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INTRODUCTION 

“For happy old age keep a goal.” Aging is a process that converts a 
fit body into a frail one that is vulnerable to infections, injuries, and 
death.1) In India, “senior citizens” are defined as older adults of In-
dian nationality aged 60 years and above. The National Policy for 
Older Persons was established in 1999 by the Ministry of Statistics 
and Programme Implementation and the National Statistics Office 
of the Government of India. The older adult population has in-
creased from 24.7 million in the 1961 census to a projected 137.9 
million and 158.7 million for the 2022 and 2025 censuses, respec-
tively, accounting for 11.1% of the overall population.2,3) This in-
creasing older adult population leads to economic, social, and 
health concerns that require immediate and prompt responses 
from the government, enterprises, and society.4,5) The onus of 
morbidity is immense. Diseases pose great threats to older adults, 
whose socioeconomic status is questionable. Disabilities worsen 
the daily living activities of old age.6) While the United Nations 
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Population Fund and Help Age India estimated that the senior 
population in India would increase to 173 million by 2026,7) by 
2001, India had surpassed that percentage (7.47%) and is predict-
ed to reach 12.6% by 2025. Hence, India’s aging population is dras-
tically changing.8) In India, the populations aged 0–14, 15–59, and 
60 years and above comprised 30.8%, 60.3%, and 8.6% of the total 
population, respectively.9) Older adults comprise 7.5% of the pop-
ulation, two-thirds of whom live in villages, with almost half in so-
cioeconomically poor conditions.10) Every program for older 
adults created in India aims to provide older persons with discrete, 
specialized, and complete health care at various levels of the Indian 
healthcare delivery system, in addition to outreach programs. Over 
70% of India’s geriatric population resides in rural areas, according 
to the 2011 census.11) It has been said that care for older adults 
should be the same as that for children. One Indian report indicat-
ed that 8%–10% of older adults will be bedridden and will require 
utmost care for their survival. The dual challenges of aging care in-
clude ensuring that older adults can live healthy, dignified, and 
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productive lives and transforming them into partners rather than 
burdens on society.12) The rise in the senior population has result-
ed in an “older adult boom” in several parts of the country.13) The 
inequity and intricacies of India’s demographic shift are obscured 
by summary numbers that ignore the disparities and complexities 
of demographic transition among Indian states with varying de-
grees of economic development, cultural norms, and political cir-
cumstances.14) The main aim of this study is to describe the exist-
ing programs and schemes related to older people in India, with a 
focus on the National Programme for Health Care of the Elderly 
(NPHCE), and to analyze the achievements and challenges of this 
program. 

MAIN FINDINGS 

Issues Faced by the Older Population in India 
Aging is a global phenomenon. India is in Stage 3 of the demo-
graphic transition, suggesting a fall in birth rate with the death rate 
remaining low and the population continuing to increase at a 
steady rate.15) This leads to a growth of the older population, mak-
ing it crucial for India to develop policies addressing their 
health-related concerns. Instead of the traditional fragmented ap-
proach, which caters to the individual health challenges of the old-
er population through disease-based programs for non-communi-
cable illnesses, cancer, and mental health, a comprehensive ap-
proach to older population health care is required.16) Old age is as-
sociated with considerable mortality and morbidity, of which mus-
culoskeletal pain is a major concern. This leads older adults to de-
mand analgesics for pain relief. However, analgesics have detrimen-
tal effects on the body.17) 

The key issues faced by older adults in India are outlined in  
Table 1. Other issues include vulnerability to certain types of infec-
tion. For example, waterborne infections are more common 
among the older population in rural locations. Older adults may 
not be aware of proper hygiene measures that contribute to their 
risk of illness. Thus, there is a need to increase awareness of basic 
hygiene in this community to prevent bacterial illnesses.18-21) 

Hence, older adults should be targeted for the prevention of bacte-
rial infections. 

Multimorbidity Patterns in Older Adults 
According to the 2017 United Nations Population Fund report, 
performing activities of daily living is more difficult for older wom-
en than for older men.22) Aging accounts for a high prevalence of 
musculoskeletal diseases such as those affecting muscles, the spine, 
bone (osteoporosis), and joints (osteoarthritis), leading to fre-
quent fall injuries.23) Aging is also influenced by various compo-
nents, such as the surroundings in which older adults live, their 
families, their neighborhood, their communities, and their physical 
and mental capabilities, as well as their characteristics, including 
their sex, ethnicity, and socioeconomic status. The most crucial 
component that differs from younger populations is life experi-
ence. One of the pressing issues faced by the older population is 
depression, which manifests as social depression.24) 

Multimorbidity has been a concern in recent decades, with in-
creasing prevalence. India is experiencing significant epidemiologi-
cal and demographic changes that have caused people to move 
faster toward aging. Through this transient phase, more older peo-
ple have experienced long-term diseases that affect all aspects of 
their lives. Multimorbidity is more common overall among the 
older population (32.96%) and women (34.69%). Arthritis/rheu-
matism (54.75%), hypertension (45.79 %), tooth loss (32.94%), 
cataracts (31.34%), diabetes (23.11%), and asthma are the most 
common disorders among individuals with multiple morbidities 
(21.06%). Multimorbidity is strongly correlated with population 
aging and sex is a significant predictor of multimorbidity. Reducing 
the burden of multimorbidity requires researchers and policymak-
ers to collaborate to create effective intervention techniques and 
programs.25-27)  

To address this social issue, a screening program with timely re-
view should be created. Multimorbidity patterns with robust epi-
demiological research for older adults will help mitigate the clinical 
complexities by targeting chronic diseases addressed by the health-
care delivery system from the grassroots to the national level.28-30) 

Table 1. Issues faced by the older population

Issues Statements
Economic issues With age, financial troubles get more severe. This affects self-esteem and health. Inadequate financial resources in old age are 

linked to sadness, anxiety, tension, and demotivation.
Physiological issues Not only physical and anatomical but also mental health issues affect this age group. This alters their outlook on life, which may 

lead to a life devoid of ambition.
Housing-related issues A house is one of the most important investments a person can make for a secure future. However, with declining health, the 

dwelling environment must be more acceptable, welcoming, and livable.
Crime against aged persons This age group is vulnerable to crimes including murder, attempted murder, bodily harm, deceit, robbery, dacoity, and extortion.
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Polypharmacy should be evaluated regularly, to eliminate overlap-
ping or superfluous medicines.31)  

Urbanization Effects on the Older Population 
Urbanization has caused a transition by transforming the econom-
ics of rural society, transport systems, and socioeconomic status.32) 
The residential patterns also affect the health of older adults due to 
the in-migration of the older population and the out-migration of 
young persons.33) The variety exhibited by the older population is 
not random and is affected by physical and social settings, as well 
as the influence of these factors on the possibilities and health be-
haviors. Personal traits such as the family older adults were born 
into, their sex, and their race distort their connection to the envi-
ronment, resulting in health disparities.34) 

Older adults are frequently stereotyped as fragile, dependent, 
and a societal burden. These and other ageist attitudes must be ad-
dressed by public health professionals and society as a whole, as 
they can lead to discrimination, influence policy development, and 
limit healthy aging.35,36) 

Globalization Effects on the Older Population 
Globalization, technological advancements (e.g., in transportation 
and communication), urbanization, migration, and changing gen-
der norms have direct and indirect effects on the lives of older peo-
ple. A public health response must assess the present and future 
trends and formulate appropriate policies.37) The abuse of older 
adults has been a pressing topic for many decades, defined as a sin-
gle or recurrent act, or a failure to act appropriately, which causes 
injury or distress to older adults in any relationship where trust is 
expected. 

Around 1 in 6 people 60 years and older had experienced some 
form of abuse in community settings during the past year, includ-
ing physical, verbal, psychological, sexual, and financial, abuse, as 
well as neglect. This issue can be prevented through monetary 
help, helplines, and emergency shelters.38-41) The Health Care of 
the Older population implemented core and characteristically ac-
cessible services for the older population. However, older individ-
uals face challenges and are not informed of these issues, prevent-
ing them from receiving advice on how to resolve them.42) Table 1 
briefly summarizes the issues faced by older adults. 

COVID-19 and Care of the Older Population 
Since the spread of coronavirus disease 2019 (COVID-19) world-
wide, there has been a boom in polypharmacy in the senior popu-
lation. This exponential rise has made the older population more 
vulnerable to the side effects of many medications. The imperative 
for a multidisciplinary approach is a focus on effective medicine 

prescriptions, which encompasses all stakeholders, healthcare pro-
fessionals, and other personnel.43) 

Stress Reduction in the Geriatric Population 
The Common Yoga Protocol launched by the Ministry of AYUSH 
of the Government of India provided guidelines for practitioners 
treating COVID-19. Studies have shown that yoga reduces the in-
cidence of acute respiratory infections. Thus, yoga may benefit the 
psychosocial treatment and rehabilitation of patients with 
COVID-19 under quarantine and isolation to reduce anxiety and 
phobias in this population.44)  

Polypharmacy in the Older Population 
The negative effects of polypharmacy include death, falls, bad 
medication reactions, extended hospital stay, and hospital readmis-
sion soon after discharge.45,46) Increasing drug prescriptions in-
crease the risks of side effects and injury.47) Numerous variables, 
such as drug-drug and drug-disease interactions, may cause harm. 
Owing to their lower lean body mass and diminished hearing, eye-
sight, cognition, and mobility, older people are at increased risk of 
negative side effects.48) Rather than a mere numerical count of 
medications, which has no practical relevance, studies have advised 
the use of the phrase “appropriate polypharmacy” to distinguish 
between “many” and “too many” medications.49) A universally ac-
cepted definition of polypharmacy is required.50) 

Diseases and Biological Variations in Older Populations 
India is experiencing a high non-communicable disease burden 
and lifestyle-related consequences.51,52) Healthy life in the older 
population includes refraining from tobacco or alcohol use, regular 
physical work, and consuming healthy products to help reduce 
communicable and non-communicable diseases, which ultimately 
decreases dependency on care in old age.53) At the cellular level, 
molecules and cells mutate with age. Aging causes physical and 
mental decline, as well as increased risks of various illnesses and 
death. 

Variations 
Biological variations and circumstantial modifications, such as re-
tirement, pension, new housing, family support, death of partners 
and friends, food, and security, are also linked with aging. Geriatric 
syndromes are characterized by frailty, urinary incontinence, delir-
ium, dementia, pressure ulcers, and falls. Common conditions in-
clude osteoarthritis, cataracts, refractive errors, diabetes, stroke, 
hypertension, asthma, chronic obstructive pulmonary disease, 
hearing loss, back and neck pain, depression, and cancer.3,54) In In-
dia, potential health disparities occurring among older adults are 
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related to their economic class and require appropriate interven-
tions to formulate actions to supervise achievements.55,56) 

The NPHCE 
This program was initiated in 2010 to address the many health-re-
lated challenges faced by the older population. With the enuncia-
tion of the UN Convention on the Rights of Persons with Disabili-
ties, the National Policy on Older Persons, and the Maintenance 
and Welfare of Parents and Senior Citizens Act 2007, Section 20, 
the Ministry of Health and Family Welfare envisioned this pro-
gram. The goal was to develop a facility entirely dedicated to adults 
aged 60 years and above. However, these schemes have not been 
extensively analyzed to determine the increasing health burden of 
senior citizens in India.57-59) The 12th Five Year Plan covered 
around 100 districts each year and established 12 more regional 
geriatric centers in the chosen medical tertiary care hospitals na-
tionwide.60) 

NPHCE vision and strategies 
The vision of the NPHCE is to facilitate the best long-term com-
prehensive and dedicated services for active and healthy aging by 
making society affordable and accessible to the aging population. 
Table 2 specifies the NPHCE strategies required to implement the 
program for delivering better healthcare delivery to the older pop-
ulation.15,35) 

All strategies were guided by state- and national-level govern-
ments at various levels of the healthcare system.61)  

Schemes and Programs of the Government of India for the 
Welfare of the Older Population 
The Ministry of Social Justice and Empowerment is a key ministry 
for senior welfare. The Ageing Division of the Department of So-

cial Justice and Empowerment’s Social Defence Bureau is respon-
sible for implementing policies and initiatives. The projects includ-
ed help from the government, non-governmental organizations 
(NGOs), Panchayati Raj Institutions, local governments, and the 
general public. The policies implemented by the government also 
promote voluntary organizations to enhance support for family 
care and assistance to vulnerable individuals.2,62) 

An integrated program for older adults 
The main goal is to improve the quality of care and provide justi-
fied shelter, food, and medical care to encourage productive active 
aging.63) The agencies listed include Panchayati Raj or local bodies, 
NGOs, government-established autonomous bodies, and charita-
ble trusts (Nehru Yuvak Kendra Sanghathan). 

The national policy for older persons (1999) 
This policy works with the assistance of the state to support and 
ensure the well-being of older adults. The policy’s goal is to safe-
guard older persons from exploitation and abuse, while also allow-
ing them to flourish by providing money, food stability, and hous-
ing. It also aims to build the best healthcare system to encourage 
self-sufficiency in this population. New amendments are in the 
process of finalization according to data. 

Maintenance and Welfare of Parents and Senior Citizens Act 
(2007) 
This act was based on the requirements of parents and older adults, 
as well as their prosperity. This act was not implemented in Jammu 
and Kashmir states, Himachal Pradesh, as these states have their 
own acts. Since the last decade, there has been a need to work on 
the provisions implemented nationwide with an aim for modern-
ization. In 2019, the bill was amended in Lok Sabha of this Act, 

Table 2. NPHCE strategies

Strategy Points to implement
Preventive and promotive care with nutrition The best life possible directed toward care to live a long and a healthy life.
Surveillance and management of illness Managing diseases associated with old age with the utmost care, real-time monitoring and independent  

assessment of the program, as well as geriatric research and NPHCE implementation.
Health man-power development for geriatric  

services
A community-based primary health care strategy that includes home visits by qualified healthcare personnel.

Medical rehabilitation and therapeutic  
interventions at primary health or community 
health centers

Physiotherapy units and the supply of machinery, equipment, training, additional human resources  
(community health centers), information, education, communication, etc.

Information, education, and communication To reach out to the target population, use mainstream media, folk media, and other communication channels.
District hospitals 10 bedded facilities with human resources and appropriate consumables and other resources.
Strengthening of regional geriatric centers Offer customized tertiary-level medical facilities for the older population, including the introduction of  

postgraduate courses in geriatric medicine and in-service training for all levels of health workers.

NPHCE, National Programme for Health Care of the Elderly.
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which included the definitions, monetary rewards, family mainte-
nance amounts, and nodal officers for senior citizens in every po-
lice station.34) In 2002, the Act was amended to state that older 
adults have the right to appeal for their necessities.54) 

Rashtriya Varishth Jan Swasthya Yojana (RVJSY) 
This scheme provides government health insurance to families be-
low the poverty line nationwide. AIIMS, New Delhi, and Madras 
Medical College, Chennai, are two National Centers for Aging 
(NCAs), where the NPHCE is conducted through the Centre for 
Health Informatics (CHI) to deal with data on geriatric facilities 
across the country. 

Pradhan Mantri Jan Arogya Yojana (PM-JAY) 
The Ministry of Health and Family Welfare, which is affiliated with 
Ayushman Bharat and the National Health Authority, has been ap-
proved to implement Ayushman Bharat (PM-JAY) nationwide, 
which is the second component under Ayushmann Bharat which 
was launched in 2018. It aims to cover approximately 50 crore 
(500 million) beneficiaries (vulnerable and poor families). Through 
the nation's public and private empanelled hospitals, it offers a 
health cover of Rs. 5 lakhs (500,000 rupees) per family per year for 
secondary and tertiary care hospitalization. Health benefit packag-
es 2.0 covers 867 packages and is split across 1,573 procedures. 
There were no constraints on family size, age, or gender. The pub-
lic sector continues to play an important role, particularly in the 
neglected areas of India.64,65) The initiative has also aided in the 
management of this issue by encouraging COVID-19 worker 
transportation in various sections of the country.66)  

Indira Gandhi national old age pension scheme 
The Indira Gandhi National Old Age Pension Scheme (IG-
NOAPS) was launched by the Indian Ministry of Rural Develop-
ment under the National Social Assistance Program (NSAP) in 
2007. It features senior citizens of India receiving monthly pen-
sions and no contribution required from pensioners. People aged 
60 to 79 years will be provided with a monthly pension of Rs. 200 
and older adults above 80 years will receive Rs. 500 per month as a 

pension. States were asked to provide the same level of help as the 
central government. The eligibility criteria for the scheme were 
men and women adults aged 60 years and above. 

The Pradhan Mantri Vaya Vandana Yojana (PNVVY) 
The PNVVY was launched in 2017 exclusively for people older 
than 60 years of age. The scheme was extended until March 2023, 
with an association with the Life Insurance Corporation of India. 
This insurance scheme has been in place for 10 years, with the 
amount of insurance ranging from Rs. 162,162 to Rs. 1,500,000, 
which is paid monthly, quarterly, half-yearly, and annually. Other 
ministries, such as the Ministry of Finance, the Ministry of Road 
Transport and Highways, the Ministry of Railways, and the Minis-
try of Consumer Affairs, Food, and Public Distribution, also pro-
vide schemes to support older adults and make them self-suffi-
cient. Table 3 shows other ministries implemented provisions con-
sidering health in the country. 

Other plans and initiatives 
Other plans and initiatives include the National Action Plan for the 
Welfare of Senior Citizens (NAPSrC), the Scheme of Integrated 
Programme for Senior Citizens, the State Action Plan for Senior 
Citizens, the Convergence with Initiatives of other Ministries/De-
partments in Government of India in the field of Senior Citizens 
Welfare (CWMSrC), National Awards for Senior Citizens-Vay-
oshreshtha Samman, the Rashtriya Vayoshri Yojana: Scheme for 
Providing Physical Aids and Assisted-Living Devices for Senior 
Citizens, and the Senior Citizens Welfare Fund, which provides 
provisions, programs, schemes, and Walkathons mostly on Octo-
ber 1 every year in India. All these schemes and programs have the 
same goals to protect and secure the lives of senior citizens, with an 
enhanced approach to hospitalization and greater financial security. 

Packages of Services Provided to Older People under the 
NPHCE 
(1)  Subcenters (SCs): Provide services for healthy aging educa-

tion by experts and routine domiciliary visits with family edu-
cation to maintain the health of bedridden or older adult pa-

Table 3. Other ministries implementing health-based provisions

Ministry Concession and facility
Ministry of Railways For the comfort of certain people, particularly older adults, wheelchairs are offered at all intersections, District  

Headquarters, and other significant stations. Ramps have also been built for wheelchairs.
Ministry of Consumer Affairs, Food, and 

Public Distribution
The Antyodaya Scheme offers food grains to households below the poverty line and older adults at extremely low  
prices.

Protection of the Life and Property of Senior 
Citizens

A comprehensive Action Plan has been implemented for the protection of the lives and property of older adults.
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tients who are disabled. They also provide suitable supportive 
devices from the primary health center to allow older patients 
to be ambulatory and run operational support groups in their 
localities. 

(2)  Primary health center (PHC): Provide a weekly geriatric clinic 
managed by a trained medical officer who maintains the re-
cords of the visit in a standard format provided by the govern-
ment of India. PHCs conduct routine check-ups with basic 
clinical examinations, such as eye examinations, blood pres-
sure, and blood sugar check-ups. In addition, free medicines 
are provided, with appropriate advice on chronic diseases. 
PHCs also raise health awareness and offer rehabilitation in 
health and village sanitation camps or days. Referral services 
are also provided to CHCs or district hospitals (DHs) as per 
requirements. 

(3)  Community health center (CHC): CHCs are considered the 
first referral unit from the PHC and lower levels. CHCs also 
implement two weekly geriatric clinics with physiotherapy and 
counseling units for older persons. The other provided ser-
vices include domiciliary visits for bedridden patients and re-
ferrals to DHs.  

(4)  NCA: NCAs involve multidisciplinary clinical services of 
medical and surgical disciplines. They also provide day-care 
services with special clinics, such as memory/fall/syncope/
frail/implants and cosmetic clinics. A special focus on patients 
aged 75 years and above is given to intensive care services and 
acute rehabilitation. 

Thus, the NPHCE provides different levels of service packages. 
The program constitutes an integrated program in conjunction 
with the National Rural Health Mission and State and District 
Health Societies. 

Dedicated Geriatric OPD Services under the NPHCE 
While India has implemented numerous programs aimed at the 
senior population in recent decades, geriatric health clinics, geriat-
ric physicians, and caregivers remain insufficient to provide proper 
care for older adults. Long-term care for older adults with physical 
and mental issues is referred to as geriatric or older adult care. Out-
patient department (OPD) care is one of the most important and 
highly recommended services at all levels of the health care deliv-
ery system. Geriatric OPD is still in its infancy in India; however, a 
national survey showed that more than 80% of medical profession-
als and interns reported a need for specialized OPDs for geriatric 
services.67) 

(1)  DHs: Provide regular dedicated OPD for the older age group 
with facilities for labs and investigations for ailments and rou-

tine check-ups. DHs consist of 10 bedded geriatric wards cov-
ering specialties such as medicine, orthopedics, and ophthal-
mology for acute and chronic ailments. Patients referred from 
PHCs and CHCs are treated, and camps are also conducted 
for screening. From DHs, patients with severe cases are re-
ferred to tertiary hospitals. 

(2)  Regional geriatric center (RGC): These specialized OPDs in-
clude 30 beds for geriatric inpatient wards, including depart-
ments such as medicine, neurology, surgery, urology, and psy-
chiatry, and laboratory facilities with special collection centers. 
Patients are referred from medical colleges, DHs, and below. 

Comprehensive geriatric outpatient care offers older adult pa-
tients a thorough treatment plan and access to social services, 
which lowers the demand for medical resources. 

Achievements in the implementation of the NPHCE6) 

(1)  The development of primary and secondary geriatric care ser-
vices in all districts: One hundred districts were sanctioned for 
NPHCE services during the 11th plan period, while 421 dis-
tricts were sanctioned to provide specialized geriatric OPD, in-
patient department (IPD), physiotherapy, and lab services 
during the 12th plan period. All 713 districts were sanctioned 
for geriatric primary and secondary care services, including 
OPD, IPD, physiotherapy, and laboratory services, with the re-
maining 114 districts sanctioned in 2019–2020. 

(2)  Tertiary-level activities of the NPHCE: The “Rashtriya Varisth 
Jan Swasthya Yojana” (2016–2017)—NPHCE has sanctioned 
19 RGCs at selected medical colleges in 18 states to provide 
tertiary care services in the form of specialist OPDs, 30-bed 
wards in RGCs, including earmarked beds in various special-
ties such as urology, orthopedics, and ophthalmology as well 
as personnel development and research activities. Currently, 
18 RGCs provide outpatient treatment, 16 RGCs provide in-
patient services, 14 RGCs provide physiotherapy, and 13 
RGCs provide laboratory services. Two NCAs have also been 
established as Geriatric Care Centers of Excellence. A 200-bed 
NCA has been built and is active in the COVID ward at Ma-
dras Medical College in Chennai, while another NCA is under 
construction at AIIMS in New Delhi. 

(3)  Comprehensive geriatric care training modules: Three sets of 
training modules for medical officers, nurses, and communi-
ty-based workers were established to provide comprehensive 
geriatric care. Chhattisgarh, Meghalaya, Haryana, and Punjab 
have held state-level training of the trainers of medical officers 
for comprehensive geriatric care. Tamil Nadu and Maharashtra 
produced approximately 236 state-level master trainers and 85 
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national master trainers, including 27 medical officers, 26 staff 
nurses, and 32 community-based workers.  

(4)  NPHCE website (https://main.mohfw.gov.in/major-pro-
grammes/Non-Communicable-Diseases/Non-Communica-
ble-Diseases-1): This website provides detailed information 
about geriatric facilities and services via the CHI as the man-
agement information system.  

(5)  Information and education communication: Awareness of the 
myths, stereotypes, and social stigma is the most important 
step and makes stakeholders cognizant of geriatric care. Au-
dio/video data are used for the geriatric age group. Other ma-
terials, including hard copy material and posters, should be 
available in English, Hindi, and all other regional languages. 

(6)  Monitoring and evaluation/audit: At all levels, the Union Min-
istry of Health and Family Welfare, as well as the Directorate 
General of Health Services, will continue to monitor and as-
sess the program. Implementing World Health Organization’s 
“Age-Friendly Primary Health Care Centres Toolkit” will assist 
persons of all ages to improve the quality of their care.68) Village 
panchayats work best in monitoring health service delivery 
and also assist in planning reproductive and child health ser-
vices.69,70) The knowledge gap can also be addressed by en-
hancing communication between stakeholders.71) 

Advancements in the operationalization of programme activities, 
2020–2021 
According to the Progress Report, between April and December 
2020, 19 RGCs, 18 operational OPD, 16 indoor wards, 14 physio-
therapy services, and 13 laboratory services were sanctioned. A to-
tal of 718 DHs were sanctioned by the government, in addition to 
584 operational OPDs, 507 indoor wards, 445 physiotherapy ser-
vice units, and 539 laboratory services. A total of 4,869 CHCs were 
sanctioned, with 3,111 operational OPDs; however, no indoor 
wards were operational. Physiotherapy and laboratory services ac-
counted for 1,131 and 2,408 units, respectively. A total of 18,407 
PHCs were sanctioned, including 10,180 operational OPDs; how-
ever, no provision for indoor wards, physiotherapy, and laboratory 
services units was reported. 

Provision of geriatric care services, 2019–2020 
The Annual Progress Report from April 2019 to March 2020 list-
ed nine services: OPD care services, indoor admissions, physio-
therapy care, lab tests, number of older adults screened and given a 
health card, number of older adults provided home care services, 
number of older adults provided supportive devices, cases referred, 
and cases died in the hospital. These services were divided into 
RGCs, DHs, CHCs, PHCs, and SCs. Thus, the 133,545 OPD care 

services were provided in RGCs, 7,567,744 in DHs, 7,016,670 in 
CHCs, 9,032,922 in PHCs, and 2,843,211 in SCs, totaling 26 mil-
lion. The total of 0.96 million indoor admissions included 9,992 in 
RGCs, 688,966 in DHs, 269,286 in CHCs. The 1.5 million phys-
iotherapy care units comprised 34,637 in RGCs, 754,186 in DHs, 
and 2,348,922 in CHCs. The 9.07 million laboratory testing ser-
vices included 230,749 in RGCs, 4,215,883 in DHs, 2,348,922 in 
CHCs, and 2,275,600 in PHCs. The 0.24 million older adults who 
received home care services included 11,157 in DHs, 92,657 in 
CHCs, 68,674 in PHCs, and 68,783 in SCs. The 0.047 million 
older adults who received supportive devices included 4,820 in 
DHs, 18,006 in CHCs, 7,256 in PHCs, and 17,502 in SCs. The 
0.22 million referred case included 32,017 in DHs, 59,202 in 
CHCs, 65,057 in PHCs, and 64,119 in SCs. The 0.019 million 
deaths in hospitals included 17,026 in DHs, 2,156 in CHCs, and 
384 in PHCs. 

The expected outcomes of the NPHCE focus on most health is-
sues.72,73) Fig. 1 illustrates the implementation of the NPHCE in 
India.74) 

Human resource development 
The Medical Council of India announced 15 MD geriatric medi-
cine seats as a curriculum. This course provides more insights into 
geriatric care. Over 3,000 doctors have been trained and have pro-
vided service to geriatric patients in diverse areas for > 16 years. 
NCAs were created in AIIMS, New Delhi, and Madras Medical 
College, Chennai, as part of the NPHCE, with key duties includ-
ing interdisciplinary team training, research, and healthcare deliv-
ery in the field of geriatrics.75)  

Training manual for medical officers for older adult care 
The care of older individuals requires a holistic approach, which is 
addressed in this training module. The manual outlines the com-
ponents of geriatric evaluation, including physical, mental, psycho-
logical, and socioeconomic aspects, as well as comorbidity profiles, 
diet, and medical utilization.76) 

Challenges to the implementation of NPHCE 
Table 4 layout the challenges with their assertion on what issues 
implementing NPHCE.77) 

Concerns regarding Tribal Populations 
With 8.6% of the population being tribal, India faces challenges in 
closing the healthcare gap between tribal and nontribal residents. 
The current scenario inevitably results in lower levels of economic 
achievement,78) with only 56% of children receiving all recom-
mended vaccinations, as evidenced by an infant mortality rate of 
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Fig. 1. The National Programme for Health Care of the Elderly (NPHCE) implementation pyramid. Modified from Operational Guideline of 
NPHCE. 6) NCD, non-communication disease; CHC, community health center; PHC, primary health center.

National NCD level

Progression

District NCD level

State NCD level

Regional Geriatric Centre
Geriatric Wards (30 beds) Tertiary level

District hospital
Daily Geriatric Clinics

CHC/PHC
Geriatric Clinic on fixed days

Sub-center
Home-based care

Table 4. NPHCE challenges2,73)

Challenge Statement
Demographic deviation Population aging is caused by reduced fertility, lower mortality, and increased survival at later ages
Developing infrastructure for tertiary care To create state-of-art centers and rehabilitation
Immunization and therapeutic approaches for the care of  

older persons
An organized, comprehensive approach to patient care by understanding the components of  

geriatric assessment
Treatments provided by medical professionals Multi-dimensional treatment from all pathologies
Acute care of older adults Mobile services for emergency care
Advocacy of public-private partnership as a collaborative  

strategy
Government initiatives involving private and public sectors

Merging and adapting service programs and monitoring data 
for older persons into the current monitoring system of the 
HWC.

Age-friendly environments, research on healthy aging by developing programs for sustainability, 
equitability, and equity

Health issues Multiple disabilities with chronic diseases galvanize mental health problems

44.4% and an under-5-year mortality rate of 57.2%.79) Additionally, 
11% of the tribal population believes that nobody can stop diseases 
since it is God’s will. Other research suggests that this population 
believes that sickness is caused by hostile spirits, ghosts, breaking 
certain taboos, and godly curses.80) One of the most important 
challenges in providing healthcare for the tribal population is en-
suring timely access. Older adults are more vulnerable to health 
conditions with multiple comorbidities. Hence, it is essential to 
work on the reorganization of service delivery mechanisms in trib-
al areas. A recent tribal India report suggested offering a broader 
range of 15 types of services, including geriatric and palliative 
healthcare services, through tribal health and wellness centers.79) 

Healthcare delivery to isolated older adults in such tribal settings 
can be aided by medical outreach camps and mobile health clinics. 
The attendance of tribal older people at health facilities may be in-

creased by offering emergency transportation, hiring health work-
ers from tribal communities, and establishing tribal counselors 
who make weekly visits to tribal hamlets to raise awareness of 
health issues and encourage healthy behaviors.81) 

Ongoing Research 

Longitudinal Ageing Study in India (LASI) 
In 2016, the Ministry of Health and Family Welfare in India began 
a country-level scientific review of health, economic, and social 
factors, and the aftereffects of India’s aging population of 45 years 
and older. The International Institute for Population Sciences 
(IIPS) Mumbai was maintained as India’s National Nodal Agency 
for the LASI survey. Technical support for Wave I of LASI was 
provided by the Harvard T.H. Chan School of Public Health 
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(HSPH) and the University of Southern California.6,82,83) 

LASI Initiation 
Wave I of the LASI was conducted from April 2017 to December 
2018 and enrolled 72,250 older adults. The LASI includes data 
from four domains: health, health care and health care financing, 
social, and economic. The findings of Wave I were released on Jan-
uary 6, 2021.25,84,85) Table 5 specifies the goals for conducting the 
longitudinal aging study in India. The LASI is the largest global 
longitudinal aging study in terms of sample size, providing com-
prehensive and internationally comparable high-quality scientific 
data on the overall well-being of older adults in India. The LASI 
involves 30 states and 6 union territories, which cover 640 districts.  

The LASI gathers information on four important subject ar-
eas76):  

(1)  Disease burden and risk factors in health (reported and mea-
sured).  

(2)  Healthcare and healthcare financing. 
(3)  Social: programs for older persons in the family, social net-

works, and social welfare. 
(4)  Economic: earnings, wealth, spending, employment, retire-

ment, and pension. 

A multivariate decomposition analysis of LASI data among old-
er adults in 2017–2018 reported that older women are the highest 
priorities for health care professionals and necessitate the early 
prediction of disability, as well as the preservation of daily func-
tioning.86) The initial findings of the LASI revealed that older Indi-
ans face a wide range of health, social, and financial insecurities, 
with significant heterogeneity across several dimensions.87) 

CONCLUSION 

While the NPHCE is a good initiative, it requires more monitoring 
and increased involvement of policymakers and stakeholders. 

These efforts are helping to develop a universal, accessible, and af-
fordable long-term care service system with high-quality upstream 
prevention to postpone impairment and offer support services for 
family caregivers. The NPHCE prepares families for the worst cir-
cumstances and constructs a framework for each family to become 
a valuable participant in such programs. Public health measures 
could provide better national transport systems, provide buildings 
designed for the old people, adapt the course of the nature of the 
life cycle of older adults, and create a space for the psychological 
growth of newly experienced ideas. 

This can be achieved through the education of health profes-
sionals, routine health check-ups, centralized specialized geriatric 
OPDs, and support and funding from the government at every 
level of the healthcare delivery system. Boys and girls from tribal 
communities with little formal education can be educated as com-
munity health workers and encouraged to work in their local 
neighbourhoods. LASI has performed a comprehensive nation-
wide study of the health, economic, and social factors, and implica-
tions of India’s population ageing. It is necessary to look forward to 
preventing communicable and non-communicable diseases at 
each healthcare level. Efforts should be made in line with family 
support, social well-being, and measures to address psychological 
issues. Providing corporate statutes to geriatric healthcare services 
will galvanize the healthcare delivery system and encourage 
healthy ageing. 
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Background: Dancing is a type of physical activity that has been associated with physical bene-
fits in older adults. Regular dancing can help maintain physical function and improve the quality 
of life in this population. This review evaluated randomized control trials (RCTs) of the effective-
ness of dance programs on the physical function of healthy older adults. Methods: We systemat-
ically searched four databases (PubMed, Google Scholar, Embase, and ThaiLis) through December 
2021 for primary studies evaluating dance programs in healthy older adults aged 60 years and 
over. The meta-analysis used a random-effects model to compute the effect sizes using a forest 
plot and Cochran’s Q and I2 statistics as heterogeneity measures. Results: Eight types of dance 
programs showed significantly improved physical function. Muscle strength was assessed using 
the five times sit-to-stand test (I2=89%; p=0.003), chair-sit-to-stand-30S test (I2=75%; 
p=0.006), and 30-s arm curl test (I2=22%; p=0.260). Static balance was evaluated using the 
Berg-balance scales test (I2=0%; p=0.620) and the one-leg-stand test (I2=32%; p=0.220). Dy-
namic balance was tested based on the time up-and-go and eight-foot up-and-go tests (I2=51%; 
p=0.110). Flexibility was assessed based on the back-scratch (I2=56%; p=0.130) and sit-and-
reach test (I2=0%; p=0.930). Conclusion: Dance exercise programs improved muscle strength, 
balance, and flexibility. Such programs are effective and safe for healthy older adults for use as 
daily exercise to promote health. Therefore, researchers, healthcare providers, and policymakers 
should establish properly organized dance interventions to improve physical function in healthy 
older adults. 
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INTRODUCTION 

The world’s population has transitioned into an aging population. 
Developed countries, such as the member states of Europe and 
North America, have become aging societies.1) Japan, an Asian 
country, has also progressed to a super-aged community. Thailand 
is ranked second in aging societies among ASEAN countries after 
Singapore. The Office of the National Economic and Social Devel-
opment Board (NESDB) has predicted that Thailand would be-

come an aging society in 2021. That is, people aged 60 years or 
above account for 20% of the population. In 2036, Thailand is pre-
dicted to become a super-aged community, with 30% of the popu-
lation aged 60 years and over.2) 

Dancing is a participatory activity, a method for socialization, 
and reflects the national culture of each country. International liter-
ature describes Chinese dance exercises, such as Tai Chi Chuan as 
popular and characterized by the inclusion of breath and body 
movement. These exercises also induce concentration and calm.3,4) 
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The modified tap dance in the United States is a native American 
art form focusing on ankle and foot movement.5) Korean tradition-
al dance in Korea is a slow-tempo exercise to accompany the mu-
sic.6,7) In Thailand, exercises are performed with various musical 
accompaniments, including Muay Thai aerobic dance, Khon 
dance, Seng Sanai (Isan traditional dance), Applied Ancient Muay 
Dance, and Thai Dance. Indeed, studies in Thailand were consis-
tent with international investigations of body movement exercises 
accompanied by music. This increased the research evidence relat-
ed to dance and promoted good health in older adults.8-11) 

However, evidence from randomized control trials (RCTs) ex-
amining the effectiveness of dance programs on physical function 
among healthy older adults is limited. Most studies were in patients 
with Parkinson's, dementia, and lumbar stenosis. The results of 
these different studies were inconclusive regarding which program 
was appropriate to slow body deterioration in healthy older adults. 
A recent meta-analysis by Liu et al.12) examined the effectiveness of 
dance on physical function in healthy older adults. The physical 
function outcomes were balance function, mobility function, en-
durance performance, gait, and general health. Likewise, Blan-
co-Rambo et al.13) examined the effectiveness of dancing in reduc-
ing the risk of falls in older adults. Fall risk is assessed by time up-
and-go (TUG), Berg-balance scales test (BBS), and one-leg-stand 
test. Physical function can be evaluated by measuring muscle 
strength based on the five times sit-to-stand test (FTSS), 30-s arm 
curl test (30AC), or chair-sit-to-stand-30S test (30CST). The 
present systematic review and meta-analysis collected data from 
previous studies to determine the effectiveness of various dance 
programs on relevant issues to make informed decisions about 
choosing the most appropriate dance program for older adults. 
Therefore, this study reviewed the literature on the effects of dance 
programs on physical function in healthy older adults to prevent 
and slow the deterioration of the body. 

