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Relationship between Muscle Mass and Muscle Strength with Bone Density 
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Background: Understanding the relationship between muscle mass, muscle strength, and bone 
density in older adults is crucial for addressing age-related conditions like osteoporosis and sar-
copenia. This review aims to evaluate the relationship between muscle mass and muscle strength 
with bone density in older adults. Methods: This systematic review, following the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, involved a com-
prehensive search across seven databases from 2014 to April 2024. Included were observational 
studies in English and Indonesian on adults aged 60 and older. The Appraisal Tool for Cross-Sec-
tional Studies (AXIS) tool assessed the risk of bias, and the GRADE (Grading of Recommendations 
Assessment, Development, and Evaluation) framework evaluated the evidence quality. Study se-
lection was independently reviewed, and consensus was reached through discussion. Results: Ten 
studies were included. For muscle mass and bone density, five studies showed a significant asso-
ciation, while four did not. For muscle strength and bone density, four of seven studies reported a 
significant association. However, the evidence quality was low due to inconsistency. Conclusion: 
The relationship between muscle mass, muscle strength, and bone density in older adults shows 
variability and inconsistent evidence.
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INTRODUCTION

Aging is a complex process that involves various physiological 
changes, including the gradual decline in both bone mass and mus-
cle mass, which can lead to conditions such as osteoporosis and 
sarcopenia.1) Research has consistently demonstrated significant 
age-related losses in bone and muscle tissues during adulthood.2) 
Understanding the relationship between muscle mass, muscle 
strength, and bone density is essential for comprehending the im-
pact of aging on musculoskeletal health. Previous studies have 
shown that muscle strength is correlated with bone mineral densi-
ty (BMD), especially in populations such as postmenopausal 
women with osteoporosis.3) Handgrip strength, for instance, has 
been identified as an independent predictor of distal radius BMD 
in postmenopausal women, highlighting the importance of muscle 

strength in assessing osteoporosis risk factors.4) Moreover, a simul-
taneous decline in muscle strength and BMD has been observed in 
older age, indicating a close association between these factors.5) 
The reduction in physical activity throughout life may not fully ex-
plain the age-related loss of bone mass, pointing to the need for 
further research to establish the direct link between muscle mass 
and bone density.6) Evaluating muscle-bone interactions is crucial, 
as muscle loading affects bone structure and strength, underscor-
ing the interconnected nature of these musculoskeletal compo-
nents.7)

Osteoporosis and sarcopenia are common conditions in older 
adults that significantly impact their health and well-being. These 
two musculoskeletal disorders are closely related and often coexist, 
leading to an increased risk of adverse health outcomes.8) Research 
has shown that the decline in muscle performance is linked to the 
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deterioration of bone microarchitecture, with individuals develop-
ing sarcopenia facing a higher risk of also developing osteoporo-
sis.9) The dynamic relationship between impaired muscle and 
bone health highlights the need to address both conditions simul-
taneously to mitigate their combined effects on older adults. The 
coexistence of osteoporosis and sarcopenia in older individuals is 
associated with increased frailty, morbidity, and mortality.10) Older 
adults, particularly those with frailty, are more likely to have con-
current osteoporosis and sarcopenia, further increasing their risk 
of disease-related complications.11) This combination can lead to a 
higher susceptibility to falls, fractures, and disability, significantly 
affecting the quality of life and independence of older adults.12) 
The concept of “osteosarcopenia” has emerged to emphasize the 
strong correlation between sarcopenia and osteoporosis, suggest-
ing the need to consider both conditions collectively in clinical as-
sessments and interventions.13,14) The shared risk factors, such as 
aging, physical inactivity, and hormonal changes, highlight the in-
terconnected nature of osteoporosis and sarcopenia. Addressing 
these shared risk factors through targeted interventions can help 
slow the progression of these conditions and improve outcomes in 
older adults.

