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Moving Forward as a Growing Platform of Geriatric Medicine and 
Gerontologic Research 
Jae-Young Lim 

Department of Rehabilitation Medicine, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seoul, Korea  

For the past 20 years, Annals of Geriatric Medicine and Research 
(AGMR) has played a significant role in the development of aca-
demic research in the field of geriatric medicine as the official jour-
nal of the Korean Geriatrics Society. The number of cross-refer-
ence and total citations has markedly increased since AGMR was 
listed in the Emerging Sources Citation Index database in March 
2018. As the name AGMR implies, the journal’s comprehensive 
aim and scope cover not only clinical studies of geriatric medicine 
but basic science, pre-clinical, and translational studies in the field 
of gerontology. Notably, AGMR also offers future perspectives on 
geriatric issues and emerging research needs in Asian countries 
faced with a rapidly growing aging population. 

We are excited to announce that the Korean Society for Geron-
tology, an academic group of representative scientists in aging re-
search, has endorsed AGMR as their official journal. The Korean 
Society for Gerontology was founded in 1989 by scientists and re-
searchers with an interest and enthusiasm to understand the fun-
damental principles of the life phenomenon of aging and contrib-
ute to the healthy lives of aging people. It has become a profession-
al academic organization representing aging research in Korea. 
The society, which celebrates its 30th anniversary this year, is mak-
ing great efforts to strengthen their members’ research capabilities 
and expand exchanges at various levels with international academ-
ic organizations—all to make a leap forward in aging research. In a 
previous issue, cellular NAD+ levels were highlighted as a key de-
terminant of mitochondrial quality in aging and degenerative dis-
eases as reported by Hwang and Hwang.1) This distinguished re-
view article regarding mitochondrial biogenesis is a good example 
of gerontologic basic research featured in AGMR. In the current is-
sue, Kwak and Kwon2) have presented the current status of drug 
development in sarcopenia. The field of drug development for sar-
copenia is a new arena of future medical and biological research 
among health care professionals and scientists. The endorsement  
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as the official journal of the two leading academic societies in geri-
atric medicine and gerontologic research is expected to expand the 
readership of AGMR and to promote quantitative and qualitative 
growth of the academic contents of the journal. More qualified re-
search outcomes and products will be targeted for publication in 
AGMR. Editorial experts from the two societies will contribute to 
the development of the journal by participating in editorial and re-
viewer boards. 

A second exciting development is the launch of the new journal 
website. Overall, the design and visualization of the website was 
improved to make it more user-friendly. Now, it is easier to browse 
through the website and find articles quickly by sorting via article 
category. In addition, the function of browsing through the articles 
has been enhanced so that the readers can see the current status of 
the articles being read and cited at a glance with the metric infor-
mation of the journal such as journal hits, downloads, and 
cross-reference citations. At the same time, we have also launched 
a mobile-friendly application version, which enables users to com-
municate with each other using social network services. It will be 
intriguing to see what the journal has created and where the future 
will reach. 

It is our hope that AGMR will move forward as a growing plat-
form for academic needs of professionals and researchers in geriat-
rics and gerontology and will aid in dissemination of knowledge 
across communities. 

CONFLICT OF INTEREST DISCLOSURES 
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Frailty: Its Scope and Implications for Geriatricians 
Chang Won Won 

Department of Family Medicine, College of Medicine, Kyung Hee University, Seoul, Korea

With the aging of population, more older adults become frail and 
many become dependent or bedridden. Frailty is defined as a sta-
tus of vulnerability to endogenous and exogenous stressors that in-
crease the risk of negative health-related outcomes. Frailty is usual-
ly caused by the interaction between progressive age-related de-
cline in physiologic systems and chronic diseases, leading to de-
creased functional reserve capacities.1) Frailty is generally consid-
ered a transition between successful aging and disability.2) 

What is the Scope of Managing Frailty for 
Geriatricians? 

Disease to function-oriented focus: Frailty is a status of decreased 
functional reserve capacities.1) Thus, frailty does not fit into the tra-
ditional medical hierarchy of ‘health and disease’. Addressing frailty 
means a shift away from the disease-centered paradigm toward a fo-
cus on function.3) 

Comprehensive approach: Frailty includes social and psycho-
logical components in addition to physical dysfunction.4) A longi-
tudinal study showed that social frailty, defined as living alone, lack 
of social contacts, and lack of social support, was associated with 
the use of nursing care and contact numbers of health care profes-
sionals.5) Cognitive dysfunction predicts physical frailty; moreover, 
physical frailty and cognitive impairment affect each other, result-
ing in worse outcomes.6) Therefore, screening for frailty requires 
comprehensive geriatric assessment. Hearing impairment and vi-
sual disability are also risk factors for frailty.7) 

Multimorbid, complex status: Frailty is frequently associated 
with a multimorbid status. In the Cardiovascular Health Study, 
9.7% of older adults with multiple morbidities were frail, while 
67.7% of frail older adults had multiple morbidities.8) To address 
frailty, a ‘complex systems’ approach is needed to address multidi-
mensional processes and ‘complex relation of biological and 
non-biological factors’ on which frailty is based.3) 

Implications for chronic diseases: Frailty is an important con-
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sideration for geriatricians in the clinical setting, particularly with 
respect to treatment goals for chronic disease in older patients.9) 

For example, guidelines from the European Society of Hyperten-
sion and the European Society of Cardiology recommend leav-
ing decisions regarding antihypertensive therapy in frail older pa-
tients to the treating physician and considering treatment based 
on monitoring of the clinical effects of treatment and individual 
tolerability.10) The American Geriatrics Society consensus panels 
recommend glycated hemoglobin levels between 7.5% and 8.0%, 
particularly in individuals aged > 80 years who are at a high risk 
for frailty, comorbid conditions, and polypharmacy.11) The deci-
sion to treat  primary hypercholesterolemia with statins in Older 
adults aged 80 or more must be individualized and frailty status 
must be considered to decide on it as frailty may exacerbate ad-
verse effects of statins.12) 

Why is Frailty Important to Geriatricians? 

The management of frailty is the area in which the art of geriatrics 
is best practiced. Frailty has replaced the traditional concept of 
‘chronological age’ with the more accurate and individually tai-
lored ‘biological age’.1) In other words, frailty shed light on individ-
ualized care. Frail older adults are vulnerable and complicated, 
with care needs requiring skill and experience. 

For this reason, frailty is a giant geriatric syndrome important to 
geriatricians; in this domain, the real value of geriatrics is shining 
brightly. Geriatricians differ from other specialists by providing 
specialized care for frail older adults. Geriatricians should champi-
on the care of complex, vulnerable, and complex frail older adults. 

Research and Implications 

The Korean Frailty and Aging Cohort Study (KFACS), funded by 
the Ministry of Health, has been ongoing since December 2015. 
The KFACS is a multicenter, longitudinal study, with a baseline 
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survey conducted in 2016–2017 and a 2-year follow-up survey un-
derway. The KFACS aims to identify risk factors for adverse out-
comes associated with frailty and preventative measures in com-
munity-dwelling older adults. 

The final goal of the research is to increase knowledge for the di-
agnosis and management of frailty for implementation in clinical 
practice to reduce disability and dependency of frail older adults. 
KFACS data revealed discrepancies in the prevalence of frailty 
scales.13) Additionally, the risk of frailty was associated with limited 
contact with friends,14) anorexia,15) long sleep latency or long sleep-
ing duration,16) high sodium intake,17) and low self-rating of 
health.18) The KFACS dataset and laboratory findings are available 
to extramural researchers.19) 
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Sarcopenia, the loss of skeletal muscle mass and function with age, was first recognized as a dis-
ease in the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) (M62.84) and has recently attracted attention as aged populations increase. However, the di-
agnostic criteria for sarcopenia remain controversial and there are as yet no US Food and Drug 
Administration-approved medications for sarcopenia. Given that both intrinsic and extrinsic fac-
tors contribute to sarcopenia onset and development, understanding the mechanism of sarcopenia 
is important for the development of therapeutic strategies. In this review, we described a variety of 
drugs for sarcopenia under investigation, including myostatin/ActR2 signaling inhibitors, exercise 
mimetics, anabolic hormones, and natural compounds. However, the combination of non-drug 
therapies with exercise and nutritional supplements are also needed as more easily accessible in-
tervention strategies against sarcopenia rather than pharmacological treatments alone. Many ap-
proaches to develop therapeutic methods to overcome sarcopenia may lead to healthy aging. 
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INTRODUCTION 

Sarcopenia is the decline in skeletal muscle mass and function with 
age.1) Muscle mass and strength peak in early adulthood, followed 
by a gradual decline after 40 years of age,2) with a more substantial 
decline from the fifth decade onwards.3) Sarcopenia has been con-
sidered a consequence of normal aging; however, research on sar-
copenia has supported its recognition as a disease entity, with a 
new disease code in the International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) (M62.84) 
established in October 2016.4) 

Currently, the suggested clinical diagnostic criteria for sarcope-
nia are based on low muscle mass and function (strength or perfor-
mance)5) although an international consensus is needed regarding 
the specific criteria and cut-offs. The technologies used to estimate 
muscle mass include magnetic resonance imaging, computed to-
mography, dual-energy X-ray absorptiometry scans, and bioelectri-
cal impedance analysis. The parameters to test muscle strength 
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and performance are handgrip strength and gait speed, respective-
ly. The European Working Group on Sarcopenia in Older People 
(EWGSOP) classifies sarcopenia into three conceptual stages 
based on the severity of the condition: presarcopenia is character-
ized by low muscle mass only without influence on muscle func-
tion. Sarcopenia is characterized by low muscle mass with low 
muscle function (either muscle strength or physical performance). 
Finally, severe sarcopenia is characterized by low muscle mass with 
low of the muscle function (both muscle strength or physical per-
formance). The Asian Working Group for Sarcopenia (AWGS) 
also adopted this algorithm.6) In 2019, the updated EWGSOP2 
classified sarcopenia into ‘probable’, ‘confirmed’, or ‘severe’. EWG-
SOP2 elevated low muscle strength as a primary indicator of prob-
able sarcopenia instead of low muscle mass and defined confirmed 
sarcopenia depending on the presence of accompanying low mus-
cle mass.7) 

Research in the economic costs associated with sarcopenia indi-
cates that the direct expenditure was approximately $18.5 billion 
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($10.8 billion in men and $7.7 billion in women) in the United 
States in 2000, comprising approximately 1.5% of the country’s to-
tal health expenditure.8) The EWGSOP reported that the preva-
lence of sarcopenia among individuals 60-70 years of age was 5%-
13% and increased to 50% in those over 80 years of age depending 
on the definition and method for identifying sarcopenia.9,10) Sarco-
penia is the most significant cause of disability and frailty in the el-
derly, which lead to a poor quality of life.11) In addition, sarcopenia 
is associated with other diseases such as diabetes, non-alcoholic fat-
ty liver disease, and cardiovascular disease including hypertension 
and arterial stiffness.12-15) Therefore, the management of sarcopenia 
is important for healthy aging. However, despite development ef-
forts, to date, there remain no US Food and Drug Administration 
(FDA)-approved drugs for the treatment of sarcopenia (Table 1). 
As the population of adults aged over 60 years worldwide is predict-
ed to expand to 2 billion by 2050,16) there is corresponding interest 
in the development of diagnostic tools and drugs for sarcopenia to 
improve the quality of life and reduce healthcare costs. 

MOLECULAR TARGETS FOR PHARMACOLOGICAL 
INTERVENTION 

The etiologies of sarcopenia are not fully understood. An imbal-
ance between muscle protein synthesis and degradation may cause 
the onset of sarcopenia and various mechanisms are potentially in-
volved in the pathogenesis of sarcopenia. Both intrinsic factors 
within skeletal muscle (e.g., inflammation, apoptosis, autophagy, 
mitochondria, neuromuscular junction, and calcium metabolism) 
and extrinsic factors in systemic environments (e.g., endocrine, nu-
tritional status, and immobility)10,17-21) contribute to defective 
myogenesis, muscle atrophy, and weakness. Therefore, under-
standing the mechanisms in sarcopenia is essential to identify mo-
lecular targets for pharmacological treatment. 

MYOSTATIN 

Myostatin is the most intensively studied molecular target for mus-

Table 1. Current status of the development of drugs for sarcopenia

Company name Drug name Collaborator Target Remark
Novartis AG Bimagrumab (antibody) MorphoSys AG Activin receptor type 

2B
Thigh muscle volume increased by week 2 and 

was sustained throughout the treatment peri-
od (June 2017, phase 2).

Regeneron Pharmaceuticals Inc. Trevogrumab (antibody) Sanofi S.A. Myostatin Primary endpoint of phase 2: percent change 
in total lean body mass.

Biophytis SAS Sarconeos (natural active ingredi-
ents)

NA Proto-oncogene pro-
tein c-MAS-1, MAS 
receptor

Meaningful activity in animal models of mus-
cular dystrophies. Good tolerability profile 
and no serious adverse events (phase 1).

ARMGO Pharma Inc. ARM-210 (small molecule) Servier Ryanodine receptor Treatment of Becker and limb-girdle muscular 
dystrophies as well as cachexia.

Immusoft Corporation NA (cell therapy) Bellicum Phar-
maceuticals

Enzyme/protein re-
placement therapy

Immune system programming technology.

Neurotune AG NT-1654 (fragment of neural agrin) NA NA Low-density lipoprotein receptor-related pro-
tein 4, acetylcholine. NT-1654 accelerated 
muscle reinnervation after nerve rush.

AAVogen Inc. AVGN7 (gene therapy) NA Activin receptors Gene expression inhibitors. AVGN7 contains a 
gene called SMAD7, which stops gene expres-
sion for muscle wasting.

Amgen Inc. ATA 842 (antibody) NA Myostatin, activin ATA 842 demonstrated increased muscle mass 
and muscle strength in the treatment of young 
and old mice for 4 weeks.

Vibe Pharmaceuticals LLC VB-102 (protein) NA NA The drug can potentially regenerate muscle and 
bones.

MYOS RENS Technology Inc. Peptide of follistatin Cloud Pharma-
ceuticals

Furin, Janus kinase 3, 
myostatin

Discovery of a myostatin inhibitor therapeutic 
for the treatment of sarcopenia.

BioViva AAV gene therapy NA Myostatin Obtained from a natural source and has poten-
tial in the modulation of myostatin expression.

Teijin Pharma Ltd. TEI-SARM2 NA Androgen receptor Selective androgen receptor modulator.

Source from Sarcopenia Therapeutics - Pipeline Analysis 2018 by P&S Market Research (https://www.psmarketresearch.com/market-analysis/sarcopenia-
therapeutics-pipeline-analysis). 
NA, not applicable.
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cle-wasting disease. Also known as growth differentiation factor-8 
(GDF-8), myostatin is a member of the transforming growth fac-
tor β (TGF-β) superfamily. Myostatin is predominantly expressed 
in cells of skeletal muscle lineage and inhibits muscle cell growth 
and differentiation22) through binding with its receptor complex 
activin type 2B (ACVR2B), resulting in activation of Smad signal-
ing.23) The loss of myostatin function induces muscle hypertrophy 
in children24) and improved muscle function in animal models.25) 
In addition, myostatin haploinsufficiency prevents not only ag-
ing-related declines in muscle function and but also enhances the 
longevity of mice.26) Therefore, the targeting of myostatin has been 
proposed as a primary strategy for pharmacological interventions 
in muscle-wasting diseases.25,27) 

The first human trial tested the myostatin inhibitor Stamulumab 
(MYO-029) developed by Wyeth Pharmaceuticals with Cam-
bridge Antibody Technology Group. Stamulumab is a recombinant 
human antibody that neutralizes the activity of myostatin protein 
by preventing myostatin from binding to ACVR2B. Phase 2 clinical 
trials were conducted in muscular dystrophy patients but develop-
ment was discontinued due to the lack of efficacy on muscle 
strength. Landogrozumab (LY-2495655) is a humanized monoclo-
nal antibody developed by Eli Lilly & Company that also neutraliz-
es the activity of the myostatin protein. Phase 2 clinical trials have 
been performed in patients with sarcopenia (completed in Decem-
ber 2013), elective total hip replacement (completed in February 
2014), and cancer cachexia (completed in January 2016), and are 
still under review. Increased appendicular lean body mass was re-
ported with LY-2495655 treatment in patients aged 75 years or old-
er who had fallen in the past year.28) After hip fracture surgery, LY-
2495655 treatment induced increased appendicular lean body mass 
and decreased fat mass; however, the appendicular lean body mass 
did not reach the superiority threshold at week 12.29) 

Regeneron Pharmaceuticals Inc. has developed the myostatin 
antibody Trevogrumab (REGN1033) in collaboration with Sano-
fi. Phase 2 clinical trials in sarcopenia patients were completed in 
February 2015 and the evaluations of its efficacy on muscle mass 
and function are ongoing.23) 

Acceleron Pharma developed ramatercept (ACE-031) a decoy 
form of ACVR2B. Although the FDA awarded orphan status to 
this drug for muscular dystrophy and reviewed it in 2010, the de-
velopment of ACE-031 was discontinued due to concerns about 
safety including minor nosebleeds, gum bleeding, and/or small di-
lated blood vessels within the skin (completed on June 2011). Al-
ternatively, Acceleron Pharma is developing ACE-083 as a newer 
form of ACE-031. ACE-083 is designed for facioscapulohumeral 
muscular dystrophy (FSHD) and Charcot-Marie-Tooth disease 
(CMT) based on a modified form of human follistatin.23) Follista-

tin inhibits muscle growth signaling by binding to activins A and B 
and myostatin as well as other ligands in the family except for 
BMP9/10.30,31) The results of phase 1 of clinical trials of ACE-083 
reported in 2018 included increased muscle volume as the ACE-
083 dose increased.32) Phase 2 clinical trials are ongoing to test its 
safety, tolerability, pharmacokinetics, and pharmacodynamics in 
patients with FSHD and CMT. 

ACTIVIN RECEPTOR 

In addition to ligands such as myostatin and activins, receptor 
ACVR2B has also been targeted for the development of drugs for 
sarcopenia. An ACVR2B antibody, which blocks the signaling 
pathway, was reported to induce muscle hypertrophy.33) Novartis 
Institutes for BioMedical Research has developed a human mono-
clonal antibody, bimagrumab (BYM-338), in collaboration with 
MorphoSys AG. BYM-338 binds to both ACVR2A and ACVR2B 
and acts competitively with its ligands. In August 2013, the FDA 
granted breakthrough therapy designation to BYM-338 for spo-
radic inclusion body myositis, the most common idiopathic in-
flammatory myopathy that is characterized by progressive patho-
logical muscle weakness and atrophy. BYM-338 promotes differ-
entiation of primary human skeletal myoblasts and prevents the in-
hibition of differentiation induced by myostatin or activin A. 
BYM-338 also inhibits myostatin- or activin A-induced atrophy, 
thus sparing the myosin heavy chain from degradation. BYM-338 
significantly increases skeletal muscle mass in mice, beyond the 
sole inhibition of myostatin.34) BYM-338 is administered by intra-
venous infusion. Phase 2/3 clinical trials of BYM-338 in patients 
with sporadic inclusion body myositis were completed in January 
2016. However, no significant effects were observed in any objec-
tive measurements related to muscle strength or physical function. 
Phase 2 clinical trials of BYM-338 were also conducted in patients 
with hip fracture recovery or sarcopenia. In older adults with sarco-
penia, BYM-338 increased muscle mass and strength and also im-
proved mobility in those with slow walking speed.35) Although the 
aforementioned study was the first to evaluate a type II activin re-
ceptor antagonist in older individuals with sarcopenia, it had some 
limitations. For example, the use of a gait speed cutoff of 1.0 m/s 
rather than the more common 0.8 m/s limited the number of par-
ticipants in the study whose gait speed improved with bimagrum-
ab. Moreover, the lack of introductory sessions before the gait 
speed or 6-minute walk tests probably led to a pervasive learning 
effect in the performance test results. Physical activity was not 
monitored, so there were also limits in understanding how exercise 
might interact with the drug in this population. In December 2018, 
Novartis discontinued development of BYM-338 for hip fracture 
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recovery and sarcopenia. 
Although there are currently no clear drug candidates as most of 

the compounds in development have had very limited efficacy in 
larger clinical trials, many smaller clinical trials have demonstrated 
that the inhibition of myostatin/ACVR2 signaling may improve 
muscle mass in patients with muscle wasting. As positive effects on 
muscle wasting through exercise training and nutritional supple-
mentation have been reported,36-38) hybrid therapies combining 
myostatin inhibitors with other approaches such as exercise and 
nutritional therapy could be more effective in the treatment of 
muscle wasting.23) 

EXERCISE MIMETICS 

Numerous studies have examined the positive effects of exercise 
on patients with sarcopenia. Exercise has consistently demonstrat-
ed improved muscle strength and function, with inconsistent ef-
fects on improving muscle mass. However, as most patients with 
sarcopenia have problems with physical activity, there is a limit to 
the ability of exercise to overcome sarcopenia. Thus, exercise mi-
metics (exercise pills) are a potential therapeutic strategy for sarco-
penia that produce the effects of exercise without exercise. The 
peroxisome proliferator-activated receptor beta or delta (PPARβ/
δ) agonist GW1516 and exercise training synergistically increased 
oxidative myofibers and running endurance in adult mice.39) More-
over, 4 weeks of AMP-activated protein kinase (AMPK) agonist 
5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) treat-
ment alone enhanced running endurance by 44% even in seden-
tary mice. In addition, PPARδ or AMPK activates robust transcrip-
tion that re-programs the metabolic skeletal muscle genome. 
These results demonstrate that the AMPK-PPARδ pathway can be 
targeted by orally active drugs to enhance training adaptation or 
increase endurance without exercise. 

Metformin has also examined under drug repurposing for the 
prevention of sarcopenia with prediabetes through activation of 
AMPK. Metformin is commonly prescribed for the treatment of 
type 2 diabetes. The effects of metformin on muscle are still uncer-
tain and its exact mechanism of action is a matter of debate. Howev-
er, metformin extended the lifespan and health span with improved 
physical performance in model systems.40) Thus, metformin has 
been studied as a potential pharmacological intervention to delay 
aging and the incidence of age-related diseases as well as sarcopenia. 

Although most potential exercise mimetics including AMPK ag-
onists are still in pre-clinical stages due to side effects, the develop-
ment of exercise mimetics is urgently needed and should be con-
tinued for patients on bedrest or with severe sarcopenia patients 
with loss of physical activity. 

HORMONES 

Decreased circulating levels of several anabolic hormones with 
aging may contribute to changes in muscle mass and function in 
older individuals.41) Therefore, hormonal manipulation has inves-
tigated as the basis of many of the therapies for sarcopenia.5) In 
phase 2 clinical trials by GTx Inc., treatment with selective andro-
gen receptor modulator (SARM) enobosarm (also known as os-
tarine, MK-2866) induced dose-dependent increases in total lean 
body mass with improvements in physical function in older indi-
viduals.42) Moreover, its side effects were similar to those of the 
placebo, indicating that it is safer than steroids. Another phase 2 
clinical trial of the SARM MK-0773 (also known as PF-05314882) 
also increased lean body mass in women with sarcopenia, without 
evidence of androgenization.43) Physical performance also tended 
to increase, although the difference was not statistically significant. 
Several patients in the treatment group experienced elevated trans-
aminase levels that resolved after discontinuing the study. Despite 
growing evidence linking age-related hormonal changes to the de-
velopment of sarcopenia, it is still too early to determine the clinical 
efficacy of hormonal supplementation for the management of sar-
copenia.44) 

NATURAL COMPOUNDS 

Since sarcopenia is an age-related disease, natural compounds 
with anti-aging effects have been assessed for anti-sarcopenic 
properties. Ursolic acid, a pentacyclic triterpenoid enriched in ap-
ples, reduced muscle atrophy and stimulated muscle hypertrophy 
in mice by enhancing skeletal muscle insulin/IGF-1 signaling and 
inhibiting atrophy-associated mRNA expression.45) Furthermore, 
the effects were accompanied by reductions in adiposity and lev-
els of fasting blood glucose, and plasma cholesterol and tri-
glycerides.  