MATERIALS AND METHODS 

Search Strategy 
This review was conducted using the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA)14) checklist 
and flow diagram (Fig. 1) up until December 2021. We searched 
the PubMed, Google Scholar, Embase, and ThaiLis databases us-
ing keywords based on the PICO framework: P (healthy elderly), 
I (dance program), C (control group), and O (physical function) 
and the following keywords: “Dance program” (“Line dance” OR 
“Muay Thai aerobic dance” OR “Korean traditional dance” OR 
“Tai Chi Chuan exercise”) AND “Physical function” AND 
“Healthy elderly” (“older adults” OR “elderly”). 

The criteria for inclusion in the meta-analysis were (1) pub-
lished RCTs on the effects of dance programs (Line dance, Muay 
Thai aerobic dance, Korean traditional dance, and Tai Chi Chuan 
exercise) on the physical function of both female and male healthy 
older adults; (2) participant age 60 years and over without physical 
mobility limitations, and (3) sufficient data to perform the me-
ta-analysis, including the mean, standard deviation (SD), and the 
sample size of both experimental and control groups. The exclu-
sion criteria were qualitative research, review articles/editorial arti-
cles, proceedings, unavailable full text, and meta-analyses.  

Search Outcomes 
One researcher first searched the specified databases for data using 
the keywords above to identify studies meeting the inclusion crite-
ria. Screening of the titles and abstracts revealed 18 relevant studies 
from PubMed, 49 from Google Scholar, 2 from Embase, and 42 
from ThaiLis. Next, two researchers read the titles, abstracts, and 
research content carefully. A total of 52 publications were eliminat-
ed due to duplications (n = 21), systematic review and meta-analy-
sis (n = 23), lack of focus on healthy older adults (n = 5), and pilot 
studies (n = 3). Differences of opinion between the two research-
ers were resolved through discussion with a third researcher. The 
systematic review and meta-analysis included a total of seven stud-
ies.  

Quality Appraisal 
We examined the heterogeneity of the seven studies based on fun-

Excluded by full articles:
• Not full papers (n=8)
• Not dance program (n=23)

Excluded by different testing methods/
outcomes (n=8)

Excluded by titles and abstract:
• Duplicates (n=21)
• Systematic review and meta-analysis (n=23)
• Not healthy elderly (n=5)
• Pilot studies (n=3)

Record identified through 
database searching:
• PubMed 18
• Google Scholar 49
• Embase 2
• ThaiLis 42
(n=111)

Record screened (n=59)

Full-text article assessed 
for eligibility (n=15)

Included studies (n=7)

Fig. 1. Flowchart of study selection for meta-analysis. Adapted from 
the PRISMA Guidelines.14)
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nel plots using Review Manager (RevMan) version 5.4. The stud-
ies on the effects of dance programs on physical function tended to 
have publication bias in all four areas: muscle strength, static bal-
ance, dynamic balance, and flexibility. The assessment results of 
the risk of bias for each issue were classified according to selected 
research reports. We assessed the quality of the seven selected 
RCTs according to the PRISMA guidelines. The seven types of 
bias were evaluated and categorized as low, high, or unclear risk. 
The assessment results were 71.43% for random sequence genera-
tion (selection bias), 71.43% for allocation concealment (selection 
bias), 14.29% for blinding of participants and personnel (perfor-
mance bias), 28.57% for blinding of outcome assessment (detec-
tion bias), 100% for incomplete outcome data (attrition bias), 
100% for selective reporting (reporting bias), and 100% for other 
bias (Fig. 2). 

Data Extraction 
We developed a form to extract data to perform the systematic lit-

erature review. The details in Table 1 included the author’s name, 
the publication year, the country of publication, the research ob-
jectives, information on the experimental and control groups, the 
details of the dance programs and assessment of the physical func-
tion of healthy older adults, and the research results. 

Data Analysis 
We synthesized the general data by summarizing the points of in-
terest; namely, the effects of dance programs on the physical func-
tion of healthy older adults. We then analyzed the descriptive sta-
tistics using the available information from the samples. The mean, 
SD, and sample sizes of the experimental and control groups were 
used in the meta-analysis performed using RevMan version 5.4. 
The heterogeneity between each selected research study was test-
ed using Cochran’s Q and I2. The statistical significance was set at 
the 0.05 level. The acceptable criteria for I2 were: not significant 
(0%–24%), low heterogeneity (25%–49%), medium heterogene-
ity (50%–74%), and high heterogeneity (75%–100%).15) The 

Fig. 2. Risk of bias graph and summary.
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publication bias of the research was reported based on funnel plots. 
The statistical significance was set at the 0.05 level. 

PHYSICAL FUNCTION OUTCOMES 

Muscle Strength 

FTSS 
The FTSS is the most common method used to assess leg strength 
in older adults. Each participant is instructed to sit and stand from 
a chair repeatedly as quickly as possible with their arms folded 
across the chest to assess the risk of falling. The cut-off scores refer 
to the time used to categorize the participants as at risk or not at 
risk of falling. The cut-off scores are ≥ 11 seconds. Participants 
with FTSS times above this threshold are 4.40 times more likely to 
fall compared to those below the threshold. The FTSS test effec-
tively predicts falls in older adults.16) 

30AC 
Each participant is instructed to sit on a chair with the dominant 
upper arm extended to the side. The forearm is placed parallel to 
the floor with the palm facing the body while holding a 2-kg 
dumbbell. After hearing the “start” signal, each older adult curls the 
arm holding the dumbbell by bending the elbow completely and 
then lowers the arm until the elbow is straight. The total number 
of controlled arm curls performed in 30 seconds is counted. The 
participants use their other hand to support the elbow of the curl-
ing arm to prevent injury. The score is the total number of arm 
curls performed in 30 seconds.17) 

30CST (times) 
30CST tests lower body strength. Each older adult is instructed to 
fold both arms across the chest and sit in the middle of a chair. Af-
ter hearing the “start” signal, the participant must stand straight 
from the sitting position. The number of full stands and sits in 30 
seconds is counted (the back of the participant must be straight 
against the wall or the assistant holds the back of the chair to pre-
vent the chair from sliding backward during the test). The score is 
the total number of stands within 30 seconds.18) 

Static Balance 

BBS 
The BBS measures the balance ability by performing 14 sitting and 
standing activities. Each activity is rated from 0 to 4 based on the 
participant’s capacity, need for assistance, and the time spent per-
forming the test. The total test score is 56 points. BBS scores < 45 

points indicate a high risk of falls. The BBS is a highly accurate and 
reliable tool for balance assessment.16) 

One-leg stance with eyes open and with eyes closed 
One-leg stances with eyes open and closed are used to assess bal-
ance ability. The participant is instructed to stand with both heels 
on the edge of a drawn rectangle measuring 33 cm × 38 cm. The 
feet must be aligned and at shoulder width. The participant stands 
on the dominant leg and keeps the body upright and the hips 
straight. The non-dominant knee is then bent to 90º. The time 
elapsed from the start of the test to when the participant touches 
the ground with the non-dominant leg, felt the other leg, or could 
not bend the knee at 90º is recorded. The test is performed twice 
and the average time (in second) is used.16) 

Dynamic Balance 

TUG and UPGO 
The TUG is a 3-m balance test used to measure the time required 
to rise from the chair, walk to turn around a cone and return to sit 
on the chair. Times ≥ 20 seconds to complete this task indicate a 
significant problem with dynamic balance. Times of 10–19 sec-
onds indicate mild to moderate balance problems. Finally, times of 
< 10 seconds indicate an average dynamic balance.16) The UPGO 
is a test of balance over 2.44 m.  

Flexibility 

Back-scratch test 
The back-scratch (BS) test upper body flexibility with the hands 
crossed behind the back and attempting to touch the fingers. The 
distance between the middle fingers of both hands is measured in 
inches. The measurements are performed twice, with the best val-
ue recorded.19) 

Sit-and-reach test 
The sit-and-reach test (SRT) test is used to evaluate lower body 
flexibility. First, the participant warms up by stretching the back 
and posterior leg muscles for 10–15 seconds 2–3 times on each 
other side. Next, the participant is instructed to remove their shoes 
and sit on the floor with their legs fully extended and the bottoms 
of their bare feet against the SRT testing box. The inner edges of 
both heels are aligned with the hip. The participants then slowly 
reach forward as far as possible with extended arms to place one 
hand on with the palms facing down. The stretch is held for ap-
proximately 2 seconds with the legs fully extended and knees 
straight. The furthest distance along the top of the SRT testing box 

www.e-agmr.org

200 Suparat Sooktho et al.



where the fingertip can touch the scales is measured. If the partici-
pant’s knees are bent or if there is a jerky movement while testing, 
the attempt is not scored. The participant performs the test twice 
and the furthest distance is recorded.17) 

RESULTS 

Muscle Strength 

FTSS test 
The analysis of FTSS test data applied a fixed mean difference. 
Among 100 healthy older adults from two full-text studies, 50 
(50%) showed decreased FTSS test scores after receiving the 
dance intervention, with a mean difference of -1.16 (-1.79, -0.52) 
and an I2 of 89%. The subgroup analysis included 100 subjects 

from two full-text studies. The asymmetric graph distribution on 
the funnel plot (Fig. 3) indicated that these studies were prone to 
publication bias. In addition, the fixed model was employed. The 
heterogeneity was high (75%–100%) (I2 = 89%; p = 0.003) (Fig. 
4A). 

30AC test 
The analysis of 30AC test data applied a fixed mean difference. 
Among 89 healthy older adults from two full-text studies, 45 
(51%) showed increased 30AC test scores after receiving the 
dance intervention, with a mean difference of 5.84. (4.06, 7.63) 
and an I2 of 22%. The subgroup analysis included 89 subjects from 
two full-text studies. The asymmetrical graph distribution on the 
funnel plot (Fig. 3) indicated that these studies were prone to pub-
lication bias. In addition, the fixed model was employed. The het-

Fig. 3. Analysis of five times sit-to-stand test (FTSS), 30-s arm curl test (30AC), chair-sit-to-stand-30S test (30CST), and Berg-balance scales test 
(BBS) of healthy older adults.
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erogeneity was at the level of “not be important” (0%–24%) 
(I2 = 22%, p = 0.260) (Fig. 4B). 

30CST test 
The analysis of 30CST test data applied a fixed mean difference. 
Among 127 healthy older adults from four full-text studies, 66 

(52%) showed increased 30CST test scores following the dance 
intervention, with a mean difference of 7.51 (5.83, 9.18) and an I2 
of 75%. The subgroup analysis included 127 subjects from four 
full-text studies. The asymmetrical graph distribution (Fig. 3) indi-
cated that these studies were prone to publication bias. In addition, 
the fixed model was used. The heterogeneity was high (75%–

Fig. 4. Funnel plot analysis: (A) five times sit-to-stand test (FTSS), (B) 30-s arm curl test (30AC), (C) chair-sit-to-stand-30S test (30CST), (D) 
Berg-balance scales test (BBS), (E) one-leg stand test, (F) time up-and-go test (TUG) and eight-foot up-and-go test (UPGO), (G) back scratch 
test (BS), and (H) sit-and-reach test (SRT).

0

0.2

0.4

0.6

0.8

1

0

0.5

1

1.5

2

0

1

2

3

4

5

0

1

2

3

4

5

0

0.2

0.4

0.6

0.8

1

0

0.1

0.2

0.3

0.4

0.5

0

1

2

3

4

5

0

1

2

3

4

5

SE (MD) SE (MD)

SE (MD) SE (MD)

SE (SMD) SE (SMD)

SE (MD) SE (MD)

(MD) (MD)

(MD) (MD)

SMD SMD

MD MD

p=0.003 p=0.260

p=0.006 p=0.620

p=0.220 p=0.110

p=0.260 p=0.930

-10 -100

-20 -10

-4 -2

-100 -20

-5 -50

-10 -5

-2 -1

-50 -10

0 0

0 0

0 0

0 0

5 50

10 5

2 1

50 10

10 100

20 10

4 2

100 20

AA

CC

EE

GG

BB

DD

FF

HH

www.e-agmr.org

202 Suparat Sooktho et al.



100%) (I2 = 80%; p = 0.006) (Fig. 4C).  

Static Balance 

BBS test 
The analysis of BBS test data applied a fixed mean difference. 
Among 79 healthy older adults from two full-text studies, 40 
(51%) showed increased BBS scores after receiving the dance in-
tervention, with a mean difference of 3.65 (2.59, 4.70) and an I2 of 
0%. The subgroup analysis included 79 subjects from two full-text 
studies who had received the dance intervention. The asymmetri-
cal graph distribution on the funnel plot (Fig. 3) indicated that 
these studies were prone to publication bias. 

In addition, the fixed model was used. The heterogeneity level 
was categorized as “not important” (0%–24%) (I2 = 0%; p = 0.620) 
(Fig. 4D). 

One-leg stance with eyes open 
The analysis of one-leg stand test data applied a fixed standard 
mean difference. Among 53 healthy older adults from two full-text 
studies, 27 (51%) showed increased one-leg stand test scores, with 
a mean difference of 0.63 (0.07, 1.19) and an I2 of 32%. The sub-
group analysis of one-leg stand test results after receiving the dance 
intervention included 53 individuals from two full-text studies. 
The graph distribution on the funnel plot was asymmetrical (Fig. 
5). Therefore, these studies were prone to publication bias. In ad-
dition, the fixed model was employed. The heterogeneity was low 
(0%–24%) (25%–49%) (I2 = 32%; p = 0.220) (Fig. 4E). 

Dynamic Balance 

TUG and UPGO tests 
The analysis of UPGO data used a fixed standard mean difference. 
Among 205 healthy older adults from four full-text studies, 103 in-
dividuals (50.25%) showed decreased UPGO scores following the 
dance intervention, with a mean difference of -0.85 (-1.14, -0.56) 
and an I2 of 51%. The analysis of UPGO after the dance interven-
tion in four full-text studies (subgroup analysis) included 205 indi-
viduals. The asymmetric graph distribution on the funnel plot 
(Fig. 5) indicated that these studies were prone to publication bias. 
In addition, a fixed model was employed. Medium heterogeneity 
(50%–74%) (I2 = 51%; p = 0.110) was observed (Fig. 4F). 

Flexibility 

BS test 
The analysis of BS test data used a fixed mean difference. The anal-

ysis of 62 healthy older adult samples from two full-text studies 
showed increased BS test scores in 32 individuals (52%) receiving 
the dance intervention, with a mean difference of 7.05 (4.03, 
10.07) and an I2 of 56%. The subgroup analysis included 62 sub-
jects from two full-text studies. The asymmetric graph distribution 
on the funnel plot (Fig. 5) indicated that these studies were prone 
to publication bias. In addition, a fixed model was employed. Medi-
um heterogeneity (50%–74%) was observed (I2 = 56%; p = 0.260) 
(Fig. 4G). 

SRT test 
The analysis of SRT test data applied a fixed mean difference. 
Among 102 healthy older adults from three full-text studies, 52 
(51%) showed an increased SRT test score following the dance in-
tervention, with a mean difference of 7.09 (3.26, 10.93) and an I2 
of 0%. Subgroup analysis of SRT test results from three full-text 
studies included data from 53 older adults. The graph distribution 
of the funnel plot was asymmetrical (Fig. 5). Therefore, these stud-
ies were prone to publication bias. In addition, the fixed model was 
employed. The heterogeneity level was “not important” (0%–
24%) (I2 = 0%; p = 0.930) (Fig. 4H).  

DISCUSSION 

The results of the meta-analysis in this study demonstrated that 
dancing can help healthy older adults to move better. Based on the 
values of the variables, namely muscle strength, balance, and flexi-
bility, the groups receiving dance interventions had better perfor-
mance compared to the control group. 

Muscle Strength 
The analysis of the fixed mean differences in the FTSS, 30AC, and 
30CST test results revealed that high heterogeneity in the FTSS 
and 30CST tests (I2 = 89%; p = 0.003 and I2 = 75%; p = 0.006, re-
spectively). For the 30AC test, the heterogeneity was at the level of 
“not important” (I2 = 22%; p = 0.260). Each dancing program had 
different dance moves, rhythm, exercise duration, and sample 
number. 

The FTSS, 30AC, and 30CST tests are used to assess muscle 
strength. The FTSS and 30CST tests are used to evaluate the 
strength of the lower extremities while the 30AC test is used to 
measure the strength of the upper extremities. Previous studies 
reported significant increases in FTSS (p < 0.05) following the 
following dance interventions: ancient Thai boxing (from 
10.06 ± 3.00 to 9.30 ± 2.00 seconds)20) and modified tap dance 
(from 7.45 ± 1.51 to 6.44 ± 1.28 seconds).5) Both dance programs 
required different upper and lower extremity movements. The 
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Fig. 5. Analysis of the one-leg stand test, time up-and-go test (TUG) and eight-foot up-and-go test (UPGO), back scratch test (BS), and sit-and-
reach test (SRT) of healthy older adults.

modified tap dance program lasted 60 minutes. Each set from all 
eight groups focused on movements of the torso, ankles, knees, 
and arms. Every exercise set concentrated on increasing the mus-
cle strength of the center of mass, in addition to coordination and 
agility.21) Ancient Thai boxing was applied to the traditional box-
ing of Sakon Nakhon province, Phu Tai Noi, from the northeast-
ern region of Thailand. The sessions lasted 40 minutes, divided 
into 5, 30, and 5 minutes. The exercise consisted of 14 move-
ments of both arms and legs. However, the ancient Thai boxing 
exercise applied by Janyacharoen et al.20) consisted of 12 moves. 
The FTSS test of both dance programs increased the strength of 
the leg muscles responsible for hip flexion and hip extension and 
the muscles responsible for knee flexion-extension, such as the 
quadriceps, femoris, and hamstring muscles. 

Two dancing programs showed significant improvements in 
30AC test results (p < 0.05); namely, Tai Chi Chuan (from 
32.2 ± 3.7 to 32.5 ±  3.6 times)3) and Muay Thai aerobic dance 
(from 18.20 ± 3.60 to 22.00 ± 5.50 times).17) These programs fo-
cused on movements of the upper and lower extremities. Tai Chi 
Chuan lasted for 60 minutes, divided into 10, 40, and 10 minutes. 
This long-form Yang style includes 108 slow, soft, and stable move-
ments. In contrast, the Muay Thai aerobic dance lasted for 40 min-
utes, divided into 10, 20, and 10 minutes. This intervention con-
sisted of 11 and seven movements to exercise the lower and upper 
extremities, respectively. The 30AC test results of both dance pro-
grams indicated that exercising the arm muscles increased the 
strength of the muscles responsible for elbow flexion, including the 
biceps brachii. 

The analysis of the one-leg stand test

Study or subgroup

Favours [dance program]
-4 -2 0 2 4

Favours [control]

1. Tantiwiboonchai et al., 2017
2. Kim et al., 2018

Total (95% CI)

30.8
5

30
3.46

20
7

27

20
6

26

11.5
4.83

11
2.86

73.8%
26.2%

100.0%

0.84 [0.19, 1.49]
0.05 [-1.04, 1.14]

0.63 [0.07, 1.19]
Heterogeneity: Chi2=1.48, df=1 (p=0.22); I2=32%
Test for overall effect: Z=2.22 (p=0.003)

Dance program Control Mean difference Mean difference
Mean MeanTotal Total Weight IV, fixed, 95% CI IV, fixed, 95% CISD SD

The analysis of the back scratch test

Study or subgroup

Favours [dance program]
-20 -10 0 10 20

Favours [control]

1. Takeshima et al., 2017
2. Kim et al., 2018

Total (95% CI)

-5.1
10

12.1
4.4

25
7

32

24
6

30

-7.3
1.83

12.8
0.98

18.7%
81.3%

100.0%

2.20 [-4.78, 9.18]
8.17 [4.82, 11.52]

7.05 [4.03, 10.07]

Heterogeneity: Chi2=2.28, df=1 (p=0.13); I2=56%
Test for overall effect: Z=4.57 (p<0.00001)

Dance program Control Mean difference Mean difference
Mean MeanTotal Total Weight IV, fixed, 95% CI IV, fixed, 95% CISD SD

The analysis of the sit and reach test

Study or subgroup

Favours [dance program]
-20 -10 0 10 20

Favours [control]

1. Takeshima et al., 2017
2. Tantiwiboonchai et al., 2017
3. Kim et al., 2018

Total (95% CI)

14.9
10.8

33.14

7.8
8.2

8.67

25
20
7

52

24
20
6

50

8.3
4.1

24.83

15.1
10.8
4.75

32.0%
41.6%
26.4%

100.0%

6.60 [-0.17, 13.37]
6.70 [0.76, 12.64]
8.31 [0.85, 15.77]

7.09 [3.26, 10.93]

Heterogeneity: Chi2=0.14, df=2 (p=0.93); I2=0%
Test for overall effect: Z=3.63 (p=0.003)

Dance program Control Mean difference Mean difference
Mean MeanTotal Total Weight IV, fixed, 95% CI IV, fixed, 95% CISD SD

The analysis of the time up and go test and eight-foot up and go test (UPGO)

Study or subgroup

Favours [dance program]
-2 -1 0 1 2

Favours [control]

1. Takeshima et al., 2017
2. Tantiwiboonchai et al., 2017
3. Hosseini et al., 2018
2. Janyacharoen et al., 2018

Total (95% CI)

4.3
8.4

12.63
7.5

0.5
2.7

4.13
1.1

25
20
30
28

103

24
20
30
28

102

4.7
16.4
18.7
8.7

1.4
10.3
4.85
2.1

26.1%
18.9%
26.4%
28.6%

100.0%

-0.38 [-0.94, 0.19]
-1.04 [-1.71, -0.38]
-1.33 [-1.89, -0.77]
-0.71 [-1.25, -0.16]

-0.85 [-1.14, -0.56]

Heterogeneity: Chi2=6.07, df=3 (p=0.11); I2=51%
Test for overall effect: Z=5.75 (p=0.00001)

Dance program Control Mean difference Mean difference
Mean MeanTotal Total Weight IV, fixed, 95% CI IV, fixed, 95% CISD SD
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Four dancing programs showed significantly improved 30CST 
results: Tai Chi Chuan (from 32.40 ± 4.60 to 32.50 ± 4.7 times),3) 
Muay Thai aerobic dance (from 14.8 ±  4.6 to 19.7 ±  6.8 times),17) 
Korean traditional dance (from 12.86 ± 1.95 to 26.14 ± 5.27 
times),6) and yoga and Korean dance (from 14.35 ±  3.05 to 19.35 
±  4.60 times).7) These four programs focused on movements of 
the upper and lower extremities. Korean traditional dance consist-
ed of 11 moves that lasted 60 minutes, divided into 10, 40, and 10 
minutes.6) Yoga and Korean dance lasted 60 minutes, divided into 
5, 50, and 5 minutes. The exercise consisted of 4 positions of static 
balance (30 minutes) and six classes of dynamic equilibrium (20 
minutes).7) The 30CST test showed that all four dance programs 
focusing on the exercise of the hip and legs could increase the 
strength of the leg muscles responsible for hip flexion and exten-
sion and the muscles responsible for knee flexion-extension. 

Therefore, each dance program helped improve muscle strength 
among healthy older adults. In addition, dancing increased leg and 
arm muscle power due to aerobic exercises. Moreover, repetitive 
movements can increase the endurance and strength of leg and 
arm muscles, which are linked to motor control and learning based 
on the following aspects. (1) Cognitive: learning each form of the 
exercise. (2) Movement: some movements of the dancing exercis-
es may be anti-gravity, such as holding the leg up, resulting in new 
learning by the motor system. The resulting muscle contractions 
will help increase muscle strength. (3) Emotion: Before exercising 
by dancing, warm-up exercises are needed to prepare the muscles 
and prevent injuries. Moreover, cooling down after a workout re-
laxes and restores the body to its normal condition by stretching 
the muscles and slowing breathing.22) Therefore, dancing exercise 
in healthy older adults can increase muscle strength and ultimately 
promote health, maintain good mobility, and reduce the risk of 
falls. 

Static Balance 
The analysis of the BBS and the one-leg stand tests by the fixed 
mean difference showed that “not important” heterogeneity for 
the BBS (I2 = 0%; p = 0.620) and low heterogeneity for the one-leg 
stand test (I2 = 32%; p = 0.220). 

The BBS, one-leg stance with eyes open and one-leg balance 
with eyes closed are used to test static equilibrium. The BBS as-
sesses balance by performing 14 rounds of sitting and standing. 
The one-leg stance with eyes open is used to evaluate balance with 
eyes open, while the one-leg balance with eyes closed is used to as-
sess balance with eyes closed. Previous studies reported higher 
scores on these tests after dancing interventions. The BBS resulted 
in a significant improvement after ancient Thai boxing (from 
52.10 ± 5.10 to 54.90 ± 1.50 points)20) and a trend toward signifi-

cance after line dancing (from 48.10 ± 7.94 to 50.40 ± 4.56 
points).23) Line dancing requires continuous leg and back move-
ments in addition to weight transfer and posture control to move 
forward and backward, walk sideways, and turn the body. This 
dance style starts from easy to complicated movements. It requires 
60 minutes, divided into 10, 40, and 10 minutes.24) The BBS re-
vealed that ancient Thai boxing and line dancing increased static 
balance. However, while line dancing showed improvement in the 
BBS, the difference was not statistically significant (p > 0.05), like-
ly because the physical activity of line dance exercises did not alter 
the static balance in short-term studies.24) 

Muay Thai aerobic dance showed significantly improved one-
leg stance with eyes open (p < 0.05, from 17.70 ± 21.70 to 30.80 ±  
30.0 seconds).17) The difference was higher, although without sta-
tistical significance (p > 0.05), for Korean traditional dance (from 
3.71 ± 1.80 to 5.00 ± 3.46 seconds).6) 

The BBS, the one-leg stance with eyes open, and the one-leg 
balance with eyes closed improved because dance exercises in-
crease leg and back muscle strength and may also enhance the co-
ordination of the central nervous system, such as the cerebellum, 
which controls posture.25) 

Dynamic balance 
The analysis of UPGO using a fixed standard mean difference 
showed a medium heterogeneity (I2 = 51%; p = 0.110). These two 
tests use a similar test method with slightly different measurement 
distances. 

The UPGO is used to test dynamic balance. The TUG assesses 
emotional balance at a distance of 3 m, while the UPGO assesses 
dynamic balance at 2.44 m. (1) Tai Chi Chuan showed a signifi-
cant improvement (p < 0.05) (from 19.23 ± 5.31 to 12.63 ± 4.13 
seconds), lasting 55 minutes, divided into 5, 35, 5 minutes4); (2) 
Muay Thai aerobic dance (from 10.6 ± 2.0 to 8.4 ± 2.7 seconds)17) 
and (3) ancient Thai boxing exercise (from 9.00 ± 1.70 to 7.50 ± 
1.10 seconds) also showed improvements.20) The UPGO test re-
sults were significantly improved (p < 0.05) after Tai Chi Chuan 
(from 4.40 ± 0.60 to 4.30 ± 0.50 seconds).3) 

Dance exercises can increase the strength of the muscles respon-
sible for balance and motion and the nerve signals from the visual 
system, including postures, movements, and the vestibular system. 
Dancing could result in a better relationship between exercise and 
surroundings, allowing for better posture control during move-
ment.23)  

Flexibility 
The analysis of the BS and SRT tests using a fixed mean difference 
showed medium (I2 = 56%; p = 0.130), and not important (I2 = 0%; 
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p = 0.930) levels of heterogeneity, respectively. 
The BS and SRT tests were used to assess upper and lower body 

flexibility, respectively. 
Korean traditional dance significantly improved the BS test re-

sults (from 5.00 ± 1.38 to 10.00 ± 4.40 cm) (p < 0.01).6) While Tai 
Chi Chuan improved the BS test results, the difference was not sta-
tistically significant (from -5.40 ± 12.20 to -5.10 ± 12.10 cm) 
(p > 0.05).3) Both dance exercises increase upper body flexibility; 
namely, the muscles around the shoulder joints and arm muscles, 
as shoulder and arm movements are required to perform these ex-
ercises. 

Muay Thai aerobic dance significantly improved the SRT test 
results (from 8.20 ± 6.90 to 10.80 ± 8.20 cm) (p < 0.05),17) while 
Tai Chi Chuan and Korean traditional dance showed non-statisti-
cally significant improvements in SRT test results (Tai Chi Chuan: 
from 14.70 ± 7.70 to 14.90 ± 7.80 cm,3) Korean traditional dance: 
from 28.93 ± 7.25 to 33.14 ± 8.67 cm, p > 0.05).6) These three 
dance programs increased lower body flexibility; namely, lower 
back and posterior leg muscles, as these dances require body and 
leg movements. 

Therefore, repetitive movements in each posture cause the mus-
cles to relax. For example, static stretching before and after exercise 
causes the muscle fibers and tendons to stimulate the Golgi tendon 
and send signals to the alpha motor neuron, inhibiting muscle ac-
tivity and inducing muscle relaxation.24) However, Tai Chi Chuan 
showed no statistically significant improvement in BS and SRT 
test values.3) Additionally, the Korean traditional dance exercises 
showed no statistically significant improvements in SRT test val-
ues.6) These findings may be the result of complex and unfamiliar 
exercise postures, which resulted in no statistical differences even 
after 12 weeks of exercise. 

LIMITATIONS 

This meta-analysis has several limitations. First, we searched only 
four electronic databases, which might limit our findings and their 
generalizability. Future studies should include multiple databases 
(e.g., Scopus, Web of Science, and Cochrane) to increase the num-
ber of primary studies. Second, we focused only on peer-reviewed 
papers of RCTs assessing the effects of dance programs on physical 
function. Future studies should consider other study designs (e.g., 
quasi-experimental study), which might increase the uniqueness 
of the meta-analysis. Future studies should also include “gray” liter-
ature (e.g., unpublished studies, abstracts, or conference proceed-
ings) to provide a balanced review and reduce publication bias. 
Third, we included only Thai and English languages. Future stud-

ies should include other languages in the evaluation of the effects 
of dance programs on physical function performance in healthy 
older adults. which may have been omitted. Finally, this study pre-
sented the results for various dance programs such as Tai Chi Ch-
uan, Muay Thai aerobic dance, Line dance, Korean traditional 
dance, and ancient Thai boxing exercises. However, the differences 
in movements and rhythm, as well as duration may affect the re-
sults of the meta-analysis according to the variables, namely muscle 
strength, static balance, and flexibility. Therefore, research evi-
dence is insufficient based on the analysis of these variables. In ad-
dition, the term “physical function” used in the search may be too 
broad, leading to the inclusion of a limited number of studies in the 
meta-analysis. 

CONCLUSION 

The results of the current meta-analysis confirmed that dance pro-
grams improve physical performance in healthy older adults. 
Moreover, these programs are valuable and safe for this population. 
The evidence in this study tends to support the American College 
of Sports Medicine. Furthermore, the dance programs resulted in 
significantly improved physical performance, e.g., muscle strength, 
static balance, dynamic balance, and flexibility. The programs were 
effective and safe; hence, they should be used as daily exercise to 
promote health in healthy older adults. However, this study did 
not consider older adults with health problems that require local 
rehabilitation, such as patients with osteoarthritis who cannot lose 
weight due to knee joints. Water walking is the recommended 
form of exercise in these patients, as the water helps support the 
body weight and reduces joint pressure. Therefore, researchers, 
healthcare providers, and policymakers should establish properly 
organized dance interventions to improve physical functions in 
healthy older adults or others according to context and appropri-
ateness.  
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INTRODUCTION 

The epidemic caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) that began in the city of Wuhan in the 
People’s Republic of China in late 2019 has affected over 28 mil-
lion people and caused nearly 900,000 deaths globally. This num-
ber has continued to increase, and it is now believed that SARS-
CoV-2 has become endemic.1) Besides comorbidities, age is a poor 
prognostic factor in individuals with coronavirus disease 2019 
(COVID-19). In Korea and Italy, approximately 80% and 90% of 
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Background: Among all patients infected with coronavirus disease 2019 (COVID-19), the older 
adult population was the most affected, with 80%–90% of fatalities occurring in this group. The 
effectiveness of convalescent plasma (CP) in older adults is considerably more restricted than 
that in adults, resulting in a demand for data on the efficacy of therapeutic CP in older adults. 
This meta-analysis of updated literature examined the effect of CP in older adults with COVID-19. 
Methods: Relevant literature was identified from studies indexed in the Cochrane, PubMed, and 
Google Scholar databases between December 2019 and April 2022. The primary outcome was 
all-cause mortality. Risk estimates were pooled using a random-effects model. The risk of bias 
was assessed by regression-based Egger test using the relative risk (RR) and upper and lower 
confidence intervals (CIs) of the three included studies. Results: Among 377 studies identified, 
three full-text studies that included 1,038 patients met the inclusion criteria. The results of our 
meta-analysis showed that CP administration lowered the mortality risk in older adults with 
COVID-19 (RR=0.47; 95% CI, 0.26–0.86; p=0.01; I2=0%, p<0.81). CP therapy was more useful if 
delivered early in the course of the disease (within 72 hours of onset) and in less severe stages of 
the disease. Mortality tended to be lower in the high-titer group. Conclusions: CP treatment was 
significantly associated with a lower risk of mortality in older adults with COVID-19 than in pa-
tients not administered CP. The timing of CP administration is critical since earlier treatment after 
disease onset was associated with a better prognosis. 
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fatalities occurred in patients aged > 70 years and 60 years, respec-
tively. Similar patterns were observed in other countries affected by 
COVID-19.2) Older adults with COVID-19 also have a longer 
hospital stay, increased healthcare costs, and, even if they survive, 
an altered quality of life. 

Age is a significant factor related to COVID-19 severity and clin-
ical manifestations. Older adults with COVID-19 have a higher 
death rate because of the disease’s high case fatality rate and symp-
tomatic infection rate.2) Numerous studies have indicated that ad-
vanced age is a significant risk factor for COVID-19 mortality. Age 
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also affects the time between hospitalization and mortality, as well 
as viral clearance.3) Inflammaging is a phenomenon in which the 
presence of systemic basal inflammatory mediators increases with 
age, regardless of acute immunological assaults. This chronic, low-
grade inflammation has been hypothesized to be the cause of sev-
eral chronic disorders related to aging.4) Because inflammation is a 
major pathogenic mechanism in COVID-19, inflammaging may 
lead to worse prognosis in older adults with COVID-19.5) Addi-
tionally, inflammation plays a significant role in immunosenes-
cence, a term that refers to general changes that occur in the im-
mune system with age, including a decreased ability to fight new 
infections.4) 

Few therapies for the treatment of COVID-19 are effective; 
some therapies have been abandoned and others are undergoing 
evaluation. Several techniques have been investigated, including 
the administration of particular antibodies found in convalescent 
plasma (CP).6) While several meta-analyses investigating the bene-
fits of CP in adults have failed to demonstrate its efficacy in de-
creasing death rates, the meta-analysis by Klassen et al.7) demon-
strated a lower death rate among CP-transfused patients with 
COVID-19 than among non-CP-transfused patients with 
COVID-19. The effectiveness of CP in older adults is considerably 
less studied than that in adults, resulting in a high demand for the 
evidence of the efficacy of therapeutic COVID-19 CP in older 
adults. Consequently, there remains a lack of consensus regarding 
the use of CP in older patients with COVID-19. Thus, we con-
ducted this systematic review and meta-analysis to assess the exist-
ing data and provide evidence of the efficacy of CP for older adults 
with COVID-19. We also provided an overview of the prospective 
advantages of CP therapy in older adults with COVID-19. 

MATERIALS AND METHODS 

Eligibility Criteria 
We included all research articles analyzing the outcomes of CP use 
in older adults with COVID-19. We independently screened eligi-
ble publications based on the following inclusion criteria: older 
adults with COVID-19, English language, and original articles. We 
excluded non-research articles (e.g., case reports or series, review 
articles, letters to the editor, study protocols, editorials, or com-
mentaries) and studies with insufficient data. 

Search Strategy and Study Selection 
We performed this meta-analysis according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analysis (PRIS-
MA) statement.1) We systematically searched the PubMed, Direc-
tory of Open Access Journal, and Cochrane Central Register of 

Controlled Trials databases using the search terms (“Coronavirus 
Disease 2019” OR “COVID-19” OR “novel coronavirus pneumo-
nia” OR “2019-nCoV” OR “SARS-CoV-2”) AND (“older adults”) 
AND (“convalescent plasma”) on January 30, 2021. The full search 
terms are presented in Supplementary Table S1. Duplicate results 
were excluded. We independently screened the abstracts of the re-
maining articles for relevance. We then read the remaining articles 
to include those that fulfilled our criteria. The final inclusion of the 
studies was based on the agreement of all authors. Any disagree-
ment between the authors was resolved by consensus. We assessed 
the full texts of the remaining articles according to the inclusion 
and exclusion criteria and evaluated the quality of the observation-
al cohort studies using the Newcastle-Ottawa Quality Assessment 
Scale. Study quality was categorized as poor (score 0–3), fair 
(score 4–6), or high (score 7–9). We assessed randomized con-
trolled trials (RCTs) using a checklist guide from the Center of Ev-
idence-Based Medicine.  

Data Extraction  
All authors independently performed data extraction using stan-
dardized forms that included the author, year of study, study de-
sign, country of study, number of samples, location of study, age, 
method of CP administration, and outcome. Disagreement among 
authors was addressed using a protocol for discussion to achieve 
agreement. The outcome of this study was mortality. 

Definitions of Older Adults, COVID-19, and CP 
Older adults were defined as those aged ≥ 65 years.2) COVID-19 
positivity was defined as a nasopharyngeal swab positive for 
SARS-CoV-2 by polymerase chain reaction assay. Standard care 
was provided to each patient based on the standard protocol of the 
respective centers. The convalescent plasma administration proto-
cols were performed in the respective centers. The volume varied 
between 250 mL and 300 mL among studies based on patient 
clinical responses. 

Statistical Analysis 
We used Review Manager 5.4.1 (https://training.cochrane.org/
online-learning/core-software/revman) and Stata version 16 
(StataCorp LLC, College Station, TX, USA) to perform the me-
ta-analysis. The effects of CP administration on mortality in older 
adults with COVID-19 were presented as relative risks (RRs). We 
calculated dichotomous variables using the Mantel–Haenszel for-
mula. The RR was reported with a 95% confidence interval (CI) 
for dichotomous variables. The p-value was two tailed, and statisti-
cal significance was set at p < 0.05. 

