistent with those of previous 
studies that reported statistically insignificant results.13,21-25) A ret-
rospective propensity-matched analysis of a randomized trial 
found no evidence of increased mortality or hospitalization in pa-
tients with paroxysmal and persistent AF who received digoxin as 
baseline initial therapy.21) In another observational propensi-
ty-matched study conducted by Singh et al.,13) the authors report-
ed that digoxin initiation was not positively related to mortality 
and HF readmission in hospitalized older patients with HF 
(HFrEF and HFpEF) and AF. Likewise, a previous study using 
data obtained from real clinical settings found no effect of digoxin 
use on mortality in AF patients with HF.23) Although these obser-
vational studies applied several methods for controlling potential 
confounding factors, including propensity matching, multivariable 
adjustment, and stratified analysis, they did not consider disease 
severity or other issues related to clinical outcomes, which is an 
important limitation. Nevertheless, recent data from systematic re-
views and meta-analyses support the continued use of digoxin as a 
heart rate control treatment for older patients.35) 

In clinical practice in Thailand, the decision to prescribe digoxin 
depends on the patient’s characteristics as well as the physician’s 
experience. Despite the lack of statistical significance, patients 
treated with oral digoxin were likely to have a longer survival time 
compared to those who did receive digoxin. The current AF guide-
lines recommend digoxin as a second-line therapeutic agent for 

heart rate control.9,11) Our findings extend the knowledge that oral 
digoxin treatment for older patients with both HF and AF is safe 
when used at a proper dose ( ≤ 0.125 mg/day). 

This study has some limitations. First, this was a single-center 
study of a limited number of patients. Therefore, these findings 
cannot be generalized to other hospitals as the patient characteris-
tics and prescribing patterns might vary. Although we tried to in-
clude all eligible patients, our sample size was adequate only for the 
primary objective and not the secondary objective. Second, we 
lacked data on HF severity (e.g., NYHA or BNP) and clinical sta-
tus (e.g., heart rate, systolic blood pressure, diastolic blood pres-
sure), which are potential factors associated with both digoxin pre-
scription and clinical outcomes. Third, unlike RCTs, this observa-
tional study could not entirely explain the causal relationship be-
cause digoxin treatment was not randomly assigned to the patients. 
Although we adjusted for the difference in baseline characteristics 
between the two groups, the associations may also be affected by 
other residual confounding factors. Finally, we could not assess the 
association of clinical outcomes with the serum level of digoxin 
due to a lack of data on digoxin levels. Nevertheless, no patient was 
diagnosed with T46.0 (defined as digoxin toxicity) during the fol-
low-up period.  

In conclusion, the use of digoxin in clinical practice was not un-
common among older Thai patients with HF and AF. The factors 
negatively associated with digoxin use included higher serum cre-
atinine level and IHD, whereas the positively associated factors 
included the use of diuretics or mineralocorticoid receptor antag-
onists. We observed no significant association between digoxin 
use and the risk of all-cause mortality and rehospitalization due  
to HF. 

ACKNOWLEDGEMENTS 

The authors wish to thank all hospital staff for their support. 

CONFLICT OF INTEREST 
The researchers claim no conflicts of interest. 

FUNDING 
This study was supported by the School of Pharmaceutical Scienc-
es, University of Phayao (No. PHAR 002/2020) and the Universi-
ty of Phayao (No. FF64-UoE018), Phayao, Thailand. 

AUTHOR CONTRIBUTION 
Conceptualization, NS; Data curation, YW, DP, SP, CS; Formal 
analysis, NS, YW; Investigation, DP, SP, CS; Methodology, NS, 
YW; Visualization, NS, YW; Project administration, NS; Supervi-

www.e-agmr.org

266 Noppaket Singkham et al.



sion, NS; Writing–original draft, NS; Writing–review & editing, 
NS, YW. 

REFERENCES 

1. Kazemian P, Oudit G, Jugdutt BI. Atrial fibrillation and heart 
failure in the elderly. Heart Fail Rev 2012;17:597-613. 

2. Santhanakrishnan R, Wang N, Larson MG, Magnani JW, Mc-
Manus DD, Lubitz SA, et al. Atrial fibrillation begets heart failure 
and vice versa: temporal associations and differences in pre-
served versus reduced ejection fraction. Circulation 2016;133: 
484-92. 

3. Karnik AA, Gopal DM, Ko D, Benjamin EJ, Helm RH. Epide-
miology of atrial fibrillation and heart failure: a growing and im-
portant problem. Cardiol Clin 2019;37:119-29. 

4. Laothavorn P, Hengrussamee K, Kanjanavanit R, Moleererg-
poom W, Laorakpongse D, Pachirat O, et al. Thai acute decom-
pensated heart failure registry (Thai ADHERE). CVD Prev 
Control 2010;5:89-95. 

5. Phrommintikul A, Detnuntarat P, Prasertwitayakij N, Wongc-
haroen W. Prevalence of atrial fibrillation in Thai elderly. J Geri-
atr Cardiol 2016;13:270-3. 

6. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, 
Bohm M, et al. 2021 ESC Guidelines for the diagnosis and treat-
ment of acute and chronic heart failure. Eur Heart J 2021;42: 
3599-726. 

7. Buakhamsri A, Chirakarnjanakorn S, Sanguanwong S, Porapak-
kham P, Kanjanavanich R. Heart Failure Council of Thailand 
(HFCT) 2019 heart failure guideline: pharmacologic treatment 
of chronic heart failure-part I. J Med Assoc Thai 2019;102:240-
4. 

8. Yingchoncharoen T, Kanjanavanich R. Heart Failure Council of 
Thailand (HFCT) 2019 heart failure guideline: pharmacologic 
treatment of chronic heart failure-part II. J Med Assoc Thai 
2019;102:368-72. 

9. Chantrarat T, Kunjara Na Ayudhya R, Phrominthikul A, Ari-
yachaipanich A, Krittayaphong R. Heart Failure Council of 
Thailand (HFCT) 2019 heart failure guideline: atrial fibrillation 
in heart failure guidelines. J Med Assoc Thai 2019;102:513-7.  

10. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats 
AJ, et al. 2016 ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure: the Task Force for the diagnosis 
and treatment of acute and chronic heart failure of the European 
Society of Cardiology (ESC)Developed with the special contri-
bution of the Heart Failure Association (HFA) of the ESC. Eur 
Heart J 2016;37:2129-200. 

11. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blom-

strom-Lundqvist C, et al. 2020 ESC Guidelines for the diagnosis 
and management of atrial fibrillation developed in collaboration 
with the European Association for Cardio-Thoracic Surgery 
(EACTS): the Task Force for the diagnosis and management of 
atrial fibrillation of the European Society of Cardiology (ESC) 
Developed with the special contribution of the European Heart 
Rhythm Association (EHRA) of the ESC. Eur Heart J 2021;42: 
373-498. 

12. O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan C, 
Gallagher P. STOPP/START criteria for potentially inappropri-
ate prescribing in older people: version 2. Age Ageing 2015; 
44:213-8. 

13. Singh S, Moore H, Karasik PE, Lam PH, Wopperer S, Arundel C, 
et al. Digoxin initiation and outcomes in patients with heart fail-
ure (HFrEF and HFpEF) and atrial fibrillation. Am J Med 
2020;133:1460-70. 

14. Gao Y, Chang S, Du X, Dong J, Xu X, Zhou Y, et al. Association 
between digoxin use and adverse outcomes among patients in 
the Chinese atrial fibrillation registry. Am J Cardiovasc Drugs 
2019;19:579-87. 

15. Digitalis Investigation Group. The effect of digoxin on mortality 
and morbidity in patients with heart failure. N Engl J Med 
1997;336:525-33. 

16. Rich MW, McSherry F, Williford WO; Yusuf S; Digitalis Investi-
gation Group. Effect of age on mortality, hospitalizations and re-
sponse to digoxin in patients with heart failure: the DIG study. J 
Am Coll Cardiol 2001;38:806-13. 

17. Whitbeck MG, Charnigo RJ, Khairy P, Ziada K, Bailey AL, Ze-
garra MM, et al. Increased mortality among patients taking di-
goxin: analysis from the AFFIRM study. Eur Heart J 2013;34: 
1481-8. 

18. Lopes RD, Rordorf R, De Ferrari GM, Leonardi S, Thomas L, 
Wojdyla DM, et al. Digoxin and mortality in patients with atrial 
fibrillation. J Am Coll Cardiol 2018;71:1063-74. 

19. Elayi CS, Shohoudi A, Moodie E, Etaee F, Guglin M, Roy D, et 
al. Digoxin, mortality, and cardiac hospitalizations in patients 
with atrial fibrillation and heart failure with reduced ejection 
fraction and atrial fibrillation: an AF-CHF analysis. Int J Cardiol 
2020;313:48-54. 

20. Turakhia MP, Santangeli P, Winkelmayer WC, Xu X, Ullal AJ, 
Than CT, et al. Increased mortality associated with digoxin in 
contemporary patients with atrial fibrillation: findings from the 
TREAT-AF study. J Am Coll Cardiol 2014;64:660-8. 

21. Gheorghiade M, Fonarow GC, van Veldhuisen DJ, Cleland JG, 
Butler J, Epstein AE, et al. Lack of evidence of increased mortali-
ty among patients with atrial fibrillation taking digoxin: findings 
from post hoc propensity-matched analysis of the AFFIRM trial. 

Ann Geriatr Med Res 2021;25(4):260-268

267Digoxin Utilization in Hospitalized Older Patients

https://doi.org/10.1007/s10741-011-9290-y
https://doi.org/10.1007/s10741-011-9290-y
https://doi.org/10.1161/circulationaha.115.018614
https://doi.org/10.1161/circulationaha.115.018614
https://doi.org/10.1161/circulationaha.115.018614
https://doi.org/10.1161/circulationaha.115.018614
https://doi.org/10.1016/j.ccl.2019.01.001
https://doi.org/10.1016/j.ccl.2019.01.001
https://doi.org/10.1016/j.ccl.2019.01.001
https://doi.org/10.1016/j.cvdpc.2010.06.001
https://doi.org/10.1016/j.cvdpc.2010.06.001
https://doi.org/10.1016/j.cvdpc.2010.06.001
https://doi.org/10.1016/j.cvdpc.2010.06.001
https://www.ncbi.nlm.nih.gov/pubmed/27103924
https://www.ncbi.nlm.nih.gov/pubmed/27103924
https://www.ncbi.nlm.nih.gov/pubmed/27103924
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1016/j.amjmed.2020.05.030
https://doi.org/10.1016/j.amjmed.2020.05.030
https://doi.org/10.1016/j.amjmed.2020.05.030
https://doi.org/10.1016/j.amjmed.2020.05.030
https://doi.org/10.1007/s40256-019-00350-8
https://doi.org/10.1007/s40256-019-00350-8
https://doi.org/10.1007/s40256-019-00350-8
https://doi.org/10.1007/s40256-019-00350-8
https://doi.org/10.1056/nejm199702203360801
https://doi.org/10.1056/nejm199702203360801
https://doi.org/10.1056/nejm199702203360801
https://doi.org/10.1016/s0735-1097(01)01442-5
https://doi.org/10.1016/s0735-1097(01)01442-5
https://doi.org/10.1016/s0735-1097(01)01442-5
https://doi.org/10.1016/s0735-1097(01)01442-5
https://doi.org/10.1093/eurheartj/ehs348
https://doi.org/10.1093/eurheartj/ehs348
https://doi.org/10.1093/eurheartj/ehs348
https://doi.org/10.1093/eurheartj/ehs348
https://doi.org/10.1016/j.jacc.2017.12.060
https://doi.org/10.1016/j.jacc.2017.12.060
https://doi.org/10.1016/j.jacc.2017.12.060
https://doi.org/10.1016/j.ijcard.2020.04.047
https://doi.org/10.1016/j.ijcard.2020.04.047
https://doi.org/10.1016/j.ijcard.2020.04.047
https://doi.org/10.1016/j.ijcard.2020.04.047
https://doi.org/10.1016/j.jacc.2014.03.060
https://doi.org/10.1016/j.jacc.2014.03.060
https://doi.org/10.1016/j.jacc.2014.03.060
https://doi.org/10.1016/j.jacc.2014.03.060
https://doi.org/10.1093/eurheartj/eht120
https://doi.org/10.1093/eurheartj/eht120
https://doi.org/10.1093/eurheartj/eht120
https://doi.org/10.1093/eurheartj/eht120


Eur Heart J 2013;34:1489-97. 
22. Allen LA, Fonarow GC, Simon DN, Thomas LE, Marzec LN, 

Pokorney SD, et al. Digoxin use and subsequent outcomes 
among patients in a contemporary atrial fibrillation cohort. J Am 
Coll Cardiol 2015;65:2691-8. 

23. Al-Zakwani I, Panduranga P, Zubaid M, Sulaiman K, Rashed 
WA, Alsheikh-Ali AA, et al. Impact of digoxin on mortality in 
patients with atrial fibrillation stratified by heart failure: findings 
from gulf survey of atrial fibrillation events in the middle east. J 
Cardiovasc Pharmacol Ther 2016;21:273-9. 

24. Lam PH, Bhyan P, Arundel C, Dooley DJ, Sheriff HM, Moham-
med SF, et al. Digoxin use and lower risk of 30-day all-cause re-
admission in older patients with heart failure and reduced ejec-
tion fraction receiving β-blockers. Clin Cardiol 2018;41:406-12. 

25. Qamer SZ, Malik A, Bayoumi E, Lam PH, Singh S, Packer M, et 
al. Digoxin use and outcomes in patients with heart failure with 
reduced ejection fraction. Am J Med 2019;132:1311-9. 

26. Chao TF, Liu CJ, Chen SJ, Wang KL, Lin YJ, Chang SL, et al. 
Does digoxin increase the risk of ischemic stroke and mortality 
in atrial fibrillation? A nationwide population-based cohort 
study. Can J Cardiol 2014;30:1190-5. 

27. Zhou J, Cao J, Jin X, Zhou J, Chen Z, Xu D, et al. Digoxin is asso-
ciated with worse outcomes in patients with heart failure with 
reduced ejection fraction. ESC Heart Fail 2020;7:138-46. 

28. Knodel J, Chayovan N. Older persons in Thailand: a demo-
graphic, social and economic profile. Ageing Int 2008;33:3-14. 

29. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new meth-
od of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis 1987;40:373-83. 

30. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, 
et al. Coding algorithms for defining comorbidities in ICD-9-
CM and ICD-10 administrative data. Med Care 2005;43:1130-
9. 

31. Jenghua K, Jedsadayanmata A. Rate and predictors of early read-
mission among Thai patients with heart failure. J Med Assoc 
Thai 2011;94:782-8. 

32. Senaviratna NAMR, A. Cooray TMJ. Diagnosing multicollinear-
ity of logistic regression model. Asian J Probab Stat 2019;5:1–9.

33. Ehle M, Patel C, Giugliano RP. Digoxin: clinical highlights: a re-
view of digoxin and its use in contemporary medicine. Crit 
Pathw Cardiol 2011;10:93-8. 

34. Pandya L, Brown DL. The association of digoxin with mortality 
in ischemic heart failure: a secondary analysis of the STICH trial. 
Eur Heart J 2020;41(Suppl_2):ehaa946-0882. 

35. Ziff OJ, Lane DA, Samra M, Griffith M, Kirchhof P, Lip GY, et al. 
Safety and efficacy of digoxin: systematic review and meta-analy-
sis of observational and controlled trial data. BMJ 2015;351: 
h4451.  

www.e-agmr.org

268 Noppaket Singkham et al.

https://doi.org/10.1016/j.jacc.2015.04.045
https://doi.org/10.1016/j.jacc.2015.04.045
https://doi.org/10.1016/j.jacc.2015.04.045
https://doi.org/10.1016/j.jacc.2015.04.045
https://doi.org/10.1177/1074248415603505
https://doi.org/10.1177/1074248415603505
https://doi.org/10.1177/1074248415603505
https://doi.org/10.1177/1074248415603505
https://doi.org/10.1002/clc.22889
https://doi.org/10.1002/clc.22889
https://doi.org/10.1002/clc.22889
https://doi.org/10.1002/clc.22889
https://doi.org/10.1016/j.amjmed.2019.05.012
https://doi.org/10.1016/j.amjmed.2019.05.012
https://doi.org/10.1016/j.amjmed.2019.05.012
https://doi.org/10.1016/j.cjca.2014.05.009
https://doi.org/10.1016/j.cjca.2014.05.009
https://doi.org/10.1016/j.cjca.2014.05.009
https://doi.org/10.1016/j.cjca.2014.05.009
https://doi.org/10.1002/ehf2.12539
https://doi.org/10.1002/ehf2.12539
https://doi.org/10.1002/ehf2.12539
https://doi.org/10.1007/s12126-009-9025-8
https://doi.org/10.1007/s12126-009-9025-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://www.ncbi.nlm.nih.gov/pubmed/21774283
https://www.ncbi.nlm.nih.gov/pubmed/21774283
https://www.ncbi.nlm.nih.gov/pubmed/21774283
https://doi.org/10.9734/ajpas/2019/v5i230132
https://doi.org/10.9734/ajpas/2019/v5i230132
https://doi.org/10.1097/hpc.0b013e318221e7dd
https://doi.org/10.1097/hpc.0b013e318221e7dd
https://doi.org/10.1097/hpc.0b013e318221e7dd
https://doi.org/10.1093/ehjci/ehaa946.0882
https://doi.org/10.1093/ehjci/ehaa946.0882
https://doi.org/10.1093/ehjci/ehaa946.0882
https://doi.org/10.1136/bmj.h4451
https://doi.org/10.1136/bmj.h4451
https://doi.org/10.1136/bmj.h4451
https://doi.org/10.1136/bmj.h4451


Original Article
pISSN 2508-4798   eISSN 2508-4909

Ann Geriatr Med Res 2021;25(4):269-277
https://doi.org/10.4235/agmr.21.0103

Statin Supply and Polydrug Use in Older Adults: A Focus on Drug 
Combinations that Reduce Bone Density 
JaHyun Ho1,*, Bokyoung Kim2,*, Kue Sook Kim3, Chang-Ho Jihn4, Min-Young Kim5, Dae Ryong Kang6, You Hyun Park7,  
Jihyun Ahn8 
1Division of Hospital Medicine, Korea Cancer Center Hospital, Seoul, Korea
2Department of Nursing, Catholic Kwandong University, Gangneung, Korea
3Health Care Center, Seoul Metropolitan Dongbu Hospital, Seoul, Korea
4Department of Industrial and Management Systems Engineering, Kyung Hee University, Yongin, Korea
5Department of Dental Hygiene, Howon University, Gunsan, Korea
6Center of Biomedical Data Science, Yonsei University Wonju College of Medicine, Wonju, Korea
7Department of Biostatistics, Yonsei University, Seoul, Korea
8Department of Internal Medicine, Korea Medical Institute, Seoul, Korea

Background: We investigated the comorbidities of individuals who were prescribed statins to 
identify the use of bone mineral density (BMD)-reducing drugs, examine polydrug use trends in-
volving these drugs, and explore their relationship with osteoporosis. Methods: We analyzed 
claims data from the Korean National Health Insurance Service (January 2014–December 2018). 
We sampled 20% of 8,379,419 patients aged ≥50 years who were prescribed statins. Among 
them, we analyzed the data of those who were administered two or more prescriptions for 14 
days or longer within 6 months of the initial date of statin prescription. Data on comorbidities 
and drugs that can potentially reduce BMD were obtained. Osteoporosis-related diagnoses were 
obtained as an outcome measure. The relationship between statins and BMD-reducing drugs was 
analyzed using logistic regression. Results: Among the 4,138 statin users aged 50 years or older, 
552 were diagnosed with osteoporosis. The most common comorbidity in statin users was hyper-
tension, followed by ischemic heart disease, diabetes mellitus, and stroke. The most frequently 
administered BMD-reducing drugs were proton pump inhibitors (PPIs). The osteoporosis diagnosis 
rate was higher in patients who were prescribed both statins and PPIs or both statins and 
levothyroxine than in those using only a statin. Conclusion: PPIs and levothyroxine should be 
prescribed cautiously in statin users and bone densitometry should be proactively performed con-
sidering the increased risk of osteoporosis. 
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INTRODUCTION 

The proportion of older adults in South Korea is increasing, in-
cluding that of individuals aged ≥ 75 years who often have com-
plex health problems and show a functional decline. The older 
adult population is predicted to account for more than half of the 
total population by 2038.1) The incidence of “polydrug use” de-

fined as the use of more than one drug or multiple types of drugs 
at the same time or sequentially,2) is rising owing to extended life 
expectancy and the increasing occurrence of complex chronic dis-
eases in the older adult population.3-7) Polydrug use can increase 
the risk of the prescription of potentially inappropriate medica-
tions (PIM) in older adults. A previous study that assessed the rate 
of PIM among Korean older adults observed the prescription of at 
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least one PIM in 80.96% of older patients and that polydrug use 
was a significant risk factor for PIM prescription.8) 

The National Institutes of Health designated osteoporosis as a 
skeletal disorder with an elevated risk of fracture owing to weaken-
ing bone strength.9) The 2008–2011 Korea National Health and 
Nutrition Examination Survey (KNHANES) reported a preva-
lence of osteoporosis among individuals aged 50 years or older of 
22.4%. The prevalence in women (37.3%) is approximately five-
fold higher than that in men (7.5%). Moreover, the incidence of 
osteoporosis increases with age with 68.5% of women aged 70 
years or older experiencing osteoporosis.10) 

Dyslipidemia, a major risk factor for cardiovascular diseases, is a 
chronic disease that requires continuous management in older 
adults. Furthermore, an analysis of the 2002–2018 National 
Health Insurance Service (NHIS) dataset published in the Dyslip-
idemia Fact Sheet in Korea in 202011) showed that 7.69 million 
people were prescribed medications for dyslipidemia. A recent 
study conducted outside of Korea reported that the risk of osteo-
porosis increases with the dosage of statin, a drug used to treat dys-
lipidemia.12) This finding called for an evaluation of the use of 
drugs that reduce bone mineral density (BMD) among statin us-
ers. 

