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Abstract

Background There are no data on the association between leisure-time physical activity (LTPA) and sarcopenia in
older adults from low- and middle-income countries (LMICs). This study aimed to investigate the association between
LTPA and sarcopenia in individuals aged ≥65 years living in six LMICs.
Methods Cross-sectional data from the Study on Global AGEing and Adult Health (China, Ghana, India, Mexico,
Russia and South Africa) were analysed. Sarcopenia referred to the presence of both low skeletal muscle mass and
weak handgrip strength. LTPA was assessed using the Global Physical Activity Questionnaire and was analysed as a di-
chotomized variable [high LTPA (>150 min/week of moderate-to-vigorous LTPA) or low LTPA (≤150 min/week)]. Mul-
tivariable logistic regression analysis was conducted to assess associations.
Results There were 14 585 individuals included in this study [mean (SD) age 72.6 (11.5) years; 55.0% women]. The
prevalence of high LTPA and sarcopenia was 8.9% and 12.0%, respectively. After adjusting for potential confounders,
low LTPA was significantly associated with higher odds for sarcopenia [prevalence odds ratio (POR) = 1.85, 95% con-
fidence interval (CI) = 1.29–2.65] compared with high LTPA. Significant associations were found in women
(POR = 3.22, 95% CI = 1.82–5.68) but not in men (POR = 1.52, 95% CI = 0.99–2.35).
Conclusions A positive and significant association between low LTPA and sarcopenia was found among older adults
from LMICs. The promotion of LTPA among older adults in LMICs may aid in the prevention of sarcopenia, especially
among females, pending future longitudinal research.
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Introduction

Sarcopenia is an age-related condition characterized by the
progressive loss of skeletal muscle mass (SMM) and function,
and this loss is one of the most critical changes related to

ageing.1 Sarcopenia is now recognized as a muscle disease
and is included in the International Classification of Dis-
eases. The prevalence of sarcopenia is high in older adults
and can reach 25% in those living in low- and middle-in-
come countries (LMICs).2 Given that the worldwide popula-
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tion is ageing rapidly, where the number of
people ≥ 60 years is projected to increase from current fig-
ures of around 1 billion to 1.4 billion by 2030 and 2.1 bil-
lion by 2050,3 the prevalence of sarcopenia is expected to
increase substantially in the coming decades. This is a ma-
jor problem as sarcopenia is associated with higher risks of
physical disability,4 impaired mental health5 and premature
mortality.6 In this context, it is of utmost importance to
identify the risk factors for sarcopenia, particularly in LMICs
where the treatment and management of sarcopenia may
be limited.

In recent decades, literature has shown that physical activ-
ity may protect against sarcopenia. Physical activity can be
defined as body movements produced by skeletal muscles
with the expenditure of energy.7 Physical activity may pre-
vent sarcopenia via an increase in muscle mass and strength,
prevention of several chronic physical conditions (e.g., car-
diovascular diseases, dementia and diabetes)8 and
polypharmacy,9,10 as well as decreased risk of
hospitalization.11,12 Indeed, a 2017 systematic review and
meta-analysis of 25 studies revealed that physical activity
was associated with a significant decrease in the odds for sar-
copenia [odds ratio (OR) = 0.45, 95% confidence interval
(CI) = 0.37–0.55].13 However, currently, there is very limited
information on the effects of specific domains of physical ac-
tivity on sarcopenia. There are several domains of physical ac-
tivity, such as leisure-time, occupational and travel-related
physical activity. It is possible for leisure-
time physical activity (LTPA) to be particularly important for
the prevention of sarcopenia. Indeed, LTPA may be the most
effective way to increase overall physical activity, especially in
older age, as many older people are less likely to engage in
occupational physical activity or active travel (e.g., walking
and cycling). Moreover, levels of LTPA in older adults living
in LMICs may be particularly low, as there frequently is a lack
of sports facilities and insufficient information delivered to
the general population on the benefits of regular LTPA in
these countries, highlighting the importance of focusing on
this type of physical activity in older people from these
settings.14 To the best of the authors’ knowledge, only two
studies have focused on the effects of LTPA on sarcopenia,
and in both studies, data were collected in high-income coun-
tries (i.e., Italy15 and Spain16). These bodies of research iden-
tified an inverse and significant association between LTPA
and sarcopenia. Given that low levels of LTPA are common
in LMICs17 and that there is a significant relationship between
LTPA and sarcopenia reported from high-income countries,
interventions to increase LTPA among people in LMICs may
have a large potential for the prevention of sarcopenia. How-
ever, data are lacking from LMICs, and thus, more data on this
topic from this setting are needed.