Tomatidine improves muscular strength and decreases adiposi-
ty.46) Tomatidine, abundant in unripe green tomatoes, is a metab-
olite of α-tomatine. Supplementation with tomatidine in old mice 
significantly reduced age-dependent declines in skeletal muscle 
mass, strength, and quality.47) 

Both ursolic acid and tomatidine generate hundreds of small 
positive and negative changes in mRNA levels in aged skeletal 
muscle, with remarkably similar mRNA expression signatures.47) 
Ursolic acid and tomatidine in aged skeletal muscle reportedly re-
pressed a subset of the mRNAs positively regulated by activating 
transcription factor 4 (ATF4), a basic leucine zipper (bZIP) tran-
scription factor subunit regulating oxidative and other stress re-
sponses.48) 
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High-energy skeletal muscle tissue relies upon mitochondria 
for energy production and contractile function; however, mito-
chondrial function declines with aging.49) The association be-
tween sarcopenia and mitochondria may also inform new and ef-
fective treatments for sarcopenia.50) Mitophagy plays a significant 
role in mitochondrial quality control in muscles; therefore, mito-
phagy-inducing agents may have anti-sarcopenic functions.51) 
Urolithin A is a metabolically transformed compound from a 
group of natural compounds, ellagitannins (ETs), which are 
found in pomegranates, as well as nuts and berries.52) Urolithin A 
has been shown to induce mitophagy and prolong lifespan in C. 
elegans and increase muscle function in rodents.52) 

The results of studies in model animals suggest that supplemen-
tation with these natural compounds may ameliorate sarcopenia 
in older individuals, especially when clinically assessed with other 
medical treatment options. 

CONCLUSION 

According to reports from the FDA in 2017,53) many patients with 
sarcopenia are uncertain if their symptoms worsen due to sarco-
penia or as a natural result of aging. Therefore, older individuals 
should recognize sarcopenia as a disease to prevent or treat. As a 
new disease code for sarcopenia was established in ICD-10-CM 
(M62.84) in October 2016, other countries will also soon accept 
sarcopenia as a disease entity. 

As a result of sarcopenia, patients have difficulty in performing 
basic physical tasks such as standing and walking long distances. 
Moreover, balance problems, falling, fatigue, and muscle pain, 
along with comorbid conditions such as arthritis, make them in-
active. In addition to physical limitations, patients with sarcopenia 
experience emotional impacts such as fear of injury and embar-
rassment of their physical limitations, limited social interactions 
and feelings of isolation, and difficulties caring for themselves and 
living independently.53) Therefore, the development of preventive 
and therapeutic strategies against sarcopenia is imperative for 
healthy aging. Future large-scale clinical trials are essential to de-
velop precision medicine reflecting individual patient characteris-
tics since the cause and clinical features vary between patients. 
Comprehensive strategies together with pharmacological and 
non-pharmacological intervention including exercise, physical 
therapy, dietetic regulation, lifestyle modification, and emotional 
support may be more effective against sarcopenia.53) 
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INTRODUCTION 

Previous studies have reported a direct link between disease and 
disability without adequately accounting for disability in the ab-
sence of disease. The concept of frailty was proposed to describe 
this condition.1) Frailty is defined as a clinical state in which an indi-
vidual is vulnerable to imbalanced homeostasis when exposed to a 
stressor event.2) Frailty can occur as a consequence of a cumulative 
decline in a range of physiological conditions.3) Although frailty is 
not a specific disease, it is a concept that encompasses clinical signs 
such as loss of weight, leisure time activity, gait speed, grip strength, 
and exhaustion.4) Healthy aging refers to aging without such ag-
ing-related deficits.1) It is obvious that exercise is a crucial tool to 
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achieve healthy aging. The ultimate aim of exercise is to prevent ag-
ing-related deficits, leading to healthy aging. However, aging is also 
related to the gut microbiome.5) It is becoming increasingly clear 
that the composition of the gut microbiome changes with age. Nov-
el methods are being introduced that can lead to healthy aging 
through regulation of the composition of the gut microbiome.7) Re-
cent studies have shown that healthy centenarians have different gut 
microbiome characteristics compared to those of average older 
adults.8) However, whether regulation of the gut microbiome 
through exercise training can lead to healthy aging is currently un-
clear. Therefore, in this review, we investigated whether alterations 
of the gut microbiome through exercise training can lead to healthy 
aging. The overview of study is shown in Fig. 1. 
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General Concepts of the Gut Microbiome 

The gut microbiome is an essential part of our body9) It is involved 
in the regulation of various host metabolic pathways, leading to in-
teractive host-microbiota metabolic signaling that connects the 
gut, muscle, and brain.10) The host and its microbiota interact to 
produce gut microbiome-derived metabolites that contribute to 
the metabolic phenotype of the host.10) The microbiome of the 
human gut includes at least 1,000 microbial species and approxi-
mately 1014 micro-organisms. The human microbiome is pre-
sumed to encode approximately 4 × 106 genes, approximately 150 
times that in the human genome.11) Recent studies have defined a 
host as a super-organism in which eukaryotic and prokaryotic cells 
co-exist. The gut microbiome is formed on the basis of the interac-
tion of environmental factors, including lifestyle, the presence of 
disease, etc.12) The microbiome may be altered by external and in-
ternal stimuli such as stress, diet, and antibiotic use.13) 

Although the general characteristics of the gut microbiome in 
healthy people are not yet completely defined, the gut microbi-
omes of people with disease (e.g., metabolic syndrome, physical 
frailty, cognitive dysfunction, etc.) show a gradual change toward 
an imbalanced composition compared to those in healthy people. 
These imbalanced microbiome characteristics may contribute to 
disease onset and may play a role in a vicious cycle.14) The gut mi-
crobiome coexists with the host in a symbiotic relationship and 
contributes to immune regulation and homeostasis.14) Therefore, 
unbalanced gut microbiomes as a result of aging need to be pre-

vented through exercise training and dietary habits. We investigat-
ed whether exercise training can balance the gut microbiome and 
contribute to healthy aging in the older population, with a focus on 
the relationship between the gut and muscle and the brain. 

Gut Microbiome and Exercise 

Exercise can significantly alter the composition of the gut microbi-
ome, although the mechanism by which this occurs remains un-
clear. Some studies have assessed the effects of exercise as a treat-
ment on metabolic disorders in mice with diabetes. When db/db 
(type 2 diabetes [T2D]) and db/+ (control) mice were made to 
exercise at a low intensity, the proportion of Bifidobacterium spp. 
increased in the db/+ mice that exercised.9) In another study, wild-
type mice were subjected to voluntary wheel running for 12 weeks. 
After the exercise intervention, the Bacteroidetes:Firmicutes ratio in-
creased, preventing diet-induced obesity.15) In addition, 4-week-
old C57BL/6J mice that were made to exercise on a treadmill had 
an increased relative abundance of Butyricimonas and Akkerman-
sia.16) The other effects of exercise on the gut microbiome compo-
sition of mice are summarized in Table 1. 

It is obvious that exercise is associated with alterations in the 
composition of the gut microbiome. However, human studies have 
not investigated whether the gut microbiome is regulated by exer-
cise. Allen et al.17) showed that exercise can induce compositional 
and functional alterations in the human gut microbiome. Specifi-
cally, exercise increased the fecal concentration of short-chain fatty 

Fig. 1. Study overview: the gut-brain and gut-muscle axes. LPS, lipopolysaccharide; SCFAs, short-chain fatty acids.
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acids (SCFAs) in lean participants.17) Studies have also compared 
gut microbiomes between athletes and non-athletes. When com-
pared with sedentary controls, Rugby Union players had increased 
levels of fecal metabolites such as SCFAs that are related to en-
hanced muscle turnover.18) In addition, comparisons of the gut mi-
crobiomes of professional and amateur cyclists revealed a higher 

abundance of Methanobrevibacter smithii in professional cyclists.19) 
Methanobrevibacter smithii upregulates genes associated with the 
production of methane by a metabolic pathway similar to that in-
volved in the upregulation of energy and carbohydrate metabo-
lism.19) The other effects of exercise on the composition of the gut 
microbiome in humans are summarized in Table 2. 

Table 1. Effects of exercise on the gut microbiome in mice

Study Model Exercise Outcomes
Lambert et al.9) db/db (type 2 diabetes) and db/+ 

(control) mice
Low-intensity treadmill 5 days/week for 6 

weeks
↑ Firmicutes
↓ Bacteroides/Prevotella spp. in db/db and db/+ ex-

ercised mice
↑ Bifidobacterium spp. in db/+ exercised mice

Mika et al.84) F344 rats (juvenile vs. adult) Voluntary wheel running for 6 weeks ↑ Bacteroidetes
↓ Firmicutes
↑ genera in juveniles

Matsumoto et al.80) Wistar rats Voluntary wheel running for 5weeks ↑ n-butyrate concentration in exercised groups
↑ butyrate-producing bacteria

Evans et al.15) Wild-type mice Voluntary wheel running for 12 weeks ↑ Bacteroidetes:Firmicutes ratio; prevent diet-in-
duced obesity mice

Liu et al.13) 4-week-old C57BL/6J mice Treadmill for 4 weeks ↑ Butyricimonas and Akkermansia
Lamoureux et al.43) 6 –10-week-old C57BL/6 mice (11 

male, 31 female)
Voluntary wheel running for 8 weeks (n = 10) Known taxa (Bacteroides, S24-7, Lactobacillus), 

novel taxa (Rikenellaceae, Lachnospiraceae) associ-
ated with exercise

Forced treadmill running for 6 weeks (n = 11)
Allen et al.81) 6-week-old C57BL/6J mice Forced moderate treadmill running for 6 weeks ↓ Turicibacter spp. in voluntary wheel running vs. 

sedentary/forced treadmill running
Voluntary running wheels with free access for 

30 days
Petriz et at.85) About 18-week-old obese Zucker rats, 

hypertensive rats, Wistar rats
30 min/day, 5 days/week for 4 weeks ↑ Allobaculum (hypertensive rats) and Pseudomonas 

and Lactobacillus (obese rats) were enriched after 
exercise

Table 2. Effects of exercise on the gut microbiomes in humans

Study Model Exercise Outcomes
Allen et al.17) 20–45 years of age, lean (BMI < 25 

kg/m2), obese (BMI > 30 kg/m2)
Supervised aerobic exercise (3 days/week for 6 

weeks) that progressed from 30 to 60 minutes/day 
and from moderate (60% of HRR) to vigorous in-
tensity (75% HRR)

↑ SCFAs in lean, but not  in obese participants.

Shifts in metabolic output of the microbiota paral-
leled alterations in SCFA-producing bacteria

Barton et al.18) Rugby Union players Correlation (athletes vs. controls) ↑ Fecal metabolites (SCFAs) in athletes
↑ Amino acid, antibiotic biosynthesis, and carbo-

hydrate metabolism in athletes
Bressa et al.44) 40 premenopausal women 18–40 

years of age with BMI 20–25 kg/m2
Sedentary women: 3 days of exercise/week for 30 

minutes
↑ Faecalibacterium prausnitzii, Roseburia hominis, 

and Akkermansia muciniphila in active women
Active women: 3 days of exercise/week for 30 min-

utes at a moderate intensity
Petersen et al.19) 33 cyclists Professional vs. amateur cyclists ↑ Abundance of Methanobrevibacter smithii in pro-

fessional cyclists (compared to amateur cyclists)

BMI, body mass index; HRR, heart rate reserve; SCFAs, short-chain fatty acids.

Ann Geriatr Med Res 2019;23(3):105-114

107Effects of Exercise on the Gut Microbiome with Aging



Gut Microbiome in Aging 

Age-related changes in the composition and diversity of the gut 
microbiome aggravate the immune system to regulate inflammato-
ry responses. Collapse of the immune system causes age-related 
diseases.20) The gut microbiome is related to the immune system 
in that both vary in composition with age.8) Although the gut mi-
crobiota of humans is determined to some extent at birth, the 
composition continually changes throughout life according to the 
external environment.8,13) This age-dependent gut microbiome is 
closely correlated with host inflammation and pathophysiology as 
the host ages. The gut physiology induced by this altered gut mi-
crobiome can cause host sensitivity to microbiota, leading to 
chronic and severe inflammatory responses. 

Furthermore, these inflammatory responses can result in diseas-
es such as cachexia, frailty, cancer, fatty liver disease, metabolic 
syndrome, T2D, and neurodegenerative diseases.20-22) The gut mi-
crobiomes of older people are entirely different from those of 
younger adults.23) With increasing age, the diversity of the gut mi-
crobiome decreases, with reduced numbers of Bifidobacteria, Fir-
micutes, Faecalibacterium prausnitzii, Clostridium cluster XIV, and 
Blautia coccoides-Eubacterium rectal.24) However, inter-individual 
variations among individuals of the same age also exist because of 
various environmental factors.22) In particular, the abundance of 
certain key species in older adults decreases, whereas the abun-
dance of subdominant species increases. Also, the Firmicutes:Bacte-
roidetes ratio decreases in older individuals.25) In one study, the gut 
microbiomes of older individuals exhibited a predominance of 
Bacteroidetes compared to those of younger individuals.26) Bacteroi-
detes comprising Bacteroides, Alistipes, and Parabacteroides genera 
were the dominant core microbiota among older people.26) These 
results clearly show that the gut microbiome changes with age. 
Therefore, we investigated how alterations in the gut microbiome 
could affect organs including the skeletal muscle and brain. 

Gut-Muscle Axis 
Gut microbiome and physical frailty 
Physical frailty is common in the older population and is negative-
ly correlated with health indicators.27) Although the mechanism of 
physical frailty is not yet fully understood, the core components of 
physical frailty are strength, gait, body composition, and fatigue. 
Physical frailty, including weak muscle strength, slow gait speed, 
and poor balance, can lead to disability in performing activities of 
daily living.27) Physical frailty is significantly associated with meta-
bolic risk factors, independent of muscle loss.28) Recent studies 
have clarified the relationship between physical frailty and the gut 
microbiome. Van Tongeren et al.29) evaluated the relationship be-

tween the gut microbiome diversity and frailty scores in the older 
population. Their results showed that the proportion of Lactobacil-
li, Bacteroides/Prevotella, and Faecalibacterium prausnitzii was sig-
nificantly decreased, whereas the proportion of Enterobacteriaceae 
was significantly increased in older individuals with high frailty 
scores.29) Claesson et al.6) also observed an association between the 
gut microbiome diversity and the Functional Independence Mea-
sure, the Barthel index (daily routine activity scale), and nutrition. 
Their results demonstrated a correlation between decreased gut 
microbiome diversity and increased frailty with high levels of in-
flammatory markers.6) 

Studies have shown that the gut microbiome is related to senes-
cence.20,21,30) One study suggested that healthy gut microbiome 
characteristics, such as a high biodiversity, a high representation of 
SCFA producers, a representation of bacteria with beneficial meta-
bolic activity, and a low representation of pathogens, are strongly 
correlated with a prolonged lifespan.31) Healthy centenarians show 
remarkable gut microbiome characteristics compared with healthy 
older individuals. The gut microbiome of older adults who stay 
healthy is similar to that of young people aged 30–50 years.32) 
These studies are important because they indicate that positive 
changes in the gut microbiome through lifestyle habits may lead to 
improved healthy aging. In one study, individuals in a village with a 
high percentage of longevity were recruited to participate in gut 
microbiome research. The author studied eight centenarians 
(100–108 years of age), eight individuals aged 85–99 years resid-
ing in the same village, and eight older residents aged 80–92 years 
from other urbanized villages. Their results showed decreased ra-
tios of Faecalibacterium and Akkermansia, increased ratios of Esche-
richia group and Methanobrevibacter, and altered ratios of Bacteroi-
detes in the gut microbiome of centenarians.33) Another cohort 
study of individuals ranging from young children to semi-super-
centenarians (105–109 years of age) investigated the overall 
changes in the gut microbiome profile with age.23) The results indi-
cated that the characteristics of the gut microbiome tended to sig-
nificantly change with age. Notably, in adults over 95 years of age, 
the ratios of Faecalibacterium, Roseburia, Coprococcus, and Blautia 
were decreased, whereas those of Enterobacteriaceae were in-
creased.34) 

To determine the changes in the gut microbiomes of semi-super-
centenarians, Biagi et al.8) conducted a study including young adults 
(30 years old), older adults (65–75 years), centenarians (99–104 
years), and semi-supercentenarians (105–109 years old). Their re-
sults demonstrated that the composition of the gut microbiome 
had a positive effect on the host’s immune system; in that study, the 
proportions of Christensenellaceae, Akkermansia, and Bifidobacteri-
um were significantly increased, although the gut microbiomes of 
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centenarians and semi-supercentenarians had characteristics com-
mon to those of older populations.8) More specifically, Akkermansia 
and Bifidobacterium are well-known health-related genera that can 
promote immune regulation, prevent inflammation, and maintain 
healthy metabolic homeostasis.8,35) Future studies are needed to 
provide clear evidence that specific bacterial taxa can prolong life by 
maintaining metabolic homeostasis in older individuals. 

Although age-related alterations in the gut microbiome have 
been studied extensively, the functional ability of the gut microbi-
ome is not yet fully understood. One pilot study reported that the 
gut microbiome of centenarians showed increased proteolytic abil-
ity.7) Although the abundance of genes related to carbohydrate me-
tabolism markedly decreased, the abundance of genes associated 
with the metabolism of aromatic amino acids (e.g., tryptophan and 
phenylalanine) and other amino acids (lysine, valine) that are 
closely related to aging increased.7) That pilot study demonstrated 
the need for more studies to confirm the potential functional capa-
bilities of the gut microbiome.7) 

Gut microbiome and sarcopenia 
Frailty and sarcopenia are overlapping concepts that are common 
in older adults.36) In particular, sarcopenia is a syndrome character-
ized by a lower muscle mass, quality, and strength.36) Although 
there are numerous causes of sarcopenia, gut microbiota can affect 
skeletal muscle homeostasis through microbiota-induced metabo-
lites, suggesting a possible biological basis toward the onset of sar-
copenia.37) Adequate control of the gut microbiome is required to 
prevent sarcopenia because the gut microbiome may be involved 
in the physiopathological mechanism of sarcopenia. The gut mi-
crobiome plays a crucial role in determining skeletal muscle mass, 
muscle structure, and muscle function.20,38) Mice with sarcopenia 
have gut microbiome characteristics distinct from those of normal 
mice.20,39) SCFA producers, such as Faecalibacterium, Clostridium 
XIVa, and Butyricicoccus, are positively correlated with skeletal 
muscle mass. The microbiome can also contribute to muscle anab-
olism.39) The circulation of SCFA byproducts of the gut microbi-
ome, especially butyrate, in the body can positively influence skel-
etal muscle mass and function by regulating insulin sensitivity and 
inflammatory signals.40) Furthermore, imbalances in the gut micro-
biome arise with age, which can cause a syndrome called ‘leaky 
gut’, in which gut microbiota can pass into the blood and promote 
inflammation. The activation of inflammation can inhibit the syn-
thesis of skeletal muscle.40) A previous study analyzing the serum 
microbiomes of younger (20–35 years) and older (60– 75 years) 
participants revealed a higher abundance of Bacteroidetes phylum 
than that in older participants. The increase in Bacteroidetes was 
positively related to the levels of insulin-like growth factor 1 (IGF-

1), which can act as an anabolic agent.41)  In contrast, inflammatory 
biomarkers such as interleukin 6 (IL-6) and tumor necrosis factor 
(TNF)-alpha are negatively correlated with the abundance of Bac-
teroidetes.41) 

Effect of exercise on the gut-muscle axis 
As mentioned earlier, the proportions of bacteria that produce SC-
FAs are high in the gut microbiomes of centenarians. Older individ-
uals with frailty show reduced representation of SCFA producers 
(e.g., Faecalibacterium prausnitzii).42) As exercise training can in-
crease the representation of SCFA producers,15) alteration of gut 
microbiomes, especially SCFA producers, by exercise may improve 
physical frailty. Previous studies have shown that moderate-intensi-
ty exercise can lead to significant changes in the gut microbiome. 
For example, the representation of the Butyricimonas, Prevotella, and 
Akkermansia taxa increase. This can increase biodiversity and pro-
mote metabolic activity.16,43) In addition, adult women with active 
lifestyles have higher rates of several health-promoting bacteria (Ak-
kermansia, Faecalibacterium, and Roseburia) than do age-matched 
women.44) A recent study reported that athletes are more likely to 
express bacterial genes associated with SCFA-producing bacteria 
and carbohydrate amino acid metabolism compared with the gen-
eral population.34) This may contribute to higher concentrations of 
acetate, butyrate, and propionate in athletes.18) These preliminary 
studies suggest that exercise training may prevent physical frailty by 
increasing SCFA producers in the gut microbiome. 

Among the byproducts of the gut microbiome, SCFAs have been 
the most studied. They mainly act on skeletal muscle and mito-
chondria by promoting insulin sensitivity, inflammation regulation, 
and anabolism.45,46) SCFAs produced by the gut microbiome (e.g., 
Faecalibacterium, Butyricimonas, etc.) can enter systemic circulation 
and be absorbed into skeletal muscle. Free fatty acid receptors 2 and 
3 (FFAR-2 and FFAR-3) can promote insulin sensitivity and regu-
late glucose uptake.47) SCFAs can also activate mitochondrial bio-
synthesis regulator NAD-dependent deacetylase sirtuin-1 (SIRT1) 
receptors.48) The most intriguing mediator among SCFA is butyr-
ate, which affects the activity of several regulatory pathways (e.g., 
UCP2-AMPK-ACC and PGC1-alpha) and improves ATP produc-
tion and myofiber metabolism efficiency.49) Treatment with probi-
otics, including the major SCFA producer Faecalibacterium prausnit-
zii, was also effective in reducing systemic inflammation in mice and 
promoting assimilation to produce healthy muscles.50) 

Gut-Brain Axis 
Gut microbiome and cognitive dysfunction 
Recently, the concept of frailty has been focused mainly on physi-
cal frailty.51) However, studies on cognitive frailty have also begun 
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to attract attention.52) Cognitive frailty is defined as a syndrome in 
older individuals with physical frailty and cognitive dysfunction.53) 
Cognitive dysfunction can cause neurodegenerative disorders such 
as Alzheimer disease (AD) and Parkinson disease.27,54) Recent 
studies have reported a strong association between imbalance in 
the gut microbiome and cognitive dysfunction (e.g., demen-
tia).11,55,56) In particular, gut microbiomes known to be harmful to 
the host can accelerate the onset of dementia.57) Studies have fo-
cused on microbial byproducts in blood or brain tissue to investi-
gate the potential role of the gut microbiome in the development 
of dementia.56) The percentages of mannitol, succinic acid, and 
3,4-dihyroxy benzeneacetic acid, which are byproducts of micro-
organisms, are higher in patients with AD, who have different gut 
micro-organisms compared to those in normal controls.58) In ad-
dition, lipopolysaccharide (LPS) derived from Gram-negative 
bacteria has been recently reported in the hippocampal and neo-
cortex tissues of patients with AD.59) An imbalance of the gut mi-
crobiome in these patients can cause the accumulation of 
by-products in brain tissue.56) The amount of Clostridium difficile 
in patients with dementia was significantly higher than that in 
patients without dementia.60) According to the 16S rRNA micro-
bial profile, the gut microbiome diversity is significantly lower in 
people with Clostridium clustering.60,61) Cyanobacteria within the 
gut microbiota can synthesize neurotoxins such as saxitoxin and 
alpha-anatoxin.62) Moreover, Citrobacter, Escherichia coli, Klebsiel-
la, Mycobacteria, Pseudomonas, Streptococcus, Streptomyces, Staph-
ylococcus, Salmonella, and Bacillus spp. in the gut microbiota can 
synthesize amyloid peptides.62,63) These peptides can be trans-
mitted and accumulate in the brain, resulting in cognitive dys-
function or dementia.64) Also, reduction of Bifidobacteria and Eu-
bacterium rectale is associated with biomarkers of AD.55) These 
results suggest that the gut microbiome may be an essential fac-
tor in the pathogenesis of dementia, although the apparent causal 
relationship between the gut microbiome and neurodegenera-
tion has not yet been elucidated.65) In one study, comparison of 
the gut microbiomes of amyloid-positive patients, amyloid-nega-
tive patients, and control individuals revealed a low ratio of Eu-
bacterium rectale and a high proportion of Escherichia/Shigella in 
amyloid-positive patients.52) Differences in gut microbiomes play 
a role in controlling amyloid accumulation in the brain through 
immune regulation.66) Although the gut microbiome and demen-
tia are highly related, there is limited research on the association 
of mild cognitive impairment (MCI) with the gut microbiome. 
Additionally, the relative proportions of microorganisms of the 
gut microbiota, such as Bifidobacterium, Butyricicoccus, and Clos-
tridium XIVb, were negatively correlated with the presence of 
cognitive dysfunction in patients with Parkinson disease.67) 

Effect of exercise on gut-brain axis 
Although studies have elucidated a relationship between gut health 
and the brain,11,56) the mechanisms by which the exercise-induced 
gut environment can influence cognitive function remain un-
known. Exercise may have a significant effect on cognitive function 
by altering the gut microbiome because of its strong relationship 
with cognitive function; thus, exercise may result in positive chang-
es in the gut environment. 