The use of proton pump inhibitors (PPIs) is increasing owing to 
the recent increasing prevalence of digestive diseases in patients 
with obesity and in older adults.13) Studies have reported adverse 
events such as reduced BMD and osteoporosis caused by the pro-
longed use of PPIs.14) A classic example of a potassium-competitive 
acid blocker is revaprazan. Although revaprazan has been gaining 
popularity as a medication for gastroesophageal reflux disease, pa-
tients often take other drugs for metabolic disorders, including 
non-steroidal anti-inflammatory drugs. Therefore, studies on the 
resultant adverse drug reactions are required.15) 

Tenofovir is commonly used to treat hepatitis B and human im-
munodeficiency virus infections. It reportedly induces Fanconi 
syndrome and ultimately leads to reduced BMD, osteomalacia, 
and electrolyte imbalance.16) A retrospective cohort study reported 
that the risk of osteoporosis fracture increased by 12% with tenofo-
vir use.17) 

Levothyroxine is considered the standard of care for hypothy-
roidism and, thus, is widely prescribed. However, excessive 
levothyroxine use accelerates bone loss and may have deleterious 
effects, such as osteoporosis. This calls for its cautious prescription, 
particularly to older adults and postmenopausal women.18) 

The recently introduced sodium-glucose co-transporter 2 
(SGLT2) inhibitors are hypoglycemic agents involved in glucose 
resorption in the kidney.19) However, SGLT2 inhibitor users have 
been shown to result in significantly reduced hip BMD.20) 

Therefore, we examined comorbidities in statin users and iden-
tified drugs that might reduce BMD. We also explored trends in 
polydrug use involving these drugs and investigated their relation-
ship with osteoporosis.  

MATERIALS AND METHODS  

Identifying Statin Users 
As the study subjects were older adults taking statins, “stain users” 
were defined based on previous cohort studies21,22) to extract as 
many users as possible. We enrolled patients prescribed any type of 
statin and with more than two prescriptions lasting 14 days or lon-
ger within 6 months of the initial statin prescription date (index 
date) between January 2014 and December 2018. The patients’ 
statin prescription history was determined using the active ingredi-
ent codes for each statin type. The following statins were analyzed: 
atorvastatin, rosuvastatin, lovastatin, simvastatin, pravastatin, flu-
vastatin, and pitavastatin. The total days of statin supplies were cal-
culated based on the number of days in the prescription. 

Study Population 
This retrospective cohort study used NHIS claims data and en-
rolled a total of 8,379,419 patients aged 50 years or older who were 
prescribed statins between January 2014 and December 2018. Of 
these patients, we sampled 20% (n = 1,675,884). After excluding 
patients aged under 50 years and 90 years and older (n = 16,319) 
based on the index date, 1,659,565 patients remained. Among 
them, we selected 1,385,035 patients who had been prescribed 
statins at least twice for 14 days or longer within 6 months of the 
index date. The additional exclusion criteria were (1) patients pre-
scribed statins within 2 years before the index date; (2) patients di-
agnosed with dyslipidemia (I78.0–I78.9), osteoporosis (M81 and 
M82), or osteoporotic fracture (M80, S72.0, S72.1, S22.0, S22.1, 
S32.0, M48.4, M48.5, S52.5, and S52.6) within 2 years before the 
index date; (3) patients who had taken osteoporosis medication 
(including calcium and vitamin D) within 2 years before the index 
date; (4) patients prescribed dyslipidemia medications other than 
statins within 2 years before the index date; and (5) patients whose 
statin dose was adjusted during statin therapy. Both main and 
sub-diagnoses were checked (Fig. 1). 

Variables 
We included sex and age as demographic factors in the analysis of 
osteoporosis incidence according to statin use. The analyzed co-
morbidities were rheumatoid arthritis (M06); hypertension (I10–
I15); ischemic heart diseases (I20–I25); diseases of arteries, arteri-
oles, and capillaries (I70–I79); stroke (I63, I64); diabetes (E10, 
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E11); chronic renal insufficiency (N17–N19); nicotine depen-
dency (F17); overweight and obesity (E65–E68), chronic ob-
structive pulmonary disease ( J44); asthma ( J45); and Crohn’s 
disease (K50). We applied the Korean Standard Classification of 
Diseases codes, which follow the 10th revision of the International 
Statistical Classification of Diseases (ICD-10). We checked for 
cases in which these diagnosis codes appeared at least once be-
tween the index date and final date, regardless of whether it was a 
main diagnosis or sub-diagnosis. Among the drugs that potentially 
reduce BMD (PPIs, revaprazan, tenofovir, lithium, levothyroxine, 
and prednisone), oral (sulfonylurea, glinide, metformin, alpha-glu-
cosidase inhibitor, thiazolidinedione, DPP-4 inhibitor, and SGLT2 
inhibitor) and injectable (insulin and GLP-1 inhibitor) drugs for 
treating diabetes mellitus (DM) that are associated with a high 
fracture risk among older adults with dyslipidemia were identified. 
We selected cases in which these drugs were prescribed for 3 
months or longer between the index and final dates. 

In this study, the outcome was osteoporosis-related diagnoses. 
Osteoporosis was defined as the presence of least one of the fol-
lowing codes: M81 (osteoporosis without current pathological 
fracture), M82 (osteoporosis in diseases classified elsewhere and 
defined as osteoporosis in multiple myelomatosis or endocrine 
disorders), M80 (osteoporosis with current pathological fracture), 
S72.0 or S72.1 (hip fracture), S22.0, S22.1, S32.0, M48.4, or 
M48.5 (spine fracture), and S52.5 or S52.6 (distal radius fracture). 

The maximum follow-up period was 2 years. Follow-up was ter-
minated if a patient was diagnosed with osteoporosis or died. Fur-
thermore, because the data only covered health care utilization un-
til December 31, 2018, all follow-up was terminated on this date. 
We set the maximum follow-up period to 2 years to eliminate po-

tential confounding effects, such as the passage of time, that may 
have contributed to the onset of osteoporosis. 

Ethics Statement 
This study was exempted for review by the Institutional Review 
Board at Seoul Medical Center (No. SEOUL 2020-01-004). More-
over, the data were obtained from the NHIS and were accessed in 
the analysis center.

Statistical Analyses 
We analyzed the participants’ general characteristics, comorbidi-
ties, and use of BMD-reducing drugs using descriptive statistics. 
The frequencies of comorbidities and BMD-reducing drug use 
were analyzed by sex, age, and statin type. We also analyzed the 
frequencies of patients undergoing bone density testing at the time 
of, or within 1 year of, osteoporosis diagnosis. The frequency of 
statin supply was analyzed by statin type; we also determined the 
frequency of use of each statin type according to comorbidity, as 
well as the frequency of polydrug use with BMD-reducing drugs 
by statin type. We then applied logistical regression to examine 
polydrug use trends in patients prescribed BMD-reducing drugs 
according to the prescribed statin type who were also diagnosed 
with osteoporosis. All statistical analyses were performed using 
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) software with 
a statistical significance level set to 0.05. 

RESULTS 

General Characteristics 
A total of 4,138 patients aged 50 years or older were prescribed 

8,379,419 Age 50 years or older and prescribed statin between 2014 and 2018

1,675,884 Sampled subjects

16,319 Exclusion: Age <50 or ≥90

1,380,897 Exclusion:
Prescribed statin within 2 years prior to the index date (n=699,175)
Diagnosis of dyslipidemia, osteoporosis or osteoporotic fracture within  

2 years prior to the index date (n=677,005)
Use of osteoporosis medication (including calcium, vitamin D) within 2 years 

prior to the index date (n=290)
Prescribed dyslipidemia medication other than statin within 2 years prior to 

the index date (n=1,720)
Change of statin intensity during statin therapy (n=2,167)

1,659,565 Eligible subjects

4,138 Subjects available for analysis

1,385,035 Prescribed statin at least twice for 14 days or longer within  
6 months from the index date

20% Sampling

Fig. 1. Flow chart of study subjects.
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statins between January 2014 and December 2018. Among these, 
2,567 were male (62%) and 1,571 were female (38%), including 
1,326 males aged 50–64 years (M50–64, 32.0%), 1,241 males 
aged 65–89 years (M65–89, 30.0%), 743 females aged 50–64 
years (F50–64, 18.0%), and 828 females aged 65–89 years (F65–
89, 20.0%). Statins were prescribed for 441.2, 427.4, 338.9, and 
384.4 days in the M50–64, M65–89, F50–64, and F65–89 
groups, respectively. The mean number of days of statin use 
among statin users was 441.2. A total of 552 patients were diag-
nosed with osteoporosis: 47 (8.5%) M50–64, 149 (27%) M65–
89, 106 (19.2%) F50–64, and 250 (45.3%) F65–89. Seventy-five 
of these patients were advised to undergo dual-energy X-ray ab-
sorptiometry (DXA) within 1 year of their osteoporosis diagno-
sis: 5 (6.7%) M50–64, 19 (25.3%) M65–89, 15 (20.0%) F50–64, 
and 36 (48.0%) F65–89 (Table 1). 

Most statin users showed no comorbidities (n = 2,078); among 
those with comorbidities, the most common was hypertension 
(n = 2,051), followed by ischemic heart disease (n = 1,326), DM 
(n = 1,207), and stroke (n = 1,183). Among statin types, rosuvasta-
tin was the most frequently prescribed (n = 2,538; 61.3%), followed 
by atorvastatin (n = 1,001; 24.2%), and pitavastatin (n = 569; 
13.8%) (Table 2). 

Table 1. General characteristics of statin users by sex and age group (n=4,138)

Characteristic Age group Sex Value
Number of participants 50–64 y Male 1,326 (32.0)

Female 743 (18.0)
65–89 y Male 1,241 (30.0)

Female 828 (20.0)
Days of statin supply 50–64 y Male 441.2 ± 235.9

Female 338.9 ± 263.5
65–89 y Male 427.4 ± 243.5

Female 384.4 ± 233.1
Number of medications taken that induce bone density reduction 50–64 y Male 1.04 ± 1.06

Female 1.09 ± 1.05
65–89 y Male 1.16 ± 1.07

Female 1.14 ± 1.08
Osteoporosis diagnostic rate (n = 552) 50–64 y Male 47 (8.5)

Female 106 (19.2)
65–89 y Male 149 (27.0)

Female 250 (45.3)
DXA prescription rate (n = 75) 50–64 y Male 5 (6.7)

Female 15 (20.0)
65–89 y Male 19 (25.3)

Female 36 (48.0)

Values are presented as number (%) or mean±standard deviation.
DXA, dual-energy X-ray absorptiometry.

Table 2. Analysis of comorbidities and statin type (n=4,138)

Variable n (%)
Comorbidities (ICD-10)
 No disease 2,087 (50.43)
 Rheumatoid arthritis (M06) 102 (2.46)
 Hypertension (I10–I15) 2,051 (49.57)
 Ischemic heart diseases (I20–I25) 1,326 (32.04)
 Diseases of arteries, arterioles, and capillaries (I70–I79) 806 (19.48)
 Stroke (I63, I64) 1,183 (28.59)
 Diabetes (E10, E11) 1,207 (29.17)
 Chronic renal insufficiency (N17–N19) 215 (5.20)
 Nicotine dependency (F17) 6 (0.14)
 Overweight and obesity (E65–E68) 1 (0.02)
 Chronic obstructive pulmonary disease (J44) 251 (6.07)
 Asthma (J45) 650 (15.71)
 Crohn’s disease (K50) 2 (0.05)
Generic name of statin
 Atorvastatin 1,001 (24.2)
 Rosuvastatin 2,538 (61.3)
 Pitavastatin 569 (13.8)
 Lovastatin 17 (0.4)
 Simvastatin 9 (0.2)
 Pravastatin 4 (0.1)
 Fluvastatin 0 (0.0)

ICD-10, International Statistical Classification of Diseases 10th revision.
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Distribution of Comorbidities and BMD-Reducing Drug Use 
by Statin Type 
Among patients without comorbidities, the most frequently pre-
scribed statin was rosuvastatin (n = 1,279), followed by atorvasta-
tin (n = 528) and pitavastatin (n = 259). Among all patients with 
comorbidities, including hypertension, ischemic heart disease, 
DM, and stroke, the most frequently prescribed statin was rosuvas-
tatin (n = 1,259, 812, 737, and 722, respectively), followed by ator-
vastatin (n = 473, 300, 276, and 270, respectively), and pitavastatin 
(n = 310, 209, 190, and 188, respectively) (Fig. 2). 

Regarding BMD-reducing drug use among statin users, PPIs 
were the most frequently prescribed (n = 1,734), followed by 
levothyroxine (n = 136), tenofovir (n = 12), lithium (n = 9), and 
revaprazan (n = 6). None of the patients used prednisone. Oral 
DM drugs were prescribed to 2,501 patients and injectable DM 
drugs to 79 cases, whereas 384 patients were not prescribed any 
additional drugs. Among statin users who were diagnosed with os-
teoporosis, PPIs were the most frequently prescribed medications 
(n = 321), followed by levothyroxine (n = 22), revaprazan (n = 3), 
and tenofovir (n = 1). None of these patients were prescribed lithi-
um or prednisone. Oral DM drugs were prescribed to 328 of the 
diagnosed patients and injectable DM drugs to 11 patients, where-
as 34 of the diagnosed patients were not prescribed any additional 
medications (Fig. 3).  

Relationships between Osteoporosis and BMD-Reducing 
Drug Use among Statin Users 
The prevalence of osteoporosis was 1.84 times higher among sta-
tin users concomitantly prescribed PPIs than among those who 
did not take additional drugs. This was particularly evident for pi-
tavastatin (2.40-fold), rosuvastatin (1.83-fold), and atorvastatin 

users (1.82-fold) concomitantly prescribed PPIs. The prevalence 
of osteoporosis was also higher among statin users concomitantly 
prescribed levothyroxine (1.81-fold) than among those who were 
not prescribed additional drugs, especially among concomitant pi-
tavastatin-levothyroxine users (7.03-fold increase). We observed 
no significant differences in the prevalence of osteoporosis in pa-
tients prescribed revaprazan, tenofovir, oral DM drugs, or inject-
able DM drugs concomitantly with a statin (Table 3). 

DISCUSSION 

In this study, we examined a nationwide sample of patients who 
were prescribed statins between January 2014 and December 
2018 for the treatment of dyslipidemia, a major cause of mortality 
among older adults and a cardiovascular disease risk factor. We an-
alyzed the rates of osteoporosis diagnosis, the prescription of DXA 
following diagnosis and treatment, and the use of BMD-reducing 
drugs among patients diagnosed with osteoporosis in two age 
groups: 50–64 (at 50 years of age, osteoporosis incidence begins to 
increase) and 65–89 years. 

Statins, which are used to treat dyslipidemia, reduce low-density 
lipoprotein levels by inhibiting β-hydroxy β-methylglutaryl coen-
zyme A (HMG-CoA) reductase, the most important enzyme in 
cholesterol synthesis.23) However, they are associated with adverse 
events, such as hepatotoxicity, myalgia, hyperglycemia, and chron-
ic renal insufficiency, as well as risks from drug interactions. These 
effects vary widely across different statin types and clinical dosag-
es.23) A meta-analysis of 33 studies that examined the association 
between statins and osteoporosis reported that statins lowered the 
risk of fracture, particularly in men.24) In addition, a study that ana-
lyzed data from the NHIS in Taiwan reported that statins lowered 

Fig. 2. Types of statin according to comorbidities.
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Fig. 3. Bone mineral density-reducing drug use among statin users and statin users with osteoporosis.
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the risk of osteoporosis and fracture.25) In an analysis of 350,000 
Austrians who had taken statins for at least 1 year and 7.80 million 
Austrians diagnosed with osteoporosis from 2006 to 2007, the 
low-dose statin group had a low risk of osteoporosis, whereas the 
high-dose statin group had a 2.04-fold higher risk of osteoporo-
sis.12) In the present study, we only enrolled patients who had been 
taking statins to eliminate the effect of statin use or non-use on 
BMD. The study in Austria12) only assessed the association (trend) 
of osteoporosis with varying doses of the same statin, without ana-
lyzing the rate of osteoporosis in relation to different intensities of 
statin use (high, moderate, or low). Hence, subsequent studies are 
needed to assess the associations between osteoporosis and statin 
type and intensity. 

The results of previous studies on the associations between PPI 
use and osteoporosis are inconsistent;26,27) thus, the specific dura-
tions, doses, and use of PPIs that elevate the risk of fracture remain 
unknown. A previous study that analyzed health insurance claims 
data reported an increased risk of osteoporotic fracture with PPIs 
use in women who underwent their health check-ups at a transi-
tional life phase at the age of 66 years. The odds ratio (OR) for 
fractures during the follow-up period was 1.13 for individuals who 
took PPIs compared to that in individuals who took histamine-2 
receptor antagonists (H2RAs) and the OR for hip fracture was 
even higher (1.51). Moreover, the risk of fracture increased with 

the duration of PPI use during follow-up.28) In our study, the OR 
for osteoporosis was 1.84 among statin users with concomitant 
PPI use compared with that in those who did not take any other 
prescribed drugs and was 2.40 among pitavastatin users, 1.82 
among atorvastatin users, and 1.83 among rosuvastatin users. Fur-
thermore, the OR for osteoporosis was 1.81 among statin users 
concomitantly prescribed levothyroxine and increased to 7.03 
among those concomitantly prescribed pitavastatin and levothy-
roxine. Hence, bone density testing should be performed in pa-
tients prescribed these drugs. The tests would fall within the insur-
ance coverage criteria (disease or use of drugs that may induce os-
teoporosis). 

Among DM drugs, the use of SGLT2 inhibitors reduced hip 
BMD,20) whereas canagliflozin has been associated with increased 
fracture risk.29) In contrast, a meta-analysis of the risk of fracture 
linked to SGLT2 inhibitors in patients with DM reported fracture 
incidence rates of 1.59% and 1.56% in the SGLT2 inhibitor and 
control groups, respectively. Compared to a placebo, canagliflozin 
(OR = 1.15; 95% confidence interval [CI], 0.71–1.88), dapagli-
flozin (OR = 0.68; 95% CI, 0.37–1.25), and empagliflozin 
(OR = 0.93; 95% CI, 0.74–1.18) did not significantly increase the 
risk of fracture.30) In our study, the prevalence of osteoporosis was 
not significantly higher among statin users who concomitantly 
took oral DM drugs. However, further studies are needed, as we 
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did not conduct separate analyses according to the composition of 
the oral DM drugs. 

This study differs from other studies in that it compared the 
prevalence of osteoporosis in patients taking a combination of sta-
tin—a hyperlipidemia drug used to lower the risk of cardiovascu-
lar and cerebrovascular disease that accounts for a large proportion 
of comorbidities osteoporosis—and drugs known to reduce BMD. 
We found that the risk of osteoporosis was higher in patients pre-
scribed both statins and PPIs and those who received both statins 
and levothyroxine compared to those who took other drugs. 
Therefore, bone density tests should be performed. Moreover, 
when prescribing drugs that induce bone density reduction, alter-
native prescriptions should be considered. Regular bone density 
tests are also needed for patients diagnosed with osteoporosis or 
who have risk factors for bone density reduction. Furthermore, a 
study on the possible interactions of PPIs and levothyroxine with 
statins is needed. Our study results showed the negative effects of 
polydrug use by focusing on multiple drugs. Older patients are of-
ten prescribed a variety of drugs by different doctors and also take 
non-prescription drugs, various herbal medicines, and health sup-
plements. The many cases of polydrug use underscore the need for 
a thorough monitoring system and caution to reduce the unneces-
sary use of drugs that may interact in older patients. 

The number of patients was limited because this study only as-
sessed older patients taking statins and it was difficult to apply the 
medication possession ratio (MPR) or the 12-month cumulative 
persistence rate relative to the persistence of dosing. To exclude the 
characteristics of the older adults and focus on drug interactions, 
the size of the population must be increased by including younger 
generations and ensuring the continuity of sufficient drug intake. 
In addition, a broader patient group rather than just those taking 
statins may be required to investigate the complex relationships 
among various drugs. In addition, additional studies on the effect 
of statin intensity on bone density are needed. 
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Background: Lowering the low-density lipoprotein cholesterol (LDL-c) level is important for re-
ducing cardiovascular (CV) events. However, little is known about the management of LDL-c in 
older patients with type 2 diabetes mellitus (T2DM). This study investigated the prevalence and 
factors associated with the non-achievement of LDL-c goals in older T2DM patients with a very 
high risk of CV diseases. Methods: This multicenter cross-sectional study measured the LDL-c 
levels of 733 T2DM outpatients from December 2019 to July 2020. The patients were aged ≥60 
years, had very high risks of CV disease, and had been on LDL-c-lowering therapy for 6 months or 
more. The goal of lipid concentrations were assessed based on the recent guidelines of the Euro-
pean Society of Cardiology. We applied logistic regression analysis to identify the factors associ-
ated with the non-achievement of the LDL-c goal. Results: The mean age of the patients was 
68.6±7.2 years. In total, 654 patients (89.2%) did not achieve the aggressive LDL-c goal of <1.4 
mmol/L. In the adjusted model, the factors associated with the non-achievement of the LDL-c 
goal were obesity defined by body mass index (odds ratio [OR]=2.33; 95% confidence interval 
[CI], 1.13–4.81; p=0.022) and high-intensity statin therapy (OR=0.03; 95% CI, 0.01–0.05; 
p<0.001), while age, sex, education level, smoking habit, and comorbidities were not associated. 
Conclusion: Older patients with T2DM who are at a very high CV disease risk are often unable to 
achieve their LDL-c goal. Obesity can increase the probability of not achieving the LDL-c goal, 
whereas high-intensity statin therapy can decrease this probability. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a major global health burden 
in currently aging societies.1) Diabetes management in older adults 
is difficult owing to the coexistence of geriatric syndromes such as 
frailty, falling, delirium, polypharmacy, and polymorbidity.2) Viet-
nam has entered an aging phase: in 2019, people aged ≥ 60 years 
accounted for 12.3% of the total Vietnamese population.3) Further-
more, the country has been experiencing an epidemiological tran-
sition, with the health panorama shifting from infectious to 

non-communicable diseases.4) Previous studies showed that 6% of 
the total population in Vietnam had diabetes,5) with the rate in-
creasing to 12.5% among older individuals.6) Dyslipidemia was de-
tected in 37.9%–60.2% of older adults with T2DM.7,8) Several fac-
tors reflecting risk-behavior changes drive these high rates, includ-
ing smoking, unhealthy eating habits, and a sedentary lifestyle.9) 

Until recently, atherosclerotic cardiovascular disease (ASCVD) 
was the principal cause of morbidity and mortality in patients with 
diabetes.10,11) Previous studies demonstrated that lowering the 
low-density lipoprotein cholesterol (LDL-c) level prevented and 
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reduced the rate of ASCVD events in patients with T2DM.12-15) 
The relative reduction in the rate of ASCVD events was also ob-
served in older patients with T2DM.15) Notably, the approach to 
achieving lipid goals is an important part of the comprehensive 
ASCVD risk reduction strategy. In a cohort study of 69,942 pa-
tients in South Korea, Kim et al.16) reported a higher rate of ASC-
VD events among those who did not achieve the LDL-c goal com-
pared to those who did. The LDL-c goal non-achievers were older 
and had higher cardiovascular (CV) risk levels compared to the 
LDL-c goal achievers. 