Muscle mass and muscle strength are crucial for maintaining 
mobility and reducing the risk of osteoporosis and fractures in old-
er adults. With aging, there is a natural decline in muscle mass and 
strength, leading to impaired physical function, mobility disability, 
falls, and fractures.15) Sarcopenia, characterized by the loss of mus-
cle mass and strength, significantly contributes to mobility limita-
tions, increased risk of falls, and hospitalizations in older adults.16) 
Research indicates that age-related decreases in muscle mass and 
strength are linked to reduced physical performance, mobility, di-
minished quality of life, and an elevated risk of cardiovascular 
events.17,18) Preserving muscle strength is particularly vital for older 
adults as it is longitudinally associated with mobility and physical 
function.19) Studies have shown that higher muscle mass and 
strength are correlated with improved bone microarchitecture and 
a reduced risk of fractures.20) Additionally, low muscle strength is 
independently associated with a higher risk of all-cause mortality 
in older adults, underscoring the significance of muscle strength in 
predicting aging-related health outcomes.21)

Low bone density is a critical factor that significantly increases 
the risk of fractures and other bone-related injuries in older adults. 
Osteoporosis, characterized by low BMD and microarchitectural 
deterioration, leads to decreased bone strength and an elevated 
risk of fractures.22) Fractures associated with osteoporosis, such as 
hip and vertebral fractures, are a major concern in older adults, 
contributing to disability, loss of independence, and increased 
mortality.23) The occurrence of fragility fractures, caused by 

low-energy trauma, often indicates underlying osteoporosis and 
poses a significant risk for subsequent fractures.24) Studies have 
shown that individuals with low BMD are at a higher risk of frac-
tures, particularly in the hip, spine, and wrist.25) Wrist fractures, for 
example, are common symptomatic fractures related to osteoporo-
sis and are considered strong predictors of future osteoporosis-re-
lated fractures in the spine or hip.25) Despite the strong association 
between low bone mass and fractures, many older adults with frac-
tures are not adequately screened or treated for osteoporosis, high-
lighting gaps in post-fracture care and secondary prevention ef-
forts.26) The burden of osteoporosis-related fractures is substantial, 
leading to increased healthcare costs, extended treatment, and spe-
cialized medical care.27) Fractures resulting from osteoporosis not 
only impact physical health but also have significant psychological 
and social implications, affecting the quality of life and functional 
independence of older adults.28) Addressing osteoporosis and low 
bone density through screening, diagnosis, and appropriate treat-
ment is crucial for preventing fractures and reducing the overall 
burden of bone-related injuries in the aging population.29)

Muscle mass and strength are key determinants of BMD. Studies 
have consistently shown a positive correlation between muscle 
mass and BMD, indicating that higher muscle mass is linked to 
greater bone density.30) The mechanical forces generated by mus-
cle contractions during physical activity are vital for maintaining 
bone health, especially in weight-bearing bones.31,32) Lack of me-
chanical loading, as seen in cases of immobility, can lead to muscle 
atrophy and osteoporosis.32) Additionally, muscle strength is an in-
dependent predictor of BMD, with evidence showing that in-
creased muscle strength, including grip strength, correlates with 
higher BMD.33,34) The relationship between muscle mass and 
BMD is not solely mechanical; metabolic and hormonal factors 
also play significant roles in modulating this interaction.35) Muscle 
mass and strength influence bone density through the release of 
myokines, such as insulin-like growth factor 1 (IGF-1) and myo-
statin, which play crucial roles in bone metabolism. IGF-1 pro-
motes osteoblast proliferation, enhancing bone formation, while 
myostatin can inhibit muscle growth and stimulate osteoclast ac-
tivity, negatively impacting bone density.36) Additionally, myokines 
like irisin can have protective effects on bone, further highlighting 
the complex biochemical crosstalk between muscle and bone tis-
sues.37,38)