We assessed heterogeneity using the Q-statistic and I2 tests. The 
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I2 statistic measured the percentage of total variation across the 
studies due to clinical or methodological heterogeneity rather than 
chance. We applied a random-effects model in the analysis to bet-
ter represent the population. To the assess small-study effect and 
publication bias, we performed a regression-based Egger test.3) We 
did not perform a funnel plot analysis owing to the limited number 
of studies. 

Ethics Approval and Consent to Participate 
Ethical statements and consent for publication were not applicable 
to this review and meta-analysis. Our study is registered in PROS-
PERO (ID: CRD42022312006) and complied with the ethical 
guidelines for publication.8) 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.9) 

RESULTS 

Baseline Characteristics and Study Selection 
The qualitative and quantitative syntheses (meta-analysis) includ-
ed 1,038 patients from three studies (Fig. 1).1,6,10) The characteris-
tics of the included studies are presented in Table 1. The critical 
appraisals for each study are presented in Table 2. Two studies 
were observational, while one was a randomized, double-blind, 

placebo-controlled trial. Male patients comprised 46.89% of the 
study participants. The lowest mean age reported in the studies 
was 77.2 ± 8.6 years.6) 

Records identified from:
• Databases (n=377)

○ PubMed: 364
○ DOAJ: 13

• Registers (n=8,722)
○ CENTRAl: 8,722

Identification of studies from databases and registers

Records screened (n=7,124)

Reports sought for retrieval 
(n=4)

Reports assessed for 
eligibility (n=4)

Studies included in the 
review (n=3)

Reports of included studies 
(n=3)

Records removed before screening:
• Duplicate records (n=13)
•  Records marked as ineligible by 

automation tools (n=1,962)

Records excluded based on the 
abstract and title (n=7,120)

Reports not retrieved (n=0)

Reports excluded:
• Protocol: 1

Id
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Fig. 1. Flowchart of the search strategy.

Table 1. Demographic and clinical characteristics of the included studies

Study Year Design Country
Sample Age (y)

Time  
administration

Volume and titer CP 
administration Outcome

Total CP vs.  
control Total CP vs.  

control
Franchini  

et al.1)
2021 Observational Italy 755 22 vs. 733 87 (82–90) N/A 7 (4.5–8) days 

after symptoms
1 to 3 units of CP  

(300 mL per unit) 
( ≥ 1: 160)

Mortality rates at 28 
days and at the end 
of follow-up: 66 
(48–80) days

Libster  
et al.6)

2021 Randomized,  
double-blind, 
placebo- 
controlled trial

Argentina 160 80 vs. 80 77.2 ± 8.6 76.4 ± 8.7 vs.  
77.9 ± 8.4

< 72 hours after 
symptoms

250 mL of CP 
( > 1:1000)

In-hospital mortality

Romon  
et al.10)

2021 Observational Spain 123 41 vs. 82 86.7 ± 5.02 86.7±5.02 vs. 
85.9±4.39

7 (4–10) days  
after symptoms

300 mL of CP  
(low titer, < 1: 250; 
high titer, > 1: 250)

In-hospital mortality

Values are presented as median (interquartile range) or mean±standard deviation.
CP, convalescent plasma.

Table 2. Critical appraisal using the Newcastle-Ottawa Quality Assessment Scale (NOS) for the included studies

Study Design Selection Comparability Outcome Validity Importance Applicability
Franchini et al.1) Observational *** ***
Romon et al.10) Observational **** * ***
Libster et al.6) RCT (+) (+) (+)

RCT, randomized controlled trial.
*, one point on NOS Scale. ***, three points on NOS Scale. ****, four points on NOS Scale. (+), yes.
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The inclusion criteria differed among studies. Franchini et al.1) 
included older adults with COVID-19 in a long-term care facility, 
in which 31.8% and 48.2% had moderate and severe COVID-19, 
respectively. Libster et al.6) included patients with at least one of 
each sign or symptom in the following two categories for < 48 
hours: a temperature of at least 37.5°C, unexplained sweating, or 
chills and dry cough, dyspnea, fatigue, myalgia, anorexia, sore 
throat, dysgeusia, anosmia, or rhinorrhea. Romon et al.10) included 
all adult patients with COVID-19 with radiologically confirmed 
pneumonia according to the criteria of the patient’s physician and 
ability to receive standard treatment.  

The methods of CP administration differed among studies. 
Franchini et al. provided the number of units of CP based on pa-
tient clinical response. Fifteen, six, and one patient received one, 
two, and three CP units, respectively. The median interval between 
the first and second CP administrations was 3 days (interquartile 
range [IQR], 3–12 days). The third CP unit was administered 3 
days after the second CP unit.1)  

CP Administration and Patient Mortality 
CP administration lowered mortality risk in older adults with 
COVID-19 (RR = 0.47; 95% CI, 0.26–0.86; p = 0.01; I2 = 0%, 
p < 0.81) (Fig. 2). 

We also assessed the effects of CP administration on oxygen sat-
uration, intensive care unit (ICU) admission, and length of stay as 
secondary outcomes; however, we did not carry out meta-analysis 
analysis because of the limited number of studies and lack of data. 
The following sections describe the outcomes. 

Patient oxygen saturation increased after CP administration 
from 93% (91%–95%) to 96% (95%–97%; p < 0.01) on day 3, 
97% (95–97%; p < 0.001) on day 7, and 98% (97%–98%; 
p < 0.001) on day 14.1) Severe respiratory disease developed in 13 
patients (16%) in the CP group and 25 patients (31%) in the pla-
cebo group (RR = 0.52; 95% CI, 0.29–0.94; p = 0.03).6) 

Although Libster et al.6) observed less severe respiratory disease 
in the CP group, Romon et al.10) reported that ICU admission and 
length of stay did not differ between the CP and control groups. 

Two patients (4.9%) in the CP group and seven patients (8.5%) in 
the control group were admitted to the ICU (p = 0.467). The me-
dian lengths of stay in the CP and control groups were 11 (9–16) 
and 11 (7.5–16) days, respectively (p = 0.073).10) 

Publication Bias 
We analyzed publication bias with a regression-based Egger test 
using the RR, upper CI, and lower CI of the three included studies. 
The regression-based Egger test showed no small-study effects 
(p = 0.810). 

DISCUSSION 

Compared to without CP, CP treatment was significantly related 
to a lower risk of mortality in older adults with COVID-19 
(RR = 0.47; 95% CI, 0.26–0.86; p = 0.01; I2 = 0%, p < 0.81). To 
date, few meta-analyses have investigated the effects of CP in older 
adults. Kloypan et al.11) reported that CP significantly lowered the 
chance of all-cause mortality by 31% compared to usual therapy 
(pooled RR = 0.69; 95% CI, 0.56–0.86; p = 0.001; I2 = 50.1%) in 
47 patients; however, they included all adult populations and not 
specifically older adults. In contrast, in their meta-analysis, Janiaud 
et al.12) reported that CP therapy had no meaningful effect on all-
cause mortality or any other clinical outcomes in patients with 
COVID-19. Across all 10 RCTs, the summary RR was 1.02 (95% 
CI, 0.92–1.12). These contradictory results were most likely 
caused by differences in the time of administration, disease severi-
ty, and titer level. Several studies have demonstrated that the po-
tential of CP to inhibit the course of COVID-19 is time depen-
dent. Early (within 72 hours) delivery of high-titer CP to older 
adults with mild COVID-19 slowed disease progression. Early 
treatment resulted in reduced progression of the disease of 40%–
60% compared to control.1) In one study of patients in Houston, 
mortality was lower only among those who received CP within 72 
hours of admission.13) Moreover, a large multicenter study in the 
United States demonstrated lower 7-day mortality among hospi-
talized patients who received transfusions within 72 hours of diag-

Fig. 2. Forest plot and relative risk for the association of convalescent plasma administration with mortality in older adults with COVID-19.

Study of subgroup
Franchini 2021
Libster 2021
Romon 2021

Total (95% CI)
Total events
Heterogeneity: Tau2=0.00; Chi2=0.41, df=2 (p=0.81); I2=0%
Test for overall effect: z=2.46 (p=0.01)
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nosis than among those who received transfusions later.14)  

While more participants in the study by Libster et al.6) showed 
relative mortality risk reduction of 48%, the trial administered 250 
mL of CP with an IgG titer > 1:1000 within 72 hours after the on-
set of mild COVID-19 symptoms. The results of this trial demon-
strated a dose-dependent IgG effect in CP infusions. Plasma with 
IgG titers of 1:3200 or higher reduced the risk of severe respiratory 
disease by 73%.6) Similarly, Romon et al.10) reported in-hospital 
mortality rates of 26.8% for controls and 14.6% for patients admin-
istered CP (p = 0.131). Moreover, the ICU admission rates were 
8.5% and 4.9%, respectively (p = 0.467). Mortality tended to be 
lower in the high-titer group (9.5%) than in the low-titer group 
(20%) and in patients transfused within the first 7 days of symp-
tom onset (10%) than in patients transfused later (19.1%).10) 

Franchini et al.1) reported that 22 patients with COVID-19 were 
transfused with 30 CP units (median 1; IQR 1–2): 15 patients 
(68.2%) with one CP unit, six (27.3%) with two CP units, and one 
(4.5%) with three CP units. Each unit contained 300 mL. Seven 
CP units (23.3%) had a neutralizing antibody titer of 1:80, 18 
(60.0%) had a titer of 1:160, and five (16.7%) had a titer of 1:320. 
The median interval between symptom onset and the first CP 
transfusion was 7 days (IQR 4.5–8 days). This study reported a 
significantly overall mortality rate of 13.6% (3/22) compared to 
the control group—38.3% (281/733), p < 0.02, corresponding to 
a 65% reduction in mortality risk.1) Several parameters showed 
varying decreases in all tests performed (white blood cell, lympho-
cyte, and platelet counts and aspartate aminotransferase, alanine 
aminotransferase, ferritin, IL-6, CRP, lactate dehydrogenase, and 
D-dimer levels) during follow-up. In particular, ferritin levels de-
creased by 24% and 44% on days 3 and 14, respectively, following 
CP infusion. Similarly, IL-6 concentration decreased by 29% and 
56%.1) 

CP collected from patients who have recovered COVID-19 and 
with humoral immunity against the virus includes many antibod-
ies that can neutralize SARS-CoV-2 and eliminate the pathogen 
from blood circulation and pulmonary tissues.11,15) In older adults 
who are severely or critically ill, lung alveoli macrophages or epi-
thelial cells can release large amounts of pro-inflammatory cyto-
kines and chemokines, which attract monocytes and neutrophils 
to the infection site to remove the virus and infected cells, resulting 
in uncontrolled inflammation. This results in increased macro-
phage infiltration and consequently, reduced lung function. Thus, 
the most important aspect of CP is that antibodies can kill or stop 
SARS-CoV-2 and prevent viral replication.11) In patients with 
COVID-19, including immunocompromised people, CP treat-
ment enhances SARS-CoV-2 clearance, indicating an antiviral ef-
fect. Viral neutralization is hypothesized to suppress the inflamma-

tory response, thereby decreasing the risk of excessive immune re-
sponse and preventing lung injury, disruption of gas exchange, and 
mortality.7) Antibody-mediated interference with viral replication 
could lead to increased tissue repair and lower mortality. In addi-
tion, patients who received CP transfusions expressed fewer in-
flammatory markers, such as chemokines, IL-6, and CRP.16) 

Although our meta-analysis did not specifically analyze oxygen 
saturation and ICU length of stay owing to limited study findings, 
we aimed to describe how CP administration might also help en-
hance oxygen saturation and decrease the duration of ICU stay. 
Oxygen saturation improved following CP injection, from 93% 
(91–95%) to 96% (95–97%; p <  0.01) on day 3, 97% (95–97%; 
p < 0.001) on day 7, and 98% (97–98%; p < 0.001) on day 14.1) 
Severe respiratory disease developed in 13 patients (16%) in the 
CP group and 25 patients (31%) in the placebo group (RR = 0.52; 
95% CI, 0.29–0.94; p = 0.03).6) This finding is also consistent with 
that reported by Allahyari et al.17) who found that CP administra-
tion dramatically improved oxygen saturation and ameliorated 
acute respiratory distress syndrome (ARDS) when administered 
early in the disease course. They also reported that patients with 
mild ARDS administered CP (PaO2/FiO2 >  200 and <  250) re-
covered significantly more quickly than healthy control (p = 0.046). 
While the proportion of discharged patients with moderate ARDS 
(PaO2/FiO2 ≥ 100 and ≤ 200) was similarly higher in the plasma 
group (55.6 % vs. 33.3 % in the control group), the difference was 
not statistically significant. Both groups discharged the same num-
ber of patients with severe ARDS (PaO2/FiO2 < 100) (1 of 4 pa-
tients, 25%). Therefore, CP therapy may be more useful if deliv-
ered early in the course of the disease and before the patient be-
come critically ill, thus bolstering the concept of CP efficacy in less 
severe stages of the disease.  

The impact of timing of administration on outcomes may be 
due to macrophage activation. Older adults with COVID-19 may 
experience higher macrophage activation and innate immune cell 
migration to lung tissues, resulting in more severe inflammation 
and pulmonary injury. Inhibition of this system may help prevent 
cytokine storms and lung injury. This was also reinforced by a re-
cent study that reported increased chemokines for innate immune 
cells in patients with COVID-19 within the first 7 days of infec-
tion.18) Furthermore, in the absence of an acute injury, aged indi-
viduals have a higher stage of inflammation. Therefore, providing 
CP in the early stages of illness may minimize the degrees of sys-
temic inflammation and cytokine storm. 

Romon et al.10) reported that ICU admission and length of stay 
did not differ between the CP and control groups. Two patients 
(4.9%) in the CP group and seven patients (8.5%) in the control 
group were admitted to the ICU (p = 0.467). The median lengths 
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of stay in the CP and control groups were 11 (9–16) and 11 (7.5–
16) days, respectively (p = 0.073). This lack of difference was most 
likely due to the late administration of CP in their trial. The medi-
an times between symptom onset and hospitalization to CP ad-
ministration were 7 days (IQR 4–10) and 1 day (IQR 0–2), re-
spectively. A previous study suggested that the early administra-
tion of CP based on symptoms and less severe disease may have a 
greater effect on CP therapy. Abolghasemi et al.,19) reported that 
CP transfusion within 3 days of hospitalization resulted in a great-
er overall proportion of patients (98.2%) who were discharged 
compared to Allahyari et al.,17) in which a median time from 
symptoms to CP administration of 4.41 days showed a lower per-
centage of patients who recovered and were discharged (78.1%). 
Thus, CP transfusion improved patient clinical outcomes by re-
ducing the duration of stay in the hospital, the requirement for 
non-invasive mechanical ventilation and intubation, and the fatal-
ity rate. 

This meta-analysis had some limitations. First, some studies 
were observational cohorts that provided weaker strength of evi-
dence compared to RCTs. Second, the limited number of studies 
may have produced false-positive results. Third, we did not consid-
er comorbidities in predicting the mortality risk. However, older 
adults often have multiple comorbidities that affect mortality risk. 

In conclusion, compared to patients not administered CP, CP 
treatment was significantly associated with a lower risk of mortality 
in older adults with COVID-19. The timing of CP administration 
is critical since earlier onset of disease are associated with better 
prognosis. 
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Calf Circumference Measurement Protocols for Sarcopenia Screening: 
Differences in Agreement, Convergent Validity and Diagnostic Performance 
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Background: Although recommended by the Asian Working Group for Sarcopenia 2019 consen-
sus (AWGS’19) as a screening tool for sarcopenia, there remains no consensus regarding the po-
sition (sitting, standing) or laterality (right, left) for the measurement of calf circumference (CC). 
This study aimed to determine the agreement between CC measurements, correlations with mus-
cle mass and function, and diagnostic performance for sarcopenia screening. Methods: We stud-
ied 176 healthy community-dwelling older adults (mean age, 66.8±7.1 years) from the GER-
ILABS-2 study. CC was measured using non-elastic tape in four ways: left and right sides in the 
sitting and standing positions. Sarcopenia was diagnosed using the AWGS’19 criteria. We pro-
duced Bland-Altman plots to assess the agreement, partial correlations for muscle mass and 
function to compare convergent validity, and area under the receiver operating characteristic 
curve (AUC) to compare diagnostic performance. Results: The prevalence rate of sarcopenia was 
17.4%. Sitting CC was larger than standing regardless of laterality (right 35.31±2.95 cm vs. 
34.61±2.74 cm; left 35.37±2.96 cm vs. 34.70±2.83 cm; both p<0.001), consistent with the sys-
tematic bias on Bland-Altman plots showing the overestimation of sitting over standing mea-
surements (right bias=0.70 cm; 95% confidence interval [CI], -0.48–1.88; left bias=0.67 cm, 95% 
CI, -0.35–1.68). After adjusting for age and sex, CC was significantly correlated with appendicular 
skeletal mass, hand grip strength, knee extension, gait speed, chair stand, and short physical per-
formance battery. Although right-sided CC measurements had better diagnostic performance 
(AUC=0.817), the difference was not statistically significant compared to the other positions 
(p>0.05). The optimal cutoff was <34 cm for all measurements, except for the left standing posi-
tion (cutoff <35 cm). Conclusion: Standing CC measurements are recommended for sarcopenia 
screening in community-dwelling older adults because of their good agreement without system-
atic bias, convergent validity, and diagnostic performance.  
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INTRODUCTION 

Sarcopenia is a geriatric syndrome characterized by age-related loss 
of muscle mass, impaired muscle strength, and physical perfor-
mance.1) Sarcopenia is highly prevalent, especially in older men, 
and results in an increased risk of frailty and negative outcomes in-

cluding disability, falls, and mortality.2) Given the implications for 
disease burden and public health, early detection by screening for 
individuals at risk in the community or primary care setting is a 
priority.3) Calf circumference (CC) is recognized by the Asian 
Working Group for Sarcopenia 2019 consensus (AWGS’19)1) and 
the World Health Organization4) as a marker of muscle mass in 
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older adult individuals. The results from different studies support 
the utility of CC as a surrogate marker for muscle mass measure-
ment.5-8) CC shows a good correlation with measurements of skel-
etal muscle mass using dual-energy X-ray absorptiometry (DXA) 
and bioelectrical impedance analysis (BIA)6) and moderate to high 
sensitivity and specificity in predicting sarcopenia.5,7,8) In addition, 
CC predicts the disability risk in older adults.9) Unsurprisingly, the 
AWGS’19 recommended CC as a screening tool for sarcopenia in 
the community setting.6,8,10) 

At present, there is wide variation in how CC is measured for 
sarcopenia screening due to the heterogeneity in measurement 
protocols. While the AWGS’19 recommends measuring the maxi-
mum value of both calves using a non-elastic tape, it offers no spe-
cific guidance on the position (standing vs. sitting) and laterality 
(left vs. right) for measurement. In terms of position, several stud-
ies10-13) have used the sitting position, similar to the Mini Nutri-
tional Assessment (MNA) protocol, to assess the risk of malnutri-
tion,14-16) albeit using higher cut-offs than the MNA for sarcopenia 
screening. Other studies have used the standing position,6,7,17) con-
sistent with recommendations from the International Society for 
the Advancement of Kinanthropometry (ISAK).18) While there is 
a consensus to measure CC at the widest part of the calf, there is 
less guidance in terms of laterality. Some studies specifically mea-
sured the non-dominant calf,11,12) while others used the average 
calf measurements6,7) or the maximum value of both calves accord-
ing to the AWGS’19 recommendations.5,13,19) 

Thus, there is currently a lack of agreement regarding the posi-
tion (standing or sitting) and laterality (right or left) in CC mea-
surement protocols for sarcopenia screening. It is unclear whether 
the lack of standardization in measurement protocols leads to sys-
tematic differences that can affect the reliability and validity of the 
readings. Currently, there is a paucity of studies directly comparing 
different CC measurement protocols. A recent Korean study re-
ported a larger area under the curve in receiver operating charac-
teristic analysis for CC measurements in the standing position 
compared to sitting for sarcopenia diagnosis.19) The authors con-
cluded that CC measurement on either side in the standing pos-
ture, regardless of the dominant hand, was an optimal method for 
screening for sarcopenia among community-dwelling older adults. 
However, the study did not compare the agreement or construct 
validity between the different CC measurement protocols. 

As CC measurement is a simple and easy-to-use tool that can 
serve as a proxy for expensive and non-accessible diagnostic imag-
ing modalities to assess muscle mass, knowledge of the ideal proto-
col to measure CC is essential for standardized measurements to 
ensure the reliability and accuracy of sarcopenia screening. There-
fore, the primary aim of the present study was to determine the 

agreement between four different CC measurements (right stand-
ing, right sitting, left standing, and left sitting). The secondary 
aims were to compare the convergent validity via correlation with 
muscle mass and function and the diagnostic performance for sar-
copenia screening among healthy community-dwelling older 
adults.  

MATERIALS AND METHODS  

Study Population 
This cross-sectional study included 176 participants from the 
“Longitudinal Assessment of Biomarkers for characterization of 
early Sarcopenia and Osteosarcopenic Obesity in predicting frailty 
and functional decline in community-dwelling Asian older adults 
Study” (Geri-LABS-2). The details of this study were described 
previously.20) In brief, the Geri-LABS-2 is a prospective cohort 
study with an annual follow-up of 230 healthy community-dwell-
ing older adults aged 50–99 years who are functionally indepen-
dent in both basic and instrumental activities of daily living (bADL 
and iADL), have no history of dementia or cognitive impairment 
(modified Chinese Mini-Mental State Examination [mCMMSE] 
score < 21),21) and can walk 8 m independently. For the study du-
ration (between September 1, 2020, and April 30, 2021), we con-
tacted 211 participants for a second follow-up visit, of which 35 
(16.6%) declined. Thus, our study comprised 176 (83.4%) partic-
ipants who completed the assessments during the second fol-
low-up visit. Written informed consent was obtained from the par-
ticipants in the presence of a trained research assistant. This study 
was approved by the Institutional Review Board of the National 
Healthcare Group (No. NHG DSRB 2017/00850). 

Also, this study complied with the ethical guidelines for author-
ship and publishing in the Annals of Geriatric Medicine and Re-
search.22) 

Data Collection 
We collected baseline demographic information, including age, 
sex, ethnicity, and cardiovascular risk factors (hypertension, hyper-
lipidemia, diabetes, ischemic heart disease, atrial fibrillation, stroke 
or transient ischemic attack, and smoking). Anthropometric mea-
surements, including weight, height, body mass index (BMI), and 
CC, were recorded. We assessed cognition using the locally vali-
dated mCMMSE,21) mood using the 15-item Geriatric Depression 
Scale (GDS),23) and nutritional status using the MNA.14-16) Func-
tional status was assessed using the Modified Barthel Index 
(MBI)24) for bADL, Lawton and Brody’s Index for iADL,25) and 
the Frenchay Activities Index for everyday activities.26) Frailty and 
sarcopenia were assessed using FRAIL27) and SARC-F,28) respec-
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tively. 
We measured relative appendicular skeletal mass (ALM) using 

multi-frequency bioimpedance analysis (InBody 770; InBody, 
Seoul, Korea). Fat-free lean body mass in the four limbs was 
summed and standardized using the square of the height to obtain 
the relative appendicular skeletal mass. Muscle function was as-
sessed based on muscle strength and physical performance. For 
muscle strength, we measured the maximum hand grip strength 
using a hydraulic hand dynamometer (North Coast Medical Inc., 
Gilroy, CA, USA) and knee extension strength using an electronic 
push/pull dynamometer (BASELINE 12-0342; Fabrication En-
terprises Inc., White Plains, NY, USA).29) For physical perfor-
mance, we assessed the usual gait speed based on the time taken to 
walk 3 m and also measured the time taken to perform five chair 
stands with a sitting stop. The Short Physical Performance Battery 
(SPPB),30) a three-component test comprising balance, gait speed, 
and repeated chair stands, was administered as a gauge of overall 
physical performance. Sarcopenia was defined using the AWGS’19 
criteria as follows: (1) low muscle mass ( < 7.0 kg/m2 in male and 
< 5.7 kg/m2 in female); along with (2) low handgrip strength ( < 28 
kg in male and < 18 kg in female) and/or slow usual gait speed 
( < 1.0 m/s).1) 

Calf Circumference Measurement 
We conducted four CC measurements: right-standing, right-sit-
ting, left-standing, and left-sitting. Three trained research assistants 
performed the CC measurements in a standardized manner. The 
widest part of the calf was measured using a non-elastic tape. The 
tape was snugly applied flat on the skin and parallel to the floor in, 
taking care not to compress the calf. Sitting CC was first measured 
with the knee and ankle bent at a right angle and the feet flat on the 
floor. Standing CC was then measured with the feet at a shoul-
der-width distance for equal distribution of body weight. Altogeth-
er, we obtained four readings: the left and right sides in the sitting 
and standing positions, respectively. 

Statistical Analysis 
Statistical analyses were performed using IBM SPSS Statistics for 
Windows, version 23.0 (IBM Corp., Armonk, NY, USA). Statisti-
cal tests were two-tailed, with the level of significance set at 5%. 
Quantitative or continuous variables are expressed as mean ± stan-
dard deviation or median (interquartile range). Categorical vari-
ables are expressed as absolute and relative frequencies and per-
centages. We first performed paired t-tests to compare CC mea-
surements according to position (standing and sitting) and laterali-
ty (right and left). We then constructed Bland-Altman plots to de-
termine the agreement between the CC measurements. Systematic 

bias was calculated as the mean difference between the methods, 
and the 95% limits of agreement were calculated as the bias ± 2 SD 
for the differences between the methods. To ascertain the con-
struct validity of the different CC measurements, we determined 
the partial correlation with relative appendicular skeletal mass and 
muscle function, adjusted for age and sex. 

To compare diagnostic performance, we generated receiver op-
erating characteristic (ROC) curves against the AWGS’19 criteria 
for sarcopenia as the reference standard. The area under the ROC 
curves (AUCs) were compared using the DeLong method. We de-
termined the optimal cut-off value using the Youden method and 
derived the corresponding sensitivity, specificity, positive predic-
tive value, and negative predictive value (NPV). We then per-
formed a sex-stratified analysis to obtain the corresponding values 
for male and female. 

We used MedCalc for Windows, version 21.111 (MedCalc Soft-
ware, Ostend, Belgium) to calculate the sample size based on the 
evaluation of the Bland-Altman plot between sitting and standing 
CC measurements. We estimated that a sample size of 155 paired 
results would provide 80% power to detect a mean difference of 
0.46 ± 0.4 with a maximum allowed difference between methods 
of 1.4, at an alpha level of 0.05. This yielded a final sample size of 
172 participants, to accommodate a dropout rate of 10%. 

RESULTS 

Baseline Characteristics 
We studied 176 community-dwelling older adults with a mean age 
of 66.8 ± 7.1 years (male, 69.3 years; female, 64.8 years) who were 
predominantly Chinese (94.3%) (Table 1). The most prevalent 
cardiovascular risk factors were hyperlipidemia (61.4%), hyperten-
sion (34.1%), and diabetes (12.5%). The participants were cogni-
tively and functionally intact (CMMSE, 26.49 ± 1.47; MBI, 100 
(95–100); Lawton & Brody’s Index for iADLs: 23 (22–23), with 
no significant depressive symptoms (GDS, 1.38 ± 1.71) or malnu-
trition (MNA, 27.5 ± 1.7). The prevalence of sarcopenia was 
17.4% based on the AWGS’19 criteria. The CC measurements 
ranged from 34.61 to 35.37 cm, with male having higher readings 
than female. Although most participants were right-handed 
(92.6%), the left CC measurements were higher than the right CC 
measurements, regardless of position. 

Agreement between CC measurements 
The sitting CC measurements were larger than the standing CC 
measurements regardless of laterality—right-sitting 35.31± 2.95 cm 
vs. right-standing 34.61±2.74 cm (p<0.01); left-sitting 35.37± 2.96 
cm vs. left-standing 34.70 ±2.83 cm (p<0.01) (Table 2). For male, 
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Table 1. General characteristics

Variable Total (n = 176) Male (n = 48) Femalen (n = 128) p-value
Demographics
 Age (y) 66.8 ± 7.1 69.3 ± 6.7 64.8 ± 7.0 0.950
 Race 0.106
  Chinese 166 (94.3) 43 (89.6) 123 (96.1)
  Malay 2 (1.1) 1 (2.1) 1 (0.8)
  Indian 6 (3.4) 2 (4.2) 4 (3.1)
  Others 2 (1.1) 2 (4.2) 0 (0)
Cardiovascular risk factors
 Hypertension 60 (34.1) 20 (41.7) 40 (31.3) 0.194
 Hyperlipidemia 108 (61.4) 28 (58.3) 80 (62.5) 0.613
 Diabetes 22 (12.5) 8 (16.7) 14 (10.9) 0.306
 Ischemic heart disease 3 (1.7) 2 (4.2) 1 (0.8) 0.122
 Atrial fibrillation 5 (2.8) 2 (4.2) 3 (2.3) 0.517
 Stroke/TIA 5 (2.8) 1 (2.1) 4 (3.1) 0.711
 Smoking 3 (1.7) 2 (4.2) 0 (0) < 0.001*
Cognition and mood
 CMMSE (0–28) 26.49 ± 1.47 26.58 ± 1.28 26.46 ± 1.55 0.333
 GDS (0–15) 1.38 ± 1.71 1.23 ± 1.25 1.44 ± 1.85 0.119
Functional ability
 bADL (0–100) 100 (95–100) 100 (100–100) 100 (95–100) 0.050
 iADL (0–23) 23 (22–23) 23 (22–23) 23 (22–23) 0.841
 FAI (0–45) 30.90 ± 4.69 29.92 ± 5.28 31.28 ± 4.44 0.153
Nutritional status
 MNA (0–30) 27.5 ± 1.7 27.6 ± 1.6 27.5 ± 1.8 0.596
Frailty and sarcopenia
 FRAIL score (0–5) 0 (0–1) 0 (0–1) 0 (0–1) 0.986
 SARC-F score (0–5) 0 (0–1) 0 (0–1) 0 (0–1) 0.004*
 Sarcopenia, AWGS’19 40 (17.4) 13 (27.1) 27 (21) 0.323
Anthropometric measurements
 Weight (kg) 58.29 ± 9.35 64.53 ± 9.58 56.05 ± 8.21 0.245
 Height (cm) 1.57 ± 0.08 1.66 ± 0.07 1.54 ± 0.05 0.004*
 BMI (kg/m2) 23.48 ± 3.32 23.42 ± 3.49 23.50 ± 3.28 0.817
 Calf circumference (cm)
  Right standing 34.61 ± 2.74 35.28 ± 2.81 34.37 ± 2.67 0.344
  Right sitting 35.31 ± 2.95 36.00 ± 3.02 35.05 ± 2.89 0.462
  Left standing 34.70 ± 2.83 35.60 ± 3.20 34.36 ± 2.62 0.064
  Left sitting 35.37 ± 2.96 36.23 ± 3.29 35.05 ± 2.78 0.104
Handedness 0.317
 Right 163 (92.6) 46 (95.8) 117 (91.4)
 Left 13 (7.4) 2 (4.2) 11 (8.6)

Values are presented as mean±standard deviation or median (interquartile range) or number (%).
TIA, transient ischemic attack; CMMSE, Chinese Mini Mental Status Examination; GDS, Geriatric Depression Scale; bADL, basic activities of daily living; 
iADL, instrumental activities of daily living; FAI, Frenchay Activities Index; MNA, Mini-Nutritional Assessment; AWGS, Asian Working Group for Sarcopenia; 
BMI, body mass index.
* p<0.01.
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the right-standing CC was slightly smaller than the left-standing 
CC (35.28 ± 2.81 cm vs. 35.60 ± 3.20 cm; p = 0.011). We observed 
no significant differences in CC measurements based on laterality 
in the standing position for female and the sitting position for both 
male and female.  

Fig. 1A–1D show the Bland-Altman plots comparing the agree-
ments between CC measurements in the standing and sitting posi-
tions. The agreement was affected by position (standing vs. sitting) 
on both sides. We observed a systematic bias, with an overestima-
tion of CC values in sitting compared to standing positions for 
both sides—right-sitting vs. right-standing (bias = 0.70 cm; 95% 
confidence interval [CI], -0.48–1.88); left-sitting vs. left-standing 
(bias = 0.67 cm; 95% CI, -0.35–1.68). 

Conversely, we observed no evidence of systematic bias for right 
vs. left sides in both sitting and standing positions—right vs. 
left-standing (bias = -0.09 cm; 95% CI, -1.66–1.48); right vs. 
left-sitting (bias = -0.06 cm; 95% CI, -1.89–1.77). 

Correlations of CC Measurements with Muscle Mass and 
Function 
Table 3 shows the correlations of CC measurements with muscle 
mass and function. Adjusted for age and sex, CC showed signifi-
cant correlations, including a good correlation for relative appen-
dicular skeletal mass (r = 0.640 to 0.677, p < 0.05), a modest cor-
relation for hand grip strength (r = 0.317 to 0.346, p < 0.01), and 
weak correlations for knee extension (r = 0.204 to 0.236, p < 0.01), 
gait speed (r = -0.048 to -0.078, p > 0.05), chair-stand (r = 0.161 to 
0.194, p < 0.05), and SPPB (r = -0.196 to -0.240, p < 0.05). 

Diagnostic Performance for Sarcopenia Screening 
The diagnostic performance did not differ significantly between 
CC measurements in the standing and sitting positions (right 
AUC = 0.817 vs. 0.816, p = 0.904; left AUC = 0.790 vs. 0.786, 
p = 0.696) (Table 4). Similarly, although right-sided measurements 
had better diagnostic performance, the difference in AUCs was not 
significant (p > 0.05). Standing CC measurements had higher sen-
sitivity and NPV compared to sitting CC regardless of laterality 

(right sensitivity = 85.0% vs. 75.0%, NPV = 93.3% vs. 90.7%; left 
sensitivity = 92.5% vs. 72.5%, NPV = 96.0% vs. 89.5%). The opti-
mal cutoff was < 34 cm for all measurements, except for the left 
standing position (cutoff < 35 cm). In sex-stratified analyses, the 
left-standing position had the highest AUC in male compared to 
the right-standing position in female. The optimal cut-off was < 35 
cm in all positions except right-standing ( < 34 cm) for male, 
whereas the optimal cut-off was < 34 cm in all positions for female. 

DISCUSSION 

Despite being recommended by the AWGS’19 as a screening tool 
for community screening for sarcopenia, the methods for CC mea-
surement vary widely. To our knowledge, this is the first study to 
directly compare different CC measurement protocols across the 
comprehensive domains of agreement, construct validity, and di-
agnostic performance for sarcopenia screening. Our results were 
based on an earlier comparative study by Jeong et al.,19) which 
highlighted the importance of measurement position (standing vs. 
sitting) in CC-based screening for sarcopenia in the community 
setting (Table 5). Our demonstration of the systematic overesti-
mation of sitting measurements supports the use of standing CC 
protocols. This corroborates the AWGS’19 recommendations for 
sarcopenia screening and highlights the distinction from CC pro-
tocols for malnutrition detection (such as the MNA), which typi-
cally utilize the sitting position.14-16) Furthermore, comparisons of 
the four positions showed the highest correlation of right-standing 
CC measurement with muscle mass and function, as well as the 
best performance for sarcopenia diagnosis. 

We demonstrated a systematic bias with the overestimation of 
CC by approximately 0.70 cm in the sitting position compared to 
the standing position, regardless of laterality. These findings were 
similar to those of an earlier study involving community-dwelling 
older adults in Korea19) and suggest that CC measurements are not 
interchangeable between positions. Such variations can be ex-
plained by the differential movement of blood and extracellular 
fluid with changes in external hydrostatic pressures from sitting to 

Table 2. Comparison between calf circumference measurements in different positions

Total Male Female
Right (cm) Left (cm) p-valuea) Right (cm) Left (cm) p-valuea) Right (cm) Left (cm) p-valuea)

Standing 34.61 ± 2.74 34.70 ± 2.83 0.137 35.28 ± 2.81 35.60 ± 3.20 0.011* 34.37 ± 2.67 34.36 ± 2.62 0.972
Sitting 35.31 ± 2.95 35.37 ± 2.96 0.407 36.00 ± 3.02 36.23 ± 3.29 0.053 35.05 ± 2.89 35.05 ± 2.78 0.913
p-valueb) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

a)Paired t-test, comparing right and left calf circumferences in the same position.
b)Paired t-test, comparing standing and sitting calf circumferences on the same side.
*p<0.05.
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standing31) and altered length-tension relationships with increased 
muscle contraction while standing, thereby increasing the adhe-
sion between muscle and superficial adipose tissue, resulting in 
standing smaller CC values compared to those in the sitting posi-
tion.31) We postulate that the contraction of the gastrocnemius 
muscle, the largest muscle in the calf, which passes both the knee 
and the ankle joint, contributes to smaller CC readings in the 
standing position. 

Therefore, standing and sitting CC measurements should not be 
used interchangeably, as sitting measurements may result in a con-
sistent overestimation of CC values, which in turn leads to the un-
der-detection of sarcopenia. This systematic bias is especially sa-
lient in borderline cases, where the measurement error arising 
from the measurement position of the CC can result in misclassifi-
cation with consequent under-detection of cases. For instance, an 
older adult gentleman with a CC reading of 34.5 cm in the sitting 
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Fig. 1. Bland-Altman plots comparing the agreements between CC measurements in the standing and sitting positions. (A) Right sitting vs. right 
standing. (B) Left sitting vs. left standing. (C) Right standing vs. left standing. (D) Right sitting vs. left sitting.

Table 3. Correlation with muscle mass and function

RASM Hand grip Knee extension Gait speed Chair stand SPPB total
Right standing 0.677** 0.339* 0.236* -0.078 0.194** -0.240**
Right sitting 0.644** 0.317* 0.220* -0.069 0.193** -0.222**
Left standing 0.656** 0.346* 0.204* -0.053 0.168** -0.207**

Partial correlation, adjusted for age and sex.
RASM, relative appendicular skeletal mass; SPPB, Short Physical Performance Battery.
*p<0.01, **p<0.05.
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position would be classified as non-sarcopenic (i.e., ≥ 34 cm), 
whereas in reality, the corresponding reading of 33.8 cm in the 
standing position should be classified as sarcopenia (i.e., < 34 cm) 
according to the AWGS’2019 criteria. 