The recent clinical guidelines of the European Society of Cardi-
ology/European Atherosclerosis Society (ESC/EAS) for dyslipid-
emia and the European Society of Cardiology/European Associa-
tion for the Study of Diabetes (ESC/EASD) for diabetes recom-
mend an LDL-c goal of < 1.4 mmol/L for patients with T2DM 
who are at very high risk for CV disease.17,18) However, there is a 
lack of evidence of non-achievement of LDL-c goals in older pa-
tients with T2DM at very high risk for CV disease. Therefore, this 
cross-sectional study aimed to determine how often LDL-c goals 
are not achieved in very high-risk older patients with T2DM and 
identify the factors associated with non-achievement. 

MATERIALS AND METHODS 

Sample Size Calculation 
The sample size was calculated using a single population propor-
tion formula: 

N = Z1 – α/2 × (p × (1 – p)/d2), 

where N is the required sample size; Z1-α/2 is 1.96 (with α =  0.05 
and 95% confidence interval [CI]); d is precision (assumed to be 
0.04); and p is the prevalence of not achieving the LDL-c goal 
( < 1.4 mmol/L) in older T2DM patients at a very high CV disease 
risk. Because the prevalence was unknown, we set p =  0.5 to ob-
tain the maximum possible value of p × (1–p) of 0.25. This study 
required a minimum of 600 participants. 

Ethical Statement 
The study was carried out according to the ethical principles of the 
Declaration of Helsinki. All patients provided written informed 
consent. The study protocol was approved by the ethics commit-
tee of the University of Medicine and Pharmacy at Ho Chi Minh 
City, Vietnam (No. 2545/QD-DHYD). 

Study Design and Data Collection 
This multicenter cross-sectional study was conducted from De-

cember 2019 to July 2020 in outpatients with T2DM aged ≥ 60 
years at three hospitals in Ho Chi Minh City, Vietnam. To ensure 
consistent management among the study sites, trained geriatricians 
treated all patients according to the ESC guidelines17,18) and all sites 
started recruitment at the same time. Patients met the inclusion 
criteria if they had been treated for hypercholesterolemia with 
LDL-c-lowering therapy for 6 or more months before enrollment. 
The CV risk category and lipid goals were assessed according to 
the recent ESC guidelines.17,18) 

Patients were diagnosed with diabetes based on a fasting plasma 
glucose level of ≥ 7.0 mmol/L after no caloric intake for at least 8 
hours and/or an HbA1c level of ≥ 6.5%.18) Hypercholesterolemia 
was diagnosed in our very-high-risk patients if their LDL-c levels 
were > 1.4 mmol/L before lipid management.17) In our study, all 
T2DM patients with hypercholesterolemia and at least two major 
risk factors (age ≥ 65 years, hypertension, smoking, and obesity) 
were classified as having a very high CV disease risk.17) For partici-
pants with very high CV disease risk, the lipid goal was an LDL-c 
level of < 1.4 mmol/L, a non-high-density lipoprotein cholesterol 
(non-HDL-c) level of < 2.2 mmol/L, and a triglyceride level of 
< 1.7 mmol/L.17) All blood samples for serum lipid estimation 
were obtained after a 12-hour fast. LDL-c levels were measured us-
ing a direct LDL-c assay kit (LDL-CHOLESTEROL, OSR6183; 
Beckman Coulter Ireland Inc., Clare, Ireland). The exclusion crite-
ria were severe illnesses requiring hospital admission, serious men-
tal conditions, and active malignancies. 

The geriatricians managing the participating patients collected 
participant demographic data and clinical characteristics and mea-
sured their body weights and heights. The intensity of statin thera-
py was defined based on the last prescription within one month 
before enrollment. High-intensity statin therapy included 40–80 
mg atorvastatin or 20–40 mg rosuvastatin, whereas low-to-moder-
ate intensity statin therapy was defined based on lower doses of all 
statins.17) The participants’ educational level was classified as lower 
( ≤ 12 years of education, including graduation from senior high 
school or lower) or higher (graduation from college or university 
or higher). Patients who had smoked any tobacco products over 
the previous year were considered current smokers. Body mass in-
dex (BMI) was calculated as the quotient between body weight 
(kg) and height (m2). Body weight and height were measured fol-
lowing the standardized protocol using identical equipment at all 
study sites. BMI was stratified per the World Health Organization’s 
guidelines for the Asia-Pacific region, which defined underweight 
( < 18.5 kg/m2), normal weight (18.5–22.9 kg/m2), overweight 
(23.0–24.9 kg/m2), and obese ( ≥ 25 kg/m2).19) The normal 
weight group was the reference group for regression analyses. 

Ann Geriatr Med Res 2021;25(4):278-285

279Non-achievement of the LDL-c Goal



Statistical Analyses 
All data were analyzed using IBM SPSS Statistics for Windows, 
version 25.0 (IBM Corp., Armonk, NY, USA). Qualitative data 
were described as frequencies and percentages. Quantitative data 
were represented as mean ± standard deviation. Comparisons were 
conducted with chi-square or Fisher exact tests for non-numerical 
data and Student t-test for continuous variables. Univariate and 
multivariate logistic regression analyses using the enter method 
were performed to identify the predictors of non-achievement. 
Univariate logistic regression was performed on the potential risk 
factors for non-achievement. All variables were selected for multi-
variate logistic regression and examined for interaction and multi-
collinearity. The significance level was set at p < 0.05. 

RESULTS 

Patient Characteristics and the Prevalence of Not Achieving 
the Lipid Goal 
We enrolled 733 patients with a mean age of 68.6 ± 7.2 years 
(range, 60–94 years). The participants were predominantly male 
(51.3%). Overall, 71 patients (9.7%) were current smokers, 174 
(23.7%) had completed college/university or higher education, 
412 (56.2%) had documented coronary artery disease (CAD), 
and 575 patients reported hypertension (78.4%). Regarding BMI, 
2.3% were underweight, 34.7% were of normal weight, 26.6% were 
overweight, and 36.4% were obese.  

A total of 654 patients (89.2%) did not achieve the aggressive 
LDL-c goal ( < 1.4 mmol/L). Further, 644 (87.9%) did not 
achieve the non-HDL-c goal ( < 2.2 mmol/L), 412 (56.2%) did 
not meet the triglyceride goal ( < 1.7 mmol/L), and 355 (48.4%) 
did not meet the HbA1c goal ( < 7%), indicating a high prevalence 
of non-achievement in older patients with T2DM with a very high 
CV disease risk. 

Differences between the Groups That Did and Did Not Achieve 
the LDL-c Goal 
The participants were assigned to achieved or non-achieved 
LDL-c goal groups. Table 1 presents the baseline characteristics of 
all participants and compares the two groups. Age, sex, education 
levels, hypertension, and CAD did not differ between the groups. 
As expected, the non-achieved group had a significantly higher 
LDL-c level than that in the achieved group (2.9 ± 1.0 vs. 1.1 ± 0.2 
mmol/L; p < 0.001), along with a higher non-HDL-c level 
(3.8 ± 1.2 vs. 2.2 ± 0.9 mmol/L; p < 0.001), a lower achievement 
rate for the non-HDL-c goal (5.4% vs. 68.4%; p < 0.001), and a 
higher BMI (24.1 ± 3.3 vs. 22.9 ± 3.4 kg/m2; p = 0.003). 

The distribution of patients according to BMI also differed sig-

nificantly between the two groups (p = 0.008), with patients in the 
non-achieved group more likely to be obese compared to the 
achieved group (38.2% vs. 21.5%) (Fig. 1). Thus, obesity occurred 
more frequently in older patients with T2DM with a very high CV 
disease risk who did not achieve their LDL-c goal compared to 
those who did achieve the goal. The non-achieved group also had 
a significantly lower rate of high-intensity statin therapy than the 
achieved group (14.7% vs. 86.1%; p < 0.001). We observed no sig-
nificant difference in ezetimibe use between the two achievement 
groups (Supplementary Tables S1–S3). 

Factors Associated with Not Achieving the LDL-c Goal 
The results of the univariate and multivariate logistic regression 
analyses are summarized in Table 2. In the adjusted model, obesity 
defined by BMI (odds ratio [OR] = 2.33; 95% CI, 1.13–4.81; 
p = 0.022) increased the probability of not achieving the LDL-c 
goal, whereas the adjusted ORs were 0.78 (95% CI, 0.16–3.94; 
p = 0.775) for underweight and 1.33 (95% CI, 0.66–2.68; 
p = 0.423) for overweight participants (normal weight was the ref-
erence). High-intensity statin use (OR = 0.03; 95% CI, 0.01– 0.05; 
p < 0.001) decreased the probability of not achieving the LDL-c 
goal. 

DISCUSSION 

The results of this multicenter cross-sectional study provided three 
key observations regarding the management of hypercholesterol-
emia in older patients with T2DM with a very high CV disease 
risk. First, a large proportion of patients did not meet the aggres-
sive LDL-c goal. Second, obesity and the suboptimal use of 
high-intensity statin therapy were associated with not achieving 
the LDL-C goal. Third, those participants who did not meet the 
LDL-c goal also had lower achievement rates for the other goals, 
such as non-HDL-c, compared to those who achieved the LDL-c 
goal. According to these findings, we propose three discussion 
points. 

Non-achievement of the LDL-c Goal in Older Patients with 
T2DM at Very High CV Disease Risk 
Our study is the first to assess the achievement of an aggressive 
LDL-c target value (according to the 2019 ESC/EAS guidelines) 
in older patients with T2DM with a very high risk of CV disease. 
We found that 89.2% of patients did not achieve the recommend-
ed LDL-c goal of < 1.4 mmol/L, despite being at a very high risk 
of having an ASCVD event. For the more relaxed LDL-c goals of 
< 1.8 mmol/L and < 2.6 mmol/L, the non-achievement rates 
were 78.0% and 49.9%, respectively (Fig. 1), corroborating the 
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Table 1. Baseline characteristics of the patients according to the achievement of the goal LDL-c level

Characteristic All (n =  733) Achieved group (n =  79) Non-achieved group (n =  654) p-valuea)

Sex, male 376 (51.3) 37 (46.8) 339 (51.8) 0.471
Age (y) 68.6 ± 7.2 69.4 ± 7.1 68.5 ± 7.2 0.260
 ≥ 75 153 (20.9) 18 (22.8) 135 (20.6) 0.767
Education 0.440
 Lower education 559 (76.3) 57 (72.2) 502 (76.8)
 Higher education 174 (23.7) 22 (27.8) 152 (23.2)
BMI (kg/m2) 23.9 ± 3.3 22.9 ± 3.4 24.1 ± 3.3 0.003
BMI groups 0.008
 Underweight 17 (2.3) 3 (3.8) 14 (2.1)
 Normal 254 (34.7) 39 (49.4) 215 (32.9)
 Overweight 195 (26.6) 20 (25.3) 175 (26.8)
 Obese 267 (36.4) 17 (21.5) 250 (38.2)
Smoking 71 (9.7) 6 (7.6) 65 (9.9) 0.640
Hypertension 575 (78.4) 64 (81.0) 511 (78.1) 0.658
Coronary artery disease 412 (56.2) 48 (60.8) 364 (55.7) 0.457
Lipid profile
 Total cholesterol (mmol/L) 4.8 ± 1.4 3.3 ± 0.9 5.0 ± 1.3 < 0.001
 LDL-c (mmol/L) 2.7 ± 1.1 1.1 ± 0.2 2.9 ± 1.0 < 0.001
 HDL-c (mmol/L) 1.1 ± 0.3 1.1 ± 0.4 1.1 ± 0.3 0.170
 Non-HDL-c (mmol/L) 3.7 ± 1.2 2.2 ± 0.9 3.8 ± 1.2 < 0.001
 Triglyceride (mmol/L) 2.2 ± 1.5 2.4 ± 1.9 2.2 ± 1.5 0.310
 Non-HDL-c ≥ 2.2 mmol/L 644 (87.9) 25 (31.6) 619 (94.6) < 0.001
 Triglyceride ≥ 1.7 mmol/L 412 (56.2) 49 (62.0) 363 (55.5) 0.330
Diabetes profile
 HbA1c (%) 7.4 ± 1.8 7.3 ± 1.6 7.4 ± 1.8 0.700
 HbA1c ≥ 7% 355 (48.4) 33 (41.8) 322 (49.2) 0.257
LDL-c-lowering therapy
 High-intensity statin therapy 164 (22.4) 68 (86.1) 96 (14.7) < 0.001
 Ezetimibe 27 (3.7) 2 (2.5) 25 (3.8) 0.758

Values are presented as number (%) or mean±standard deviation.
BMI, body mass index; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.
Comparisons were conducted using chi-square and Student t-tests for categorical and continuous variables, respectively.
a)Achieved group vs. non-achieved group.

LDL-c < 1.4

LDL-c < 1.8

LDL-c < 2.6

Non-HDL-c < 2.2

Non-HDL-c < 2.6

Non-HDL-c < 3.4

mmol/L ■ Achieved group  ■ Non-achived group %

10.8 89.2

78.0

49.9

87.9

77.6

53.2

22.0

50.1

12.1

22.4

46.8

Fig. 1. Prevalence of the achievement and 
non-achievement of low-density lipoprotein 
cholesterol (LDL-c) and non-high-density 
lipoprotein cholesterol (non-HDL-c) goals 
according to the levels of treatment goals.
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findings reported in other diabetic populations. Two recent studies 
in France and Korea showed that 59% of patients with diabetes 
with very high CV disease risk and 87.8% with high CV disease 
risk did not achieve the LDL-c goal of < 1.8 mmol/L.20,21) Collec-
tively, these data indicated suboptimal LDL-c management in very 
high-risk T2DM patients.  

The risk of CV events increases with higher LDL-c levels and 
advancing age. In a primary prevention cohort, the risk of myocar-
dial infarction and ASCVD events increased for every 1.0 mmol/L 
increase in LDL-c in all age groups, with the highest increase noted 
in individuals aged ≥ 70 years.22) A recent meta-analysis reported 
that lowering LDL-c levels by statin therapy resulted in significant 
reductions in major vascular events, irrespective of age, including 
those in patients > 75 years of age.23) Therefore, the ESC/EAS 
guidelines for dyslipidemia provide the same recommendations for 
LDL-c control to older individuals with ASCVD as those for 
younger patients.17) However, little is known about the optimal con-
trol of LDL-c in older individuals. Our study results showed that 
patients with T2DM at very high CV disease risk often did not 
achieve their LDL-c goal. This poor achievement suggests the need 
for efforts to improve the management of hypercholesterolemia  
in older patients with T2DM with a very high risk of CV disease. 

Factors Associated with Not Achieving the LDL-c Goal in 
Patients with T2DM at Very High CV Disease Risk 
Previous studies revealed factors associated with not achieving 
LDL-c goals, including obesity, female sex, high CV disease risk, 
no (vs. lower dose) statin therapy, lower (vs. higher) statin dose, 
and non-adherence to statin therapy.16,24) In patients with diabetes, 
two studies showed that female sex was a predictor for not achiev-

ing LDL-c goals.20,25) However, these studies used higher LDL-c 
target values and did not focus on the older population. Our study 
identified obesity and high-intensity statin therapy as factors asso-
ciated with LDL-c goal non-achievement in patients with T2DM 
at very high CV disease risk. 

Both obesity and high LDL-c levels are risk factors for CV in pa-
tients with T2DM.18) Obesity can induce abnormal changes in lip-
id metabolism, leading to elevated triglyceride, small dense LDL-c, 
non-HDL-c, and low HDL-c levels.26) In the Liraglutide Effect and 
Action in Diabetes: Evaluation of Cardiovascular Outcome Results 
(LEADER) trial that enrolled high-risk patients with T2DM in 32 
countries, the prevalence of obesity was 62.1% (of them, 73.2% 
were ≥ 60 years of age), and obese patients were less likely to reach 
defined lipid goals.27) Previous studies also revealed that modest 
weight loss had positive effects on glycemic control, lipid profiles, 
and other CV risk factors.28-30) Moreover, the ESC/EASD and 
American Diabetes Association guidelines identified obesity man-
agement as an important target for T2DM treatment.18,31) Howev-
er, the strategy for weight control for older patients with T2DM is 
complex because older individuals often present with other ag-
ing-related health issues such as frailty, impaired functional status, 
polypharmacy, and polymorbidity.32) Further longitudinal studies 
are needed to clarify the optimal BMI range for older adults with 
T2DM and the impact of BMI on their lipid profiles. 

Numerous meta-analyses of data from randomized controlled 
trials have demonstrated that intensive lowering of LDL-c levels 
with high-intensity statin therapy provides a significant benefit 
over low-to-moderate intensity statin therapy in terms of prevent-
ing non-fatal CV events.33-35) Furthermore, reaching LDL-c goals 
was more prevalent in patients treated with high-dose statin thera-

Table 2. Factors associated with the non-achievement of LDL-c goal levels in logistic regression analysis

Variable
Univariate Multivariate

OR (95% CI) p-value AOR (95% CI) p-value
Age 0.98 (0.95–1.01) 0.262 - -
Male 1.22 (0.77–1.95) 0.402 - -
Lower education 1.28 (0.76–2.15) 0.364 - -
BMI groups
 Normal 1 (Ref) 1 (Ref)
 Underweight 0.85 (0.23–3.08) 0.801 0.78 (0.16–3.94) 0.775
 Overweight 1.59 (0.89–2.82) 0.115 1.33 (0.66–2.68) 0.423
 Obese 2.67 (1.47–4.85) 0.001 2.33 (1.13–4.81) 0.022
High-intensity statin therapy 0.03 (0.01–0.06) < 0.001 0.03 (0.01–0.05) < 0.001
Smoking 1.34 (0.56–3.21) 0.507 - -
Hypertension 0.84 (0.46–1.51) 0.557 - -
Coronary artery disease 0.81 (0.50–1.30) 0.389 - -

LDL-c, low-density lipoprotein cholesterol; BMI, body mass index; CI, confidence interval; OR, odds ratio; AOR, adjusted odds ratio.
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py than in those treated with low-to-moderate-dose statin thera-
py.24,36) However, in our study, only 22.4% of all patients with 
T2DM with very high CV disease risk received high-intensity sta-
tin therapy, which can explain the high prevalence of non-achieve-
ment of the LDL-c goal of < 1.4 mmol/L (89.2%). The difficulty 
in managing this very high-risk group was also reported in a recent 
study in South Korea, which showed that high-intensity statins 
were prescribed to only 9.1% of patients with very high risk, with 
61% of these patients not achieving the LDL-c goal of < 1.8 
mmol/L.37) Suboptimal doses of statins were observed in several 
Asian countries in the DYSIS-II study,38) mainly due to concerns 
about the side effects of higher statin doses satisfaction with pa-
tients’ LDL-c levels.39) Our findings highlight the gap between 
clinical practice and existing guidelines, in that statin utilization re-
mains inadequate, thus contributing to not achieving LDL-C 
goals. 

Non-achievement of the Non-HDL-c Goal in Patients with 
T2DM with Very High CV Disease Risk 
Non-HDL-c reflects the full spectrum of atherogenic lipoproteins, 
rather than LDL-c alone. Among statin-treated patients, the asso-
ciation strength with the risk of major CV events was greater for 
non-HDL-c than for LDL-c.40) Furthermore, non-HDL-c was a 
strong predictor of CV disease in patients with diabetes.41) Thus, 
the ESC/EAS guidelines for dyslipidemia also define secondary 
goals based on non-HDL-c levels.17) In our study, 87.9% of patients 
did not reach the non-HDL-c goal ( < 2.2 mmol/L). Additionally, 
those participants who did not meet the LDL-c goal were more 
likely to also not meet the non-HDL-c goal. Our results revealed 
suboptimal achievements of LDL-c and non-HDL-c goals, as rec-
ommended by the ESC/EAS guidelines, in very high-risk patients 
and should raise physician awareness regarding the need for more 
aggressive control of dyslipidemia in these patients. This study has 
several limitations. First, our study was only performed at urban 
hospitals and included patients who were managed by geriatri-
cians. Thus, the results may not entirely reflect the lipid goal 
achievement trend in Vietnam or the practices of cardiology physi-
cians. Second, we could not estimate the effects of different types 
of statin treatment on lipid goal achievement because there were 
often switches between brand-name and generic statins and differ-
ent types of statins. Third, we only obtained data on the intensity 
of statin therapy within one month before enrollment. Fourth, we 
did not assess the use of medications that may have influenced the 
achievement rate of the LDL-c goal or adherence to lipid-lowering 
treatment. Finally, due to the cross-sectional nature of the study 
design, we could not evaluate the causal relationships between lip-
id non-achievement and the related factors. 

In conclusion, the results of this study showed that the rate of 
achieving an aggressive LDL-c goal was suboptimal in older pa-
tients with T2DM with a very high CV disease risk in Vietnam. 
Only 10.8% reached the recommended LDL-c goal (<1.4 mmol/L). 
Obesity increased the probability of not achieving the LDL-c 
goal, whereas high-intensity statin therapy decreased this proba-
bility. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/10. 
4235/agmr.21.0099. 
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Older Adults Used Fewer Home Care Services during the COVID-19 
Pandemic: Findings from a Secondary Analysis of an Urgent Survey in Japan 
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Background: This study aimed to identify reduced home care use among older people and its im-
pact on user numbers and service provider revenues during the coronavirus disease 2019 
(COVID-19) pandemic. Methods: We conducted this secondary analysis of cross-sectional data 
from long-term care providers in Japan and estimated the probability of client cancellations and 
service contraction for institutional and home care services adjusted for the service type, area, 
size, infection occurrence, and staff employment impacts. We then estimated the rate of change 
in user numbers and revenue related to reduced usage. Results: Seventy-two percent of home 
care providers experienced client cancellations and 42.1% experienced service contraction, both 
of which were more prevalent in home care than in institutional care (adjusted odds ratio 
[AOR]=11.09 and 1.60). Home-visit (AOR=0.70) and short-term stay (AOR=0.38) services were 
less likely to experience client cancellations compared with adult day services. Service contrac-
tion was less likely in home-visit services (AOR=0.60) but were more likely in short-stay services 
(AOR=1.49) compared to adult day services. The estimated reductions in user numbers and reve-
nue related to service contraction for adult day services were 9.1% and 7.1%, respectively. 
Home-visiting services decreased by an estimated 3.4% owing to service contraction. Conclu-
sion: The secondary effects of the COVID-19 pandemic include reduced use of home care ser-
vices, especially adult day services that include social contact. These secondary effects of the 
COVID-19 pandemic may cause functional deterioration in non-infected clients and financially 
impact service providers. 
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INTRODUCTION 

Older adults are vulnerable to both coronavirus disease 2019 
(COVID-19) and the secondary effects of the pandemic.1) Given 
the lack of effective pharmacological treatment, home isolation has 
been recommended to prevent infection,2) which raises concerns 
regarding the secondary effects on older people living in the com-
munity, including reduced physical activity, social isolation, and re-
duced access to home care services.3–5) 

Older people living in the community face additional challenges 

related to reduced home care.6,7) Even in facilities in which no out-
breaks have occurred, home care has been reduced or suspended 
because employees are required to stay home to prevent the spread 
of infection and thus are unable to provide care.8,9) Families are re-
luctant to send older people to long-term care (LTC) facilities,8) 
which causes confusion and stress not only to clients but also to 
family caregivers. The symptoms of people with dementia may 
also be aggravated by disruptions in their usual lifestyle and pro-
longed indoor living.1,10) Furthermore, a significant decrease in 
user numbers negatively affects home LTC provider businesses.11) 

Copyright © 2021 by The Korean Geriatrics Society
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However, little is known about how reduced use affects home 
care.7) 

In Japan, the Ministry of Health, Labour and Welfare restricted 
visits to clients in LTC facilities from February 24, 2020, before a 
steep increase in the number of cases.12) In early March, the first 
outbreak at an adult day service was identified, following which 
other LTC providers in the area were required to close.9) In late 
March, the number of infections increased, and on April 1, the 
government's expert panel recommended suspending or restrict-
ing day care services for persons with disability.13) A survey of 
home LTC providers conducted in April showed that 25.6% of re-
spondents had experienced decreases of income of 20% or more in 
March compared to those in February.11) On April 7, a state of 
emergency was declared for seven prefectures, which was gradually 
expanded. One percent or more of the adult day services for peo-
ple with disabilities were closed during this period.14) A total of 39 
LTC facilities had experienced outbreaks by May 9.15) 

This study investigated the reduced use of home LTC services 
using data from an urgent survey of LTC providers in Japan. Re-
duced usage in this study included both client cancellations (i.e., 
users voluntarily refraining from using the service) and service 
contraction (i.e., service providers reducing service availability). 
To evaluate the magnitude of the effects on home care, we com-
pared the impact of home care services to that of institutional ser-
vices and assessed which of these home care services were more 
likely to be affected. The research questions were as follows. (1) 
Were home LTC services more likely to experience reduced usage 
than institutional LTC services during the COVID-19 pandemic? 
Which home LTC services were the most affected? (2) To what 
extent did reduced usage affect user numbers and provider reve-
nues for each service? 

