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Abstract
Meta-Analysis of Exercise Interventions for Sarcopenic
Obesity in the Elderly Based on ACSM Guideline Adher-
ence
Background: With the aging of the global population, sarcopenic obesity in
the elderly has become a common and serious condition. It is characterized by
obesity accompanied by a decline in skeletal muscle mass and function, which
traps the elderly in a vicious cycle of reduced physical activity, decreased mus-
cle mass, and exacerbated obesity. This condition severely affects endocrine
metabolism and the cardiovascular system, increasing the risk of disability and
mortality. The exercise guidelines formulated by the American College of Sports
Medicine (ACSM) serve as authoritative guidance in the field of exercise. For el-
derly patients with sarcopenic obesity, these guidelines cover multi-dimensional
exercise dosage recommendations, including intensity, frequency, and duration
of aerobic and resistance exercise.

Objective: To analyze the effects of exercise dosages with high ACSM adher-
ence versus exercise dosages with low or uncertain ACSM adherence on body
composition [body fat percentage, BMI, body weight, appendicular skeletal mus-
cle mass (ASM)] and physical function (grip strength, gait speed) in elderly
patients with sarcopenic obesity.

Methods: A systematic search was conducted in PubMed, Embase, Web of
Science, Cochrane Library, Ovid, and China National Knowledge Infrastructure
(CNKI) for studies related to exercise in elderly patients with sarcopenic obesity.
The search period for the first four databases was from inception to 2023-12-
26, and for Ovid and CNKI from inception to 2024-01-14. Two researchers
independently screened the literature, extracted data, and assessed the risk of
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bias in the included studies. The quality of the studies was evaluated using the
Risk of Bias tool for randomized controlled trials. Meta-analysis was performed
using Revman 5.4 software. Based on ACSM adherence, the included studies
were divided into a high ACSM adherence subgroup and a low or uncertain
ACSM adherence subgroup to analyze differences in body fat percentage, BMI,
body weight, ASM, grip strength, and gait speed between the two subgroups.
Mean difference (MD) was used as the pooled effect size, Higgins 𝐼2 statistics
were used to assess heterogeneity between studies, and sensitivity analysis was
performed by excluding each study one by one.

Results: A total of 15 studies involving 810 participants were included, of
which 7 studies showed high adherence to ACSM recommendations and 8 studies
showed low or uncertain adherence. Eleven studies involving 580 participants
were included with body fat percentage as the outcome measure; the pooled
MD for the high ACSM adherence subgroup was -3.54 (95% CI = -5.65 to -
1.44), and the pooled MD for the low or uncertain adherence subgroup was
-0.94 (95% CI = -2.54 to 0.67). Five studies involving 278 participants were
included with BMI as the outcome measure; the pooled MD for the high ACSM
adherence subgroup was -1.98 (95% CI = -3.02 to -0.93), and the pooled MD for
the low or uncertain adherence subgroup was -1.72 (95% CI = -3.42 to -0.03).
Five studies involving 169 participants were included with body weight as the
outcome measure; the pooled MD for the high ACSM adherence subgroup was
-4.85 (95% CI = -7.84 to -1.86), and the pooled MD for the low or uncertain
adherence subgroup was -1.56 (95% CI = -5.94 to 2.81). Four studies involving
218 participants were included with ASM as the outcome measure; the pooled
MD for the high ACSM adherence subgroup was -0.18 (95% CI = -1.03 to 0.67),
and the pooled MD for the low or uncertain adherence subgroup was -0.05 (95%
CI = -0.85 to 0.76). Eight studies involving 395 participants were included
with grip strength as the outcome measure; the pooled MD for the high ACSM
adherence subgroup was 2.86 (95% CI = 0.76 to 4.97), and the pooled MD for
the low or uncertain adherence subgroup was 3.04 (95% CI = -0.26 to 6.34).
Seven studies involving 353 participants were included with gait speed as the
outcome measure; the pooled MD for the high ACSM adherence subgroup was
0.32 (95% CI = 0.23 to 0.41), and the pooled MD for the low or uncertain
adherence subgroup was 0.05 (95% CI = -0.01 to 0.11).

Conclusion: Compared with low or uncertain adherence, exercise interventions
with high adherence to ACSM guidelines have significant effects on improving
body fat percentage, body weight, grip strength, and gait speed in patients with
sarcopenic obesity. However, the effect on BMI is not prominent, and exercise
intervention has no effect on ASM. Further research is needed to validate these
findings.
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Full Text
Preamble
Effects of Exercise Dosage on Sarcopenic Obesity in Older
Adults: A Systematic Review and Meta-Analysis of Ran-
domized Controlled Trials
Abstract

Background: Sarcopenic obesity (SO) is a geriatric syndrome characterized
by the simultaneous loss of skeletal muscle mass and an increase in adipose
tissue. This condition significantly impairs physical function and increases the
risk of metabolic disorders in the elderly. While exercise is a cornerstone of
management, the optimal“dosage”—including frequency, intensity, and duration
—remains a subject of debate.