Despite the growing body of research exploring the relationship 
between muscle mass, muscle strength, and bone density in older 
adults, there remains significant variability and inconsistency in 
the findings across different studies. These inconsistencies pose 
challenges for clinicians in making informed decisions regarding 
the prevention and management of conditions like osteoporosis 
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and sarcopenia. This systematic review addresses a critical gap in 
the literature by synthesizing recent evidence to provide a clearer 
understanding of these relationships. The insights gained from ex-
ploring these relationships can help guide early diagnosis, risk as-
sessment, and intervention strategies. By identifying how muscle 
mass and muscle strength relate to bone density, healthcare pro-
viders can more effectively tailor treatments to prevent fractures, 
improve mobility, and enhance the overall quality of life for older 
adults. This knowledge allows clinicians to prioritize interventions 
that strengthen muscles, support bone health, and reduce the risk 
of falls, thereby decreasing hospitalization rates and healthcare 
costs associated with injury-related complications. Moreover, as 
the global population continues to age, there is an urgent need for 
up-to-date, evidence-based guidelines that can guide clinical prac-
tice and public health initiatives aimed at improving musculoskele-
tal health in older adults. Furthermore, this systematic review may 
support the development of preventative programs and personal-
ized treatment plans. For example, recognizing that low muscle 
mass and low muscle strength are potential risk factors for de-
creased bone density can inform routine screening practices. Such 
practices would enable clinicians to identify at-risk individuals ear-
ly and implement suitable exercise regimens, nutritional support, 
or pharmacological interventions to mitigate muscle and bone loss. 
By bridging the gap between research and clinical practice, this re-
view aims to evaluate the relationship between muscle mass, mus-
cle strength, and bone density in the aging population.

MATERIALS AND METHODS

A comprehensive and systematic search was conducted according 
to the guidelines set by the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020.39) From the se-
lected studies, we extracted data on muscle mass, muscle strength, 
and physical bone density. Our quantitative analysis examined the 
relationships between these variables, focusing on correlation coef-
ficients and significance measures such as p-values to evaluate the 
strength of associations. These quantitative results were then syn-
thesized qualitatively to discern common patterns and trends 
across the studies, providing a cohesive understanding of the rela-
tionship between muscle mass, muscle strength, and bone density 
in older adults.

Search Strategy
A comprehensive systematic search was conducted across seven 
electronic databases from 2014 to April 2024, namely PubMed, 
ScienceDirect, Sage journal, Tripdatabase, Cochrane Library, Em-
base, and CINAHL. The search included a range of keywords such 

as “muscle mass,” “appendicular skeletal muscle index,” “skeletal 
muscle index,” “sarcopenia,” “muscle strength,” “handgrip strength,” 
“knee extension strength,” “bone density,” “bone mass,” and terms 
related to older adults and geriatrics to ensure thorough coverage. 
An example search in PubMed used the following terms: ("Muscle 
mass" OR "appendicular skeletal muscle index" OR "skeletal mus-
cle index" OR "SMI" OR "ASMI" OR "sarcopenia") AND ("muscle 
strength" OR "muscle weakness" OR "handgrip strength" OR 
"knee extension strength") AND ("Bone density" OR "Bone Mass" 
OR "Osteoporosis" OR "Osteopenia") AND ("elderly" OR "older 
adults" OR "geriatric").

Eligibility Criteria
Inclusion criteria
Observational studies, specifically cross-sectional, cohort, and 
case-control studies, that investigated the relationship between 
muscle mass, muscle strength, and bone density in older adults 
were included. Quantitative methods for measuring muscle mass, 
muscle strength, and bone density were required for studies to be 
considered. The target population was comprised of older adults 
aged 60 years and above (aligning with the Indonesian Minister of 
Health Regulation No. 67 of 2015 which defines older adults as 
those aged 60 or above), including both community-dwelling indi-
viduals and those in clinical or institutional settings. The review 
was limited to studies published in English or Indonesian to ensure 
consistency in interpretation. Additionally, studies published be-
tween January 2014 and April 2024 were included to maintain the 
relevance and applicability of the findings to current clinical prac-
tice.