Therefore, this study aimed to investigate the association
between LTPA and sarcopenia in older adults living in six
LMICs. Given that most older people reside in LMICs,3 identi-

fying risk factors for sarcopenia in these regions of the world
is a public health priority.

Methods

The survey

This study used data from the Study on Global AGEing and
Adult Health (SAGE), a survey undertaken in China, Ghana,
India, Mexico, Russia and South Africa between 2007 and
2010. These countries were all classified as LMICs based on
the World Bank classification at the time of the survey. The
methodology of the survey has been described extensively
in the literature.18 Briefly, nationally representative samples
were obtained using a multistage clustered sampling design
method. Samples included individuals aged ≥18 years, and
adults aged ≥50 years were oversampled. Face-to-face inter-
views were conducted by trained staff with the use of a stan-
dard questionnaire. Questionnaires were translated based on
a standard procedure to allow comparability between the
participating countries. The survey response rates ranged
from 53% for Mexico to 93% for China. Population structure,
as reported by the United Nations Statistical Division, was
further used to construct sampling weights. Finally, the World
Health Organization (WHO) Ethical Review Committee and lo-
cal ethics research review boards provided ethical approval,
and each participant gave written informed consent.

Sarcopenia

Based on the criteria of the revised European consensus on
the definition and diagnosis of sarcopenia,19 sarcopenia
corresponded to the presence of both low SMM and weak
handgrip strength. SMM was calculated using the equation
developed by Lee et al.: SMM = 0.244 * weight + 7.8
* height + 6.6 * sex � 0.098 * age + race � 3.3 [where
sex = 0 (female) and sex = 1 (male); race = 0 (White and His-
panic), race = 1.4 (Black) and race = �1.2 (Asian)].20 Skeletal
mass index (SMI) was further obtained by dividing SMM by
body mass index (BMI) based on measured weight and
height.21 Low SMM corresponded to the lowest quintile of
sex-stratified SMI values.22 Given that there may be racial
differences in body composition,23 low SMI was determined
using country-specific cut-offs. Finally, the average of two
handgrip measurements of the dominant hand was used
to define handgrip strength, and weak handgrip strength
corresponded to <27 kg in males and <16 kg in females.19

As this cut-off for handgrip strength was based on European
studies, we also conducted a sensitivity analysis where
weak handgrip strength was defined as the lowest tertile
of handgrip strength based on sex- and country-stratified
values.

2 L. Jacob et al.

Journal of Cachexia, Sarcopenia and Muscle 2023
DOI: 10.1002/jcsm.13215



Leisure-time physical activity

The assessment of LTPA relied on questions from the Global
Physical Activity Questionnaire (GPAQ) on sports, fitness,
and leisure and recreational activities.24 Participants were
asked how many days they do vigorous-intensity sports, fit-
ness or recreational (leisure) activities in a typical week and
how much time they spend doing such activities on a typical
day (e.g., running or playing football). Similar questions were
asked for moderate-intensity sports, fitness or recreational
(leisure) activities (e.g., brisk walking, cycling or swimming).
Time spent in moderate-to-vigorous LTPA per week was cal-
culated based on these questions, and this time was dichoto-
mized as high LTPA (i.e., >150 min/week) or low LTPA (i.e.,
≤150 min/week) as in a previous SAGE publication.25 In some
analyses, moderate-to-vigorous LTPA was used as a continu-
ous variable (h/week).

