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a b s t r a c t

Objective: This systematic review and meta-analysis aimed to assess the prevalence and identify factors
associated with sarcopenia in older Thais.
Methods: Research studies were searched in online databases, including PubMed, Embase, Scopus, and
Thai-Journal Citation Index. The articles included in this review were limited to being published between
January 1, 2013 and January 31, 2023 and observational study designs. The research quality was evaluated
using the Joanna Briggs Institute (JBI) critical appraisal tool for prevalence studies. A meta-analysis was
performed using the JBI SUMARI software. The review protocol has been registered on PROSPERO with
the assigned ID CRD42023420514.
Results: A total of 265 research articles were initially identified, out of which 17 articles were included in
this study, including a total of 4,668 participants aged 60 years and over, consisting of 1,380 (29.6%) men
and 3,288 (70.4%) women. The overall prevalence of sarcopenia in Thai older adults was 20.7% (95% CI
14.4%e27.8%). Subgroup analysis of the sarcopenia prevalence based on the study areas revealed that the
prevalence was 33.4% (95% CI 28.7%e38.3%) in hospitalized individuals, 23.2% (95% CI 12.5%e35.9%) in
outpatient clinic settings, and 17.3% (95% CI 9.4%e26.8%) in community-living older adults. Advanced age
(OR ¼ 4.60, 95% CI 3.07e6.91), being male (OR ¼ 2.30, 95% CI 1.37e3.85), low body mass index (BMI)
(OR ¼ 8.95, 95% CI 6.05e13.25), and malnutrition (OR ¼ 2.78, 95% CI 2.09e3.70) are strong predictors of
sarcopenia in older adults in Thailand.
Conclusions: This systematic review represents the first assessment of the overall prevalence and factors
associated with sarcopenia in Thai older adults, indicating its significant concern within this population.
These findings are of importance for public health management aimed at preventing and managing
sarcopenia in the country.
© 2023 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� In the rapidly aging global population, sarcopenia has emerged
as a prominent health condition, garnering widespread atten-
tion from the general public and the healthcare system.

� The comprehensive systematic review assessing the prevalence
and factors associated with sarcopenia in older adults has yet to
be reported in Thailand.
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What is new?

� The systematic review represents the first assessment of the
overall prevalence and factors associated with sarcopenia in
Thai older adults.

� The overall prevalence of sarcopenia in Thai older adults was
20.7% (95% CI 14.4%e27.8%).

� The study found that factors associated with sarcopenia in Thai
older adults include age, gender, low physical activity, poor
physical ability, prefrailty, body mass index, underweight status,
waist circumference, calf circumference, type 2 diabetes,
depression, mild cognitive impairment, malnutrition, and pro-
tein intake.
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1. Introduction

The global aging populationwas increasing rapidly. According to
a WHO survey, the proportion of the population aged 60 years and
over will almost double by 2050 compared to 2015 [1]. Thailand is a
country facing a growing aging population. Based on the latest data
from a 2021 survey on Thai older persons, there has been a sig-
nificant increase in the number of older adults compared to that in
1971. In fact, the proportion of older people now accounts for an
astounding 19% of the entire population nationwide [2]. Aging leads
to profound physiological changes in body composition. One of the
critical issues is the decline in skeletal muscle mass, together with
an increase in fat mass [3]. Previous studies have demonstrated that
the age-related decline in muscle mass, commonly referred to as
“sarcopenia,” is described by a progressive reduction in muscle
mass, muscle strength, and physical performance [4]. Furthermore,
malnutrition, inadequate physical activity, and the presence of
comorbidities are significant factors that contribute to the devel-
opment of sarcopenia, in addition to the effects of increasing age
[4]. In 2016, the WHO officially recognized sarcopenia as a distinct
disease concomitant with older adults, assigning it the disease code
M62.84 [5].

Older adults with sarcopenia experience a loss of balance, which
significantly increases the risk of falls and fractures [6]. Further-
more, it contributes to functional decline [7], disability, diminished
quality of life, longer hospitalization periods, and an increased risk
of mortality from other complications [8], compared to older adults
without sarcopenia [9]. All these outcomes contribute to a more
complex treatment process, increase treatment costs, and have an
impact on the national public health system. The causes of sarco-
penia in older adults can be attributed to various factors, which can
be classified into two types based on the underlying cause [10].
Firstly, primary sarcopenia is primarily associated with the natural
aging process, where changes in body composition occur, leading to
a decrease in muscle mass and bone mass, resulting in sarcopenia
[3]. Secondly, secondary sarcopenia is linked to underlying dis-
eases, particularly chronic conditions associated with complex
metabolic syndrome (MetS), such as type 2 diabetes [11], hyper-
tension [12], end-stage renal disease (ESRD) [13], heart failure [14],
solid tumors [15], and others. The use of statins can cause an
abnormal elevation in creatine kinase (CK) levels, leading to rhab-
domyolysis [16]. Unintentional weight loss [17] and a lower body
mass index (BMI) [18] contribute to the loss of muscle lean mass
and bone mass. On the other hand, increased BMI [19] and
expanded waist circumference [20] have been associated with an
increased distribution of body fat, which in turn results in a
decrease in muscle mass. Inadequate physical activity is closely
associated with decreased body composition and diminished
functional capacities in older adults [21]. In older adults with
depression, the body tends to produce elevated levels of
interleukin-6 (IL-6) and tumor necrosis factor (TNF-a) [22,23].
These factors are directly linked tomuscle protein synthesis and the
occurrence of rhabdomyolysis, eventually leading to a decline in
muscle mass and muscle strength in older adults.