MATERIALS AND METHODS 

Data 
We conducted this secondary analysis of survey data from the Ur-
gent Survey on the Impact of COVID-19 on Long-term Care and 
Support for Older Adults and Practices and Innovations in the 
Field. This web-based survey was conducted by members of the 
Long-Term Care Benefit Expense Subcommittee of the Social Se-
curity Council through 15 national associations of LTC providers 
in Japan. From May 12 to 22, 2020, a total of 6,130 providers re-
sponded to the survey. The survey was anonymously conducted, 
with participant contact information collected voluntarily only 
when the participants agreed to follow-up surveys. A report of the 
main survey has already been published.16) We obtained the ano-
nymized data, and ethical approval was not required to obtain 

these data because they are not participant-identifiable.

Subjects 
The analysis included institutional and home care services covered 
by public LTC insurance. The institutional care services included 
nursing homes, geriatric health service facilities, and group homes. 
The home care services included adult day, home visit, and short 
stay services.  

Research Question 1  
Multivariate logistic regression analysis was conducted with usage 
reduction as the dependent variable and each service category (i.e., 
institutional or home care, adult day service, home visit service, or 
short stay service) as an independent variable. Usage reduction in-
cluded two categories: client cancellations initiated by clients or 
their families and service contraction in which service providers 
reduced or stopped service availability. Client cancellations were 
measured by a single item asking providers whether they had expe-
rienced any cancellation by clients or families. Service contracts 
were measured using items such as facility closure owing to local 
governmental request or facility decision, provider requests that 
users refrain from using the facility, restriction or suspension of 
new users, and reduced daily service hours. Providers who experi-
enced one or more of these situations were categorized as having 
experienced service contraction. 

We adjusted for three types of variables: (1) service size (be-
cause a larger provider is more likely to experience reduced ser-
vice); (2) service area (because organizations participating in the 
survey differed in the types of service offered and regional re-
sponse rates); and (3) occurrence or suspicion of COVID-19 in-
fection among clients, family members, or staff and the impact of 
COVID-19 on staff employment as they were strong predictors of 
service reduction. The service size was categorized as (1) < 10 full-
time equivalent (FTE) employees, (2) 10–30 FTE, and (3) ≥ 30 
FTE. Areas were categorized based on prefectural alert levels: (1) 
seven prefectures, including Tokyo, where a state of emergency 
was declared on April 7, (2) six prefectures that were added to the 
list of specified prefectures on April 16, and (3) another 34 prefec-
tures where a state of emergency was declared on April 16 and 
where earlier categories indicated an earlier infection spread. The 
occurrence/suspicion of COVID-19 among clients or family was 
measured based on whether any client or family member had test-
ed positive for or was suspected of having COVID-19 or had close 
contact with someone with COVID-19. The occurrence/suspi-
cion of COVID-19 among staff was measured based on whether 
any staff member had tested positive for infection or had close 
contact with someone with COVID-19. The impact on staff em-
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ployment included employment restrictions, absence or retire-
ment related to infection, fear of infection, or increased childcare 
and housework of employees. 

Research Question 2 
A multiple linear regression analysis was conducted for each ser-
vice, with the change rate in the user numbers and revenue com-
pared to the previous year as dependent variables and client can-
cellations and service contraction as independent variables adjust-
ed for service size. This approach was adopted because the data 
did not include the number of clients with reduced usage and be-
cause a simple comparison to the previous year could not distin-
guish between the time trend and the effect of reduced usage. We 
retrospectively collected data on the numbers of users in April 
2019 and April 2020 and calculated the rate of change by dividing 
the latter by the former. The participants directly provided their 
revenue rate of change in April 2020 compared to April 2019. We 
excluded cases with missing values for each analysis. 

RESULTS 

Participant Characteristics 
A total of 6,171 responses were obtained. After excluding cases 
with missing variables, the analyses included 5,089 responses. The 
numbers of institutional care, adult day service, short stay service, 
and home visiting service clients were 2,569, 844, 217, and 1,459, 
respectively. 

Table 1 shows the characteristics of the participating providers. 
More than half of the institutional care (63.3%) and short stay ser-
vice (61.8%) providers were large scale providers, with smaller 
proportions of adult day service (5.2%) and home visiting service 
(1.6%) providers. The number of respondents from high-alert ar-
eas was larger for home visit services (46.8%) and smaller for short 
stay services (23.0%). Infection and suspected cases occurred 
more frequently in home visit services (29.3%). Less than 2.2% of 
providers had infection or contact with COVID-19 patients for all 
services. More than 50% of participants reported impacts on staff 
employment in all services.  

Client Cancellations and Service Contraction 
Thirty-one percent of institutional care providers and 72.0% of 
home care providers experienced client cancellations. Table 2 
shows the prevalence of reduced usage and the results of the logis-
tic regression analysis with client cancellations and service contrac-
tion as dependent variables. Service type was significantly associat-
ed with client cancellations, with an adjusted odds ratio (AOR) of 
11.09. 

Service contraction occurred in 38.2% of institutional care and 
42.1% of home care providers. While service contraction was sig-
nificantly more likely to occur in home care, the AOR of 1.60 was 
lower than that for client cancellations. Among home care services, 
adult day service had the highest rate of client cancellation 
(76.7%). Short stay services were less likely to experience client 
cancellations (AOR = 0.38) than adult day services but were more 

Table 1. Service provider characteristics

Institutional 
(n = 2,569)

Home care  
(n = 2,520)

Adult day  
(n = 844)

Short stay  
(n = 217)

Home visiting 
(n = 1,459)

Service size
 Small 217 (8.4) 1,600 (63.5) 473 (56.0) 30 (13.8) 1,097 (75.2)
 Mid 650 (25.3) 719 (28.5) 327 (38.7) 53 (24.4) 339 (23.2)
 Large 1,702 (66.3) 201 (8.0) 44 (5.2) 134 (61.8) 23 (1.6)
Area
 With earlier alert 748 (29.1) 1,000 (39.7) 267 (31.6) 50 (23.0) 683 (46.8)
 With mid alert 389 (15.1) 361 (14.3) 130 (15.4) 33 (15.2) 198 (13.6)
 With later alert 1,432 (55.7) 1,159 (46.0) 447 (53.0) 134 (61.8) 578 (39.6)
Infection/suspicion among users or family
 No 2,282 (88.8) 1,968 (78.1) 737 (87.3) 200 (92.2) 1,031 (70.7)
 Yes 287 (11.2) 552 (21.9) 107 (12.7) 17 (7.8) 428 (29.3)
Infection/suspicion among staff
 No 2,512 (97.8) 2,474 (98.2) 831 (98.5) 214 (98.6) 1,429 (97.9)
 Yes 57 (2.2) 46 (1.8) 13 (1.5) 3 (1.4) 30 (2.1)
Impact on staff employment
 No 937 (36.5) 1,208 (47.9) 409 (48.5) 94 (43.3) 705 (48.3)
 Yes 1,632 (63.5) 1,312 (52.1) 435 (51.5) 123 (56.7) 754 (51.7)

www.e-agmr.org

288 Hiroshige Matsumoto et al.



Table 2. Associations between service types and usage restrictions

Client cancellations Service contraction
n (%) OR AOR LLCI ULCI n (%) OR AOR LLCI ULCI

All services 
(n = 5,089)

Service type
 Institutional 805 (31.3) Ref Ref 983 (38.3) Ref Ref
 Home care 1,816 (72.1) 5.65* 11.09* 9.14 13.46 1,062 (42.1) 1.18* 1.60* 1.36 1.89
Service size
 Small 1,151 (63.3) Ref Ref 717 (39.5) Ref Ref
 Mid 647 (47.3) 0.52* 1.08 0.91 1.30 465 (34.0) 0.79* 0.90 0.76 1.05
 Large 823 (43.2) 0.44* 2.58* 2.07 3.23 863 (45.3) 1.27* 1.74* 1.44 2.10
Area
 With earlier alert 1,079 (61.7) Ref Ref 881 (50.4) Ref Ref
 With mid alert 390 (52.0) 0.67* 0.80* 0.66 0.98 312 (41.6) 0.70* 0.75* 0.63 0.89
 With later alert 1,152 (44.5) 0.50* 0.64* 0.56 0.74 852 (32.9) 0.48* 0.55* 0.48 0.63
Infection/suspicion among users or family
 No 2,019 (47.5) Ref Ref 1,595 (37.5) Ref Ref
 Yes 602 (71.8) 2.81* 1.84* 1.53 2.21 450 (53.6) 1.93* 1.48* 1.26 1.73
Infection/suspicion among staff
 No 2,550 (51.1) Ref Ref 1,980 (39.7) Ref Ref
 Yes 71 (68.9) 2.12* 1.39 0.87 2.21 65 (63.1) 2.60* 1.64* 1.08 2.5
Impact on staff employment
 No 959 (44.7) Ref Ref 656 (30.6) Ref Ref
 Yes 1,662 (56.5) 1.60* 1.87* 1.63 2.14 1,389 (47.2) 2.03* 1.75* 1.54 1.98

Home care services 
(n = 2,520)

Service type
 Adult day 646 (76.5) Ref Ref 365 (43.2) Ref Ref
 Short stay 111 (51.2) 0.32* 0.38* 0.26 0.57 116 (53.5) 1.51* 1.49* 1.02 2.16
 Home-visiting (n = 1,549) 1,059 (72.6) 0.81* 0.70* 0.57 0.87 581 (39.8) 0.87 0.72* 0.6 0.87
Service size
 Small 1,133 (70.8) Ref Ref 678 (42.4) Ref Ref
 Mid 571 (79.4) 1.59* 1.47* 1.17 1.84 275 (38.2) 0.84 0.70* 0.58 0.85
 Large 112 (55.7) 0.52* 0.77 0.51 1.16 109 (54.2) 1.61* 1.01 0.69 1.48
Area
 With earlier alert 784 (78.4) Ref Ref 479 (47.9) Ref Ref
 With mid alert 259 (71.7) 0.70* 0.77 0.58 1.03 153 (42.4) 0.8 0.81 0.63 1.03
 With later alert 773 (66.7) 0.55* 0.67* 0.55 0.83 430 (37.1) 0.64* 0.68* 0.57 0.82
Infection/suspicion among users or family
 No 1,343 (68.2) Ref Ref 783 (39.8) Ref Ref
 Yes 473 (85.7) 2.79* 2.34* 1.78 3.06 279 (50.5) 1.55* 1.47* 1.19 1.8
Infection/suspicion among staff
 No 1,777 (71.8) Ref Ref 1,034 (41.8) Ref Ref
 Yes 39 (84.8) 2.19* 1.13 0.48 2.64 28 (60.9) 2.17* 1.68 0.9 3.1
Impact on staff employment
 No 785 (65.0) Ref Ref 421 (34.9) Ref Ref
 Yes 1,031 (78.6) 1.98* 1.81* 1.5 2.18 641 (48.9) 1.79* 1.67* 1.42 1.98

Multivariate logistic regression analysis (adjusted for the service size, area, infections/suspicion among users and family, infections/suspicion among staff, and 
impact on staff employment).
OR, (crude) odds ratio; AOR, adjusted odds ratio; LLCI/ULCI, lower/upper limit of the 95% confidential interval.
*p<0.05.
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likely to experience service contraction (AOR = 1.49). The home 
visiting service was significantly less likely to have either client can-
cellations (AOR = 0.70) and service contraction (AOR = 0.72) 
than adult day services. 

Impact on Client Numbers and Revenue 
Table 3 shows the effects of client cancellations and service con-
tracts on user numbers and revenue for each service. We observed 
no significant changes in the number of institutional care users but 
did observe significant revenue decreases related to client cancella-
tions (b = -0.014) and service contraction (b = -0.019) in institu-
tional LTC providers. Home care showed a significant decrease in 
the number of users (b = -0.057) and income (b = -0.049) related 
to service contraction. 

In the adult day service, service contraction was associated with 
changes in user numbers (b = -0.091) and revenue (b = -0.071). 
We observed no significant changes in the short stay service. While 
the mean number of home visiting service users increased 
(+0.5%), service contraction was associated with a significant re-
duction in revenue (b = -0.034). 

DISCUSSION 

Home care was more likely to experience reduced usage than insti-
tutional care. It is difficult to suspend services for clients in an LTC 
facility and move them back to their homes or to another facility. 
In addition, clients in institutional care facilities had lower activities 
of daily living (ADLs) than those using home care; thus, it may 
have been difficult for them to postpone their admission and con-
tinue home care. This may have prevented reduced institutional 
usage especially that associated with client cancellation. We esti-
mated that reduced institutional usage reduced revenues by 1.4%–
1.9%. This was lower than that for home care, and reduced usage 
was assumed to occur in a limited number of patients. 

In this study, 72% of home care providers experienced client 
cancellations, a rate significantly higher than that for institutional 
services. Although the government did not recommend avoiding 
the use of home-based services in general, clients may have per-
ceived that the risk of infection from home care services exceeded 
the benefits of using them. In addition to health anxiety and risk to 
loved ones, regular media use and social media use were identified 
as predictors of fear related to COVID-19.17) While the media are 
critical for conveying information to the public and promoting 

Table 3. Changes in the number of users and revenue depending on usage restrictions by service

Change rate in the number of users Change rate in revenue
n Mean ± SD b 95% CI n Mean ± SD b 95% CI

Predictor Institutional
 Total 2,353 -0.013 ± -0.864 2,569 -0.010 ± 0.092
 Client cancellations 735 -0.018 ± -0.849 -0.010 -0.023, 0.003 805 -0.024 ± 0.105 -0.014* -0.022, -0.006
 Service contraction 893 -0.012 ± -0.878 0.003 -0.008, 0.015 983 -0.025 ± 0.107 -0.019* -0.026, -0.011
Home care
 Total 2,150 -0.040 ± -0.728 2,520 -0.040 ± 0.172
 Client cancellations 1,573 -0.045 ± -0.726 -0.011 -0.037, 0.016 1,816 -0.046 ± 0.177 -0.014 -0.029, 0.001
 Service contraction 907 -0.074 ± -0.718* -0.057* -0.081, -0.034 1,062 -0.068 ± 0.186 -0.049* -0.062, -0.035
Adult day
 Total 776 -0.098 ± -0.781 844 -0.094 ± 0.175
 Client cancellations 592 -0.104 ± -0.772 -0.013 -0.049, 0.023 646 -0.101 ± 0.178 -0.025 -0.053, 0.002
 Service contraction 342 -0.149 ± -0.789 -0.091* -0.122, -0.061 365 -0.135 ± 0.195 -0.071* -0.095, -0.048
Short stay
 Total 189 -0.089 ± -0.772 217 -0.035 ± 0.162
 Client cancellations 99 -0.087 ± -0.793 0.002 -0.065, 0.069 111 -0.050 ± 0.195 -0.026 -0.070, 0.018
 Service contraction 99 -0.113 ± -0.751 -0.051 -0.116, 0.014 116 -0.048 ± 0.175 -0.026 -0.069, 0.018
Home visit
 Total 1,185 0.005 ± -0.699 1,459 -0.009 ± 0.163
 Client cancellations 882 0.000 ± -0.700 -0.018 -0.058, 0.022 1,059 -0.011 ± 0.165 -0.003 -0.022, 0.016
 Service contraction 466 -0.011 ± -0.682 -0.025 -0.061, 0.010 581 -0.030 ± 0.170 -0.034* -0.052, -0.017

Multivariate linear regression analysis: clients’ cancellation (=1, no=0) and service contraction (=1, no=0) as independent variables, adjusted for the service size.
SD, standard deviation; CI, confidence interval.
*p<0.05.
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preventive behavior, information should be conveyed without sen-
sationalism or disturbing images to avoid generating excessive 
fear.18) The World Health Organization has also recommended 
that individuals limit seeking information from the media to about 
twice a day.19) Additionally, service providers may have failed to 
adequately inform clients of the services’ benefits and risks of ser-
vice suspension. The purpose of LTC insurance is to provide 
health, medical, and welfare benefits for services necessary for cli-
ents to lead independent lives and maintain their dignity.20) In this 
study, service providers were concerned about a potential decline 
in ADLs (68.9% of respondents were concerned), fewer opportu-
nities to go out and socialize (59.2%), cognitive function decline 
(58.1%), increased burden on family caregivers (57.3%), and 
physical inactivity (42.3%).16) Emerging evidence has shown that 
community-dwelling older adults experienced negative effects on 
anxiety, depression, sleep quality, and physical activity during the 
period of social isolation due to COVID-19.21) Insufficient com-
munication on why home services are necessary and how they 
contribute to clients’ health may have led to substantial underutili-
zation. To avoid excessive client cancellations in future pandemics, 
it may be necessary to agree with clients and their families on the 
necessity and benefits of the regular use of home care services. 

Among home care services, adult day services were more likely 
to experience reduced usage. Adult day service embeds social con-
tact in its process.22,23) Because clients often stay in the same place 
and eat at the same time in adult day services, it may have been dif-
ficult to take measures to prevent infection. Furthermore, since cli-
ents of adult day services have lower care needs on an average than 
short stay service clients, adult day services may have been tempo-
rarily replaced by informal caregiving or perceived as less neces-
sary. The average increase in the number of home visit service us-
ers suggests that some clients reduced their use of adult day ser-
vices and replaced these services with home visit services. Service 
contraction was more likely to occur in short stay services; howev-
er, as they were mostly located in LTC institutions with residents 
at higher risks of severe illness, they adopted more stringent pre-
ventive measures. 

The adult day service experienced the largest impact on user 
numbers and revenue following reduced usage. We estimated that 
service contraction caused a 12.0% decrease in user numbers and a 
7.2% decrease in revenue. Since the average profit ratio is 3.1% for 
all LTC providers and 3.3% for adult day service,24) a revenue re-
duction exceeding 10% could be critical. In this study, 19.9% of re-
spondents reported increased expenditures related to additional 
infection control materials/ equipment and working hours;16) thus, 
the impact on the profit ratio was likely greater. Home care provid-
ers are smaller enterprises than institutional care providers and 

therefore are likely to have less financial capacity. Although the 
proportion of service contractions was lower than that of client 
cancellations, it was much higher than the proportion of infected 
cases among service providers and users, suggesting that services 
were contracted in a fairly precautionary manner. As the pandemic 
continues, there has been progress in infection control training, in-
cluding standard precautions and stocking of infection prevention 
items in home services. These efforts should continue to ensure 
service continuity as much as possible during future pandemics. 

This study was conducted with an emphasis on timeliness, 
which limited the representativeness of the sample. It was difficult 
to survey facilities in crisis situations or that were closed due to 
outbreaks. Nevertheless, the results of the survey of care manag-
ers16) also demonstrating that adult day services most commonly 
experienced service contraction, followed by short stay services 
and home-visiting services, suggests that this tendency is reliable. 

The rates of change in client numbers and revenue are less reli-
able because the respondents were asked to retrospectively indi-
cate the changes from the previous year. In addition, the rate of 
change was based on April data, while the usage restrictions were 
based on data at the time of the response (May 12–22); thus, there 
is a time gap. The results of this study should be followed up with 
further analyses of LTC insurance records and ongoing adminis-
trative survey data. Prolonged reduced usage may cause deteriora-
tion of physical and psychological outcomes, regardless of the 
COVID-19 situation. The potential long-term impact on the older 
population requires further investigation. In addition, the data did 
not include the condition of the affected clients (e.g., care level). 
This topic also requires further exploration as older people with 
higher care levels may be more vulnerable to the negative effects of 
service reduction. 
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INTRODUCTION 

Frailty is an important geriatric syndrome characterized by an 
age-associated decline in physiologic reserve that causes serious 
adverse health consequences such as hospitalization, institutional-
ization, and mortality.1) Frail persons have increased risks of vul-
nerability and death due to minor external stress. Frailty is a multi-
dimensional and dynamic state with adverse physical, psychologi-
cal, and social outcomes.2) 

Although frailty is an important concern worldwide, no interna-
tional standard definition of frailty has been established.3) In recent 
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years, healthcare professionals and researchers have suggested the 
need to evaluate frailty using a multidimensional approach that in-
cludes physical, psychological, and social dimensions.4) The com-
monly used frailty scales such as the Fried Frailty Index5) and 
FRAIL6) do not evaluate the psychosocial aspects of the patients. 
A systematic review demonstrated that the Tilburg Frailty Indica-
tor (TFI) has the most robust evidence of reliability and validity 
for assessing frailty in older adults among 38 multi-component 
frailty assessment tools.7) The TFI is a multidimensional, useful, 
and applicable instrument that assesses the physical, psychological, 
and social components of frailty in older adults.8) The TFI has 
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been translated and validated in many languages.9,10) 

Different studies have reported different TFI cutoff scores. A 
previous study showed that a total score of 5 or more was the opti-
mal cutoff for assessing frailty in Dutch persons who were aged 75 
years and older,8) while a TFL cutoff score of 6 was reported in 
Portuguese individuals (aged ≥ 65 years)11) and a cutoff score of 5 
was reported among Chinese community-dwelling older adults 
(aged ≥ 60 years).9) Thus, different cutoff scores have been identi-
fied for different populations. In addition, the characteristics of the 
TFI have not been investigated in detail. Especially, the relation-
ship between the TFI and sarcopenia according to the revised Eu-
ropean Working Group on Sarcopenia in Older People (EWG-
SOP-2) requires investigation and the risk factors for frailty should 
be determined. Therefore, this study aimed to determine a TFI 
cutoff value and frailty risk factors in older adults. 