Control variables

Control variables were selected based on past literature13

and included age (years), sex (female or male), country-wise
wealth quintiles based on income, highest level of education
achieved (≤primary, secondary or tertiary), BMI, number of
chronic conditions, activities of daily living (ADL) difficulty,
smoking (never, past or current), alcohol consumption in
the past 30 days (yes or no), occupational physical activity
and active travel. BMI corresponded to measured weight in
kilograms divided by measured height in metres squared
and was used as a four-category variable [<18.5 (i.e., under-
weight), 18.5–24.9 (i.e., normal weight), 25.0–29.9 (i.e., over-
weight) and ≥30 kg/m2 (i.e., obesity)]. Eleven chronic physical
diseases were documented: angina, arthritis, asthma, chronic
back pain, chronic lung disease, diabetes, edentulism, hearing
problem, hypertension, stroke and visual impairment. Table
S1 provides details on the diagnosis of these 11 conditions.
The number of chronic conditions was included in the analy-
ses as a three-category variable (0, 1 or ≥2 chronic condi-
tions). The assessment of ADL difficulty relied on questions
about six standard basic ADL.26–28 All questions began with
the introductory phrase ‘overall in the last 30 days, how
much difficulty did you have’ and continued with the follow-
ing: ‘in washing your whole body?’; ‘in getting dressed?’;
‘with moving around inside your home?’; ‘with eating (includ-
ing cutting up your food)?’; ‘with getting up from lying
down?’; and ‘with getting to and using the toilet?’. The an-
swers were ‘none’, ‘mild’, ‘moderate’, ‘severe’ and ‘extreme/
cannot do’. ADL difficulty was used as a dichotomous vari-
able, and people answering ‘severe’ or ‘extreme/cannot do’
to at least one of the six questions were considered to have
ADL difficulty.29 Finally, the GPAQ was used to calculate the
amount of domain-specific physical activity,24 and occupa-
tional physical activity and active travel were included as di-

chotomous variables (>150 or ≤150 min/week) as in previous
SAGE studies.25,30

Statistical analysis

The statistical analysis was undertaken using Stata 14.2
(StataCorp LP, College Station, TX). Given that sarcopenia is
an age-related condition, the analysis only included adults
aged ≥65 years. Differences in the characteristics of the sam-
ple by min/week of LTPA (>150 vs. ≤150 min/week) were
tested by chi-squared tests for categorical variables and Stu-
dent’s t tests for continuous variables. The association be-
tween LTPA (exposure) and sarcopenia (outcome) was stud-
ied using a multivariable logistic regression model. LTPA
was included in the model as a dichotomous variable (i.e.,
>150 or ≤150 min/week) or as a continuous variable (h/
week). We also conducted analysis using the two compo-
nents of sarcopenia as separate outcomes (i.e., low SMM
and weak handgrip strength). The analysis was done using
the overall sample and sex-stratified samples. All regression
analyses were adjusted for age, sex, wealth, education, BMI,
number of chronic conditions, ADL difficulty, smoking, alcohol
consumption, occupational physical activity, active travel and
country, except for the sex-stratified analysis, which was not
adjusted for sex. Adjustment for country was done by includ-
ing dummy variables for each country in the model as in pre-
vious SAGE publications.31,32 Predicted probability of sarco-
penia by h/week of LTPA was also calculated based on a
model adjusted for age, sex, wealth, education, BMI, number
of chronic conditions, ADL difficulty, smoking, alcohol con-
sumption, occupational physical activity, active travel and
country, using mean values. The sample weighting and the
complex study design were considered in all analyses. Results
from the regression analyses are displayed as prevalence OR
(POR) and 95% CI. The level of statistical significance was set
at P value< 0.050.