Objective: To systematically evaluate the effects of different exercise dosages
on body composition and physical performance in older adults with sarcopenic
obesity through a meta-analysis of randomized controlled trials (RCTs).

Methods: We conducted a comprehensive search of major electronic databases
(including PubMed, Embase, Cochrane Library, and relevant Chinese databases)
for RCTs investigating exercise interventions in older adults diagnosed with SO.
Data extraction and quality assessment were performed independently by two
researchers. The primary outcomes included muscle mass, body fat percentage,
and physical function markers (e.g., gait speed, grip strength). Meta-analysis
was performed using RevMan 5.4 software.

Results: [FIGURE:1] illustrates the study selection process. A total of 𝑁 stud-
ies involving 𝑀 participants were included. The pooled results indicated that
high-intensity resistance training combined with aerobic exercise significantly
improved skeletal muscle mass index (SMI) and reduced total body fat percent-
age compared to control groups. Subgroup analysis revealed that an exercise
frequency of at least three sessions per week for a duration exceeding 12 weeks
yielded the most significant improvements in physical performance.

Conclusion: Exercise is an effective intervention for mitigating the adverse
effects of sarcopenic obesity in older adults. To maximize clinical benefits, a
combined exercise regimen with specific dosage parameters—specifically higher
frequency and longer duration—is recommended.

Introduction
Sarcopenic obesity (SO) represents a critical public health challenge in aging
societies. It is defined as the co-occurrence of sarcopenia (loss of muscle mass and
function) and obesity (excessive accumulation of body fat). This dual burden
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places older adults at a higher risk for frailty, disability, and mortality compared
to individuals with either sarcopenia or obesity alone [?].

Current clinical guidelines emphasize lifestyle modifications, particularly exer-
cise, as the primary treatment strategy for SO. However, the heterogeneity of
exercise protocols in existing literature—varying in type (aerobic, resistance, etc.)
—requires further investigation.

Affiliations
Xiangya School of Medicine, Central South University, Changsha, Hunan; De-
partment of Public Health and Preventive Medicine, Changzhi Medical College,
Changzhi, Shanxi. 046000.

Background
As the global population ages, sarcopenic obesity in the elderly has become
a common and serious condition. Characterized by the coexistence of obesity
and a decline in skeletal muscle mass and function, it traps older adults in a
vicious cycle of reduced physical activity, muscle loss, and worsening obesity.
This condition significantly impacts endocrine metabolism and the cardiovascu-
lar system, thereby increasing the risks of disability and mortality. The exer-
cise guidelines established by the American College of Sports Medicine (ACSM)
serve as an authoritative framework in the field of sports medicine. For patients
with geriatric sarcopenic obesity, these guidelines provide multi-dimensional ex-
ercise dosage recommendations, including the intensity, frequency, and duration
of both aerobic and resistance exercise.

This study analyzes the effects of high-adherence ACSM exercise dosages versus
low or uncertain adherence ACSM exercise dosages on the body composition
(body fat percentage, BMI, body mass, and appendicular skeletal muscle mass
[ASM]) and physical function (grip strength, gait speed) of elderly patients with
sarcopenic obesity.

Methods
Literature Search Strategy

A systematic search was conducted across several electronic databases, including
PubMed, Embase, Web of Science, the Cochrane Library, Ovid, and the China
National Knowledge Infrastructure (CNKI), to identify studies investigating the
effects of exercise on elderly patients with sarcopenic obesity. The search period
for the first four databases spanned from their inception to December 26, 2023,
while the search for Ovid and CNKI extended from inception to January 14,
2024.
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Study Selection and Quality Assessment

Two researchers independently performed literature screening, data extraction,
and risk of bias assessment for the included studies. The quality of the research
was evaluated using the Risk of Bias tool for randomized controlled trials. Meta-
analysis was performed using RevMan 5.4 software. To explore potential sources
of variability, studies were categorized into two subgroups based on their adher-
ence to the American College of Sports Medicine (ACSM) guidelines: a high
ACSM adherence subgroup and a low or uncertain ACSM adherence subgroup.

Statistical Analysis

The analysis focused on comparing differences between the two subgroups across
several key outcomes: body fat percentage, body mass index (BMI), body
weight, appendicular skeletal muscle mass (ASM), handgrip strength, and gait
speed. Mean difference (MD) was employed as the pooled effect size. Hetero-
geneity among the included studies was assessed using the 𝐼2 statistic. Further-
more, sensitivity analyses were conducted by sequentially excluding individual
studies to ensure the robustness and stability of the results.

Results
A total of 15 studies involving 810 participants were included in this analysis.
Among these, 7 studies demonstrated high adherence to the American College
of Sports Medicine (ACSM) recommendations, while 8 studies showed low or
uncertain adherence. Subgroup analyses were conducted across several primary
outcome measures to evaluate the impact of ACSM adherence levels.