MATERIALS AND METHODS 

Study Design and Participants 
This cross-sectional study included 166 participants who were 
aged 60 years or older and admitted to the geriatric outpatient clin-
ic in Turkey. We excluded individuals with severe illnesses that af-
fected their general health statuses, such as congestive heart failure 
(Class III and IV), respiratory failure, acute coronary syndrome, 
acute renal failure, and cancer. Since the reliability of handgrip 
strength is low in older patients with dementia because of their 
difficulty in comprehension, which can cause them to fail to com-
plete tasks, we also excluded patients with moderate and severe 
dementia.12) 

All procedures performed in studies involving human partici-
pants or human tissue were in accordance with the ethical stan-
dards of the Institutional Ethical Review Board of Dokuz Eylul 
University (No. 3282-GOA) and with the 1975 Declaration of 
Helsinki and its later amendments or comparable ethical stan-
dards. Informed consent was obtained from all participants includ-
ed in the study. 

Data Collection 

Participant characteristics 
Participant characteristics (age, sex, years of education, comorbidi-
ties, falls in the previous year, and the number of medications) 
were recorded. On admission, the participants were asked whether 
they had fallen in the previous year. Dementia and depression were 
diagnosed according to the Diagnostic and Statistical Manual of 
Mental Disorders 5th Edition (DSM-5) criteria.13) A comprehen-
sive geriatric assessment was performed for each participant, in-

cluding the Mini-Mental State Examination (MMSE),14) Clinical 
Dementia Rating Score (CDR), Geriatric Depression Scale 
(GDS),15) basic and instrumental activities of daily living (BADL, 
IADL),16) Tinetti Performance-Oriented Assessment of Mobility 
(POMA),17) and Mini Nutritional Assessment (MNA).18) Addi-
tionally, the Hospital Anxiety and Depression Scale-Anxiety sub-
scale (HADS-A) was used to assess anxiety. The HADS-A com-
prises seven items, each of which is scored from 0 (not present) to 
3 (considerable).19) 

Laboratory measurements 
Laboratory tests, such as renal and liver functions and fasting 
blood glucose, hemogram, thyroid-stimulating hormone (TSH), 
C-reactive protein (CRP), vitamin D, vitamin B12, and folic acid 
levels were measured to evaluate the biochemical, metabolic, and 
nutritional status of the patients. These values were all obtained 
using an auto-analyzer diagnostic modular system (Roche E170 
and P800; Roche, Basel, Switzerland). Serum 25-hydroxyvitamin 
D (25(OH)D) levels were measured by radioimmunoassay. 

Frailty assessment 
We assessed frailty according to the TFI and modified Fried Physi-
cal Frailty Scale. The TFI has two parts. Part A contains 10 items 
with different predictors of frailty based on socio-demographic 
data, while Part B contains 15 total items to assess physical (8 
items), psychological (4 items), and social (3 items) parameters. 
The total score of the scale is calculated from Part B, with high 
scores indicating increased frailty.8) Frailty was also evaluated using 
the modified Fried Physical Frailty Scale. According to this scale, 
the presence of three or more of the following five criteria indicat-
ed frailty: weight loss, exhaustion, low physical activity, slowness, 
and weakness.5) 

Sarcopenia assessment 
We assessed sarcopenia according to the revised version of the 
EWGSOP, which recommends evaluating muscle strength, muscle 
quantity, and physical performance while considering ethnic dif-
ferences.20) Therefore, the cutoff points for skeletal muscle mass 
and strength were accepted according to those reported in a vali-
dated Turkish study.21) 

Handgrip strength was measured using a JAMAR hydraulic 
hand dynamometer (Model J00105; Lafayette Instrument, Lafay-
ette, IN, USA). The arm was positioned at the side of the body, 
and the dynamometer was held with the elbow flexed to 90°. The 
measurements were repeated three times, with the maximum val-
ue of the dominant hand used in the analyses. Low muscle strength 
(MS) was defined as < 14 kg and < 28 kg in women and men, re-
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spectively.21) 

Bioelectrical impedance analysis (BIA) was performed using a 
TANITA device (MC-780U, multi-frequency segmental body 
composition analyzer; TANITA, Tokyo, Japan). Based on the mus-
cle mass bioimpedance values, skeletal muscle (SM, in kg) was cal-
culated as:22) 

[(height2 / R) ×  0.401] + (gender ×  3.825) + (age ×  -0.071) + 
5.102 

The skeletal muscle mass index (SMI) was calculated by divid-
ing the skeletal muscle mass (SMM) in kilograms by the length in 
square meters (SMI = SMM/height2). Low muscle quantity was 
defined as < 5.70 kg/m2 and < 8.33 kg/m2 in female and male, re-
spectively.21) 

We used the 4-m walking time to assess physical performance, 
with low physical performance defined as a rate of ≤ 0.8 m/s.20) 

Sample Size 
The minimum sample size was calculated using the Power Analy-
sis and Sample Size (PASS) software version 11 (NCSS Software, 
Kaysville, UT, USA).23) Assuming a prevalence of frailty of 28%,12) 
at least 150 patients were required (prevalence = 28%, hypothesis 
null = 0.6, hypothesis alternative = 0.8, power of 80%).  

Data Analysis 
We performed all statistical analyses in SPSS Statistics for Win-
dows version 22.0 (IBM Corp., Armonk, NY, USA). We used Sha-
piro–Wilk test and histograms to check for the normality of the 
data distributions. Mean and standard deviation (SD) values were 
reported for continuous variables and percentage values for cate-
gorical variables. 

We assessed the areas under curves of receiver operating charac-
teristic (ROC) analysis to test the predictive accuracy of the TFI 
for the identification of patients with frailty according to the Fried 
Frailty Index, which is considered the “gold standard” for evaluat-
ing frailty,5,24) and to set an appropriate cutoff point. We considered 
test values of < 0.7, 0.7–0.9, and > 0.9 to indicate low moderate 
(useful for some purposes), and high accuracy, respectively.25) 

We performed binary logistic regression analysis to identify vari-
ables that were potential risk factors (independent variables: 
POMA total, POMA gait, POMA balance, walking speed, BADL, 
HADS-A, GDS, IADL, MNA, low MS, low SM, sarcopenia) of 
frailty according to the TFI and the Fried Frailty Index (dependent 
variable: persons with TFI < 8 and Fried < 3 who were not frail). 
The regression analysis included continuous variables (total 
POMA gait, POMA balance, walking speed, BADL, HADS-A, 
GDS, IADL, and MNA) and categorical variables (low MS, low 
SM, and sarcopenia). The reference group notations for low MS, 

low SM, and sarcopenia were 1. We expressed the results as adjust-
ed odds ratios (ORs) with corresponding 95% confidence inter-
vals (CIs). The level of significance was set at p < 0.05. 

RESULTS 

This study included a total of 166 older adult patients. The mean 
ages in the frail and non-frail groups were 73.10 years and 72.89 
years, respectively (Table 1). The characteristics and outcome 
measures of the participants are presented in Table 1. The non-frail 
group showed higher education level, laboratory values (hemoglo-
bin, vitamin D, and vitamin B12 levels), POMA score (total, bal-
ance, gait), activities of daily living (IADL and BADL scores), 
MNA score, handgrip strength, SMM, SMI, gait speed, and BMR 
and lower number of medications, falls, GDS, and HADS-A 
scores, than the frail group (p < 0.05) (Table 1). The Fried frailty 
states differed between groups (p < 0.05) (Table 1, Fig. 1). The co-
morbidities were similar between the groups (p > 0.05) (Table 1). 

The area under the ROC curve was 0.735 (95% CI, 0.648–
0.823). A TFI cutoff point of 8, showed a sensitivity of 60% and 
specificity of 72.5% for the prediction of frailty (p < 0.05). In the 
assessment of the diagnostic value of the area under the curve, this 
value was significant (p < 0.05) (Fig. 2). 

Frailty according to the TFI was more associated with lower 
POMA total-balance scores, lower BADL scores, higher HADS-A 
scores, higher GDS scores, lower MNA scores, and low MS. Frailty 
according to the Fried score was more closely related to lower 
POMA total-balance scores, lower walking speed, lower ADL 
scores, lower MNA score, and low MS (p < 0.05) (Table 2). Neither 
TFI nor Fried scores were associated with sarcopenia (p > 0.05) 
(Table 2). 

DISCUSSION 

The main finding of the study was that a total TFI score of 8 or 
more was the optimal cutoff for assessing frailty in older adults. 
Second, the Fried score was more closely related to physical pa-
rameters, while the TFI score was more associated with both psy-
chosocial and physical parameters. Third, the measures of psycho-
social and physical parameters were better in the non-frail group 
than those in the frail group. Additionally, neither the TFI nor the 
Fried scores were associated with sarcopenia. 

Frailty is one of the most crucial problems associated with a high 
risk of adverse outcomes. Frailty is a multidimensional and dynam-
ic state that has adverse physical, psychological, and social out-
comes.2) The TFI had the most robust evidence of reliability and 
validity for assessing frailty in older adults among 38 multi-compo-
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Table 1. Participant characteristics

All participants (n = 166) Frail group (TFI ≥  8) (n = 57) Non-frail group (TFI <  8) (n = 109) p-value
Demographic characteristics
 Age (y) 72.96 ± 6.41 73.10 ± 6.54 72.89 ± 6.36 0.84
 Sex, female 112 (67.5) 48 (84.2) 64 (58.7) < 0.01*
 BMI (kg/m2) 28.57 ± 5.22 29.54 ± 5.63 28.06 ± 4.95 0.08
 Education (y) 7.42 ± 4.92 5.33 ± 4.60 8.53 ± 4.74 < 0.01*
 Number of medications 5.04 ± 2.87 6.05 ± 3.13 4.51 ± 2.59 < 0.01*
 Falls 54 (32.5) 25 (43.9) 29 (26.6) 0.03*
 MMSE score 26.49 ± 3.69 26.13 ± 3.80 26.72 ± 3.62 0.45
Laboratory values
 Hemoglobin (g/dL) 12.77 ± 1.28 12.39 ± 1.17 12.97 ± 1.30 < 0.01*
 CRP 4.50 ± 7.36 4.95 ± 8.67 4.19 ± 6.34 0.36
 Albumin 4.14 ± 0.33 4.08 ± 0.35 4.17 ± 0.31 0.16
 Folic acid 9.89 ± 4.47 9.50 ± 5.08 10.10 ± 4.11 0.12
 Vitamin D (ng/mL) 24.13 ± 10.96 21.68 ± 9.33 25.48 ± 11.58 0.03*
 Vitamin B12 (pg/mL) 389.32 ± 246.09 335.38 ± 190.76 418.10 ± 267.44 0.04*
 Blood Glucose (mg/dL) 111.39 ± 40.26 119.14 ± 53.35 107.26 ± 30.64 0.12
 TSH (mLU/L) 1.80 ± 1.54 1.96 ± 1.79 1.72 ± 1.39 0.33
Comorbidities
 Cerebrovascular disease 8 (4.8) 4 (7.0) 4 (3.7) 0.44
 Diabetes mellitus 55 (33.1) 20 (35.1) 35 (32.1) 0.73
 Hypertension 109 (65.7) 38 (66.7) 71 (65.1) 0.86
 Hyperlipidemia 44 (26.5) 19 (33.3) 25 (22.9) 0.19
 Congestive cardiac failure 8 (4.8) 4 (7.0) 4 (3.7) 0.44
 COPD 17 (10.2) 5 (8.8) 12 (11.0) 0.79
 Dementia 18 (10.8) 6 (10.5) 12 (11.0) 0.92
 Sarcopenia 15 (9.0) 6 (10.5) 9 (8.3) 0.62
Comprehensive geriatric assessment
 Fried frailty score 1.56 ± 1.30 2.15 ± 1.41 1.24 ± 1.12 < 0.01*
 Fried frailty states 0.01*
  No abnormalities 37 (22.3) 7 (12.3) 30 (27.5)
  Pre-frail 94 (56.6) 29 (50.9) 65 (59.6)
  Frail 35 (21.1) 21 (36.8) 14 (12.8)
 POMA total score 25.68 ± 3.44 24.26 ± 3.96 26.42 ± 2.88 < 0.01*
 POMA balance score 14.55 ± 2.15 13.61 ± 2,5 15.05 ± 1.75 < 0.01*
 POMA gait score 11.13 ± 1.51 10.65 ± 1.70 11.39 ± 1.34 < 0.01*
 IADL score 19.59 ± 4.59 18.42 ± 5.31 20.20 ± 4.06 0.01*
 BADL score 92.78 ± 8.41 89.16 ± 10.82 94.68 ± 6.07 < 0.01*
 GDS score 3.32 ± 3.63 5.91 ± 3.9 2.04 ± 2.63 < 0.01*
 HADS-A score 6.66 ± 4.77 9.52 ± 4.28 5.16 ± 4.32 < 0.01*
 MNA score 12.84 ± 1.56 12.16 ± 1.78 13.19 ± 1.30 < 0.01*
 Handgrip strength (kg) 19.37 ± 9.46 15.37 ± 8.64 22.95 ± 9.37 < 0.01*
 Low muscle strength 76 (45.8) 33 (57.9) 43 (39.4) < 0.01*
 SMM (kg) 18.69 ± 4.53 17.14 ± 3.62 19.50 ± 4.76 < 0.01*
 SMI (kg/m2) 7.45 ± 1.31 7.15 ± 1.23 7.60 ± 1.32 0.03*
 Low muscle quantity 27 (16.3) 9 (15.8) 18 (16.5) 0.90
 Gait speed (m/s) 1.00 ± 0.34 0.85 ± 032 1.08 ± 0.32 < 0.01*
 Low physical performance 48 (28.9) 26 (45.6) 22 (20.2) < 0.01*
 BMR (kcal) 1,408.96 ± 215.13 1,360.87 ± 210.27 1,434.11 ± 214.30 0.03*
Values are expressed as mean (standard deviation) for continuous variables and percent was reported for categorical variables. 
BMI, body mass index; MMSE, Mini-Mental State Examination; TSH, thyroid-stimulating hormone; COPD, chronic obstructive pulmonary disease; TFI, Til-
burg Frailty Indicator; POMA, Performance-Oriented Movement Association; BADL, basic activities of daily living; IADL, instrumental activities of daily living; 
CDR, Clinical Dementia Rating Score; GDS, Geriatric Depression Scale; HADS-A, Hospital Anxiety and Depression Scale-Anxiety; MNA, Mini Nutritional 
Assessment; SMM, skeletal muscle mass; SMI, skeletal muscle mass index; BMR, basal metabolic rate. 
*p<0.05.
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Table 2. Binary logistic regression model for frailty

Variable
TFI score ≥  8 (frail) Fried score ≥  3 (frail)

B SE p-value OR (95% CI) B SE p-value OR (95% CI)
POMA total –0.15 0.06 0.01* 0.85 (0.75–0.96) –0.18 0.06 < 0.01* 0.82 (0.72–0.94)
POMA gait –0.21 0.12 0.09 0.80 (0.62–1.03) –0.18 0.13 0.15 0.83 (0.64–1.07)
POMA balance –0.30 0.11 < 0.01* 0.73 (0.59–0.91) –0.41 0.11 < 0.01* 0.66 (0.52–0.83)
Walking speed –1.41 0.73 0.05 0.24 (0.05–1.02) –5.82 1.30 < 0.01* 0.01 (0.01–0.03)
BADL –0.08 0.02 < 0.01* 0.91 (0.86–0.96) –0.08 0.03 < 0.01* 0.91 (0.86–0.97)
HADS-A 0.19 0.04 < 0.01* 1.21 (1.11– 1.33) 0.06 0.04 0.18 1.06 (0.97–1.16)
GDS 0.30 0.07 < 0.01* 1.35 (1.17–1.56) 0.13 0.06 0.05 1.13 (1.00–1.29)
IADL –0.06 0.04 0.14 0.93 (0.85–1.02) –0.15 0.05 < 0.01* 0.85 (0.77–0.95)
MNA –0.40 0.12 < 0.01* 0.66 (0.52–0.85) –0.34 0.13 0.01* 0.70 (0.54–0.92)
Low MS 1.10 0.41 < 0.01* 3.03 (1.35–6.78) 1.39 0.46 < 0.01* 4.03 (1.61–10.10)
Low SM 0.21 0.51 0.67 1.24 (0.45–3.42) –0.60 0.60 0.31 0.54 (0.16–1.79)
Sarcopenia 0.34 0.64 0.58 1.41 (0.40–5.00) 0.22 0.67 0.74 1.25 (0.33–4.68)

TFI, Tilburg Frailty Indicator; GDS, Geriatric Depression Scale; POMA, Performance-Oriented Movement Association; BADL, basic activities of daily 
living; HADS-A, Hospital Anxiety and Depression Scale-Anxiety; MS, muscle strength; SM, skeletal muscle; SE, standard error; OR, odds ratio; CI, confi-
dence interval.
*p<0.05.

nent frailty assessment tools.7) The TFI is a multidimensional, use-
ful, and fast instrument to assess the physical, psychological, and 
social components of frailty in older adults.8) Fried frailty is the 
most widely used scale for identifying frailty. The scale has five cri-
teria—weight loss, exhaustion, low physical activity, slowness, and 
weakness. According to this scale, a score > 3 or more indicated 
frailty.5) A cutoff score was calculated for the TFI based on the 
Fried Frailty, which is considered the “gold standard” for evaluating 
frailty.24) We found that a TFI cutoff score of 8 showed the optimal 
specificity and sensitivity values. Gobbens et al.8) reported a TFI 
cutoff score of 5 to identify frailty. Our cutoff score was 3 points 

higher than that of Gobbens’ study. Gobbens’ study included com-
munity-dwelling individuals aged ≥ 75 years, with a mean partici-
pant age of 80 years.8) Thus, the cutoff score may have differed due 
to the difference in mean age in these studies.8) In addition, factors 
such as ethnicity and comorbidities can also affect the cutoff 
score.9,11) 

Among the many subjective and objective frailty assessment 
methods,26) Fried Frailty is commonly used.5,27) This instrument 
classifies older adults as frail, pre-frail, or non-frail, based on five 
criteria.5) While Fried Frailty predominantly assesses physical frail-
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ty, it also has good validity for assessing frailty.5,28,29) We found that 
the Fried score was more closely related to physical parameters, 
while the TFI score was more associated with both psychosocial 
and physical parameters. Thus, the TFI is multidimensional and 
more comprehensive in evaluating frailty. However, more studies 
on this subject are required. 

Frailty is an important problem that affects the physical and psy-
chological performance of older adults.2) Physical and psychologi-
cal parameters decrease in frail older adults compared to non-frag-
ile ones.2,3) Consistent with the literature, we found better mea-
sures of psychosocial and physical parameters in the non-frail 
group compared to those in the frail group. Together, these results 
show the importance of holistic approaches toward frail older 
adults. 

Frailty and sarcopenia are important age-related concerns, with 
overlap between the two conditions. Frailty and sarcopenia are 
similar, especially in terms of evaluating physical parameters.30) 
Sarcopenia is now formally recognized as a muscle disease that oc-
curs in older adults but that can also occur earlier in life.20) The 
EWGSOP-2 recommends assessments of muscle strength, muscle 
quantity, and physical performance in the evaluation of sarcope-
nia.20) We found that neither the TFI nor the Fried scores were as-
sociated with sarcopenia, while frailty was associated with low 
muscle strength, which is the sub-evaluation parameter of sarcope-
nia. Thus, frailty and sarcopenia are different concepts, between 
which only physical parameters can be similar.30) 

This study has some limitations. First, the cross-sectional design 
precluded inferences about the direction of causality among the 
variables. Second, BIA was used to assess muscle mass. While it is 
a valid tool for assessing muscle mass, it does not measure mass di-
rectly. 

In conclusion, the results of this study suggested an optimal TFI 
cutoff score of 8 as a frailty instrument in community-dwelling 
older adults. Additionally, the TFI included physical, psychologi-
cal, and social aspects, thereby providing a multidimensional eval-
uation of frailty. 
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INTRODUCTION 

As modern society enters super-aging status, rehabilitation medi-
cal care is important to restore the independence of older adults 
and individuals with disabilities. In addition, as stated in the 2020–
2030 Healthy Aging Decade, hospital culture should aim to be 
friendly to older adults and provide integrated care. In this context, 
multidisciplinary care centered on hospitalized older adults and in-
dividuals with disabilities is essential.1,2)  
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The goal of rehabilitation therapy is to improve the activities of 
daily living (ADL) and increase the participation of patients 
through functional recovery, which determines the time required 
for their return to daily life and their level of participation in the 
community.3,4) Among patients receiving rehabilitation therapy, 
the restoration of mobility and independence is essential for 
functional improvement.4,5) As limited time is available for re-
ceiving rehabilitation therapy in the gym and patients spend 
most of their time in the inpatient ward, patient mobility in the 
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ward is also important.6) However, inappropriate hyperactivity 
that does not match the patient’s functional status can cause falls, 
which can lead to fractures, fear of walking, disability, increased 
hospital stays, and additional costs, thereby inhibiting more ef-
fective rehabilitation treatment.4,7) Therefore, to promote inde-
pendence and prevent falls, individualized programs that consid-
er patient function are needed to promote the mobility of pa-
tients in the ward. 

However, unlike a therapist whose primary goal is to improve 
mobility and function, nurses in an inpatient rehabilitation ward 
tend to create dependency and immobility issues due to a lack of 
knowledge and experience regarding rehabilitation to improve 
mobility.5,8-11) Thus, patient mobility and participation levels differ 
between the gym and the ward. The insufficient education of nurs-
es regarding rehabilitation leads to their lack of knowledge regard-
ing the importance of rehabilitation for improving mobility. This 
prevents nurses from facilitating therapy continuation and integra-
tion, which play important roles in multidisciplinary rehabilitation 
team.12-15) In this context, the present study aimed to improve the 
mobility and participation of patients in an inpatient ward by en-
hancing communication between therapists and nurses and imple-
menting an educational program. 