The results of our study demonstrated significant correlations 
between CC and both muscle mass and function. This affirms the 
construct validity of CC measurements and supports the use of 
CC for sarcopenia screening according to the AWGS’19 recom-
mendations.1) The good correlation with muscle mass was unsur-
prising and consistent with findings from earlier studies that sup-
ported the utility of CC as a surrogate for muscle mass measure-
ment.5-8) Comparisons between positions showed the highest cor-
relation between right-standing CC and knee extension strength 
and muscle function (i.e., gait speed, repeated chair stand, and 
SPPB), thus supporting its role as a possible surrogate gauge of 
lower limb strength and function. This is a germane finding, as 
muscle function has been consistently shown to be a more power-
ful predictor of clinically relevant outcomes than muscle mass per 
se.32) 

The recommendation to use standing CC measurements for 
sarcopenia screening was further underscored by its superior diag-
nostic performance in the ROC curve analysis. This was mainly at-
tributable to the superior sensitivity and negative predictive value, 
regardless of laterality, which resulted in better case detection of 
sarcopenia. In our study, right-standing CC showed the best diag-
nostic performance, although it was not statistically superior to the 
other positions. The optimal overall cut-off of < 34 cm in the right 
standing position was comparable to the AWGS’19 criteria ( < 34 
cm in male and < 33 cm in female). Notably, the cut-offs for sarco-
penia screening are higher than the corresponding cut-off of < 31 
cm for malnutrition in the MNA.14-16) The differences in cut-off 

values are indicative of the underlying construct being measured, 
with sarcopenia involving both muscle mass and function, whereas 
CC serves as a surrogate for muscle mass for malnutrition assess-
ment. 

This study had several limitations. This study was conducted in 
a predominantly Chinese Asian population that was cognitively 
and functionally intact. Thus, the results may not be generalizable 
to other ethnic groups or older adults with frailer health status. 
The cross-sectional design also limited definitive conclusions re-
garding causality; moreover, reverse causality cannot be excluded 
from the demonstrated associations. The small sample size, with 
most subjects being right-handed, as well as the absence of data on 
calf dominance, precluded further analyses to understand the in-
fluence of handedness on CC measurements at different positions. 
Similarly, the differences in the sex-stratified cutoff values for sar-
copenia screening from our single-population study ( < 34–35 cm 
for male and < 34 cm for female) compared to those proposed by 
AWGS’19 ( < 34 cm for male and < 33 cm for female) may also be 
related to the small sample size and should be interpreted with 
caution. Thus, larger studies with longitudinal follow-up in other 
Asian populations are warranted to verify the superior diagnostic 
performance and construct validity for right-standing CC mea-
surement. Lastly, although the mean age in our study was fairly 
comparable to that in previous validation studies in Asian popula-
tions,7,19) we included 26 participants (14.8%) aged 50–59 years, 
which is younger than the 60–65 years cutoff of the AWGS’2019 
recommendations. Nonetheless, except for more female, the 
bADL, frailty status, nutrition, SPPB, and CC measurements did 
not differ significantly compared to those in participants aged ≥ 60 
years. Sensitivity analysis excluding the < 60 age group revealed 
similar results for the comparisons of CC measurements and diag-

Table 4. Diagnostic performance of CC measurements for sarcopenia screening

AUC (95% CI) Sensitivity (%) Specificity (%) PPV NPV CC cutoff (cm)
Right standing 0.817 (0.743–0.890) 85.0 64.6 42.5 93.3 < 34
 Male 0.815 (0.677–0.953) 84.6 71.9 55.0 92.0 < 34
 Female 0.830 (0.744–0.916) 85.2 62.2 38.3 93.8 < 34
Right sitting 0.816 (0.740–0.891) 75.0 75.4 48.4 90.7 < 34
 Male 0.817 (0.673–0.962) 84.6 71.9 55.0 92.0 < 35
 Female 0.825 (0.736–0.913) 81.5 73.5 45.8 93.5 < 34
Left standing 0.790 (0.710–0.869) 92.5 55.4 38.9 96.0 < 35
 Male 0.826 (0.695–0.956) 92.3 75.0 60.0 96.0 < 35
 Female 0.791 (0.694–0.888) 85.2 59.2 36.5 93.5 < 34
Left sitting 0.786 (0.706–0.866) 72.5 72.3 44.6 89.5 < 34
 Male 0.813 (0.671–0.954) 69.2 78.1 56.3 86.2 < 35
 Female 0.788 (0.693–0.883) 74.1 70.4 40.8 90.8 < 34

CC, calf circumference; AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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nostic performance in different positions.  
In conclusion, the results of this direct comparative study of four 

CC measurement protocols builds upon the body of evidence by 
demonstrating the importance of position (standing vs. sitting) 
when used for sarcopenia screening in a community setting. The 
standing position should be used owing to its good agreement 
without systematic bias, construct validity, and diagnostic perfor-
mance. Although our results support that right standing CC mea-
surement over the left standing position, this requires validation in 
future studies.  
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INTRODUCTION 

The population of older adults, defined as people aged 60 years 
and above,1) has increased in recent decades. Worldwide, there 
were 1 billion older adults in 2019, a number that is expected to in-
crease to 1.4 billion by 2030.1) This significant increase is because 
of the increase in life expectancy of the population, which is closely 
related to improvements in health literacy and care, as well as to 
health systems in general. In Asia, including Malaysia, the older 
adult population is expected to double in 2030.2,3) Malaysia is a 
multiracial country, with Malays, Chinese, Indians, and indigenous 
Bumiputra being the major races. Malay is the most common lan-
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guage. 
Aging is a challenging phase of life that involves changes in em-

ployment, working environment, and physical and cognitive func-
tioning. Aging is viewed as a reflection of individual accomplish-
ments of their life goals.4) The experience of getting old is subjec-
tive and influenced by various factors such as physical elements, 
psychological status, and sociocultural values. Attitude to aging, 
which plays an important role in its successful development, is how 
a person perceives and experiences the aging process, which is re-
flected in the affective, cognitive, and evaluative components of 
behavior.5) A positive attitude to aging is associated with superior 
physical, mental, emotional, and social well-being,6-9) whereas a 
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negative attitude to aging is associated with depression, anxiety, 
and poor quality of life.10,11) Thus, a goal of living toward healthy or 
successful aging is of the utmost importance. 

One instrument that has been developed to assess older adults’ 
attitudes toward aging is the Attitude to Ageing Questionnaire 
(AAQ), which assesses psychological growth, physical change, and 
psychosocial loss domains.12) The AAQ is a self-administered 
questionnaire with 24 items that reflect both the positive and neg-
ative aspects of aging based on an individual’s experience and gen-
eral opinion of the aging process.12) The questionnaire has been 
translated into various languages and validated in many countries, 
including Canada, Spain, Brazil, Iran, Norway, and Belgium.8,13-15) 
To our knowledge, no validated tool was available in Malay to mea-
sure the attitude toward aging among older adults in Malaysia. Re-
search on the attitudes of Malaysian older adults toward aging is 
also limited. Hence, this study aimed to translate the English ver-
sion of the AAQ into the Malay language (AAQ-M) and assess its 
validity among a group of Malaysian older adults. Hopefully, more 
studies among Malaysian older adults will be performed using this 
validated tool, which could allow a better understanding of their 
attitudes toward aging. This is an initial but important step in plan-
ning better health promotion and education programs. 

MATERIALS AND METHODS 

The AAQ 
This study used the validated AAQ developed by Laidlaw.12) The 
AAQ was used to assess subjective perceptions of aging based on 
three factors, namely physical change related to health and physical 
functioning (eight items: items #7, 8, 11, 13, 14, 16, 23, and 24); 
psychological growth, referring to wisdom in aging (eight items: 
items #1, 2, 4, 5, 10, 18, 19, and 21); and psychosocial loss related 
to the experience involving psychological and social loss through-
out the aging process (eight items: items #3, 6, 9, 12, 15, 17, 20, 
and 22).12) The response to each item used a five-point Likert scale 
between 1 (“strongly disagree” or “not at all true”) and 5 (“strongly 
agree” or “extremely true”). Overall, the total score was the sum of 
all three subscales, with reverse scores for the psychosocial loss 
subscale. The mean of the total score was used to interpret the re-
sult. A higher mean score indicated a positive attitude toward ag-
ing. 

Translation, Content Validation, and Face Validation 
Four independent translators performed a forward and backward 
translation procedure on the original AAQ. Two forward transla-
tions into the Malay language (AAQ-M) were performed by a lin-
guist and a medical doctor who could speak, read, and write in 

both English and Malay. Subsequently, another pair of linguists 
and medical doctors performed a backward translation of the 
AAQ-M into English. The researchers re-examined the translated 
versions against the original AAQ to form a harmonized AAQ-M 
version while ensuring that the translated items maintained the 
meaning of the original AAQ.  

Subsequently, the AAQ was subjected to content validation by 
an expert panel comprising a psychiatrist, geriatrician, and family 
physician with special interests in geriatric care. We contacted pan-
el members via email and provided both the original and translated 
versions of the questionnaires. The panel members were requested 
to give their expert opinions on the appropriateness of the items to 
be used, check the accuracy of the translated items in assessing the 
intended context of the respective original items, and suggest any 
additional items specific to the Malaysian population. Based on 
their suggestions, necessary amendments were made to produce 
the final version of the AAQ-M. 

This final version was then administered to 10 older adults for 
face validity to check the comprehensibility of the questionnaire. 
These participants were patients aged ≥ 60 years attending a pri-
mary health clinic in Negeri Sembilan in the first week of June 
2018. They were selected based on criteria similar to those used to 
select the intended population of the construct validity study and 
were not included in further studies. The selected participants 
were individually met and provided with the final AAQ-M. They 
were requested to review all items on their own. Subsequently, the 
field researcher checked their understanding of each item and indi-
cated whether any of the questions were culturally insensitive, ir-
relevant, or inappropriate. The participants were also asked to at-
tempt and provide their answers to each item using the response 
format. 

Study Design, Setting, and Participants for Construct Validity 
We conducted this cross-sectional validation study at the same pri-
mary health clinic in Negeri Sembilan, Malaysia. The participants 
attended the clinic from June to September 2018 and were older 
adults aged ≥ 60 years who could read and understand Malay. The 
exclusion criteria were older adults with cognitive impairment and 
those who had been involved in the face validity assessments. The 
sample size was based on a participant-to-item ratio of at least 
10:1.16) Hence, this study required a minimum of 276 participants, 
with an additional 15% needed to allow for non-responses. During 
the data collection period, a field researcher went through the list 
of clinic attendees and performed convenience sampling by ap-
proaching older adults while they waited for their medical consul-
tations. The older adults who met the study criteria were briefed 
on the study and invited to participate. Individuals who agreed to 
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participate were requested to complete the AAQ-M questionnaire 
at their convenience. The completed questionnaires were collected 
on the same day before the participants left the clinic. 

Ethical Considerations 
This study was registered in the National Medical Research Regis-
try (NMRR-17-3167-37451) of Malaysia and received approval 
from the research and ethics committee of the Universiti Kebang-
saan Malaysia Research and Ethics Committee (UKM PPI/111/ 
8/JEP-2018-069) and the Malaysia Medical Research and Ethic 
Committee (NMRR-17-3167-37451 (IRR)). We also obtained 
permission to conduct the study at the government primary health 
clinic from the Negeri Sembilan State Health Department and the 
family medicine specialists in charge. Kenneth Laidlaw, the origi-
nal author of the questionnaire, granted us permission to use and 
translate the AAQ from English into the Malay language. The par-
ticipation of older adults was voluntary, and only those who pro-
vided written consent were included in this study. Anonymity was 
maintained throughout the study. 

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

Statistical Analysis 
The analysis was performed using IBM SPSS Statistics version 
22.0 (IBM, Armonk, NY, USA). A descriptive analysis was per-
formed to describe sociodemographic profiles of the participants. 
The underlying structure of the 24-item AAQ-M was determined 
using exploratory factor analysis (EFA) with principal axis factor-
ing and direct oblimin rotation. Oblimin rotation was used because 
factors were expected to be correlated with each other.18,19) The 
number of factors to be extracted was based on the Kaiser criteri-
on, scree plot, and Monte Carlo principal components analysis 
(PCA) for parallel analysis. Items with a factor loading < 0.32 were 
considered poor.18) Items with poor factor loading or those that 
grouped into factors other than those in the original AAQ were ex-
amined qualitatively before a decision was made to exclude or re-
tain them. Once a clean factorial structure was determined, the 
items were subjected to reliability testing of their internal consis-
tency based on Cronbach’s alpha (α) values. 

RESULTS 

Content and Face Validity  
The content experts concluded that all 24 items were relevant and 
culturally appropriate in the Malaysian setting. They agreed that 
the translated AAQ-M version covered content similar to the orig-
inal version and was suitable for testing in the older adult popula-

tion. Minor amendments were made, mainly for item wording, to 
produce the finalized version of the AAQ-M. No additional items 
were suggested by the experts. During the face validity assessment, 
the participants felt that the questions were relevant and reported 
no difficulties in understanding the questions. They could answer 
them independently and took approximately 10–15 minutes to 
complete the questionnaire. They felt that the questions were both 
culturally relevant and appropriate. 

Construct Validity and Factor Analysis 
This study initially identified 276 older adults who met the study 
criteria. However, 11 refused to participate, seven did not return 
the questionnaire, and four gave incomplete responses. Thus, the 
analysis included feedback from 254 older adults, corresponding 
to a response rate of 92.0%. The participants’ ages ranged from 60 
to 88 years, with a mean ± standard deviation of 66.46 ± 5.37 years. 
The proportions of men (48.8%) and women (51.2%) were al-
most equal. More than half of the participants were Malays 
(56.3%) and had secondary school education (58.3%). Almost all 
participants were married (95.3%) (Table 1). 

We initially conducted free EFA without restricting the analysis 
to a certain number of factors. The Kaiser-Meyer-Olkin value was 
0.84, while Bartlett’s test of sphericity was significant and the p-val-
ue was < 0.001, indicating that the data were adequate for factor 
analysis. Five factors from this first EFA explained 40.9% of the to-
tal variance. However, the average communalities were < 0.6 and 

Table 1. Characteristics of the participants

Characteristic Value
Age (y) 66.46 ± 5.37 (60–88)
Sex
 Male 124 (48.8)
 Female 130 (51.2)
Ethnicity
 Malay 143 (56.3)
 Chinese 47 (18.5)
 Indian 62 (24.4)
 Ohers 2 (0.8)
Marital status
 Married 242 (95.3)
 Single 9 (3.5)
 Divorced 3 (1.2)
Educational status
 No formal education 7 (2.8)
 Primary school 54 (21.3)
 Secondary school 148 (58.3)
 College/university 45 (17.7)

Values are presented as mean±standard deviation (range) or number (%).
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thus did not meet the required assumptions for Kaiser’s criterion 
in deciding the number of factors number of factors.20) 

Unlike Kaiser criterion, the scree plot suggested that three fac-
tors should be retained, whereas the Monte Carlo PCA for parallel 
analysis suggested two factors. If three factors were retained, which 
would be similar to the constructs of the original AAQ, they would 
account for 34.6% of the total variance. If two factors were re-
tained, they would account for a lower variance of 31.0%. Thus, a 
second EFA was conducted by fixing the extraction to three fac-
tors. Table 2 presents the results of this analysis. All items, except 
#1, 2, and 4, had a factor loading of ≥ 0.32, with no cross-loading 
items. Compared to the original factor structure, items #8, 11, 13, 
14, 16, and 23 loaded appropriately into the physical change factor; 
items #3, 6, 9, 12, 15, 17, 20, and 22 loaded appropriately into the 
psychosocial loss factor; and items #10, 18, 19, and 21 loaded ap-
propriately into the psychological growth factor. However, three 
items did not load according to their original factors. Item #5 from 
the psychological growth factor loaded into the physical change 
factor, while items #7 and 24 from physical change loaded into psy-
chological growth.  

Item Selection and Internal Consistency 
Based on the EFA results, item #1 “As people get older, they are 
better able to cope with life,” item #2 “It is a privilege to grow old,” 
and item #4 “Wisdom comes with age” showed poor factor load-
ings ( < 0.32) and were excluded. Subsequently, we conducted a 
third EFA using 21 items fixed into three factors. The total variance 
improved to 37.1%, and all but three items were loaded appropri-
ately according to the original factors. Item #5 “There are many 
pleasant things about growing old,” as in the second EFA, was sup-
posed to load in psychological growth but instead loaded into the 
physical change factor. Content experts decided to retain this item 
because of its relevance to the new factor. However, item #7 “It is 
important to take exercise at any age” and item #24 “I keep myself 
as fit and active as possible by exercising,” which loaded into the 
psychological growth factor, were removed as they were not con-
ceptually appropriate for the new factor. 

Subsequently, we performed a fourth EFA using 19 items. The 
results showed further improvement in total variance to 37.9% for 
a three-factor structure, namely physical change (Factor 1), psy-
chosocial loss (Factor 2), and psychological growth (Factor 3) 

Table 2. Three factor loadings for Attitude to Ageing Questionnaire in Malay version (AAQ-M) based on 24 items

Items Factor 1 Factor 2 Factor 3
11. I don’t feel old. 0.574 0.127 –0.042
13. My identity is not defined by my age. 0.547 0.112 0.067
5. There are many pleasant things about growing older. 0.519 –0.152 0.066

23. My health is better than I expected for my age. 0.475 0.009 –0.203
16. Problems with my physical health do not hold me back from doing what I want to. 0.418 0.030 –0.178
8. Growing older has been easier than I thought. 0.417 0.140 –0.152

14. I have more energy now than I expected for my age. 0.399 0.073 –0.202
2. It is a privilege to grow old. 0.272 –0.224 –0.022
4. Wisdom comes with age. 0.261 –0.241 –0.243

22. I feel excluded from things because of my age. 0.104 0.720 0.049
17. As I get older, I find it more difficult to make new friends. 0.045 0.695 –0.004
6. Old age is a depressing time of life. –0.140 0.670 0.033

20. I don’t feel involved in society now that I am older. 0.172 0.589 0.115
12. I see old age mainly as a time of loss. 0.081 0.581 0.106
15. I am losing my physical independence as I get older. 0.072 0.565 –0.238
9. I find it more difficult to talk about my feelings as I get older. 0.006 0.553 –0.144
3. Old age is a time of loneliness. –0.183 0.519 –0.040
1. As people get older they are better able to cope with life. 0.209 –0.266 –0.169

21. I want to give a good example to younger people. –0.081 –0.068 –0.876
18. It is very important to pass on the benefits of my experiences to younger people. 0.091 0.072 –0.602
24. I keep myself as fit and active as possible by exercising. 0.057 –0.047 –0.561
7. It is important to take exercise at any age. –0.028 –0.005 –0.488

19. I believe my life has made a difference. 0.148 0.265 –0.403
10. I am more accepting of myself as I have grown older. 0.288 –0.086 –0.374
% of variance explained 17.3 14.0 3.3

Factor loadings with highest value are in bold.
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(Table 3). The internal consistency (Cronbach’s α) of the final ver-
sion of the AAQ-M of 19 items was 0.79. The Cronbach α values 
of the physical change (seven items), psychosocial loss, (eight 
items), and psychological growth (four items) factors were 0.74, 
0.82, and 0.71, respectively. 

DISCUSSION 

This study successfully translated and cross-culturally validated the 
AAQ. The original AAQ, translated into the Malay language 
(AAQ-M) through the standard translation process, then under-
went assessments of its content and face validity. The content ex-
pert review deemed the AAQ to be important and relevant to the 
Malaysian older adult population. This was further supported by 
face validity, in which 10 older adults agreed that the AAQ-M was 
applicable and easy to understand. 

The EFA of the AAQ-M was fixed at a three-factor structure, as 
suggested by the scree plot. This structure is similar to that of the 
original AAQ13) and represents physical change, psychosocial 
loss, and psychological growth factors. Other translated versions of 
the AAQ in various countries also showed three-factor structures 
similar to that of the original AAQ.7,8,13-15) However, the final 
AAQ-M included only 19 items. Five items were removed: three 

for poor factor loading and two for incorrect loading and contextu-
ally inappropriate factors. Studies using the French and Spanish 
versions of the AAQ also reported that some items performed dif-
ferently from their factor structures.7,8) Older adults from different 
cultures may view aging differently. The living experiences of older 
adults may also differ individually, which may have influenced the 
results of our study. However, the re-analysis after removing the 
five items from the AAQ-M showed better psychometric proper-
ties. The finalized 19-item AAQ-M has been proven to be a valid 
and reliable questionnaire for assessing attitudes toward aging and 
can be used in future studies. 

The first three items (#1, 2, and 4) were removed for poor factor 
loading ( < 0.32). Originally, these items were intended to fall un-
der psychological growth. Item #1 “As people get older, they are 
better able to cope with life” did not fit into any of the three factors. 
The older adults in this study might have had a different under-
standing of the phrase “cope with life,” which would have influ-
enced their response to this item. This phrase can be interpreted in 
the context of physical, psychological, social, and even spiritual en-
durance that corresponds to their life events, functional dependen-
cies, poverty, health conditions, and spiritual or religious be-
liefs.21,22) Notably, spirituality is a fundamental component of suc-
cessful aging among Malaysian older adults22) and thus may affect 

Table 3. Three factor loadings for Attitude to Ageing Questionnaire in Malay version (AAQ-M) based on 19 items

Items Factor 1  
(physical change)

Factor 2  
(psychosocial loss)

Factor 3  
(psychological growth)

11. I don’t feel old. 0.678 0.066 0.030
13. My identity is not defined by my age. 0.570 0.077 0.093
23. My health is better than I expected for my age. 0.531 –0.032 –0.133
16. Problems with my physical health do not hold me back from doing what I want to. 0.442 –0.007 –0.150
8. Growing older has been easier than I thought. 0.410 0.043 –0.176

14. I have more energy now than I expected for my age. 0.410 –0.152 –0.011
5. There are many pleasant things about growing older. 0.399 0.104 –0.182

22. I feel excluded from things because of my age. 0.070 0.720 0.043
6. Old age is a depressing time of life. –0.172 0.705 0.046

17. As I get older, I find it more difficult to make new friends 0.050 0.686 0.024
20. I don’t feel involved in society now that I am older. 0.115 0.577 0.067
9. I find it more difficult to talk about my feelings as I get older. 0.114 0.561 0.143
3. Old age is a time of loneliness. –0.015 0.556 –0.136

12. I see old age mainly as a time of loss. 0.045 0.555 –0.257
15. I am losing my physical independence as I get older. –0.217 0.547 –0.038
21. I want to give a good example to younger people. –0.006 –0.115 –0.820
18. It is very important to pass on the benefits of my experiences to younger people. 0.118 0.026 –0.600
19. I believe my life has made a difference. 0.109 0.240 –0.448
10. I am more accepting of myself as I have grown older. 0.271 –0.112 –0.392
% of variance explained 18.9 15.4 3.6

Factor loadings with highest value are in bold.
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their grappling with life events. 
The poor loading in item #2 “It is a privilege to grow old” could 

be because of the word “privilege” that was translated as “keistime-
waan” in the Malay language. The root word for “keistimewaan” is 
“istimewa,” which means “special.” Thus, those who did not really 
understand “keistimewaan” might have simplified the word using 
its root expression and misinterpreted the actual meaning of privi-
lege. Nevertheless, the possibility of a double interpretation of 
“special” or “privilege” was not identified during the face valida-
tion. As aging involves multiple losses, older adults might have dif-
ficulty comprehending why getting older is special and an honor, 
especially if they have not yet experienced being special or have 
not received any privilege. The statement that growing old is a 
privilege requires evidence as people assume or judge based on ev-
idence.23)  

The poor factor loading in item #4 “Wisdom comes with age,” 
was related to the definition of “wisdom.” In Asian culture, respect 
for older adults by younger people may reflect older adults’ wis-
dom.24) However, older Malaysian adults may view respect from 
the younger population as not entirely related to their wisdom but 
rather as more of a cultural expectation. The idea of becoming wis-
er as one grows older may be difficult for some people to accept 
because it is normal in Malaysia to consider aging as a time when 
one loses his/her cognitive function and develops dementia.25) 
Older Malaysian adults who stay with their children may also feel 
they have lost their importance by becoming dependent21,26) and 
thus lose their wisdom in decision-making and perhaps their role 
as the head of the family. 

After removing the three items, the repeated EFA showed that 
items #5, 7, and 24 loaded into different factors from those loaded 
in the original AAQ. Item #5 “There are many pleasant things 
about growing old” that originally belonged to the psychological 
growth factor, was loaded into physical change instead. This 
placement was acceptable after examining the context of the sen-
tences. Older adults may consider “many pleasant things” as 
something related to physical health and functioning. Although 
they might experience various physical limitations, they have a 
positive attitude about their life experience and feel grateful to-
ward God as a result of contentment and acceptance.27) Grateful-
ness is a desirable virtue in Asian culture and various religions. 
Thus, item #5 was retained in the physical change factor. Howev-
er, item #7 “It is important to exercise at any age” and item #24 “I 
keep myself as fit and active as possible by exercising” were re-
moved from the AAQ-M. Originally, these items were intended 
to measure the physical change factor but were loaded into the 
psychological growth factor instead. The incorrect loading of 
items could be because of possible connections between physical 

activity and psychological growth. The older adults in this study 
might have believed that physical activities could make them 
more independent and healthier and have good relationships with 
their friends or neighbors,28) which is consistent with psychologi-
cal growth. 

The final AAQ-M, containing 19 items, showed good internal 
consistency, with a Cronbach’s α of 0.79, comparable to the Nor-
wegian (α = 0.82) and French (α = 0.81) versions of the AAQ.8,14) 
The individual factors also showed good internal consistency, 
ranging from 0.71 to 0.82. As with other studies, the psychologi-
cal growth factor showed the lowest reliability among all fac-
tors.7,8,12,14) Cronbach’s α values > 0.7 indicated good internal 
consistency.20) 

The strength of this study is that the participants were not limit-
ed to one ethnicity; rather, they were of different ethnicities, with 
Malays the predominant ethnic group, followed by Indians and 
Chinese. This study had several limitations. First, the AAQ-M did 
not undergo test-retest reliability assessments to assess its temporal 
stability. Second, the attitude regarding aging measured by the 
AAQ-M was restricted to three factors, namely physical change, 
psychosocial loss, and psychological growth, which accounted for 
37.9% of the variance. Other aspects important in Asian cultures, 
such as spirituality, were not assessed. 

In conclusion, this study produced a 19-item Malay version of 
the AAQ (AAQ-M) with a three-factor model similar to the origi-
nal AAQ. Five items were removed for poor factor loadings 
( < 0.32) or loadings into factors deemed inappropriate. Our re-
sults demonstrated that the AAQ-M was a valid and reliable ques-
tionnaire for assessing the three aspects of attitude to aging, name-
ly physical change, psychosocial loss, and psychological growth, 
among Malaysian older adults. Qualitative studies are needed to 
explore other aspects of attitude toward aging among older Malay-
sian adults. 
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Potentially Inappropriate Medication Use among Nursing Home Residents: 
Medication Errors Associated with Pro re nata Medications and the 
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Background: The use of potentially inappropriate medications (PIM) has become more common 
among nursing home residents (NHR). This study focused on drugs initially prescribed as pro re 
nata (PRN) medications and pill burden in association with PIM among NHR. Methods: This ob-
servational cross-sectional study was conducted between March and April 2019 on 225 adult 
NHR aged ≥60 years. Results: The prevalence of PIM was 47.6% among NHR according to the 
Screening Tool of Older Persons’ Prescriptions (STOPP) criteria version 2. The most frequent PIM 
was the use of any drug prescribed without evidence-based clinical indication; most medication 
errors were associated with PRN medications. The prevalence rates of PRN in non-PIM and PIM 
users were 12% and 62.4%, respectively. PRN medications that most commonly caused PIM 
were non-steroidal anti-inflammatory drugs and proton pump inhibitors. The cut-off value for 
both medications and pills to correctly identify participants with PIM was 5.5. Pill burden had a 
similar sensitivity to polypharmacy in identifying individuals with PIM. Conclusion: Medication 
errors associated with PRN medications were overlooked as factors that increased the risk of 
PIMs. The most common error related to PRN medications was the continued daily use despite 
symptom resolution. 
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INTRODUCTION 

The use of potentially inappropriate medication (PIM) has recent-
ly become more common among nursing home residents (NHR). 
Systematic reviews performed in long-term care facilities reported 
that up to 91% of NHR regularly took more than four medications 
and that the prevalence of PIM varied from 23.7% to 79.8%, ac-
cording to the Screening Tool of Older Persons' Prescriptions 
(STOPP) criteria.1,2) Not all treatments are prescribed by one phy-
sician, and NHR in Turkey often consult more than one hospital 
or physician. The number of prescribed medications had increased 
with increasing comorbidity. In addition, pro re nata (PRN) pre-
scriptions contribute to an increase in the number of medications 
taken. PIM may be associated with medication errors related to 

PRN prescriptions.3-5) In addition, the overall prevalence of PIM 
use and PRN prescriptions in nursing homes (NHs) increase with 
extended lengths of stay.6,7) Therefore, PRN medication should be 
considered when determining inappropriate medication prescrip-
tions in NHs.5) 

Pill burden (the number of pills taken per day) is an inconspicu-
ous cause of PIM that influences adherence in the treatment of 
chronic diseases, especially HIV infection, cardiovascular disease, 
and renal disease.8-10) The pill burden may be underestimated, es-
pecially in the presence of comorbidities. To our knowledge, no 
studies have compared the effects of pill burden and polypharma-
cy on the prevalence of PIM. 

Two of the most commonly used criteria to define PIM are the 
Beers Criteria and the STOPP/Screening Tools to Alert Doctors 
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to Right Treatment (START) criteria.11) The START criteria are 
one of the most frequently used tools for evaluating the use of PIM 
in older people. In contrast to the Beers criteria, the STOPP/
START criteria do not include PRN medications. This study in-
vestigated the prevalence of PIM and the association of medica-
tions initially prescribed as PRN with PIM in NHR. This study fo-
cused on the association between pill burden, polypharmacy, and 
PIM in NHR. 

MATERIALS AND METHODS 

Setting and Participants 
This observational cross-sectional study was conducted between 
March and April 2019 in an NH. The study participants were re-
cruited among adults ≥ 60 years of age, with Katz activities of daily 
living (Katz-ADL) scores of 5 or higher, and institutionalized in 
NHs. No sampling was performed because this study planned to 
include all eligible NHRs who provided written informed consent. 

Procedure 
Nursing staff members were interviewed using a structured ques-
tionnaire. The functional status of NHRs was assessed as de-
scribed below. NHR data on the number of chronic diseases and 
prescribed medications, falls (in the last 12 months), the presence 
of urinary and/or fecal incontinence, dizziness, visual impairment, 
hearing loss, walking disability (the use of a cane, crutches, or 
walking frame), nutritional support, amputation, having a pace-
maker, and admission to a hospital in the last 6 months were ob-
tained from their medical records. Information from the medical 
records was verified by interviewing the attending nurse. 

Definitions 

Functional status 
We evaluated the functionality of the NHR using the KATZ-ADL 
score.12) This score is used to measure the dependence of an indi-
vidual regardless of their disability status. This index assesses six 
basic activities of daily living: eating, bathing, dressing, transfer-
ring, toileting, and continence. To prevent heterogeneity in disabil-
ity status among the study population, NHRs with KATZ-ADL 
scores < 5 points were excluded. 

Polypharmacy 
Polypharmacy was defined as the daily use of five or more different 
medications.13,14)  

Pill burden 
Pill burden was defined as the number of pills (tablets or capsules, 
oral solid dosage forms) that a patient regularly consumed. The 
number of pills taken in the last 30 days was included to calculate 
the pill burden. 

PIM 
We defined PIM as the use of more medication than clinically nec-
essary or the use of potentially harmful medication for an individu-
al. The START criteria are a medication assessment tool intended 
to identify drugs with a potentially higher risk when used in pa-
tients aged 65 years and over.15) The START criteria were initially 
published in 2008 and revised in 2014.15,16) We applied the STOPP 
criteria version 2 (STOPP-2) to evaluate the presence of PIM.15,16) 
Each medical history was obtained from the medical records and 
daily medication lists in the nurse desks. The STOPP-2 criteria 
checklist was applied to all NHR medical histories of currently 
used medications. 

PRN prescriptions 
PRN prescription refers to the administration of prescribed medi-
cation “when required” or “as needed”. PRN medication was deter-
mined through the examination of clinical records, including drug, 
dose, indications for use, and maximum daily dose. Each prescrip-
tion was assessed with the attending nurse in terms of “is this med-
icine used as a PRN?” and “are there written instructions such as ‘as 
needed’?” The US Food Drug Administration (FDA) defines 
medication error as “a preventable event that may cause or lead to 
inappropriate medication use or patient harm while the medica-
tion is in the control of the healthcare professional, patient, or con-
sumer.”17) The daily administration of PRN prescriptions to pa-
tients with no symptoms was considered a medication error and 
PIM as “to use any drug prescribed without an evidence-based 
clinical indication.” FÖKK and ET reviewed the medication lists of 
these NHRs. 

Ethics Approval 
The study was approved by the Human Research Ethics Commit-
tee of Ege University (No. 18-11T/16-99166796-050.06.04) and 
received approval from the Ministry of Family, Labor, and Social 
Services of the Republic. Informed consent was obtained from all 
the participants included in the study. This study was performed in 
accordance with the principles of the Declaration of Helsinki. 

Also, this study complied the ethical guidelines for authorship 
and publishing in the Annals of Geriatric Medicine and Research.18) 
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Statistical Analyses 
Data analyses were performed using IBB SPSS Statistics for Win-
dows, version 25.0 (IBM Corp., Armonk, NY, USA). Normality 
was assessed using Kolmogorov-Smirnov tests. Non-normally dis-
tributed quantitative variables were expressed as medians and min-
imum-maximum values. Qualitative variables were expressed as 
frequencies and percentages. Chi-squared (χ²) and Fisher exact 
tests were used to analyze the qualitative variables. Mann-Whitney 
U tests were used to analyze quantitative variables. Multiple logis-
tic regression analysis was performed for multivariate analysis. We 
applied a logistic regression model to variables that showed signifi-
cant relationships in the univariate analysis. Multivariable logistic 
regression analysis was used to calculate the adjusted odds ratios 
(ORs) and 95% confidence intervals (CI) of variables for PIM in 
different models adjusted for potential confounders. For the multi-
variable logistic regression analyses, Model 1 was adjusted for 
medication number, pill number, and number of comorbidities, 
while Model 2 additionally adjusted for the presence of PRN. The 
optimal cut-off values for variables were determined using receiver 
operating characteristic (ROC) curve analysis. ROC curve analy-
sis was also used to evaluate the ability of the number of pills (pill 
burden) and number of medications (polypharmacy) to predict 
PIM use. Differences with p < 0.05 were considered statistically 
significant. 

RESULTS 

We assessed the functional status of 268 NHR based on KATZ-
ADL scores. Of these NHR, 225 had Katz-ADL scores of 5 or 
higher. To prevent heterogeneity in disability status among the 
study population, this cross-sectional study included data on the 
activities of daily living of 225 independent residents. 

The median age of the study population was 76 years (range, 
61–96 years), including 123 (54.7%) men and 102 (45.3%) wom-
en. Only 15 (6.7%) participants were married and had a living 
spouse. A total of 210 (93.8%) participants had been staying in the 
institution for > 6 months. Among the NHRs, 19.4% had diabetes 
mellitus, 10.1% had arrhythmia, 27.2% had cardiovascular disease, 
7.4% had heart failure, 58.5% had hypertension, and 6.9% had 
cerebrovascular disease. Various medications were used by the 
NHRs. Proton pump inhibitors (PPIs) were administered to one-
third of NHRs. Moreover, almost half of the NHRs were taking 
antiplatelet medication. The most commonly used medication 
classifications are presented in Table 1. 

In this study, 107 NHR were on PIM, corresponding to a PIM 
prevalence of 47.6% according to the STOPP-2 criteria. The most 
frequent PIM was the use of “any drug prescribed without an evi-

dence-based clinical indication.” Most occurred as medication er-
rors associated with PRN medications. The detailed PIM subclass-
es are shown in Table 2. 

PIM users had higher numbers of medications; numbers of pills; 
PRN use; polypharmacy prevalence; and comorbidity prevalence 
such as chronic obstructive pulmonary disease (COPD), constipa-
tion, muscle-skeletal disease, dizziness, visual impairment, and uri-
nary incontinence compared to non-PIM users. We observed no 
significant differences in terms of the length of stay in the institu-

Table 1. The most used medication classes of all residents (n=225)

Medication classification n (%)
Gastrointestinal system
 Proton pump inhibitors 81 (36)
Cardiovascular system
 Antiplatelet drugs 97 (43.1)
 ACE inhibitor or ARB 99 (44)
 Diuretic 91 (40.4)
 Beta blocker 67 (29.8)
 Calcium channel blocker 44 (19.6)
 Vasodilator 41 (18.2)
 Lipid lowering drugs 27 (12)
 Piracetam 25 (11.1)
 Anticoagulant drugs 14 (6.2)
Respiratory system
 Inhaler beta mimetic 43 (19.1)
 Inhaler steroid 40 (17.8)
 Inhaler ipratropium 31 (13.8)
Central nervous system & psychotro-
pic drugs
 SSRI/SNRI 40 (17.8)
 Antipsychotics 24 (10.7)
 Atypical anti-depressant 15 (6.7)
 Donepezil 15 (6.7)
Endocrine system
 Thyroid therapy 31 (13.8)
 Metformin 24 (10.7)
 DPP4 inhibitor 15 (6.7)
Musculoskeletal system
 NSAIDs 14 (6.2)
 Calcium-vitamin D 11 (4.9)
Urogenital system
 Alpha blocker 40 (17.8)
Non-classified drugs
 Anticholinergic 39 (17.3)
 Vitamin supplement 45 (20.1)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; 
SSRI, selective serotonin reuptake inhibitors; SNRI, serotonin and nor-
epinephrine reuptake inhibitors; DPP-4, dipeptidyl peptidase-4; NSAIDs, 
non-steroidal anti-inflammatory drugs.
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tion, cerebrovascular disease, peripheral vascular disease, walking 
disability, nutritional support, peptic ulcer disease, hypertension, 
malignancy, asthma, cardiovascular disease, arrhythmia, chronic 
prostatism, hearing loss, depression, diabetes mellitus, amputa-
tion, number of hospital admissions in the last 6 months, and hav-
ing a pacemaker between the groups with and without PIM 
(p > 0.05). The p-values, numbers, and percentages for the de-
scriptive statistics for the PIM users and non-PIM users are shown 
in Table 3. 