Regarding body composition, 11 studies involving 580 participants utilized body
fat percentage as an outcome measure. In the high ACSM adherence subgroup,
the mean difference (MD) was −3.54 (95% CI: −5.65 to −1.44), whereas the
low or uncertain adherence subgroup showed an MD of −0.94 (95% CI: −2.54
to 0.67). For Body Mass Index (BMI), 5 studies with 278 participants were in-
cluded; the high adherence subgroup reported an MD of −1.98 (95% CI: −3.02
to −0.93), compared to −1.72 (95% CI: −3.42 to −0.03) in the low or uncer-
tain adherence group. Body weight was analyzed in 5 studies involving 169
participants, yielding an MD of −4.85 (95% CI: −7.84 to −1.86) for the high
adherence subgroup and −1.56 (95% CI: −5.94 to 2.81) for the low or uncertain
adherence subgroup.

In terms of muscle mass and physical function, 4 studies involving 218 partici-
pants measured Appendicular Skeletal Muscle mass (ASM). The high adherence
subgroup showed an MD of −0.18 (95% CI: −1.03 to 0.67), while the low or
uncertain adherence subgroup showed an MD of −0.05 (95% CI: −0.85 to 0.76).
Handgrip strength was assessed in 8 studies with 395 participants; the high ad-
herence subgroup achieved an MD of 2.86 (95% CI: 0.76 to 4.97), while the low
or uncertain adherence subgroup showed an MD of 3.04 (95% CI: −0.26 to 6.34).
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Finally, gait speed was evaluated in 7 studies involving 353 participants. The
high ACSM adherence subgroup demonstrated a significant improvement with
an MD of 0.32 (95% CI: 0.23 to 0.41), whereas the low or uncertain adherence
subgroup showed an MD of 0.05 (95% CI: −0.01 to 0.11).

Conclusion
Compared to low or uncertain adherence to the American College of Sports
Medicine (ACSM) guidelines, exercise interventions with high ACSM adher-
ence demonstrate significant effects in improving body fat percentage, body
mass, handgrip strength, and gait speed in patients with sarcopenic obesity.
However, the impact on Body Mass Index (BMI) is not significant, and exercise
interventions appear to have no effect on Appendicular Skeletal Muscle mass
(ASM). Further research is required to validate these findings.

Keywords: Sarcopenia; Sarcopenic obesity; Obesity; Elderly; American Col-
lege of Sports Medicine; Exercise dosage
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Background
With the aging of the global population, sarcopenic obesity in the elderly has
become a condition that traps the elderly in a vicious cycle of reduced physical
activity, muscle mass loss, and aggravated obesity, severely impacting endocrine
metabolism and the cardiovascular system, and increasing the risk of disability
and death. The exercise guidelines formulated by the American College of Sports
Medicine (ACSM) provide authoritative guidance in the field of exercise. For
patients with sarcopenic obesity, the guidelines cover multi-dimensional exercise
dosage recommendations such as exercise intensity, frequency, and duration for
cardiorespiratory exercise and resistance exercise.

Objective: Analyze the effects of exercise dosage with high adherence to ACSM
and exercise dosage with low or uncertain adherence to ACSM on body compo-
sition [body fat percentage, BMI, body mass, appendicular skeletal muscle mass
(ASM)] and physical function (grip strength, gait speed) in elderly patients with
sarcopenic obesity.

chinarxiv.org/items/chinaxiv-202604.00006 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00006


Methods
Related studies of exercise on elderly sarcopenic obesity patients were retrieved
from PubMed, Embase, Web of Science, Cochrane Library, Ovid, and China
National Knowledge Infrastructure (CNKI). For the first four databases, the
search time was from the establishment of the database to December 26, 2023.
For Ovid and CNKI, the search time was from the establishment of the database
to January 14, 2024. Two researchers independently screened the literature, ex-
tracted data, and evaluated the risk of bias of the included studies. The quality
of the randomized controlled trials was assessed using the risk of bias assessment
tool, and a meta-analysis was conducted using Revman 5.4 software. Based on
compliance with ACSM, the included studies were divided into a subgroup with
high compliance with ACSM and a subgroup with low or uncertain compliance
with ACSM. Differences in body fat percentage, BMI, body mass, ASM, grip
strength, and gait speed between the two were analyzed. Using mean difference
(MD) as the pooled effect size, heterogeneity between studies was assessed us-
ing Higgins 𝐼2 statistics, with each study excluded one by one for sensitivity
analysis.