Recent systematic reviews and meta-analyses have highlighted
variations in the prevalence of sarcopenia across different studies.
Globally, the estimated prevalence of sarcopenia ranges from 10% to
27% [24], as evidenced by these findings. In Chinese older adults,
the prevalence of sarcopenia was found to be 14% [25]. In Korean
older adults, the range varied from 11.4% to 14.9% [26]. In Japan, the
prevalence of sarcopenia among older adults was reported as 10%
[27]. The variations in the diagnostic criteria used for the diagnosis
of sarcopenia can potentially account for the differences observed
in the prevalence of sarcopenia across different studies. Addition-
ally, factors such as the nationality and ethnicity of the older adults
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in each country can also contribute to these variations. In Thailand,
the Asia Working Group for Sarcopenia (AWGS) consensus criteria
are commonly utilized for diagnosing sarcopenia [28]. However,
the prevalence of sarcopenia among older Thai adults varies across
different studies.

Due to the rapidly aging global population, there is an antici-
pated rise in the prevalence of sarcopenia among older individuals
worldwide. Sarcopenia has emerged as a prominent health condi-
tion, garnering widespread attention from the general public and
the healthcare system. This is primarily due to the potential impact
of sarcopenia on health services utilization, making it a critical
concern for public health. This places a significant burden on the
healthcare system, particularly in the face of an aging population.
Consequently, there is a growing need for a comprehensive un-
derstanding of the age-related diseases associated with sarcopenia
to effectively prepare, manage, and alleviate the strain on health-
care resources. Furthermore, in order to achieve the goal of healthy
aging, it is crucial to assess the overall prevalence of sarcopenia
among older Thai adults. This assessment will help guide the
development of guidelines aimed at promoting health and facili-
tating appropriate behavioral changes for older adults. Despite
recent studies focusing on the prevalence of sarcopenia, there is a
lack of consistency in the results across different studies. Further-
more, Thailand has yet to report a systematic review and meta-
analysis that comprehensively assesses the prevalence and factors
associated with sarcopenia in older adults. Therefore, the aim of
this systematic review andmeta-analysis is to assess the prevalence
of sarcopenia and identify the factors associated with it in the Thai
population aged 60 years and above. The findings of this study can
serve as a basis for developing guidelines aimed at effectively
managing and preventing sarcopenia among older Thai adults,
thereby promoting their overall well-being.

2. Methods

This study is a systematic review and meta-analysis. It aims to
explore the prevalence of sarcopenia and examine the factors
associatedwith it among Thai older adults aged 60 years and above.
The review protocol has been registered on PROSPERO, with the
assigned ID CRD42023420514. It is reported in accordance with the
PRISMA guidelines.

2.1. Search strategy

In this systematic review, the researchers employed a compre-
hensive search strategy across four databases, both in Thailand and
internationally. The databases included one database in Thailand,
namely the Thai-Journal Citation Index (TCI), and three English
language databases: PubMed, EMBASE, and Scopus. The publication
period under consideration covered a duration of ten years (be-
tween January 1, 2013 and January 31, 2023).

We conducted a systematic review and meta-analysis following
the PICo framework [29].We established a PICo framework using the
following terms. Population: Older adults aged 60 and over (referred
to as “elderly people,” “older adults,” “aged people,” “aging people,”
“older people,” “seniors,” “geriatric people,” “late life adults,” or
“older patients”). Phenomenon of Interest: The prevalence and fac-
tors related to sarcopenia (including terms such as “prevalence of
sarcopenia,” “factors of sarcopenia,” “sarcopenia,” “low muscle
mass,” “low skeletal muscle,” “low muscle strength,” “low gait
speed,” “low physical performance,” “low physical functional per-
formance,” “low walking speed,” “muscle loss,” and “amyotrophy”).
Context: Thailand (referred to as “Thai context,” “Thai population,”
“Thai people,” “Thai persons,” “Thai elderly,” “Thai community-
dwelling,” “Thai patient,” or “Southeast Asian population”).



P. Whaikid and N. Piaseu International Journal of Nursing Sciences 11 (2024) 31e45
2.2. Inclusion and exclusion criteria

We included studies that focused on older people with sarco-
penia, considering various diagnostic criteria used to assess sar-
copenia. The study was not limited to any specific diagnostic
criterion, as long as the chosen criterion was supported by reliable
evidence. Furthermore, there were no restrictions based on the
gender of older adults. This study selected cross-sectional or cohort
studies, including follow-up studies. The selection process adhered
to the following inclusion criteria:

The research article had to provide information in the abstract
and full text regarding the prevalence of sarcopenia, related factors,
and/or older adults. The sample of the research article had to
include: 1) Thai individuals aged 60 years and over exclusively; 2)
The research articles considered were published in either Thai or
English; 3) The research articles had undergone a peer-reviewed
procedure and are accessible in full text through a reliable data-
base; and 4) The publication date of the research article fell be-
tween January 1, 2013 and January 31, 2023. The following criteria
were excluded from this study: unsourced studies, research with
inadequate methodology, conference abstracts, and reviews. Spe-
cifically, randomized controlled trials and systematic reviews
involving animal research were excluded.