The prevalence rates of PRN in non-PIM and PIM users were 
12% and 62.4%, respectively. PRN medications that most com-
monly cause PIM are non-steroidal anti-inflammatory drugs 
(NSAIDs), PPIs, and betahistine dihydrochloride. Except for 
two residents, those NHR using piracetam were taking it as a 
PIM. Univariate analysis showed that PPIs, anticholinergic 
drugs, antiplatelet drugs, alpha-blockers, and inhaler beta mimet-
ics were significantly associated with PIM prescription (Tables 4, 
5). PPIs, betahistine dihydrochloride, and NSAIDs were initiat-
ed as PRN medications. However, there are no written instruc-
tions for the administration of PRN medication. These medica-

Table 2. PIM prevalence according to drug classes described in STOPP criteria version 2

Drug classes Number of residents
Any drug prescribed without an evidence-based clinical indication. 89
Any drug prescribed beyond the recommended duration, where treatment duration is well defined. 47
Any duplicate drug class prescription, e.g., two concurrent NSAIDs, SSRIs, loop diuretics, ACE inhibitors, anticoagulants  

(optimization of monotherapy within a single drug class should be observed prior to considering a new agent).
5

Beta-blocker in combination with verapamil or diltiazem (risk of heart block). 2
Loop diuretic as first-line treatment for hypertension (safer, more effective alternatives available). 3
Loop diuretic for treatment of hypertension with concurrent urinary incontinence (may exacerbate incontinence). 1
Aspirin plus clopidogrel as secondary stroke prevention, unless the patient has a coronary stent(s) inserted in the previous 12 

months or concurrent acute coronary syndrome or has a high grade symptomatic carotid arterial stenosis (no evidence of added 
benefit over clopidogrel monotherapy).

2

Antiplatelet agents with vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors in patients with stable coronary, 
cerebrovascular or peripheral arterial disease (no added benefit from dual therapy).

1

NSAID with concurrent antiplatelet agent(s) without PPI prophylaxis (increased risk of peptic ulcer disease). 1
Anticholinergics/antimuscarinics in patients with delirium or dementia (risk of exacerbation of cognitive impairment). 5
Neuroleptics as hypnotics, unless sleep disorder is due to psychosis or dementia (risk of confusion, hypotension, extra-pyramidal 

side effects, falls).
3

First-generation antihistamines (safer, less toxic antihistamines now widely available). 9
Prochlorperazine or metoclopramide with Parkinsonism (risk of exacerbating Parkinsonian symptoms). 1
PPI for uncomplicated peptic ulcer disease or erosive peptic esophagitis at full therapeutic dosage for >  8 weeks (dose reduction or 

earlier discontinuation indicated).
23

Drugs likely to cause constipation (e.g., antimuscarinic/anticholinergic drugs, oral iron, opioids, verapamil, aluminum antacids)  
in patients with chronic constipation where non-constipating alternatives are available (risk of exacerbation of constipation).

2

Antimuscarinic drugs with dementia, or chronic cognitive impairment (risk of increased confusion, agitation) or narrow-angle  
glaucoma (risk of acute exacerbation of glaucoma), or chronic prostatism (risk of urinary retention).

6

Selective alpha-1 selective alpha blockers in those with symptomatic orthostatic hypotension or micturition syncope  
(risk of precipitating recurrent syncope).

3

PIM, potentially inappropriate medication; NSAIDs, non-steroidal anti-inflammatory drugs; SSRI, selective serotonin reuptake inhibitors; ACE, angioten-
sin-converting enzyme; PPI, proton pump inhibitor.

Table 3. Descriptives according to existence of PIM

PIM users 
(n = 107)

Non-PIM users 
(n = 118) p-value

Age (y) 77 (61–110) 75 (62–96) 0.240
Sex, male 59 (55.1) 64 (54.2) 0.892
Length of stay in institution (mo)
 0–6 6 (5.6) 8 (6.9) 0.730
 > 6 100 (94.3) 110 (93.2)
Medication number 7 (1–17) 4 (0–13) < 0.001*
PRN 67 (62.6) 15 (12.7) < 0.001*
Pill number 8 (0–25) 5 (0–17) < 0.001*
Pill burden 83 (77.6) 62 (52.5) < 0.001*
Polypharmacy 83 (77.6) 58 (49.2) < 0.001*
Comorbidities 4 (1–8) 2 (0–7) < 0.001*
COPD 29 (27.1) 14 (11.9) 0.004*
Urinary incontinence 21 (19.6) 7 (5.9) 0.002*
Dizziness 23 (21.5) 7 (5.9) 0.001*
Vision impairment 37 (34.6) 20 (16.9) 0.002*
Muscle-skeletal disease 20 (18.7) 7 (5.9) 0.003*
Constipation 10 (9.3) 2 (1.7) 0.011*
Values are presented as median (min-max) or number (%).
PIM, potentially inappropriate medication; PRN, pro re nata; COPD, chronic 
obstructive pulmonary disease.
*p<0.05.
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tions were administered daily to NHRs as long-term medications 
without the knowledge of PRN. In multivariable logistic regres-
sion analysis, piracetam and anticholinergic medications were 
significant in both models, whereas PPI was significant in Model 
1 only. The logistic regression results are presented in Tables 4 
and 5. 

The results of the univariate ROC analysis are presented in  
Table 6. ROC analysis of the pill numbers showed an AUC of 
0.692 with a cutoff value of 5.5, above which PIM could be diag-
nosed. 

DISCUSSION 

This study investigated the association of medications initially pre-
scribed as PRN with PIM in NHR patients who were independent 
according to KATZ-ADL scores. As this study did not include 
NHRs with a score Katz-ADL scores < 5, we excluded the effect 
of dependency. We found that PRN medications were adminis-
tered daily to asymptomatic NHRs. Poor understanding of PRN 
administration also led to medication errors. PRN also refers to the 
use of a medication without an evidence-based clinical indication, 
which is a PIM. We found that the prevalence of PIM increased 

due to this medication error. Another important finding of this 
study was the observation that pill burden had similar sensitivity to 
polypharmacy for predicting PIM use. 

The groups did not differ significantly in terms of the length of 
hospital stay. In addition, PIM users and non-PIM users did not 
differ significantly in terms of the rate of hospital admission. We 
noticed that PRN medications were administered daily to NHRs 
after nursing home transition. Dorks et al.5) reported that 74.9% of 
the NHRs received at least one PRN medication. PRN medica-
tions can reduce the workload of nursing staff, and directions for 
use “as needed” should be noted on the prescription. Therefore, 
prescribers should regularly reconsider the need for each PRN 
medication. 

The most common cause of PIM was the use of any medication 
prescribed without an evidence-based clinical indication. In this 

Table 4. Effect of some variables on PIM for the whole group (logistic 
regression results from the univariate analysis)

Variable
Univariate

OR %95 CI p value
Medication number 1.264 1.151–1.388 0.000*
Pill number 1.156 1.080–1.237 0.000*
Comorbidities number 1.607 1.332–1.940 0.000*
Piracetam 15.881 3.644–69.204 0.000*
PPI 2.671 1.523–4.685 0.000*
Anticholinergic 5.609 2.445–12.867 0.000*
Antiplatelet 1.777 1.043–3.028 0.035*
Inhaler beta mimetic 2.434 1.218–4.863 0.012*

PIM, potentially inappropriate medication; OR, odds ratio; CI, confidence 
interval; PPI, proton pump inhibitor.
*p<0.05.

Table 5. Effect of some variables on PIM for the whole group (logistic 
regression results from the multivariate analysis)

Variable
Multivariate

OR 95% CI p-value
Model 1
 Medication number 1.106 0.854–1.433 0.445
 Pill number 0.943 0.793–1.122 0.508
 Comorbidities number 1.249 0.947–1.648 0.115
 Piracetam 19.304 4.160–89.586 0.000*
 PPI 2.320 1.181–4.556 0.015*
 Anticholinergic 5.196 2.112–12.786 0.000*
 Antiplatelet 1.576 0.822–3.022 0.171
 Inhaler beta mimetic 2.050 0.808–5.203 0.205
Model 2
 PRN 10.631 4.914–22.999 0.000*
 Piracetam 31.310 6.355–154.266 0.000*
 PPI 1.602 0.761–3.372 0.215
 Anticholinergic 4.889 1.835–13.025 0.002*
 Antiplatelet 2.118 1.049–4.279 0.036*
 Inhaler beta mimetic 2.480 1.005–6.123 0.049*

PIM, potentially inappropriate medication; OR, odds ratio; CI, confidence 
interval; PPI, proton pump inhibitor; PRN, pro re nata.
*p<0.05.

Table 6. Receiver operating characteristic analysis for thresholds of pill burden and polypharmacy to predict PIM use

Cut-off value Sensitivity Specificity ROC AUC (95% CI) Asymptotic significance (p)
Polypharmacya) 2.5 0.972 0.364 0.698 0.000

5.5 0.673 0.619 (0.630–0.766)
Pill burdenb) 2.5 0.925 0.347 0.67 0.000

5.5 0.692 0.593 (0.601–0.740)

PIM, potentially inappropriate medication; AUC, area under ROC curve; CI, confidence interval.
a)Number of drugs.
b)Number of pills.
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study, 74% of PRN medications continued to be used regularly, 
despite symptom resolution. These findings demonstrated the 
misuse of PRN medications by nurses and NHR. In addition, the 
prescription cascade increased if PRN medication was used regu-
larly rather than “as needed.” 

Medications for gastrointestinal problems are frequently used in 
the long-term care units.2,19) The third most common cause of 
PIM was PPI use at full therapeutic dosage for > 8 weeks for the 
treatment of uncomplicated peptic ulcer disease or erosive peptic 
esophagitis. Additionally, based on our observations, PPI was the 
most prescribed medication without an evidence-based clinical in-
dication or beyond the recommended duration, where the treat-
ment duration is well defined. PPI was prescribed as a PRN medi-
cation after receiving treatment for an adequate period. However, 
it was administered daily as a long-term scheduled medication de-
spite the absence of symptoms and not as a PRN medication. Phy-
sicians and patients are generally afraid of symptom relapse after 
discontinuing PPI treatment, although on-demand therapy is rec-
ommended for gastroesophageal reflux disease and chronic gastri-
tis. Therefore, PPI prescribed as a PRN medication but erroneous-
ly used daily was a common cause of PIM.6,20,21) 

We observed medication errors associated with the use of anti-
psychotics and anticholinergics. Although PRN antipsychotic 
medications are used for the acute control of agitation, the re-
scheduling of antipsychotic doses has been overlooked. Prescribers 
should record the indication and duration of use of PRN medica-
tion, especially to avoid misuse.22) Although the use of anticholin-
ergics has decreased significantly, it continues to increase in the 
presence of chronic diseases, such as dementia and depression, in 
long-term care settings.23-25) Similarly, Kose et al.26) reported signifi-
cantly increased anticholinergic use during stroke rehabilitation. 

First-generation antihistamines may be used inappropriately as 
hypnotics in patients with behavioral and psychological symptoms 
of dementia or delirium. 

Another notable medication among PIM users was piracetam. 
Piracetam is prescribed short-term to patients with peripheral ver-
tigo.27) However, piracetam was frequently used in this study for 
forgetfulness and vertigo of unknown origin. Most NHRs did not 
show a significant benefit from the use of piracetam. Furthermore, 
evidence supporting its effectiveness remains inadequate. 

The most common definition of polypharmacy is the regular 
use of at least five medications. Polypharmacy has been associated 
with the risk of geriatric syndromes and the use of PIM, and lists of 
PIM are widely used to reduce the prevalence of geriatric syn-
dromes.28-32) The number of pills taken by an individual can in-
crease, even if the number of medications used is lower, a situation 

that is oven overlooked. Therefore, we investigated the pill burden 
and threshold number of pills, which resulted in an increased risk 
of PIM similar to polypharmacy. In our study, the cutoff value for 
the number of pills to predict PIM use was similar to the number 
of medications used. The most sensitive cut-off value for the num-
ber of pills based on ROC analysis was 2.5. Pill burden had similar 
sensitivity and specificity to polypharmacy in identifying individu-
als with PIM. We found that neither definition was superior in 
identifying participants with PIM. Studies to date have demon-
strated the association of a reduced pill burden and reduced PIM 
use with increased medication adherence. To our knowledge, this 
is the first study conducted in NHs to investigate the cut-off value 
for the number of pills taken to predict the presence of PIM. Final-
ly, although the number of pills was insufficient to show the PIM 
arithmetically, it can still be used as an important risk factor for 
PIM.33) 

This study was conducted at a single center, thus resulting in a 
relatively small sample size. Some of the STOPP-2 criteria could 
not be applied owing to the requirement for laboratory assessment. 
As not all confounding factors, such as comorbidity and START 
criteria, were considered, medication error may not be associated 
solely with PRN or pill burden. We were unable to assess the med-
ications that were necessary for use based on comorbidities ac-
cording to the START criteria. 

In conclusion, an improperly explained prescription of PRN can 
result in medication errors. Due to patient misunderstanding of 
the indication or duration of use, PRN may cause PIM as the use 
of “any drug prescribed without an evidence-based clinical indica-
tion.” Older people who use PRN medications should be fol-
lowed-up more closely. Ultimately, identifying the presence of 
PIM and PRN is important for identifying barriers to adherence 
and enhancing patient understanding of the indications and prop-
er use of medications. To prevent the use of PIM caused by errors 
related to PRN medication, patients should be questioned at each 
visit regarding the use of each medication and prescribers should 
critically review the medication list. 

An approach should be developed to reduce the pill burden, in-
cluding reducing or stopping medications that are potentially 
harmful or no longer beneficial, using fixed-combination products, 
and reducing dose frequency. The number of pills taken is often 
not the same as the number of medications used and is usually 
more than the number of medications. Increasing the number of 
pills could reduce medication adherence, which, in turn, can lead 
to increased side effects, adverse drug reactions, or loss of efficacy. 
This indirectly leads to increased PIM use. Therefore, the numbers 
of pills and medications are important in terms of PIM use. 
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Functional Constipation is Associated with a Decline in Word Recognition  
2 Years Later in Community-Dwelling Older Adults: The Korean Frailty and 
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Background: Consumption and cognitive impairment are the most common health problems 
among older adults. This study aimed to determine the effects of functional constipation on cog-
nitive decline in community-dwelling older adults. Methods: This was a 2-year longitudinal anal-
ysis of Korean Frailty and Aging Cohort Study data, including 851 community-dwelling residents 
who participated in both the baseline and follow-up surveys. A neuropsychological test, the Con-
sortium to Establish a Registry for Alzheimer’s Disease Assessment Battery (CERAD-K), and the 
Korean version of the Frontal Assessment Battery (FAB) were used to evaluate cognitive function. 
Functional constipation was defined according to the ROME IV criteria. An analysis of covariance 
was used to identify the association between functional constipation and cognitive decline. Re-
sults: Among the 851 participants, 8.9% had functional constipation. The patients in the consti-
pation group were more likely to have low physical activity (15.8% vs. 8.8%), polypharmacy 
(61.8% vs. 45.5%), and depression (30.3% vs. 17.4%) than the non-constipation group. After ad-
justing for potential confounding factors, including age, sex, education years, low physical activi-
ty, polypharmacy, type 2 diabetes mellitus, depression, and baseline Cognitive Function Test score, 
the mean changes in Word Recognition test scores from 2018 to 2020 were -0.07 and -0.54 in 
the non-constipation and constipation groups, respectively (p=0.007). Other cognitive function 
tests (Mini-Mental State Examination, word list memory, word list recall, digit span, trail-making 
test, and FAB) did not show any difference in decline between the two groups (p>0.05). Conclu-
sions: Functional constipation at baseline was associated with a decline in word recognition after 
2 years. 
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INTRODUCTION 

Constipation is an unsatisfactory defecation disorder characterized 
by infrequent stools, difficult stool passage, or both, and it is one of 
the most common health problems encountered in older adults.1-3) 
Functional constipation was defined by the Rome Foundation to 
help standardize the diagnosis of chronic constipation without 
physiological abnormalities identified by routine diagnostic exam-

inations, as deemed clinically appropriate.4) The worldwide preva-
lence of functional constipation in adults is 10.1%,5) and the preva-
lence of functional constipation increases with age. Functional 
constipation has been reported in 30%–40% of older adults world-
wide6) and 19.6% of Korean adults aged 72–86 years.7) 

Cognitive impairment is a major personal and public health 
problem in older adults. Therefore, identifying the risk factors for 
cognitive impairment is essential for preventing cognitive disor-
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ders and can help promote successful cognitive aging.8) 

As an important manifestation of autonomic nerve dysfunction, 
constipation is well known to be the most common non-motor 
complication of Parkinson disease. Santos García et al.9) found that 
constipation predicts cognitive decline in Parkinson disease. In a 
cross-sectional population-based cohort study, Wang et al.10) 
showed that a higher prevalence of constipation is associated with 
dementia and non-amnestic mild cognitive impairment. However, 
no prospective cohort study has yet explored the predictive effects 
of functional constipation on cognitive decline. Therefore, we in-
vestigated the relationship between functional constipation and 
cognitive decline in community-dwelling older adults using the 
Korean Frailty and Aging Cohort Study (KFACS) longitudinal da-
tabase. 

MATERIALS AND METHODS 

Study Population 
The KFACS is a nationwide multicenter longitudinal study with a 
baseline survey conducted in 2016 and 2017 to identify factors 
contributing to frailty and aging in community-dwelling individu-
als aged 70–84 years. The baseline survey for the cohort study was 
conducted at 10 centers, with 1,559 participants in 2016 and 1,455 
in 2017.11) The participants were recruited from urban, suburban, 
and rural communities nationwide. To investigate the prevalence 
of frailty among the three age groups and consider the higher attri-
tion rate in the oldest age group, the KFACS cohort adopted quota 
sampling stratified by age (70–74, 75–79, and 80–84 years, with a 
ratio of 6:5:4). This quota sampling is based on oversampling of 
the older group using population distribution data from the Kore-
an Population and Housing Census conducted by Statistics Korea 
in 2015 (distributions of 43.5%, 33.8%, and 22.7% for adults aged 
70–74, 75–79, and 80–84 years, respectively).12) 

Participants were recruited from diverse settings (local senior 
welfare centers, community health centers, apartments, housing 
complexes, and outpatient clinics) to minimize selection bias. All 
participants were ambulatory, with or without the use of walking 
aids. Follow-ups have been conducted at 2-year intervals. A ques-
tionnaire to evaluate functional constipation was included in a fol-
low-up survey in 2018. Of the 1,292 participants aged 72–86 years 
who participated in the follow-up survey in 2018, 1,273 revisited 
the center after 2 years for the second follow-up survey in 2020. 

Of the 1,273 participants, those without available prescription 
information (n = 356) and those who were diagnosed with de-
mentia or cerebrovascular disease (n = 66) were excluded, and 851 
subjects were enrolled in the analysis (Fig. 1). 

The KFACS protocol was approved by the Institutional Review 

Board of the Clinical Research Ethics Committee of Kyung Hee 
University Medical Center (IRB No. 2015-12-103), and all partici-
pants provided written informed consent. Data anonymization 
was performed to protect participants’ privacy. This study was 
conducted in accordance with the consensus ethical principles de-
rived from the Declaration of Helsinki. 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.13)  

Assessment of Functional Constipation 
Functional constipation is a functional bowel disorder that pres-
ents with obvious low-frequency or incomplete defecation.4) 

Functional constipation was assessed based on the Rome IV crite-
ria for functional constipation. 

(1) Must include two or more of the following: 
-  Straining during more than one-fourth (25%) of defecations. 
-  Lumpy or hard stools (Bristol stool scale 1–2) in more than 

one-fourth (25%) of defecations. 
-  Sensation of incomplete evacuation in more than one-fourth 

(25%) of defecations. 
-  Sensation of anorectal obstruction or blockage in more than 

one-fourth (25%) of defecations. 
-  Manual maneuvers to facilitate more than one-fourth (25%) of 

defecation. 

Community-dwelling older adults aged 70 to 84 
years who took part in the Korean Frailty and 

Aging Cohort Study in 2016 
(n=1,559)

Revisited participants in 2018 follow-up survey
(n=1,292)

Revisited participants in 2020 follow-up survey
(n=1,273)

Study population
(n=851)

Follow-up loss in 2018
(n=267)

Follow-up loss in 2020
(n=19)

Dementia or cerbrovascular information
(n=66)

Without avaliable prescription information
(n=356)

Fig. 1. Study population.
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Fewer than three spontaneous bowel movements per week. 
(2) Loose stools are rarely present without the use of laxatives. 
(3) Insufficient criteria for irritable bowel syndrome. 
In addition, those who had experienced an onset of symptoms 

more than 6 months prior were included for functional constipa-
tion according to the ROME IV criteria. 

Assessment of Cognitive Function 
A neuropsychological test, the Consortium to Establish a Registry 
for Alzheimer's Disease Assessment Battery (CERAD-K), and the 
Korean version of the Frontal Assessment Battery (FAB) were 
used to evaluate comprehensive cognitive function. The CERAD-K 
is a standardized clinical and neuropsychological assessment battery 
for evaluating patients with Alzheimer’s.14) The CERAD-K initially 
consisted of eight tests—verbal fluency, modified Boston naming, 
Korean version of the Mini-Mental State Examination (MMSE-
KC), word list memory, constructional praxis, word list recall, 
word list recognition, and constructional praxis recall; however, in 
this study, word list memory, word list recall, word list recognition, 
digit span (forward and backward), trail-making test (TMT) A, 
and MMSE-KC were included.14) 

Word list memory is a test that assesses memory for new infor-
mation learning. It is conducted by presenting 10 commonly used 
words at intervals of two seconds and reading the words aloud, fol-
lowed by immediate recall of as many words as possible for 90 sec-
onds. The maximum score was 30 points, with 10 points per ses-
sion. The word list recall test evaluates the ability to recall the 10 
words from the word list memory test. A maximum of 90 seconds 
was allowed, and the maximum score was 10. The word list recog-
nition test measures recognition ability. The goal was to distin-
guish between the 10 words in the word list memory test and 10 
new words. The maximum possible score was 10. TMT A assesses 
attention, ordering, executive function, time-space search, and 
mental motion velocity. Patients were asked to draw a line con-
necting numbers 1 to 25 in ascending order, and the time taken 
was recorded. Participants who did not complete this within 360 
seconds were excluded. The digit span test assesses short-term 
memory, working memory, and attention by recalling the number 
sequence after hearing numbers forward and backward. Digit 
spans, forward and backward, were composed of seven digit ques-
tions and presented with two trials. One point was scored when 
each digit was correctly recalled, and the maximum score was 14 
points for each digit span, forward and backward. The digit span 
total is the combined score of the forward and backward digit 
span.14) 

The FAB assesses executive functions, such as planning, work-
ing memory, mental flexibility, and inhibition. It consists of simi-

larities (conceptualization), lexical-verbal fluency (mental flexibili-
ty), motor series (programming), conflicting instructions (sensi-
tivity to interference), Go–No Go (inhibitory control), and pre-
hension behavior (environmental autonomy), with a maximum 
score of 18; higher scores indicate better frontal lobe function.15)  

Other Measurements 
Demographic information, including age, sex, independent living, 
marital status, years of education, medical aid, alcohol consump-
tion, and smoking habits, was investigated through face-to-face in-
terviews in 2018. Malnutrition was defined as a Mini Nutritional 
Assessment (MNA) score of < 17.16) Physical activity was assessed 
using the metabolic equivalent of task minutes per week and kcal 
per week, calculated using the International Physical Activity 
Questionnaire.11) Polypharmacy implies the use of five or more 
prescribed medications. The Geriatric Depression Scale (GDS) 
short form was used to define depression, and scores > 5 indicate 
depression. History of chronic diseases, including hypertension, 
type 2 diabetes mellitus, dyslipidemia, depressive disorder, demen-
tia, cerebrovascular disease, other psychiatric disorders, renal dis-
orders, thyroid disorders, and malignancies, was assessed in 2018 
for analysis. 

Statistical Analyses 
Data are presented as mean ± standard deviation or percentages. 
Continuous variables were compared using the independent t-test, 
and categorical variables were compared using the chi-squared test. 
Univariate regression analysis was used to identify associations be-
tween each characteristic and decline in word list recognition over 
2 years. Analysis of covariance (ANCOVA) was used to identify 
associations between functional constipation and cognitive de-
cline, adjusted for age, sex, years of education, low physical activity, 
polypharmacy, type 2 diabetes mellitus, depression, and baseline 
cognitive function test scores. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows, version 25 (IBM 
Corp., Armonk, NY, USA). The level of statistical significance was 
set at p < 0.05. 

RESULTS 

General Characteristics of the Study Population 
The baseline characteristics of the participants are presented in  
Table 1. Among the 851 participants, 8.9% (n = 76) had functional 
constipation. The mean age of the functional constipation group 
(78.6 ± 3.9 years) was higher than that of the non-constipation 
group (77.5 ± 3.8 years). The functional constipation group was 
more likely to have a higher rate of low physical activity (15.8% vs. 
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Table 1. Baseline characteristics of study subjects according to functional constipation

Total (n = 851) No-constipation (n = 775) Functional constipation (n = 76) p-value
Age (y) 77.6 ± 3.8 77.5 ± 3.8 78.6 ± 3.9 0.012*
Sex, male 396 (46.5) 359 (42.2) 37 (49) 0.694
Independent living 747 (87.9) 682 (88.0) 65 (85.5) 0.510
Married 546 (64.2) 499 (64.5) 47 (61.8) 0.648
Education (y) 8.38 ± 4.93 8.36 ± 4.94 8.58 ± 4.83 0.716
Medical aid 49 (5.8) 45 (5.8) 4 (5.3) 0.844
Urban living 620 (73.0) 563 (72.8) 57 (75.0) 0.685
BMI (kg/m2) 24.43 ± 3.07 24.44 ± 3.06 24.35 ± 3.17 0.799
Smoking 34 (4.0) 31 (4.0) 3 (3.9) 0.982
High-risk drinking 30 (3.5) 27 (3.5) 3 (3.9) 0.834
Low physical activity 80 (9.4) 68 (8.8) 12 (15.8) 0.046*
Polypharmacy 400 (47) 353 (45.5) 47 (61.8) 0.007*
Malnutrition 9 (1.1) 7 (0.9) 2 (2.7) 0.152
Type II DM 191 (22.4) 168 (21.7) 23 (30.2) 0.087
Hypertension 494 (58.0) 451 (58.2) 43 (56.6) 0.914
Dyslipidemia 347 (40.8) 323 (41.7) 24 (31.6) 0.213
Depression 158 (18.6) 135 (17.4) 23 (30.3) 0.006*
Other psychiatric disorder 34 (4.0) 29 (3.7) 5 (6.6) 0.228
Thyroid disorder 29 (3.4) 27 (3.5) 2 (2.6) 0.881
Renal disorder 5 (0.6) 5 (0.6) 0 (0.0) 0.098
MMSE score (/30) 25.81 ± 3.03 25.82 ± 3.03 25.75 ± 3.13 0.412
Word list memory score (/30) 17.93 ± 4.34 18.02 ± 4.33 17.05 ± 4.40 0.063
TMT score (/360 seconds) 85.93 ± 67.97 85.77 ± 67.79 87.63 ± 70.19 0.820
Word list recall score (/10) 5.96 ± 2.03 5.99 ± 2.03 5.74 ± 2.04 0.306
Word list recognition score (/10) 8.76 ± 1.64 8.77 ± 1.65 8.67 ± 1.55 0.615
Digit span score (/28) 9.75 ± 3.63 9.76 ± 3.62 9.61 ± 3.83 0.719
FAB score (/18) 13.28 ± 3.21 13.29 ± 3.12 13.22 ± 3.12 0.859

Values are presented as the mean±standard deviation or number (%).
Depression implies that the SGDS-K score is >5; smoking implies that currently smoking; independent living implies that people can live without help from 
others, and not in nursing homes or hospitals; low physical activity implies that IPAQ-based weekly physical activity (kcal/week) is less than 495.65 kcal/week in 
males, 283.5 kcal/week in females, and less than the 20% threshold in KFACS; polypharmacy implies taking five or more prescribed medications; malnutrition 
implies MNA score <17; High-risk drinking implies two or more alcoholic drinks weekly (once seven cups for males and five cups for females). MMSE, TMT (out 
of 360 seconds, increasingly worse), Span (digit span test, total score of 28), FAB (total score of 18), recall test (total score of 10), and recognition test (total score 
of 10).
SGDS-K, Korean version of the Short Form of the Geriatric Depression Scale; KFACS, Korean Frailty and Aging Cohort Study; MMSE, Mini-Mental State 
Examination; TMT, Trail-Making Test; MNA, Mini Nutritional Assessment; FAB, Frontal Assessment Battery; BMI, body mass index; DM, diabetes mellitus; 
IPAQ, International Physical Activity Questionnaires.
*p<0.05.

8.8%), polypharmacy (61.8% vs. 45.5%), and depression (30.3% 
vs. 17.4%) at baseline than the non-constipation group. 

The characteristics of the participants 2 years after baseline are 
shown in Supplementary Table S1. Depression prevalence 2 years 
after baseline was 149 (19.2%) in the non-constipation group and 
24 (31.6%) in the constipation group (p=0.011). There was no sta-
tistically significant difference between the two groups in changes in 
depression over 2 years (p=0.674). (Supplementary Table S2). 

Changes in Cognitive Functions over 2 Years according to 
Constipation at Baseline 
Changes in word list recognition over 2 years in the functional 
constipation group (-0.55 ± 0.23) were much higher than those in 
the non-constipation group (-0.07 ± 0.05). No statistically signifi-
cant differences were found in the other cognitive function tests 
(MMSE, word list memory, word list recall, digit span, FAB, and 
TMT) between the constipation and non-constipation groups 
(Table 2).  
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Univariate Regression Analysis of Characteristics for the 
Change in Word List Recognition over 2 Years 
Table 3 shows the results of the univariate regression analysis of 
each baseline characteristic for the change in word list recognition 
test scores over 2 years. Age was only significantly associated with 
changes in word list recognition (p < 0.05). 

Adjusted Mean Changes in Word Recognition 
As shown in Table 4, we evaluated the association between func-
tional constipation and decline in word recognition test scores over 
2 years after controlling for confounders using the ANCOVA test. 
The confounding variables were selected from the statistically sig-
nificant variables (age, low physical activity, polypharmacy, and de-
pression) for functional constipation (Table 1) and decline in word 
list recognition test scores in univariate regression analysis (Table 
3), and variables (sex, years of education, type 2 diabetes mellitus, 
and polypharmacy) already known to be related to functional con-
stipation and declines in cognitive function.17-19) The baseline mea-
sures of each cognitive function test in 2018 were also included as 
confounding variables. 

In the ANCOVA, the word list recognition test scores declined 
more significantly in the constipation group (-0.53) than in the 
non-constipation group (-0.07) after adjusting for confounding 
factors (p = 0.008). 

DISCUSSION 

Our study showed that functional constipation predicted a decline 
in word list recognition in community-dwelling older adults. 

The proposed mechanism of the effect of constipation on cogni-
tive decline is that constipation can indirectly affect cognitive sta-
tus through irritability and aggression as well as pain and discom-

Table 2. Changes of cognitive functions for 2 years according to constipation at baseline

Change of cognitive function for 2 years
p-value

Total (n = 851) No-constipation (n = 775) Functional constipation (n = 76)
MMSE -0.36 ± 2.22 -0.37 ± 0.08 -0.28 ± 0.28 0.736
Word list memory -0.17 ± 3.43 -0.14 ± 0.12 -0.43 ± 0.38 0.481
TMT (s) 0.61 ± 35.76 0.04 ± 1.29 6.45 ± 3.75 0.136
Word list recall -0.31 ± 1.63 -0.29 ± 0.06 -0.46 ± 0.19 0.386
Word list recognition -0.11 ± 1.53 -0.07 ± 0.05 -0.55 ± 0.23 0.045*
Digit span -0.26 ± 2.40 -0.24 ± 0.09 -0.42 ± 0.27 0.539
FAB 0.26 ± 2.38   0.29 ± 0.08 -0.07 ± 0.31 0.215

Values are presented as the mean±standard deviation.
MMSE, TMT (out of 360 seconds, increasingly worse), Span (digit span test, total score of 28), FAB (total score of 18), word list recall test (total score of 10), 
and word list recognition test (total score of 10).
MMSE, Mini-Mental State Examination; TMT, trail-making test; MNA, Mini Nutritional Assessment; FAB, Frontal Assessment Battery.
*p<0.05.

Table 3. Univariate regression analysis of each baseline characteristic 
for difference in word list recognition test scores

B coefficient p-value
Age (y) -0.03 0.037*
Sex, male 0.05 0.614
Independent living -0.08 0.600
Married 0.15 0.184
Education (y) 0.01 0.551
Medical aid -0.17 0.454
Urban living 0.03 0.814
BMI (kg/m2) 0.00 0.891
Smoking -0.07 0.801
High-risk drinking -0.06 0.841
Low physical activity -0.03 0.874
Polypharmacy -0.03 0.810
Malnutrition 0.23 0.657
Type II DM 0.10 0.441
Hypertension -0.06 0.534
Dyslipidemia -0.03 0.521
Depression 0.06 0.660
Other psychiatric disorder -0.10 0.714
Thyroid disorder 0.06 0.695
Renal disorder 0.08 0.491
Univariate regression analysis was used to identify associations between each 
baseline characteristic and difference in word list recognition test scores.
Depression implies that the SGDS-K score is >5; smoking implies that cur-
rently smoking; independent living implies that people can live without help 
from others, and not in nursing homes or hospitals; low physical activity implies 
that IPAQ-based weekly physical activity (kcal/week) is less than 495.65 kcal/
week in males, 283.5 kcal/week in females, and less than the 20% threshold in 
KFACS; polypharmacy implies taking five or more prescribed medications; 
malnutrition implies MNA score <17; high-risk drinking implies two or more 
alcoholic drinks weekly (once seven cups for males and five cups for females).
SGDS-K, Korean version of Short Form of Geriatric Depression Scale; 
KFACS, Korean Frailty and Aging Cohort Study; MNA, Mini Nutritional As-
sessment; BMI, body mass index; DM, diabetes mellitus; IPAQ, International 
Physical Activity Questionnaires.
*p<0.05.
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fort.20) Although antipsychotics may cause constipation and aggra-
vate cognitive decline,21) participants in this cohort study were not 
affected by dementia or psychosis. The brain-gut axis hypothesis 
may be another mechanism. According to the brain-gut axis theo-
ry, the gut is connected to the brain through the gut-brain axis22); 
that is, the central nervous system communicates with the enteric 
nervous system, intestinal mucosa, and muscle layer through 
two-sided (afferent and efferent) pathways. Pathological changes 
in any component of the gut-brain axis may affect intestinal activi-
ty and lead to constipation. Some pathological studies have 
demonstrated that α-synuclein deposits can originate from the in-
testinal plexus and develop along the vagus nerve, eventually 
reaching the brain and resulting in the development of dementia.23) 
The last assumption is the dysfunction of the parietal lobe of the 
brain. The parietal lobe is suggested to be associated with constipa-
tion in children24) and is known to be related to short-term memo-
ry25) and recognition function.26) Therefore, parietal lobe dysfunc-
tion may be associated with constipation and its recognition. 
However, there are no studies on this connection yet; therefore, 
further investigation is needed. The initial and most prominent 
cognitive deficits associated with aging are usually amnestic rather 
than non-amnestic, and the finding that constipation is associated 
with a decline in word list recognition seems reasonable. 

This study had some limitations. First, our study participants 
were ambulatory community-dwelling older adults. Hospitalized, 
institutionalized, or bedridden older adults were excluded; there-
fore, our results may not be generalizable to other population set-
tings. Second, the detailed medication history of the participants 
was not investigated in this study. Medications such as antipsy-
chotics can be associated with both constipation and cognitive im-
pairment. However, we excluded those who had been taking nar-
cotics and those with a history of dementia. In addition, the preva-
lence of psychiatric disorders did not differ between the two 
groups at baseline. Third, there is a possibility that organic consti-

Table 4. Adjusted mean difference in word list recognition test scores 
between baseline and 2 years later

Adjusted mean difference in word 
list recognition test scores 95% CI p-value

No-constipation -0.07 -0.17 to 0.03 0.007*
Constipation -0.54 -0.86 to -0.21

ANCOVA was used to identify associations between functional constipation 
and cognitive decline, adjusted for age, sex, education years, low physical ac-
tivity, polypharmacy, type 2 DM, depression, and baseline cognitive function 
test scores in 2018.
DM, diabetes mellitus; CI, confidence intervals; ANCOVA, analysis of cova-
riance.
*p<0.05.

pation, such as colorectal cancer, was included because colonosco-
py results were not collected in our study. However, those who had 
cancer within 5 years before baseline were excluded; therefore, the 
possibility of colorectal cancer was low.  

Nevertheless, this study has several strengths. First, our study is 
based on a 2-year longitudinal prospective cohort-based study, 
which allows a more appropriate temporal relationship than previ-
ous cross-sectional studies. To the best of our knowledge, this is 
the first longitudinal study to show an association between func-
tional constipation and cognitive function decline. Second, we 
used the KFACS data, which included a relatively large number of 
community-dwelling older adults aged 72–86 from 10 nationwide 
centers, including urban and rural areas. 