The gut-brain axis is a bidirectional communication channel 
that is regulated by hormones, immunity, and nerve signals. A well-
known characteristic of SCFAs is the prevention of obesity by in-
creasing the expressions of glucagon-like peptide 1 and peptide 
YY, which can induce satiety.68,69) In addition, sodium butyrate 
treatment is effective in increasing the expression of brain-derived 
neurotrophic factor (BDNF), which acts as an antidepressant.70) 
Taken together, an increase in the number of SCFA-producing 
bacteria resulting from exercise seems to have a potentially signifi-
cant and beneficial effect on the gut-brain axis. 

Exercise affects the gut-brain axis by controlling vagus nerve 
tension.71) The vagus nerve affects anti-inflammatory immune reg-
ulation and the imbalance of modified vagal activity. The hypotha-
lamic-pituitary-adrenal (HPA) axis is typically affected in patients 
with depression and inflammatory bowel disease (IBD).72,73) Al-
though the potential effects of extrinsic vagal nerve stimulation 
(VNS) on neuroimmunomodulation are poorly studied, VNS 
may be effective in controlling conditions such as depression, IBD, 
etc. that are difficult to treat.73) The effect of the vagus nerve on the 
gut microbiome during exercise requires study.73) However, steady 
aerobic exercise can lead to a decrease in the resting heart rate and 
an increase in the input of the vagus nerve to the sinus node. In-
creased parasympathetic nerve stimulation can last for a long time. 
Regular aerobic exercise can have the same effect as VNS to induce 
a potential rise in the cholinergic anti-inflammatory pathway.74,75)  
Although research is lacking, exercise-induced activation of the va-
gus nerve in the gut microbiome may prevent brain disease. 

DISCUSSION 

With the gradual development of social and economic environ-
ments, sedentary lifestyles are associated with metabolic syn-
dromes, such as obesity, diabetes, etc., that can promote aging.76) 
These imbalances can be improved through exercise training to 
maintain homeostasis. Many mechanisms are involved in the ben-
eficial effects of exercise training on health. Exercise training can 
activate anti-inflammatory responses, promote the HPA axis, and 
enforce neuromuscular function.77,78) Recently, physical activity 
has been proposed to alter gut micro-organisms. In addition, exer-
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cise can promote a healthy state by improving the gut microbiome. 
However, little is known about the effect of increased physical ac-
tivity through exercise training on the gut microbiome. Exercise 
training may lead to positive changes in the gut microbiome. How-
ever, the direct or indirect mechanisms by which exercise training 
does so remain uncertain. It is difficult to elucidate the long-term 
effects of exercise because the gut microbiota is influenced by sev-
eral genetic and environmental factors.79) For this reason, previous 
studies have primarily sought to demonstrate the correlation be-
tween the gut microbiome and physical function. These studies 
have shown that the gut microbiome has distinct characteris-
tics.9,16,80) This led to the hypothesis that improvements in physical 
function through exercise training could also be associated with 
the gut microbiome. On the basis of the effects of exercise that ad-
dressed in this review paper, exercise may be a feasible method for 
preventing or delaying aging. 

With age, the gut microbiome becomes imbalanced, which can 
lead to age-related diseases such as physical frailty and cognitive 
dysfunction. These geriatric diseases can be effectively controlled 
by exercise. We examined whether the changes to the gut microbi-
ome resulting from exercise training could have a positive effect on 
these diseases. Previous studies have reported changes in the diver-
sity of the gut microbiome and specific bacterial groups with exer-
cise training.9,16,80,81) Therefore, it is important to study alterations 
in the gut microbiome according to the type and intensity of exer-
cise. However, to our knowledge, no studies have determined 
which exercise types (e.g., resistance or aerobic exercise) are more 
effective in influencing the gut microbiome. In previous animal 
studies, alterations in the gut microbiome through exercise train-
ing have been studied mainly in aerobic exercise such as a volun-
tary running wheel, treadmill, etc. because of the limitations of re-
sistance training.80,82) Previous studies categorized aerobic exercise 
as low-, medium-, and high-intensity to investigate changes in the 
gut microbiome.9,16,83) However, direct comparison of exercise in-
tensity to determine the most appropriate intensity has not yet 
been reported. Thus, studies are required to determine the most 
appropriate exercise intensity to prevent age-related brain and met-
abolic diseases through the gut microbiome. 

CONCLUSION 

By interacting with the host, the gut microbiome has an enormous 
impact on the entire body. Recent studies have consistently report-
ed that the gut microbiome is related to geriatric diseases. As the 
gut microbiome is changed in the older individuals with altered 
physiology, it is necessary to determine whether the gut microbi-
ome is involved in the improvement of physical function by exer-

cise and whether exercise training can prevent geriatric diseases in 
future studies. 
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Background: Long-term care is a burden on individuals, families, and society. It is important to 
find ways to delay the onset of disability to lessen the burden of long-term care in aging societ-
ies. Fracture is one of the risk factors that affect physical functions and make older people de-
pendent. This study aimed to examine how much more often older adults who experienced frac-
tures initiated long-term care compared to those who did not, and whether the risk of entering 
long-term care differed significantly by fracture site. Methods: The analyses included insurants 
aged 65 years and over from the Korean National Health Insurance Service-senior cohort study 
(2002–2013). Cox proportional hazard models were used to calculate the hazard ratios of the 
first certification of initiation of long-term care after fracture, by fracture site, and for multiple 
recurrent fractures. Results: The incidence rate of initial long-term care beneficiaries was ap-
proximately 2.5 times higher when older people had experienced fractures; these individuals en-
tered long-term care beneficiary status 3 years earlier compared to those who had no fracture 
events. Lower extremity fracture and multiple recurrent fractures more than doubled the risk for 
long-term care. Conclusion: Additional attention to fracture sites in prevention and rehabilita-
tion settings is warranted to reduce disability and the related long-term care burden. 

Key Words: Fractures, Long-term care, Survival analysis, Frail elderly
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INTRODUCTION 

Healthy aging policies must be established to maintain the health 
status of older adults and delay the initiation of long-term care 
(LTC) for as long as possible. Functional decline is one of the main 
factors for entering LTC; however, a preceding factor for healthy 
aging is the resilience of disease or injuries inducing disability.1) 
Fractures significantly affect normal functioning in older adults. It 
is especially difficult to recover from fractures after surgery and 
treatment. A vicious cycle begins, as hip fractures increase a pa-
tient’s dependency, leading to even more falls.2,3) In addition, limb 
injuries caused by fractures reduce social activity, productivity, and 
subsequently, cognitive stimulation to increase the risk of demen-

tia and compromise life expectancy and quality of life.4-6) Injuries, 
including fractures and dementia, independently increase the de-
mand for LTC and also tend to be associated with one another or 
occur at the same time.7) This synergistic association may lead to a 
sudden need for LTC. 

A study in Germany predicted that disability and increased de-
pendency caused by extremity injuries would increase the inci-
dence of initiation of LTC among older adults.8) The incidence 
rate of LTC is 2.5 times higher in older adults with extremity inju-
ries and even higher for both lower and upper extremity and severe 
injuries.8) However, we do not know the net long-term effect of 
fracture on care needs among the older population. It is particular-
ly important to elaborate on the impact of geriatric fall-related inju-
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ries because fractures account for a high proportion of deaths from 
injuries.9) Assessing the long-term health effects and care needs of 
geriatric fractures will help focus interventions on fractures and fall 
prevention in older populations. However, few studies have as-
sessed the impact of fracture on LTC initiation. Since fracture ex-
perience is a life event that can have a sustained influence on body 
integration, balance, strength, and pain in older individuals, the 
present study investigated whether the long-term health (or func-
tional) effect of fractures was linked to future dependency.

Accurate evaluation of the impact of fracture events in older 
adults on the incidence rate of the first certified use of LTC ser-
vices, the social impact of LTC and fracture prevention policies can 
be concretely visualized. This study aimed to address the following 
questions using Korean national cohort data based on National In-
surance claim datasets of older adults: is there an impact on the in-
cidence rate of LTC initiation according to older adults’ fracture 
experience and fracture sites? If yes, what is the magnitude of this 
impact? 

MATERIALS AND METHODS 

Data and Sample 
We used the Korean National Health Insurance Service-senior 
sample cohort (NHIS-Senior) data to identify patients with frac-
tures and determine the risk of LTC initiation in older adults. The 
Korean NHIS-Senior data covered a 10% random sample 
(n = 558,147) of 5,500,000 total insurants aged 60 years or above 
from 2002 to 2013. As national health insurance in Korea is man-
datory, the NHIS-Senior sample is nationally representative. The 
cohort comprises five databases on participants’ health insurance 
eligibility (general characteristics; age, sex, etc.), medical treat-
ments, medical care institutions, health examinations, and LTC 
utilization. As the national LTC insurance system for older adults 
began in 2008, the database for LTC utilization has only been es-
tablished since 2008 (2008–2013), while the other four databases 
(health insurance eligibility, medical treatments, medical care insti-
tutions, and health examinations) were established in 2002. Since 
its establishment in July 2008, LTC insurance system data were 
collected every December during the study period. Thus, data on 
LTC utilization in 2008 could be unclear. 

After excluding individuals who were already in LTC in 2008, 
447,276 older adults were identified as study samples in 2008 who 
did not enroll as LTC beneficiaries. They were followed for up to 
12 years (2002–2013). The follow-up period (at least 1 year to a 
maximum of 11 years) varied depending on the occurrence of frac-
tures (independent variables) and onset of LTC (dependent vari-
ables). The year of study entry was 2002, and observation of frac-

ture incidence (independent variable) was also launched in 2002.  
The study was reviewed and approved by the Institutional Review 
Board of Chung-Ang University (No. 1041078-201607-HR-145-
01K). 

Dependent variable 
We operationally defined ‘LTC initiation’ as receiving LTC insur-
ance benefits for the first time. Beneficiaries of the LTC insurance 
schemes were individuals who were entered and registered into the 
LTC system. When assigned to one of three levels of LTC need 
through screening by the Care Needs Certification Board (includ-
ing needs assessment), LTC benefits can be provided to applicants 
aged 65 years and above or geriatric patients under 65 years of age. 
According to the needs assessment and committee review, LTC 
services are provided ranging from level 3 (the lowest degree of 
care) to level 1 (the highest degree of care). The care need levels 
were further subdivided into five levels following the 2014 revision 
of the LTC insurance system. We aggregated levels 1-3 as LTC ini-
tiation, considering the consistency of the level of care needs. The 
first certification of LTC from 2009 to 2013 was our final outcome, 
which was considered the LTC initiation case (1 = LTC initiation, 
0 = no). 

Independent variables 
We defined fractures using claim data from the medical treatments 
database containing older adults’ inpatient and outpatient diagno-
ses based on the 10th revision of the International Classification of 
Diseases (ICD-10) codes. Geriatric fall-related fractures fell into 
three categories based on the affected region: upper extremity frac-
ture (ICD-10 codes: S52.5, S52.6, S42.2, S42.3), spine fracture 
(S22.0, S22.1, S32.0, M48.4, M48.5), and lower extremity fracture 
(S72.0, S72.1) (Table 1). 

The fracture was a dummy variable, taking the value 1 if the frac-
ture first occurred from 2002 onwards regardless of the fracture fre-
quency, until 1 year before LTC initiation and 0 otherwise (cases 
without LTC initiation were followed until death or censoring). 
Regarding LTC initiation time, as we had the information only on 
the year of LTC initiation, we could not clarify whether fracture oc-
curred before LTC initiation when they occurred within the same 
year (for example, when LTC initiation time was 2013, the fracture 
experience had to be observed from 2002 to 2012). We categorized 
combined fracture sites if the older adults experienced multiple re-
current fractures at multiple events during the study period. ‘All 
fracture’ was defined as recurrent fractures in the upper or lower ex-
tremities and spine at the same time or sequentially. 

We examined demographic and chronic disease variables to ex-
plain the characteristics of LTC initiation. The demographics in-
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cluded age and sex. As the age of individuals in the cohort began at 
67 years, age was grouped into four categories (67-74, 75-84, 85-
94, and 95+ years). Common chronic diseases were included as 
dummy variables, taking the value 1 if the diseases first occurred 
from 2002 onwards until 1 year before LTC initiation and 0 other-
wise. We determined the chronic diseases used as covariates after 
consulting with four medical doctors specialized in orthopedic 
surgery, rehabilitation medicine, and geriatric medicine. The 
chronic diseases included hypertension (ICD-10 codes: I10-I15), 
diabetes (E10-E14), ischemic diseases (I20-I25), cerebral diseases 
(I60-I69), hypercholesterolemia (E780), atrial fibrillation (I48), 
heart insufficiency (I50), lung insufficiency (J44), nervous diseas-
es (including Parkinson disease; G20-G22), gastric diseases (K0-
K9), alcoholic liver disease (K70), atherosclerosis (I70), pneumo-
nia (J12-J18), infections or parasites (A-B), external injuries (S-T, 
V-Y), dementia—Alzheimer disease, vascular dementia, Lewy 
body dementia, circumscribed brain atrophy, dementia as a 
side-effect of another disease, others not specified as dementia 
(F00/G30, F01, G31.82, G31.0, F02, F05.1, G23.1, F03), cancer 
(C00-C97), osteoporosis (M80, M81, M82), arthritis (osteoar-
thritis, rheumatoid arthritis; M15-M19, M05, M06), orthostatic 
hypotension (I95.1), chronic kidney disease (N18), urinary in-
continence (N39.3, N39.4, N39.40, N39.41, N39.48), and depres-
sive disorder (F32, F33).  

Statistical Analysis 
We performed descriptive statistics using frequency and percent-
age of the total study population. Regarding the characteristics of 

LTC initiation cases, person-year exposures and the incidence rate 
of LTC initiation per 100 person-years were calculated. Ka-
plan-Meier survival curves and Cox proportional hazard models 
were used to examine fractures and the risk of LTC initiation after 
adjusting for age, sex, and chronic diseases. A stratified log-rank test 
was used to compare LTC initiation among groups with different 
types of fractures by the affected sites. Fracture sites were catego-
rized as upper extremity, lower extremity, and spine. The hazard ra-
tios for each fracture site were calculated since fractures were re-
corded as multiple events. Multiple fracture sites were categorized 
as seven types: upper extremity fracture only, lower extremity frac-
ture only, spine fracture only, upper extremity and spine fracture, 
upper and lower extremity fracture, spine and lower extremity 
fracture, and all three fracture types. LTC initiation was available 
annually but there was no information on ‘day’ or ‘month’; there-
fore, the results were presented by yearly age. If death and LTC ini-
tiation occurred in the same year during the study period, LTC ini-
tiation was counted. Since we could not clarify whether fractures 
or other diseases occurred before LTC initiation when they oc-
curred within the same year, records of fractures and other diseases 
were observed until 1 year prior to LTC initiation. The statistical 
definition for the censoring event was ‘death or no LTC initiation’ 
by the end of the study period, while the complete event was the 
‘year of first LTC initiation’. The effects of age can affect not only 
dependent variables but also independent variables. The variance 
inflation factor (VIF) and condition index showed no age and frac-
ture multicollinearity. Thus, we included all covariates in the Cox 
proportional hazard models. Analyses were performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA). 

RESULTS 

Table 2 shows the exposure and incidence rates of LTC initiation 
by the demographic and disease characteristics of the participants 
starting from 2009. Of the 447,276 individuals, 43% were men and 
57% were women. Most (56.6%) of their ages ranged from 75 to 
84 years. The fracture experience rate was 9.8%. Among chronic 
diseases, 21.9% of the participants had cerebral disease, 6.8% had 
dementia, 2.3% had nervous diseases including Parkinson disease, 
and 11.1% had depressive disorders. A total of 71,706 older adults 
entered LTC between 2009 and 2013; among them, around 64% 
were women and about 63% were aged 75-84 years. 

The incidence rate of LTC initiation was 4.6 cases per 100 per-
sons (95% confidence interval [CI], 4.6-4.6). The incidence of 
LTC initiation was higher among women (5.0) than men (4.0) 
and increased with age. The incidence was 13 times higher among 
the oldest age group (over 95 years; 26.0) compared to that in old-

Table 1. Categorization of fracture sites and matching ICD-10 codes

Categorized fracture sites ICD-10 code
Upper extremity fracture
 Distal radius
  Fracture of the distal radius S52.5
  Combined fracture of the distal radius S52.6
 Humerus
  Fracture of the proximal humerus S42.2
  Fracture of shaft of humerus S42.3
Spine fracture
 Fracture of the thoracic spine S22.0
 Multiple fractures of the thoracic spine S22.1
 Fracture of the lumbar spine S32.0
 Fatigue fracture of vertebra M48.4
 Collapsed vertebra M48.5
Lower extremity fracture
 Fracture of the femoral neck S72.0
 Pertrochanteric fracture S72.1

ICD-10, International Classification of Diseases, 10th Revision.
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Variable % Exposure (person-year) Case of LTC initiation Incidence rate per 100 
person-year (95% CI)

Total 1,561,880 71,706 4.6 (4.6–4.6)
Sex
 Male 43.0 650,553 25,839 4.0 (3.9–4.0)
 Female 57.0 911,327 45,867 5.0 (5.0–5.1)
Age (y)
 67–74 38.4 609,895 13,978 2.3 (2.3–2.3)
 75–84 56.6 899,253 45,331 5.0 (5.0–5.1)
 85–94 4.9 51,990 12,204 23.5 (23.1–23.9)
 95+ 0.1 742 193 26.0 (26.0–29.9)
Fracture
 No 90.2 1,418,137 57,012 4.0 (4.0-4.1)
 Yes 9.8 143,743 14,694 10.2 (10.1–10.4)
Fracture sites*
 Upper fracture 3.9 58,921 6,022 10.2 (10.0–10.5)
 Spine fracture 5.1 74,488 6,549 8.8 (8.6–9.0)
 Lower fracture 1.7 15,758 2,863 18.2 (17.5–18.8)
Multiple fracture sites†

 Upper extremity only 3.3 51,364 4,668 9.1 (8.8–9.4)
 Spine only 4.5 66,007 19,923 30.2 (29.8–30.6)
 Lower extremity only 1.3 16,233 5,647 34.8 (33.9–35.7)
 Upper & spine fracture 0.4 5,462 1,709 31.3 (29.8–32.8)
 Upper & lower fracture 0.1 1,658 641 38.7 (35.8–41.7)
 Spine & lower fracture 0.2 2,582 946 36.6 (34.4–39.0)
 All fractures 0.0 437 171 39.1 (33.6–45.3)
 No fracture 90.2 1,418,137 57,012 4.0 (4.0–4.1)
Chronic disease prevalence
 Cerebral disease
  No 78.1 1,240,914 35,782 2.9 (2.9–2.9)
  Yes 21.9 320,966 35,924 11.1 (11.2–11.3)
 Nervous disease
  No 97.7 1,529,977 65,430 4.3 (4.2–4.3)
  Yes 2.3 31,903 6,276 19.7 (19.2–20.2)
 Dementia
  No 93.2 1,470,367 51,967 3.5 (3.5–3.6)
  Yes 6.8 91,513 19,739 21.6 (21.3–21.9)
 Orthostatic hypotension
  No 99.8 1,558,994 71,420 4.6 (4.6–4.6)
  Yes 0.2 2,886 286 9.9 (8.8–11.1)
 Depressive disorder
  No 88.9 1,391,034 56,985 4.1 (4.1–4.1)
  Yes 11.1 170,846 14,721 8.6 (8.5–8.8)
 Hypertension
  No 37.5 589,487 11,365 1.9 (1.9–2.0)
  Yes 62.5 922,705 39,987 4.3 (4.3–4.4)
 Diabetes mellitus
  No 66.3 1,043,049 39,623 3.8 (3.8–3.8)
  Yes 33.7 518,831 32,083 6.2 (6.1–6.3)
 Ischemic disease
  No 78.4 1,229,998 51,743 4.2 (4.2–4.2)

Table 2. Incidence rates of LTC initiation in the Korean National Health Insurance Service-senior cohort (n=447,276)

(Continued to the next page)
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er adults (67-74 years; 2.3). Of the total cohort participants who 
entered LTC, around one in four cases experienced fracture 
(n = 14,694). The incidence of LTC initiation was 10.2 per 100 

person-years, approximately 2.5 times higher among participants 
who experienced fractures compared to those who did not. Those 
who experienced upper extremity fractures entered LTC at 10.2 

Variable % Exposure (person-year) Case of LTC initiation Incidence rate per 100 
person-year (95% CI)

  Yes 21.6 331,882 19,963 6.0 (5.9–6.1)
 Hypercholesterolemia
  No 90.5 1,408,553 63,986 4.5 (4.5–4.6)
  Yes 9.5 153,327 7,720 5.0 (4.9–5.2)
 Atrial fibrillation
  No 96.9 1,517,679 67,785 4.5 (4.4–4.5)
  Yes 3.1 44,201 3,921 8.9 (8.6–9.2)
 Heart insufficiency
  No 92.9 1,460,080 62,042 4.3 (4.2–4.3)
  Yes 7.1 101,800 9,664 9.5 (9.3–9.7)
 Lung insufficiency
  No 86.9 1,371,173 58,369 4.3 (4.2–4.3)
  Yes 13.1 190,707 13,337 7.0 (6.9–7.1)
 Gastric diseases
  No 9.6 144,842 6,279 4.3 (4.2–4.4)
  Yes 90.4 1,417,038 65,427 4.6 (4.6–4.7)
 Alcoholic liver disease
  No 95.8 1,499,032 68,983 4.6 (4.6–4.6)
  Yes 4.2 62,848 2,723 4.3 (4.2–4.5)
 Atherosclerosis
  No 95.8 1,496,230 66,708 4.5 (4.4–4.5)
  Yes 4.2 65,650 4,998 7.6 (7.4–7.8)
 Pneumonia
  No 85.3 1,343,355 55,670 4.1 (4.1–4.2)
  Yes 14.7 218,525 16,036 7.3 (7.2–7.5)
 Infections or parasites
  No 40.1 617,191 27,205 4.4 (4.4–4.5)
  Yes 59.9 944,689 44,501 4.7 (4.7–4.8)
 External injury
  No 30.2 467,515 16,460 3.5 (3.5–3.6)
  Yes 69.8 1,094,365 55,246 5.1 (5.0–5.1)
 Cancer
  No 88.4 1,393,489 60,050 4.3 (4.3–4.3)
  Yes 11.6 168,391 11,656 6.9 (6.8–7.1)
 Osteoporosis
  No 70.7 1,095,837 43,396 4.0 (3.9–4.0)
  Yes 29.3 466,043 28,310 6.1 (6.0–6.2)
 Arthritis (osteoarthritis, rheumatoid arthritis)
  No 36.2 556,671 21,392 3.8 (3.8–3.9)
  Yes 63.8 1,005,209 50,314 5.0 (5.0–5.1)
 Urinary incontinence
  No 97.7 1,526,426 68,370 4.5 (4.5–4.5)
  Yes 2.3 35,454 3,336 9.4 (9.1–9.7)
LTC, long-term care; CI, confidence interval.
*Fracture experience at each site, multiple cases.
†Combinations of fracture sites during the observation period.

Table 2. Continued
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cases per 100 person-years, while LTC initiation of lower extremi-
ty and spinal fractures were 18.2 and 8.8 cases per 100 per-
son-years, respectively. The incidence rate of LTC initiation was 
21.6% among older adults with dementia, 19.7% in those with 
nervous disease, and 11.1% in those with cerebral disease. 