Results
A total of 15 studies with 810 participants were included, with 7 studies showing
high adherence to ACSM recommendations and 8 studies showing low adherence
or uncertainty. Eleven studies with body fat percentage as an outcome measure
were included, involving a total of 580 participants, with MD consolidation in the
high adherence group = −3.54 (95% CI: −5.65 to −1.44) and MD consolidation
in the low or indeterminate adherence group = −0.94 (95% CI: −2.54 to 0.67).
A total of 5 studies with BMI as an outcome measure were included, involving
278 participants, with a combined MD of −1.98 (95% CI: −3.02 to −0.93) for
the ACSM high adherence group and −1.72 (95% CI: −3.42 to −0.03) for the
ACSM low or indeterminate group. Five studies with body mass as an outcome
measure were included, with a total of 169 participants, and the MD pooled
for the ACSM high adherence = −4.85 (95% CI: −7.84 to −1.86) and the MD
pooled for the ACSM low or indeterminate group = −1.56 (95% CI: −5.94 to
2.81).

Four studies were included with ASM as the outcome measure, involving 218
participants, and the MD pooled for the ACSM high adherence group = −0.18
(95% CI: −1.03 to 0.67) and the MD pooled for the ACSM low or indeterminate
group = −0.05 (95% CI: −0.85 to 0.76). Eight studies with grip strength as
an outcome measure were included, with a total of 395 participants, and the
MD pooled for the ACSM high adherence group = 2.86 (95% CI: 0.76 to 4.97)
and the MD pooled for the ACSM low or indeterminate group = 3.04 (95%
CI: −0.26 to 6.34). Seven studies with gait speed as an outcome measure were
included, with a total of 353 participants, with a combined MD of 0.32 (95%
CI: 0.23 to 0.41) in the ACSM high adherence group and 0.05 (95% CI: −0.01
to 0.11) in the ACSM low or indeterminate group.
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Conclusions
The results of the study show that exercise measures with high adherence to
ACSM have a significant effect on improving the body fat percentage, body mass,
grip strength, and gait speed of patients with sarcopenic obesity, compared to
those with low and uncertain adherence to ACSM. However, the effect on BMI
is not significant, and exercise intervention has no effect on ASM, which needs
further research to verify these findings.

Keywords: Sarcopenia; Obesity; Aged; American College of Sports Medicine;
Exercise dosage; Sarcopenic obesity

Sarcopenic obesity (SO) is a specific phenotype of obesity characterized by the
concurrent presence of sarcopenia and obesity. It is primarily defined by a de-
cline in muscle strength, muscle mass, and physical function, which poses a
significant threat to the physical health and functional independence of the el-
derly. Sarcopenia is closely associated with various chronic conditions, including
type 2 diabetes, coronary heart disease, chronic obstructive pulmonary disease,
and liver cirrhosis, and it influences the progression of these diseases to a certain
extent [?]. The prevalence of SO is particularly high among the elderly popula-
tion. Furthermore, SO can lead to severe consequences such as bone fractures,
increased risk of disability, and even mortality in older adults.

Simultaneously, obese populations are susceptible to numerous diseases, such
as hypertension, coronary heart disease, type 2 diabetes, and nephropathy.
While the treatment of sarcopenia includes both pharmacological and non-
pharmacological approaches, there is currently no specific “silver bullet”medi-
cation. Current pharmacological treatments merely utilize corresponding drugs
at different stages of the pathogenesis to delay the onset and progression of the
condition. However, the use of these drugs often results in adverse reactions.
For instance, while testosterone administration in men can increase muscle and
lean body mass, it also carries risks of sleep apnea, polycythemia, and prostatic
hyperplasia. Although somatostatin supplementation can activate endogenous
oxidases to prevent oxidative damage to key cellular structures and exerts a
protective effect against sarcopenia, it may cause adverse effects such as joint
pain, gynecomastia, and soft tissue edema.

As a non-invasive intervention, exercise serves the dual purpose of prevention
and treatment. Primary modalities include aerobic exercise, resistance training,
combined exercise, and strength training. Research has demonstrated that exer-
cise significantly impacts SO; exercise-induced stimulation of bioactive cytokines
—through muscle-bone-fat crosstalk—increases muscle anabolism, bone forma-
tion, mitochondrial biogenesis, glucose utilization, and fat transformation, while
also mitigating chronic low-grade inflammation. Studies have further shown that
resistance exercise can significantly enhance muscle strength, and high-intensity
resistance training can improve age-related loss of muscle function. While aero-
bic exercise is more effective for fat loss, the combination of aerobic and resis-
tance exercise yields the greatest efficacy in improving body composition. The
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American College of Sports Medicine (ACSM) and the American Heart Associ-
ation recommend combining aerobic and resistance exercise to achieve overall
health. However, the optimal exercise dosage for the prevention and treatment
of SO remains unclear. The ACSM provides exercise prescriptions for healthy
adults, including detailed recommendations for cardiorespiratory and resistance
exercise. Currently, it is uncertain whether exercise interventions with high ad-
herence to ACSM guidelines produce more significant effects compared to those
with low or uncertain adherence. Therefore, this study aims to compare the
effects of exercise interventions characterized by high ACSM adherence with
those of low or uncertain adherence to clarify these differences.