In conclusion, functional constipation at baseline was associated 
with a decline in word list recognition 2 years later. 
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Background: Older people abuse includes intentional or unintentional conduct or omission of a 
specific behavior by a trusted person that causes injury or distress to older people. This study de-
scribed older peoples’ perceptions of abuse in Iranian society. Methods: This qualitative study ap-
plied a conventional content analysis method to understand the perceptions of abuse among 
older Iranian people. Twenty older residents were selected by purposeful sampling. Data were 
collected through in-depth, semi-structured, and face-to-face interviews. The six-step Grane-
heim and Lundman content analysis method guided data analysis. MAXQDA software version 10 
was used to manage the data. Results: The data analysis led to the identification of three main 
themes: broken toughness, hidden abuse, and exploitation. The first theme had two sub-themes: 
domination and disturbed peace and tranquility. Conclusion: Abuse resulted from a combination 
of causes and factors. Abuse was hidden in many cases and was not limited to physical abuse. 
The other examples of abuse included disrespect, deprivation of authority, disturbed tranquility, 
and financial exploitation of older adults. 
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INTRODUCTION 

One of the most obvious demographic changes in the 21st century 
is the aging of the population, which affects all countries world-
wide, including Iran.1) People live longer due to improvements in 
living conditions, increase in life expectancy, and advances in med-
icine.2) Old age in high-income countries is 65 years of age, while 
in low-income countries, people ≥ 60 years are considered older 
adults.3) In Iran, the retirement age is 60 years, which marks the be-
ginning of old age.4) An aging population is defined as an increase 
in the ratio of older people compared to other age groups5); if this 
ratio is ≥ 7%, the population is considered old.6) Accordingly, Iran 
became an old population in 2006, with more than 7.2% of the 
population ≥ 60 years of age.7) 

The increase in the older adult population, followed by an in-

crease in chronic diseases, often increases the dependence and dis-
ability of older people in society. These factors, along with risk fac-
tors such as cognitive disorders, poor health, functional disorders, 
and dependence on caregivers, make older adults vulnerable to 
abuse.8) Moreover, increasing numbers of older adults in families 
may negatively affect the physical and mental condition of family 
members, which may lead to economic pressure, emotional stress, 
irresponsibility, fatigue, and social isolation, which, in turn, may 
lead to antisocial behavior, violence, and abuse. Abuse of older 
adults is a type of domestic violence, which is considered a major 
health problem in today's society.9) 

Abuse of older adults includes intentional or unintentional con-
duct or omission of a specific behavior by a trusted person that 
causes injury or distress to older adults. This behavior may be re-
peated only once or several times and may occur as physical, psy-
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chological, sexual, and financial abuse or neglect.10) With the in-
creasing population of older adults in Iran, special social conditions 
such as urbanization, modernization, changes in traditional values, 
conflict between the value system of the current and old genera-
tions, and readiness to accept responsibility for the care of older 
adults have caused families to fail to fulfill their roles and responsi-
bilities towards their older members, ultimately exposing older 
adults to abuse and its consequences.11) 

Statistics show that 3.2% to 27.5% of older adults have experi-
enced abuse.12) A systematic review reported the prevalence rates 
of abuse in different countries, from 2.6% in the United States to 
4% in Canada, 18.4% in Israel, and 29.3% in Spain.13) While accu-
rate statistics on the prevalence of abuse in Iran are lacking, Hera-
vi-Karimooi et al.11) reported that 1.6%–19.3% of Iranian older 
people in Tehran had experienced various forms of abuse. 

How older adults react to abuse varies between individuals and 
is influenced by a variety of factors, including the physical/mental 
abilities and dependency of these older adults, as well as cultural 
factors and the perception of older adults about abuse.14) In one 
study, about half of the older adults exposed to abuse described it 
as a family conflict and denied any ill-treatment; moreover, some 
older adults believed that others had the right to treat them in that 
way.15) Some victims stated that they only sought help when the 
abuse was so severe that it was no longer tolerable or when they 
were confident that resources were available to help them. Several 
older adults also ignored abuse for various reasons, including 
shame and embarrassment, dependence on family members, and 
fear of rejection or revenge.16-18) 

A review of the literature shows that, considering the culture of 
Asian countries and the level of available social support for older 
adults, there is a lack of knowledge concerning the perceptions of 
abuse among older adults. These perceptions may change under 
the influence of the sociocultural and family context of a society.19) 
Since there is no published data in Iran regarding older adults’ per-
ception of abuse, this study was conducted to understand and de-
scribe this topic. 

MATERIALS AND METHODS 

This study was conducted in 2017 and employed a descriptive 
qualitative design and applied a content analysis method. 

Study Participants 
Twenty older people residing in Rasht Province were selected 
through purposeful sampling. The inclusion criteria were age ≥ 60 
years, ability to speak, Abbreviated Mental Test (AMT) score > 7, 
and experience of abuse. To achieve maximum variation, this study 

included both women and men with different educational back-
grounds. The participants were recruited from families, retirees, 
municipal health centers, public parks, religious associations, 
mosques, clinics, and workplaces.  

Data Collection 
Data were collected using in-depth, semi-structured, face-to-face 
interviews for 10 months between October 2016 and August 
2017. The time and place of the interviews were chosen in agree-
ment with the participants. The interviews lasted 30–60 minutes 
depending on the participants’ circumstances. Participant recruit-
ment continued until the data were saturated and no new data 
were obtained. Before the interview, the study aim and the partici-
pants’ rights were explained to the participants and informed con-
sent was obtained. 

The interviews began with general questions about personal 
characteristics. The participants were then asked to share their ex-
periences of abuse. They were also asked about their perceptions 
of abuse. During the interview, follow-up questions were posed to 
clarify ambiguities; for instance, “Can you give an example in this 
regard” or “Can you explain more about this?” The interviews end-
ed with open-ended questions such as “Is there anything else you 
would like to add?” 

Ethical Considerations 
This study was approved by the Ethics Committee of the Research 
Council of Tehran University of Medical Sciences (Code No. IR.
TUMS.FNM.REC.1396.4459). Written or oral informed consent 
was obtained from all participants. The participants received infor-
mation about the study aim, their rights as participants, and how 
the research data were used and stored. They were informed that 
their study participation was voluntary and that they could with-
draw from the study at any time without any consequences. The 
participants permitted the researchers to record the interviews af-
ter being reassured about the confidentiality of the data. 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.20) 

Data Analysis 
A conventional content analysis method was used to analyze the 
data. The interviews were recorded and then transcribed using the 
Microsoft Word software at the first opportunity after the inter-
views. The transcribed text was read several times to obtain a gen-
eral understanding. Then, the semantic units were identified ac-
cording to the study objectives. Finally, initial codes were prepared. 
The codes were categorized in terms of similarities and differences, 
forming classes and subclasses. This process was continued until 
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the main themes were extracted. MAXQDA-10 software (VERBI 
GmbH, Berlin, Germany) was used to manage the large volume of 
data. 

Trustworthiness 
This study used various methods to increase the rigor of the re-
sults. The extracted codes were reviewed by the research team such 
that the data were independently coded and classified by the re-
searchers. The extracted themes were then compared to each oth-
er. In cases of disagreement over the themes, the researchers met 
and discussed them until an agreement was reached. Member 
checks were also conducted by sharing the extracted codes with 
some participants and asking them to confirm the extracted codes 
or note their opinions about possible inconsistencies. A peer-re-
view method was also performed. Several interviews were ran-
domly selected and given to researchers familiar with the qualita-
tive method and who were not part of the project. Attempts were 
made to recruit participants with maximum variation to ensure the 
broader transferability of the results. 

RESULTS 

The findings of this study were the result of interviews conducted 
with 18 older adults (14 women and 6 men), ranging in age from 
61 to 92 years. The other demographic characteristics of the par-
ticipants are presented in Table 1. Analysis of the data resulted in 
three themes: broken toughness, hidden abuse, and exploitation. 
The first theme had two sub-themes: domination and disturbed 
peace and tranquility. 

Broken Toughness 
Broken toughness was described as unacceptable and inappropri-
ate behaviors that emotionally harmed older people and damaged 
their identity, self-esteem, and self-worth. These behaviors include 
dominating older people and disturbing their peace and tranquility. 

Under Domination 
Older adults considered the dominating behaviors by those 
around them to be a form of abuse. They believed that these be-
haviors would limit their authority and deprive them of a peaceful 
life. Depriving older people of the right to choose and imposing 
other family members’ opinions and decision-making on them de-
prives older adults of their authority. 

Older adults were dissatisfied and annoyed with others making 
decisions. The participants did not feel weak or incapacitated to 
the extent that others viewed them as old or disabled. An older 
woman who was forced by her son to leave her free life in a villa 

Table 1. Participants’ characteristics

Characteristic n (%)
Mean age (y) 68.9
 60–75 18 (90)
 76–90 1 (5)
 > 90 1 (5)
Sex
 Male 6 (30)
 Female 14 (70)
Education
 Illiterate 2 (10)
 Primary and junior high school 6 (30)
 High school 2 (10)
 University 5 (25)
Marital status
 Married 9 (45)
 Widowed 7 (35)
 Divorced 3 (15)
 Single 1 (5)
Living arrangements
 Alone 5 (25)
 With spouse 7 (35)
 With children 6 (30)
 With relatives 2 (10)
Place of residence
 Rural areas 7 (35)
 Urban areas 13 (65)
Abuser
 Children 11 (55)
 Spouse 5 (25)
 Relatives 4 (20)

and live in an apartment despite her wishes complained that she 
had no choice but to choose her place of residence. “Life in a cage,” 
she said. (About her place …) 

“I did not want to live in an apartment. I felt imprisoned and 
caged when my son sold my villa and forced me to live in an apart-
ment.” (P9) 

The participants believed that, at this age, despite some physical 
problems, they had many experiences that made them indepen-
dent of others who tried to make decisions about their lives. The 
findings of this study demonstrated that older people with higher 
levels of education suffered more from deprivation of their inde-
pendence by their children and others. 

One of the most distressing problems mentioned by the older 
adults in this study was the restriction imposed on them to com-
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municate with other family members or social communication, 
which could lead to feelings of loneliness and cause psychological 
problems, including despair, depression, boredom, feelings of help-
lessness, and anxiety. One of the participants (P2) stated the fol-
lowing: 

“I do not have independence in my house. One day my brother 
called and wanted to come over to see me. My son yelled and 
shouted why my brother should come now. He said go and make 
an excuse to prevent hip from coming over; why is my brother try-
ing to come without notice? I had to get permission from him to 
see my brother, and that made me very angry.” (P2) 

Human beings are born with the need for communication and 
intimacy. Satisfying this need requires positive communication 
and interaction with others, especially with family members. Thus, 
by limiting communication, older adults experience deprivation, 
which can lead to feelings of loneliness. Attempts to eliminate this 
sense of loneliness in older adults can reduce the risk of complica-
tions such as depression. 

Disturbed Peace and Tranquility 
Older adults referred to the loss of peace and tranquility due to the 
negligence of family members as a form of abuse. These findings 
indicated that older adults showed depressive behaviors. They 
talked about the behaviors and actions that deprived them of a 
peaceful life. Harassment through noise, clutter, and indiscipline in 
tidying the house and bringing home strangers disturbed older 
people and stressed them mentally. Thus, after going through the 
ups and downs of life, older adults increasingly require mental and 
physical peace to be able to spend this stage of life with a sense of 
satisfaction.  

In this study, noise was perceived as a serious threat to the peace 
and tranquility of older people. Noise can have an indirect impact 
on older people in the form of irritation, physical and mental fa-
tigue, sleep disturbances, increased heart rate, and high blood pres-
sure. An older woman who was suffering from the noise made by 
her young grandchildren said: 

“The young people in this generation sleep until noon and stay 
awake until midnight. My grandchildren’s room is next to mine. All 
nights, I hear the sound of laughter or talking over the phone to 
friend or listening to music. Sometimes in the middle of the night, 
he began eating while the sound of dishes and utensils is coming 
from the kitchen.” 

Hidden Abuse 
The older adults in this study were exposed to hidden abuse, in-
cluding psychological harassment. Behaviors such as neglect, con-
stant blame, intimidation, disrespect, and disregard were some of 
the hidden abuses experienced by the study participants. These 
behaviors, while not having visible physical effects, were highly an-
noying and distressing to the participants. From the point of view 
of the older adults, these behaviors were a type of abuse. 

One of the hidden abuses was blame, including reminders of 
shortcomings in a two-way relationship and behaviors with the in-
tention of humiliating and exercising power over older adults. 
Blame distorts another person’s personality and creates a feeling of 
worthlessness for older adults, leading to a loss of dignity and 
self-confidence. Blaming in front of others and the constant criti-
cism of older adults by their children were perceived as torment-
ing. The older adults used the phrase “getting injured” to express 
the depth of their psychological distress: 

“I always find myself exposed to his reproach and horrible criti-
cism, which bothers me a lot and takes away my confidence. He 
blames me for everything I do. I feel I have been injured. Like a 
dagger that breaks everything to pieces, I am injured and broken 
into pieces by his constant rebukes.” (P7) 

Older adults have emotional, livelihood, security, and recreation-
al needs and like to participate in social activities. Thus, family 
members and the community should be aware of these needs and 
strive to provide them. As people age, their emotional needs may 
increase. From the point of view of older adults, making them wait 
is emotional abuse. No matter how good the financial situation of 
the older adult, they still emotionally need others and society. The 
older adults stated that they expected love and affection, meeting 
loved ones, and quicker responses from their family members and 
community. 

The older adults in the present study experienced negligence 
from their family members in meeting their health needs. Unkind-
ness, lack of empathy and sympathy, not visiting, not answering 
their questions and lack of attention deprived the older people of 
their emotional needs, to the degree that they felt "abandoned". 
The older adults stated that their children did not visit them often 
because of work-life difficulties. 

Lack of support by family members in matters such as cleaning, 
shopping, cooking, and financial and banking affairs were other 
experiences of abuse. 

“With this disease, I have to do everything on my own. I am on 
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dialysis three times a week. None of my children would take me to 
the clinic. I go there alone. My wife died two years ago, this house 
needs cleaning, and no one does the cooking. The hospital staff, 
who know that I live alone, sometimes feel sorry for me and adjust 
my dialysis time close to lunch time, so that I can have a Hot Bite." 
(P19) 

Ignoring their attachments was another psychological abuse ex-
perienced by older adults in this study. Belonging means loving 
something. Belonging is a psychological property. Older adults are 
particularly sensitive to their belongings, as they have sentimental 
value. Older adults should be allowed to maintain their belongings 
and their sense of ownership and belonging should be respected.  

Exploitation 
Exploitation of older adults was perceived by the participants as 
another form of abuse, which took advantage of older adults 
throughout their lives. The older adults in the present study were 
only physically and financially exploited. They did not refer to oth-
er forms of exploitation such as sexual exploitation. Most of the 
older adults who were exploited were women or older adults who 
were physically or financially dependent. 

Exploitation was also experienced as a threat, fear, and violence. 
An older woman who was severely abused by her husband said: 

“I went to bed a little early last night, I was not feeling well, but 
he called me seven times. At night, he woke me up for whatever he 
wanted, and I had to provide him. One time he wanted water, an-
other time he wanted tea, or fruit or medication. I had to serve him 
like a servant. I am no longer comfortable with him.” (P10) 

Deception involves breaking interpersonal covenants. The par-
ticipants talked about lying, cheating in marriage, cheating in busi-
ness, and fraud. They stated that some market sellers took advan-
tage of their age and sold goods at higher prices. 

Fraud against older adults was another example of the exploita-
tion of older adults by their children. Forcing older people to share 
their capital, misuse of properties and assets for personal gain, and 
claiming inheritance were examples of financial exploitation men-
tioned by the participants. 

“My problem is my children. They expect financial help from 
me. I’m retired and do not have that much money. My salary pro-
vides for me and my wife, but they expect me to sell the house I 
live in and meet their financial needs. But I cannot do that now at 
this age.” (P14) 

DISCUSSION 

The results of this study illustrated older adults’ perception of 
abuse in Iran. The participants referred to abuse as a factor that dis-
rupted their strength and tranquility in old age. They also referred 
to hidden abuse and exploitation of older adults. 

According to the participants, psychological and verbal abuse 
were frustrating. The participants discussed psychological harass-
ment, pain, and discomfort, which were no less than physical ha-
rassment. Physical abuse is not the only type of abuse that results 
in injury, as it includes a broader range such as threats, psychologi-
cal and emotional violence, humiliation, ridicule, and obscenity. 
The impact of such behaviors is greater than that of physical 
abuse.21) In another study, psychological abuse was the most com-
mon abuse mentioned by older adults. Approximately 68.8% of 
the study participants had experienced psychological abuse, 37% 
had experienced neglect, 6.3% had experienced financial abuse, 
and 3.8% had experienced physical abuse. None of the participants 
had been sexually abused. Another study in Iran demonstrated that 
psychological and financial abuses were the most prevalent abuse 
among older adults.22) The reported rates of psychological abuse 
were 20.7% in Spain, 29.7% in Sweden, 27.1% in Germany, and 
21.9% in Portugal.23) Another study showed that the highest preva-
lence of abuse in the United States and the United Kingdom were 
physical and verbal violence, respectively.9) Many studies have con-
firmed that psychological abuse is one of the most important types 
of domestic abuse among older people. For example, Filipska et 
al.,24) Pi et al.,10) Heravi-Karimooi et al.,11) and Koosheshi and Va-
ladvand25) reported the importance of psychological abuse. The 
similarities and differences in the types of abuse in Western, East-
ern, and American societies can be attributed to cultural differenc-
es. Psychological abuse is more prevalent in Eastern societies, in-
cluding Iran. This can perhaps be attributed to the strong emotion-
al bonds and attachments, especially emotional attachments be-
tween parents and children. This type of relationship leads to 
widespread interactions and, sometimes, excessive expectations of 
parents and children from each other such that some behaviors are 
considered abusive from their point of view. However, economic 
problems and rising inflation in recent years have deprived chil-
dren of financial support, which, in the presence of severe econom-
ic pressures on children, may lead to the financial abuse of their 
parents.8) 

In the study of Heravi-Karimooi et al.,11) the nature of abuse in-
cluded “highly disturbing emotional behavior” and “disrespect.” 
The participants stated that the abuse of older people was a dis-
tressing emotional behavior and an unpleasant, torturous, difficult, 
and painful inner experience. In the present study, almost all par-
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ticipants identified disrespect as a form of abuse. Disrespect is a 
form of psychological abuse among older adults.23) Disrespect in-
cludes behaviors and attitudes that violate cultural norms. In many 
Asian cultures, disrespect may be considered the most important 
form of abuse.26) The older adults in the present study considered 
any behaviors that made them feel humiliated and ignored, espe-
cially in the public, to be disrespectful. A previous study reported 
that older Koreans considered their grandchildren’s ignorance of 
them to be disrespectful. From their perspective, not speaking the 
mother tongue in conversation with parents, direct opposition to 
older people, or lack of attention and value of older people when 
entering the home were considered disrespectful behaviors.27) 
Older Chinese adults also reported disrespect as the most serious 
form of abuse. In one study, Chinese seniors noted sharing respon-
sibility among family members as a form of disrespect for them. 
They believed that, in this case, they would be exchanged like a ball 
among family members, which they perceived to be a kind of dis-
respect.28,29) In Japanese culture, parental blame by children is a 
form of disrespect for parents and older adults.30) Heravi-Karimooi 
et al.11) reported that the participants stated that they needed re-
spect more than water and food, and that disrespect was worse for 
them than thirst and hunger. Older people’s description of disre-
spect in that study included rejection, neglect, lack of a dignified 
life, and violation of their rights. Another psychological abuse re-
ported by older adults in the present study was a lack of communi-
cation with older adults. A study of Chinese and Korean older 
adults reported that failure to communicate with older adults was 
also considered a form of psychological humiliation and punish-
ment.31-33) 

Financial expectations and pressure on older adults to sell their 
property and assets against their will, expropriation, fraud in trans-
actions, and the prevention of older adults from making decisions 
regarding their own property and assets, use of older people’s pen-
sions, and unauthorized transfers of property were among the fi-
nancial abuses experienced by older adults in the present study. A 
previous study reported that older adults spent their financial re-
sources on educating their children and sacrificing their personal 
needs in favor of their children.34) The older adults in our study ex-
perienced financial abuse such as pressure from family members to 
acquire land, property, and capital; in contrast, a study in Africa re-
ported theft as the most common financial abuse. The unautho-
rized acquisition of property and assets belonging to older adults 
was also reported.35) 

The present study had several limitations, including the age of 
the participants and their fatigue during the interview, which might 
have affected their responses. Therefore, the researchers adjusted 
the interview times according to the participants’ physical and 

mental conditions. The abuse of older adults is a hidden problem 
among many families and is a social taboo according to the prevail-
ing culture in Iranian communities; hence, many abused older 
adults were not willing to be interviewed. Therefore, participant 
recruitment in this study was difficult and long. The process of 
dealing with abuse and its consequences is part of the education of 
medical students, as well as part of continuing educational pro-
grams for healthcare professionals. The results of the present study 
may help health workers to provide essential social, economic, 
welfare, and health support to older adults and their families. 
Health care providers can also benefit from employing specialized 
expert teams to design and implement support programs. Empow-
ering older adults and their families plays an important role in pre-
venting abuse. As the abuse of older adults is multidimensional 
and context-based, similar studies should be conducted in other 
contexts with diverse cultures and religions to gain a better under-
standing of the phenomenon.  

In conclusion, the results of this study revealed that abuse may 
be hidden in many cases and was not limited to physical abuse. 
Other examples of abuse include disrespect, deprivation of author-
ity, disturbed peace and tranquility, and financial exploitation of 
older adults. The results of this study can help increase knowledge 
in the field of abuse of older adults. 
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Background: As the global population ages, the number of older adults working after retirement 
is increasing. However, knowledge regarding working conditions for health and happiness among 
this population is insufficient. Therefore, we examined the association between work-related fac-
tors (e.g., employment status, daily working time, work-related stress) and happiness among 
working older adults. Methods: This cross-sectional study recruited Japanese older adults, aged 
65 years and older, who were engaged in paid work, during their annual health checkups. 
Self-administered questionnaires were used to assess happiness, employment status, daily work-
ing time, and work-related stress (i.e., job strain, job control, job suitability, and relationships at 
work). Results: The data of 520 men and 168 women were analyzed (mean ages, 68.5 years and 
68.0 years, respectively). The results of the multivariable ordinal logistic regression analysis indi-
cated that low job suitability was negatively associated with happiness in men (odds ratio 
[OR]=0.46; 95% confidence interval [CI], 0.28– 0.78; p=0.004). In women, long working hours 
and low job control were negatively associated with happiness—working >8 hours daily 
(OR=0.29; 95% CI, 0.12–0.71; p=0.008) and low job control (OR=0.29; 95% CI, 0.12–0.72; 
p=0.009). Conclusion: The results showed that low job suitability for men and long daily working 
time and low job control for women were negatively associated with happiness. These findings 
suggest the need to improve working conditions to enhance the well-being of working older 
adults. 
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INTRODUCTION 

With the continuously aging global population, achieving both 
health and longevity among older adults is an important public 
health challenge. In particular, maintaining social engagement 
during old age is crucial for ensuring healthy aging and enhancing 
peoples’ well-being.1,2) Continuing to engage in paid work is a par-
ticularly promising social commitment for this population group. 

In addition to the income earned, engaging in paid work provides 
multiple benefits for older adults, including greater social contribu-
tions, larger social networks, and more meaningful life goals, which 
lead to positive health benefits and overall improved well-being.3) 

Recently, particularly in Japan, where the aging rate is the highest 
worldwide, an increasing number of older adults either continue or 
intend to return to work after retirement, despite Japan’s mandato-
ry retirement age of 65 years.4,5) In terms of working or not work-
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ing post-retirement, a growing body of evidence has demonstrated 
the effects on the physical and mental health of older adults. From 
a traditional perspective, retirement due to old age does not neces-
sarily have a negative effect. Some systematic reviews have suggest-
ed the positive impact of retirement on mental health.6,7) Mean-
while, other studies have reported the positive health impacts of 
working post-retirement.8) Thus, the results have been inconsis-
tent. 

Despite the contradictory results of these previous studies, the 
social environment of older adults is changing, such as an increas-
ing number of individuals living alone and the weakening of their 
neighborhood relationships.9,10) Thus, the meaning of post-retire-
ment work may have changed. Therefore, further research is need-
ed. In this context, the latest systematic review suggested the over-
all positive effects of people working in older age on physical and 
mental health.11) Additionally, recent studies of a large sample of 
older Japanese adults reported that continuing to work during old 
age was associated with a lower risk of mortality,12) greater activi-
ties in daily living,13) higher functional capacity,14) healthy cognitive 
functioning,12) and better mental health maintenance.12) Further-
more, working during older age also helped to prevent the inci-
dence of long-term care.15) Therefore, as the latest evidence sug-
gests, continuing to work during older age may be a promising ap-
proach to increasing the social engagement of this population 
group, which could, in turn, maintain their overall health and 
well-being. 

Despite the increasing number of older adults continuing to 
work post-retirement, limited research has focused on the personal 
impact of their job conditions, such as employment status or work-
ing environment. A previous systematic review suggested that 
working post-retirement had overall positive health effects, while 
poor working environments and high work-related stress had neg-
ative impacts,11) including on physical and mental health.16,17) Ad-
ditionally, adverse health effects may occur depending on older 
adults’ motivation to work.18) These studies highlight the need for 
further research on positive work-related factors to support em-
ployed older adults’ overall well-being. However, evidence is insuf-
ficient regarding these work-related factors that affect the health 
and well-being of working older adults. Further studies on this as-
sociation are needed to promote healthy aging and maintain the 
well-being of older adults. 

Therefore, this study examined the associations between 
work-related factors and happiness, a core concept of well-being, 
among working older adults. 

MATERIALS AND METHODS 

Study Participants 
This cross-sectional study was conducted as part of the Japan 
Multi-Institutional Collaborative Cohort Study (J-MICC Study) 
in the Okazaki area.19,20) We recruited community-dwelling Japa-
nese adults aged 35–79 years from among the participants of regu-
lar health checkups at a public health center in Okazaki City, Aichi, 
Japan, between 2007 and 2011. During this period, a self-adminis-
tered questionnaire was mailed to the participants before their 
health checkups. Subsequently, the questionnaire was collected at 
the health check-up site. A total of 7,580 individuals were recruited 
(response rate, 25.9%).20) Responses from those < 65 years of age 
(n = 5,071), those not working (n = 1,820), and those with missing 
information on the work status question (n = 1) were excluded. 
Therefore, the final analysis included 688 older adults. 

All participants provided written informed consent and the 
study protocol was approved by the ethics committee of affiliated 
institutions. This study was conducted in accordance with the lat-
est guidelines of the Declaration of Helsinki. 

Also, this study complied with the ethical guidelines for author-
ship and publishing in the Annals of Geriatric Medicine and Re-
search.21) 

Happiness 
Based on a previous study, the participants’ levels of happiness 
were assessed using the following single question concerning sub-
jective happiness: “How would you score your current sense of 
happiness on a scale out of 100 points?”22) Earlier research has sug-
gested that happiness is an essential component of well-being23); 
therefore, we used this score as the outcome variable. We divided 
the score into four quartile ranges according to sex, as the data 
were not normally distributed—for men, 81.5 ± 12.9 (mean ±  
standard deviation), 80.0 (10.0) [median (interquartile range)], 
-1.38 (skewness), and 4.79 (kurtosis); for women, 82.6 ± 13.5 
(mean ± standard deviation), 85.0 (10.0) [median (interquartile 
range)], -1.01 (skewness), and 4.28 (kurtosis). 

Work-Related Factors 
Regarding work-related factors, the participants’ employment sta-
tus, daily working hours, and work-related stress were assessed us-
ing a self-administered questionnaire. Employment status was cat-
egorized as “self-employed,” “regular employment,” and “non-regu-
lar employment.” Daily working time was classified into three cate-
gories; “ < 6 hours,” “6–8 hours,” and “ > 8 hours.” Work-related 

Ann Geriatr Med Res 2022;26(3):256-263

257Work-related Factors and Happiness of Older Adults



stress was assessed using the simplified Brief Job Stress Question-
naire (BJSQ), which is a shortened version of the BJSQ with con-
firmed validity and reliability in assessing job stress.24,25) Using 
these variables, we evaluated four areas of work-related stress: job 
strain, job control, job suitability, and relationships at work.24) Job 
strain was defined as the psychological and physical workload. Job 
control was conceptualized as skill discretion and decision author-
ity. Job suitability referred to the use of one’s own skills and knowl-
edge at work, as well as job satisfaction. 

Relationships at work involved positive psychological relation-
ships with colleagues. The participants answered 17 questions on 
work-related stress. Based on their responses, we assessed each 
type of stress and divided it into two categories (Supplementary 
Table S1). 

Covariates 
Based on a previous study,17) we included participants’ socioeco-
nomic status, health status, and health-related behaviors as factors 
associated with job conditions and happiness. These included par-
ticipants’ age, living arrangements, educational attainment, present 
illnesses, body mass index (BMI), alcohol consumption status, 
smoking status, and exercise habits. Living arrangements were di-
chotomized as “living alone” and “living with others.” Educational 
attainment was categorized as < 9, 10–12, and ≥ 13 years. Present 
illnesses were categorized as “none” and “ ≥ 1” according to the 
number of diagnosed illnesses, including cancer, heart disease, 
stroke, hypertension, dyslipidemia, and diabetes. The BMI was di-
chotomized as < 25.0 kg/m2 and ≥ 25.0 kg/m2. Alcohol consump-
tion and smoking status were dichotomized as “never/past” and 
“current.” Exercise habits were dichotomized as < once/week and 
≥ once/week.  

Statistical Analysis  
All analyses were conducted according to participants’ sex, as men 
and women may have different priorities at work, particularly in 
the Japanese society, with different experiences and social mean-
ings. First, we calculated the descriptive statistics collected from 
the participants’ demographic characteristics. Second, we used a 
multivariable ordinal logistic regression analysis to calculate the 
odds ratio (OR) and 95% confidence interval (CI) of the studied 
work-related factors as association variables with participants’ hap-
piness scores in reference to the lowest quartile score category, 
based on the assumption of proportional odds.26) Two models 
were then used: a crude model with no adjustments and an adjust-
ed model for all covariates. 

As a sensitivity analysis, we ran similar analysis models on abso-
lute happiness scores every 10 points. 

To mitigate potential bias due to missing information, a multiple 
imputation method was applied under the missing at random 
(MAR) assumption (i.e., the missing data mechanism depends 
only on the observed variables). We generated 20 imputed datasets 
using the multiple imputations by chained equations (MICE) pro-
cedure and pooled the results using standard Rubin’s rule.27) 

The significance level was set at p < 0.05. R software version 
3.6.3 for Windows (R Foundation for Statistical Computing, Vien-
na, Austria) was used for all statistical analyses. The multiple impu-
tation approach involved the use of the MICE function (mice 
package). 

RESULTS 

The final analysis included data from 520 men and 168 women. 
Tables 1 and 2 show the characteristics of the male and female par-
ticipants, respectively. The mean ages were 68.5 ± 3.0 years for 
men and 68.0 ± 2.6 years for women. Among the participating 
men, those with a higher level of happiness were more likely to 
have higher educational attainment, higher BMI, regular exercise 
habits, non-regular employment, high job strain, high job suitabili-
ty, and good relationships at work; not consume alcohol or smoke; 
and work < 5 hours daily. Among the participating women, those 
with a higher level of happiness were more likely to consume alco-
hol, have regular exercise habits, work for no more than 8 hours 
daily, have a high sense of job control, and feel a high sense of job 
suitability. 

Table 3 shows the results of the analysis of associations between 
the examined work-related factors and participant happiness, as 
identified by multivariable ordinal logistic regression analysis con-
ducted separately for men and women. After adjusting for covari-
ates, low job suitability was negatively associated with happiness in 
men (OR = 0.46; 95% CI, 0.28– 0.78; p = 0.004). In women, a dai-
ly working time of > 8 hours and low job control were negatively 
associated with happiness (daily working time of < 6 hours vs. > 8 
hours: OR = 0.29; 95% CI, 0.12–0.71; p = 0.008; low job control: 
OR = 0.29; 95% CI, 0.12– 0.72; p = 0.009). These results showed 
similar trends in the sensitivity analysis, for which the outcomes 
were divided into absolute ranges (Supplementary Table S2). 

The results of the analysis results after excluding self-employed 
participants were nearly the same as the main results (Supplemen-
tary Table S3). 

DISCUSSION 

This cross-sectional study examined the association between 
work-related factors and happiness in older adults. Our results in-
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Table 1. The characteristics of men participants

Happiness score
Quartile 1 (lowest) (n = 130) Quartile 2 (n = 130) Quartile 3 (n = 130) Quartile 4 (highest) (n = 129)

Age (y) 68.6 ± 3.0 68.4 ± 3.1 68.8 ± 3.1 68.1 ± 3.0
Living arrangement
 Living with others 119 (91.5) 125 (96.2) 126 (96.9) 124 (96.1)
 Living alone 11 (8.5) 5 (3.8) 4 (3.1) 5 (3.9)
Educational attainment (y)
 < 10 36 (27.7) 51 (39.2) 40 (30.8) 35 (27.1)
 ≥ 10 94 (72.3) 79 (60.8) 90 (69.2) 94 (72.9)
Present illness
 None 56 (43.1) 66 (50.8) 72 (55.4) 57 (44.2)
 One or more 74 (56.9) 62 (47.7) 58 (44.6) 71 (55.0)
BMI (kg/m2)
 < 25.0 99 (76.2) 102 (78.5) 97 (74.6) 93 (72.1)
 ≥ 25.0 31 (23.8) 28 (21.5) 33 (25.4) 36 (27.9)
Alcohol consumption status
 Never/past 27 (20.8) 31 (23.8) 39 (30.0) 38 (29.5)
 Current 103 (79.2) 99 (76.2) 91 (70.0) 91 (70.5)
Smoking status
 Never/past 107 (82.3) 111 (85.4) 112 (86.2) 103 (79.8)
 Current 23 (17.7) 19 (14.6) 18 (13.8) 26 (20.2)
Exercise habits
 < once/week 32 (24.6) 35 (26.9) 27 (20.8) 28 (21.7)
 ≥ once/week 98 (75.4) 95 (73.1) 103 (79.2) 101 (78.3)
Employment status
 Regular-employed 10 (7.7) 9 (6.9) 10 (7.7) 16 (12.4)
 Self-employed 44 (33.8) 54 (41.5) 54 (41.5) 55 (42.6)
 Non-regular-employed 76 (58.5) 67 (51.5) 66 (50.8) 58 (45.0)
Daily working time (hr/day)
 < 6 31 (23.8) 33 (25.4) 39 (30.0) 42 (32.6)
 6–8 44 (33.8) 50 (38.5) 40 (30.8) 32 (24.8)
 ≥ 8 55 (42.3) 45 (34.6) 51 (39.2) 55 (42.6)
Job strain
 Low 116 (89.2) 114 (87.7) 116 (89.2) 107 (82.9)
 High 14 (10.8) 16 (12.3) 14 (10.8) 20 (15.5)
Job control
 High 104 (80.0) 111 (85.4) 112 (86.2) 105 (81.4)
 Low 26 (20.0) 19 (14.6) 18 (13.8) 22 (17.1)
Job suitability
 High 103 (79.2) 114 (87.7) 116 (89.2) 117 (90.7)
 Low 27 (20.8) 15 (11.5) 14 (10.8) 10 (7.8)
Relationships at work
 Good 110 (84.6) 116 (89.2) 120 (92.3) 117 (90.7)
 Poor 12 (9.2) 10 (7.7) 6 (4.6) 7 (5.4)

Values are presented as mean±standard deviation or number (%).
Missing data: n=1 for happiness score, n=3 for present illness, n=2 for job strain, n=2 for job control, n=2 for job suitability, and n=2 for relationships at work.
BMI, body mass index.
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Table 2. The characteristics of women participants

Happiness score
Quartile 1 (lowest) (n = 42) Quartile 2 (n = 42) Quartile 3 (n = 42) Quartile 4 (highest) (n = 42)

Age (y) 67.6 ± 2.6 68.4 ± 2.9 68.0 ± 2.6 67.9 ± 2.3
Living arrangement
 Living with others 37 (88.1) 33 (78.6) 33 (78.6) 37 (88.1)
 Living alone 5 (11.9) 9 (21.4) 9 (21.4) 5 (11.9)
Educational attainment (y)
 < 10 15 (35.7) 11 (26.2) 9 (21.4) 18 (42.9)
 ≥ 10 27 (64.3) 31 (73.8) 33 (78.6) 24 (57.1)
Present illness
 None 19 (45.2) 24 (57.1) 21 (50.0) 20 (47.6)
 One or more 23 (54.8) 18 (42.9) 21 (50.0) 22 (52.4)
BMI (kg/m2)
 < 25.0 29 (69.0) 36 (85.7) 35 (83.3) 29 (69.0)
 ≥ 25.0 13 (31.0) 6 (14.3) 7 (16.7) 13 (31.0)
Alcohol consumption status
 Never/past 34 (81.0) 29 (69.0) 31 (73.8) 30 (71.4)
 Current 8 (19.0) 13 (31.0) 11 (26.2) 12 (28.6)
Smoking status
 Never/past 40 (95.2) 42 (100) 40 (95.2) 39 (92.9)
 Current 2 (4.8) 0 (0) 2 (4.8) 3 (7.1)
Exercise habits
 < once/week 14 (33.3) 12 (28.6) 12 (28.6) 9 (21.4)
 ≥ once/week 28 (66.7) 30 (71.4) 30 (71.4) 33 (71.4)
Employment status
 Regular-employed 5 (11.9) 6 (14.3) 4 (9.5) 4 (9.5)
 Self-employed 10 (23.8) 12 (28.6) 17 (40.5) 9 (21.4)
 Non-regular-employed 27 (64.3) 24 (57.1) 21 (50.0) 29 (69.0)
Daily working time (hr/day)
 < 6 8 (19.0) 4 (9.5) 7 (16.7) 12 (28.6)
 6–8 6 (14.3) 15 (35.7) 8 (19.0) 9 (21.4)
 ≥ 8 28 (66.7) 23 (54.8) 27 (64.3) 21 (50.0)
Job strain
 Low 36 (85.7) 40 (95.2) 38 (90.5) 35 (83.3)
 High 6 (14.3) 2 (4.8) 4 (9.5) 5 (11.9)
Job control
 High 32 (76.2) 35 (83.3) 38 (90.5) 39 (92.9)
 Low 10 (23.8) 7 (16.7) 4 (9.5) 3 (7.1)
Job suitability
 High 34 (81.0) 39 (92.9) 37 (88.1) 41 (97.6)
 Low 8 (19.0) 3 (7.1) 5 (11.9) 1 (2.4)
Relationships at work
 Good 37 (88.1) 40 (95.2) 37 (88.1) 40 (95.2)
 Poor 1 (2.4) 1 (2.4) 3 (7.1) 1 (2.4)

Values are presented as mean±standard deviation or number (%).
Missing data: n=2 for job strain and n=8 for relationships at work.
BMI, body mass index.
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Table 3. Associations between work-related factors and happiness among men and women, multivariable ordinal logistic regression analysis

Male (n = 520) Female (n = 168)
Crude model Adjusted model Crude model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Employment status  

(ref: regular-employed)
 Self-employed 0.78 (0.43–1.43) 0.424 0.81 (0.44–1.49) 0.493 2.06 (0.75–5.65) 0.163 1.96 (0.68–5.64) 0.212
 Non-regular-employed 0.66 (0.36–1.21) 0.182 0.64 (0.35–1.17) 0.148 2.48 (0.90–6.80) 0.080 1.95 (0.67–5.68) 0.220
Daily working time (ref: < 6 hours)
 6–8 hours 0.68 (0.45–1.02) 0.062 0.68 (0.45–1.03) 0.072 0.48 (0.19–1.20) 0.116 0.39 (0.15–1.02) 0.058
 ≥ 8 hours 0.91 (0.61–1.34) 0.630 0.93 (0.62–1.40) 0.741 0.36 (0.15–0.86) 0.023 0.29 (0.12–0.71) 0.008
Job strain (ref: low)
 High 1.19 (0.73–1.94) 0.487 1.17 (0.72–1.92) 0.525 0.80 (0.29–2.25) 0.676 0.79 (0.27–2.31) 0.673
Job control (ref: high)
 Low 1.20 (0.75–1.92) 0.448 1.16 (0.72–1.86) 0.548 0.34 (0.14–0.82) 0.018 0.29 (0.12–0.72) 0.009
Job suitability (ref: high)
 Low 0.47 (0.28–0.79) 0.005 0.46 (0.28–0.78) 0.004 0.46 (0.17–1.23) 0.125 0.42 (0.16–1.13) 0.086
Relationships at work (ref: good)
 Poor 0.55 (0.29–1.04) 0.066 0.59 (0.31–1.12) 0.108 1.03 (0.24–4.47) 0.965 1.14 (0.24–5.39) 0.865

The adjusted model comprised participants’ age, living arrangement, educational attainment, present illness, body mass index, alcohol consumption, smoking 
status, and exercise habits.
OR, odds ratio; CI, confidence interval.

dicated that low job suitability for men and long working hours 
and low job control for women were significantly and negatively 
associated with happiness. These findings underscore the condi-
tions needed to promote beneficial working environments that en-
hance the well-being of working older adults.  