2.3. Study selection process and data extraction

Two researchers conducted a thorough search across all data-
bases, evaluated the retrieved studies, and compared their results
to ensure no studies were unintentionally excluded. Disagreements
were resolved via discussion between the two researchers. Data
extraction from all selected research articles was compiled into a
systematic review record table. A table summarizing the charac-
teristics of the included studies was created, which included in-
formation such as author names, publication year, language, study
design, diagnostic criteria for sarcopenia, participant details (e.g.,
age, gender distribution), geographic region, study setting, preva-
lence of sarcopenia, and factors associated with sarcopenia. During
the screening process, all research articles utilized in the analysis
were independently evaluated, reviewed, and discussed by two
reviewers to reach a consensus on the extracted data.

2.4. Quality appraisal

The credibility of the empirical evidence was assessed inde-
pendently by two researchers using the Joanna Briggs Institute (JBI)
critical appraisal checklist for studies reporting prevalence data
[30] to evaluate the risk of bias. Nine items on the JBI critical
appraisal checklist for studies reporting prevalence data tool as-
signs a score ranging from 0 to 9, with a higher score indicating
lower risk of bias. Responses for each item include “yes ¼ 1” or “no,
unclear or not applicable ¼ 0”. In terms of interpretation, a score
below 4 indicates low research quality, a score between 5 and 7
suggests moderate research quality, and a score between 8 and 9
indicates high research quality.

2.5. Statistical analysis

The meta-analysis was performed with the JBI SUMARI software
to calculate the pooled prevalence of sarcopenia among Thai older
adults. A random-effects model was employed using the Freeman-
Tukey transformation approach, accounting for various in-
struments used to measure sarcopenia. Subgroup analysis was
conducted to determine the pooled prevalence of men and women.
The pooled prevalence of sarcopenia was calculated using effect
size and weighted mean, along with 95% confidence intervals (95%
33
CI). A meta-analysis was conducted to examine factors associated
with sarcopenia, employing a fixed-effect model through the in-
verse variance approach. The primary analysis uses 95% CI for an
effect size with odds ratio (OR). Statistical analysis of heterogeneity
in this study was carried out using I2 statistics, with the following
interpretation: 1) may not be important (I2 0e24.9%), 2) may
represent moderate heterogeneity (I2 25.0%e49.9%), 3) may
represent substantial heterogeneity (I2 50.0%e74.9%), and 4)
considerable heterogeneity (I2 75.0%e100%). Moreover, heteroge-
neity is acknowledged, considering Chi-square (c2) P-values < 0.1,
indicating the presence of heterogeneity. Subgroup analyses were
performed with sufficient data. For factors where statistical anal-
ysis was not feasible, the results were presented through descrip-
tive narrative.
3. Results

3.1. Selection of included studies

The literature search yielded a total of 265 research articles from
the electronic database/search engine. After removing duplicate
records, 183 research articles were evaluated and screened for
eligibility based on predetermined criteria. Upon reviewing the
titles and abstracts, 133 research articles were excluded. Further-
more, during the assessment of full-text articles, an additional 33
research articles were deemed ineligible, as they did not meet the
inclusion criteria. As a result, 17 research articles [19,31e46] met
the inclusion criteria and were included in the quantitative syn-
thesis, as illustrated in Fig. 1.
3.2. Characteristics of included studies

The search encompassed research articles published over a
period of ten years, from 2013 to 2023, resulting in the identifica-
tion of 17 articles that met the inclusion criteria. Among these ar-
ticles, two were conducted in hospital settings [31,46], five in
outpatient clinics [32,35,43e45], and nine in community settings
[19,33,34,36,37,37,38,38,39,39e42]. Of the included articles, three
were published in Thai, while the remaining fourteen were pub-
lished in English. The systematic review included a total of 4,668
individuals, with 3,288 women and 1,380 men. One study focused
exclusively on women, while the rest of the studies included both
genders. The sample sizes varied across the studies, ranging from a
minimum of 82 participants to a maximum of 510 participants. All
of the research articles included older individuals aged 60 years and
over. Regarding the criteria used for diagnosing sarcopenia in Thai
older adults, the criteria set by the AWGS in 2014 was used in eight
articles, the AWGS criteria from 2019 in six articles, both the AWGS
2014 and AWGS 2019 criteria were used to assess participants in
one article, and SARC-F (the 5-component questionnaire that
measures strength, assistance walking, rise from a chair, climb
stairs, and falls) criteria in one article. Additionally, one study uti-
lized handgrip strength (HS)-based criteria. The majority of the
research designs employedwere cross-sectional in nature (Table 1).
3.3. Methodological quality of included studies

As for methodological quality, the score ranged from 7 to 9 out
of 9 points according to the JBI checklist. All studies appropriately
addressed the target population, used a validated method to
identify sarcopenia, and measured it in a reliable way for partici-
pants. Among these studies, 15 were classified as low risk, while
two were classified as moderate risk, as indicated in Table 2.