1.1 Inclusion and Exclusion Criteria

1.1.1 Study Type This study includes published randomized controlled trials
(RCTs).

1.1.2 Study Population The target population consists of elderly patients
diagnosed with sarcopenic obesity (SO).

1.1.3 Intervention Measures The guidelines and recommendations formu-
lated by the American College of Sports Medicine (ACSM) regarding exercise
and physical health provide detailed suggestions for aerobic exercise, resistance
training, and flexibility exercises. These guidelines are designed to assist di-
verse populations in developing and adhering to effective exercise programs.
Adherence to ACSM recommendations is significantly correlated with improved
clinical outcomes, making them an appropriate benchmark for evaluating the
effectiveness of exercise interventions in patients with Sarcopenic Obesity (SO).
Consequently, the interventions in this study are based on ACSM standards for
aerobic exercise, resistance training, and flexibility training.

1.1.4 Control Measures Interventions that have no relationship with the
dynamic intervention, such as no intervention or routine care.

1.1.5 Outcome Indicators Participants were eligible for inclusion if they
met at least one of the following six criteria related to body composition (body
fat percentage, BMI, body mass, and ASM) and physical function (grip strength
and gait speed).

1.1.6 Exclusion Criteria The exclusion criteria for this study were as follows:
(1) reviews, conference abstracts, guidelines, protocols, or animal experiments;
(2) research based on aquatic sports; (3) studies that did not compare land-based
exercise with a non-exercise control group; (4) populations with metabolic dis-
eases; and (5) populations taking medications other than those required for their
primary condition during the intervention period. Using a search strategy based
on the PICOS principle, we searched PubMed, Embase, Web of Science, and
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the Cochrane Library from their inception to December 26, 2023, and Ovid and
the China National Knowledge Infrastructure (CNKI) from their inception to
January 14, 2024. The search combined subject headings and free-text terms,
with local adjustments made according to the characteristics of each database.
Chinese search terms included“elderly,”“older adults,”“sarcopenic obesity,”“sar-
copenia,”“muscle loss,”“obesity,”“exercise,”“physical activity,”“training,”“aerobic
exercise,”“cardiopulmonary exercise,”“resistance exercise,”“flexibility exercise,”
and “mobility exercise.”

English search terms included“Aging,”“Aged,”“Sarcopenia,”“Obesity,”“Physical
Activity,”“Exercise,”and “Controlled Clinical Trial,”among others.

1.2 Literature Screening and Data Extraction

Study selection and data extraction were conducted in accordance with the
PRISMA guidelines. Data collection was based on an extraction table adapted
from the Cochrane Handbook for Systematic Reviews of Interventions. The data
extraction table included publication characteristics (author name, publication
year, country), methodological characteristics (sample size, intervention mea-
sures), participant characteristics (age, sex, body weight, body mass index),
and exercise characteristics (frequency, intensity, and duration). Data extrac-
tion was performed independently by two researchers. A preliminary extraction
was conducted first; once consensus was reached, formal data extraction pro-
ceeded. Any disagreements were resolved through consultation with a senior
researcher.

Following data extraction, the dosage and adherence of the exercise interven-
tions were evaluated. The exercise intervention dosage in the included studies
was assessed based on the American College of Sports Medicine (ACSM) guide-
lines for developing and maintaining cardiopulmonary and motor function in
patients with sarcopenic obesity (SO). Each exercise intervention was indepen-
dently evaluated against the ACSM recommended standards for various aspects
of exercise dosage (primarily frequency, intensity, and time) to assess adherence
to the prescribed exercise dose, as shown in Table 1 .

Each indicator was scored on a scale of 0 to 2, where a score of 2 indicates
that the criteria were fully met, 1 indicates uncertainty, and 0 indicates non-
compliance with the standard.

Based on this scoring system, the proportion of participants meeting the ACSM
exercise dosage was calculated. Adherence was categorized as high when partici-
pants achieved ≥ 75% of the ACSM recommended dosage, while it was classified
as low adherence or uncertain when the dosage was < 75%.

1.3 Quality Assessment

Quality assessment was conducted independently by two researchers. In cases
of disagreement, a senior researcher was consulted for verification. The quality
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of the included studies was evaluated using the Risk of Bias tool for randomized
controlled trials (RoB 2) recommended by the Cochrane Collaboration. The as-
sessment criteria included random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assessment, com-
pleteness of outcome data, selective reporting of results, and other potential
sources of bias. The risk of bias for each domain was categorized into three
levels: low risk of bias, unclear, or high risk of bias. The GRADE approach
was used to rate the quality of evidence for all outcomes based on the risk of
bias, inconsistency, indirectness, and imprecision. Body fat percentage, body
mass, grip strength, and gait speed were identified as critical indicators, while
BMI and ASM were identified as important indicators, as shown in . The rec-
ommendations for aerobic fitness and muscle strength in healthy adults include
a frequency of 4–5 days per week for aerobic exercise and 1–2 non-consecutive
days per week for strength training, gradually increasing to 2–3 days per week.
Resistance should be adjusted so that the final two sets are challenging; if toler-
able, high-intensity training can be performed. Sessions should begin with one
set of 8–12 repetitions, gradually increasing to two sets, with no more than 8–
10 different exercises per session.