Among older men, job suitability was associated with higher lev-
els of happiness. The job suitability assessed in this study indicated 
that the use of work knowledge and skill sets in their work was as-
sociated with high levels of job satisfaction. In Japan, many older 
men regularly engage in single occupations until they reach the 
mandatory retirement age. Using their skills and knowledge in 
their older age during their retirement might increase their job sat-
isfaction, potentially leading to higher life satisfaction. Additionally, 
men are more likely to seek a greater degree of professionalism and 
power in their workplace.28) Therefore, even in their retirement 
work, having the expertise to use their skills and knowledge might 
lead to happiness. 

Meanwhile, among older women, job control was associated 
with higher happiness, while long working hours was negatively 
associated with happiness. The interpretation of these results is 
speculative; however, there are possible reasons for these findings. 
Many older adult women in Japan do not engage in full-time em-
ployment. Therefore, they may be more likely to search for deci-
sion-making authority in their work, such as discretion and free-
dom of choice in operation, when they continue to work at an old-

er age. Alternatively, in Japan, women may engage in many tasks re-
lated to household and community matters. Therefore, non-dis-
cretionary working conditions and long working hours may inter-
fere with domestic tasks, which might negatively affect women’s 
happiness. 

A previous study reported the benefits of working in older age 
only for men, including preventing the onset of functional disabili-
ty.13) Additionally, productive activities in older age, such as paid 
work and volunteering, were beneficial only for men’s mental 
health.29) These findings imply the presence of sex differences in 
the impact of working status among older adults. In Japanese soci-
ety, the role of paid work likely differs between men and women 
because the latter are relatively more likely to also have a social role 
outside their employment, such as housework or various commu-
nity social involvements. 

Meanwhile, the sex differences in work-related factors of happi-
ness might be influenced by employment status between men and 
women. Unlike men, self-employed cases were relatively low in 
women participants. However, our preliminary analysis that ex-
cluded self-employed respondents showed results that were highly 
similar to those of the main analysis. We presume that the work-re-
lated factors associated with happiness differ by sex and not by em-
ployment type. Therefore, when promoting increased employ-
ment for older adults, a given social system needs to carefully con-
sider the quality of working conditions, in addition to the different 
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job needs of men and women. 
As the Japanese population ages, the number of older adults 

who continue to work after retirement will continue to increase.6,8) 
Our results provide information on how to structure working envi-
ronments for employed older adults to enhance their overall health 
and happiness. However, despite the growing evidence that work-
ing in later years can benefit overall health and happiness, it might 
also have negative consequences.11,16,17) In addition to previous 
knowledge, our findings contribute to the promotion of the em-
ployment of older adults by identifying work-related factors that 
may be detrimental to happiness in this population group. The re-
sults of the present study highlight the need to consider the suit-
ability of the job, create friendly working conditions, and make ap-
propriate changes to the working environment when promoting 
increased employment of older adults. Further evidence is needed 
to promote the employment of older adults, including more de-
tailed studies of working conditions and environments. 

This study has certain limitations. First, the cross-sectional de-
sign prevented our determination of the causality of the investigat-
ed work-related factors on participants’ happiness. Therefore, fur-
ther investigation using longitudinal data is required. Second, we 
had no information about participants’ economic status, such as 
income or overall wealth. These variables may have resulted in re-
sidual confounding factors. Third, we had no detailed information 
about the nature of the participants’ jobs (for instance, employ-
ment in blue- or white-collar jobs). This information is important 
to note because the relationship between work-related factors and 
happiness may differ depending on the nature of the job. Fourth, 
we had no information on existing or potential mental illnesses, in-
cluding depression. Mental illness is an important determinant of 
happiness, which may result in a bias in our results. Fifth, this study 
recruited only those individuals who had received annual health 
check-ups at a public health center. In addition, the response rate 
of the participants to the study recruitment was low (25.9%). 
Therefore, the backgrounds of the study participants may differ 
from those of typical older workers in this area. Our sample might 
have been more health-conscious and had a higher socioeconomic 
status compared to those of the average worker. This limitation 
may have resulted in a selection bias. Finally, we recruited partici-
pants from only one public health center in a suburban area of Ja-
pan. The types and conditions of work may have characteristics 
unique to this area. Therefore, the generalizability of our results 
may be limited and future studies using a nationwide sample are 
required. 

In conclusion, the results of the present study showed that low 
job suitability in men, as well as long daily working time and low 
job control in women, were significantly and negatively associated 

with happiness among older working adults. These findings un-
derscore the need to improve the working conditions of this popu-
lation group to enhance their overall health and well-being. 

ACKNOWLEDGMENTS 

CONFLICT OF INTEREST 
The researchers claim no conflicts of interest. 

FUNDING 
This work was supported by a research grant received from the Ja-
pan Small Business Welfare Foundation, Japan Full-Hap Survey 
Research Grant (2020). This study was also supported by the Ja-
pan Society for the Promotion of Science ( JSPS) KAKENHI 
Grant (No. 21K17322), Research Founding for Longevity Scienc-
es from the National Center for Geriatrics and Gerontology (No. 
21-17), the Lotte Research Promotion Grant (2021), and a grant 
from the Tanuma Green House Foundation (2021). The J-MICC 
Study and the partial study conducted in the Okazaki area were 
supported by Grants-in-Aid for Scientific Research for Priority Areas 
of Cancer (No. 17015018) and Innovative Areas (No. 221S0001), 
by a Grant-in-Aid from JSPS KAKENHI Grants (No. 16H06277, 
19590643, 23590806, 19K242777, 21K17322, and 22J01409). 
The funders had no role in the study design, data collection, data 
analysis, and interpretation, writing of the report, or in the decision 
to submit the article for publication. 

AUTHOR CONTRIBUTIONS 
Conceptualization, TNoguchi; Data curation, SS, TY; Formal 
analysis, TNoguchi; Supervision, SS; Writing_original draft, TNo-
guchi; Writing_review & editing, TNoguchi, SS, TNishiyama, 
TO, HNS, MW, AH, YT, TY. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/10. 
4235/agmr.22.0048. 

REFERENCES 

1. World Health Organization. Decade of healthy ageing: plan of 
action. Geneva, Switzerland: World Health Organization; 2020. 

2. Makizako H, Tsutsumimoto K, Shimada H, Arai H. Social frailty 
among community-dwelling older adults: recommended assess-
ments and implications. Ann Geriatr Med Res 2018;22:3-8. 

3. van der Noordt M, IJzelenberg H, Droomers M, Proper KI. 
Health effects of employment: a systematic review of prospec-

www.e-agmr.org

262 Taiji Noguchi et al.

https://doi.org/10.
4235/agmr.22.0048
https://doi.org/10.
4235/agmr.22.0048
https://doi.org/10.4235/agmr.2018.22.1.3
https://doi.org/10.4235/agmr.2018.22.1.3
https://doi.org/10.4235/agmr.2018.22.1.3
https://doi.org/10.1136/oemed-2013-101891
https://doi.org/10.1136/oemed-2013-101891


tive studies. Occup Environ Med 2014;71:730-6. 
4. Cabinet Office Government of Japan. Annual report on the Age-

ing Society FY 2019: white paper on the Aging Society 2019. 
Tokyo, Japan: Cabinet Office Government of Japan; 2019. 

5. Gunji M. From the “The 7th Survey on Working Life” results, 
young people support “Japanese-style employment”: job insecu-
rity and mistrust of performance-based policies? Lab Union 
2016;629:38-41. 

6. Sugisawa A, Sugisawa H, Nakatani Y, Shibata H. Effect of retire-
ment on mental health and social well-being among elderly Japa-
nese. Nihon Koshu Eisei Zasshi 1997;44:123-30. 

7. Osada H, Ando T. Effects of retirement on mental health and 
psychological well-being. Job Stress Res 1998;5:106-11. 

8. van der Heide I, van Rijn RM, Robroek SJ, Burdorf A, Proper KI. 
Is retirement good for your health? A systematic review of longi-
tudinal studies. BMC Public Health 2013;13:1180. 

9. Baxter S, Blank L, Cantrell A, Goyder E. Is working in later life 
good for your health? A systematic review of health outcomes 
resulting from extended working lives. BMC Public Health 
2021;21:1356.

10. Murayama H, Shibui Y, Fukuda Y, Murashima S. A new crisis in 
Japan-social isolation in old age. J Am Geriatr Soc 2011;59: 
2160-2. 

11. Zhang Y. Elderly living in MUEN-SHAKAI: the social isolation 
problem under Japanese Society. Int J Soc Sci Educ Res 2020;3: 
249-60. 

12. Okamoto S, Okamura T, Komamura K. Employment and health 
after retirement in Japanese men. Bull World Health Organ 
2018;96:826-33. 

13. Fujiwara Y, Shinkai S, Kobayashi E, Minami U, Suzuki H, Yoshi-
da H, et al. Engagement in paid work as a protective predictor of 
basic activities of daily living disability in Japanese urban and ru-
ral community-dwelling elderly residents: an 8-year prospective 
study. Geriatr Gerontol Int 2016;16:126-34. 

14. Minami U, Nishi M, Fukaya T, Hasebe M, Nonaka K, Koike T, et 
al. Effects of the change in working status on the health of older 
people in Japan. PLoS One 2015;10:e0144069. 

15. Ide K, Tsuji T, Kanamori S, Jeong S, Nagamine Y, Kondo K. So-
cial participation and functional decline: a comparative study of 
rural and urban older people, using Japan Gerontological Evalua-
tion Study longitudinal data. Int J Environ Res Public Health 
2020;17:617. 

16. Welsh J, Strazdins L, Charlesworth S, Kulik CT, Butterworth P. 
Health or harm?: a cohort study of the importance of job quality 
in extended workforce participation by older adults. BMC Pub-
lic Health 2016;16:885. 

17. Noguchi T, Wakabayashi R, Nishiyama T, Otani T, Nakaga-
wa-Senda H, Watanabe M, et al. The impact of job conditions 
on health-related quality of life among working Japanese older 
adults: a five-year longitudinal study using J-MICC Okazaki 
Study data. Arch Gerontol Geriatr 2021;95:104385. 

18. Nemoto Y, Takahashi T, Nonaka K, Hasebe M, Koike T, Minami 
U, et al. Working for only financial reasons attenuates the health 
effects of working beyond retirement age: a 2-year longitudinal 
study. Geriatr Gerontol Int 2020;20:745-51. 

19. Hamajima N; J-MICC Study Group. The Japan Multi-Institu-
tional Collaborative Cohort Study (J-MICC Study) to detect 
gene-environment interactions for cancer. Asian Pac J Cancer 
Prev 2007;8:317-23.  

20. Wakai K, Hamajima N, Okada R, Naito M, Morita E, Hishida A, 
et al. Profile of participants and genotype distributions of 108 
polymorphisms in a cross-sectional study of associations of gen-
otypes with lifestyle and clinical factors: a project in the Japan 
Multi-Institutional Collaborative Cohort (J-MICC) Study. J Ep-
idemiol 2011;21:223-35. 

21. Noh JH, Jung HW, Ga H, Lim JY. Ethical guidelines for publish-
ing in the Annals of Geriatric Medicine and Research. Ann Geri-
atr Med Res 2022;26:1-3. 

22. MacKerron G, Mourato S. Happiness is greater in natural envi-
ronments. Glob Environ Change 2013;23:992-1000. 

23. Nanthamongkolchai S, Tuntichaivanit C, Munsawaengsub C, 
Charupoonphol P. Factors influencing life happiness among el-
derly female in Rayong Province, Thailand. J Med Assoc Thai 
2009;92 Suppl 7:S8-12. 

24. Tsutsumi A, Inoue A, Eguchi H. How accurately does the Brief 
Job Stress Questionnaire identify workers with or without po-
tential psychological distress? J Occup Health 2017;59:356-60. 

25. Prevention of Work-Related Diseases Study Group. Report on 
stress and its influence on health in the workplace. Tokyo, Japan: 
University TM; 2000. 

26. Harrell FE. Ordinal logistic regression. In: Regression modeling 
strategies. Cham, Switzerland: Springer; 2015. 

27. White IR, Royston P, Wood AM. Multiple imputation using 
chained equations: issues and guidance for practice. Stat Med 
2011;30:377-99. 

28. Gino F, Wilmuth CA, Brooks AW. Compared to men, women 
view professional advancement as equally attainable, but less de-
sirable. Proc Natl Acad Sci U S A 2015;112:12354-9. 

29. Sugihara Y, Sugisawa H, Shibata H, Harada K. Productive roles, 
gender, and depressive symptoms: evidence from a national lon-
gitudinal study of late-middle-aged Japanese. J Gerontol B Psy-
chol Sci Soc Sci 2008;63:P227-34. 

Ann Geriatr Med Res 2022;26(3):256-263

263Work-related Factors and Happiness of Older Adults

https://doi.org/10.1136/oemed-2013-101891
https://www.jil.go.jp/press/documents/20160923.pdf
https://www.jil.go.jp/press/documents/20160923.pdf
https://www.jil.go.jp/press/documents/20160923.pdf
https://www.jil.go.jp/press/documents/20160923.pdf
https://www.ncbi.nlm.nih.gov/pubmed/9130849
https://www.ncbi.nlm.nih.gov/pubmed/9130849
https://www.ncbi.nlm.nih.gov/pubmed/9130849
https://doi.org/10.1186/1471-2458-13-1180
https://doi.org/10.1186/1471-2458-13-1180
https://doi.org/10.1186/1471-2458-13-1180
https://doi.org/10.1186/s12889-021-11423-2
https://doi.org/10.1186/s12889-021-11423-2
https://doi.org/10.1186/s12889-021-11423-2
https://doi.org/10.1186/s12889-021-11423-2
https://doi.org/10.1111/j.1532-5415.2011.03640.x
https://doi.org/10.1111/j.1532-5415.2011.03640.x
https://doi.org/10.1111/j.1532-5415.2011.03640.x
https://doi.org/10.2471/blt.18.215764
https://doi.org/10.2471/blt.18.215764
https://doi.org/10.2471/blt.18.215764
https://doi.org/10.1111/ggi.12441
https://doi.org/10.1111/ggi.12441
https://doi.org/10.1111/ggi.12441
https://doi.org/10.1111/ggi.12441
https://doi.org/10.1371/journal.pone.0144069
https://doi.org/10.1371/journal.pone.0144069
https://doi.org/10.1371/journal.pone.0144069
https://doi.org/10.3390/ijerph17020617
https://doi.org/10.3390/ijerph17020617
https://doi.org/10.3390/ijerph17020617
https://doi.org/10.3390/ijerph17020617
https://doi.org/10.1186/s12889-016-3478-y
https://doi.org/10.1186/s12889-016-3478-y
https://doi.org/10.1186/s12889-016-3478-y
https://doi.org/10.1186/s12889-016-3478-y
https://doi.org/10.1016/j.archger.2021.104385
https://doi.org/10.1016/j.archger.2021.104385
https://doi.org/10.1016/j.archger.2021.104385
https://doi.org/10.1016/j.archger.2021.104385
https://doi.org/10.1111/ggi.13941
https://doi.org/10.1111/ggi.13941
https://doi.org/10.1111/ggi.13941
https://doi.org/10.1111/ggi.13941
https://www.ncbi.nlm.nih.gov/pubmed/17696755
https://www.ncbi.nlm.nih.gov/pubmed/17696755
https://www.ncbi.nlm.nih.gov/pubmed/17696755
https://www.ncbi.nlm.nih.gov/pubmed/17696755
https://doi.org/10.2188/jea.je20110072
https://doi.org/10.2188/jea.je20110072
https://doi.org/10.2188/jea.je20110072
https://doi.org/10.2188/jea.je20110072
https://doi.org/10.4235/agmr.22.0021
https://doi.org/10.4235/agmr.22.0021
https://doi.org/10.4235/agmr.22.0021
https://doi.org/10.1016/j.gloenvcha.2013.03.010
https://doi.org/10.1016/j.gloenvcha.2013.03.010
https://www.ncbi.nlm.nih.gov/pubmed/20232558
https://www.ncbi.nlm.nih.gov/pubmed/20232558
https://www.ncbi.nlm.nih.gov/pubmed/20232558
https://www.ncbi.nlm.nih.gov/pubmed/20232558
https://doi.org/10.1539/joh.17-0011-br
https://doi.org/10.1539/joh.17-0011-br
https://doi.org/10.1539/joh.17-0011-br
https://doi.org/10.1002/sim.4067
https://doi.org/10.1002/sim.4067
https://doi.org/10.1002/sim.4067
https://doi.org/10.1073/pnas.1502567112
https://doi.org/10.1073/pnas.1502567112
https://doi.org/10.1073/pnas.1502567112
https://doi.org/10.1093/geronb/63.4.p227
https://doi.org/10.1093/geronb/63.4.p227
https://doi.org/10.1093/geronb/63.4.p227
https://doi.org/10.1093/geronb/63.4.p227


Original Article
pISSN 2508-4798   eISSN 2508-4909

Ann Geriatr Med Res 2022;26(3):264-274
https://doi.org/10.4235/agmr.22.0093

Sexual Difference in Effect of Long Sleep Duration on Incident Sarcopenia 
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Background: Sarcopenia, a progressive and generalized skeletal muscle disorder involving an ac-
celerated loss of muscle mass and muscle function, is a common condition in older individuals. 
This study aimed to determine whether sleep latency and duration were independently associat-
ed with incident sarcopenia and to explore sex differences in these associations. Methods: This 
2-year longitudinal analysis of cohort study data included community-dwelling participants of 
the 2016–2017 Korea Frailty and Aging Cohort Study aged 70–84 years at baseline survey who 
completed the 2-year follow-up survey. Logistic regression was used to calculate the odds ratios 
(ORs) for sarcopenia and sarcopenia components. Sarcopenia was defined using the 2019 Asian 
Working Group for Sarcopenia guidelines. Results: Among 1,353 non-sarcopenic participants in 
the baseline survey, 1,160 (85.8%) and 193 (14.2%) were classified as non-sarcopenic and sarco-
penic, respectively, after 2 years. Long sleep duration (>8 hours per night) was associated with 
incident sarcopenia in male—OR=2.41 (95% confidence interval [CI], 1.13–5.17) after adjusting 
for confounding factors. Long sleep duration was specifically associated with the development of 
low skeletal muscle mass and low muscle strength in male—adjusted OR=2.16 (95% CI, 1.02–
4.61) and adjusted OR=2.70 (95% CI, 1.13–6.43), respectively. In female, compared to normal 
sleep duration, the adjusted ORs for long and short sleep duration for sarcopenia were 2.093 
(95% CI, 0.753–5.812; p=0.157) and 0.852 (95% CI, 0.520–1.393; p=0.522), respectively, which 
were not significant. Conclusion: In male, long sleep duration was associated with incident sar-
copenia, specifically the development of low muscle mass and low muscle strength, but not with 
low physical performance. 
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INTRODUCTION 

Aging is frequently accompanied by changes in sleep patterns, in-
cluding increased sleep disturbances, which affect up to 50% of the 
population.1) Sleep disturbances are associated with increased risks 
of coronary disease, hypertension, diabetes, and mortality.2-5) 
Marked changes in sleep structure with aging have been reported, 
including decreased total sleep time and sleep efficiency and in-
creased wake time after sleep onset.6) 

Sarcopenia, a progressive and generalized skeletal muscle disor-

der involving an accelerated loss of muscle mass and muscle func-
tion, is a common condition in older individuals.7) The prevalence 
of sarcopenia ranges from 4% to 46.8% according to different diag-
nostic criteria.8) Sarcopenia contributes significantly to morbidity, 
decreased quality of life, and increased health care costs in older 
adults.9) In particular, sarcopenia is significantly correlated with 
cardiometabolic risk factors, especially diabetes, hypertension, and 
dyslipidemia.10) 

Several studies have indicated a relationship between sleep dis-
turbances and sarcopenia.11-13) Kwon et al.12) showed that long 
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sleep duration ( ≥ 9 hours) was independently associated with sar-
copenia in Korean adults, while Hu et al.13) showed a U-shaped re-
lationship between self-reported sleep duration and sarcopenia in 
Chinese community-dwelling older female. These previous studies 
were cross-sectional, a study design that did not allow the infer-
ence of causality between sleep disturbance and sarcopenia.11-13) 
Recently, in a 4-year longitudinal study, Nakakubo et al.14) showed 
an association between long sleep duration and the risk of progres-
sion to sarcopenia among older Japanese adults. However, this 
study did not explore the effect of sleep latency or sex differences 
on these associations. Related studies have reported conflicting 
findings regarding sex differences, which may be attributed to dif-
ferent daily sleep duration and/or requirements between sexes due 
to their different hormone levels.15) Sex hormones also regulate 
muscle mass and function and differ between sexes.16) Therefore, 
this study aimed to determine whether sleep latency and duration 
were independently associated with incident sarcopenia in com-
munity-dwelling older adults and to explore the sex differences in 
these associations. 

MATERIALS AND METHODS 

Participants 
This study involved participants of the Korean Frailty and Aging 
Cohort Study (KFACS).17) The KFACS is a national, multi-center, 
longitudinal cohort study. The baseline survey was conducted 
from 2016 to 2017, with a target number of 3,000 adults aged 70–
84 years. The participants were recruited from 10 medical centers 
(8 hospitals and 2 public health centers) nationwide. For the 3,014 
baseline survey participants, the first follow-up surveys (n = 2,864) 
were conducted from 2018 to 2019. Participants with missing data 
were excluded. The analysis in the present study included partici-
pants who did not have sarcopenia at baseline and who participat-
ed in the follow-up survey 2 years later (n = 1,353). 

Sleep Parameters 
Sleep parameters were reported by the participants using a ques-
tionnaire about their usual sleep patterns for the past 4 weeks. Two 
questions about subjective sleep quality were extracted from the 
Pittsburgh Sleep Quality Index (PSQI) questionnaire: (1) How 
long (in minutes) has it taken you to fall asleep each night? (2) 
How many hours of actual sleep did you get at night?18) The sleep 
latency and sleep duration measures were based on the answers 
provided. A previous meta-analysis reported that sleep duration 
and the relative risk of sarcopenia showed a nonlinear U-shaped 
association, with nadirs at 6 hours and 8 hours of sleep per day.19) 
Based on these findings, we categorized sleep duration as short 

( < 6 hours), average (6–8 hours), or long ( > 8 hours). We defined 
prolonged sleep latency as taking more than 60 minutes to fall 
asleep.20)  

Definition of Sarcopenia  
Sarcopenia was defined according to the 2019 Asian Working 
Group for Sarcopenia (AWGS) guidelines as low muscle mass plus 
low muscle strength or low physical performance. 

The AWGS 2019 cutoffs for low muscle mass for sarcopenia di-
agnosis are height-adjusted appendicular skeletal muscle (ASM) 
< 7.0 kg/m2 in male and < 5.4 kg/m2 in female. Height-adjusted 
ASM was defined as ASM (kg)/height (m2), as measured using 
dual-energy X-ray absorptiometry (DXA)—Lunar (GE Health-
care, Madison, WI, USA) and Hologic DXA (Hologic Inc., Bed-
ford, MA, USA). ASM was calculated as the sum of the lean mass 
of the right and left arms and legs under the assumption that all 
non-fat and non-bone tissues were skeletal muscles. Handgrip 
strength, measured using a digital handgrip dynamometer 
(T.K.K.5401; Takei Scientific Instruments Co. Ltd., Tokyo, Japan), 
was used to indicate low muscle strength. The diagnostic cutoffs 
for handgrip strength were < 28.0 kg for male and < 18.0 kg for fe-
male. The participants were instructed to squeeze the handle with 
maximum effort for 3 seconds using each hand. Each hand was 
tested twice, and maximum handgrip strength was defined as the 
highest measurement for each hand, expressed in kilograms. Physi-
cal performance was evaluated using the usual gait speed, five-
times sit-to-stand test, and the Short Physical Performance Battery 
(SPPB). The cutoff for low physical performance was usual gait 
speed < 1 m/s, five-time chair stand time ≥ 12 seconds, or SPPB 
score ≤ 9. Low physical performance was defined as obtaining val-
ues below the cutoff for any one of these three tests. The usual gait 
speed over a distance of 4 m was measured using an automatic gait 
speed meter (Dynamicphysiology, Daejeon, Korea) with accelera-
tion and deceleration phases of 1.5 m each. The participants were 
asked to perform the test by walking at a normal pace. The five-
times sit-to-stand test measures the time required to stand five 
times from a sitting position without using the arms from a 
straight-backed armchair as quickly as possible. The SPPB consists 
of three standing-balance measures, five chair-stand time measures, 
and an assessment of usual gait speed. Each test was assigned a 
score of 0–4, based on the normative scores obtained from the Es-
tablished Population for Epidemiologic Studies of the Elderly, with 
a total score ranging from 0 to 12.21,22) 

Other Variables 
The medical histories of participants were noted from a predefined 
list of chronic health conditions. Low physical activity levels were 
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defined as < 494.65 kcal/week for male and < 283.50 kcal/week 
for female, corresponding to the lowest 20% of the total energy 
consumed in a population-based Korean survey of older adults 
from among the general population.17) Energy expenditure esti-
mates (kcal/week) were calculated using the International Physical 
Activity Questionnaire (IPAQ), and metabolic equivalent scores 
were derived according to vigorous, moderate, and mild activity 
responses in the questionnaire. Nutritional status was rated using 
the Korean version of the Short Form of the Mini-Nutritional As-
sessment (MNA), and participants who scored ≤ 11 or less were 
considered as at risk for malnutrition or with malnutrition.23) A 15-
item Korean version of the Short Form Geriatric Depression Scale 
(GDS-K) was used to evaluate depression, with scores ≥ 6 defined 
as suggestive of depression.24) Polypharmacy was defined as the 
use of five or more prescribed medicines for > 3 months. Muscle 
quality of the arms (MQIArm, kg/kg) was defined as the ratio be-
tween the dominant handgrip strength and dominant arm ASM.25) 
We defined low MQIArm as -1 SD in our study population, which 
was 11.04 in male and 10.03 in female.26) 

Ethical Approval 
The present study was submitted to and exempt from the re-
quirement for Institutional Review Board approval by the Clini-
cal Research Ethics Committee of Kyung Hee University Medi-
cal Center (IRB No. 2021-03-057) and complied with the ethical 
rules for human experimentation described in the Declaration of 
Helsinki. Informed consent was obtained from all participants or 
their proxy.  

Also this study complied the ethical guidelines for authorship 
and publishing in the Annals of Geriatric Medicine and Research.27) 

Statistical Analysis 
We compared characteristics according to sarcopenia category us-
ing independent-sample t-tests and chi-square tests for continuous 
and categorical data, respectively. After univariate analysis, we in-
cluded factors with p < 0.1 as adjustment factors in multivariate lo-
gistic regression analyses. Statistical analysis was performed using 
IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, 
USA), and significance was defined as a p-value < 0.05. 

RESULTS 

General Characteristics of the Study Population 
Among 1,353 non-sarcopenic participants at baseline, 1,160 
(85.7%) were classified as non-sarcopenic and 193 (14.3%) as sar-
copenic 2 years later, according to the 2019 AWGS guidelines (Ta-
ble 1). The median ages of the non-sarcopenic and sarcopenic par-

ticipants were 75.3 and 76.4 years in male and 74.9 and 76.4 years 
in female, respectively. The prevalence of cerebrovascular disease 
(CVD), angina, and depression was higher in men in the sarcope-
nic group than that in those in the non-sarcopenic group. The 
prevalence of CVD was higher than male in female with sarcope-
nia. The rates of low physical activity in non-sarcopenic and sarco-
penic participants were 4.5% and 12.6% in male and 7.0% and 
16.7% in female, respectively. The median sleep duration was 6.4 
hours in both non-sarcopenic and sarcopenic male and 5.9 and 6.0 
hours in non-sarcopenic and sarcopenic female, respectively. The 
rates of long sleep duration (total sleep time > 8 hours per night) 
in non-sarcopenic and sarcopenic participants were 5.7% and 
11.7% in male and 3.5% and 6.7% in female, respectively (Table 1). 

Sleep Patterns and Incident Sarcopenia in Male 
Long sleep duration ( > 8 hours) in male was associated with great-
er odds of incident sarcopenia after 2 years compared to the refer-
ence (6–8 hours). After adjusting for multiple factors including 
age, body mass index (BMI), smoking, polypharmacy, education, 
angina, CVD, depression, and physical activity, the association be-
tween long sleep duration and incident sarcopenia remained sig-
nificant (odds ratio [OR] = 2.410; 95% confidence interval [CI], 
1.125–5.166; p = 0.024). In comparison, short sleep duration ( < 6 
hours) was not associated with sarcopenia development in male 
(OR = 1.192; 95% CI, 0.725–1.960; p = 0.488). Prolonged sleep 
latency ( ≥ 60 minutes) was not associated with sarcopenia in male 
(OR = 1.014; 95% CI, 0.505–2.036; p = 0.969) (Tables 2, 3). 

Sleep Patterns and Incident Sarcopenia in Female 
Compared to normal sleep duration, the adjusted ORs for long 
and short sleep duration for sarcopenic female were 2.093 (95% 
CI, 0.753–5.812; p = 0.157) and 0.852 (95% CI, 0.520–1.393; 
p = 0.522), respectively, which were not significant. Prolonged sleep 
latency ( ≥ 60 minutes) was not associated with sarcopenia in fe-
male (OR = 0.674; 95% CI, 0.351–1.296; p = 0.237) (Tables 2, 3). 

Effects of Sleep Duration on Sarcopenia Components in male 
In male, after adjusting for multiple factors (including age, BMI, 
polypharmacy, alcohol, education, employment status, hyperten-
sion, osteoporosis, and depression), the association between long 
sleep duration and low muscle mass was significant (OR = 2.163; 
95% CI, 1.016–4.605; p = 0.045) (Table 4). The association be-
tween long sleep duration and low muscle strength remained sig-
nificant after adjusting for multiple correlates (OR = 2.695; 95% 
CI, 1.130–6.431; p = 0.025) (Table 5). However, long sleep dura-
tion was not associated with low physical performance (OR =  
1.075; 95% CI, 0.546–2.117; p = 0.833) in male (Table 6). Short 
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sleep duration ( < 6 hours) was not associated with any sarcopenia 
component (low muscle mass, low muscle strength, or low physi-
cal performance) in unadjusted or adjusted analyses (Tables 4–6). 
Sleep duration was not associated with muscle quality after adjust-
ing for multiple factors (Supplementary Table S2).  

Effects of Sleep Duration on Sarcopenia Components in 
Female 
In female, after adjusting for multiple factors, the ORs of long sleep 
duration for low height-adjusted ASM, low muscle strength, and 
low physical performance were 0.766 (95% CI, 0.278–2.105; 
p = 0.605), 1.997 (95% CI, 0.884–4.511; p = 0.096), and 1.885 
(95% CI, 0.879–4.042; p = 0.103) (Tables 4–6, respectively). 
Short sleep duration ( < 6 hours) was not associated with any sar-

copenia component (low muscle mass, low muscle strength, or 
low physical performance) in the adjusted analyses. However, low 
gait speed and low SPPB score showed associations with short 
sleep duration (Tables 7, 8). Long 5 sit-to-stand test didn’t showed 
association with sleep duration (Table 9). 

DISCUSSION 

The results of our study in community-dwelling older adults 
showed that long sleep duration, compared with normal sleep du-
ration, increased the risk of incident sarcopenia after 2 years in 
male. Regarding sarcopenia components, long sleep duration was 
associated with low muscle mass and strength after 2 years in male. 

Chronic inflammation and insulin resistance, and brain pituitary 

Table 1. Characteristics of study participants, according to sarcopenia status at 2 years

Male (n = 631) Female (n = 722)
Non-sarcopenic (n = 528) Sarcopenic (n = 103) p-value Non-sarcopenic (n = 632) Sarcopenic (n = 90) p-value

Age (y) 75.3 ± 3.6 76.4 ± 4.0 0.012 74.9 ± 3.6 76.4 ± 4.2 0.002
BMI (kg/m2) 24.6 ± 2.9 24.1 ± 2.4 0.103 25.3 ± 2.9 23.9 ± 2.8 < 0.001
Polypharmacya) 166 (31.4) 42 (40.8) 0.065 157 (24.8) 21 (23.3) 0.756
Smokingb) 405 (76.7) 71 (68.9) 0.094 14 (2.2) 2 (2.2) 0.997
Alcohol drinkingc) 181 (34.3) 32 (31.1) 0.528 22 (3.5) 3 (3.3) 0.943
Married 346 (65.5) 62 (60.2) 0.3 446 (70.6) 56 (62.2) 0.107
Live alone 30 (5.7) 8 (7.8) 0.416 212 (33.5) 32 (35.6) 0.706
Educationd) 423 (80.1) 74 (71.8) 0.061 322 (50.9) 39 (43.3) 0.176
Working 149 (28.2) 27 (26.2) 0.678 138 (21.8) 21 (23.3) 0.748
Low physical activitye) 24 (4.5) 13 (12.6) 0.001 44 (7.0) 15 (16.7) 0.002
MNA score 12.8 ± 1.6 12.9 ± 1.2 0.598 12.8 ± 1.4 12.8 ± 1.7 0.934
Risk of malnutritionf) 94 (17.3) 13 (14.9) 0.59 98 (16.3) 20 (16.3) 0.984
Hypertension 271 (51.3) 60 (58.3) 0.198 362 (57.3) 50 (55.6) 0.757
Diabetes 120 (22.7) 31 (30.1) 0.109 107 (16.9) 20 (22.2) 0.217
Dyslipidemia 142 (26.9) 27 (26.2) 0.887 267 (42.2) 31 (34.4) 0.16
Angina 31 (5.9) 13 (12.6) 0.014 30 (4.7) 8 (8.9) 0.1
CHF 4 (0.8) 0 (0.0) 0.376 2 (0.3) 1 (1.1) 0.273
CVD 24 (4.5) 14 (13.6) < 0.001 19 (3.0) 7 (7.8) 0.023
Arthritis 56 (10.6) 14 (13.6) 0.377 204 (32.3) 31 (34.4) 0.682
Osteoporosis 81 (15.3) 15 (14.6) 0.841 92 (14.6) 15 (16.7) 0.598
Depressiong) 43 (8.1) 16 (15.5) 0.018 160 (25.3) 22 (24.4) 0.859
HRTh) - - 143 (22.6) 14 (15.6) 0.128
Sleep duration (hr) 6.4 ± 1.3 6.4 ± 1.5 0.563 5.9 ± 1.4 6.0 ± 1.5 0.34
 6–8 352 (66.7) 60 (58.3) 0.057 332 (52.5) 50 (55.6) 0.234
 < 6 146 (27.7) 31 (30.1) 278 (44.0) 34 (37.8)
 > 8 30 (5.7) 12 (11.7) 22 (3.5) 6 (6.7)
Sleep latency (min) 20.6 ± 24.8 21.3 ± 22.4 0.771 29.3 ± 30.0 24.7 ± 26.4 0.163
 > 60 49 (9.3) 13 (12.6) 0.297 129 (20.4) 13 (14.4) 0.183

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; MNA, Mini-Nutritional Assessment; CHF, chronic heart failure; CVD, cerebrovascular diseases; HRT, hormone replacement therapy.
a)Use of 5 or more drugs more than 3 months, b)≥5 pack-years per lifetime, c)≥2–3 times per week, d)≥7 years, e)<494.65 kcal for male and <283.50 kcal for female,  
f)MNA score ≤11, g)Geriatric Depression Scale score ≥6, h)≥1 month.
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Table 2. Odds ratio of sleep duration relationship to incident sarcopenia, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 1.246 0.775 2.002 0.364 0.812 0.511 1.291 0.379
> 8 2.347 1.139 4.837 0.021 1.811 0.700 4.684 0.221

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.258 0.780 2.031 0.347 0.814 0.506 1.309 0.395
> 8 2.409 1.158 5.012 0.019 2.085 0.778 5.582 0.144

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.217 0.744 1.992 0.434 0.821 0.504 1.339 0.43
> 8 2.407 1.124 5.152 0.024 2.124 0.778 5.796 0.142

Model4d) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.192 0.725 1.960 0.488 0.852 0.520 1.393 0.522
> 8 2.41 1.125 5.166 0.024 2.093 0.753 5.812 0.157

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease.
a)Unadjusted, b)adjusted for age and BMI, c)adjusted for age, BMI, smoking, polypharmacy, education, angina, CVD, and depression, d)adjusted for age, BMI, 
smoking, polypharmacy, education, angina, CVD, depression, and low physical activity.
p-value was obtained by logistic regression analysis.