Fig. 1 shows the Kaplan-Meier curve of the incidence rate of 
LTC initiation depending on fracture experience and fracture sites 
according to sex. The incidence rate of LTC initiation was signifi-
cantly higher among men and women who had previously experi-
enced fractures than those without fractures. Half of all men and 
women required LTC around 87 years of age. In addition, half of 
the older adults with previous fractures entered LTC at age 84 
compared to age 87 in people with no fracture history. Thus, older 
adults with fracture entered LTC around 3 years earlier than those 
without (Fig. 1A, 1B and Appendix 1). Men with upper or lower 
extremity fractures entered LTC around 3 years earlier than those 
with spine fractures, compared to 1 year earlier in women (Fig. 1C, 

Fig. 1. Long-term care (LTC) initiation among age, sex, and fracture sites in the Korean National Health Insurance Service-senior sample cohort 
(Kaplan-Meier survival curves). LTC initiation by fracture in men (A) and women (B). LTC initiation by fracture sites in men (C) and women (D). 
Upper fracture means upper extremity fracture and lower fracture means lower extremity fracture.

1D and Appendix 1). Moreover, men with fractures of all three 
sites (upper extremity, spine, and lower extremity) entered LTC 10 
years earlier than those without any fractures, compared to 6 years 
earlier in women (Appendix 1). 

Regarding the hazard ratio of LTC initiation by fracture experi-
ence, the hazard ratios increased 1.66-fold (95% CI, 1.61-1.71), 
1.36-fold (95% CI, 1.32-1.40), and 2.25-fold (95% CI, 2.17-2.33) 
for the upper extremity, spinal, and lower extremity fracture 
groups, respectively, compared to those in the non-fracture group 
after adjusting for age, sex, and chronic diseases. Among partici-
pants in the all-fracture group with multiple recurrent fractures of 
the upper extremity, spine, and lower extremity, the hazard ratio 
increased 3.21-fold (95% CI, 2.71-3.81). Among those with 
chronic diseases, the hazard ratio of LTC initiation was highest for 
those with dementia (2.60; 95% CI, 2.55-2.65) compared with 
those without dementia (Table 3). 
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DISCUSSION 

The results of our analyses revealed three sets of patterns associated 
with fracture experience and LTC initiation in the Korean older 
population. First, fracture was associated with the probability of be-
coming an LTC recipient, increasing from 1.66- to 3.21-fold accord-
ing to the fracture site within 10 years. In other words, those who 
experienced fractures entered LTC 3 years earlier. Secondly, the re-
sults varied according to the fracture site. The probability of becom-
ing an LTC recipient was more than two times higher in those who 
had at least one lower extremity fracture. Thirdly, the variety of frac-
ture sites was also important. Experiencing multiple recurrent frac-
tures in both upper, lower extremity and spine increased the risk of 
entering LTC by more than 3-fold compared to the risk in the 
non-fracture group and was higher than the risk of entering LTC in 
patients with dementia. These results confirmed that the long-term 
outcome in patients with fractures differs by fracture site and multi-
ple fracture sites. Given that the national LTC expenditure is about 
$4 billion in Korea,10) older individuals entering LTC 3 years earlier 
may significantly increase the LTC cost burden. 

LTC initiation was significantly higher for lower extremity frac-
tures. Hip fractures undermine disability-adjusted life years in old-
er adults, thereby increasing disease burdens. This may be because 
lower extremity fractures lead to mobility limitation.8,11) Indeed, 

the likelihood of returning to the previous level of mobility is low 
in hip fracture patients. Only 34% of older adults who sustained a 
hip fracture returned to pre-fracture mobility function.12) Physical 
activity, balance, and mobility have been repeatedly demonstrated 
to be beneficial for improving physical function in older adults13) in 
terms of short-term and long-term effects.14,15) These results sup-
port the efficacy of preventing lower extremity fracture and restor-
ing function and mobility to pre-fracture levels as to delay the need 
for LTC. 

Multiple recurrent fractures in various body parts proved to be a 
stronger marker than dementia of a future need for LTC. This frac-
ture-prone condition can be classified into high fall-risk, frail, and/
or osteoporotic status in old ages. In this condition, a vicious cycle 
begins in which the slow recovery from fractures due to a fall and 
increased dependency lead to additional falls.2,3,16) To prevent mul-
tiple recurrent fractures among older adults, bone health promo-
tion, fall prevention, and management after fall incidence must be 
performed simultaneously. In addition, comorbidity including os-
teoporosis, dementia, and other diseases must be considered.17) 
Fractures can also give rise to neurodegenerative diseases such as 
Parkinson disease and dementia (a major factor of LTC initiation), 
which may indirectly enhance care needs. A decrease in social ac-
tivity due to fracture can also reduce cognitive stimulation and act 
as a risk factor for dementia.5) The study in Germany reported a 
higher rate of LTC initiation in people who experienced both de-
mentia and extremity injuries compared to that in those who expe-
rienced each disease independently.8) Dementia may affect frac-
tures and is a major factor associated with an increased rate of hos-
pitalization due to fracture.18-20) 

The difference in LTC initiation by fracture site was shared be-
tween men and women. However, the Kaplan-Meir curves showed 
a sex difference in the age of LTC onset. Men with extremity frac-
tures entered LTC about 3 years earlier than those with spine frac-
ture, while women entered LTC only 1 year earlier. In addition, par-
ticipants with diverse fracture sites also became LTC recipients 
much earlier. Men with fractures of the upper and lower extremities 
and spine, regardless of whether they occurred simultaneously, be-
came LTC recipients 10 years earlier than men without any frac-
tures, compared to 6 years earlier in women. This result suggests 
that the fracture severity might be higher in men than in women. 
Several studies also reported higher mortality and institutionaliza-
tion rates after hip fracture in men than in women.21-23) Our results 
add to this evidence by showing sex differences and the exact de-
grees of risk for initiating LTC in men and women. 

The enormous individual and social burdens due to LTC in older 
adults may be reduced through interventions addressing the risk 
factors for lower extremity and multiple recurrent fractures. Inter-

Table 3. Hazard ratios of long-term care initiation by age, sex, fracture 
site, and chronic disease
Variable aHR (95% CI) p-value
Age (y)
 67–74 Ref
 75–84 1.68 (1.65–1.71) < 0.0001
 85–94 6.33 (6.17–6.49) < 0.0001
 95+ 6.28 (5.44–7.24) < 0.0001
Gender
 Male Ref
 Female 1.03 (1.01–1.05) 0.0035
Multiple fracture sites
 No fracture 1
 Upper extremity 1.66 (1.61–1.71) < 0.0001
 Spine extremity 1.36 (1.32–1.40) < 0.0001
 Lower extremity 2.25 (2.17–2.33) < 0.0001
 Upper extremity & spine 2.03 (1.89–2.18) < 0.0001
 Upper & lower extremity 2.97 (2.70–3.26) < 0.0001
 Spine & lower extremity 2.12 (1.94–2.31) < 0.0001
 All fractures 3.21 (2.71–3.81) < 0.0001

aHR, adjusted hazard ratio; CI, confidence interval.
The Cox proportional hazard model was adjusted for 22 chronic diseases as 
covariates.
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ventions targeting fracture prevention and rehabilitation such as ex-
ercise therapy and environmental management are effective in 
terms of disability and physical function.24-26) These interventions 
should also consider sex differences in the impact of fractures. 

Several limitations warrant consideration in generalizing our ob-
servations. First, since the National Health Insurance Service pro-
vides only limited datasets retrieved from insurance claim databas-
es, analyses were performed for LTC initiation in a limited time. 
The data lacked information on socio-economic status, health be-
haviors, fall incidence, and other risk factors for fractures and LTC 
needs. Second, LTC initiation was only considered if it occurred 
within the years after the fracture. If the fracture was the reason for 
obtaining benefits from LTC insurance and occurred within the 
first 6 months, the information on the time of LTC initiation might 
be not accurate. Fractures that occurred 2-3 years before the first 
onset of LTC may be more closely related to the cause of disability, 
especially for cases requiring hospitalization. Consideration should 
be given to when the fracture occurred, and it is also necessary to 
distinguish between hospitalization and outpatient use after frac-
tures. Third, although the use of medications can increase the risk 
of falls and fractures through various mechanisms and also affect 
LTC initiation, we excluded drug data. The overreporting of geri-
atric-related fractures might be due to the inclusion of the acci-
dent-driven fractures. Moreover, there was a lack of reliable infor-
mation on fragility fractures based on clinical data.

In conclusion, fractures led to a nearly 2.5-fold increase in the 
risk of LTC initiation among older adults even after adjusting for 
chronic diseases in the model. To our knowledge, this is the first 
longitudinal study to report the association between fracture sites 
and LTC initiation using a nationally representative cohort data 
from older adults in Korea. A strong emphasis is needed on the 
prevention of geriatric-related fractures as a top priority strategy in 
actions to delay the initiation of LTC; it is important to build on 
the resilience of the older population and a sustainable society. In 
order to delay the onset of disability and to maintain independent 
lives as long as possible, prevention of fracture and sufficient reha-
bilitation care after fracture must be considered key interventions 
in LTC policies. 
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Appendix 1. Age (y) of long-term care initiation from life tables of survival analysis

25% initiation 50% initiation 75% initiation

Men Women Men Women Men Women
No fracture 82 82 87 87 91 91
Upper extremity fracture only 79 80 83 84 87 87
Spine fracture only 82 81 86 85 90 90
Lower extremity fracture only 78 80 83 84 88 88
Upper extremity & spine fracture 76 79 83 83 84 86
Upper extremity & lower extremity fracture 77 78 81 82 84 86
Spine & lower extremity fracture 79 79 82 83 89 88
All fractures 73 78 77 81 84 85
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Background: The older population (≥65 years) has rapidly increased in size in recent years. 
Among them, the middle-to-oldest-old (≥75 years) tend to have a poor health status. Therefore, 
subdivision and evaluation of older patients with traumatic injury are required. We focused on 
the risk of femoral intertrochanteric fractures occurring in older adults due to minor falls and 
compared young-old and middle-to-oldest-old populations. Methods: The medical records of 
patients who visited the emergency center due to hip injuries between March 2017 and March 
2019 were retrospectively analyzed. Patients were divided into older adult (≥65 years) and 
non-older (age 18–64 years) groups; the older adult group was subdivided into young-old (65–74 
years), middle-old (75–84 years), and oldest-old (≥85 years) groups. This study investigated the 
occurrence rate of femoral intertrochanteric fractures and related factors. Results: The older 
adult group had a higher incidence of femoral intertrochanteric fractures than that in the 
non-older adult group (95.3% vs. 4.7%, p<0.001). However, there was no significant difference 
between young-old and non-older groups (58.8% vs. 41.2%, p=0.145). Middle-old to oldest-old 
age and osteoporosis were associated with an increased incidence of femoral intertrochanteric 
fractures (p<0.001, p=0.004). Conclusion: A higher incidence of femoral intertrochanteric frac-
tures from minor falls was found among middle-old to oldest-old patients compared to that in 
young-old patients. Therefore, physicians should perform more thorough physical examinations 
and radiograph reading in middle-old to oldest-old patients even if the patients do not complain 
of pain. 

Key Words: Older adults, Accidental falls, Intertrochanteric fractures, Emergency 
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INTRODUCTION 

The proportion of the older population aged ≥ 65 years in Korea 
was about 14.1% in 2015 and is expected to increase to greater than 
20% by 2025, becoming a so-called ‘super-aged society’.1) This is the 
fastest annual aging rate in the world.2) With a rapid increase in the 
older population, the lack of medical research focusing on the older 
population is a major concern.1) The increase in the older adult 
population leads to their increased participation in social and leisure 
activities, thus increasing the frequency of trauma in this popula-

tion. Furthermore, aging is significantly associated with decreased 
physiological ability, which is a cause of trauma, requiring special 
medical needs and treatment compared to other age groups.3) 

Injuries from falls are the most common and major cause of trau-
ma in older adults.4,5) This age group has a higher frequency and risk 
of falls than those of younger age groups. Falls among older adults 
also cause severe spontaneous damages and complications.6,7) Gen-
erally, as the number of older individuals hospitalized has increased 
recently, minor falls have also increased.8) The injuries and damage 
sustained from minor falls are more severe in older adults than 
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those in non-older age groups.9-11) 

Many people visit emergency centers due to hip injuries caused 
by minor falls. Hip fractures are more likely to occur in older than 
in younger patients.12) Femur intertrochanteric fractures, usually 
caused by minor falls in older adults with osteoporosis, are the 
most common type of fracture around the hip.13) The frequency of 
femur intertrochanteric fractures is climbing due to the increased 
average life expectancy of older adults.13) Furthermore, diagnosis 
of these fractures may not be possible by simple plain radiogra-
phy,14,15) thus, careful interpretation of radiographs and physical ex-
amination may be needed.14) 

In younger patients, fractures are rare and more likely to be diag-
nosed because of severe resting pain. However, older patients usual-
ly experience more fractures than expected and less often complain 
of pain than younger individuals.16) Hence, increased time and effort 
are needed for the diagnosis of older patients with hip injuries 
caused by minor falls.17) 

As the overall health status of older adults has gradually increased, 
their health conditions vary depending on their age. Therefore, the 
older adult population may have to be subdivided. Although the 
criteria differ, several studies have proposed divisions of this group 
into early and late (75 years) old age or young-old, middle-old, and 
oldest-old age for 65–74, 75–84, and at least 85 years, respective-
ly.18-20) In Korea, the proportion of older individuals aged > 85 years 
is increasing rapidly, from approximately 60,000 in 1980 to an esti-
mated 530,000 by 2015 and 1.15 million by 2026, the highest in-
crease rate among all age groups.1,2) 

Among older adults, the young-old have remained healthier than 
their counterparts in the past due to their better economic and nu-
tritional status and frequent medical checkups. Therefore, the de-
gree of damage and aftereffects that they acquire may differ for vari-
ous traumas. Additionally, we have observed a rapid increase in the 
frequency of older patients visiting the emergency centers and who 
are diagnosed with intertrochanteric fractures due to minor fall in-
jury. However, to our knowledge, no studies have yet been conduct-
ed to determine the incidence of femur intertrochanteric fractures 
among the rapidly increasing hip injuries of older adults.21)  

Therefore, we investigated the differences in the incidence of 
femoral intertrochanteric fracture with age. Additionally, we aimed 
to determine the ages of patients who should be actively diagnosed 
with intertrochanteric fractures through examinations such as com-
puted tomography (CT) scans. 

MATERIALS AND METHODS 

Patients 
The present study retrospectively reviewed the medical records of 

patients > 18 years of age who visited the emergency center due to 
hip injuries between March 2017 and March 2019. This emergen-
cy center is a local emergency center located in Seoul that sees ap-
proximately 30,000 patients annually. During the study period, 
893 patients with hip injuries visited our emergency center, ap-
proximately 851 of whom were > 18 years of age. 

Among these, 598 patients were included in the study. The rea-
sons for exclusion included a mechanism of injury that was not a 
fall or was unclear, the patient was transferred to another hospital, 
missing or incorrect medical records, or lack of examination due to 
patient refusal or death upon visit. The study was approved by the 
Institutional Review Board of Kyung Hee University Hospital (No. 
KHUH 2019-07-050). Written informed consents were obtained. 

Study Protocols 
The target patients were divided into those aged > 65 years (older 
patients) and those aged 18–64 years (non-older patients). The 
older patients were then classified as young-old (aged 65–74 years), 
middle-old (75–84 years), or oldest-old ( > 85 years). Falls were de-
fined as ‘unexpected falls to the floor or other low position, without 
loss of consciousness’.22) Minor falls were defined as ‘falling from a 
sitting or standing position to the ground, from a height of less than 
1 meter, and below three steps’ and other cases were excluded.23) 
The medical records of patients were reviewed to determine the 
age, sex, time of accident, drinking alcohol at the time of accident, 
hip radiograph findings, underlying diseases, and prognosis. The 
time of accident was defined as the time of the accident described 
by the patient or caregiver. Drinking alcohol was determined based 
on the patient’s smell and caretaker and paramedic statements. All 
hip radiograph examinations were read by imaging specialists and 
were assessed for the possible presence of femur intertrochanteric 
fractures. The type of intertrochanteric fracture was classified using 
Tronzo classification.24) Underlying diseases included stroke, osteo-
porosis, Parkinson disease, dementia, and cancer, which are known 
to affect low-energy fall injury and eventually cause femur intertro-
chanteric fracture.25) The prognosis was for patients hospitalized 
with femoral intertrochanteric fractures and, as of the time of dis-
charge, discharged without complications was classified as a favor-
able prognosis, while cases of transfer or death due to complications 
were classified as unfavorable prognosis. 

Statistical Analysis 
The analysis of collected data was performed using PASW Statistics 
version 18.0 for Windows (SPSS Inc., Chicago, IL, USA). Data on 
categorical and continuous variables were presented as percentages 
and mean ±standard deviation, respectively. In univariate analysis, 
categorical variables were analyzed using chi-squared or Fisher exact 
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tests; normally-distributed continuous variables were analyzed using 
independent t-tests (Student t-tests) and normal distributions were 
analyzed using Shapiro–Wilk tests. Binary logistic regression analysis 
was performed on variables with significant results in univariate anal-
ysis. Findings were considered statistically significant if p<0.05.

RESULTS 

A total of 893 patients visited the emergency medical center during 
the study, including patients with pelvic damage. Among these, 
598 patients were included in the study, except for 42 patients who 
were < 18 years of age, 134 patients who were not aware of the 
causes of their minor falls, 83 patients who were from other hospi-
tals, 34 patients who had missing or incorrect information in their 
medical records, and 2 patients who did not undergo any examina-
tion. Among the patients included in the study, 162 were aged 18–
64 years, 117 were in the young-old group (65–74 years), 217 
were in the middle-old group (75–84 years), and 102 were in the 
oldest-old group ( > 85 years) (Fig. 1). 

A total of 150 patients had femur intertrochanteric fractures; the 

proportion was significantly higher in older patients than in 
non-older patients (4.7% vs. 95.3%, p < 0.001). Additionally, the in-
cidence of femur intertrochanteric fractures in the middle-old to 
oldest-old patients was significantly higher than in the non-older 
adults (92% vs. 8%, p < 0.001; 88.3% vs. 11.7%, p < 0.001), but no 
significant difference was observed between the young-old patients 
and the non-older adult patients (58.8% vs. 41.2%, p = 0.145). 
There was no significant difference in the frequency of femoral 
neck fracture and femoral subtrochanteric fracture (Table 1). 

Of the 117 young-old patients, 48 (14%) were men and 69 
(59%) were women; of the 217 middle-old patients, 57 (26.3%) 
were men and 160 (73.7%) were women; of the 102 oldest-old pa-
tients, 21 (20.6%) were men and 81 (79.4%) were women. The 
differences in sex ratios between the three patient groups were sta-
tistically significant (p = 0.002). The frequency of drinking alcohol 
was higher in the middle-old patients than in the young-old and 
oldest-old patients but it was not statistically significant 
(p = 0.392). Among the underlying diseases surveyed, the frequen-
cies of stroke (21.4% vs. 23.5% vs. 21.6%, p = 0.877) was higher in 
the middle-old patients, while those of dementia (0.9% vs. 5.1% vs. 
14.4%, p < 0.001) and osteoporosis (29.9% vs. 43.8% vs. 70.6% 
p < 0.001) were higher in the oldest-old patients and the frequen-
cies of Parkinson disease (6.8% vs. 4.6% vs. 4.9%, p = 0.673) and 
cancer (7.7% vs. 3.7% vs. 2.9%, p = 0.164) were higher in the 
young-old than the middle-old to oldest-old patients but only the 
frequencies of dementia and osteoporosis were statistically signifi-
cant. The time of accident was trended higher for each group be-
tween 12:00 and 17:59 but was not statistically significant 
(p = 0.114). The frequencies of intertrochanteric fractures were 
significantly higher in middle-old and oldest-old patients than that 
in young-old patients (8.5% vs. 36.9% vs. 52.0%, p < 0.001) and, 
while Tronzo type 3 was tend to be higher in middle and oldest-old 
patient groups, the difference was not statistically significant 
(p = 0.907). The frequency of unfavorable outcomes was trended 
higher in the middle and oldest-old patients but was also not statis-
tically significant (0% vs. 1.4% vs. 2.9%, p = 0.238) (Table 2). 

Investigation of the relationship between femoral intertrochan-
teric fractures in older patients revealed that age > 75 years, sex, 
and osteoporosis were statistically significant (p < 0.001, p = 0.020, 
p < 0.001), while other underlying conditions such as time of acci-
dent, drinking alcohol at the time of accident, stroke, dementia, 
Parkinson disease, and cancer were not. No significant associations 
were observed between femoral neck and femoral subtrochanteric 
fractures (Table 3). 

A binary logistic regression of the factors that showed statistical-
ly significant differences in the single-variable analysis of the rela-
tionship between femoral intertrochanteric fractures in the older Fig. 1. Diagram of patients categories.

Total patients with hip fractures (n=893)

Patients with hip fractures (Age>18) (n=893)

Excluded (n=253)
 Other injury mechanism (n=134)
 Inappropriate data (n=34)
 Transferred (n=83)
 Examination not performed (n=1)
 Other (n=1)

Excluded (n=42)
Age<18

Age 18–64 
(n=162)

Age 65–74 
(n=117)

Age 75–84 
(n=217)

Age ≥85 
(n=102)

Hip fractured patients associated with low-energy falls 
(n=893)
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patient group showed that age > 75 years and osteoporosis were 
statistically significant (p < 0.001; p = 0.004). The odds ratio of fe-
mur intertrochanteric fractures among older patients was 6.620 
times (95% confidence interval [CI], 3.309–13.245) higher for 
those aged > 75 years and 1.906 times (95% CI, 1.231–2.949) 
higher in those with osteoporosis (Table 4). 