Exclusion criteria
Studies that did not meet stringent methodological standards were 
excluded. Specifically, interventional studies (e.g., randomized 
controlled trials), reviews, meta-analyses, case series, case reports, 
and editorials were not considered. Studies relying on non-quanti-
tative or subjective measures of muscle mass, strength, or bone 
density were excluded. Studies focusing on populations younger 
than 60 years, or those including younger participants without 
providing segregated data for the older adult subgroup, were also 
excluded to maintain the focus on the aging population. Further-
more, studies that did not directly measure bone density or failed 
to report sufficient data on the association between muscle mass 
or muscle strength and bone density were excluded. To ensure ac-
curacy in findings, studies published in languages other than En-
glish or Indonesian were excluded. Lastly, studies published before 
January 2014 were excluded to align the review with the most re-
cent diagnostic criteria and clinical practices.
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Study Selection and Data Extraction
Two reviewers independently screened the titles and abstracts 
from each database to select appropriate studies. The chosen stud-
ies were imported into Mendeley Reference Manager version 2.91 
for organization and management (https://www.mendeley.com/
release-notes-reference-manager/). If discrepancies arose, a third 
reviewer was consulted to reach a consensus. The data extracted 
included information on the first author, study title, demographic 
data (age, gender, study location), methodological details, and re-
sults. Contact was made with the first author of each study for any 
required additional data. Articles that did not measure or report on 
the relationships between muscle mass, muscle strength, and bone 
density in older adults were excluded from the review.

Risk of Bias Assessment
To evaluate the risk of bias, we utilized the Appraisal Tool for 
Cross-Sectional Studies (AXIS), as nearly all included studies were 
cross-sectional (with one cohort study). Each author conducted 
an independent assessment, and the results were then discussed 
collectively to reach an agreement. The AXIS tool consists of 20 
items that cover various aspects of study design, conduct, and re-
porting. The AXIS evaluates the objective, design, sampling meth-
od, measurement method, bias control, data analysis, results, fund-
ing, and conflict of interest aspects of the studies.

Quality Assessment
The quality of evidence for each outcome was assessed using the 
GRADE (Grading of Recommendations Assessment, Develop-
ment, and Evaluation) framework.40) Each author conducted a 
separate evaluation, and the results were subsequently merged to 
form a unified consensus. The quality of evidence and its interpre-
tation are detailed in Table 1.

RESULTS

Study Selection and Characteristics
Following the initial search, a substantial number of articles were 
retrieved from various electronic databases. In the case of PubMed, 
the initial search identified a total of 972 articles. To narrow down 
the scope of our review to observational studies published after 
2014, we applied a filter based on the publication year, resulting in 
a reduction to 186 articles. To further refine the results, we used an 
additional filter for observational study types, labeled “Observa-
tional Study” under the publication type. This filtration process 
yielded a total of 48 articles that met the observational study crite-
ria. These 48 articles were carefully reviewed to assess their rele-
vance to our research topic and evaluated against the predefined 

inclusion and exclusion criteria. This screening process culminated 
in the final selection of studies included in the systematic review 
(Fig. 1).

A total of 24 articles from the electronic databases met our eligi-
bility criteria based on their titles. After removing duplicates and 
conducting a detailed review of full-text articles, we excluded stud-
ies with a mean age of < 60 years.41-46) After all, 13 articles remained 
that fulfilled our criteria for inclusion in this review. Articles that 
lacked the measurement of relationships between muscle mass, 
muscle strength, and bone density were excluded.47-49) Nine of the 
final 10 articles included used a cross-sectional design, while one 
was a cohort study with baseline data. The studies were geographi-
cally diverse, with a significant concentration in Asian countries, 
three conducted in Korea,50-52) two in Brazil,53,54) and one in Ger-
many,55) Australia,56) China,57) Japan,58) and Malaysia.59) The total 
sample size for the included studies was 4,596 subjects (2,194 men 
and 2,402 women), with the mean age ranging from 63 to 74.2 
years. In Asian countries, total studies collectively involved 4,308 
older adults, with ages ranging from 63 to 75.5 years. In contrast, 
only 288 older adults were studied in research conducted on other 
continents, specifically in Germany and Australia, where partici-
pants’ ages ranged from 63.3 to 70 years.