MATERIALS AND METHODS 

Study Design and Participants 
This study was performed between August and November 2019 at 

the rehabilitation unit of a community-based hospital in Korea. 
The participants comprised 45 patients admitted to the rehabilita-
tion department, three therapists in charge, and 32 nurses dedicat-
ed to the inpatient rehabilitation ward. This study included all ad-
mitted patients receiving rehabilitation therapy, regardless of the 
diagnosis. The pre-intervention group included 30 patients hospi-
talized before the intervention period who participated in the sur-
vey without intervention, while the intervention group included 
27 patients who participated in the survey after the intervention. 
The intervention group also included 12 patients in the pre-inter-
vention group who were continuously hospitalized during the in-
tervention period. We excluded patients who could not answer the 
survey questions or who did not agree to participate. We conduct-
ed the pre-intervention survey between August 1 and September 
30, 2019. The intervention commenced on October 1, 2019 and 
we conducted the post-intervention survey after 2 weeks (Fig. 1). 
The surveys were administered on paper, and patients who were 
unable to complete the questionnaire due to cognitive problems 
were assisted by a caregiver. The nurses enrolled in this study were 
not familiar with rehabilitation to improve mobility because they 
had not received detailed rehabilitation education. Three thera-
pists had extensive experience in rehabilitation for mobility. This 
study was approved by the Institutional Review Board of Seoul 
National University Bundang Hospital (No. B-2102-664-116). 

Interventions 
We conducted two kinds of interventions: efficient communica-

Intervention
a. The intervention commenced on October 1
b. Continued to November 30

August September October November

Pre-intervention period

32 nurses: completed 1st survey

Pre-intervention survey Post-intervention survey2 weeks

3 therapists

26 nurses: completed 2nd survey

18 Pts
: Discharged before September

12 Pts
: Continuously hospitalized

15 Pts
: Newly hospitalized

30 Pts

Patient

Nurse

Therapist

Survey

27 Pts

Interventional period

Fig. 1. The process of the study including the data collection timeline and the instrument used. Pts, patients.
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tion among rehabilitation staff and promoting awareness of mobil-
ity and functional status among nurses and patients (Fig. 2). To do 
so, the research team produced a manual called “My Rehabilitation 
Story.” This manual contained useful information about using de-
vices for mobility, such as wheelchairs and walkers, and skills for 
improving transfer, walking, and toileting. In particular, it con-
tained information about the functional status according to indi-
vidual patient evaluation. It describes the functional level, such as 
rolling, sitting up, transitioning from sitting to standing, sitting bal-
ance, standing balance, transfer, and performing ADL. The func-
tional level was categorized into four levels according to the degree 
of help required (independent, supervision, help, and impossible) 
and recorded, which allowed clear communication of the patient’s 
functional level by sharing the manual. 

First, the manual was used as a tool for communication between 
nurses and therapists to share information about each patient’s 
functional status. The patients’ safe mobility, transfer ability, and 
toileting level based on the results of the functional evaluation 
were marked by the therapists on the lists of activities in the manu-
al, which was then delivered to the nurses in the ward as a form of 
communication. The manuals were kept in the ward to continu-
ously monitor each patient’s level of activity and provide feedback 
to the patients, with all nurses checking the patient if necessary. In 
addition, to maximize communication, the rehabilitation team 
held a 30-minute team meeting once weekly. Second, the manual 
was used for patient education by therapists and nurses. At the 

same time, the nurses could also use the manual for self-directed 
learning. 

Survey Methodology 
This study applied two survey questionnaires devised by the re-
search team. The first questionnaire was related to the patients’ 
functional status and was administered by the therapists and nurs-
es after the initial functional assessment. The purpose of this sur-
vey was to determine the differences in each patient’s functional 
level, as assessed by therapists and nurses. The survey consisted of 
multiple-choice questions about transfer ability (Question 1), mo-
bility (Question 2), and toileting (Question 3). The respondents 
were asked to choose the answer that best suited the patient’s func-
tional level (Supplementary Table S1). Through these questions, 
we analyzed the agreement on the functional status of each patient 
between therapists and nurses before and after the intervention. 

The second questionnaire was related to the awareness of mobil-
ity management. We applied this survey to nurses and patients be-
fore and after the intervention and assessed their overall under-
standing of mobility (Questions 1–2), understanding of patient 
mobility and function (Questions 3–9), and activity recommen-
dation performance (Question 10). The nurses’ questionnaire 
consisted of 10 questions, while the patients’ questionnaire con-
sisted of nine questions, as it excluded the question on functional 
ambulation categories (Question 2). We used a 4-point Likert 
scale to analyze and interpret the results of the survey (Table 1). 

Physician (n = 1)

a.  Coordinating rehabilitation team 
(therapists, nurses and patients)

b. Confirm individualized ADL level

Therapists (n = 3)

a.  Initial assessment of appropriate ADL 
and mobility level

b. Conventional PT
c. Nurse education
d. Patient education

Communication messenger
- Mobility/ADL level

Education
- Knowledge about mobility

Reinforcement
- Mobility/ADL participation

Education
- Knowledge about mobility

Nurses (n = 32)

a. Fall risk assessment
b.  Enhance patients ADL participation 

and mobility training in wards
c. Enhance patient education

Patients (n = 45)

a. Educated by therapists and nurses
b. Reinforced ADL participation
c. Reinforced mobility training in wards

Contents and role of "My Rehab Story"

Newly designed  
intervention

Fig. 2. The study was designed to enable efficient communication between physicians, therapists, and nurses and improve activity-related educa-
tion. We used an activity manual called “My Rehabilitation Story.” ADL, activities of daily living; PT, physical therapy.
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Statistical Analysis 
Frequency analysis was performed using descriptive statistics to 
analyze the general characteristics of the participants. χ2 and Fisher 
exact tests were used to identify differences in participant charac-
teristics between the two time points. Concordance between the 
therapists and nurses at the functional level was determined using 
Cohen’s kappa (κ). Response options 1 and 2 were combined into 
one category, “totally dependent,” whereas 3–6 were combined 
into the category “partially dependent or independent.” Agreement 
was defined as poor ( < 0.20), fair (0.21–0.40), moderate (0.41–
0.60), good (0.61–0.80), or excellent (0.81–1).16) The analysis of 
the nurses’ and patients’ questionnaires used an ordinal 4-point 
Likert-type scale with possible responses of “fully disagree,” “partly 
disagree,” “partly agree,” and “fully agree.” Wilcoxon signed-rank 
tests were used to evaluate the significance of the differences in the 
responses to these questions. All analyses were performed using 
SPSS Statistics for Windows, version 22.0 (IBM SPSS, Armonk, 
NY, USA). In all analyses, statistical significance was set at p < 0.05. 

RESULTS 

Patient Demographics 
Table 2 summarizes the general demographic characteristics of the 

patients included in this study. The pre-intervention group includ-
ed 13 men (43.3%) and 17 women (56.7%) with a mean age of 
71.7 ± 12.8 years, while the intervention group included 14 men 
(48.2%) and 13 women (48.2%) with a mean age of 67.2 ± 14.0 
years. The most common diagnosis was stroke in both groups—
pre-intervention group, 17 patients (56.7%); intervention group, 
15 patients (55.6%). In the pre-intervention group, the Functional 
Ambulation Category score was 2.54 ± 1.50, the modified Barthel 
Index score was 54.95 ± 24.25, the Mini-Mental State Examina-
tion-Dementia Screening score was 20.33 ± 7.58, and the Global 
Deterioration Scale score was 3.44 ± 1.54. In the intervention group, 
these scores were 2.44 ± 1.72, 57.94 ± 24.23, 20.46 ± 7.04, and 
3.54 ± 1.45, respectively. We observed no significant differences in 
the characteristics or scores between the two groups (p > 0.05).

Agreements on Patient Functional Levels between Therapists 
and Nurses 
We analyzed the views of the therapists and nurses on each pa-
tient’s functional level. We compared the proportions of patients 
that therapists and nurses classified as immobile or totally depen-
dent. Regarding transfer ability, nurses and therapists classified 
33.3% and 16.7% of patients, respectively, as totally dependent. 
This difference decreased from 16.6% to 3.7% after the interven-

Table 1. Results of surveys assessing the awareness of mobility management among nurses and patients

Questions
Nurses Patients

Non-intervention 
survey (n = 32)

Post-intervention 
survey (n = 26) p-value Non-intervention 

period (n = 30)
Post-intervention 

survey (n = 27) p-value

Q1 I know how to use a wheelchair and walking aid 
(walker, cane, crutch, etc.).

3.1 ± 0.6 3.3 ± 0.5 0.27 3.0 ± 0.8 3.2 ± 0.9 0.17

Q2 I know about Functional Ambulation Categories 
(FAC).

1.7 ± 0.6 2.7 ± 0.7 < 0.01* † - -

Q3 I share the patient’s (or my) functional level with 
the therapist.

1.9 ± 0.6 2.9 ± 0.7 < 0.01* 3.2 ± 0.8 3.3 ± 0.8 0.75

Q4 I know the patient’s (or my) strength and level of 
ambulation in the therapy room.

2.0 ± 0.7 3.2 ± 0.5 < 0.01* 3.1 ± 0.7 3.2 ± 0.8 0.31

Q5 I know how to transfer my patient (or myself). 
(e.g., wheelchair to bed, wheelchair to toilet)

2.8 ± 0.8 3.4 ± 0.5 0.01* 2.8 ± 0.7 3.4 ± 0.6 < 0.01*

Q6 I know the patient’s (or my) safe ambulation level 
(e.g., walker, cane, wheelchair, self-ambulation).

2.9 ± 0.8 3.2 ± 0.6 0.08 3.0 ± 0.6 3.2 ± 0.9 0.26

Q7 I know the patient’s (or my) safe voiding and defe-
cation level (e.g., catheter use, diaper, toilet use).

2.8 ± 0.8 3.3 ± 0.6 0.02* 3.0 ± 0.9 3.3 ± 0.8 0.14

Q8 I know the level of exercise that my patient (or I) 
can do himself or herself (or myself) in the ward.

2.4 ± 0.6 3.0 ± 0.6 0.01* 3.1 ± 0.7 3.0 ± 0.8 0.94

Q9 I know the fall risk associated with the patient (or 
myself) (e.g., drugs, catheter, mental condition).

3.1 ± 0.6 3.3 ± 0.6 0.16 2.9 ± 0.7 3.2 ± 0.8 0.10

Q10 I encouraged patients to participate in mobility 
training in the wards/I exercise on my own ini-
tiative in the ward.

2.4 ± 0.7 3.2 ± 0.6 < 0.01* 2.8 ± 0.9 3.0 ± 0.9 0.27

Questions were answered on a 4-point Likert scale (1=fully disagree, 2=partly disagree, 3=partly agree, 4=fully agree).
†, Question 2 was not included for the patients and caregivers.
*p<0.05.
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Table 2. Patient demographic data and clinical characteristics

Non-intervention period (n =  30) Intervention period (n =  27) p-value
Sex 0.60
 Male 13 (43.3) 14 (51.9)
 Female 17 (56.7) 13 (48.2)
Age (y) 71.7 ± 12.8 67.15 ± 13.9 0.25
Diagnosis 0.92
 Stroke 17 (56.7) 15 (55.6)
 Hip fracture 7 (23.3) 7 (25.9)
 TKRA 3 (10.0) 1 (3.7)
 Other 3 (10.0) 4 (14.8)
Pain 0.15
 Yes 23 (76.7) 25 (92.6)
 No 7 (23.3) 2 (7.4)
FAC 2.54 ± 1.50 2.44 ± 1.72 0.94
MBI 55.0 ± 24.3 57.9 ± 24.2 0.65
MMSE-DS 20.3 ± 7.58 20.5 ± 7.04 0.95
GDS 3.44 ± 1.54 3.54 ± 1.45 0.87

Values are presented as number (%) or mean±standard deviation.
TKRA, total knee replacement arthroplasty; FAC, Functional Ambulation Categories; MBI, Modified Barthel Index; MMSE-DS, Mini-Mental State Examina-
tion-Dementia Screening; GDS, Global Deterioration Scale.

tion (Fig. 3). Regarding mobility, nurses and therapists classified 
53.3% and 30% of patients, respectively, as immobile. This differ-
ence of 23.3% (p = 0.037) decreased to 11.1% (p = 0.311) after the 
intervention. Regarding toileting, nurses and therapists classified 
40% and 16.7% of patients, respectively, as totally dependent, with 
a difference of 23.3% (p = 0.045). However, there was no differ-
ence between the two groups after the intervention (p = 1.000) 
(Fig. 3). The inter-rater agreement (κ) rates between therapists 
and nurses on patient functional level was moderate before the in-
tervention as follows: transfer ability, κ = 0.571 (p < 0.01); mobili-
ty, κ = 0.494 (p < 0.01); and toileting, κ = 0.462 (p < 0.01). Howev-
er, the rates improved substantially to almost perfect agreement af-
ter the intervention as follows: transfer ability, κ = 0.836 (p < 0.01); 
mobility, κ = 0.664 (p < 0.01); and toileting, κ = 1.000 (p < 0.01) 
(Table 3, Fig. 4). 

Results of Surveys Assessing Awareness of Nurses about 
Mobility Management 
Analysis of the survey of nurses showed increased mean scores for 
all questions after the intervention. The score increases were sig-
nificant (p < 0.05) for all questions except for those on the use of 
aids (Question 1), identifying patient mobility level (Question 6), 
and fall risk assessment (Question 9). The three items that did not 
exhibit significantly different scores post-intervention had higher 
scores in the pre-intervention survey than the other items. The rate 
of disagreement in responses decreased from 42.5% before the in-

tervention to 10.4% after the intervention (Table 1). 

Results of Surveys Assessing Patient Awareness of Mobility 
Management 
As with the results of the survey for nurses, the intervention group 
had higher average scores for all items. However, we observed no 
significant differences between the non-intervention and interven-
tion groups, except for the question about transfer ability (Ques-
tion 5, p < 0.01) (Table 1). In addition, we compared the results of 
the surveys for nurses and patients conducted during the non-in-
tervention period, as the questionnaire included the same ques-
tions except for Question 2. The mean score of the patient group 
was higher for all questions except for those about the use of aids 
(Question 1) and fall risk assessment (Question 9). 

DISCUSSION 

This study was conducted to improve the rehabilitation team’s 
awareness of patient mobility and participation by enhancing com-
munication between therapists and nurses and conducting patient 
education. Our intervention yielded several findings. First, after 
the intervention, the nurses showed significant improvements in 
their awareness of patient mobility and safety. The survey conduct-
ed before the intervention indicated that the nurses lacked aware-
ness of patient fall risk, mobility, and functional levels. However, 
these improved within a short time through communication and 
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educational sessions. These results supported those of previous re-
ports suggesting that a lack of awareness prevents nurses from pro-
moting patient mobility.5,17,18) Our observations also underscored 
the need to emphasize patient mobility and functional levels in ed-
ucation programs for nurses.  
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Fig. 3. The proportion of patients determined to be immobile or totally dependent for activities of daily living by nurses and therapists. For all 
questions, the difference between nurses and therapists was reduced after the intervention, with decreases of 16.6% to 3.7%, 23.3% to 11.1%, and 
23.3% to 0% observed for questions related to (A) transfer ability, (B) mobility, and (C) toileting, respectively. *p<0.05.

Table 3. Descriptive statistics, Cohen’s kappa coefficient (κ), and measures of the strength of agreement for each item

Non-intervention period Intervention period
Crude agreementa)(%) Cohen’s κ SE of κ Strength of agreementb) Crude agreementa)(%) Cohen’s κ SE of κ Strength of agreementb)

Transfer ability 83.3 0.571 0.571 Moderate 96.3 0.836 0.158 Almost perfect
Mobility 73.3 0.494 0.132 Moderate 88.8 0.664 0.172 Substantial
Toileting 76.7 0.462 0.150 Moderate 100 1.000 0.000 Almost perfect

SE, standard error.
a)Percentage of therapists and nurses who placed the patient in the same category.
b)Strength of agreement based on Landis and Koch:16) poor, κ<0.20; fair, κ=0.21–0.40; moderate, κ=0.41–0.60; good, κ=0.61–0.80; excellent, κ=0.81–1.00.
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Fig. 4. The inter-rater agreement (κ) between therapists and nurses 
regarding patient functional level. Moderate agreement was observed 
before the intervention, with agreement values of κ=0.571, κ=0.494, 
and κ=0.462 for questions related to transfer ability, mobility, and 
toileting, respectively. Agreement levels improved substantially to al-
most 100% after the intervention, with agreement values of κ=0.836, 
κ=0.664, and κ=1.000, respectively.

Second, the different perceptions of patient functional levels be-
tween therapists and nurses confirmed the need for communica-
tion within the rehabilitation team.19) We observed moderate 
agreement between therapists and nurses before the intervention 
(κ = 0.41–0.60). In particular, compared to therapists, nurses had a 
greater tendency to limit active participation in daily activities. A 
previous study reported differences in the perceptions of roles be-
tween nurses and therapists. According to Dalley and Sim,12) nurs-
es tended to limit therapists’ roles in facilitating mobility and func-
tioning. They also tended to consider therapists as having distinct 
and different roles in the rehabilitation team.12) Doherty et al.20) 

also reported that it was difficult for nurses to set an acceptable pa-
tient functional level. In contrast, Long et al.13) emphasized coordi-
nation and communication among nurses’ roles in a multi-profes-
sional rehabilitation team. They reported that nurses play a role in 
integrating rehabilitation care through ongoing communication 
with therapists. 

The manual developed by our team, “My Rehabilitation Story,” 
improved the sharing of information related to the patient’s func-
tional level. This written medium allowed both formal and infor-
mal communication, which helped to set appropriate patient mo-
bility participation levels in the ward. Previous studies have 
demonstrated the effectiveness of communication processes in 
multidisciplinary teams. Papadimitriou and Cott21) reported that 
interprofessional communication allowed effective team perfor-

www.e-agmr.org

306 Jae Hyu Jung et al.



mance and enhanced client-centered practice. Tyson et al.22) also 
reported that the use of objective measurement tools was effective 
in avoiding communication conflicts in a multidisciplinary team 
approach. However, all previous studies were qualitative, with case 
report designs. Therefore, they were insufficient to clarify the ef-
fects of communication. However, it is meaningful to analyze the 
effect of communication based on an objective and quantitative 
index; namely, inter-rater agreement (κ). To our knowledge, this 
study is the first to report a quantitative analysis of the effect of 
communication between therapists and nurses in a rehabilitation 
setting. 

Third, education on mobility and participation improved pa-
tient awareness. This finding was consistent with those of previous 
studies showing that patient education prevented immobility and 
improved functional status, independence, and mobility.23-26) How-
ever, despite the overall improvement, we observed no statistically 
significant improvements in any of the question scores, except for 
Question 5 (p < 0.01). This might have been due to the high sur-
vey scores by the pre-intervention group. Interestingly, the patients 
had a greater awareness of their mobility than their nurses. This 
was because, even during the non-intervention period, therapists 
provided education on mobility as part of the patients’ rehabilita-
tion program. 

Patients participating in rehabilitation therapy experience more 
falls due to the promotion of mobility and participation.4,27) More-
over, if they experience a serious fall, patients tend to passively par-
ticipate in ADL.28) In this study, the number of falls did not in-
crease, even though we promoted mobility. Only one fall occurred 
during both the non-intervention (907 person-days) and interven-
tion (958 person-days) periods. Therefore, the intervention con-
ducted in this study was suitable for promoting mobility without 
increasing fall accidents. Previous studies have highlighted this as 
an important element of mobility promotion programs.29) 

The contribution of nurses to rehabilitation for improving  
mobility is important for maximizing patient functional out-
comes.30-32) Nurses who promote patient ADL participation while 
communicating with therapists can speed patient recovery and re-
duce rehabilitation time.13) Burton33) reported that nurses also 
wanted to help patients to use the skills in their ADL that they had 
learned from therapists in the gym. The improvement in commu-
nication between therapists and nurses with the continuous ed-
ucational program proposed in this study is consistent with the 
ideal nursing practice for promoting patient mobility advocated 
by King et al.34) 

This study had some limitations. We included only a single site 
and a small sample size, which could potentially limit the general-
izability of our findings. In addition, this was not a randomized 

controlled trial, which might have led to bias. Finally, due to the 
lack of clinical outcomes to assess the effectiveness of interven-
tions, further studies are needed to determine whether mobility fa-
cilitation in an inpatient ward can, in turn, facilitate functional im-
provement. 

The results of this study confirmed that improving communica-
tion among healthcare professionals from multiple disciplines, in-
cluding nurses and therapists, through continuous educational 
programs promoted patient mobility and ADL participation in the 
inpatient ward. Therefore, our findings provide evidence of the 
benefits of a ward culture that facilitates a team approach to pro-
mote and recommend appropriate mobility for patients. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/10.4235/
agmr.21.0085. 
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INTRODUCTION 

The coronavirus disease 2019 (COVID-19) global pandemic be-
gan at the end of 2019.1,2) Within 1 year, 208 million individuals 
worldwide were infected by this virus and 4.38 million individuals 
died.3) In Thailand, 948,442 cases of COVID-19 have been con-
firmed, with 730,437 cured and 7,973 deaths.3) The pandemic af-
fected all age groups, causing economic deterioration and ensuing 
health problems.4) More than 50% of fatalities occurred among 
older adults owing to increased complications and longer lengths 
of hospital admission compared to those in other populations.5) As 
a result, treatment costs and numbers of lost family members were 
high.6) COVID-19 prevention behaviors were extremely import-
ant in reducing viral spread and casualties in populations at risk.7) 

As COVID-19 is transmitted by droplets,8) health authorities in 
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several countries, including Thailand, promoted frequent hand 
washing with soap and water, use of masks, and social distancing to 
reduce exposure, in addition to strict citywide lockdowns to con-
trol the spreads of the epidemic.9) Moreover, accessing fundamen-
tal health information, obtaining a genuine understanding of the 
principles of disease prevention, and managing public health re-
mained crucial, especially for at-risk populations.10,11) Making deci-
sions about how to follow health advice was one of the processes 
necessary for COVID-19 prevention behaviors.12) 

Health literacy (HL) is a concept addressed in healthcare sys-
tems and research on health promotion.13) It constitutes the pro-
cess by which individuals acquire knowledge and motivation and 
how they understand and access information, express opinions, 
and make decisions about promoting and maintaining health.14,15) 
A recent study applied HL to promote health among chronically ill 
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patients.16,17) Previously, older adults with poor education or limit-
ed access to health information (AHI) received health information 
from healthcare workers and community health volunteers.18,19) 
Because physical deterioration affects the ability to learn new 
knowledge, HL regarding health problems faced by older adults 
have gradually been learned over longer periods compared to other 
population groups. Related studies have demonstrated inadequate 
HL among older adults, especially those with cognitive impair-
ment and poor vision and hearing.19) Individuals with low educa-
tion levels also have low HL scores and tend to have worse com-
munication skills and lack critical HL.18,19) However, healthcare 
communication is extremely important for maintaining and pro-
moting health and well-being. 