DISCUSSION 

The prevalence and mortality rates of trauma are higher among 
older adults than those among younger adults26,27) due to the de-
creased ability of older adults to cope with aging processes such as 
reduced visual acuity, hearing loss, physical disability, drug use, 
baseline disease, and cognitive impairment.28,29) These characteris-
tics differ in their clinical patterns from trauma between older and 
younger adults. Therefore, the actual severity of the trauma tends 
to be underestimated at an earlier stage.30) Moreover, older patients 
more often require long-term and complicated in-patient treat-

ment processes, which has led to increased interest and study of 
older adults in trauma fields.31)  

In the United States, about 340,000 femoral fractures are report-
ed annually.32) Femoral fractures, the most common major fracture 
among older adults, are also the most common causes of hospital-
ization in older trauma patients.4) The mechanism of fracture is 
falling from a standing height. In particular, the reason for the high 
frequency in older adults is related to reduced femoral bone 
strength with increasing age.4) 

With the increase in the average life expectancy, the older popu-
lation has increased and their quality of life has improved due to 
social and economic development in this population. The older 
adult population consists of different age groups, from relatively 
healthy 65-year-olds to older adults > 85 years of age who have dif-
ficulty moving; therefore, it is difficult to classify them as a single 
group.33) Therefore, viewing all older persons aged > 65 years us-
ing the same standards may be inappropriate and establishing a 
finer-scale classification is necessary. Young-old persons are rela-

Table 1. Comparisons of incidence frequencies of femoral intertrochanteric fractures according to age group

Intertrochanteric fracture 
(n = 150)

Non-intertrochanteric fracture
p-value†

Total (n = 448) FNF (n = 130) STF (n = 15) Others* (n = 303)
Comparison 1 < 0.001
 Non-older adults (A) 7 (4.7) 155 (34.6) 13 (10.0) 5 (33.3) 137 (45.1)
 Older adults (B) 143 (95.3) 293 (65.4) 117 (90.0) 10 (66.7) 166 (54.9)
Comparison 2 0.145
 Non-older adults (A) 7 (41.2) 155 (59.2) 13 (26.5) 5 (55.6) 137 (67.8)
 Young-old (B1) 10 (58.8) 107 (40.8) 36 (73.5) 4 (44.4) 65 (32.2)
Comparison 3 < 0.001
 Non-older adults (A) 7 (8.0) 155 (53.1) 13 (19.4) 5 (45.5) 137 (63.1)
 Middle-old (B2) 80 (92.0) 137 (46.9) 54 (80.6) 6 (54.5) 80 (36.9)
Comparison 4 < 0.001
 Non-older adults (A) 7 (11.7) 155 (76.0) 13 (32.5) 5 (100) 137 (86.2)
 Oldest-old (B3) 53 (88.3) 49 (24.0) 27 (67.5) 0 (0.0) 22 (13.8)
Comparison 5 < 0.001
 Young-old (B1) 10 (11.1) 107 (43.9) 36 (40.0) 4 (40.0) 65 (44.8)
 Middle-old (B2) 80 (88.9) 137 (56.1) 54 (60.0) 6 (60.0) 80 (55.2)
Comparison 6 < 0.001
 Young-old (B1) 10 (15.9) 107 (68.6) 36 (57.1) 4 (100) 65 (74.7)
 Oldest-old (B3) 53 (84.1) 49 (31.4) 27 (42.9) 0 (0.0) 22 (25.3)
Comparison 7 0.008
 Middle-old (B2) 80 (60.2) 137 (73.7) 54 (66.7) 6 (100) 80 (78.4)
 Oldest-old (B3) 53 (39.8) 49 (48.0) 27 (33.3) 0 (0.0) 22 (21.6)

Values are presented as number (%).
Patients were divided into two main group: 18–64 years (group A; non-older adults, n=7) and ≥65 years (group B; older adults, n=143). Group B was again 
subdivided into three subgroups: 65–74 years (group B1; young-old, n=10), 75–84 years (group B2; middle-old, n=80), and ≥85 years (group B3; oldest-old, 
n=53).
FNF, femoral neck fracture; STF, subtrochanteric fracture.
*Others included femoral greater trochanteric fractures, femoral shaft fractures, and distal femoral fractures.
†By chi-square and Fisher exact tests, respectively.
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tively healthy and active. They often enjoy continuous self-devel-
opment and active leisure as they did when they were younger. In 
contrast, older adults > 75 years of age are more likely to experi-
ence fatal diseases and often have a combination of geriatric diseas-
es such as heart disease, hypertension, diabetes, cancer, and osteo-
porosis. These geriatric diseases are chronic degenerative diseases 
that require long-term treatment and increased medical resource 
utilization and medical costs.34,35) The middle-old to oldest-old in-
dividuals experience fewer activities of daily living compared to 
those in young-old individuals.36) Moreover, chronic disease mor-
bidity significantly increases, which results in a variety of dysfunc-
tion, loss of function, and pathological changes.37) Several studies 
have reported a significant increase in complications and mortality 
from various trauma in middle-old patients aged 75 years.38-40) Ad-
ditionally, the common risk factors for minor falls, such as weak-
ness of balance or strength,41) increase in the middle-old and old-
est-old individuals.37) Hence, these populations are more vulnera-
ble to minor falls compared to the other age groups. Hip injuries 
due to minor falls in older adults are the most common injuries.42) 

In particular, femur intertrochanteric fractures have the highest 
mortality rate among all femoral fractures43) and have emerged as 
an important study in the area of trauma for in older adults. How-
ever, few studies have subdivided older adults with minor fall inju-
ry according to age. Specifically, no study has assessed the inci-
dence of femoral intertrochanteric fractures due to minor falls 
among middle and oldest-old patients. 

Compared to young-old individuals, middle and oldest-old indi-
viduals are expected to have more severe hip impact and damage 
from fall injuries. In our study, the incidence of femur intertrochan-
teric fractures did not vary significantly between young-old and 
non-old individuals; however, the incidence of femur intertrochan-
teric fractures was approximately 13 times higher in the middle-old 
and oldest-old individuals than that in young-old individuals. This 
result is significant because it differs from those of previous studies 
that showed an increased frequency of femoral intertrochanteric 
fractures in individuals aged 65 years.12,25,44) 

Additionally, as age and underlying disease increase, bone min-
eral density decreases significantly, making patients more vulnera-

Table 2. Comparisons of characteristics between the young-old, middle-old, and oldest-old age groups

Young-old (65–74 y) Middle-old (75–84 y) Oldest-old ( ≥ 85 y) p-value*
Number of patients 117 217 102
Sex 0.002
 Male 48 (41.0) 57 (26.3) 21 (20.6)
 Female 69 (59.0) 160 (73.7) 81 (79.4)
Drunken state 2 (1.7) 4 (1.9) 0 (0.0) 0.392
Underlying disease
 Cerebrovascular accident 25 (21.4) 51 (23.5) 22 (21.6) 0.877
 Dementia 1 (0.9) 11 (5.1) 15 (14.4) < 0.001
 Osteoporosis 35 (29.9) 95 (43.8) 72 (70.6) < 0.001
 Parkinson’s disease 8 (6.8) 10 (4.6) 5 (4.9) 0.673
 Malignancy 9 (7.7) 8 (3.7) 3 (2.9) 0.164
Accident time 0.114
 0:00–5:59 6 (5.1) 25 (11.5) 15 (14.7)
 6:00–11:59 29 (24.8) 69 (31.8) 31 (30.4)
 12:00–17:59 51 (43.6) 78 (35.9) 32 (31.4)
 18:00–23:59 31 (26.5) 45 (20.7) 24 (23.5)
Intertrochanteric fracture 10 (8.5) 80 (36.9) 53 (52.0) < 0.001
Subtype (Tronzo classification) 0.907
 Type 1 2 (20.0) 7 (8.8) 8 (15.1)
 Type 2 1 (10.0) 12 (15.0) 9 (17.0)
 Type 3 3 (30.0) 36 (45.0) 20 (37.7)
 Type 4 4 (40.0) 23 (28.7) 15 (28.3)
 Type 5 0 (0) 2 (2.5) 1 (1.9)
Unfavorable outcome† 0 (0) 3 (1.4) 3 (2.9) 0.238

Values are presented as number (%).
*By chi-square and Fisher exact tests, respectively.
†Unfavorable outcome indicates cases of transfer or death due to complications.
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ble to fractures.45) In particular, studies have shown that a decrease 
in bone density exponentially increases the incidence of intertro-
chanteric fractures.46) Our study also showed that osteoporosis in-
creases the incidence of femoral intertrochanteric fractures by ap-
proximately 1.9-fold, a finding consistent with those of previous 
studies. 

According to the World Health Organization, the number of pa-
tients with hip fractures is expected to significantly increase from 
1.7 million in 1990 to 6.3 million in 2050;47) furthermore, the fre-
quency of femoral intertrochanteric fractures in Korea is also in-

creasing.48) Although the number of patients visiting the emergen-
cy center due to hip injuries is increasing, it is difficult to diagnose 
all intertrochanteric fractures using a plain radiograph alone be-
cause emergency centers are pressed for time in the field. Addi-
tionally, the accident mechanism is an important factor in predict-
ing the severity of trauma in patients; hip injuries caused by minor 
falls are more frequent and may seem relatively more minor than 
other severe traumas. Therefore, intertrochanteric fractures are of-
ten ruled out if a fracture line is not visible on simple radiographs. 
Additionally, while hip CT is often considered in cases in which 

Table 3. Clinical variables related to the development of femoral intertrochanteric fractures from minor falls in older patients

Intertrochanteric fracture 
(n = 143)

Non-intertrochanteric fracture
p-value†

Total (n = 293) FNF (n = 117) STF (n = 10) Others* (n = 166)
Age < 0.001
 Young-old (65–74 y) 10 (7.0) 107 (36.5) 36 (30.8) 4 (40.0) 65 (38.9)
 Middle-old (75–84 y) 80 (55.9) 137 (46.8) 54 (46.2) 6 (60.0) 80 (47.9)
 Oldest-old ( ≥ 85 y) 53 (37.1) 49 (16.7) 27 (23.1) 0 (0) 22 (13.2)
Sex 0.020
 Male 31 (21.7) 95 (32.4) 32 (27.4) 3 (30.0) 58 (34.7)
 Female 112 (78.3) 198 (67.6) 85 (72.6) 7 (70.0) 108 (65.3)
Drunken state 0 (0) 6 (2.0) 2 (1.7) 0 (0) 4 (2.4) 0.086
Accident time 0.751
 0:00–5:59 17 (11.9) 29 (9.9) 10 (8.5) 2 (20.0) 16 (9.6)
 6:00–11:59 42 (29.4) 88 (30.0) 40 (34.2) 1 (10.0) 49 (29.3)
 12:00–17:59 55 (38.5) 105 (35.8) 45 (38.5) 4 (40.0) 56 (33.5)
 18:00–23:59 29 (20.3) 71 (24.2) 22 (18.8) 3 (30.0) 45 (27.5)
Underlying disease
 Cerebrovascular accident 31 (21.7) 67 (22.9) 31 (26.5) 3 (30.0) 33 (19.8) 0.780
 Dementia 8 (5.6) 19 (6.5) 10 (8.5) 0 (0) 9 (5.4) 0.717
 Osteoporosis 87 (60.8) 115 (39.2) 63 (53.8) 5 (50.0) 63 (37.7) < 0.001
 Parkinson disease 7 (4.9) 16 (5.5) 6 (5.1) 0 (0) 10 (6.0) 0.804
 Malignancy 6 (4.2) 14 (4.8) 2 (1.7) 2 (20.0) 10 (6.0) 0.785

Values are presented as number (%).
FNF, femoral neck fracture; STF, subtrochanteric fracture.
*Others included femoral greater trochanteric fractures, femoral shaft fractures, and distal femoral fractures.
†By chi-square and Fisher exact tests, respectively.

Table 4. Risk factors related to the development of femoral intertrochanteric fractures from minor falls in older patients by multivariate logistic 
regression analysis

OR
95% CI

p-value*
Low High

Gender 1.233 0.743 2.047 0.417
Middle and oldest-old 6.620 3.309 13.245 < 0.001
 Middle-old (75–84 y) 6.248 3.089 12.637 < 0.001
 Oldest-old ( ≥ 85 y) 11.573 5.436 24.639 < 0.001
Osteoporosis 1.906 1.231 2.949 0.004

OR, odds ratio; CI, confidence interval.
*p<0.05 in multivariate analysis were entered into the binary logistic regression analysis.
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diagnosis is difficult using radiography, patients may not want to be 
examined because of the relatively high cost of CT scans.  

In our study, the incidence of femoral intertrochanteric fractures 
caused by minor fall injuries in the middle-old and oldest-old pa-
tients was higher than that in young-old patients. Therefore, the 
imaging results of middle-old and oldest-old patients should be 
carefully read even if the patients do not complain of pain. If neces-
sary, hip CT should also be performed. Moreover, increased atten-
tion should be paid to middle-old and oldest-old patients with 
stroke or dementia than to young-old patients. 

The limitation of this study was that it was conducted in a single 
emergency center located in a metropolitan urban area where peo-
ple with relatively good nutrition or high socioeconomic status 
were more likely to reside; thus, there may be bias in the patient 
distribution or propensity. Additional multicenter studies includ-
ing local emergency centers will provide more accurate results on 
the incidence of femoral intertrochanteric fractures according to 
age groups of older patients. 
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Background: The purpose of this study was to identify the risk factors and causes of short-term 
mortality after emergency department (ED) discharge in older patients. Methods: This popula-
tion-based cohort study used nationwide health insurance claims data in Korea from 2008 to 
2014. The causes of death and diagnoses of patients who died within 1 week after discharge 
from EDs (1-week ED death) were obtained. The risk factors for 1-week ED death were calculated 
using Cox proportional hazard regression analyses. Results: The rate of 1-week ED death was 
0.5% among 133,251 individuals aged ≥65 years discharged from EDs. In multivariate analysis, 
the top five ED discharge diagnoses associated with an increased risk of 1-week ED death were 
hypotension and vascular disease (adjusted hazard ratio [aHR]=5.11; 95% confidence interval 
[CI], 3.03–8.63), neoplasm (aHR=4.89; 95% CI, 3.77–6.35), coronary artery disease (aHR=3.83; 
95% CI, 2.73–5.39), dyspnea (aHR=3.41; 95% CI, 2.48–4.68), and respiratory disease (aHR=2.25; 
95% CI, 1.73–2.92). The most common causes of 1-week ED death were neoplasm (14.8%), se-
nility (13.8%), and cerebrovascular disease (11.7%). Conclusion: Neoplasm, coronary artery dis-
ease, and respiratory disease were the discharge diagnoses associated with an increased risk of 
short-term mortality after ED discharge. Neoplasm was the leading cause of short-term mortality 
after ED discharge in older patients. 
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INTRODUCTION 

The number of older patients visiting the emergency department 
(ED) is increasing rapidly.1,2) In the United States, approximately 
20% of the population visits the ED each year, with patients aged 
65 years or older accounting for over 45% of visits.3) According to 
data from the National Emergency Department Information Sys-
tem in Korea, the proportion of older adults aged 60 years or more 
increased from 22% in 2014 to 28% in 2018.4) Older patients visit-
ing the ED have higher rates of hospitalization, mortality, and re-
peat visits than those in younger patients.5-7) This is because older 
patients are more likely to have an ambiguous presentation with 
multiple comorbidities, as well as complex problems such as poly-
pharmacy and frailty.5-8) Previous studies have reported on early 

death after discharge from the ED in older adults, with mortality 
rates of 0.4% within 30 days and 4.1% within 90 days.9,10) 

Several studies have identified common causes of death after 
discharge from the ED, including neoplasm, ischemic heart dis-
ease, cerebrovascular disease, and respiratory disease.11,12) In addi-
tion, studies confirming the diagnosis of ED discharge as a risk fac-
tor for early death within 7 days after discharge have been report-
ed.13,14) In a study using US Medicare claims data, patients dis-
charged from the ED with altered mentality, dyspnea, or fatigue 
had higher risks of death within 7 days.13) In another study analyz-
ing the administrative data of 12 EDs in California, high mortality 
rates were observed within 7 days of ED discharge for diagnoses of 
noninfectious lung disease, renal disease, and ischemic heart dis-
ease.14) However, these studies were performed in adults and the 
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causes and risk factors of early death after ED discharge in older 
populations are not well known. 

The purpose of this study was to identify the causes of death in 
older patients who died after ED discharge and to determine the 
risk of early death according to the ED discharge diagnoses. 

MATERIALS AND METHODS 

Data and Setting 
The present study used data from the National Health Insurance 
Service (NHIS) senior cohort database. The senior cohort data-
base includes approximately 550,000 randomly sampled compris-
ing 10% of the 5.5 million older adults aged ≥ 60 years nationwide. 
This database includes information on age, sex, income-based 
health insurance premiums, disease classification codes, treatment, 
prescription history, and date and cause of death. The causes of 
death in Statistics Korea, based on death medical certificates issued 
by physicians, are linked to the NHIS cohort. This study was ap-
proved by the Institutional Review Board of Hanyang University 
Hospital, which waived the requirement for informed consent 
(No. HYUH 2019-01-029). 

Study Population 
We included cases in which older patients aged 65 years or older 
were discharged from the ED between January 2008 and Decem-
ber 2014. We defined patients who visited EDs using codes from 
the NHIS in Korea for the management of emergency care; namely, 
AC101 (regional emergency medical center), AC103 (local emer-
gency medical center), and AC105 (local emergency medical facili-
ty). If a patient visited the ED several times, each visit was consid-
ered a unique visit. Patients who visited the ED or were hospitalized 
during the prior 30 days were excluded. We also excluded patients 
who were admitted or who died on the same day as the ED visit. Fi-
nally, patients with duplicate claims were excluded. 

Definitions of Variables 
The outcome variable of this study was death within 1 week of 
the ED visit (1-week ED death). The causes of death were classi-
fied according to the International Classification of Disease, 10th 
Revision (ICD-10) codes (Supplementary Table S1). We inves-
tigated characteristics such as age, sex, quintile of the health in-
surance premiums, and comorbidities. In Korea, health insurance 
premiums reflect household income levels, in which individuals 
with higher incomes also have higher health insurance premi-
ums. The comorbidities were defined as cases with one or more 
diagnostic codes in the inpatient setting or with two or more 
codes in the outpatient setting in the 3 years before the ED visit 

(Supplementary Table S2). ED discharge diagnoses were catego-
rized using ICD-10 codes (Supplementary Table S3). We used 
only the main diagnostic codes as the ED discharge diagnoses. 

Data Analysis 
Among the baseline patient characteristics, continuous variables 
were presented as median (interquartile range [IQR]) categorical 
variables as frequencies (%). These baseline characteristics were 
compared by Wilcoxon rank-sum or Fisher exact tests, as appropri-
ate. The primary outcome was the risk factors for 1-week ED death. 
Fisher exact tests were performed to determine the difference in the 
rate of ED discharge diagnosis between the 1-week ED death and 
survival groups. All significant variables with p-value less than 0.05 
in the univariate analysis were included in the multivariate analysis 
to identify the risk factors for 1-week ED death. Multivariate analy-
sis was performed using Cox proportional hazard regression. Ad-
justed hazard ratios (aHRs) and confidence intervals (CIs) were 

Fig. 1. Study flow diagram.
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1) Patients who visited the ED prior 30 

days (n=28,857)
2) Patients who were admitted to 

hospital on the day of visit to the ED 
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hospital on the day of visit to the ED 
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4) Patient who died on the day of visit to 
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in 1 week. The basic characteristics of the study population are 
shown in Table 1. The median age of the patients was 75 years 
(IQR, 72–80 years). The median age of the patients in the 1-week 
ED death group was 81 years (IQR, 75–87 years). The ratio of 
men was higher in the 1-week ED death group (47%) than that in 
the survival group (42.3%). The 1-week ED death group had high-
er ratios of comorbidities such as acute myocardial infarction, can-
cers, arrhythmia, congestive heart failure, renal failure, stroke, and 
cirrhosis than those in the survival group. 

Risk Factors and Causes of 1-week ED death
Table 2 shows the frequencies and percentages of discharge diag-
noses of the ED. Injury and poisoning (14.3%) was the most com-
mon ED discharge diagnosis in the 1-week ED death group, fol-
lowed by neoplasm (10.6%) and respiratory disease (10.5%). 

In the multivariate analysis, the risk of 1-week ED death increased 
by 11% (aHR = 1.11; 95% CI, 1.10–1.12) with age (Table 3). 
Women had a lower risk of 1-week ED death compared to that in 

calculated by adjusting for age, sex, and income quantiles. Subgroup 
analysis was performed after dividing the patients into three groups 
according to the ED level (regional emergency medical center, local 
emergency medical center, or local emergency medical facility). We 
identified the discharge diagnoses associated with significantly in-
creased risks of 1-week ED death in the same way as the main anal-
ysis. The secondary outcome was the causes of 1-week ED death. 
Statistical analyses were performed using SAS Enterprise Guide 
version 7.13 (SAS Institute Inc., Cary, NC, USA) and R software 
(https://www.r-project.org/). 

RESULTS 

Characteristics of the Study Population 
A total of 217,291 cases of older patients aged 65 years or more 
were discharged from EDs between 2008 and 2014. After exclud-
ing 84,040 ED visits, 133,251 ED visits were finally included in the 
analyses (Fig. 1). Of the included patients, 725 (0.54%) died with-

Table 1. Baseline characteristics of the study population

Total (n = 133,251) Survival (n = 132,526) Death within 1 week (n = 725) p-value*

Age (y) 75 (72–80) 75 (72–80) 81 (75–87) < 0.001
Sex
 Male 56,345 (42.3) 56,004 (42.3) 341 (47.0) 0.010
 Female 76,906 (57.7) 76,522 (57.7) 384 (53.0)
Insurance premiums (quintile) < 0.001
 1 (lowest income) 32,809 (24.6) 32,598 (24.6) 211 (29.1)
 2 12,192 (9.1) 12,113 (9.1) 79 (10.9)
 3 15,530 (11.7) 15,436 (11.6) 94 (13.0)
 4 21,993 (16.5) 21,879 (16.5) 114 (15.7)
 5 (highest income) 50,727 (38.1) 50,500 (38.1) 227 (31.3)
Comorbidities (prior 3 years)
 Acute myocardial infarction 6,785 (5.1) 6,741 (5.1) 44 (6.1) 0.240
 Rheumatoid arthritis 15,226 (11.4) 15,203 (11.5) 63 (8.7) 0.019
 Asthma 43,897 (33.0) 43,710 (33.0) 187 (25.8) < 0.001
 All cancers 21,638 (16.2) 21,490 (16.2) 148 (20.4) 0.003
 Arrhythmia 8,011 (6.0) 7,958 (6.0) 53 (7.3) 0.140
 Congestive heart failure 14,559 (10.9) 14,451 (10.9) 108 (14.9) < 0.001
 Chronic obstructive pulmonary disease 34,178 (25.6) 34,016 (25.7) 162 (22.3) 0.041
 Coronary artery disease (excluding AMI) 41,563 (31.2) 41,366 (31.2) 197 (27.2) 0.020
 Hypertension 95,173 (71.4) 94,691 (71.5) 482 (66.5) 0.004
 Diabetes mellitus 62,749 (47.1) 62,463 (47.1) 286 (39.4) < 0.001
 Osteoporosis 49,190 (36.9) 49,039 (37.0) 151 (20.8) < 0.001
 Renal failure 6,625 (5.0) 6,584 (5.0) 41 (5.7) 0.390
 Stroke 30,939 (23.2) 30,750 (23.2) 189 (26.1) 0.071
 Liver cirrhosis 2,793 (2.1) 2,773 (2.1) 20 (2.8) < 0.001

Values are presented as median (range) or number (%).
AMI, acute myocardial infarction.
*Wilcoxon rank-sum test or the Fisher exact test, as appropriate.
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men (aHR = 0.77; 95% CI, 0.66–0.89). Patients with the fifth quin-
tile of insurance premiums (the highest income group) had a 27% 
(aHR = 0.73; 95% CI, 0.60–0.88) lower risk of 1-week ED death 
than that in patients with incomes in the first quintile. The ED dis-
charge diagnosis with the highest risk of 1-week ED death was hy-
potension and vascular disease (aHR = 5.11; 95% CI, 3.03–8.63). 
The most common disease in this group was hypotension (n = 6, 
40%). The diagnoses at ED discharge with the second-highest risk 
of 1-week ED death were neoplasm (aHR = 4.89; 95% CI, 3.77–
6.35), coronary artery disease (CAD) (aHR = 3.83; 95% CI, 2.73–
5.39), symptom of dyspnea (aHR = 3.41; 95% CI, 2.48–4.68), and 
respiratory disease (aHR = 2.25; 95% CI, 1.73–2.92). In addition, 
patients discharged with cerebrovascular disease and endocrine 
metabolic disease had an increased risk of 1-week ED death. 

The diagnosis with the lowest risk of mortality was ear and mas-
toid disease (aHR = 0.05; 95% CI, 0.01–0.36). In addition, the 

risks of 1-week ED death were lower in patients with discharge di-
agnoses of dizziness, non-traumatic musculoskeletal disease, ab-
dominal pain, injury and poisoning, and gastrointestinal disease. 

The causes of death for 1-week ED death are shown in Table 4. 
Neoplasm (14.8%) was the most frequent cause of death, followed 
by senility (13.8%), cerebrovascular disease (11.7%), injury and 
poisoning (11.4%), and CAD (9.8%). 