The studies employed various measurement methods to evalu-
ate muscle mass, muscle strength, and bone density in older adults. 
Dual energy X-ray absorptiometry (DXA) was the most used tool 
to measure bone density, with nine out of 10 studies utilizing this 
method.50-56,58,59) The remaining study used quantitative ultrasound 
to measure bone density.57) Muscle strength was predominantly 
measured using hand grip strength, which was used in four out of 
the seven studies that assessed muscle strength in this review.56-59) 
Additionally, knee extension and one-repetition maximum (1RM) 
tests were employed as measures of muscle strength.52,58) Muscle 
mass assessments varied across the studies, but DXA emerged as 
the most frequently used method, applied in six studies.50-54,56) 
These results indicate a diverse set of methodologies and geo-
graphic locations among the included studies, providing a compre-
hensive view of the relationship between muscle mass, muscle 
strength, and bone density in older adults.

Risk of Bias Assessment
The risk of bias in the included studies was evaluated using the 
AXIS tools. During the assessment, it was found that two studies 
exhibited selection bias, while another two did not provide suffi-
cient information about their sample selection process. In terms of 
study limitations, only one study failed to mention any limitations. 
Based on our evaluation, two studies were categorized as having a 
high risk of bias,53,54) one study a moderate risk of bias,55) and the 
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Table 1. Risk of bias assessment using Appraisal Tool for Cross-Sectional Studies (AXIS)

Question
Study index number

1 2 3 4 5 6 7 8 9 10
Introduction 1. Were the aims/objectives of the study 

clear?
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Materials and 
Methods

2. Was the study design appropriate for the 
stated aim(s)?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

3. Was the sample size justified? Unclear Unclear Unclear Unclear Yes Unclear Unclear Unclear Unclear Yes
4. Was the target/reference population 

clearly defined? (Is it clear who the re-
search was about?)

Yes Yes Yes Yes Yes Yes Yes No No Yes

5. Was the sample frame taken from an ap-
propriate population base so that it 
closely represented the target/reference 
population under investigation?

Yes Yes Yes No Yes Yes Yes No Unclear Yes

6. Was the selection process likely to select 
subjects/participants that were represen-
tative of the target/reference population 
under investigation?

Yes Yes Yes No Yes Yes Yes No Unclear Yes

7. Were measures undertaken to address 
and categorize non-responders?

Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear

8. Were the risk factors and outcome vari-
ables measured appropriate to the aims 
of the study?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

9. Were the risk factor and outcome vari-
ables measured correctly using instru-
ments/measurements that had been tri-
aled, piloted, or published previously?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

10. Is it clear what was used to determine 
statistical significance and/or precision 
estimates? (e.g., p-values, confidence in-
tervals)

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

11. Were the methods (including statisti-
cal methods) sufficiently described to 
enable them to be repeated?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Results 12. Were the basic data adequately de-
scribed?

Yes Yes Yes No Yes Yes Yes No Yes Yes

13. Does the response rate raise concerns 
about non-response bias?

Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear

14. If appropriate, was information about 
non-responders described?

Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear

15. Were the results internally consistent? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
16. Were the results presented for all the 

analyses described in the methods?
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Discussion 17. Were the authors’ discussions and con-
clusions justified by the results?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

18. Were the limitations of the study dis-
cussed?

Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Others 19. Were there any funding sources or 
conflicts of interest that may affect the 
authors’ interpretation of the results?

No No No No No No No No Yes Unclear

20. Was ethical approval or consent of par-
ticipants attained?

Yes Yes Yes Yes Yes Unclear Yes Unclear Yes Yes

Overall results - Low Low Low High Low Low Low High Moderate Low
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remaining studies had a low risk of bias. For the detail, most stud-
ies had clear and relevant objectives, although some lacked speci-
ficity regarding how their objectives related to bone density. The 
majority of studies employed appropriate cross-sectional designs, 
but variations in sample sizes and methodologies were noted. 
Many studies had well-defined sampling methods, though some 
had limitations in sample representativeness or size. A range of 
measurement tools were used across the studies, with varying de-
grees of validation and reliability reported. Several studies imple-
mented strategies to minimize bias, but not all provided detailed 
descriptions of these measures. Statistical analyses were generally 
appropriate, although some studies lacked detailed descriptions of 
their analytical methods. The results were reported with varying 
levels of clarity and detail, affecting the interpretability of the find-
ings. Disclosure of funding sources and potential conflicts of inter-
est varied among studies, with some lacking adequate transparen-
cy. These findings are summarized in Table 2, which provides an 
overview of the risk of bias assessment across all included studies.