Results

The analytical sample consisted of 14 585 individuals aged
≥65 years. The sample size in each country was as follows:
China, n = 5360; Ghana, n = 1975; India, n = 2441; Mexico,
n = 1375; Russia, n = 1950; and South Africa, n = 1484.
Overall, the prevalence of >150 min/week of LTPA and
sarcopenia was 8.9% and 12.0%, respectively. The
prevalence of >150 min/week of LTPA by country was as
follows: China, 14.4%; Ghana, 9.0%; India, 6.3%; Mexico,
2.8%; Russia, 3.9%; and South Africa, 5.2%. The characteris-
tics of the sample are displayed in Table 1. The mean (SD)
age was 72.6 (11.5) years, and 55.0% were females. Engage-
ment in ≤150 min/week of LTPA (vs. >150 min/week) was
significantly associated with older age, female sex, lower
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levels of wealth and education, underweight, obesity, ADL
difficulty, less alcohol consumption, less occupational physi-
cal activity and less active travel. The prevalence of sarcope-
nia was much higher among those with low levels of LTPA
(Figure 1). For example, in the overall sample, the prevalence
of sarcopenia among those with >150 and ≤150 min/week of
LTPA was 5.9% and 12.6%, respectively. Unadjusted analysis
showed that ≤150 min/week of LTPA (vs. >150 min/week)
was associated with 2.29 (95% CI = 1.67–3.14), 1.80 (95%
CI = 1.23–2.63) and 3.93 (95% CI = 2.33–6.63) times higher
odds for sarcopenia in the overall sample, males, and fe-
males, respectively (data only shown in the text). After ad-
justment for potential confounders, ≤150 min/week of LTPA
(vs. >150 min/week) was associated with 1.85 (95%
CI = 1.29–2.65) times higher odds for sarcopenia, and this
was particularly pronounced among women (POR = 3.22;
95% CI = 1.82–5.68) (Table 2). Other types of physical activity
(i.e., occupational physical activity and active travel) were not
significantly associated with sarcopenia. A 1-h increase in
LTPA per week was associated with 5% lower odds for sarco-
penia (POR = 0.95; 95% CI = 0.92–0.98), with relatively similar
figures for males (POR = 0.96; 95% CI = 0.93–0.99) and fe-
males (POR = 0.92; 95% CI = 0.86–0.98) (data only shown in
the text). A visual display of the adjusted predicted probabil-

ity of sarcopenia by h/week of LTPA based on the overall
sample can be found in Figure 2. The sensitivity analysis using
a different criterion for weak handgrip strength (i.e., lowest
tertile based on country- and sex-stratified values) to define
sarcopenia showed that the results were almost the same
as the main analysis (Table S2). The associations between
LTPA and the two components of sarcopenia are shown in Ta-
ble S3 (low SMM) and Table S4 (weak handgrip strength). Sig-
nificant associations were observed for both measures, but
this was sometimes sex specific or exposure specific (i.e., di-
chotomous or continuous LTPA variable).

Discussion

Main findings

In this cross-sectional study including more than 14 500 older
adults from six LMICs, after adjustment for potential con-
founders, compared with >150 min/week of LTPA,
≤150 min/week of LTPA was associated with 1.85-fold (95%
CI = 1.29–2.65) higher odds for sarcopenia in the overall sam-
ple. Interestingly, the LTPA–sarcopenia relationship was much

Table 1 Sample characteristics (overall and by min/week of leisure-time physical activity)

Characteristic

Leisure-time physical activity

P valueaOverall >150 min/week ≤150 min/week

Age (years) Mean (SD) 72.6 (11.5) 71.0 (9.1) 72.6 (11.5) <0.001
Sex Female 55.0 44.6 56.0 <0.001

Male 45.0 55.4 44.0
Wealth Poorest 21.7 14.6 22.3 <0.001

Poorer 21.0 13.3 21.7
Middle 20.4 22.0 20.2
Richer 17.5 21.3 17.2
Richest 19.4 28.7 18.6

Education ≤Primary 63.7 49.7 64.8 <0.001
Secondary 29.9 36.9 29.4
Tertiary 6.4 13.4 5.8

Body mass index (kg/m2) <18.5 19.3 11.4 20.1 <0.001
18.5–24.9 46.4 52.6 45.7
25.0–29.9 23.9 29.5 23.4
≥30.0 10.4 6.5 10.8

Number of chronic conditions 0 16.0 17.8 15.8 0.103
1 28.7 31.9 28.4
≥2 55.3 50.3 55.8