Subgroup Analysis 
In subgroup analysis, neoplasm, CAD, and symptom of dyspnea 
had increased risks, the same as observed in the main analysis of 
total included patients of total included patients (Table 5). Local 
emergency medical facilities had the highest aHR of hypotension 
and vascular disease (aHR = 9.17; 95% CI, 4.03–20.91), followed 
by neoplasm (aHR = 6.49; 95% CI, 3.91–10.76), CAD 
(aHR = 5.59; 95% CI, 3.14–9.96), and symptom of dyspnea 

Table 2. Univariate analysis of discharge diagnosis for 1-weak death after emergency department discharge (n=133,251)

Survival (n = 132,526) Death within 1 week (n = 725) p-value*
Infectious disease 7,361 (5.6) 28 (3.9) 0.050
Neoplasm 2,943 (2.2) 77 (10.6) < 0.001
Hematologic disease 212 (0.2) 2 (0.3) 0.325
Endocrine and metabolic disease 4,460 (3.4) 39 (5.4) 0.005
Mental and behavioral disease 1,543 (1.1) 6 (0.8) 0.718
Nervous system disease 3,326 (2.5) 15 (2.1) 0.550
Eye disease 525 (0.4) 0 (0.0) 0.126
Ear and mastoid disease 4,474 (3.4) 1 (0.1) < 0.001
Hypertension 1,166 (0.9) 3 (0.4) 0.230
Coronary artery disease 2,064 (1.6) 39 (5.4) < 0.001
Non-atherosclerotic heart disease 1,055 (0.8) 7 (1.0) 0.528
Cerebrovascular disease 3,815 (2.9) 44 (6.1) < 0.001
Congestive heart failure 359 (0.3) 6 (0.8) 0.016
Hypotension and vascular disease 516 (0.4) 15 (2.1) < 0.001
Respiratory disease 5,701 (4.3) 76 (10.5) < 0.001
Hepatobiliary and pancreatic disease 1,042 (0.8) 9 (1.2) 0.198
Gastrointestinal disease 8,874 (6.7) 27 (3.7) < 0.001
Skin disease 2,300 (1.7) 5 (0.7) 0.030
Non-traumatic musculoskeletal disease 3,208 (2.4) 5 (0.7) < 0.001
Genitourinary disease 5,887 (4.4) 33 (4.6) 0.856
Symptom: dizziness 6,394 (4.8) 5 (0.7) < 0.001
Symptom: chest pain 2627 (2.0) 9 (1.2) 0.180
Symptom: abdominal pain 6,163 (4.7) 15 (2.1) < 0.001
Symptom: fever 1,383 (1.0) 9 (1.2) 0.579
Symptom: dyspnea 2,201 (1.7) 46 (6.3) < 0.001
Symptom: other symptom 12,089 (9.1) 70 (9.7) 0.605
Injury and poisoning 37,568 (28.3) 104 (14.3) < 0.001
Other disease 329 (0.2) 4 (0.6) 0.110

Values are presented as number (%).
*Fisher exact tests.
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(aHR = 4.79; 95% CI, 2.97–7.74). 

DISCUSSION 

In this study, the rate of 1-week ED death was 0.5%. The top five 
discharge diagnoses associated with an increased risk of short-term 
mortality were hypotension and vascular disease, neoplasm, CAD, 
symptom of dyspnea, and respiratory disease. The most common 
causes of death were neoplasm (14.8%), senility (13.8%), cerebro-
vascular disease (11.7%), injury and poisoning (11.4%), and CAD 
(9.8%). 

Gabayan et al reported a rate of 1-week ED death of 0.05% 
among 475,829 patients from 12 hospitals in California discharged 
from the ED.14) Obermeyer et al.13) studied 10,093,678 patients in-
cluded in a 20% sample of the US Medicare population, reporting 
a 1-week mortality rate of 0.12%. The mean ages of the subjects in-
cluded in these two studies were 47 and 62 years, respectively. Our 
study of older patients with a median age of 75 showed a 1-weak 
ED mortality rate of 0.5%. 

Multivariate analysis of the association between ED discharge 
diagnosis and 1-weak ED death showed the highest risk for hypo-

tension and vascular disease (aHR = 5.11). These results were not 
reported in previous studies and indicate that older patients with 
hypotension or vascular disease should be more seriously consid-
ered for hospitalization. In addition, as hypotension itself may be a 
secondary change rather than a primary diagnosis, additional eval-
uation should be considered. Neoplasm had an increased risk 
(aHR = 4.89), consistent with previous studies. Gabayan et al.14) 
reported an odds ratio (OR) of 3.7 for 1-week ED death due to 
neoplasm in patients with a mean age of 47 years. The median age 
of the patients in our study was 75 years and the aHR for short-
term ED death in patients with neoplasm was 4.89. Rivera et al.15) 
analyzed cancer patients who visited the ED, reporting that com-
plications such as pneumonia, septicemia, heart failure, and ileus 
were associated with hospitalization. Therefore, hospitalization 
should be considered for patients with neoplasms even if they have 
the same disease. The risk of 1-week ED death in CAD patients in-
creased by 3.83-fold, similar to previous studies.13,16) Gabayan et 
al.14) reported an OR of CAD of 3.8. More careful observation is 
needed for patients discharged from the ED with CAD diagnosis 
or related symptom such as chest pain. In the present study, in-
creased risks were obser ved for patients with dyspnea 

Table 3. Multivariate analysis investigating risk factors for 1-weak death after emergency department discharge (n=133,251)

Adjusted HR* 95% CI* p-value*

Age 1.11 1.10–1.12 < 0.001
Sex, female 0.77 0.66–0.89 < 0.001
Insurance premiums (quintile)
 2 1.12 0.86–1.45 0.400
 3 1.01 0.79–1.29 0.921
 4 0.9 0.71–1.13 0.357
 5 (highest income) 0.73 0.60–0.88 < 0.001
Discharge diagnosis in the emergency department
 Hypotension and vascular disease 5.11 3.03–8.63 < 0.001
 Neoplasm 4.89 3.77–6.35 < 0.001
 Coronary artery disease 3.83 2.73–5.39 < 0.001
 Symptom: dyspnea 3.41 2.48–4.68 < 0.001
 Respiratory disease 2.25 1.73–2.92 < 0.001
 Congestive heart failure 2.07 0.92–4.68 0.079
 Cerebrovascular disease 2.02 1.46–2.79 < 0.001
 Endocrine and metabolic disease 1.59 1.13–2.24 0.007
 Gastrointestinal disease 0.58 0.39–0.86 0.007
 Injury and poisoning 0.51 0.41–0.65 < 0.001
 Skin disease 0.47 0.19–1.13 0.093
 Symptom: abdominal pain 0.46 0.27–0.78 0.004
 Non-traumatic musculoskeletal disease 0.29 0.12–0.71 0.007
 Symptom: dizziness 0.16 0.07–0.39 < 0.001
 Ear and mastoid disease 0.05 0.01–0.36 0.003

HR, hazard ratio; CI, confidence interval.
*Cox proportional hazard regression analyses.
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Table 4. Causes of death in patients who died within 1 week of discharge 
from the emergency department (n=725)
Cause of death Frequency (%)
Neoplasm 107 (14.8)
Senility 100 (13.8)
Cerebrovascular disease 85 (11.7)
Injury and poisoning 83 (11.4)
Coronary artery disease 71 (9.8)
Pneumonia and pneumonitis 54 (7.4)
Endocrine and metabolic disease 34 (4.7)
Other death 31 (4.3)
Asthma and COPD 28 (3.9)
Infectious disease 19 (2.6)
Genitourinary disease 17 (2.3)
Congestive heart failure 15 (2.1)
Hypertension 12 (1.7)
Nervous system disease 11 (1.5)
Non-atherosclerotic heart disease 10 (1.4)
Hypotension and vascular disease 10 (1.4)
Gastrointestinal disease 10 (1.4)
Mental and behavioral disease 8 (1.1)
Hepatobiliary and pancreatic disease 5 (0.7)
Non-traumatic musculoskeletal disease 4 (0.6)
Shock 2 (0.3)
Hematologic disease 1 (0.1)
Missing data 8 (1.1)

COPD, chronic obstructive pulmonary disease.

Table 5. Subgroup analyses investigating risk factors for 1-week death after emergency department discharge according to emergency department levels

Adjusted HR* 95% CI* p-value*

Regional emergency medical center
 Symptom: dyspnea 4.91 2.37–10.17 < 0.001
 Neoplasm 4.63 2.82–7.61 < 0.001
 Coronary artery disease 3.43 1.66–7.11 < 0.001
Local emergency medical center
 Neoplasm 4.53 3.18–6.44 < 0.001
 Hypotension and vascular disease 4.27 2.00–9.10 < 0.001
 Coronary artery disease 3.37 2.06–5.49 < 0.001
 Symptom: dyspnea 2.48 1.52–4.04 < 0.001
 Hepatobiliary and pancreatic disease 2.29 1.07–4.88 0.032
 Respiratory disease 1.98 1.35–2.92 < 0.001
Local emergency medical facility
 Hypotension and vascular disease 9.17 4.03–20.91 < 0.001
 Neoplasm 6.49 3.91–10.76 < 0.001
 Coronary artery disease 5.59 3.14–9.96 < 0.001
 Symptom: dyspnea 4.79 2.97–7.74 < 0.001
 Cerebrovascular disease 3.71 2.36–5.83 < 0.001
 Respiratory disease 2.91 1.98–4.27 < 0.001

Discharge diagnoses with significantly increased risks are shown.
HR, hazard ratio; CI, confidence interval.
*Cox proportional hazard regression analyses.

(aHR = 3.41) and lung diseases (aHR = 2.25) such as chronic ob-
structive pulmonary disease (COPD), asthma, pneumonia, and 
pneumonitis. Gabayan et al.14) reported a 7-fold risk of 1-week ED 
death in patients with noninfectious lung disease such as pleurisy 
and pneumothorax, 3-fold risk in pneumonia patients, and a 1.7-
fold risk in patients with COPD patients. Obermeyer et al.13) re-
ported a 3-fold risk of early death in patients discharged from the 
ED with a diagnosis of dyspnea. Overall, patients with an ED dis-
charge diagnosis of lung disease or dyspnea had an increased risk 
of early death and our study showed similar trends in older pa-
tients. In a previous study, 5.2% of patients visited ED with dys-
pnea, and 30% of whom were discharged.17) Considering the rela-
tively large number of patients with dyspnea discharge, sufficient 
evaluation and risk stratification is needed. 

Gunnarsdottir and Rafnsson12) analyzed 19,259 patients dis-
charged from the ED and found that 63 patients died within 8 
days. The causes of death were neoplasm (27%), CAD (20.6%), 
cerebrovascular disease (19%), and respiratory disease (9.5%). 
Rafnsson and Gunnarsdottir11) reported that 156 of 228,097 pa-
tients died within 8 days after ED discharge. The causes of death 
were CAD (24.4%), neoplasm (15.4%), and cerebrovascular dis-
ease (12.2%). In the study by Gabayan et al.14) of 357 patients who 
died within 7 days after ED discharge, the common causes of death 
were neoplasm (19.6%), CAD (17.3%), and non-atherosclerotic 
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heart disease (11.3%). These results are similar to our findings that 
neoplasm, cerebrovascular disease, and CAD were the main causes 
of short-term death. Of note is the increasing rate of cerebrovascu-
lar disease and CAD-related mortality in Korea.18) In our study, se-
nility was the second leading cause of death, likely because many 
physicians may indicate unclear diagnoses as the cause of death.19) 

Subgroup analysis showed increased aHR for hypotension and 
vascular disease as the ED level increased. Similar to of total in-
cluded patients, symptoms of dyspnea, as well as neoplasm and 
CAD accounted for the highest risks of 1-week ED death in all 
three groups. The aHRs for these risk factors were highest in local 
emergency medical facilities compared to those in the other two 
subgroups. In particular, hypotension and vascular disease had the 
highest aHR of 9.17. 

This study has several strengths. This nationwide popula-
tion-based study focused on older patients had a large sample size 
including both men and women. Understanding these patients 
will be helpful because the number of older patients visiting EDs is 
increasing. However, this study has some limitations that should 
be considered when interpreting the results. First, we could not 
distinguish between patients with hopeless discharge and patients 
who died unexpectedly. For example, our data did not contain in-
formation on do-not-resuscitate orders. Second, the cause of death 
and discharge diagnoses were recorded by clinicians and could 
have been inaccurate. However, considering the large number of 
the study population, the overall pattern of outcomes could be 
confirmed. Lastly, the database used in this study was sample data, 
which might have different characteristics from those of the entire 
older population. However, as the study included 550,000 individ-
uals, the standard error would be minimal. 

In conclusion, the rate of death within 1 week among older pa-
tients discharged from the ED was 0.5%. Clinicians should consid-
er the increased risk for short-term mortality among older patients 
with ED discharge diagnoses of neoplasm, CAD, and respiratory 
disease. Neoplasm was the leading cause of short-term death in 
this population. 
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Background: Spinal sarcopenia is receiving renewed attention as a cause of spinal sagittal im-
balance. However, the relationships between spinal sarcopenia and spinal sagittal balance (SSB) 
have not been thoroughly investigated. We evaluated the relationships between SSB parameters 
and sarcopenic indices with lumbar paraspinal muscle (LPM) quantity and strength in healthy 
older adults. Methods: Twenty-four healthy community-dwelling older women were enrolled. 
Demographic variables, conventional sarcopenic indices, isometric back muscle strength, and SSB 
parameters, as well as results of functional examinations and lumbar spine computed tomogra-
phy scan with LPM cross-sectional area (CSA) and density assessments, were examined. The in-
dependent effect on the sum of the total LPM CSA was determined using multivariable regres-
sion analysis adjusted for age, appendicular skeletal muscle mass, gait speed, handgrip strength, 
back extensor strength, and pelvic tilt (PT) angle. Results: PT angle was significantly correlated 
with the sum of the total LPM CSA and mean LPM density (r=-0.502, p=0.015 and r=0.504, 
p=0.014, respectively). Furthermore, PT angle was an independent factor for the sum of the total 
LPM CSA (β=-0.610, p=0.021) in the multivariate regression models (R2=0.320). Conclusion: Our 
data suggest that PT angle was significantly correlated with LPM CSA in healthy older women. To 
our knowledge, this is the first report to investigate the relationships of sarcopenic indices and 
spinal muscle degeneration with SSB. 

Key Words: Sarcopenia, Spine, Paraspinal muscles, Lumbosacral region, Kyphosis
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INTRODUCTION 

The spine is an inevitable site of sarcopenia owing to the large 
muscles surrounding it. Sarcopenia of the lumbar paraspinal mus-
cles (LPMs) has been receiving renewed attention as a cause of 
spinal degeneration. Both atrophy and fatty changes in paraspinal 
muscles originating from sarcopenia are associated with functional 
disorders and chronic back pain.1) 

Conventional indices to define sarcopenia—appendicular skele-
tal muscle mass (ASM), handgrip strength (HGS), and gait 
speed—cannot reflect regional sarcopenia and its clinical out-
comes. A cross-sectional study of 821 subjects with knee osteoar-
thritis and 4,103 controls showed that low skeletal muscle mass in 

the lower limbs was correlated with the presence of knee osteoar-
thritis, whereas whole-body skeletal muscle mass was not.2) The 
authors suggested the need for limb-specific muscle mass exam-
inations to assess the effects of skeletal muscles on a specific joint. 
Therefore, regional measurements should be performed to evalu-
ate the outcome of sarcopenia in focal areas. 

However, there are few simple and clinically valid measuring 
tools to assess sarcopenia in the spine. Whole-body dual-energy 
X-ray absorptiometry and bioimpedance analysis (BIA) to mea-
sure ASM cannot be applied to spinal sarcopenia; thus, tomo-
graphic imaging such as computed tomography (CT) and magnet-
ic resonance imaging (MRI) are required to measure paraspinal 
muscle quantity. Moreover, tools to verify the function and perfor-
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mance of paraspinal muscle are more difficult to evaluate. To assess 
paraspinal muscle strength, expensive special equipment such as 
isokinetic dynamometry is required. Furthermore, there is no stan-
dardized test for spinal muscle performance. 

Spinal sagittal balance (SSB) is an important indicator of out-
comes of lumbar spine surgery3) and non-operative treatment of 
spinal stenosis.4) While SSB can be affected by sex5) and ethnicity,6) 
aging itself is the most important cause of spinal sagittal imbal-
ance.7) LPM degeneration is one of the causes of spinal sagittal im-
balance. An MRI-based study reported the relationship between 
the estimated LPM volume and sagittal curvature magnitude.8) 
One cross-sectional study suggested that the muscle thickness of 
the erector spinae and echo intensity of the lumbar multifidus were 
independent variables of SSB.1) 

However, the relationships between spinal sarcopenia and SSB 
have not been thoroughly investigated. Thus, we evaluated the rela-
tionships of SSB parameters and sarcopenic indices with LPM quan-
tity and strength in healthy older adults. We hypothesized that SSB 
parameters could reflect LPM mass and back extensor strength. 

MATERIALS AND METHODS 

Study Population 
Healthy community-dwelling older ( ≥ 65 years) women who 
could independently walk more than 100 m were consecutively 
enrolled in a single center from July 2018 to December 2018. Par-
ticipants who had experienced the following were excluded: (1) 
low back pain with moderate severity (numeric rating scale 5 and 
over); (2) history of any type of lumbar spine surgery; (3) history 
of hip fracture surgery and arthroplasty of the hip or knee; (4) dis-
orders of the central nervous system such as stroke, parkinsonism, 
or spinal cord injury; (5) communication disorder such as severe 
hearing loss; (6) musculoskeletal conditions affecting physical 
function such as limb amputation; (7) long-term use of corticoste-
roids due to inflammatory disease; (8) malignancy requiring treat-
ment within 5 years; and (9) other medical conditions requiring 
active treatment; additionally, individuals who refused to partici-
pate in the study were also excluded. 

Conventional Sarcopenia Work-Up 
BIA (InBody 720; InBody, Seoul, Korea) was used to analyze body 
composition including lean body and fat masses. ASM was calcu-
lated as the sum of the lean mass in the bilateral upper and lower 
extremities9) and standardized by dividing by the squared height 
(ASM/Ht2, kg/m2). HGS was measured using a hand-grip dyna-
mometer (T.K.K.5401; Takei Scientific Instruments, Tokyo, Ja-
pan),10) as described previously.11) Briefly, participants were asked 

to perform the following while sitting in a straight-backed chair 
with their feet flat on the floor: adduct and neutrally rotate the 
shoulder, flex the elbow to 90°, and place the forearm in a neutral 
position with the wrist between 0° and 30° extension and between 
0° and 15° ulnar deviation. Participants were instructed to squeeze 
the handle as hard as possible for 3 seconds, and the maximum 
contraction force (kg) was recorded. Gait speed was measured us-
ing a 6-meter usual gait speed (m/s) as recommended by the Asian 
Working Group for Sarcopenia. The definition and cutoffs for sar-
copenia were also adopted from these guidelines.12) 

Functional Examinations and Questionnaires 
Functional examination using a short physical performance bat-
tery (SPPB) was derived from three objective physical function 
tests (i.e., time taken to cover 4 m at a comfortable walking speed, 
time taken to stand from sitting in a chair five times without stop-
ping, and ability to maintain balance for 10 seconds in three differ-
ent foot positions at progressively more challenging levels).13) A 
score from 0 to 4 was assigned to the performance of each task, 
with higher scores indicating better lower body function. The 
Timed Up and Go test (TUG) has shown excellent test-retest reli-
ability in older adults.14) The participants were provided with ver-
bal instructions to stand up from an armchair, walk 3 m as fast as 
possible, turn back at a cone set out by the researchers, walk back, 
and sit down in the chair. They were allowed to wear their regular 
footwear and use a walking aid if needed. A stopwatch was started 
on the word ‘go’ and stopped when the participant was completely 
seated with their back against the backrest. The time to complete 
the test was recorded in three consecutive trials using the first trial 
to familiarize the participants with the test. The best time from the 
three trials was analyzed.15) The Oswestry Disability Index (ODI) 
is one of the most commonly used instruments for measuring dis-
ability in spinal disorders. It consists of 10 items that assess the lev-
el of pain and interference with several physical activities. We used 
the Korean version of the ODI.16) The Back Performance Scale 
(BPS) consists of five tests: sock test, pick-up test, roll-up test, fin-
gertip-to-floor test, and lift test. The five tests comprising the BPS 
demonstrate associations with each other and each test contributes 
to the high internal consistency, implying that the tests share a 
common characteristic in measuring physical performance.17) The 
BPS sum score (0–15) is calculated by adding the individual scores 
for the five tests. 

Isometric Back Muscle Strength 
We measured the isometric back extensor strength using a hand-
held dynamometer (PowerTrack II; JTECH Medical, Salt Lake 
City, UT, USA).18) Briefly, the participants stood in full extension 
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with their backs to a wall and feet flat on the floor with heels touch-
ing the wall. An inelastic belt was looped through the anchor rails 
and secured firmly 1 cm below the anterior superior iliac spine to 
restrain movement and maintain participant contact with the wall 
during the test. The participants were instructed to flex forward 
approximately 15° at the hips so that the dynamometer could be 
positioned posterior to the spinous process of the 7th thoracic ver-
tebrae. In this way, counter pressure was provided by the fixed wall 
behind the participants’ back to avoid tester-induced variations in 
resistance. Although this method is novel, it showed a strong posi-
tive relationship with back extensor strength measured using the 
gold-standard isokinetic dynamometry and high inter-instrument 
validity and reliability.19) 

Spinal Sagittal Balance 
For each patient, one lateral radiograph of the whole spine was ob-
tained and digitized. All measurements were performed using im-
aging software (INFINITT PACS M6; INFINITT Healthcare, 
Seoul, Korea), as previously described.20,21) The following 
spinopelvic radiographic parameters were analyzed: sacral slope 
(SS), pelvic incidence (PI), pelvic tilt (PT), lumbar lordosis (LL), 
thoracic kyphosis (TK), and sagittal vertical axis (SVA).  

LPM Measurement by Spine CT Scan 
Lumbar spine CT scans (Ingenuity CT; Philips Healthcare, Cleve-
land, OH, USA) were performed to measure the cross-sectional 
area (CSA) and mean density (in Hounsfield unit [HU]) of the 
LPM (multifidus [MF] and erector spinae [ES]).22) The mean den-

sity reflected the degree of intramuscular fat content because the 
values decreased as the fat content increased. Before each CT scan, 
a calibration was performed using air as the standard. CT scanning 
was performed with the participant in the supine position with a 
120-kV and 140-mA protocol. Using 1-mm thin-section axial CT 
scan images, the axial images were reformatted with each lumbar in-
tervertebral disc level (T12/L1-L5/S1) parallel to the adjacent ver-
tebral endplates. These axial images at each intervertebral disc level 
were reconstructed at 2.5-mm intervals, which included cross-sec-
tional images of LPM. The measurement of ES and MF was per-
formed from the level of L1/L2 to L5/S1 using a specially designed 
radiological workstation (MEDIP; MEDICALIP, Seoul, Korea) 
(Fig. 1). The CSA was measured by manually constructing points 
around the outer margins of the individual muscles using a touch-
screen LCD monitor (XPS 15 9570; Dell Inc., Round Rock, TX, 
USA) and digital touchscreen pen (PN556W Dell Active Pen; Dell 
Inc.). After the CSA and mean density of paraspinal muscles were 
separately measured on the bilateral sides, the mean and sum values 
at all levels were calculated.23) 

All demographic and clinical data, including CT scan images, 
were obtained with the approval of the Institutional Review Board 
of SMG-SNU Boramae Medical Center (No. 16-2017-45). Writ-
ten informed consent was obtained from all participants. 

Statistical Analysis 
The relationships between sarcopenic indices and functional out-
comes with SSB parameters were measured by Pearson correlation 
coefficients. The independent effects on the sum of the total LPM 

Fig. 1. Measurements of cross-sectional area and density of lumbar paraspinal muscle. (A) Computed tomography axial image at the L3/4 disc 
level and (B) three-dimensional reconstructed bird’s-eye view from the top-left of the participant.
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CSA were determined using multivariate regression models adjust-
ed for six key factors: age,7) ASM/Ht2, HGS, gait speed,1) back ex-
tensor strength,24) and PT angle. ASM/Ht2 and HGS were includ-
ed because they are the basic variables for diagnosing sarcopenia 
and PT was included in the regression analysis as the most relevant 
variable of SSB. An adjusted model was developed through back-
ward elimination with a significance level of 0.2 to enter and 0.05 
to retain. We also evaluated possible multiple collinearities be-
tween covariates by correlation analysis and collinearity statistical 
tests (tolerance and variance inflation factor tests) during regres-
sion analysis. IBM SPSS Statistics version 21.0 for Windows (IBM 
Corp., Armonk, NY, USA) was used for all analyses. p-values of 
less than 0.05 were considered statistically significant. 

RESULTS 

The baseline characteristics of 24 older women are shown in Table 1. 
Their mean age was 76.8 ± 4.2 years. Among conventional sarco-
penic indices, the ALM/Ht2, HGS, and gait speed were 6.30 ± 0.79 
kg/m2, 20.0 ± 3.4 kg, and 0.87 ± 0.16 m/s, respectively. No partici-
pant met the diagnostic criteria for sarcopenia. 