Fig. 1. Flow chart of study selection.
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3.4. Prevalence of sarcopenia

Overall prevalence of sarcopenia. Among the 17 studies included
in the review, the overall prevalence of sarcopenia in Thai older
adults was 20.7 % (95% CI 14.4%e27.8%), with high heterogeneity
(I2 ¼ 96.8%, P < 0.001) (Fig. 2). Furthermore, when study settings
were considered, the prevalence of sarcopenia was as follows:
33.4% (95% CI 28.7%e38.3%) in hospitals, with no heterogeneity
(I2 ¼ 0.0%, P ¼ 0.991); 23.2 % (95% CI 12.5%e35.9%) in outpatient
clinics, with high heterogeneity (I2 ¼ 96.0%, P < 0.001); and 17.3%
(95% CI 9.4%e26.8%) among older adults living in the community,
with high heterogeneity (I2 ¼ 97.4 %, P < 0.001) (Fig. 3).

Prevalence of sarcopenia in male older adults. Out of the 17
studies, 16 studies reported data on a total of 1,380 men. The
prevalence of sarcopenia among older men was 26.2% (95% CI
18.0%e35.4%), with high heterogeneity (I2 ¼ 90.5%, P < 0.001)
(Fig. 4). Specifically, the prevalence of sarcopenia among hospital-
ized older men was 38%. In the outpatient clinic, the prevalence of
sarcopenia was 21.8% (95% CI 8.4%e39.1%), with high heterogeneity
(I2 ¼ 91.1 %, P < 0.001). Among older men living in the community,
the prevalence of sarcopenia was 27.1% (95% CI 16.0%e39.7%), with
high heterogeneity (I2 ¼ 90.2 %, P < 0.001) (Fig. 5).

Prevalence of sarcopenia in female older adults. Among the 17
studies included in the analysis, data on a total of 3,288 women
were reported. The prevalence of sarcopenia among older women
was 18.1% (95% CI 12.2%e25.0%), with high heterogeneity
(I2 ¼ 95.4%, P < 0.001) (Fig. 4). Specifically, in hospitals, the prev-
alence of sarcopenia was 27.0 %. In the outpatient clinic, the prev-
alence was 22.8% (95% CI 12.5%e35.0%), with high heterogeneity
(I2 ¼ 94.1%, P < 0.001). Among older women living in the com-
munity, the prevalence of sarcopenia was 15.1% (95% CI 8.0%e
23.9%), with high heterogeneity (I2 ¼ 96.1%, P < 0.001) (Fig. 6).
34
3.5. Factors associated with sarcopenia

Based on the review of 12 studies, several factors associated
with sarcopenia in Thai older adults were identified. These factors
were categorized into two groups: personal factors and health-
related factors.

Personal Factors. Personal factors refer to the biological charac-
teristics of each older person that affect the development of sar-
copenia. Age is a personal factor associated with sarcopenia
[19,31e37]. Gender is also found to be associated with sarcopenia.
One study reported that females are associated with sarcopenia
[36], while two other studies revealed an association between
males and the development of sarcopenia [37,38]. Results of meta-
analysis for three studies revealed that age was associated with
sarcopenia with an OR of 4.60 (95% CI 3.07e6.91), with low het-
erogeneity (I2 ¼ 41.0%, P < 0.001). Two studies of males revealed an
OR of 2.30 (95% CI 1.37e3.85) associated with sarcopenia, with no
clinically significant heterogeneity (I2 ¼ 15.0%, P < 0.01), as illus-
trated in Fig. 7.

Health Related Factors. Several factors have been identified as
associated with the development of sarcopenia in Thai older adults.
These factors include physical activity levels, poor physical ability,
prefrailty, BMI, underweight status, waist circumference, calf
circumference, type 2 diabetes, depression, mild cognitive impair-
ment (MCI), malnutrition, protein intake, and C-reactive protein
levels. Among the identified factors, physical activity levels
[35e37,39,40] and poor physical ability [32] were found to
contribute to sarcopenia in the majority of the five studies. Addi-
tionally, four studies reported an association between BMI and the
development of sarcopenia [19,33,34,38]. Other factors associated
with sarcopenia included underweight status [31], increased waist
circumference [36,38], type 2 diabetes in older adults [41], and



Table 1
Summary of study characteristics.

Author and publication
year

Language Study design Setting Diagnosis of
sarcopenia

Participants (n) Sarcopenia
prevalence (%)

Factors associated with
sarcopenia

Total Men Women Total Men Women

Khongsri et al., 2016 [33] English Cross-sectional study Community AWGS, 2014 243 62 181 30.5 33.9 29.3 � Age
� Decreased BMI

Promklang et al., 2018 [39] Thai Cross-sectional study Community AWGS, 2014 83 12 71 9.6 8.3 9.9 NA
Wiriya et al., 2019 [36] English Cross-sectional study Community AWGS, 2014 396 97 299 1.3 0.0 1.7 � Age

� Gender: Female
� Physical activity
� Depression
� Waist circumference

Akarapornkrailert et al.,
2020 [43]

English Cross-sectional study Outpatient clinic AWGS, 2019 286 119 167 22.7 24.4 21.6 NA

Yuenyongchaiwat et al.,
2020 [37]

English Cross-sectional study Community AWGS, 2014 330 79 251 16.1 19.0 11.6 � Age
� Gender: Male
� Physical activity
� Depression
� Mild cognitive

impairment
Therakomen et al., 2020

[35]
English Cross-sectional study Outpatient clinic AWGS, 2014 and

AWGS, 2019
330 60 270 10.0 10.0 10.0 � Age

� Prefrailty
� Low physical activity

Chaithongkrua et al., 2021
[19]