1.5 Statistical Methods

Meta-analysis was performed using RevMan 5.4 software. The included studies
were categorized into two subgroups: a high ACSM adherence subgroup and a
low or uncertain ACSM adherence subgroup.

Heterogeneity among the included studies was assessed using the Higgins 𝐼2

statistic. If 𝐼2 ≤ 50%, the studies were considered to have low heterogeneity,
and a fixed-effects model was employed for the meta-analysis. Conversely, if
𝐼2 > 50%, significant heterogeneity was indicated, and a random-effects model
was utilized. For continuous variables, the effect size was expressed as the Mean
Difference (MD) or Standardized Mean Difference (SMD) with a 95% Confidence
Interval (CI). A p-value of less than 0.05 was considered statistically significant.
Sensitivity analysis was conducted by systematically excluding each study one
by one to examine the robustness and stability of the research findings.

2 Results
2.1 Literature Search Results

A total of 3,689 records were retrieved from six databases: PubMed (𝑛 = 226),
Embase (𝑛 = 298), Cochrane Library (𝑛 = 689), Web of Science (𝑛 = 144), Ovid
(𝑛 = 283), and China National Knowledge Infrastructure (CNKI, 𝑛 = 1, 049).
After removing duplicates, 2,766 articles remained. Following a comprehensive
screening of titles and abstracts, 52 potentially relevant articles were identified
for full-text review. Ultimately, 15 studies [?] met the inclusion criteria and
were included in this analysis. The detailed selection process is illustrated in
the study flow diagram in [FIGURE:1].
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2.2 Basic Characteristics of Included Literature

A total of 15 studies were included, involving 810 participants, with 417 in the
intervention group and 393 in the control group. The age of participants ranged
from 63.87 to 81.40 years. Twelve studies [?, ?] reported Body Mass Index
(BMI), with values ranging from 24.7 to 36.7 kg/m2. Seven studies [?, ?, ?]
exclusively reported on female participants, while the remaining studies included
both genders. Three studies [?, ?, ?] did not specify the gender of participants.
Six studies involved interventions consisting of two or more types of exercise.
Regarding geographical distribution, eight studies were conducted in China [?,
?, ?], two in the United States [?, ?], and one each in Germany and Switzerland,
while two were conducted in Brazil. The primary intervention duration ranged
from 8 weeks to 9 months, with a frequency of 2 to 5 days per week. The main
types of exercise interventions were aerobic and resistance training; detailed
characteristics are provided in . Adherence rates according to the American
College of Sports Medicine (ACSM) guidelines were ≥ 75% in seven studies and
< 75% in eight studies, as detailed in . The lower adherence rates were partly
due to exercise intervention dosages not meeting ACSM recommendations and
partly due to insufficient information provided in the studies to allow for a full
evaluation.

2.3 Quality Assessment of Included Studies

Among the 15 included studies [?], 7 studies [?, ?, ?, ?, ?, ?] were rated as
having a “low risk of bias”regarding random sequence generation. Conversely,
1 study [?, ?, ?, ?, ?] was assessed as having a “high risk of bias,”while the
remaining 7 studies did not report their specific methods for random sequence
generation and were therefore classified as “unclear.”

Regarding allocation concealment, 2 studies [?, ?] were rated as“low risk of bias,”
while 10 studies [?, ?, ?, ?, ?, ?] did not specify their allocation methods and
were thus classified as“unclear.”Three studies [?, ?, ?] were considered to have a
high risk of bias in this domain. The risk of bias for the blinding of participants
and personnel was generally high across the board, as exercise interventions are
inherently difficult to implement under double-blind conditions. In terms of the
blinding of outcome assessment, 7 studies were rated as “low risk of bias,”7
studies [?, ?, ?, ?] failed to report their methods and were rated as “unclear,”
and 1 study was rated as “high risk.”For the completeness of outcome data,
14 studies [?, ?] were considered “low risk,”while 1 was rated as “high risk.”
All studies were judged to have a low risk of bias regarding selective reporting
and other potential sources of bias. The risk of bias assessment is summarized
in [FIGURE:2].

2.4 Meta-analysis Results

2.4.1 Effects of Different ACSM Adherence on Body Fat Percentage
Eleven studies [?, ?, ?] utilized body fat percentage as a measurement indicator,
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Figure 3

Figure 1: Figure 3

involving a total of 580 participants. Among these, seven studies (comprising 11
individual data points or subgroups) [?, ?, ?] demonstrated high adherence to
the American College of Sports Medicine (ACSM) guidelines, while four studies
[?, ?, ?] reported low or uncertain ACSM adherence. Heterogeneity testing
was first conducted on all 11 studies [?, ?, ?]. The results indicated 𝐼2 = 71%
(𝑃 < 0.05); therefore, a random-effects model was employed for the statistical
analysis.