ADL difficulty No 88.1 94.5 87.5 0.001
Yes 11.9 5.5 12.5

Smoking Never 62.2 63.3 62.1 0.596
Past 8.5 9.3 8.4
Current 29.3 27.3 29.5

Alcohol consumption No 86.1 81.5 86.6 0.003
Yes 13.9 18.5 13.4

Occupational physical activity (min/week) >150 45.8 52.1 45.2 0.025
≤150 54.2 47.9 54.8

Active travel (min/week) >150 37.6 57.0 35.7 <0.001
≤150 62.4 43.0 64.3

Note: Data are % unless otherwise stated.
Abbreviations: ADL, activities of daily living; SD, standard deviation.
aP value was based on chi-squared tests except for age (Student’s t test).
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Figure 1 Prevalence of sarcopenia by min/week of leisure-time physical activity (overall and by sex). Bars denote 95% confidence interval.

Table 2 Association between leisure-time physical activity (and covariates) and sarcopenia (outcome) estimated by multivariable logistic regression
(overall and by sex)

Characteristic

Overall Male Female

POR 95% CI POR 95% CI POR 95% CI

Leisure-time physical activity (min/week) >150 1.00 1.00 1.00
≤150 1.85*** [1.29–2.65] 1.52 [0.99–2.35] 3.22*** [1.82–5.68]

Age (years) Per 1-year increase 1.13*** [1.11–1.15] 1.11*** [1.09–1.14] 1.15*** [1.12–1.19]
Sex Female 1.00

Male 1.53*** [1.20–1.95]
Wealth Poorest 1.00 1.00 1.00

Poorer 0.74 [0.54–1.02] 0.74 [0.47–1.17] 0.80 [0.49–1.31]
Middle 0.62* [0.43–0.89] 0.55* [0.34–0.89] 0.78 [0.49–1.24]
Richer 0.50*** [0.37–0.67] 0.50** [0.30–0.83] 0.49*** [0.34–0.72]
Richest 0.36*** [0.26–0.51] 0.32*** [0.19–0.52] 0.39*** [0.23–0.67]

Education ≤Primary 1.00 1.00 1.00
Secondary 0.75 [0.55–1.01] 0.62** [0.44–0.88] 0.68 [0.33–1.39]
Tertiary 0.63 [0.36–1.09] 0.57 [0.33–1.01] 0.35 [0.08–1.60]

Body mass index (kg/m2) <18.5 0.59** [0.40–0.87] 0.31*** [0.18–0.54] 1.17 [0.71–1.91]
18.5–24.9 1.00 1.00 1.00
25.0–29.9 1.46** [1.11–1.93] 2.53*** [1.80–3.55] 0.92 [0.59–1.41]
≥30.0 2.04** [1.33–3.15] 6.21*** [3.12–12.38] 1.00 [0.58–1.72]

Number of chronic conditions 0 1.00 1.00 1.00
1 1.23 [0.88–1.72] 1.22 [0.78–1.91] 1.20 [0.67–2.15]
≥2 1.63** [1.15–2.33] 1.54 [0.93–2.55] 1.71 [0.95–3.05]

ADL difficulty No 1.00 1.00 1.00
Yes 1.71* [1.09–2.67] 1.37 [0.82–2.27] 2.08* [1.07–4.07]

Smoking Never 1.00 1.00 1.00
Past 1.02 [0.70–1.50] 1.02 [0.66–1.58] 0.83 [0.37–1.86]
Current 0.90 [0.65–1.24] 0.74 [0.52–1.04] 1.39 [0.84–2.28]

Alcohol consumption No 1.00 1.00 1.00
Yes 0.72 [0.48–1.07] 0.69 [0.42–1.12] 0.89 [0.52–1.53]

Occupational physical activity (min/week) >150 1.00 1.00 1.00
≤150 0.84 [0.64–1.10] 0.87 [0.60–1.26] 0.78 [0.55–1.10]

Active travel (min/week) >150 1.00 1.00 1.00
≤150 1.02 [0.79–1.33] 0.97 [0.69–1.36] 1.11 [0.72–1.72]