Thai Cross-sectional study Community AWGS, 2014 147 24 123 48.3 75.0 43.1 � Age
� BMI
� Protein intake

Yuenyongchaiwat et al.,
2021 [41]

English Cross-sectional study Community AWGS, 2014 82 25 57 25.6 32.0 22.8 � Type 2 DM

Sanguankittiphan et al.,
2021 [38]

English Cross-sectional study Community AWGS, 2019 510 167 343 5.3 9.6 3.2 � Gender: Male
� Decreased BMI
� Decreased calf

circumference
Chaiwat et al., 2021 [31] English Prospective

longitudinal study
Surgical patients
unit

AWGS, 2014 251 145 106 33.5 37.9 27.4 � Age
� Malnutrition
� Underweight status

Tangtrongmit et al., 2021
[44]

Thai Cross-sectional study Outpatient clinic AWGS, 2014 106 e 106 34.0 e 34.0 NA

Assantachai et al., 2021
[45]

English Prospective study Outpatient clinic HS-based criteria 381 151 230 13.9 13.2 14.3 NA

Yuenyongchaiwat et al.,
2022 [40]

English Prospective study Community AWGS, 2019 205 49 156 21.5 30.6 18.6 � Low physical activity

Yuenyongchaiwat et al.,
2022 [42]

English Cross-sectional study Community AWGS, 2019 126 24 102 12.7 25.0 9.8 � CRP levels

Vongchaiudomchoke
et al., 2022 [46]

English Prospective study Surgical intensive
care unit

AWGS, 2014 120
*

62 58 33.3 e e NA

Dharmakulsakti et al.,
2022 [32]

English Cross-sectional study Outpatient clinic SARC-F 180 26 154 41.7 50.0 40.3 � Age
� Depression
� Poor physical ability

Sri-On et al., 2022 [34] English Cross-sectional study Community AWGS, 2019 892 278 614 22.2 24.1 21.3 � Age
� BMI
� Malnutrition

Note: AWGS ¼ the Asia Working Group for Sarcopenia. BMI ¼ body mass index. HS ¼ handgrip strength. NA ¼ not available. SARC-F ¼ the 5-component questionnaire that
measures strength, assistance walking, rise from a chair, climb stairs, and falls. * Participants in this study were >65 years, but �60 in other studies.
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depression in older adults [32,36,37]. Furthermore, prefrailty [35],
malnutrition in older adults [31,34], inadequate protein intake [19],
and elevated C-reactive protein levels [42] were also identified as
factors associated with the development of sarcopenia. Neverthe-
less, the outcomes of the study compilation indicate a lack of
available studies at present. Consequently, a mere two factors
possess an adequate of data for analysis. Subsequently, the factors
selected for integration into the meta-analysis encompass low BMI
and malnutrition.

Meta-analyses of five studies on low BMI showed an OR of 8.95
(95% CI 6.05e13.25), with high heterogeneity (I2 ¼ 79.0, P < 0.001).
It was indicated that lower BMI was significantly associated with
sarcopenia. Older adults with lower BMI were 8.95 times more
likely to have sarcopenia than those with normal and high BMI. The
analysis of two studies on malnutrition revealed an OR ¼ 2.78 (95%
CI 2.09e3.70), with moderate heterogeneity (I2 ¼ 62.0%, P < 0.001),
as illustrated in Fig. 8. The meta-analysis likewise showed that
35
malnutrition was associated with sarcopenia. Older adults with
malnutrition were 2.78 times more likely to have sarcopenia
compared to those with no malnutrition.

4. Discussion

This systematic review provides valuable insights into the
overall prevalence of sarcopenia among older adults in Thailand.
Additionally, the evaluation of factors associated with sarcopenia in
Thai older adults takes into consideration the potential influence of
nationality, ethnicity, and cultural backgrounds of the country. It
recognizes the importance of environmental factors that may
contribute to the development of sarcopenia. Environmental fac-
tors affecting food consumption behaviors include economic, so-
cial, and cultural aspects. The current social situation and shifts
within the community also contributed to these changes. A
growing population has transitioned from the traditional lifestyle,



Table 2
Quality appraisal of included studies.

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total score

Khongsri et al. [33] Y Y U Y Y Y U Y Y 7/9
Promklang et al. [39] Y Y Y Y Y Y Y Y Y 9/9
Wiriya et al. [36] Y Y Y Y Y Y Y Y Y 9/9
Akarapornkrailert et al. [43] Y Y Y Y Y Y Y Y Y 9/9
Yuenyongchaiwat et al. [37] Y Y Y Y Y Y U Y Y 8/9
Therakomen et al. [35] Y Y Y Y Y Y U Y Y 8/9
Chaithongkrua et al. [19] Y Y Y Y Y Y U Y Y 8/9
Yuenyongchaiwat et al. [41] Y Y Y Y Y Y U Y Y 8/9
Sanguankittiphan et al. [38] Y Y Y Y Y Y Y Y Y 9/9
Chaiwat et al. [31] Y Y Y Y Y Y U Y Y 8/9
Tangtrongmit et al. [44] Y Y Y Y Y Y U Y Y 8/9
Assantachai et al. [45] Y Y Y Y Y Y U Y Y 8/9
Yuenyongchaiwat et al. [40] Y Y Y Y Y Y U Y Y 8/9
Yuenyongchaiwat et al. [42] Y Y U Y Y Y U Y Y 7/9
Vongchaiudomchoke et al. [46] Y Y Y Y Y Y U Y Y 8/9
Dharmakulsakti et al. [32] Y Y Y Y Y Y Y Y Y 9/9
Sri-On et al. [34] Y Y U Y Y Y Y Y Y 8/9