Among the conventional sarcopenic indices, only HGS was posi-
tively correlated with SPPB (r = 0.521, p = 0.011). While both HGS 
and ASM/Ht2 tended to have positive correlations with LPM mean 
density and back extensor strength, they were not significant (Table 
2). Among SSB parameters, PT angle was significantly correlated 
with the sum of the total LPM CSA and mean LPM density (r = -
0.502, p = 0.015 and r = 0.504, p = 0.014, respectively) (Fig. 2). The 
LL angle was also correlated with the ODI and the sum of the total 
LPM CSA (r = -0.423, p = 0.045 and r = 0.439, p = 0.036, respective-
ly). Only PI angle was significantly correlated with back extensor 
strength (r = -0.490, p = 0.018) (Table 3). 

Finally, among the six key variables, multivariate regression 
models adjusted by the other variables revealed PT angle to be an 
independent factor for the sum of the total LPM CSA (β = -0.610, 
p = 0.021, R2 = 0.320) (Table 4).  

DISCUSSION 

The most important finding of this study was that only PT angle 
was significantly correlated with the sum of the total LPM CSA 
in healthy older women. Because we used multivariate regression 
models adjusted for potential factors, including age and ASM, 
SSB parameters might be independent factors affecting spinal 
sarcopenia. 

In the current study, conventional sarcopenic indices (ASM, HGS, 
and gait speed) were not correlated with LPM mass, back extensor 

Table 1. Baseline characteristics of the 24 older women

Characteristic Value

Age (y) 76.8 ± 4.2
Body mass index (kg/m2) 24.9 ± 2.4
Conventional sarcopenic indices
 ASM (kg) 14.6 ± 2.3
 ASM/Ht2 (kg/m2) 6.30 ± 0.79
 Gait speed (m/s) 0.87 ± 0.16
 Handgrip strength (kg) 20.0 ± 3.4
Other functional test
 Back performance scale 2.96 ± 1.97
 Oswestry Disability Index 8.33 ± 5.84
 Short physical performance battery 10.4 ± 1.7
 Timed Up and Go test (s) 9.4 ± 2.8
Spinopelvic parameters
 Sacral slope (°) 32.9 ± 11.6
 Pelvic incidence (°) 50.5 ± 12.8
 Pelvic tilt (°) 21.5 ± 7.2
 Lumbar lordosis (°) 42.2 ± 11.3
 Thoracic kyphosis (°) 39.1 ± 11.2
 Sagittal vertical axis (mm) 31.8 ± 33.0
Back muscle strength and CT scan
 Isometric back extensor strength (N) 39.8 ± 12.6
 Multifidus CSA (mm2) 3,514.0 ± 619.8
 Multifidus density (HU) 10.2 ± 13.6
 Erector spinae CSA (mm2) 8,806.8 ± 1,470.2
 Erector spinae density (HU) 15.8 ± 12.4
 Sum of total LPM CSA (mm2) 12,320.8 ± 1,571.0
 Mean of total LPM density (HU) 14.3 ± 11.7

Values are presented as mean±standard deviation.
ASM, appendicular skeletal muscle mass; CSA, cross-sectional area; CT, 
computed tomography; Ht2, height squared; LPM, lumbar paraspinal muscle.

strength, and spine specific functional outcomes. Even ASM was not 
correlated with LPM CSA (r=0.181, p=0.535). Therefore, conven-
tional muscle mass measurements that sum limb muscle masses to 
define sarcopenia do not reflect the clinical features of spinal sarco-
penia. Jeon et al.25) reported that low limb muscle mass was correlat-
ed with only knee joint radiological degeneration and not hip or 
spine. Therefore, site-specific muscle mass investigation is necessary 
to evaluate the effect of skeletal muscle on specific regions. 

Among the several SSB parameters, only PT angle was signifi-
cantly correlated with both LPM quantity (CSA) and quality 
(density), while LL angle was only correlated with LPM quantity. 
PT is the angle between a vertical line originating at the center of 
the femoral head and a line starting from the center of the femoral 
head to the midpoint of the endplate of S1. In simple terms, this 
angle describes the rotation of the pelvis around the femoral heads. 
PT increases with age, and high PT is needed to maintain an up-
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Table 2. Correlations between sarcopenic indices and functional outcomes

Age BMI ASM/Ht2 Gait speed Handgrip strength
SPPB 0.063 -0.243 -0.241 0.599* 0.521*
TUG -0.014 0.415* 0.458 -0.369 -0.296
ODI -0.064 0.047 0.341 -0.170 -0.099
BPS 0.171 0.502* 0.288 -0.250 -0.307
Sum of total LPM CSA -0.220 0.158 0.181 -0.272 -0.017
Mean of total LPM density -0.099 -0.005 0.159 0.078 0.076
Back extensor strength -0.321 0.310 0.207 -0.058 0.366

BMI, body mass index; ASM, appendicular skeletal muscle mass; Ht2, height squared; CSA, cross-sectional area; SPPB, short physical performance battery; 
TUG, Timed Up and Go test; ODI, Oswestry Disability Index; BPS, Back Performance Scale; LPM, lumbar paraspinal muscle.
*p<0.05 by Pearson correlation coefficient.

Table 3. Correlations between spinal sagittal balance indices and functional outcomes

LL TK PT SS PI SVA
SPPB -0.028 -0.021 0.015 -0.158 -0.121 -0.084
TUG -0.010 0.030 0.170 0.046 0.097 0.042
ODI -0.423* -0.414* 0.169 -0.109 -0.010 0.165
BPS 0.128 -0.046 0.026 0.100 0.013 0.299
Sum of total LPM CSA 0.439* 0.399 -0.502* -0.080 -0.251 -0.394
Mean of total LPM density 0.319 0.388 -0.504* 0.335 0.036 -0.221
Back extensor strength -0.161 0.285 -0.087 -0.385 -0.490* -0.110

LL, lumbar lordosis; TK, thoracic kyphosis; PT, pelvic tilt; SS, sacral slope; PI, pelvic incidence; SVA, sagittal vertical axis; SPPB, short physical performance 
battery; TUG, Timed Up and Go test; ODI, Oswestry Disability Index; BPS, Back Performance Scale; LPM, lumbar paraspinal muscle; CSA, cross-sectional 
area.
*p<0.05 by Pearson correlation coefficient.

Table 4. Multivariate regression analysis

Predictor Standard error Standardized coefficients t p-value R Adjusted R2

(Constant) 1070.403 - 13.857 0.000 - -
Pelvic tilt 51.061 -0.610 -0.266 0.021 0.610 0.320

Fig. 2. Scatter grams showing the relationships between pelvic tilt angle and LPM CSA (A) and mean density (B). LPM, lumbar paraspinal 
muscle; CSA, cross-sectional area.
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right posture to compensate for kyphosis.26) While other SSB pa-
rameters such as LL and SVA can be easily affected by posture and 
position, The PT is a reproducible and reliable measure of global 
sagittal alignment regardless of the level of training.27,28) PT is also 
correlated with health-related quality of life in adult spinal defor-
mity.29) Therefore, among the SSB parameters, the association of 
PT with spinal sarcopenia warrants further investigation. 

Isokinetic back muscle strength positively affects SSB.24) A co-
hort study in older adults also reported the negative correlation be-
tween spinal inclination and back muscle strength (r = -0.294).30) 
However, in our study, back extensor strength was not inde-
pendently associated with SSB, contrary to the hypothesis, al-
though there was a simple correlation between back extensor and 
PI (r = -0.490). There are two potential explanation for this con-
flict. If the values of back extensor strengths measured in this study 
were normal because participants were healthy community-dwell-
ing older women without sarcopenia, they might not affect SSB 
due to the ceiling effect. Another assumption was that the muscle 
strength measured in this study was the isometric back extensor 
strength, which might not be valid in older adults. Therefore, back 
extensor strength might be better to be evaluated using the 
gold-standard isokinetic dynamometer.

Our study had several limitations. First, this was a cross-sectional 
study and not a prospective investigation. In addition, the sample 
size (n = 24) was not sufficient for a good prediction level in the re-
gression model.31) Thus, the longitudinal SSB effects on spinal sar-
copenia and causal relationship between SSB and spinal sarcopenia 
could not be verified. However, we will prospectively follow-up 
and evaluate the participants to answer these questions in a future 
study. Second, bias was possible in the participant selection. Be-
cause we enrolled only healthy and community-dwelling older 
women, there were no women with sarcopenia. Therefore, even 
though we compared sarcopenic indices to functional outcomes 
and SSB parameters, these outcome variables might be skewed to a 
healthy population and might not reflect sarcopenia and paraspinal 
muscle degeneration. Recently, Ohyama et al.32) reported the rela-
tionship between sarcopenia and spinopelvic parameters in 126 
participants, 21.4% of whom were patients with sarcopenia. The 
authors reported larger SVA and TK in the sarcopenia group than 
those in the group without sarcopenia among patients with a 
spinopelvic mismatch. Thus, participants diagnosed with sarcope-
nia should be sufficiently included in the target population. Finally, 
we did not investigate the global alignment and proportion (GAP) 
score, which can denote ‘normal’ and ‘pathologic’ standing sagittal 
alignment and shape as a single score for every magnitude of pelvic 
incidence.33) In the GAP, the optimal sagittal alignment is based on 
four factors deviating from their ideal curves and these factors are 

proportionally related to the PI.34) Therefore, future studies should 
describe the SSB by measuring a single variable, such as the GAP 
score, rather than listing several different variables.  

In conclusion, our data suggest PT angle was significantly cor-
related with LPM CSA in healthy older women. To our knowl-
edge, this is the first report to investigate the relationships between 
sarcopenic indices and spinal muscle degeneration with SSB. 
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Background: Three-quarters of aged men experience lower urinary tract symptoms with benign 
prostate hypertrophy (BPH). Transurethral resection of the prostate (TURP) and holmium laser 
enucleation of the prostate (HoLEP) are standard endosurgical procedures in patients with BPH. 
Previous studies reported better results in patients undergoing HoLEP than in those undergoing 
TURP. Methods: This study compared the efficiency and safety of conventional morcellation and 
morcellation performed after X-incision during enucleation, a newly added technique in HoLEP. 
Overall, 174 patients were selected as the final study population. The populations were stratified 
with respect to resected volumes. A t-test were used to compare the conventional morcellation 
and X-incision procedure groups. Results: In morcellation times and rates, there were significant 
differences in stratified resected mass (g) between the groups. The results also showed a de-
creased incidence of bladder injury as a surgical complication. Conclusion: We believe morcella-
tion performed after X-incision procedure during enucleation is efficient and safe for older adults 
with BPH. 

Key Words: HoLEP, Morcellation, BPH, Enucleation 
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INTRODUCTION 

Three-quarters of aged men experience low urinary tract symp-
toms (LUTS) with benign prostate hypertrophy (BPH).1) These 
symptoms can be alleviated by medications; however, some pa-
tients with dysuria eventually undergo surgical treatment to pre-
vent relative symptoms and diseases such as urinary retention, uri-
nary tract infection (UTI), and urinary stones.2) In these cases, 
transurethral resection of the prostate (TURP) and holmium laser 
enucleation of the prostate (HoLEP) are considered standard en-
dosurgical operations for patients with BPH.3) 

After Gilling et al.4) first described HoLEP in 1995, its use has 
steadily increased. In the early days of laser prostatectomy, it was 
not useful due to serious complications such as long-term urinary 
obstruction and dysuria. However, with the development of so-
phisticated technologies, HoLEP is now used broadly and is recog-

nized as an effective procedure on par with TURP while providing 
outstanding results in dissection, coagulation, and vaporization.4) 
Moon et al.5) reported less hemorrhage in HoLEP than that in 
TURP in prior BPH patients. In addition, compared to those who 
underwent TURP, patients who underwent HoLEP had outstand-
ing results of the International Prostate Symptom Score (IPSS) at 
12 months and maximum flow rates. Accordingly, there has been a 
paradigm shift to HoLEP as the primary surgery in modern BPH, 
which alleviates LUTS and improves urodynamic study (UDS).6,7) 

HoLEP with mechanical morcellation can be divided into two 
processes: gross tissue resection or enucleation and morcellation 
to extract enucleated prostatic tissue from the body. The early 
practice of leaving prostate tissue in the bladder after HoLRP 
caused problems. Techniques using transurethral grasper were 
considered but the enucleated prostatic tissue was sometimes too 
large to extract from the bladder.8) 

Copyright© 2019 by The Korean Geriatrics Society
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Since the development of Holmium: yttrium-aluminum-garnet 
(YAG) lasers, HoLEP was more practical by making enucleation 
of prostatic tissue easier. However, handling of the resected tissue 
remained a difficult task. Thanks to transurethral morcellators, 
large tissue masses are no longer a significant problem; however, 
major drawbacks like the potential for bladder injury and low suc-
tion efficacy remain.8-10) 

To overcome these challenges, in 2012, Chen et al.11) described 
an improved morcellation procedure during enucleation. This pro-
cedure included three stages: (1) roughening of the tissue surface 
during enucleation, (2) adoption of different methods according 
to volume sizes during morcellation, and (3) removal of prostatic 
tissue by laser or suction of the prostatic fossa. Evolution of this 
method roughens the surface during enucleation for better and 
easier morcellation. Enucleation partially resects the tissue into an 
X-shape to form parts per site before the tissue is shredded. In ad-
dition, the resected tissue is massed together to be suctioned out 
simultaneously during morcellation (Fig. 1). 

In the conventional method, morcellation of large and solid tissue 
requires significant time and additional resection of tissue in the 
bladder, which can lead to increased risks of bladder injury. There-
fore, the present study compared the efficacy and safety of conven-
tional morcellation and morcellation carried out after X-incision 
during enucleation, which is a newly-added technique in HoLEP. 

MATERIALS AND METHODS 

Participants 
Patients with a medical history of prostate surgery, or repeated sur-
gery, or surgery involving surgery for a kidney stone were excluded 
from this analysis. 

Data were collected from 465 patients who visited a general hos-
pital in Seoul, Korea between January 2012 and December 2018. 
Among them, 291 patients with missing data (more than one vari-
able) on prostate-specific antigen (PSA) level, operation time, 
morcellation time, transrectal ultrasound (TRUS), and resected 
weight were excluded. Therefore, a total of 174 patients (93 pa-
tients who underwent conventional morcellation and 81 who un-
derwent X-incision during enucleation) were included as the final 
study population (Fig. 2).  

This study was approved by the Institutional Review Board of 
the National Medical Center (No. H-1901-098-002), which 
waived the requirement for written informed consent. 

Equipment and Procedure 
Morcellation was performed using a 26-Fr nephroscope and mor-
cellator (VersaCut Morcellator; Lumenis Inc., Yokneam, Israel) 

Fig. 2. Flowchart of the study population.

465 patients who 
underwent operation from 

2012 to 2018

291 patients with missing data 
were excluded

Conventional morcellation  
(93 patients, Group 1)

X-incision (81 patients, Group 2)

174 patients selected as the 
final study population.

Fig. 1. X-incision in holmium laser enucleation of the prostate. (A, B) The enucleation partially resects the tissue in an X-shape with four parts 
per site. (C) The resected tissues are removed en masse during morcellation.

A B C
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from 80 to 100 W. A VersaPulse power holmium laser was used for 
prostate adenoma enucleation with a 26-Fr resectoscope (Karl 
Storz, El Segundo, CA, USA). The operator performed an X-inci-
sion before enucleation to make the prostate adenoma rougher 
and more resistant. If bleeding occurred, the operator performed 
dissection and coagulation. The enucleated prostatic tissue was cut 
into four pieces with one X-shaped incision per site range. The 
scope of the prostate within each site range was defined as the mid-
dle-sized lobe, and the operator performed X-incisions while sizing 
the prostatic tissue by 1 × 1 cm roughly at a good distance of re-
secting the tissue with laser. For example, if one site of the lobe area 
measured 2 × 2 cm, X-incisions were performed for four parts. 
Each incision required 3-4 seconds to perform; thus, in total, an 
average of 60 seconds was required per lobe site. 

Normally, four X-incisions were required to roughen the surface. 
While the incisions were not intended to completely separate the 
resected tissues, this did occasionally occur. The tissue was then 
completely dissected until it remained attached to the bladder neck 
in a mushroom shape. Tissue removal was performed by retro-
grade morcellation. Every operation was performed by one opera-
tor with experience with more than 500 procedures. 

Statistical Analysis 
IBM SPSS Statistics version 19.0 for Windows (IBM Corp., Ar-
monk, NY, USA) was used for statistical analysis. Descriptive sta-
tistics were determined for baseline characteristics such as age and 
prostate volume during TRUS. The conventional morcellation 
and X-incision procedure group were also compared, with patients 
who did not undergo X-incision designated as group 1 and those 
who underwent X-incisions designated as group 2. Statistical anal-
ysis included t-tests, with p-values less than 0.05 considered signifi-
cant. To remove bias in the t-tests, the populations were stratified 
by resected mass ( < 20, 21–40, 41–60, and > 61 g). 

RESULTS 

This study included 174 patients with a mean age of 71.5 ± 7.3 
years. Two patients had missing PSA data. Except for these two pa-
tients, the mean PSA level was 6.7 ± 12.7 ng/mL. The mean TRUS 
volume (mL) was 56.4 ± 27.9 mL. The mean morcellation time 
and resected mass were 271.7 ± 176.8 seconds and 24.9 ± 23.3 g, 
respectively (Table 1). Group 1 included 93 patients with a mean 
age of 71.9 ± 7.7 years and mean PSA of 5.8 ± 12.2 ng/mL except 
for one participant with missing PSA values. The mean TRUS vol-
ume was 53.0 ± 26.3 mL and the mean morcellation time and re-
sected mass were 286.1 ± 196.2 seconds and 19.9 ± 19.4 g, respec-
tively. Group 2 included 81 patients with a mean age of 71.0 ± 6.8 

years and mean PSA of 7.8 ± 13.2 ng/mL except for one partici-
pant without PSA data. The mean TRUS volume was 60.3 ± 29.4 
mL and the mean morcellation time and resected mass were 
255.2 ± 151.1 seconds and 30.6 ± 26.2 g, respectively. There were 
statistically significant differences in resected mass and morcella-
tion rate. The two groups were stratified according to resected 
mass for descriptive and t-test analyses. 

In group 1, the mean age was 70.9 ± 6.9 years for patients with 
resected masses less than 21 g, 71.7 ± 8.1 years for 21–40 g, 
75.1 ± 5.9 years for 41–60 g, and 80.0 ± 14.0 years for > 61 g. The 
mean morcellation time for patients with resected masses under 
20, 21–40, 41–60, and over 61 g were 187.4 ± 83.0, 379.6 ± 63.6, 
551.6 ± 126.0, and 830.0 ± 116.5 seconds, respectively. The mean 
morcellation rate calculated as the resected mass per minute in 
each resected mass group were 3.7 ± 1.6, 4.3 ± 0.5, 5.2 ± 1.1, and 
5.7 ± 1.1 g/min, respectively. In group 2, the mean age of patients 
with resected masses under 20, 21–40, 41–60, and over 61 g were 
71.3 ± 7.3, 71.0 ± 6.0, 71.2 ± 7.1 and 70.0 ± 6.8 years, respectively. 
The mean morcellation times for these groups were 146.4 ± 76.6, 
276.2 ± 109.3, 388.5 ± 115.8, and 470.4 ± 93.0 seconds, respective-
ly. The mean morcellation rates were 5.9 ± 4.3, 7.1 ± 3.5, 8.5 ± 3.3, 
and 10.9 ± 3.1 g/min, respectively. There were no significant dif-
ferences in age and PSA values between the two groups for each 
resected amount. The difference in TRUS volume between the 
two groups was significant only for resected mass of 41-60 mL. 
The differences in morcellation time and rate were statistically sig-
nificant for all stratified resected mass groups (Table 2). 

DISCUSSION 

This study evaluated the efficiency and safety of morcellation by 
merging the resected tissues as much as possible while making a 
rough surface during enucleation in HoLEP. 

Group 2 underwent X-incision during enucleation and showed 
reduced morcellation time and higher morcellation rate compared 
with the group that underwent conventional morcellation. 

Lee et al.12) reported that an inverse morcellation technique was 

Table 1. Descriptive statistics of the baseline characteristics (n=174)

Value
Age (y) 71.5 ± 7.3
PSA (ng/mL) 6.7 ± 12.7
TRUS (mL) 56.4 ± 27.9
Morcellation time (s) 271.7 ± 176.8
Resected mass (g) 24.9 ± 23.3

Values are presented as mean±standard deviation.
PSA, prostate-specific antigen; TRUS, transrectal ultrasonography.
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safer and more efficient than the existing upward technique. This 
technique removes the glade between the blade and bladder wall 
with suction by placing the blade in the inverse position. Benefits 
such as improved morcellation efficiency and reducing bladder in-
jury have been reported. Therefore, the present study applied the 
inverse technique based on the preceding research (Table 3). Rijo 
et al.13) proved that morcellation using a mechanical morcellator is 
a safe and appropriate procedure to remove adenoma after enucle-
ation, while Chen et al.11) proposed three stages for more effective 
morcellation; namely roughening the gland surface, restriction of 
gland activity by contact with the morcellator blade, and loosening 
of hard and dense tissue. 

The potential risks of morcellation include bladder injury and 
perforation.14) Nonetheless, complications such as prostate cap-
sule perforation during enucleation and bladder injury during 
morcellation have been dismissed as trivial. Rather, they have 
been considered the outcome of the learning curve.2) This could 
be prevented to some extent by enlarging the bladder capacity be-
fore morcellation; however, it is restrictive and, to be certain, ade-
noma pretreatment and morcellation technique should be includ-
ed. Hurle et al.14) proposed that bladder injury could be alleviated 
only by improving the surgical technique while reporting a high 
rate of bladder injury of approximately 9% (bladder mucosal inju-
ry, 8.3%; bladder perforation, 0.6%) after morcellation. 

Our study results showed increased morcellation rates and re-
duced incidences of complications such as bladder injury follow-
ing X-incisions to roughen resected prostatic tissue during enucle-
ation. The results suggest that HoLEP combined with mechanical 
morcellation could replace TURP. This procedure could be con-
sidered as the primary operation for modern prostate surgery and 
X-incisions during enucleation could be adopted for easier and saf-
er morcellation. There are currently insufficient studies on easier, 
faster, and safer morcellation. Although techniques to roughen the 
gland surface have been proposed, large-scale studies are scarce. 

The present study could not exclude the possibility of author 
bias as the procedures were executed by a single operator. The 

study did not include patients who underwent HoLEP from 2009 
to 2011 and included only patients who underwent surgery after 
2012, thus reducing the possibility of a learning curve. However, as 
this study was not performed under the same circumstances, oper-
ator bias cannot be excluded. 

In conclusion, morcellation performed after the X-incision pro-
cedure during enucleation as a newly adopted technique during 
HoLEP operation was efficient and safe; however, more case stud-
ies and research on this procedure are required. 

CONFLICT OF INTEREST DISCLOSURES 

The researchers claim no conflicts of interest. 

REFERENCES 

1. Boeri L, Capogrosso P, Ventimiglia E, Fontana M, Sampogna G, 
Zanetti SP, et al. Clinical comparison of holmium laser enucle-
ation of the prostate and bipolar transurethral enucleation of the 
prostate in patients under either anticoagulation or antiplatelet 
therapy. Eur Urol Focus 2019 Mar 11 [Epub]. http://doi.
org/10.1016/j.euf.2019.03.002.

2. Kuo RL, Paterson RF, Siqueira TM Jr, Watkins SL, Simmons 
GR, Steele RE, et al. Holmium laser enucleation of the prostate: 
morbidity in a series of 206 patients. Urology 2003;62:59-63. 

3. Pushkar P, Taneja R, Agarwal A. A prospective study to compare 
changes in male sexual function following holmium laser enucle-
ation of prostate versus transurethral resection of prostate. Urol 
Ann 2019;11:27-32. 

4. Gilling PJ, Cass CB, Malcolm AR, Fraundorfer MR. Combina-
tion holmium and Nd:YAG laser ablation of the prostate: initial 
clinical experience. J Endourol 1995;9:151-3. 

5. Moon KY, Kim DY, Yoon JH, Na W, Lee JB. Outcomes of the 
holmium laser enucleation of the prostate for patients with prior 
benign prostatic hyperplasia surgery. J Korean Geriatr Soc 
2014;18:199-204. 