In the context of Thai communities, families are characterized 
by nuclear and extended families, meaning that family members, 
relatives, and neighbors can provide interaction and support re-
garding the physical and psychological well-being of older adults.20) 
However, during the COVID-19 pandemic, relatives, neighbors, 
and public health workers were educated and built an understand-
ing of protection measures using mass media, including online 
networks, to provide information designed for older adults.21) HL 
on managing common health problems differs from that in critical 
or epidemic situations as it constitutes a new epidemic, in which 
unclear knowledge related to COVID-19 prevention behaviors 
and HL were lacking among older adults.18) 

A literature review on HL in the COVID-19 context revealed 
that few studies have assessed factors associated with HL among 
older adults in Thailand. Studies on the general public, university 
students, and factors related to the COVID-19 pandemic have all 
been conducted.22,23) However, during COVID-19, older adults are 
in triple jeopardy, especially if they reside in crowded areas, such 
as urban communities. Furthermore, although many older adults 
were advised to self- quarantine and avoid direct contact with 
those who may infect them, their social connections in the com-
munity were one of the most important supportive resources 
available. 

As mentioned above, the prevention of COVID-19 among 
older adults in crisis areas such as urban communities required 
their increased HL in addition to efforts to assess and explore 
factors influencing HL in this population. This information can 
be used for developing and implementing interventions and pol-
icies. When developing the conceptual framework for the pres-
ent study, we applied the ecological assessment of the PRE-
CEDE-PROCEED model24) to determine the predisposing, re-
inforcing, and enabling factors that influenced HL among older 
adults in an urban community. The model explained the predis-
posing factor as the basis on which individuals increased their 

motivation to perform a behavior, the reinforcing factor as that 
which encouraged individuals to perform a particular behavior, 
and enabling factor as the environmental influencing factor that 
directly affected the behavior to support or prevent the degrada-
tion of behavior among individuals. This study assessed and de-
termined factors influencing HL among older adults living in ur-
ban communities during the pandemic.  

MATERIALS AND METHODS  

Research Design and Sampling 
This cross-sectional community-based survey was conducted in 
Ubon Ratchathani Province, Thailand, which has the highest pro-
portion of older adults at a risk of COVID-19. The selection crite-
ria of the subjects were male and female sex, age 60 years and older, 
residence in the study area over 2 years, and ability to participate 
while collecting data. We excluded older adults who could not 
speak the Thai language and were unable to communicate or diag-
nose cognitive impairments. 

We applied a multistage sample technique. First, one district in 
each district health zone was chosen for sampling from among the 
three district health zones in Ubon Ratchathani Province, Thai-
land. Second, in each district, one urban community, also known 
as a municipal area, was chosen. Finally, we selected a target popu-
lation at random using a community name list from four districts 
in Northeast Thailand. We calculated the sample size using 
G*Power.25) The effect size was 0.30, with an alpha level of 0.05 
and a power of 0.80. The resulting calculated sample size was 384. 
To prevent data loss, an additional 10% of subjects were included. 
Thus, this study included a total of 421 subjects. Based on sample 
size, we randomly selected 105–106 individuals from each urban 
community. 

The protocol for this study was reviewed and approved by the 
Ethics Review Committee (IRB) of the Faculty of Public Health, 
Mahidol University (MUPH 2020-156). An informed consent 
statement was obtained before commencement of the data collect-
ing.

Research Instrument 
Data were collected using self-reported questionnaires that were 
conducted in the respondents’ homes and communities. A panel 
of three experts rated the overall content validity of all instruments 
at 1.00 and the index of item objective congruence was over 0.5. 
We assessed the interrater reliability of the self-reported question-
naire between the principal and co-principal investigators in all set-
tings in a pilot test of 30 participants, which showed acceptable 
values of 0.71–0.93, with structured questionnaires comprising the 
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six parts described below. 
(1) Access to health services (AHS) was developed based on lit-

erature reviews. AHS included two questions. First, where the re-
spondents accessed their healthcare services. The healthcare ser-
vices in the study area comprised a subdistrict health-promoting 
hospital (primary healthcare unit), a community hospital, and a 
regional hospital (tertiary hospital). Second, the assessment of the 
ease of accessing healthcare services involved three individual 
items: “was the hospital far from your home?,” “was the cost of 
travel expensive,” and “were you able to pay the extra treatment 
costs?” The Cronbach’s alpha was 0.77. 

(2) Access to COVID-19 preventive materials was developed 
based on literature reviews. It comprised five items: access to alco-
hol-based hand rub, access to free alcohol-based hand rub or soap, 
access to masks, access to free masks, and access to face shields. 
Respondents who always had access to these preventive measures 
earned one point, with scores ranging from 0 to 5 points. Good ac-
cess to COVID-19 preventive material was defined as individuals 
who were able to access all materials (five points). The Cronbach’s 
alpha was 0.77. 

(3) AHI comprised nine items related to AHI from health per-
sonnel, health volunteers, neighbors, village headman, TV, radio, 
internet, family members, and documents. For example, one ques-
tion asked, “did you regularly access health information from pub-
lic health officials?” A positive response was scored one point. The 
scores ranged from 0 to 9 points. Good access health to informa-
tion was defined as scores of 7–9. The Cronbach’s alpha was 0.71. 

(4) Social support was developed by applying the social support 
theory described by Cobb,26) which comprises eight items. Each 
item involved four rating scales (never, rarely, sometimes, and al-
ways), and each was scored from 1 to 4 points. The total score 
ranged from 8 to 32 points. A high level of received social support 
from family members was defined as total scores of 25–32 points. 
The Cronbach’s alpha was 0.79.  

Social support from neighbors was developed by applying the 
social support theory proposed by Cobb26) and comprised seven 
items. Each item involved four rating scales (never, rarely, some-
times, and always), and each was scored from 1 to 4 points. The to-
tal score ranged from 7 to 28 points. A high level of social support 
was defined as a total score of 22–28. The Cronbach’s alpha was 
0.88. 

Social support from health personnel was developed similar to 
others.26) It comprised seven items with four rating scales as de-
scribed above. The total score ranged from 7 to 28 points. A high 
level of received social support was defined as a total score of 22–
28. The Cronbach’s alpha was 0.93. 

(5) HL was developed by the Health Education Department of 

the Ministry of Public Health, Thailand.27) It comprises 24 items in 
the following six elements: AHI, understanding, interaction to 
change, decision-making, modification, and discussion of health. 
The responses used a five-point Likert scale: strongly disagree = 1, 
disagree = 2, neither agree nor disagree = 3, agree = 4, and strongly 
agree = 5. Total scores of 96–120 points indicated proficient HL, in 
which individuals had adequate HL. The Cronbach’s alpha was 
0.93. 

(6) The sociodemographic variables of the study population 
consisted of four items with open-ended questions with multi-
ple-choice responses, including age, sex, marital status, and current 
work. 

Statistical Analysis 
Data were analyzed using the Statistical Package for the Social Sci-
ences version 18.0 (SPSS Inc., Chicago, IL, USA). Frequency, per-
centage, mean, and standard deviation were used to describe re-
spondent characteristics. To explore factors associated with HL, 
we performed multiple logistic regression analysis, with the results 
presented as odds ratios (ORs) and 95% confidence intervals 
(CIs). Statistical significance was set at p < 0.05. 

RESULTS 

Characteristics of the Study Population 
The average age of the respondents was 70.0 ± 7.1 years; most re-
spondents (53.4%) were aged 60–69 years, followed by 70–79 
years (36.1%) and 80 years and over (10.5%). Overall, 62.7% of 
respondents were female and 37.3% were male. Over 60% of re-
spondents were married, 30.4% were separated/divorced/wid-
owed, and 5.5% were single. Almost 40% of respondents were em-
ployed, 43.5% were farmers, 28.5% were business owners, and 
28.0% were temporary employees (Table 1). 

Study Variables 
The predisposing factors included education level, income suffi-
ciency, and chronic illness. Most subjects had graduated at the pri-
mary school level or lower (63.4%), possessed sufficient income 
(69.6%), and experienced chronic illness (61.5%). Among rein-
forcing factors, 83.4%, 76.9%, and 70.1% of respondents received 
sufficiently high levels of social support from family members, 
neighbors, and health personnel, respectively. 

Among enabling factors, most of the respondents accessed 
healthcare services at district (53.4%), regional (23.8%), and sub-
district health-promoting (22.8%) hospitals. Moreover, 76.7% re-
ported that receiving healthcare services in these hospitals was 
convenient. Regarding accessing COVID-19 prevention materials, 
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Table 1. Factors associated with HL among older adults by binary logistic regression analysis

Factor
HL

OR (95% CI) p-value
Total Proficiency Non-proficiency

Clinical factors
 Age (y) 70.0 ± 7.1 - -
  60–69 225 (53.4) 97 (43.1) 128 (56.9) 0.93 (0.63–1.37) 0.713
  ≥ 70 196 (56.6) 88(44.9) 108 (55.1) Ref.
 Sex
  Female 264 (62.7) 153 (58.0) 111 (42.0) Ref.
  Male 157 (37.3) 83 (52.9) 74 (47.1) 1.23 (0.83–1.83) 0.31
 Marital status
  Non-married 151 (35.9) 58 (38.4) 93(61.6) Ref.
  Married 270 (64.1) 127 (47.0) 143 (53.0) 1.42 (0.95–2.14) 0.09
Predisposing factors
 Education
  Primary school 267 (63.4) 111 (41.6) 156 (58.4) Ref.
  Higher 154 (36.6) 74 (48.1) 80 (51.9) 1.55 (0.90–2.64) 0.11
 Working status
  Unemployed 186 (44.2) 76 (40.9) 110 (59.1) Ref.
  Employee 235 (55.8) 109 (46.4) 126 (53.6) 1.25 (0.85–1.85) 0.26
 Sufficiency income
  Insufficiency 128 (30.4) 54 (42.2) 74 (57.8) Ref.
  Sufficiency 293 (69.6) 131 (44.7) 162 (55.3) 1.11 (0.73–1.69) 0.63
 Chronic illness
  No 162 (38.5) 72 (44.4) 90 (55.6) Ref.
  Yes 259 (61.5) 113 (43.6) 146 (56.4) 0.97 (0.65–1.44) 0.87
Enabling factors
 Access to health services
  Other 321 (76.2) 190 (59.2) 131 (40.8) Ref.
  Regional hospital 100 (23.8) 54 (54.0) 46 (46.0) 1.70 (1.08–2.68) 0.02*
 Easy to access health services
  No 98 (23.3) 34 (34.7) 64 (65.3) Ref.
  Yes 323 (76.7) 151(46.8) 172 (53.2) 1.65 (1.03–2.64) 0.03*
 Access to preventive material
  Poor 265 (62.9) 89 (33.6) 176 (66.4) Ref.
  Good 156 (37.1) 96 (61.5) 69 (38.5) 3.16 (2.10–4.77) < 0.001**
 Access to health information
  Poor 176 (41.8) 47 (26.7) 129 (73.3) Ref.
  Good 245 (58.2) 138 (56.3) 107 (43.7) 3.16 (2.01–4.77) < 0.001**
Reinforcing factors
 Family support
  Poor 70 (16.6) 17 (24.3) 53 (75.7) Ref.
  Good 351 (83.4) 168 (47.9) 183 (52.1) 2.86 (1.59–5.14) < 0.001**
 Social support by neighbor
  Poor 135 (32.1) 32 (23.7) 103 (76.3) Ref.
  Good 286 (76.9) 153 (53.5) 133 (46.5) 3.70 (2.34–5.86) < 0.001**
 Social support by health person
  Poor 126 (29.9) 29 (23.0) 97 (77.0) Ref.
  Good 295 (70.1) 156 (52.9) 139 (47.1) 3.75 (2.34–6.03) < 0.001**
Values are presented as mean±standard deviation or number (%).
HL, health literacy; OR, odds ratio; CI, confidence interval.
*p<0.05, **p<0.01.
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most respondents (62.9%) replied that they did not access them; 
however, 58.2% reported good AHI (Table 1).  

HL in the study population 
We observed nonproficient and proficient HL in 56.1% and 43.9% 
of Thai older adults, respectively, during the COVID-19 pandemic 
in this study. 

Factors associated with proficient HL among older adults 
Table 1 indicates that no predisposing factors, such as education 
level, sufficient income, and chronic illness, were associated with 
proficient HL (p > 0.05). Regarding enabling factors, AHS, conve-
nient AHS, access to preventive materials, and AHI were associat-
ed with proficient HL. Our findings indicated that older adults ac-
cessing healthcare services at regional hospitals were 1.7 times 
more likely to have proficient HL (OR = 1.70; 95% CI, 1.08–2.68; 
p = 0.02). Respondents with convenient access to healthcare ser-
vices were 1.65 times more likely to have proficient HL 
(OR = 1.65; 95% CI, 1.03–2.64; p = 0.03). Regarding access to 
preventive materials, participants who could access all materials 
were 3.16 times more likely to have proficient HL (OR = 3.16; 
95% CI, 2.10–4.77; p < 0.001). Lastly, participants with high levels 
of AHI were 3.16 times more likely to have proficient HL 
(OR = 3.16; 95% CI, 2.10–4.77; p < 0.001) (Table 1). 

Regarding reinforcing factors, older adults receiving high-level 

social support from family members were 2.86 times more likely 
to have proficient HL (OR = 2.86; 95% CI, 1.59–5.14; p < 0.001). 
In addition, older adults receiving high levels of social support 
from neighbors were 3.7 times more likely to have proficient HL 
(OR = 3.70; 95% CI, 2.34–5.86; p < 0.001). Finally, those receiving 
high levels of social support from health personnel were 3.7 times 
more likely to have proficient HL (OR = 3.75; 95% CI, 2.34–6.03; 
p < 0.001) (Table 1). 

Multiple logistic regression analysis of reinforcing factors 
showed that high levels of social support from neighbors and 
health personnel significantly predicted proficient HL in older 
adults. Participants receiving high levels of social support from 
their neighbors were more than twice as likely to have proficient 
HL compared to those receiving low levels of support (OR = 2.02; 
95% CI, 1.16–3.53; p < 0.01). Additionally, those who received 
high levels of social support from health personnel were more than 
twice as likely to have proficient HL compared to those who had 
low levels (OR = 2.55; 95% CI, 1.47–4.41; p < 0.01). However, 
while high levels of social support from family members were 
more likely to predict HL, HL did not differ from those receiving 
low levels of support (p > 0.05) (Table 2). 

The enabling factors predicted significantly proficient HL 
(p < 0.05). Older adults accessing health services at regional hospi-
tals had adequate HL (OR = 2.53; 95% CI, 1.47–4.34; p < 0.01), 
and older adults with convenient access to healthcare services were 

Table 2. Factors associated with HL in older adults by multiple logistic regression analysis

Variable OR (95% CI) p-value
Predisposing factors
 Young older adults ( < 70 y) 1.240 (0.78–1.96) 0.358
 Male 1.158 (0.72–1.86) 0.544
 Married 1.618 (0.99–2.63) 0.052
 Higher education 1.321 (0.80–2.17) 0.274
 Current working 0.988 (0.62–1.59) 0.961
 Sufficient income 0.790 (0.47–1.32) 0.365
 Chronic illness 1.042 (0.66–1.65) 0.862
Reinforcing factors
 Received high level of social support from family members 1.150 (0.56–2.36) 0.709
 Received high level of social support from neighbors 2.030 (1.15–3.59) < 0.01**
 Received high level of social support from health personnel 2.860 (1.62–5.06) < 0.01**
Enabling factors
 Accessed health services at regional hospital 2.250 (1.27–3.97) < 0.01**
 Convenient to access health services in hospitals 1.890 (1.09–3.29) 0.02*
 High level of access to health information 1.920 (1.18–3.12) < 0.01**
 Accessed COVID-19 prevention material 2.760 (1.72–4.41) < 0.01**

HL, health literacy; OR, odds ratio; CI, confidence interval; COVID-19, coronavirus disease 2019.
*p<0.05, **p<0.01.
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1.76 times more likely to have adequate HL compared to those 
without convenient AHS in hospitals (OR = 1.76; 95% CI, 1.02–
3.02; p = 0.04). Concerning access to materials for COVID-19 
prevention, participants with good access were twice as likely to 
have adequate and proficient HL compared to those without such 
access (OR = 2.62; 95% CI, 1.66–4.13; p < 0.01). Participants with 
good AHI were 1.95 times more likely to have adequate HL com-
pared to those without AHI (OR = 1.95; 95% CI, 1.21–3.13; 
p < 0.01) (Table 2). 

DISCUSSION 

Our study explored factors influencing HL among older adults. 
The results showed that their HL was proficient and associated 
with better accessibility and social support. Individuals with profi-
cient HL can experience healthy lives free from infectious diseases. 
HL not only affects a person’s awareness of disease prevention but 
also has a greater effect on the earlier management of health prob-
lems. Proficient HL predicted good preventive behaviors at rates 
almost twice those of the other groups. Gautam et al.28) suggested 
that HL affected perceptions and behaviors related to individual 
protection from COVID-19 and followed the pharmacologic man-
agement of their health problems. A high proportion of HL is 
linked to prevention behaviors and low rates of COVID-19 nation-
wide.  

The urgency for professionals to act and promote behavioral 
changes in the population is high during a pandemic. HL is a lead-
ing factor in improving awareness of risk issues and decision-mak-
ing regarding changing health behaviors and lifestyles.17,29,30) Profi-
cient HL led to ideal health behaviors and a new normal lifestyle to 
reduce the incidence of COVID-19 transmission.9) The older 
adults in urban communities in our study demonstrated adequate 
health knowledge and competencies very similar to those reported 
by related studies.18,19) We observed non-proficient and proficient 
HL in 56.1% and 43.9% of respondents, respectively. Previously, 
over half of the older adults had insufficient HL or nonproficiency. 
The sample population’s residence in urban or semiurban settings 
may have resulted in a better quality of life related to education lev-
el, living conditions, and access to information.31) Although older 
adults in rural communities receive more support, many areas 
were locked down and activities canceled.32) However, women 
were one of the most vulnerable populations during the pandemic 
and often had less access to information compared to men.33) 
Therefore, their lifestyles may differ.31) 

Moreover, our study indicated that social support was a reinforc-
ing factor for HL among older adults, similar to other studies. So-
cial support from neighbors is important to older adults, particu-

larly those in Asian countries.18,34,35) Neighbors are also important 
for communicating health information.36) Even when they are liv-
ing with children, most individuals spend their free time with 
neighbors in the community.36) Moreover, neighbors serve as role 
models of behavior change and can be useful in promoting 
health.37,38) Thus, the HL of older adults is delivered through 
neighbors.39,40) When a neighbor has good HL, the older adults 
will also have good HL.40) In addition, when the society is strong, 
vulnerable individuals will be protected and enjoy good health and 
well-being, leading to equal AHS.37) 

Unsurprisingly, we found that older adults supported by good 
health professionals also experienced good HL. In addition, AHS 
and health information were related to HL. This likely occurred 
because HL arises from health promotion by health personnel.18) 
As mentioned above, the enabling factors include environmental 
factors that directly influence behavior and prevent illnesses stem-
ming from such behaviors.37) Therefore, the ability to access health 
services is a fundamental variable correlating to HL and health be-
havior. However, we found that the experience of accessing health 
services in tertiary hospitals was significantly associated with HL. 
Tertiary hospitals are large specialized hospitals providing health 
services that secondary and primary hospitals cannot.41) They have 
both talent and expertise in providing healthcare services. Al-
though the level of hospital expertise was related to health knowl-
edge among older adults in this study, the number of subjects was 
small and insufficient to understand the process of establishing 
health knowledge. Additional studies are needed to explore health 
promotion and communication skills in tertiary hospitals to pro-
mote healthful decisions and healthcare.42) 

However, we found that education levels, adequate income, and 
chronic illnesses such as hypertension, diabetes, and cardiovascu-
lar disease were not associated with HL in older adults. To explain 
this, most of the older adults in our study experienced chronic ill-
ness; they also know each other well in their community and par-
ticipated and share health information, which may have influenced 
their HL and the stability of their health behaviors. Thus, older 
adults with chronic diseases showed no associations with HL in 
our study, contrary to the findings of related studies.29,43) The liter-
ature on health knowledge arising from the learning process has 
demonstrated improved health knowledge following educational 
interventions in individuals with low education levels.26) In con-
trast, while highly educated people better can learn health informa-
tion and understand health, their HL is directly influenced by the 
academic level obtained.44) Thus, our results differed from those of 
related studies.29,43)

Our study had several limitations. First, the sample was not sta-
tistically representative of older adults because we included only 
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urban communities in Northeast Thailand. Future studies should 
compare HL in older adults in urban, suburban, and rural commu-
nities in several settings. Second, this was the first study to use the 
AHS, concerning access to COVID-19 preventive materials, AHI, 
social support, social support from neighbors, social support from 
health personnel, and HL questionnaires, which was on only one 
aspect of its validity (content validity). Future studies should use 
the whole aspect of validity (content and reliability) based on reli-
able and valid questionnaires. Finally, because of the cross-section-
al design, this study could not determine causal relationships, but 
only associations and correlations. However, our results demon-
strated that HL among older adults after the COVID-19 pandemic 
could limit its transmission and permit social activities necessary 
for the health of older adults. Indeed, we observed higher levels of 
HL among older adults who accessed health services at regional 
hospitals compared to the levels in those who accessed other 
healthcare facilities. Based on our results, further studies should fo-
cus on the spread of fake news or incorrect information (e.g., vacci-
nation) that might be associated with HL, as well as the use of 
health service models aimed at HL among older adults. Policy-
makers should also consider ways to reduce gaps and disparities in 
health services in vulnerable populations. 