Table 3. Odds ratio of sleep latency relationship to incident sarcopenia, by sex

Sleep latency > 60 min
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 1.412 0.736 2.709 0.299 0.658 0.355 1.222 0.185

Model2b) 1.355 0.702 2.614 0.366 0.621 0.329 1.174 0.143

Model3c) 1.001 0.5 2.004 0.997 0.636 0.332 1.219 0.173

Model4d) 1.014 0.505 2.036 0.969 0.674 0.351 1.296 0.237

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease.
a)Unadjusted, b)adjusted for age and BMI, c)adjusted for age, BMI, smoking, polypharmacy, education, angina, CVD, and depression, d)adjusted for age, BMI, 
smoking, polypharmacy, education, angina, CVD, depression, and low physical activity.
p-value was obtained by logistic regression analysis.

Table 4. Odds ratio of sleep duration relationship to low height-adjusted ASM index, 2-year follow-up, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 0.814 0.571 1.159 0.254 0.932 0.669 1.298 0.678
> 8 1.818 0.939 3.517 0.076 0.657 0.260 1.665 0.376

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.808 0.542 1.205 0.296 0.928 0.650 1.326 0.682
> 8 1.891 0.908 3.937 0.089 0.711 0.260 1.941 0.505

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.828 0.552 1.240 0.359 0.975 0.675 1.408 0.893
> 8 2.163 1.016 4.605 0.045 0.766 0.278 2.105 0.605

ASM, appendicular skeletal muscle; OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease; HTN, hypertension.
a)Unadjusted, b)adjusted for age and BMI, c)adjusted for age, BMI, polypharmacy, alcohol consumption, education, working, HTN, osteoporosis and depression.
p-value was obtained by logistic regression analysis.
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function are all important mechanisms explaining the relationship 
between long sleep duration and sarcopenia. Long sleep duration 
is also closely associated with increased insulin resistance.28) Insulin 
resistance contributes to decreased synthesis of skeletal mass pro-
tein, leading to sarcopenia in older adults.29) Another mechanism 
for the relationship between sleep duration and sarcopenia could 
be chronic inflammation. Long-duration sleepers have significant-
ly higher levels of proinflammatory markers, such as C-reactive 
protein and interleukin-6 (IL-6),30) and inflammatory mediators 

play an important role in the development of sarcopenia by pro-
moting muscle proteolysis. The results of a population-based study 
demonstrated significantly elevated circulating concentrations of 
IL-6 and tumor necrosis factor-α (TNF-α) in older adults with sar-
copenia and showed that higher IL-6 and C-reactive protein 
(CRP) levels increased the risk of muscle strength loss.31) Chronic 
inflammation might affect the anabolic and catabolic metabolism 
of muscles, resulting in sarcopenia.30) The results of a recent me-
ta-analysis revealed that higher IL-6 and CRP levels were signifi-

Table 5. Odds ratio of sleep duration relationship to low muscle strength, 2-year follow-up, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 1.219 0.733 2.028 0.446 1.196 0.829 1.726 0.337
> 8 2.212 1.026 4.769 0.043 2 0.921 4.342 0.080

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.199 0.716 2.009 0.491 1.231 0.845 1.793 0.278
> 8 2.396 1.09 5.264 0.03 2.091 0.944 4.636 0.069

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.155 0.677 1.971 0.597 1.208 0.822 1.775 0.335
> 8 2.637 1.105 6.296 0.029 1.943 0.862 4.382 0.109

Model4d) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.137 0.664 1.947 0.639 1.223 0.831 1.801 0.307
> 8 2.695 1.13 6.431 0.025 1.997 0.884 4.511 0.096

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
a)Unadjusted, b)adjusted for age and BMI, c)age, BMI, polypharmacy, smoking, HTN, DM, angina, CVD, arthritis, d)adjusted for age, BMI, polypharmacy, smok-
ing, HTN, DM, angina, CVD, arthritis, and low physical activity.
p-value was obtained by logistic regression analysis.

Table 6. Odds ratio of sleep duration relationship to low physical performance, 2-year follow-up, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 0.923 0.638 1.336 0.672 0.882 0.675 1.152 0.357
> 8 1.094 0.590 2.029 0.775 2.171 1.091 4.321 0.027

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.915 0.626 1.337 0.645 0.894 0.675 1.185 0.437
> 8 1.212 0.641 2.294 0.554 2.080 1.011 4.282 0.047

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.842 0.563 1.258 0.401 0.781 0.580 1.051 0.102
> 8 1.073 0.547 2.103 0.837 1.870 0.887 3.941 0.1

Model4d) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.824 0.55 1.235 0.349 0.800 0.591 1.084 0.151
> 8 1.075 0.546 2.117 0.833 1.885 0.879 4.042 0.103

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
a)Unadjusted, b)adjusted for age and BMI, c)age, BMI, education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BMI, 
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.
p-value was obtained by logistic regression analysis.
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cantly associated with long but not short sleep duration.32) 

In addition, disrupted circadian rhythm, which is controlled by 
the brain, and hormonal changes associated with long sleep dura-
tions might also be a possible underlying mechanism explaining 
the link between long sleep duration and sarcopenia.33) 

These findings might explain the association between long sleep 
duration and incident sarcopenia. In our study, CRP level was not 
associated with incident sarcopenia; however, insulin resistance 
showed an association in male (Supplementary Table S1), which 

may explain some of the association between long sleep duration 
and incident sarcopenia in male. 

In female, short sleep duration was positively associated with 
low physical performance such as slow gait speed (OR = 0.564) 
and poor SPPB score (OR = 0.656). Older age is more strongly as-
sociated with poor subjectively reported sleep in female, and older 
female consistently report shorter and poorer sleep compared to 
older male.34) However, actigraphic sleep measures showed poorer 
sleep in male.35,36) The results of the Health ABC cohort study 

Table 7. Odds ratio of sleep duration relationship to low gait speed, 2-year follow-up, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 0.715 0.356 1.436 0.345 0.881 0.392 1.979 0.759
> 8 0.740 0.353 1.551 0.425 0.750 0.331 1.696 0.489

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.052 0.631 1.753 0.845 0.746 0.519 1.072 0.113
> 8 1.776 0.763 4.134 0.183 1.834 0.769 4.374 0.171

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.873 0.508 1.499 0.623 0.586 0.393 0.875 0.009
> 8 1.920 0.799 4.614 0.145 1.969 0.769 5.039 0.158

Model4d) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.851 0.492 1.472 0.564 0.596 0.398 0.893 0.012
> 8 1.995 0.828 4.807 0.124 2.038 0.795 5.225 0.139

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
a)Unadjusted, b)adjusted for age and BMI, c)age, BMI, education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BMI, 
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.
p-value was obtained by logistic regression analysis.

Table 8. Odds ratio of sleep duration relationship to low SPPB test, 2-year follow-up, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 1.243 0.71 2.175 0.447 0.776 0.543 1.108 0.162
> 8 1.983 0.824 4.774 0.127 0.74 0.27 2.024 0.557

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.204 0.677 2.14 0.527 0.777 0.537 1.122 0.178
> 8 2.306 0.92 5.779 0.075 0.742 0.265 2.078 0.571

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.111 0.617 2.001 0.725 0.647 0.437 0.957 0.029
> 8 2.188 0.847 5.65 0.106 0.669 0.229 1.954 0.463

Model4d) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.088 0.601 1.971 0.78 0.656 0.442 0.972 0.036
> 8 2.238 0.862 5.809 0.098 0.672 0.228 1.981 0.471

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
a)Unadjusted, b)adjusted for age and BMI, c)age, BMI, education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BMI, 
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.
p-value was obtained by logistic regression analysis.
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showed that thigh muscle mass was not associated with gait speed 
changes in female. However, all fat composition variables were as-
sociated with gait speed decline after 4 years.37) Furthermore, fe-
male are generally at a higher risk of osteoarthritis incidence and 
disease severity than male.38) These factors might explain the asso-
ciation of short sleep duration with slow gait speed and poor SPPB 
score. However, low physical performance was not associated with 
short sleep duration in female. 

Sleep latency was not a significant predictor of sarcopenia in our 
study. In the previous two related publications, one study reported 
higher scores for sleep latency in sarcopenic subjects compared 
with those in non-sarcopenic subjects (p = 0.03) after adjusting for 
confounders39); however, the other study did not find that sleep la-
tency was associated with sarcopenia in middle-aged individuals.40) 
Yet another study20) postulated that depression was an intermedi-
ating factor between long sleep latency and frailty in older Korean 
male; therefore, sleep latency was not directly associated with frail-
ty. However, these papers were cross-sectional designs; therefore, 
the results of our prospective study demonstrate the cause-effect 
relationship. 

To our knowledge, no other longitudinal study has reported the 
sex-specific effects of sleep duration on incident sarcopenia in old-
er adults. Nakakubo et al.14) reported that long sleep duration was 
associated with an increased risk of progression to sarcopenia 
among older adults but did not show differences in the association 
according to sex. However, they did report that long sleep duration 
was associated with slow gait and lower grip strength but not with 
lower muscle mass, contrary to our findings. To evaluate ASM, 

Table 9. Odds ratio of sleep duration relationship to long 5 sit-to-stand test, 2-year follow-up, by sex

Sleep duration (hr)
Male Female

OR 95% CI p-value OR 95% CI p-value
Model1a) 6–8 1 Ref Ref 1 Ref Ref

< 6 1.088 0.686 1.727 0.719 1.003 0.727 1.384 0.986
> 8 1.452 0.662 3.185 0.353 1.256 0.54 2.923 0.597

Model2b) 6–8 1 Ref Ref 1 Ref Ref
< 6 1.058 0.662 1.692 0.813 1.024 0.731 1.434 0.89
> 8 1.596 0.714 3.568 0.255 1.306 0.545 3.131 0.549

Model3c) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.948 0.581 1.546 0.831 0.884 0.618 1.265 0.499
> 8 1.407 0.607 3.262 0.426 1.217 0.482 3.071 0.678

Model4d) 6–8 1 Ref Ref 1 Ref Ref
< 6 0.934 0.571 1.529 0.787 0.898 0.627 1.288 0.559
> 8 1.432 0.617 3.325 0.403 1.239 0.489 3.136 0.651

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
a)Unadjusted, b)adjusted for age and BMI, c)age, BMI, education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BMI, 
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.
p-value was obtained by logistic regression analysis.

Nakakubo et al.14) used multi-frequency bioelectrical impedance 
analysis, which can overestimate ASM compared to DXA,41) which 
could explain the divergent results. Additionally, unlike the associ-
ation of long sleep duration with slow gait and low grip strength af-
ter 4 years reported by Nakakubo et al.,14) we observed a relation-
ship between sleep duration and muscle mass and strength but not 
physical performance in male only. However, 2 years may have 
been too short a duration to observe decreased physical perfor-
mance. 

In this study, we observed sex differences in the association be-
tween long sleep duration and incident sarcopenia. Unlike previ-
ous cross-sectional studies that reported the association of sleep 
duration with sarcopenia in female13) and both sexes,19) we ob-
served an association only in male. However, both previous studies 
were cross-sectional and only two studies have reported on the 
longitudinal effect of long sleep duration on sarcopenia,14,42) nei-
ther of which investigated sex differences in this relationship. 
Therefore, our findings demonstrate the difference in the cause-ef-
fect relationships of long sleep duration on incident sarcopenia. 
We observed this relationship only in male; thus, the relationship 
reported in female in cross-sectional studies may have been coinci-
dental findings. The sex difference in the effects of long sleep dura-
tion on sarcopenia may occur due to the different requirements for 
sleep duration between the sexes owing to their different hormone 
levels.15) Furthermore, female are more resilient to environmental 
stressors. Another explanation for the differential association ac-
cording to sex may be that muscle mass declines more slowly in fe-
male than in male. A previous study reported a steeper decline in 
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relative skeletal muscle mass (kg/m2) in male (15.2 − 0.07 ×  age; 
p < 0.001) compared with that in female (8.9 − 0.02 ×  age; 
p < 0.001).43) Therefore, a 2-year follow-up may have been insuffi-
cient to determine the effect of sleep duration on incident sarcope-
nia in female. 

This study had several limitations. First, the sleep variables were 
based on participant recall, which may lead to bias and differ from 
objective sleep measurements. One study reported that self-report-
ed sleep latency was 10 minutes longer than objectively measured 
sleep latency and that the estimated total sleep duration was slight-
ly shorter than the measured duration (median difference, -18.5 
minutes) in adults with a mean age of 50 years.20,44) Second, as the 
participants of this study were community-dwelling older adults, 
the results do not represent the entire population of older Korean 
adults as we did not include hospitalized, institutionalized, or bed-
ridden older adults. 

The study also has several strengths. We enrolled a relatively 
large number of community-dwelling older adults aged 70–84 
years, and the cohort was gathered from 10 regions nationwide, in-
cluding urban and rural areas of Korea. Therefore, the cohort was 
representative of the community-living age group across Korea.  
Previous studies have reported controversial associations between 
sleep duration and sarcopenia; however, no other studies have in-
vestigated sex differences in the effect of long sleep duration on in-
cident sarcopenia. We observed that long sleep duration ( > 8 
hours per night) was associated with high odds for incident sarco-
penia after 2 years in male. Interventional studies are needed to in-
vestigate if the effect of a reduction in sleep time in these long 
sleepers can decrease their risk of sarcopenia. 

In conclusion, after 2 years of follow-up, long sleep duration ( > 8 
hours per night) was associated with high odds for incident sarco-
penia, and the main correlates of incident sarcopenia due to long 
sleep duration were muscle mass loss and declining muscle 
strength in male. In contrast, long sleep duration in female was not 
associated with incident sarcopenia. 
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Atypical Presentation of Pill Aspiration in Older Adults with Dysphagia:  
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Nonconventional clinical presentations of diseases are common in older adults. Even dramatic 
events, such as foreign body (FB) inhalation, can occur in a subtle and non-specific manner. Pill 
aspiration is a rare yet overlooked cause of airway injury. It accounts for approximately 7% of all 
FB aspirations. In contrast, oral dysphagia and polypharmacology, mainly administrated in solid 
oral dosage forms (SDOF), like tablets and pills, are common conditions in older adults. Herein, 
we present a case of SDOF aspiration in a 78-year-old man. FB inhalation developed with general 
clinical deterioration and neurological impairment (delirium) rather than overt respiratory symp-
toms. Bronchoscopy provided remarkable images of this unexpected finding. Caregivers and 
healthcare workers must be aware of the risk of SDOF aspiration and adopt proper safety mea-
sures. Early recognition and bronchoscopy for diagnostic and therapeutic purposes can be life-
saving in such cases. 
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INTRODUCTION 

Pill aspiration is a rare yet overlooked cause of airway injury. It rep-
resents 7% of all foreign body (FB) aspirations in adults.1) In con-
trast, oral dysphagia and polypharmacology are common condi-
tions in older adults. Drugs are mainly administered in solid oral 
dosage forms (SDOF), such as tablets and pills. Diagnosing pill as-
pirations presents many challenges. For example, clinical and ra-
diological findings can be subtle and non-specific. Moreover, the 
suspicion of SDOF causing airway injury is often low-grade. Final-
ly, pills may dissolve into the airways; thus, they are not observed 
during bronchoscopy.2) Herein, we present a case of pill aspiration 
in a 78-year-old man with an elusive clinical presentation. Pictures 
from the bronchoscopy of this patient raise a concern about the 
risks associated with the use of SDOF in older adults with oral dys-
phagia. Written informed consent was obtained from the patient 
for publication of this case report and accompanying image.

CASE REPORT 

A 78-year-old man was admitted to our geriatric internal medicine 
ward with multiple spontaneous bone fractures due to metastasis 
of cancer of unknown primary origin, severe clinical deterioration, 
and delirium. The patient had a history of heavy smoking (approx-
imately 80 pack-years). No other diseases were known, mainly be-
cause of poor medical supervision. 

His relatives reported that he was quite well until approximately 
20 days before hospitalization. Previously, he started presenting 
with widespread bone pain. An X-ray scan revealed multiple spon-
taneous pathological bone fractures. He had started taking pain-
killers (first paracetamol, then oxycodone and naloxone), and a 
computed tomography (CT) scan was scheduled. However, in the 
following days, he started presenting with clinical deterioration 
and sudden worsening of neurological signs. After a non-traumatic 
fall, relatives brought him to the emergency room (ER). 

The patient presented with severe clinical deterioration upon ar-
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rival. He was agitated, disoriented, and unable to maintain atten-
tion. He was eupnoeic in room air at a temperature of 36°C and 
had a blood pressure of 130/80 mmHg. Brain CT did not reveal 
intracranial hemorrhage. Chest radiography (Fig. 1) showed ab-
normal elevation of the left hemidiaphragm and reduced transpar-
ency of the corresponding lung due to possible atelectasis, with 
abundant pleural effusion on the left side. The levels of blood in-
flammation markers were elevated, likely due to current acute infec-
tion (leukocytes 21.33 × 109/L with 88.3% neutrophils, C-reactive 
protein 234.0 mg/L); therefore, antibiotic therapy was initiated. 

On the following day, the patient was transferred to our hospital. 
He was eupnoeic in room air upon arrival. Physical examination of 
the lungs showed diminished breath sounds, especially on the left 
lung base, diffused rhonchi, and wheezing, mostly on the left side 
of the chest. The patient was heavily sarcopenic. Arterial blood gas 
showed hypoxemic respiratory failure (pH 7.48, PaCO2 45.7 
mmHg, PaO2 53.6 mmHg, sO2 87.9%, lactates 1.7 mmol/L, 
HCO3

– 33.1 mmol/L). 
Chest CT showed that the left lung had collapsed due to airway 

occlusion. Bronchoscopy performed the next day unexpectedly 
showed a pill occluded the left mainstem bronchus (Fig. 2). Its size 
and appearance suggested an intact paracetamol pill. In addition, 
X-ray imaging performed on arrival showed lung atelectasis. For 
these reasons, we believed that aspiration had occurred several 
weeks before his hospitalization, at the beginning of his pain man-
agement therapy. 

The FB was successfully removed during the procedure; howev-

Fig. 1. Chest radiography showed abnormal elevation of the left 
hemidiaphragm and reduced transparency of the corresponding lung 
due to possible atelectasis, with abundant pleural effusion on the left 
side.

Fig. 2. Bronchoscopy showed a pill occluded the left mainstem bron-
chus.

er, the patient died due to pulmonary infection and respiratory fail-
ure the next day. 

DISCUSSION 

We report the case of a 78-year-old patient who experienced pill 
aspiration, characterized by atypical clinical manifestations. Un-
conventional clinical presentations are common in older adults. 
However, in this case, FB aspiration developed with general clinical 
deterioration and neurological signs and symptoms (delirium) 
rather than overt respiratory symptoms such as dyspnea. 

Oral dysphagia is a common geriatric syndrome (10%–33%).3) 
It is associated with a high burden of mortality and morbidity in 
older adults, mainly due to dehydration, malnutrition, and infec-
tion. The swallowing process has two important and complemen-
tary functions: ingestion of food and airway protection.4,5) Swal-
lowing problems are often comorbid with various conditions such 
as neurological diseases (e.g., Parkinson disease and Alzheimer dis-
ease), musculoskeletal conditions, cancer, and sarcopenia. They 
may also occur when stressors (i.e., infections, drugs, hospitaliza-
tion) disrupt the delicate balance of frail older adults. Moreover, 
the aging population experiences a physiological reduction in 
swallowing function referred to as presbyphagia.6) 
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In older adults, managing dysphagia is crucial when administer-
ing medical therapy. According to the SHELTER study, nearly 
50% of older adults in nursing homes across Europe take 5–9 
drugs, while 24.3% take ≥ 10 drugs.7) Difficulties in swallowing 
SDOFs may affect not only older adults with overt dysphagia 
(45.5%) but also those with presbyphagia or even no dysphagia 
(12.3%).8) FB aspiration can also occur “silently” without any clin-
ical evidence of swallowing difficulty. Older age and common geri-
atric conditions (e.g., cerebrovascular impairment, diabetes, previ-
ous myocardial infarction, and chronic obstructive pulmonary dis-
ease) are risk factors associated with silent aspiration.9) Although 
the relatives in the present case reported that the patient was inde-
pendent in activities of daily living (ADL) and did not suffer from 
symptomatic oral dysphagia before the worsening of his clinical 
condition, he had risk factors that made his swallowing function 
highly vulnerable, such as age-related paraphysiological changes, 
sarcopenia, active cancer, and probable chronic obstructive pulmo-
nary disease.10)  

SDOF can cause airway inflammation, obstruction, and system-
ic toxicity.1) The time course of obstruction before an intervention 
can vary from days to months. Studies have highlighted the impor-
tance of early recognition and bronchoscopy for diagnosing and 
treating SDOF aspiration.11) 

Oral drugs are often administered in geriatric healthcare settings 
by crushing tablets or opening capsules and dispersing powders in 
water or gel. This represents the off-label use of the medication, 
which may negatively impact both efficacy and safety.12) A possible 
solution to this problem is the implementation of alternative for-
mulations, such as orally disintegrating tablets13) or dispersible for-
mulations. Some drugs are already available in “dysphagia-friendly” 
formulations. For many others, however, further investigation by 
geriatric pharmacology and investments are needed. 

The risks associated with SDOF in older adults support calls to 
action for deprescribing, as this can help in two ways. First, some 
drugs are involved in swallowing disorders by causing esophageal 
injuries, xerostomia, and dysphagia.8) Second, reducing the num-
ber of medications can also reduce the probability that tablets and 
capsules may “go down the wrong way.” 

Safety measures to prevent FB aspiration involve appropriate 
rest between swallows, adjusting posture, placing the pill or tab-
let in the patient’s mouth according to the type of deficit, swal-
lowing rehabilitation, and minimizing the use of hypnotics and 
sedatives.14,15) In addition, managing and preventing sarcopenic 
dysphagia in hospitalized and bedridden patients may be use-
ful.16) 

It is crucial for all caregivers and healthcare workers to be aware 
of the possible risks related to SDOF aspiration in older adults 

with dysphagia and to adopt appropriate safety measures. The 
consequences of FB inhalation can be fatal. However, when they 
occur, the ability to recognize them and proceed with proper man-
agement can be lifesaving. 
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Marked Cognitive and Activities of Daily Living Improvement by Shunt 
Embolization in a Very Old Man with Portosystemic Encephalopathy 
Mimicking Alzheimer Disease: A Case Report 
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A 91-year-old man with chronic cognitive impairment underwent shunt embolization for porto-
systemic encephalopathy (PSE). He experienced intermittent episodes of impaired consciousness 
and decreased cognitive function and activities of daily living (ADL), for which Alzheimer disease 
was suspected. On admission, he was in a coma and PSE was diagnosed based on his high am-
monia level and the computed tomography findings. After shunt embolization, the patient fully 
recovered from the impaired consciousness and experienced no recurrence. The patient’s Revised 
Hasegawa Dementia Scale and Mini-Mental State Examination scores improved significantly 
from 12 and 17 to 30 and 29 points, respectively. The Barthel Index score also improved from 
55/100 to 85/100, suggesting a marked improvement in ADL. PSE progresses slowly in very old 
patients and may mimic the clinical course of Alzheimer disease but without liver enzyme abnor-
malities. Therefore, it should be distinguished in every dementia case. 
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INTRODUCTION 

Portosystemic encephalopathy (PSE) is a noncirrhotic form of he-
patic encephalopathy (HE) caused by a portosystemic shunt even 
in the absence of pre-existing liver disease.1) In general, PSE pro-
gression is associated with worsening cirrhosis. However, the clini-
cal course of PSE in older patients has not been well documented. 
Thus, the efficacy of shunt embolization for older patients should 
be objectively evaluated using cognitive function tests and the ac-
tivities of daily living (ADL) scale. While previous reports have de-
scribed cases in which shunt embolization improved cognitive 
function and ADLs, none have reported this in patients > 90 years 
of age or on the systematic evaluation using the Comprehensive 
Geriatric Assessment (CGA). Herein, we report a case of shunt 
embolization in an older adult with HE caused by an intrahepatic 
shunt and not by liver disease that resulted in marked improve-

ment in cognitive function and ADL. 

CASE REPORT 

We experienced a case of a 91-year-old man whose cognitive func-
tion improved after shunt embolization for PSE. He had gradually 
talked less and less over a period of 1 year and 2 months and had 
experienced intermittent episodes of impaired consciousness for 
over 1 year before admission. His cognitive function and ADL de-
clined, and he was unable to move. He was admitted to the Univer-
sity of Tokyo Hospital for pyelonephritis 1 year before his most re-
cent hospitalization. Psychological assessment at that time showed 
disorientation and delayed recall, which led to a diagnosis of Alz-
heimer disease. A written informed consent was obtained from the 
patient and his wife. 

The reason for admission to the University of Tokyo Hospital at 
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that time was that he was found unconscious on the floor at home. 
On arrival at the hospital, he was found to be in a coma ( Japan 
Coma Scale III-100). His blood pressure was 161/83 mmHg, 
pulse was 68/min, respiratory rate was 23/min, oxygen saturation 
was 99% on a nasal cannula at 2 L/min, and body temperature was 
36.8°C. Physical examination revealed normal pupil diameter and 
pupillary light reflexes. No involuntary movements or gross paraly-
sis of the extremities were observed. 

The patient had a history of hypertension, atrial fibrillation, 
chronic heart failure, left parietal lobe stroke, benign prostatic hy-
perplasia, and pyelonephritis and was taking an anticoagulant, a 
loop diuretic, and a histamine receptor antagonist. He had a histo-
ry of smoking 40 cigarettes per day for 20 years. He drank alcohol 
occasionally but had no history of heavy drinking. Blood tests re-
vealed an ammonia level of 232 μg/dL (normal range: 12–66 μg/
dL), a white blood cell count of 6,800 cells/μL, C-reactive protein 
concentration of 0.40 mg/dL (0–0.30 mg/dL), a glucose level of 
121 mg/dL (73–109 mg/dL), a sodium level of 147 mmol/L 
(138–145 mmoL/L), a potassium level of 4.3 mmol/L (3.6–4.8 
mmol/L), a corrected calcium level of 9.4 mg/dL (8.8–10.1 mg/
dL), an estimated glomerular filtration rate (eGFR) of 43.2 mL/
min/1.73 m2, and a total bilirubin level of 1.0 mg/dL (0.4–1.5 mg/
dL). The patient’s liver function was normal, and tests for hepatitis 
virus antigen were negative. The patient had no history of liver dis-
ease. Computed tomography (CT) of the head revealed no appar-
ent acute infarction or hemorrhage. Electroencephalography re-
vealed no obvious abnormalities related to the loss of conscious-

ness. To clarify the cause of the increased ammonia level, abdomi-
nal contrast-enhanced CT was performed that revealed a 
high-density area (the same density as that of the portal vein) in S6 
of the liver, suggesting a portosystemic shunt (Fig. 1A). Abdomi-
nal echography confirmed that the intrahepatic P6 line and right 
hepatic vein formed a portosystemic shunt. These results suggest-
ed that the coma was caused by hyperammonemia due to intrahe-
patic portosystemic shunts. 

Following administration of extracellular fluid, the patient's con-
sciousness improved the day after admission; therefore, conserva-
tive treatment was performed first. Oral administration of lactulose 
and branched-chain amino acid preparations was tested2,3); howev-
er, no improvement in hyperammonemia was observed. Thus, 
portosystemic shunt embolization was considered. 

Shunt embolization was performed on the 22nd day after admis-
sion. The catheter was advanced from the right femoral vein into 
the inferior right hepatic vein (IRHV). Portosystemic shunts were 
confirmed by retrograde contrast imaging under balloon occlu-
sion. Portal vein angiography showed that two P6 vessels supplied 
the bloodstream for the portosystemic shunt, and both vessels 
were successfully embolized with coils. No intraoperative compli-
cations, including bleeding, infection, pain, access site complica-
tions,4,5) and displacement of the coil into the systemic circulation, 
occurred. Postoperatively, the patient’s blood ammonia concentra-
tion improved and remained within the normal range (Fig. 2). 

The abdominal CT images obtained before and after emboliza-
tion are shown in Fig. 1. A portosystemic shunt leading from portal 

Fig. 1. Contrast-enhanced computed tomography before and after embolization. (A) Pre-embolization (the arrow indicates a potential portosys-
temic shunt leading from portal vein P6 to the inferior right hepatic vein). (B) Post-embolization (the arrow indicates a thrombus from the coil 
embolization site to the inferior right hepatic vein, suggesting successful embolization).
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vein P6 to the IRHV was observed before embolization (Fig. 3A). 
After the procedure, the position of the embolic coil was appropri-
ately fixed and the shunt blood flow disappeared, confirming suc-
cessful embolization (Fig. 3B). 

Cognitive function tests were performed 1 year before admis-
sion, before and after the procedure, and as an outpatient (7 
months after the procedure). One year before admission, the pa-
tient scored 18 on the Revised Hasegawa Dementia Scale (HDS-R) 
and 23 on the Mini-Mental State Examination (MMSE), with dis-
orientation and loss of points on the delayed recall. 

At this stage, the ADLs were preserved (Barthel Index, 70/100; 
Lawton IADL, 5/8), and a diagnosis of Alzheimer disease was not 
made. After admission, the HDS-R and MMSE scores were 12 and 
17, respectively, lower than those 1 year prior. The patients’ scores 
for temporal disorientation, immediate and delayed recall, item re-

call, and verbal fluency worsened. At this point, the ADLs were 
significantly poorer than they had been 1 year earlier (Barthel In-
dex, 55/100). Based on the results of the cognitive function tests, 
complications of Alzheimer disease were suspected. However, after 
shunt embolization, the HDS-R and MMSE scores improved sig-
nificantly to 20 and 28 points, respectively. In an outpatient setting, 
the HDS-R and MMSE scores were 30 and 29 points, respectively, 
and the Barthel Index also markedly improved to 85/100. No re-
currence of impaired consciousness was observed during the 6 
months after discharge. 

DISCUSSION 

HE often occurs in the terminal stages of cirrhosis but can also oc-
cur due to shunt formation in patients without a history of liver 
disease. PSE accounts for approximately 10% of all cases, is rela-
tively rare, and is characterized by (1) high blood ammonia levels 
without abnormal liver function, (2) repeated episodes of psychi-
atric symptoms, and (3) abnormal vascular shadowing in conjunc-
tion with the portal vein on contrast-enhanced CT.6) Because pa-
tients usually have no evidence of liver enzyme elevation or jaun-
dice and the symptoms mimic those of dementia, this type of HE 
can be overlooked.7,8) A report in 20006) noted an average age of 
nine patients with the same disease type as that of the current pa-
tient as 56.9 years, suggesting that PSE develops in middle age or 
later. With the development of technologies such as CT and ultra-
sound and the increased recognition of PSE, a recent case report 
described a higher average age, ranging from 65 to 82 years.9) 

Therefore, the age range of patients with PSE could be older than 
that currently assumed. 

While congenital malformations, complications after abdominal 
surgery, trauma, and liver biopsy can cause shunt formation, in 
many cases the cause of shunt formation is unknown.6) In the pres-
ent case, there was no obvious acquired cause of intrahepatic shunt 
formation, and it was assumed that the condition was congenital. 
The patient would have been in a state of covert encephalopathy 
before the onset of cognitive decline and inappropriate behavior. 
He had experienced an episode of suspected cognitive decline and 
inappropriate behavior approximately 1 year and 2 months before 
admission, at which point the HE became overt. The onset of PSE 
is more common in older people, suggesting that congenital shunts 
may develop gradually due to blood vessel fragility and hemody-
namic changes with aging.9) The function of the blood-brain barri-
er (BBB) also gradually declines in older patients, making it easier 
for toxic substances to reach the brain.10) Recent studies have 
shown that high levels of ammonia in the brain accelerate damage 
to the BBB structure.11) Muscles are also a major metabolizing or-
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Fig. 2. Blood ammonia levels during hospitalization. Extracellular 
fluid was administered on days 1–4, lactulose and branched-chain 
amino acid preparations were administered on days 14–25, and shunt 
embolization was performed on day 22.

Fig. 3. Intraoperative findings of shunt embolization. (A) Pre-em-
bolization: portal angiography showing that the two lines of P6 were 
the blood supply pathways for the portosystemic shunt. (B) Post-em-
bolization: following the administration of contrast agent in the 
inferior right hepatic vein near the coil embolization, no blood flow is 
observed on the portal vein side, confirming that the shunt blood flow 
had disappeared.
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gan of ammonia, and the presence of sarcopenia increases the risk 
for HE.12,13) Therefore, older age increases the likelihood of devel-
oping overt HE or manifesting psychiatric symptoms of HE. 

In this case, the deficits in cognitive function tests resembled 
those of Alzheimer disease, and the patient’s gradual cognitive de-
cline led to the suspicion of complications of Alzheimer disease at 
the time of admission. However, since the deficits disappeared af-
ter shunt embolization, the course of pure HE is believed to have 
mimicked that of Alzheimer disease. Cognitive decline in HE is 
characterized by attention deficits, problems with working memo-
ry, and deficits in executive function.14) Some reports show that 
hyperammonemia impairs long-term potentiation (LTP), a synap-
tic model of learning, in the hippocampus, a brain region involved 
in memory acquisition.15,16) Therefore, the clinical course of cogni-
tive decline in HE is similar to that of Alzheimer disease. Some pa-
tients suspected of having Alzheimer disease may also have HE; 
thus, the measurement of blood ammonia levels should be consid-
ered when cognitive decline is exacerbated even in the absence of a 
history of liver disease. 

Shunt embolization helps prevent the recurrence of attacks of 
disturbance of consciousness and improves consciousness level 
and physical function.4,5,7,17) However, there have been no reports 
of successful shunt embolization in patients > 90 years of age. This 
case was also unique in that the Barthel Index was used to assess 
basic ADLs. 

In conclusion, we report a case in which cognitive function and 
ADL improved after intrahepatic shunt embolization in a patient 
with HE caused by intrahepatic portosystemic shunt without liver 
disease. It is important to properly diagnose and treat PSE in very 
old patients. 
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Courses and Conferences

Upcoming academic events in 2022 of the Korean Geriatrics 
Society.
We would like to invite members of the Korean Geriatric Soci-
etyand anyone who are interested.

[The 70th Annual Meeting of the Korean Geriatrics Society] 
November 26-27, 2022
Suwon Convention Center.
140, Gwanggyo Jungang-ro, Yeongtong-gu, Suwon-si, Gyeong-
gi-do, 16514, Republic of Korea.
For more information please contact kgskorea1968@gmail.com   

Membership Fee Information

Membership Fee

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

• Other member: KRW 30,000

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

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

Information on Geriatric Medicine Certification

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

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

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

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

Meetings.

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

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

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

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

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

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

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

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

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

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

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

The Korean Geriatrics Society News
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AGMR Information

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

Submission Method

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

▼

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

▼

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

▼

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

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

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

Journal Subscription Guide

Subscription fees

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

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

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

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

www.e-agmr.org



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

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

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

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

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

RESEARCH AND PUBLICATION ETHICS

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

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

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

Instructions to authors
Enactment December 27, 2013

Revision March 1, 2021
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Conflict of Interest Statement
The corresponding author of an article is asked to inform the Edi-
tor of the authors’ potential conflicts of interest possibly influenc-
ing their interpretation of data. Examples of potential conflicts of 
interest include employment, consultancies, stock ownership, 
honoraria, paid expert testimony, patent applications/registra-
tions, and grants or other funding. A potential conflict of interest 
should be disclosed in the manuscript even when the authors are 
confident that their judgments have not been influenced in pre-
paring the manuscript. The disclosure form should be the same as 
the ICMJE Form for Disclosure of Potential Conflicts of Interest 
(http://www.icmje.org/conflicts-ofinterest/).

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

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

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

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

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

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

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

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

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

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

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

EDITORIAL POLICY

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

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

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

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

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

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

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

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

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

SUBMISSION & PEER REVIEW PROCESS

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

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

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

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

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

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

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

AGMR does not consider second appeals.

MANUSCRIPT PREPARATION

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

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

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

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

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

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

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

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

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

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

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

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

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

Table 1. Recommended maximums for articles submitted to AGMR

Type of article Abstract 
(word)

Text 
(word)a) Reference Table & 

figure
Original article Struc-

turedb), 250
3,500 50 7

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

No 1,200 15 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Reference Style
- Journal article:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

FINAL PREPARATION FOR PUBLICATION

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

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

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

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

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

ARTICLE PROCESSING CHARGES

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

No. of Manuscript : AGMR-                                                                                                                                                                                                                                           

Title of Manuscript :                                                                                                                                                                                                                                            

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

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

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

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

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

Author’s checklist

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

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

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

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

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

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

AUTHORS RIGHTS

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

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

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

USERS RIGHTS: SUMMARY OF CREATIVE COMMONS LICENCES

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

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

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

Copyright transfer form
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AUTHOR REPRESENTATIONS / ETHICS AND DISCLOSURE

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

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