The pooled analysis of the data yielded a mean difference of 𝑀𝐷 = −2.59
(95%𝐶𝐼 = −4.12 to −1.07), indicating that exercise intervention has a beneficial
effect on reducing body fat percentage. Subgroup analysis revealed that the
heterogeneity within the high ACSM adherence subgroup was 𝐼2 = 77%, with a
pooled mean difference of 𝑀𝐷 = −3.54 (95%𝐶𝐼 = −5.65 to −1.44, 𝑃 < 0.05).
In contrast, the subgroup with low or uncertain ACSM adherence showed an
𝐼2 of 27%, with a pooled mean difference of 𝑀𝐷 = −0.94 (95%𝐶𝐼 = −2.54 to
0.67, 𝑃 > 0.05), as shown in

. Sensitivity analysis suggested that the overall findings are relatively stable.

2.4.2 Effects of Different ACSM Adherence on BMI Five studies [?,
?, ?] utilized Body Mass Index (BMI) as the primary measurement metric, in-
volving 278 participants. Among these, three demonstrated high adherence to
the ACSM guidelines [?], while two studies [?, ?] reported low or uncertain
ACSM adherence. Heterogeneity testing indicated 𝐼2 = 0% (𝑃 < 0.05); there-
fore, a fixed-effects model was employed. The overall pooled MD was −1.91
(95% CI = −2.8 to −1.02, 𝑃 < 0.05). Subgroup analysis revealed that in the
subgroup with high ACSM adherence, 𝐼2 = 0%, with a pooled MD of −1.98
(95% CI = −3.02 to −0.93, 𝑃 < 0.05). For the subgroup with low or uncer-
tain ACSM adherence, the pooled MD was −1.72 (95%𝐶𝐼 = −3.42 to −0.03,
𝑃 = 0.05), as shown in [FIGURE:4]. Sensitivity analysis suggested findings are
stable.

2.4.3 Effects of Different ACSM Adherence on Body Mass Five studies
[?, ?, ?, ?, ?] involving a total of 169 participants were included using body mass
as the primary outcome measure. Among these, two studies [?, ?] demonstrated
high adherence to ACSM guidelines, while the remaining three studies [?, ?, ?]
exhibited low or uncertain ACSM adherence. Initial heterogeneity testing re-
vealed 𝐼2 = 26% (𝑃 < 0.05). Consequently, a fixed-effects model was employed,
yielding a pooled total MD of −3.8 (95% CI: −6.27 to −1.33). Subgroup analy-
sis indicated that in the subgroup with high ACSM adherence, 𝐼2 = 0%, with a
pooled MD of −4.85 (95% CI: −7.84 to −1.86, 𝑃 < 0.05). In contrast, the sub-
group with low or uncertain ACSM adherence showed 𝐼2 = 68%, with a pooled
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MD of −1.56 (95% CI: −5.94 to 2.81, 𝑃 > 0.05), as illustrated in [FIGURE:5].

2.4.4 Effects of Different ACSM Adherence on ASM Four studies [?,
?, ?, ?] involving 218 participants were included using Appendicular Skeletal
Muscle Mass (ASM) as the primary measurement metric. Heterogeneity testing
revealed 𝐼2 = 0% and 𝑃 > 0.05; therefore, a fixed-effects model was employed.
Statistical analysis yielded a pooled total MD of −0.11 (95% CI = −0.69 to 0.48,
𝑃 > 0.05). Subgroup analysis indicated that for Subgroup I (high adherence),
the heterogeneity was 𝐼2 = 0% with a pooled MD of −0.18 (95% CI = −1.03
to 0.67, 𝑃 > 0.05). For the subgroup with low or uncertain ACSM adherence,
the pooled MD was −0.05 (95% CI = −0.85 to 0.76, 𝑃 > 0.05), with 𝐼2 = 0%,
as illustrated in

.

2.4.5 Effects of Different ACSM Adherence on Grip Strength Eight
studies [?, ?, ?, ?, ?, ?, ?, ?] involving a total of 395 participants were included
using grip strength as the primary outcome measure. Heterogeneity testing
yielded 𝐼2 = 69% (𝑃 < 0.05). Consequently, a random-effects model was em-
ployed. The pooled MD was 2.74 (95% CI = 0.87–4.60, 𝑃 < 0.05). Subgroup
analysis revealed that in the subgroup with high adherence, 𝐼2 was 68%, and the
pooled MD was 2.86 (95% CI = 0.76–4.97, 𝑃 < 0.05). In the subgroup with low
or uncertain adherence, 𝐼2 was 67%, and the pooled MD was 3.04 (95% CI =
−0.26–6.34, 𝑃 > 0.05), as shown in [FIGURE:7]. Sensitivity analysis indicated
that the findings are relatively unstable.