Note: N ¼ No. NA not applicable. U ¼ unclear. Y ¼ yes.
Q1: Was the sample frame appropriate to address the target population?
Q2: Were study participants sampled in an appropriate way?
Q3: Was the sample size adequate?
Q4: Were the study subjects and the setting described in detail?
Q5: Was the data analysis conducted with sufficient coverage of the identified sample?
Q6: Were valid methods used for the identification of the condition?
Q7: Was the condition measured in a standard, reliable way for all participants?
Q8: Was there appropriate statistical analysis?
Q9: Was the response rate adequate, and if not, was the low response rate managed appropriately?

Fig. 2. Forest plot of the pooled prevalence of sarcopenia in Thai older adults.
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characterized by labor-intensive farming, gardening, and outdoor
activities, to a sedentary lifestyle that frequently underutilizes core
muscles. Therefore, this literature review successfully addresses the
gaps in knowledge by presenting the overall prevalence and iden-
tifying factors associated with sarcopenia, specifically in the
context of Thailand’s older adult population.
36
The prevalence of sarcopenia in Thailand varies depending on
the diagnostic criteria used, including AWGS 2014, AWGS 2019,
SARC-F, and HS-based criteria. The overall prevalence of sarcopenia
among Thai older adults was 20.7% (95% CI 14.4%e27.8%), showing a
descending trend in the prevalence of sarcopenia in hospitals,
outpatient clinics, and communities. Even when considering the



Fig. 3. Subgroup analysis: Forest plot of the pooled prevalence of sarcopenia among Thai older adults in hospitals, outpatient clinics, and communities.
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Fig. 4. Subgroup analysis: Forest plot of the pooled prevalence of sarcopenia in Thai male and female older adults.
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Fig. 5. Subgroup analysis: Forest plot of the pooled prevalence of sarcopenia among Thai male older adults in outpatient clinics and communities.
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same diagnostic criteria, there are still variations in the prevalence
of sarcopenia among the older Thai population. However, the re-
sults consistently demonstrate that sarcopenia is a prevalent con-
dition among older adults in Thailand. Therefore, understanding
the factors associated with sarcopenia in Thai older adults is crucial
for implementing strategies aimed at preventing sarcopenia in this
population.

Our systematic review reveals that the causes and factors
associated with sarcopenia can be categorized into two main fac-
tors: personal factors and health-related factors. Personal factors
include age and gender, which have been identified as significant
contributors to the development of sarcopenia. Health-related
factors include as follows: low physical activity, poor physical
ability, prefrailty, low BMI, underweight status, waist circumfer-
ence, calf circumference, type 2 diabetes, depression, MCI, malnu-
trition, protein intake, and C-reactive protein levels.

Age is a significant factor associated with sarcopenia [19,31e37].
As individuals enter older adulthood, physiological and body
composition changes occur, resulting in various declines in per-
formance [3]. Older adults experience reductions in musculoskel-
etal weight [47] and vitamin D absorption [48], as well as decreased
39
production of testosterone, estrogen, and growth hormones [49].
This population also faces various health issues, including sarco-
penia [4]. Previous studies have shown that the prevalence of sar-
copenia increases with age: 19.2% in the age group of 20e39 years,
29.1% in the age group of 40e64 years, and 42.3% in the age group of
65 years and above [50]. These findings suggest that sarcopenia is
not exclusive to older adults. However, the prevalence of sarcopenia
was found to be more than twice as high among older adults
compared to adolescents and adults aged 20e39 years.

Gender is a factor associated with sarcopenia, and the evidence
shows varying results. One research article found that women have
a higher association with sarcopenia compared to men [36], which
is consistent with several previous studies reporting a higher
prevalence of sarcopenia inwomen than in men [25]. Menopause, a
physiological process experienced by all women as they age, is
associated with a decrease in estrogen levels, leading to a reduction
in muscle mass [51]. A previous systematic review and meta-
analysis found a 15% prevalence of sarcopenia in women, which
was higher than the 14% prevalence inmen [25]. On the other hand,
two research articles reported that men had a higher incidence of
sarcopenia compared to women [37,38]. This may be attributed to



Fig. 6. Subgroup analysis: Forest plot of the pooled prevalence of sarcopenia among Thai female older adults in outpatient clinics and communities.
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age-related hormonal changes that affect men more significantly
thanwomen [52]. Other studies have also found that men are more
likely to develop sarcopenia compared to women [18]. The preva-
lence of sarcopenia was found to be 11% higher in men than 9% in
women [53]. Similarly, in a meta-analysis of sarcopenia prevalence
in older Chinese individuals, the prevalence was 12.9% in men and
11.2% in women [54]. These findings highlight the complex rela-
tionship between gender and sarcopenia, suggesting that hormonal
and physiological factors contribute to the gender differences
observed in sarcopenia prevalence.