In conclusion, the results of this study demonstrated high levels 
of HL among older adults residing in urban communities. We also 
found that AHS, easily accessed preventive material, and AHI pre-
dicted HL in older adults. Promoting proficient HL among older 
adults is important. Additionally, social support from family, neigh-
bors, and health personnel was associated with HL in older adults. 
Strong social support can encourage high levels of HL and healthy 
behaviors in this population. Family, neighbors, and health person-
nel are important, and policymakers should consider effective 
channels of communication and health promotion. Lastly, good 
access to health care services, preventive material, and health infor-
mation predicted high levels of HL. AHS, prevention equipment, 
and convenient information are important for people at risk of HL 
and to promote good behaviors. 
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INTRODUCTION 

Diabetes mellitus is a chronic condition that affects millions of 
people globally. According to the International Federation of Dia-
betes, approximately 415 million individuals worldwide had diabe-
tes in 2015, a number that is expected to reach 642 million by 
2040.1) In Thailand, the prevalence of diabetes increased from 
7.7% in 2004 to 7.8% in 2009 and 9.9% in 2014,2) making it the 
second-ranking non-communicable disease, following high blood 
sugar levels.3,4) Patients with long-term diabetes and inadequate 
blood glucose management are prone to develop complications 
that result in mortality and increased disease severity,5,6) as well as 
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Background: Diabetes mellitus is a major problem worldwide. Moreover, older patients with sig-
nificantly limited health literacy (HL) tend to have worse self-care behaviors and health out-
comes. This study aimed to describe the associations of HL, self-care behavior, and blood sugar 
levels among older patients with type 2 diabetes in rural Thai communities. Methods: This 
cross-sectional study included 415 patients with diabetes who were purposively selected from 
rural Thai communities. Data were collected using questionnaires and analyzed using descriptive 
statistics, Pearson correlation, Spearman rho, and stepwise multiple linear regression. Results: 
The results revealed that most participants were women (66.50%). The respondents had moder-
ate overall HL (2.68±0.64). On average, the respondents had fair overall self-care behavior 
(4.0±0.33). We discovered that HL was significantly positively correlated with self-care behavior 
(r=0.90) but not with blood sugar level. In addition, self-care behavior was significantly negative-
ly correlated with blood sugar level (r=-0.50). Self-care behaviors and blood sugar levels were 
significant predictors of HL in patients with type 2 diabetes (total variance, 28.4%). Conclusion: 
The results suggested increased HL in patients with diabetes would improve self-care behavior 
and, consequently, decrease their blood sugar level. Our findings indicate the need to involve 
nurses and multidisciplinary healthcare teams when developing health promotion programs to 
encourage blood sugar control. 
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acute respiratory distress syndrome in coronavirus disease 2019 
(COVID-19),7) mainly due to a higher incidence of diabetes-spe-
cific complications (e.g., coronary heart disease, stroke, kidney fail-
ure, and peripheral vascular disease).8) Diabetic treatment aims to 
maintain blood sugar levels as close to standard as feasible. Thus, 
after 8–12 hours of fasting, blood glucose readings must be 90–
130 mg/dL or the glycated hemoglobin (HbA1c) level <  7%.9)  

Effective communication between patients and healthcare pro-
viders is necessary to ensure that patients correctly comprehend 
and follow healthcare providers’ advice. The language used in 
communication and one’s perspective on the subject under discus-
sion are critical components of reciprocal and improved under-
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standing. Patients with a low degree of health literacy (HL) will 
not follow doctors’ directives since they are unable to comprehend 
health information. Low HL is a barrier to good health, as it leads 
to patients’ disregard for healthcare providers’ advice or instruc-
tions. Additionally, a previous study reported a link between HL 
and self-care behavior in patients with type 2 diabetes.10) 

HL or health skills were first recognized in the United States, 
where individuals with diverse ethnic backgrounds, languages, and 
cultures coexist. These individuals frequently lack an understand-
ing of health issues and information as well as methods for better 
self-care management.11) People with low HL were more likely to 
be careless with their health; they had high blood sugar levels, 
more diabetes problems, and were frequently admitted to the hos-
pital.12) People with diabetes who lacked functional HL were also 
more likely to have difficulty controlling their blood glucose lev-
els.13) This may result from an inability to comprehend health in-
formation recommended by healthcare specialists. Patients with a 
high HL may better understand the recommendations of health-
care practitioner and maintain more stable blood sugar levels. 

Self-care behavior is a principal concept in health promotion 
that refers to decision-making and health behaviors that an indi-
vidual could make to address a health issue or maintain their cur-
rent level of health.14) Self-care encompasses four dimensions: the 
physical, averting complications, treatment, and psychosocial di-
mensions.15) Additionally, patients must learn to motivate them-
selves and gain social support to sustain their efforts.16) On the 
other hand, social support, particularly from peers, friends, and 
families, is also a barrier to treatment adherence and self-care, al-
though high levels of support are connected with greater long-term 
self-care management. As such, this study aimed to improve the 
understanding of the relationships between HL and self-care be-
haviors and blood sugar levels in patients with type 2 diabetes liv-
ing in rural Thai communities. 

MATERIALS AND METHODS 

Research Design and Sampling 
The sample in this cross-sectional survey consisted of 60- to 
80-year-old male and female adults living in Samut Songkram 
Province in southern central Thailand, which comprises three dis-
tricts: Samut, Amphawa, and Bangkhonthi. This province is an im-
portant economic area in the central part of Thailand, where most 
residents produce palm sugar as a household industry. Bangkhon-
thi District has 13 sub-district health promotion hospitals, three of 
which—Jormploug, Bang Prom, and Bang Yeerong—are primary 
care centers. Each center serves three to five sub-district health 
promotion hospitals. In this study, we selected a sample of 415 pa-

tients with diabetes living in rural Thai communities. 

Research Instruments 
The survey questionnaires used in the current study were divided 
into the following four research instruments.  

Self-care behavior assessment (SBA) 
The SBA is based on the concept of self-care behavior theory first 
described by Orem.15) We applied a questionnaire developed by 
Suksatan and Prabsangob.10) The self-care behavior questionnaire 
included four dimensions (physical, prevention of complications, 
treatment, and psychosocial), each of which comprised five ques-
tions. The participants answered each question by rating their re-
sponse from 1 (never) to 5 (always). The total score for self-care 
behaviors was 100 points, with higher scores indicating better self-
care behavior. 

Blood sugar control assessment (BSCA) 
We used Dextrostix (DTX), which is the preferred method for dia-
betes screening and diagnosis. DTX was used to assess blood glu-
cose levels after fasting for at least 6–8 hours. We used the latest 
DTX results from patients’ health records at the health promotion 
hospitals, which were assessed by technicians the sub-district 
health promotion hospitals. 

Health literacy scale (HLS) 
We applied the three-level HLS developed by Ishikawa et al.,17) to 
assess the HL level. The test is used to measure functional, com-
municative, and critical HL and consists of three groups of ques-
tions based on three different levels of HL: basic (composed five 
questions), interactive (five questions), and critical (four ques-
tions). The participants were asked to read the questions or to have 
them read to them. The patients answered each question by rating 
their responses from 1 (never) to 4 (regular). Then, the scores of 
each group of questions were collected and divided by the number 
of questions. The score results ranged between 1 and 4, with high-
er scores indicating higher HL, except for the score result of basic 
HL, in which a higher score indicated a lower HL. We used the to-
tal HL score in this study (56 points: 14 multiplied by 4) by defin-
ing percentage scores of < 60%, 60%–69.99%, 70%–79.99%, and 
> 79.99%, indicating poor, fair, good, and very good HL, respec-
tively. 

Sociodemographic variables 
We assessed the general information of the participants using an 
instrument with five items: sex, age, education level, monthly in-
come, and diabetes duration. 
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Data Analysis 
We used IBM SPSS Statistics for Windows version 21.0 (IBM, Ar-
monk, NY, USA) to analyze the data. The frequencies, percentag-
es, means, and standard deviations of the data were presented. 
Pearson correlation coefficient and Spearman rho were used to ex-
amine the relationships between the participants’ sociodemo-
graphic factors, self-care behaviors, and blood sugar levels and their 
HL. We used a stepwise multiple linear regression analysis to test 
the factors predicting these variables. The significance level was set 
at p < 0.05. 

Ethical Considerations 
The current study was carried out according to the ethical princi-
ples of the Declaration of Helsinki. Written informed consent was 
obtained from all the participants. Ethical approval was attained from 
the Suan Sunandha Rajabhat University Institutional Review Board 
on human rights prior to commencing the study (No. COA.1-
037/2018).  

RESULTS 

We purposively selected a total of 415 participants receiving health 
services at sub-district health promotion hospitals in rural Thai com-
munities as a sample group. The demographic data and clinical  
characteristics of the participants were as follows: 66.50% female 
(n=276) and a mean age of 64.1 years. Most participants had gradu-
ated from primary school (71.30%, n=29) and 65% of participants 
had a monthly income of <5,001 Thai Baht (n=164). Furthermore, 
most participants had had diabetes for 5–9 years (39.80%, n=165) 
and most had blood sugar levels of 126–154 mL/dL (51.45%, 
n=214) (Table 1). 

Participant HL 
The participants had fair overall HL (mean, 2.68), with a mean to-
tal score of 36.89. The mean scores for functional, interactive, and 
critical HL were 3.11, 2.32, and 2.61, respectively (Table 2). 

Participant Self-care Behaviors 
The participants had a mean score of overall self-care behavior of 
4.00. The mean score was highest for the treatment dimension 
(4.34), followed by the physical (4.00), prevention of complica-
tions (3.89), and psychosocial (3.75) dimensions (Table 3). 

Relationships of Participants’ Sociodemographic Characteristics, 
HL, Self-care Behaviors, and Blood Sugar Levels 
Pearson correlation coefficient analysis showed that HL was sig-
nificantly positively correlated with self-care behavior (r = 0.90, 

Table 1. Demographic characteristics of the participants

Characteristic Value
Sex
 Male 139 (33.50)
 Female 276 (66.50)
Age (y) 64.1 ± 8.1 (50–80)
 50–59 148 (35.70)
 60–69 175 (42.20)
 70–80 92 (22.10)
Education levels
 Lower than primary school 36 (8.70)
 Primary school 296 (71.30)
 Secondary/Vocational school 64 (15.40)
 Bachelor's degree and above 19 (4.60)
Monthly income (Thai Baht)
 < 5,001 164 (39.51)
 5,001–10,000 139 (33.49)
 10,001–15,000 80 (19.30)
 15,001–20,000 16 (3.85)
 > 20,000 16 (3.85)
Duration of diabetes (y)
 < 5 105 (25.20)
 5–9 165 (39.80)
 > 10 145 (35.00)
Blood sugar, DTX (mL/dL)
 < 126 125 (30.10)
 126–154 214 (51.45)
 155–182 60 (14.56)
 > 182 16 (3.89)

Values are presented as number (%) or mean±standard deviation (min–max).
DTX, Dextrostix.

Table 2. Health literacy of the participants

Health literacy Mean ± SD Interpretation
Functional 3.11 ± 0.86 High
Interactive 2.32 ± 0.86 Fair
Critical 2.61 ± 0.96 Fair
Total (range 1–4) 2.68 ± 0.64 Fair
Total score (range 14–56) 36.89 ± 7.11 Fair

SD, standard deviation.

Table 3. Self-care behavior of the participants

Self-care behavior Mean ± SD
Physical dimension 4.00 ± 0.71
Prevented complication dimension 3.89 ± 0.53
Treatment dimension 4.36 ± 0.40
Psychosocial dimension 3.75 ± 0.72
Total self-care behavior 4.00 ± 0.33

SD, standard deviation.
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p < 0.001) but not blood sugar levels (r = -0.023, p = 0.638). In ad-
dition, self-care behavior was significantly negatively correlated 
with blood sugar levels (r = -0.50, p < 0.001). Positive correlations 
were observed between patient education and self-care behaviors 
(r = 0.36, p < 0.05) and HL (r = 0.38, p < 0.05). We also observed 
significant positive correlation between patient age and blood sug-
ar levels (r = 0.28, p < 0.05), self-care behavior (r = 0.22, p < 0.05), 
and HL (r = 0.30, p < 0.05) (Table 4). 

Factors Predicting HL 
Stepwise multiple regression analysis to identify factors that could 
predict HL identified self-care behaviors and blood sugar levels 
(beta = 0.419 and 0.230, respectively). Combined, these factors 
predicted HL with 28.4% accuracy (Table 5). 

DISCUSSION 

The low HL levels among older adults with type 2 diabetes in rural 
Thai communities could be explained by their advanced age, lack 
of education, and low income. Our findings are consistent with 
those of Schillinger et al.18) and Manganello19) who established the 
prevalence of inadequate HL among low-income and underedu-
cated older adult patients with diabetes. Our examination of each 
facet of HL revealed the lowest mean score for interactive HL 
compared to functional and critical HL. Interactive HL refers to 
being literate in basic health and cognitive and social skills used to 
participate in social activities and select updated information to 
improve health behaviors.20,21) Low interactive HL indicates that 
patients with diabetes have less communication with others re-
garding their health and diabetes.10) 

Our results also revealed interesting relationships between pa-
tient age, blood sugar levels, self-care behaviors, and HL. Patient 
age was associated with HL in Spearman rho tests, although the as-
sociation disappeared when communicative HL was included in 
the model. Previous studies have also reported an association be-

tween patient age and blood sugar levels,2,21) self-care behav-
iors,21,22) and HL.2,21,23) Contrary to previous findings, patient age 
was not associated with HL in older adults in urban communities 
in Thailand.14,24) 

The current study’s findings indicated that HL was associated 
with positive self-care behaviors, whereas self-care behaviors were 
negatively associated with blood sugar levels. Thus, increasing HL 
in patients with diabetes results in improved self-care behavior and, 
as a result, lower blood sugar levels.23) This finding is consistent 
with those of a previous study reporting a relationship between 
low HL and failure to control blood glucose levels in patients with 
type 2 diabetes.18) This occurred because diabetic patients with 
low HL frequently had difficulty reading medicine labels or com-
prehending blood sugar levels results and healthcare provider’s 
prescriptions.22) Thus, patients were unable to practice effective 
self-care. Additionally, patients with low HL frequently did not 
know or recall the names of medications or how to use them25) and 
were unaware of their health condition and how to manage it.26) 
Patients with low HL demonstrated difficulties in remembering 
and comprehending medical information. This prevented them 
from gathering or searching for additional information, as they 
could not comprehend or recall the details received from hospitals 
due to ineffective communication.25) Furthermore, in their com-
parisons of communication levels between healthcare providers 
and patients with adequate and low HL. Schillinger et al.18) report-
ed that healthcare providers rarely explained health conditions and 
treatment steps to the low HL group in a way that the patients 

Table 4. Correlations between participant sociodemographic characteristics, health literacy, self-care behavior, and blood sugar level

Variable Mean ± SD Age Education Monthly income Duration of diabetes Blood sugar levels Self-care behavior Health literacy
Age 64.11 ± 8.10
Education 3.04 ± 0.62 0.34a)

Monthly income 6,232.5 ± 984.3 –0.52b) 0.93a)

Duration of diabetes 6.42 ± 2.53 0.37b) 0.06a) 0.20b)

Blood sugar levels 134.60 ± 32.47 0.28b)* 0.62a) 0.28b) 0.46b)

Self-care behavior 4.00 ± 0.33 0.22b)* 0.36a)* 0.08a) 0.38b) –0.50b)**

Health literacy 147.46 ± 41.91 0.30b)* 0.38a)* 0.09b)* 0.44b) –0.23b) 0.90b)*

SD, standard deviation.
a)Spearman rho, b)Pearson correlation.
*p<0.05 (two-tailed), **p<0.01 (two-tailed).

Table 5. Results of the stepwise multiple regression analysis between 
predictors and health literacy among the study participants

Predicting factors B SE Beta t p-value
Constant 2.340 0.561 –4.172 < 0.001
Self-care behaviors 0.240 0.060 0.419 4.029 < 0.001
Blood sugar levels 0.126 0.054 0.230 2.336 0.002

R2=0.299, adjusted R2=0.284.
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could understand and apply. That study also reported that HL was 
not significantly associated with blood sugar levels. 

Despite receiving education from health providers about diabe-
tes, patient blood sugar control did not improve because the pa-
tients did not apply the knowledge. Healthcare service providers 
must have knowledge and understanding of patients’ thoughts and 
points of view regarding meeting with healthcare providers. While 
many patients understand and remember the health information 
and behavior changes provided by healthcare providers, many do 
not practice these recommendations; rather, the patients’ attitudes 
or views about diabetes are contrary to those of the healthcare pro-
viders. 

Finally, we found that self-care behaviors and blood sugar levels 
were predictors of HL in Thai patients with type 2 diabetes. The 
results of the current study are consistent with those of Yodmai et 
al.14) and Caruso et al.23) demonstrating the importance of self-care 
behaviors and maintaining blood glucose levels to improving the 
physical and mental health behaviors of patients with type 2 diabe-
tes, which are associated with HL. 

The present study has some limitations. First, the participants 
were patients with type 2 diabetes who received care in only one 
province in Thailand. This may limit the generalizability of our 
findings to other patients with type 2 diabetes in different contexts 
(e.g., urban communities, nursing homes). Second, the sample was 
obtained using a purposive selection method. The lack of random 
sampling may have resulted in sample selection bias, limiting the 
generalizability of the findings. Third, we used only the DTX 
method to assess blood glucose levels after fasting for at least 6–8 
hours. However, this method shows potential for mass screening 
programs for patients with type 2 diabetes, as it accurately classi-
fied patients and provided rapid results. Future studies should use 
other methods to evaluate blood glucose levels that are standard 
and accurate for patients with type 2 diabetes, such as fasting plas-
ma glucose or HbA1c levels. Fourth, we examined the relationship 
between HL, self-care behaviors, and blood sugar levels among 
older patients with type 2 diabetes using only a self-reported ques-
tionnaire. Future interventional or longitudinal studies are needed 
to clarify the long-term outcomes of patients with diabetes. Fifth, 
we did not examine the severity of type 2 diabetes. Therefore, ad-
ditional studies are needed to examine the relationship between 
HL and disease severity in type 2 diabetes, such as emergency 
room visits, treatment intensity, and time off work due to diabetes. 
Finally, we assessed HL, self-care behavior, and blood sugar levels 
among older patients with type 2 diabetes. Our findings would be 
more informative if social support, family support, access to 
healthcare information, and perceived self-efficacy were included, 
which might have also significantly affected patient HL.  

In conclusion, the results of the current study demonstrated 
moderate HL in most older adult patients with type 2 diabetes in 
Thai communities. Increased HL among these patients was associ-
ated with better self-care behavior and, consequently, decreased 
blood sugar levels. Nurses and healthcare providers should be in-
volved when developing health promotion programs to encourage 
blood sugar control and improve patient quality of life, particularly 
in older adults with diabetes. 
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Dear Editor, 
We would like to share our ideas regarding “Health literacy (HL) 

among older adults during the coronavirus disease 2019 pandem-
ic: a cross-sectional study in an urban community in Thailand.”1) 
Pechrapa et al.1) presented a case and concluded that “The results 
of our study provide important information ….community during 
the COVID-19 pandemic.” In this report, the authors conducted a 
small questionnaire-based survey in a rural district of a country in 
Indochina.1) They assessed demographic parameters to draw con-
clusions regarding HL. However, they did not include the com-
plete original questionnaire, and their classification of HL level is 
unclear. 

A recent report from Australia observed a relationship between 
HL and anti-COVID-19 practices.2) In general, HL among older 
adults depends on several factors. Older adults in different age 
groups might have differing abilities to comply with HL assess-
ments. Since it is unclear how HL was classified in the present re-
port, it is difficult to interpret the relationship between observed 
HL and practice. Therefore, the further implications on local pub-
lic health policies might be limited. Additionally, a recent study 
from Thailand also showed a significant disparity between knowl-
edge, determined by HL, and practice regarding COVID-19.3) 
That study also demonstrated that the knowledge of local Thai 
older adults was not associated with preventive behaviors against 
COVID-19,3) contrary to reports from Australia,2) and the United 
States.4) 

These findings might indirectly imply that information from the 
HL survey might not useful for preventive management for 
COVID-19 in this setting. In many poor communities, local peo-
ple might not be able to afford resources for prevention. In addi-
tion, insufficient use of preventive equipment, such as facemasks, 
remains a challenge in many areas.5) 

Moreover, while knowledge levels may be good, other factors, 
such as a lack of facilities, may challenge good practices by older 

adults during pandemics. Developing communities in Indochina 
face many barriers, including policy barriers and limited local re-
sources, to allow local people to have good health practices despite 
a good background HL.6) In conclusion, HL assessment is a useful 
tool for assessing basic health knowledge of older adults, but con-
founding contexts must be considered regarding their implications 
in real practice. 
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Membership Fee

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

• Other member: KRW 30,000

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

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

Information on Geriatric Medicine Certification

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

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

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

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

Meetings.

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

tification Exam
Those who had a medical license for over 5 years.

b. Certification fee: KRW 200,000
c. Procedure: Confirmation of acceptance → Confirmation of 

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

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

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

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

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

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

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

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

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

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

Submission Method

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

▼

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

▼

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

▼

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

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

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

Journal Subscription Guide

Subscription fees

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

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

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

Please remark the name of the sender when making bank transfer, 
and include the comment “구독료/subscribtion fee” to speficy 
that the transfer is for journal subscription. If you do not receive 
your mail even after transferring the payment, please confirm and 
correct the mailing address on “My page” after logging in.
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Annals of Geriatric Medicine and Research (Ann Geriatr Med 
Res, AGMR) is the official journal of the Korean Geriatrics Soci-
ety (http://www.geriatrics.or.kr/eng/) and the Korean Society 
for Gerontology (http://www.korea-biogerontology.co.kr). It is a 
peer-reviewed English journal that aims to introduce new knowl-
edge related to geriatric medicine and to provide a forum for the 
analysis of gerontology, broadly defined. As a leading journal of 
geriatrics and gerontology in Korea, one of the fastest aging coun-
tries, AGMR offers future perspectives on clinical and biological 
science and issues on policymaking for older adults especially for 
Asian emerging countries.

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

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

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

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

RESEARCH AND PUBLICATION ETHICS

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

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

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

Instructions to authors
Enactment December 27, 2013

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://publicationethics.org/
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resources/flowcharts). The discussion and decision on the sus-
pected cases are carried out by the Editorial Board.

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

EDITORIAL POLICY

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

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

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

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

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

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

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

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

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

SUBMISSION & PEER REVIEW PROCESS

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

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

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

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

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

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

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

AGMR does not consider second appeals.

MANUSCRIPT PREPARATION

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

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

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

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

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

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

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

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

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

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

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

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

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

Table 1. Recommended maximums for articles submitted to AGMR

Type of article Abstract 
(word)

Text 
(word)a) Reference Table & 

figure
Original article Struc-

turedb), 250
3,500 50 7

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

No 1,200 15 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Reference Style
- Journal article:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

FINAL PREPARATION FOR PUBLICATION

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

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

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

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

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

ARTICLE PROCESSING CHARGES

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

No. of Manuscript : AGMR-                                                                                                                                                                                                                                           

Title of Manuscript :                                                                                                                                                                                                                                            

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

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

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

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

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

Author’s checklist

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

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

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

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

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

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

AUTHORS RIGHTS

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

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

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

USERS RIGHTS: SUMMARY OF CREATIVE COMMONS LICENCES

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

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

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

Copyright transfer form
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AUTHOR REPRESENTATIONS / ETHICS AND DISCLOSURE

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

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