2.4.6 Effects of Different ACSM Adherence on Gait Speed Seven
studies [?, ?, ?] involving 353 participants used walking speed as a measure-
ment indicator. Heterogeneity testing revealed 𝐼2 = 86% (𝑃 < 0.05). Conse-
quently, a random-effects model was employed. The overall mean difference was
𝑀𝐷 = 0.20 (95%𝐶𝐼 = 0.09–0.32, 𝑃 < 0.005). In the subgroup with high ACSM
adherence, the heterogeneity was 𝐼2 = 47%, and the pooled mean difference was
𝑀𝐷 = 0.32 (95%𝐶𝐼 = 0.23–0.41, 𝑃 < 0.05). In contrast, the subgroup with low
or uncertain ACSM adherence showed 𝐼2 = 0% and a pooled mean difference
of 𝑀𝐷 = 0.05 (95%𝐶𝐼 = −0.01–0.11, 𝑃 > 0.05), as shown in [FIGURE:8].

3 Discussion
This study found that exercise intervention can improve patients’body fat per-
centage, BMI, body weight, handgrip strength, and gait speed, confirming the
effectiveness of exercise as a non-pharmacological treatment. However, previous
research indicates that not all exercise interventions have a positive effect on
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patients with sarcopenic obesity (SO), and the impact of exercise varies across
individuals. Some studies suggest that resistance training is more effective than
aerobic exercise for treating obesity; however, resistance training may increase
the risk of falls and fractures. Consequently, aerobic exercise is often consid-
ered safer for the elderly compared to resistance training alone. Furthermore,
combined aerobic and resistance training is superior to single-modality exercise,
and diversifying exercise methods helps enhance compliance among SO patients.
Optimizing the frequency and intensity of exercise is crucial; however, there is
currently a lack of research on specific exercise dosages, and the optimal dosage
for SO patients remains uncertain.

In the subgroup analysis, exercise prescriptions with high adherence demon-
strated superior outcomes for SO patients regarding body fat percentage (−3.54
vs. −0.94), body weight (−4.85 vs. −1.56), and gait speed (0.32 vs. 0.05). Com-
pared to exercise prescriptions with low adherence or uncertain alignment with
ACSM guidelines, those with high ACSM adherence demonstrated significantly
greater improvements (𝑝 < 0.05). This suggests that at an appropriate exercise
dosage, interventions with high adherence to ACSM guidelines may yield more
pronounced effects than those with low or uncertain adherence. While exercise
prescriptions with lower or uncertain consistency with ACSM recommendations
showed a significant intervention effect on BMI, this does not necessarily trans-
late to substantial practical clinical efficacy. Finally, it was found that different
exercise prescriptions did not have a significant intervention effect on Appen-
dicular Skeletal Muscle mass (ASM).

Regarding the body composition of patients with sarcopenic obesity (SO), meta-
analysis results showed an overall effect size for body fat percentage of −2.59
(95% CI: −4.12 to −1.07). This indicates that exercise has a significant inter-
vention effect on body fat percentage and body mass indices, which is consistent
with previous research findings. Furthermore, exercise prescriptions with high
ACSM adherence had a more significant impact on body fat percentage than
those with low or uncertain adherence (−3.54 < −0.94). Exercise can reduce
total fat mass, and resistance exercise is particularly crucial for improving body
composition in SO patients.

In terms of physical function in SO patients, meta-analysis results for handgrip
strength showed an overall effect size of 2.74 (95% CI: 0.87 to 4.60, 𝑝 < 0.05).
Exercise prescriptions with high ACSM adherence also demonstrated a signif-
icant intervention effect on this metric (2.86, 𝑝 < 0.05). Resistance training
is considered an effective method for treating age-related sarcopenia, as it can
enhance muscle strength and quality, including handgrip strength. The over-
all effect size for gait speed was 0.20 (95% CI: 0.09 to 0.32, 𝑝 < 0.05), with
high ACSM adherence prescriptions showing a significant intervention effect
(0.32, 𝑝 < 0.05).

The strength of this study lies in its integration of various indicators from pre-
vious research, such as exercise modality, frequency, intensity, and duration. It
utilizes adherence to ACSM guidelines as a grouping factor to verify the impact
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of exercise dosage on improving body composition and function in SO patients.
However, this study also has several limitations. First, the number of included
studies is relatively small. Second, the included studies lack standardized pro-
tocols for exercise intervention dosages and methods.

This review supports the recommendation of exercise intervention as an effective
method for improving physical function in SO patients. In exploring the opti-
mal exercise dosage for this population, interventions with higher adherence to
ACSM guidelines were more effective in improving physical function and body
composition compared to those with lower or uncertain adherence.
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