Low physical activity and poor physical ability have been
consistently associated with sarcopenia in Thai older adults, as
indicated by multiple studies [32,35e37,39,40]. These findings
align with previous research demonstrating that low levels of
physical activity and impaired ability to perform daily activities are
risk factors for sarcopenia [55]. A study on sedentary behavior in
older adults revealed that the average sedentary time was 6.1 h per
40
day, and the risk of developing sarcopenia was 1.33 times higher in
individuals with increased sedentary behavior compared to those
with moderate-intensity physical activity [56]. Conversely,
adequate levels of physical activity have been shown to reduce the
incidence of sarcopenia [57]. Regular exercise in older adults leads
to increased mitochondrial content, similar to that observed in
younger adults, highlighting the importance of maintaining
appropriate physical activity levels to delay the onset of sarcopenia
[58]. Furthermore, studies have demonstrated that sufficient
physical activity decreases the risk of sarcopenia in older adults
with obesity, with a risk reduction of 45% inmen and 29% inwomen
[59]. These findings underscore the vital role of maintaining an
active lifestyle and engaging in regular physical activity to mitigate
the risk of sarcopenia among older individuals.

Prefrailty has been identified as an association with sarcopenia
in Thai older adults [35]. The definitions of frailty and sarcopenia
share common characteristics [60]. Frailty can be characterized by



Fig. 7. Forest plot of the pooled odds ratios for sarcopenia in Thai older adults by age and gender (male).
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at least three of the following physical features: unintentional
weight loss, exhaustion, weakness, slow gait speed, and low
physical performance [61]. Previous research has indicated that the
most prevalent diagnostic criteria for community-dwelling older
adults with prefrailty were slow gait speed in 43% of cases and
weakness in 54% of cases [62], which are indicative of sarcopenia.
These findings are consistent with previous studies that have
shown that older adults with prefrailty are 2.77 timesmore likely to
have sarcopenia compared to those without prefrailty [63].

In Thai older adults, both lower BMI and higher BMI have been
associated with sarcopenia [19]. Older adults with lower BMI
[33,34,38] and underweight status [31] have shown associations
with sarcopenia, which aligns with previous studies indicating that
underweight older individuals experience muscle deterioration,
similar to older adults with obesity [18]. These associations can be
attributed to factors such as malnutrition and inadequate protein
intake, which can impede muscle mass development and
contribute to sarcopenia [64]. The prevalence of sarcopenia is
markedly high in older adults with low body weight or low BMI,
reaching up to 92.9% [65], while it is reduced by 91.81% in older
adults with high BMI [65]. Conversely, obesity and higher BMI have
also been associated with sarcopenia in Thai older adults [19], in
line with studies demonstrating that excessive fat mass in the body
can interfere with glucose pathways, induce insulin resistance, and
contribute to sarcopenia [66]. A previous systematic review and
meta-analysis found that lower BMI is associated with a decreased
risk of sarcopenia [67]. Additionally, a research has shown that the
prevalence of sarcopenia is 37.0% in older adults with a BMI of
41
25.0e29.9 kg/m2 and 54.3% in those with a BMI greater than 30 kg/
m2 [68]. These findings emphasize the key role of sufficient and
nutritious food in promoting healthy aging, emphasizing a focal
strategy for delaying the onset of sarcopenia. Therefore, under-
weight older adults should be encouraged to gain weight and
enhance muscle strength, considering both calories and sufficient
protein intake. Screening for sarcopenia should also be conducted
for older adults who are overweight, allowing for support in self-
care, including recommendations for resistance exercises tailored
to this population.

In Thai older adults, a waist circumference greater than 80 cm in
females and greater than 90 cm in males has been associated with
sarcopenia [36]. A higher waist circumference reflects a higher
proportion of body fat and abdominal obesity [20]. Abdominal and
visceral fat accumulation stimulates the production of pro-
inflammatory cytokines, which contribute to chronic inflamma-
tion and muscle loss [52,69]. Previous studies have shown that
older adults with larger waist circumferences experience reduced
walking speed, which is one of the key indicators used in diag-
nosing sarcopenia [70]. Conversely, in postmenopausal women,
higher waist circumferences have been associated with a decreased
risk of developing sarcopenia [28]. This can be attributed to the fact
that abdominal fat stores high concentrations of sex hormones,
which have a positive impact on musculoskeletal health [71].

In Thai older adults, a decrease in calf circumference, specifically
below 33 cm in women and below 34 cm in men, has been asso-
ciated with sarcopenia [38]. Calf circumference serves as an indi-
cator of muscle mass in the body [72]. Previous studies have



Fig. 8. Forest plot of pooled odds ratios for sarcopenia in Thai older adults with low BMI and malnutrition.
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consistently shown that older adults with higher calf circumfer-
ences tend to have muscle mass within the normal range [73e75].
In 2019, the AWGS introduced screening tools for potential sarco-
penia, beginning with calf circumference measurement. This initial
screening step is deemed appropriate for both community and
hospital settings [28]. These findings suggest that a decrease in calf
circumference is associated with sarcopenia.