Table 3. Morcellation efficiency rates

Study Morcellation efficiency rate (g/min) Bladder injury cases (%)
Ishikawa et al.15) 6.7 (inverse technique) NA
Lee et al.12) 1.93 ± 1.14 (upward technique) 11 (13)

4.06 ± 0.95 (inverse technique) 2 (2.5)
Hurle et al.14) 2.3 ± 1.5 19 (5.7)
Kim et al.16) 4.3 NA
Rijo et al.13) 11.0 (7.70–16.0) 2 (NA)

Values are presented as mean±standard deviation or median (min-max). 
NA, not applicable.

Ann Geriatr Med Res 2019;23(3):149-154

153Comparison to conventional morcellation

https://doi.org/10.1016/j.euf.2019.03.002
https://doi.org/10.1016/j.euf.2019.03.002
https://doi.org/10.1016/j.euf.2019.03.002
https://doi.org/10.1016/j.euf.2019.03.002
https://doi.org/10.1016/j.euf.2019.03.002
https://doi.org/10.1016/j.euf.2019.03.002
https://doi.org/10.1016/S0090-4295(03)00124-9
https://doi.org/10.1016/S0090-4295(03)00124-9
https://doi.org/10.1016/S0090-4295(03)00124-9
https://doi.org/10.4103/UA.UA_44_18
https://doi.org/10.4103/UA.UA_44_18
https://doi.org/10.4103/UA.UA_44_18
https://doi.org/10.4103/UA.UA_44_18
https://doi.org/10.1089/end.1995.9.151
https://doi.org/10.1089/end.1995.9.151
https://doi.org/10.1089/end.1995.9.151
https://doi.org/10.4235/jkgs.2014.18.4.199
https://doi.org/10.4235/jkgs.2014.18.4.199
https://doi.org/10.4235/jkgs.2014.18.4.199
https://doi.org/10.4235/jkgs.2014.18.4.199


6. Yin L, Teng J, Huang CJ, Zhang X, Xu D. Holmium laser enucle-
ation of the prostate versus transurethral resection of the pros-
tate: a systematic review and meta-analysis of randomized con-
trolled trials. J Endourol 2013;27:604-11. 

7. Aho TF. Holmium laser enucleation of the prostate: a paradigm 
shift in benign prostatic hyperplasia surgery. Ther Adv Urol 
2013;5:245-53. 

8. Hochreiter WW, Thalmann GN, Burkhard FC, Studer UE. Hol-
mium laser enucleation of the prostate combined with electro-
cautery resection: the mushroom technique. J Urol 2002;168(4 
Pt 1):1470-4. 

9. Ahyai SA, Lehrich K, Kuntz RM. Holmium laser enucleation 
versus transurethral resection of the prostate: 3-year follow-up 
results of a randomized clinical trial. Eur Urol 2007;52:1456-63. 

10. Gilling PJ, Kennett K, Das AK, Thompson D, Fraundorfer MR. 
Holmium laser enucleation of the prostate (HoLEP) combined 
with transurethral tissue morcellation: an update on the early 
clinical experience. J Endourol 1998;12:457-9. 

11. Chen Q, Chen YB, Wang Z, Peng YB, Zheng DC, Cai ZK, et al. 
An improved morcellation procedure for holmium laser enucle-

ation of the prostate. J Endourol 2012;26:1625-8. 
12. Lee SH, Choi JI, Moon KY, Na W, Lee JB. Holmium laser enu-

cleation of the prostate: modified morcellation technique and re-
sults. Korean J Urol 2012;53:779-84. 

13. Rijo E, Misrai V, Gomez-Sancha F. Recommendations for safe 
and efficient morcellation after endoscopic enucleation of the 
prostate (EEP). Eur Urol Suppl 2018;17:e1980. 

14. Hurle R, Vavassori I, Piccinelli A, Manzetti A, Valenti S, Vismara 
A. Holmium laser enucleation of the prostate combined with 
mechanical morcellation in 155 patients with benign prostatic 
hyperplasia. Urology 2002;60:449-53. 

15. Ishikawa R, Shitara T, Wakatabe Y, Kubo S, Hirayama T, Fujita T, 
et al. Relationship between morcellation efficiency and enucleat-
ed tissue weight in holmium laser enucleation of the prostate 
(HoLEP) for patients with benign prostatic hyperplasia. Nihon 
Hinyokika Gakkai Zasshi 2011;102:675-8. 

16. Kim SC, Matlaga BR, Kuo RL, Watkins SL, Kennett KM, Gilling 
PJ, et al. Holmium laser enucleation of the prostate: a compari-
son of efficiency measures at two institutions. J Endourol 2005; 
19:555-8. 

www.e-agmr.org

154 Dae Hyoung Park, et al.

https://doi.org/10.1089/end.2012.0505
https://doi.org/10.1089/end.2012.0505
https://doi.org/10.1089/end.2012.0505
https://doi.org/10.1089/end.2012.0505
https://doi.org/10.1177/1756287213498923
https://doi.org/10.1177/1756287213498923
https://doi.org/10.1177/1756287213498923
https://doi.org/10.1097/00005392-200210010-00040
https://doi.org/10.1097/00005392-200210010-00040
https://doi.org/10.1097/00005392-200210010-00040
https://doi.org/10.1097/00005392-200210010-00040
https://doi.org/10.1016/j.eururo.2007.04.053
https://doi.org/10.1016/j.eururo.2007.04.053
https://doi.org/10.1016/j.eururo.2007.04.053
https://doi.org/10.1089/end.1998.12.457
https://doi.org/10.1089/end.1998.12.457
https://doi.org/10.1089/end.1998.12.457
https://doi.org/10.1089/end.1998.12.457
https://doi.org/10.1089/end.2012.0265
https://doi.org/10.1089/end.2012.0265
https://doi.org/10.1089/end.2012.0265
https://doi.org/10.4111/kju.2012.53.11.779
https://doi.org/10.4111/kju.2012.53.11.779
https://doi.org/10.4111/kju.2012.53.11.779
https://doi.org/10.1016/S1569-9056(18)32382-0
https://doi.org/10.1016/S1569-9056(18)32382-0
https://doi.org/10.1016/S1569-9056(18)32382-0
https://doi.org/10.1016/S0090-4295(02)01812-5
https://doi.org/10.1016/S0090-4295(02)01812-5
https://doi.org/10.1016/S0090-4295(02)01812-5
https://doi.org/10.1016/S0090-4295(02)01812-5
https://www.ncbi.nlm.nih.gov/pubmed/22191275
https://www.ncbi.nlm.nih.gov/pubmed/22191275
https://www.ncbi.nlm.nih.gov/pubmed/22191275
https://www.ncbi.nlm.nih.gov/pubmed/22191275
https://doi.org/10.1089/end.2005.19.555
https://doi.org/10.1089/end.2005.19.555
https://doi.org/10.1089/end.2005.19.555
https://doi.org/10.1089/end.2005.19.555


What is the Optimal Tool to Measure Gait Speed in a Clinical Setting? 

Dae Young Kim1,2, Seung-Lyul Oh1

1Aging & Mobility Biophysics Laboratory, Department of Rehabilitation Medicine, Seoul National University Bundang Hospital, Seongnam, Korea
2Health and Exercise Science Laboratory, Department of Kinesiology, Seoul National University, Seoul, Korea

Physical changes due to age, cognitive decline, reduced agility to 
cope with the risk of falling, and environmental factors are becom-
ing a significant threat to healthy aging.1) In older adults, reduced 
gait speed is strongly associated with the risk of falls and limited 
physical functional capacity.2,3) Gait speed measurement is the most 
important and simple test to assess changes in the physical function 
of older adults.4-6) Gait speed is used not only to evaluate physical 
function but also to assess the general health status and diagnose 
sarcopenia in older adults.7) Generally, manual stopwatch measure-
ment is the most frequently used method to evaluate gait speed be-
cause it is easy, simple, fast, convenient, and economical and can be 
performed without the need for experts.8,9) However, with the 
emerging importance of gait speed measurement, automatic sen-
sors are increasingly used for more accurate measurement.10) 

We read the article by Jung et al.11) with great interest. Our labora-
tory measures gait speed using automatic sensors and manual stop-
watch. We agree with the results of the study performed by Jung et 
al.11) in their cross-comparisons of gait speed measured using four 
different versions of automatic sensors and a conventional stop-
watch. Until now, gait speed has mainly been measured manually 
using a stopwatch in clinical settings; however, gait speed assess-
ment requires more accurate and consistent measurement for as-
sessing the physical function in older adults. Therefore, cross-com-
parison of gait speed assessed by various automatic walking mea-
surement equipment and stopwatch is an exciting and meaningful 
topic. In particular, we thank Jung et al.11) for their impressive re-
search on a more advanced version of the automatic sensor. 

We previously compared the results of gait speed measured us-
ing automatic sensors by beam-breaking to those measured by 
manual stopwatch according to the starting protocols (standing 
start or moving start).12) We suggested the need for careful atten-
tion to avoid misevaluation when gait speed was measured manu-
ally using a stopwatch with a moving start. The use of automatic 
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measuring equipment is recommended when a moving start is 
used as the starting protocol. Therefore, not only the timing meth-
od (manual stopwatch vs. automatic timer) but also the starting 
protocol (standing vs. moving start) require consideration in the 
study of gait speed measurement. 

One disadvantage of measurement by the beam-breaking system 
described by the authors is an enlarged fanning effect in partici-
pants with wide-based gait or veering tendency.11) To compensate 
for this problem, assessment of trunk movement with the sensor 
facing the participant’s trunk rather than the side of the ankle has 
been proposed. However, this method requires some consider-
ation. First, in the moving start method, the automatic measure-
ment equipment is located in front of the end of walking, which 
may interfere with regular straight walking. Moreover, measure-
ment of gait speed using longitudinal one-dimensional light detec-
tion and ranging technology requires a linear distance of about 10 
m within the measurable range, imposing a space limitation in the 
clinical setting. The clinical utility of this equipment will be en-
hanced with troubleshooting of these issues in further studies. 
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Courses and Conferences

The academic events in 2019 of the Korean Geriatrics Society are 
as follows.
We would like to invite members of the Korean Geriatric Society 
and anyone who are interested.

[The 64th Annual Meeting of the Korean Geriatrics Society]
November 16-17, 2019.
Healthcare Innovation Park, Seoul National University Bundang 
Hospital, Seongnam, Gyeonggi-do. 
For more information please contact kgskorea1968@gmail.com

[The 65th Annual Meeting of the Korean Geriatrics Society]
June 20-21, 2020.
Kimdaejung Convention Center.
30 Sangmunuriro, Seo-gu, Gwangju, Korea
For more information please contact kgskorea1968@gmail.com

Membership Fee Information

Membership Fee

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

• Other member: KRW 30,000

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

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

Information on Geriatric Medicine Certification

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

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

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

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

Meetings.

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

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

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

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

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

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

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

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

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

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

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

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

Submission Method

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

▼

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

▼

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

▼

4. Copyright agreement by fax
(Form available on our website or journal)

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

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

Journal Subscription Guide

Subscription fees

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

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

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

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

www.e-agmr.org



JOURNAL DESCRIPTION AND SCOPE

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

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

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

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

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

ETHICAL CONSIDERATIONS

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

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

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections 
are needed for errors of fact. Minimum standards are as follows: 
First, it shall publish a correction notice as soon as possible, detail-
ing changes from and citing the original publication on both an 
electronic and numbered print page that is included in an elec-
tronic or a print Table of Contents to ensure proper indexing; 

Instructions to authors
Enactment December 27, 2013

Revision March 31, 2019
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Second, it shall post a new article version with details of the 
changes from the original version and the date(s) on which the 
changes were made through CrossMark; Third, it shall archive all 
prior versions of the article. This archive can be either directly ac-
cessible to readers; and Fourth, previous electronic versions shall 
prominently note that there are more recent versions of the article 
via CrossMark.

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

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

Statement of Informed Consent
Patients have a right to privacy that should not be infringed with-
out an informed consent. Identifying information, including pa-
tients’ names, initials, or hospital numbers, should not be pub-
lished in written descriptions, photographs, and pedigrees unless 
the information is essential for scientific purposes and the patient 
(or parent or guardian) gives written informed consent for publi-
cation. Informed consent for this purpose requires that a patient 
who is identifiable be shown the manuscript to be published.

Complete anonymity is difficult to achieve, however, an in-
formed consent should be obtained if there is any doubt. For ex-
ample, masking the eye region in photographs of patients is inade-
quate protection of anonymity. If identifying characteristics are al-
tered to protect anonymity, such as in genetic pedigrees, authors 
should provide assurance that alterations do not distort scientific 
meaning and editors should so note.

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

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

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

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

Conflict of Interest
The corresponding author of an article is asked to inform the Edi-
tor of the authors’ potential conflicts of interest possibly influenc-
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necessary to include a disclosure statement in the manuscript 
text.

MANUSCRIPT SUBMISSION

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

Send all correspondence regarding submissions to:
Editorial Office of the Korean Geriatrics Society
Address: #401 Yuksam Hyundai Venturetel,

20, Teheran-ro 25-gil, Gangnam-gu,
Seoul 06132, Korea
Tel: +82-2-2269-1039, Fax: +82-2-2269-1040
E-mail: agmr.editorial@gmail.com
Homepage: www.e-agmr.org.

Editorial Policy

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

All authors of a manuscript must have agreed to its submission 
and are responsible for its content, including appropriate citations 
and acknowledgements; they must also have agreed that the corre-
sponding author has the authority to act on their behalf on all mat-
ters pertaining to the publication of the paper. By publishing in this 
journal, the authors agree that the Korean Geriatrics Society has 

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

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

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

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

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

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

GENERAL GUIDELINES

All manuscripts must be written in clearly understandable En-
glish. Authors whose first language is not English are requested to 
have their manuscripts checked for grammatical and linguistic 
correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided. The use of abbrevi-
ations should be minimized and restricted to those that are gener-
ally recognized. When using an abbreviated word, it should be 
spelled out in full on first usage in the manuscript, followed by the 
abbreviation in parentheses. Numbers should be written in Arabic 
numerals, but must be spelled out when placed at the beginning 
of a sentence. Drugs and chemicals should be referred to using 
standard chemical or generic terms. Measurements should be de-
scribed using the metric system, and hematologic and biochemi-
cal markers using the International System of Units. All units must 
be preceded by one space, except for the following symbols: per-
centage (%), temperature (°C), and degree (°).
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Peer Review and the Production Process
All manuscripts are considered confidential. They are peerrev-
iewed by at least 3 anonymous reviewers selected by the Editor. 
We neither guarantee the acceptance without reviewing process 
nor very short peer review times for unsolicited manuscripts. 
Commissioned manuscripts will also be reviewed before publica-
tion. We adopt double-blind peer review in which case, not only 
authors but also reviewers do not know each other. The average 
time interval for an initial review process that involves both edito-
rial and peer reviews is approximately 1 month; occasionally, there 
are unavoidable delays, usually because a manuscript needs multi-
ple reviews or several revisions.

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

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

MANUSCRIPT FORMAT

The manuscript sections should be presented in the following or-
der: Cover Letter, Title Page, Abstract and Keywords, Introduc-
tion, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, and Figure Legends. Microsoft Word 
(MS) format is preferred for manuscript submissions. The manu-
script must be typed and double-spaced (200%) with a margin of 
at least 2.5 cm on all sides. All pages should be numbered consec-
utively, starting from the title page. Provide only one table or fig-
ure per page. The manuscript should be less than 10,000 words, 
with no more than 7 tables and figures in total.

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

Author names and affiliations in the correct order: Where the 
family name may be ambiguous (e.g., a double name), please indi-
cate this clearly. Present the authors’ affiliation addresses (where 
the actual work was done) below the names. Indicate all institu-
tional affiliations, including the city and country name, using low-
er-case superscript letters immediately after the author’s name and 
in front of the appropriate address.

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

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

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

Article Structure
Divide your article into clearly defined sections. Each subsection 
is given a brief heading. Each heading should appear on a sepa-
rate line.
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Abstract: A concise and factual abstract is required. The abstract 
text should not be more than 250 words (150 words for case re-
ports). Abstracts should include the following headings: Back-
ground, Methods, Results, and Conclusion. Author should speci-
fy the number of study participants. Emphasize clinical relevance 
in the abstract’s conclusion. Do not use the vague phrases such as 
“We believe that …” or “We suppose that …”. Non-standard or 
uncommon abbreviations should be avoided, but if essential, 
must be defined the first time they are mentioned in the abstract. 
After the abstract, list 3-5 keywords, to be used for indexing. The 
keywords are from medical subject headings (MeSH) (see 
https://www.ncbi.nlm.nih.gov/mesh). Editorials and Letters to 
the Editor do not require an abstract. An abstract is often present-
ed separately from the article, and therefore must be able to stand 
alone.

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

Materials and Methods: Authors of empirical papers are expect-
ed to provide full details of the research methods used, including 
study location(s), sampling procedures, date(s) of data collection, 
research instruments, and data analysis techniques. Methods al-
ready published should be indicated in a reference; only relevant 
modifications should be described. For Case Reports, the case 
history or case description replaces the Methods section, as well 
as the Results section.

Any study using human subjects or materials should be ap-
proved by the Institutional Review Board, as well through patient 
consent. Affiliation name of Institutional Review Board and ap-
proval number must be clearly stated as the following: “This study 
was approved by the Institutional Review Board of [Name of Af-
filiation] (Approval Number)”. Any study using animals should 
state the Institutional Animal Care approval and number. Any 
other ethics approvals should also be listed. If no ethical approvals 
were achieved or required, please state the reason (e.g., “In this 
study, the Institutional Review Board of [Name of Affiliation] ap-
proved the exemption and allowed authors to review the patient’s 
records with no need for the informed consents.”)

Ensure correct use of the terms sex (when reporting biological 
factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex and/or gender of study 
participants, the sex of animals or cells, and describe the methods 
used to determine sex and gender. If the study was done involving 
an exclusive population, for example in only one sex, authors 
should justify why, except in obvious cases (e.g., prostate cancer).

Results: Results should be clear and concise. Excessive repetition 
of table or figure content should be avoided.

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

References: The citation of references in the text should be made 
using consecutive numbers in parentheses (Vancouver style). 
They should be listed in the text in the order of citation, with con-
secutive numbering in this separate section. The style for papers 
in periodicals is as follows: the name and initials of all authors, the 
full title of article, the journal name abbreviated in accordance 
with Index Medicus, the year and volume, and the first and last 
page numbers. If there are more than 7 authors, write the names 
of the first 6 authors, followed by “et al.” The style for a book chap-
ter is as follows: author and title of the chapter, editor of the book, 
title of the book, edition, volume, place, publisher, year, and first 
and last page numbers. The style for a book is as follows: author, 
title of the book, edition, place of publication, publisher, and year 
of publication. The style for a website is as follows: title of the 
website, place of publication, publisher, year of copyright, and In-
ternet address. All other references should be listed as shown in 
Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly work in Medical Journals (http://icmje.
org). Authors are responsible for the accuracy and completeness 
of their references and for ensuring that their text citations are cor-
rect. Papers still in press may be listed among the references using 
the journal name and a tentative year of publication. Unpublished 
data and personal communications may be listed only with the 
author’s written permission.

Reference Style
Journal article: Bekkers SC, Habets JH, Cheriex EC, Palmans A, 
Pinto Y, Hofstra L, et al. Abdominal aortic aneurysm screening 
during transthoracic echocardiography in an unselected popula-
tion. J Am Soc Echocardiogr 2005;18:389-93.
Book: Fillit H, Rockwood K, Woodhouse K, Brocklehurst JC. 
Brocklehurst’s textbook of geriatric medicine and gerontology. 7th 
ed. Philadelphia: Saunders/Elsevier; 2010. Korea National Statis-
tical Office. Annual report on the cause of death statistics, 2005. 
Daejeon: Korea National Statistical Office; 2006.
Book chapter: Phillips SJ, Whisnant JP. Hypertension and stroke. 
In: Laragh JH, Brenner BM, and editors. Hypertension patho-
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physiology, diagnosis, and management. 2nd ed. New York: Ra-
ven Press; 1995; p. 465-78.
Website: AMA: helping doctors help patients [Internet]. Chica-
go: American Medical Association; c1995-2007 [cited 2007 Feb 
22]. Available from: http://www.ama-assn.org

Tables and Figures
Tables should be submitted separately from the main body of the 
paper, and figure legends should be typed on separate sheets.

Tables: Please submit tables as editable text and not as images. 
Avoid using vertical rules. Tables should be simple and should not 
duplicate information already presented in figures. Title all tables 
and number them using Arabic numerals in the order of their cita-
tion. Tables should be double-spaced, with each table on a separate 
sheet. Describe all abbreviations using footnotes. Table footnotes 
should be indicated using superscript markings in the following se-
quence: *, †, ‡, §, ||, ¶, and **. Each column and row should have 
an appropriate heading. The first letter of the first word in each col-
umn and row should be capitalized. Use Arabic numerals after “Ta-
ble” in accordance with the order of citation, with a space between 
“Table” and the Arabic number. Mean and standard deviation 
(mean ± SD) and numbers of subjects are included and the signifi-
cance of results is indicated through appropriate statistical analysis. 
The p-value should be provided to 3 decimal places and the letter 
“p” in “p-value” written in lower case. Table footnotes should be in-
dicated with superscript markings. All units of measurement and 
concentration should be designated. Exponential terminology is 
discouraged. The table should be drawn in MS word and not as an 
image file (JPG, GIF, TIFF, etc.).

Figures and Legends: Electronic art should be created/scanned 
and saved and submitted as either a TIFF (tagged image file for-
mat) or an EPS (encapsulated postscript) file. Figures must be cit-
ed in the text and numbered in order of first mention. Make sure 
to mark the figure number clearly on the figure or part of the elec-
tronic file name (i.e., Figure 1.tif). Line art must have a resolution 
of at least 1,200 dpi (dots per inch), and electronic photographs, 
radiographs, CT scans, and scanned images must have a resolu-
tion of at least 300 dpi. Images should be supplied at a size that ap-
proximates the final figure size in the print journal. If fonts are 
used in the artwork, they must be converted to paths or outlines, 
or embedded in the files. Color images must be created/scanned, 
saved, and then submitted as CMYK files. Please note that art-
work generated using office suite programs such as Corel Draw or 
MS Word, as well as artwork downloaded from the Internet 
(JPEG or GIFF files), cannot be used. Color photographs will be 

published if the Editor considers them absolutely necessary. The 
expense of reproducing color photographs/ designs will be passed 
on to the author. The author is responsible for submitting prints 
that are of sufficient quality to permit accurate reproduction, and 
for approving the final color galley proof.

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

OTHER MANUSCRIPT FORMATS

General guidelines are same as for original articles.

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

A case report is an academic/educational activity that does not 
meet the definition of “research”, which is: “a systematic investiga-
tion, including research development, testing and evaluation, de-
signed to develop or contribute to generalizable knowledge.” 
Therefore, the activity does not necessarily need to be reviewed 
by an Institutional Review Board.

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

Letters to the Editor: Letters to the Editor comment on papers 
published in this journal or on other relevant matters and do not 
require an abstract. Manuscripts may be no longer than 500 words 
and may include only 1 figure or table. Subtitles should not be 
used, and any acknowledgements should be included in the body 
of the letter. Writing a letter is an academic/educational activity 
that does not meet the definition of “research”, which is: “a system-

atic investigation, including research development, testing and 
evaluation, designed to develop or contribute to generalizable 
knowledge.” Therefore, the activity does not necessarily need to 
be reviewed by an Institutional Review Board.

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

Editorial Policy

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

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

Readership

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

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

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

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

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

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

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

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

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

Advertising Policy

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

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

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

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

Direct Marketing

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

Copyright

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

Deposit Policy

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

Data Sharing and Reproducibility

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

ternational Committee of Medical Journal Editors”. The ICMJE’s 
policy regarding trial registration is explained at http://www.icm-
je.org/recommendations/browse/publishing-and-editorial-is-
sues/clinical-trial-registration.html#two. If the data sharing plan 
changes after registration this should be reflected in the statement 
submitted and published with the manuscript, and updated in the 
registry record.
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Before submitting the manuscript, please complete the author’s checklist below and send it to the editorial office using online submis-
sion system (http://www.e-agmr.org).

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

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

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

Tables and Figures
☐ No more than 7 tables and figures in total.
☐ The title and legends of tables and figures are clear and concise.
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*Must be signed and returned to the editor-in-chief of the journal before the manuscript can be considered for publication

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