Note: Models are adjusted for all variables in the respective column and country. The n for leisure-time physical activity > 150 and
≤150 min/week was 1204 and 12 994, respectively.
Abbreviations: ADL, activities of daily living; CI, confidence interval; POR, prevalence odds ratio.
*P value< 0.05.
**P value< 0.01.
***P value< 0.001.
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more pronounced among females, whereas there was no sig-
nificant association between occupational physical activity or
active travel and sarcopenia. To the best of the authors’
knowledge, this is the largest study on LTPA and sarcopenia
to date, and it is the first study based on data collected in
LMICs.

Interpretation of findings

The finding that LTPA was associated with lower odds for sar-
copenia is in line with the only two studies on this topic,
which were conducted in high-income countries.15,16 First,
in a sample of 122 nursing home older residents in Italy, at
least 1 h of LTPA per day was cross-sectionally associated
with lower odds of sarcopenia compared with <1 h of LTPA
per day (OR = 0.40; 95% CI = 0.12–0.98).15 A second
cross-sectional study, including 1539 older adults living in
Spain, found a significant relationship between moderate-
to-vigorous LTPA and sarcopenia (per 1-h increase in physical
activity per day: prevalence ratio = 0.74; 95% CI = 0.62–
0.89).16 The present study corroborates these results and
adds to the literature by showing that the negative associa-
tion between LTPA and sarcopenia also exists in LMICs. Com-
pared with the two prior studies, which had relatively small
sample sizes and were single-country studies, our study had
a large sample size, was nationally representative and in-
cluded data collected in six countries, increasing the general-
izability of the findings.

There are several hypotheses to explain the relationship
between physical activity and sarcopenia. First, physical activ-
ity has a direct and positive impact on muscle mass and
strength.13 A systematic review and meta-analysis of four
randomized controlled trials and three non-randomized inter-
ventional studies (n = 235 patients) revealed that exercise

had a large effect on physical performance and a medium ef-
fect on muscle strength in older adults with sarcopenia.33

Second, although the logistic regression analysis was adjusted
for chronic conditions, only 11 conditions were considered,
and it is possible that other diseases (e.g., cancer) play a me-
diating role in the association between physical activity and
sarcopenia. For example, physical activity is a protective fac-
tor against cancer, potentially via effects on hormones and
the immune system.34 Meanwhile, sarcopenia is a frequent
comorbidity in patients with cancer, and cancer can lead to
sarcopenia through inflammation, insufficient food intake
and dysphagia for certain types of tumours (e.g., head and
neck, oesophageal and gastric cancer).35 Third, some data
suggest that physical activity may reduce risk for polyphar-
macy via its positive effect on health,10 whereas polyphar-
macy may lead to sarcopenia via drug-related muscle toxicity,
hormonal disturbances and poor nutritional status.9 Finally,
physically active older individuals are less likely to be hospi-
talized than those who are not physically active, and this as-
sociation likely involves fewer chronic conditions, decreased
ADL disability and better self-rated health.11 In turn, hospital-
ization within the past year has been identified as a risk factor
for sarcopenia.12

It should also be noted that occupational physical activity
and active travel were not significantly associated with sarco-
penia. LTPA has been found to have stronger positive effects
on cardiovascular risk factors (e.g., BMI, body fat and waist
circumference) compared with occupational physical
activity,36 and these stronger effects may explain, at least par-
tially, the different associations by type of physical activity
observed in our study. In terms of active travel (e.g., walking
or cycling), it is possible that the intensity is not high enough,
or it may not be the most ideal form of physical activity to in-
crease muscle mass and strength to prevent sarcopenia in
older adults. For example, walking and cycling at a moderate

Figure 2 Predicted probability of sarcopenia by h/week of leisure-time physical activity. Predictions are based on a model adjusted for age, sex,
wealth, education, body mass index, number of chronic conditions, activities of daily living difficulty, smoking, alcohol consumption, occupational phys-
ical activity, active travel and country, using mean values. Bars denote 95% confidence interval.