Type 2 diabetes is found to be associated with sarcopenia in Thai
older adults [41]. In individuals with type 2 diabetes, there is an
elevation in growth hormone levels, while insulin-like growth
factor 1 (IGF-1) levels decrease, leading to a reduction in muscle
mass and an increase in body fat mass [76]. Therefore, maintaining
glycemic control is crucial for adequate synthesis of IGF-1, which
helps prevent muscle atrophy and loss of muscle mass. Addition-
ally, older adults with type 2 diabetes often experience abnormal-
ities in glucose absorption and metabolism [77,78], along with type
2 muscle fiber atrophy and motor nerve impairment [79]. These
conditions collectively increase the risk of sarcopenia in older
adults with type 2 diabetes. Consistent with previous studies, the
prevalence of sarcopenia was found to be higher in older adults
with type 2 diabetes compared to those without diabetes [80,81].
Specifically, the prevalence of sarcopenia among older adults with
type 2 diabetes was 21.4%, whereas it was 15.1% among older adults
without type 2 diabetes [80]. These findings suggest a higher
likelihood of developing sarcopenia among older adults with type 2
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diabetes compared to those without the condition.
Depression is found to be associated with sarcopenia in Thai

older adults [32,36,37]. Older adults with depression experience
changes in the body’s hypothalamic-pituitary-adrenal axis, leading
to an inflammatory process [82]. This results in increased produc-
tion of IL-6 and TNF-a, which are inflammatory cytokines that
contribute to rhabdomyolysis, causing a decline inmuscle mass and
strength [22,23]. Furthermore, older adults with depression often
exhibit sedentary behavior and reduced physical activity levels
[83,84], which can further contribute to the development of sar-
copenia, in line with previous research [85,86]. The prevalence rate
of sarcopenia was also found to be 5.49 times higher among older
adults with depression compared to those without depression [87].
These findings highlight the association between depression and
sarcopenia, emphasizing the importance of addressing mental
health and promoting physical activity in the prevention and
management of sarcopenia in older adults.

MCI is found to be associated with sarcopenia in Thai older
adults [37]. Older adults with MCI often experience reduced
physical activity levels [88,89], which is linked to decreased grip
strength and slower walking speed [90]. Additionally, individuals
with impaired brain function may suffer from anorexia, resulting in
reduced food intake and malnutrition [91]. Consequently, older
adults with MCI are at risk of developing sarcopenia due to
decreased physical activity and malnutrition. These findings align
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with previous research indicating an association between MCI and
sarcopenia [87,91]. The prevalence of sarcopenia was found to be
5.5 times higher in older adults with MCI compared to those with
normal cognitive function [87]. These results highlight the impor-
tance of addressing cognitive impairment and promoting physical
activity and proper nutrition to prevent and manage sarcopenia in
older adults with MCI.

Malnutrition is strongly associated with sarcopenia in Thai older
adults [31,34]. When older adults experience malnutrition, their
bodies lack sufficient energy and amino acids, which can lead to
muscle breakdown and rhabdomyolysis [73]. Moreover, malnutri-
tion can cause a deficiency in essential micronutrients like vitamin
D and B12, further contributing to muscle loss and functional
decline [92,93]. It has been observed that older adults with
malnutrition are four times more likely to develop sarcopenia
compared to those with adequate nutrition [94]. These findings
emphasize the critical role of proper nutrition in preserving muscle
mass and function, underscoring the importance of addressing
malnutrition as a preventive measure against sarcopenia in older
adults.

Inadequate protein intake and low C-reactive protein levels are
strongly associated with sarcopenia in Thai older adults [19,41].
Older adults who do not consume enough protein are at risk of
muscle mass loss due to reduced muscle protein synthesis, which
leads to an imbalance between muscle protein breakdown and
synthesis, resulting in negative nitrogen balance and, ultimately,
sarcopenia [95]. Several systematic reviews and meta-analyses
support the notion that inadequate protein intake may contribute
to the development of sarcopenia in older adults [96]. It is recom-
mended that older adults consume 1.0e1.2 g of protein per kg of
body weight daily to maintain and optimize muscle mass, strength,
and physical performance [97]. By ensuring sufficient protein
intake, older adults can support muscle health andmitigate the risk
of sarcopenia, thereby maintaining their functional capacity and
overall quality of life.

5. Conclusions

The prevalence of sarcopenia among Thai older adults has been
observed in various population groups. However, there is consid-
erable variability in the prevalence of sarcopenia among older
adults living in the community and outpatient clinics. Limited
research is available on the prevalence of sarcopenia in hospitalized
older adults, with only a few studies conducted in this context.
Therefore, it is important to conduct further investigations to
explore the prevalence of sarcopenia in hospitalized individuals.

Multiple factors have been identified as associated with sarco-
penia in Thailand, including personal factors such as age and
gender, as well as health-related factors such as low physical ac-
tivity, poor physical ability, prefrailty, BMI, underweight status,
waist circumference, calf circumference, type 2 diabetes, depres-
sion, mild cognitive impairment, malnutrition, and protein intake.
Encouraging appropriate exercise among older adults and ensuring
sufficient daily protein intake through counseling and advice can be
effective strategies for managing and preventing sarcopenia in Thai
older adults. These interventions can help maintain muscle mass
and prevent the onset of sarcopenia. This approach should be
developed as a guideline in Thailand to achieve the goal of healthy
aging. Further studies are needed to investigate interventions,
particularly focusing on resistance exercises and protein
supplements.

Furthermore, it is crucial to expand the assessment of sarcope-
nia to encompass all population groups, particularly in primary care
facilities and communities. This strategy will contribute to raising
awareness and understanding of sarcopenia among the Thai
43
population. Additionally, future studies should investigate changes
in the prevalence and risk factors of sarcopenia in Thailand over
time to enhance our understanding of this condition and inform
effective preventive strategies.
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