6 L. Jacob et al.

Journal of Cachexia, Sarcopenia and Muscle 2023
DOI: 10.1002/jcsm.13215



pace may have little effect on upper body muscles compared
with leisure activities such as total body resistance training
and swimming. Finally, in terms of LTPA, it may be possible
to tailor the content of physical activity based on individual
needs and focus more on increasing muscle mass and
strength than in other types of physical activity, and these
specific exercises may be particularly effective in preventing
sarcopenia. However, clearly, more research is necessary on
the different types of physical activity and sarcopenia, and
the underlying mechanisms.

Another important finding of the present study is that the
association between low LTPA and sarcopenia was more pro-
nounced among women. Although this sex difference is diffi-
cult to explain, some literature indicates that sex differences
exist in the epidemiology of sarcopenia,37 whereas there are
differences in physical activity between women and men.38

Furthermore, it is possible for the type and intensity of LTPA
to differ between females and males, and females in our
study could have been engaging more in LTPA, which is more
beneficial in the prevention of sarcopenia. Next, women may
be less likely to engage in occupational physical activity and
active travel than men, and the effects of LTPA on sarcopenia
may therefore be stronger, as their level of physical activity
overall may largely be determined by levels of LTPA. Another
hypothesis is that, for the same level of LTPA, women may be
more health conscientious and consume healthier food than
men, which may lead to reduced risk for sarcopenia (e.g.,
high-protein diet). However, these explanations are largely
speculative, and thus, future research mainly of a qualitative
nature is needed to understand these sex differences.

Public health interventions and directions for
future research

Based on the results of this study, LTPA was negatively and
significantly associated with sarcopenia in older adults living
in LMICs. Several interventions have been recently developed
to increase physical activity in older adults.39 Some of these
interventions can be implemented in LMICs, and these inter-
ventions include balance strength/resistance training, physi-
cal recreation and health promotion. The prevalence of LTPA
was low in the present study, and specific measures should
also be taken to encourage regular LTPA in LMICs. These
measures should consider sociocultural factors and may in-
volve, for instance, the construction of exercise machines in
parks or the promotion of home-based exercise routines. In
terms of future research, more studies of longitudinal nature
are warranted to investigate the association between physi-
cal activity (including type) and incident sarcopenia in LMICs,
while additional data are warranted to better understand po-
tential sex differences in the physical activity–sarcopenia
relationship.

Strengths and limitations of the study

The major strengths of this study are the large sample size,
the use of nationally representative data collected in six
LMICs and the analysis of different types of physical activity
(i.e., LTPA, occupational physical activity and active travel).
Nonetheless, the study findings should be interpreted in light
of several limitations. First, data on physical activity were
self-reported, potentially biasing some of the findings of the
study. Second, SMM was estimated based on an equation.
That being said, there is good concordance between the
equation and direct methods, such as dual-energy X-ray ab-
sorptiometry and magnetic resonance imaging.22 Third, there
was no information on nutritional status, despite the fact that
this is an important determinant of sarcopenia. Thus, some
level of residual confounding due to this factor may exist.
Fourth, we were unable to conduct country-wise analyses
as meaningful estimates could not be obtained due to small
sample size in each country and lack of statistical power. Fu-
ture studies with larger sample size should consider con-
ducting country-wise analyses to assess whether associations
are context specific. Fifth, there is no established cut-off to
define low LTPA. Thus, the cut-off used in our main analysis
(150 min/week) should not necessarily be interpreted as
the optimal cut-off for sarcopenia prevention. Sixth, due to
a lack of data, we were unable to conduct analyses on the as-
sociation between sarcopenia and different categories of
sports, fitness and recreational activities. Finally, because this
was a cross-sectional study, it was not possible to investigate
the temporal association between LTPA and sarcopenia.

Conclusions

LTPA was negatively and significantly associated with sarco-
penia among older adults in LMICs, with this association po-
tentially being more pronounced among women. Promotion
of LTPA may be important in the prevention of sarcopenia
among older adults in LMICs, but future longitudinal and in-
terventional studies are necessary before concrete recom-
mendations can be made.
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