Overall Outcomes
A summary of the study's findings is presented in Table 2. Con-
cerning the relationship between muscle mass and bone density in 
older adults, four studies found no significant association between 
these variables. However, five studies identified a significant rela-

tionship, with two exhibiting a high risk of bias and one showing a 
moderate risk of bias. Of these, one study reported a strong cor-
relation, two indicated a moderate correlation, and the remaining 
two studies did not provide correlation coefficients. Overall, the 
quality of evidence for this relationship was rated as low, reflecting 
inconsistency in the data supporting these associations.

On the other hand, for the relationship between muscle strength 
and bone density in older adults, four out of seven studies demon-
strated a significant association. Of these four studies, one study 
indicated a strong correlation, two studies showed a weak correla-
tion, and the last one did not report a correlation measurement. 
One of these studies had a high risk of bias. Additionally, three 
studies revealed no significant relationship between muscle 
strength and bone density. Given these varied findings, the quality 
of evidence for the relationship between muscle strength and bone 
density was also rated as low, due to inconsistent results and the 
risk of bias in some studies (Table 3).

DISCUSSION

Our systematic review finds four studies showed a significant rela-
tionship between muscle strength and bone density in older adults. 
Muscle strength influences bone density through various intercon-
nected mechanisms. Mechanical loading, resulting from muscle 
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contractions during weight-bearing activities or resistance exercis-
es, stimulates bone cells to adapt and remodel, enhancing bone 
density and strength over time.60,61) This process is crucial for 
maintaining bone health and preventing age-related bone loss.7) 
Some studies included in our review indicate that individuals with 
higher muscle strength generally exhibit better BMD, particularly 
in weight-bearing bones like the hip and spine.62) This positive cor-
relation underscores the importance of muscle health in maintain-
ing bone integrity and preventing conditions like osteoporosis. For 
instance, strong muscles provide structural support to the skeletal 
system, improving stability and reducing the risk of falls and frac-
tures.63) This is particularly important in older adults at increased 
risk for such injuries. Our findings align with research showing that 
muscle contractions exert mechanical forces on bones and trigger 
the release of growth factors and hormones that influence bone 
metabolism and remodeling processes.61) These signaling path-
ways are vital for maintaining bone homeostasis and structural in-
tegrity. Studies have independently and positively linked muscle 
strength to BMD, emphasizing the significant impact of muscle 
health on bone health.3,4) The decline in muscle strength associat-
ed with aging can lead to reduced physical activity, further exacer-
bating bone density loss. Therefore, interventions aimed at pre-
serving or enhancing muscle strength through regular exercise, 
such as resistance training, are critical not only for muscle function 
but also have the potential for maintaining bone density and over-
all musculoskeletal health.64)

The significant relationship between muscle mass and bone 
density in older adults was found in five of nine studies. Muscle 
mass plays a crucial role in influencing bone density through sever-
al interconnected mechanisms, one of which is the functional mus-
cle-bone unit. Studies indicate that muscle mass exerts mechanical 
loading on bones, stimulating bone cells to adapt and remodel in 

response to these mechanical stresses.9) This mechanical stimula-
tion is critical for triggering bone formation and remodeling, lead-
ing to increased bone density and strength over time. Thus, main-
taining optimal muscle mass through regular physical activity and 
strength training can positively impact bone health by promoting 
bone adaptation and growth.6) Some evidence from our review 
shows that individuals with higher muscle mass generally exhibit 
better BMD, particularly in weight-bearing bones such as the hip 
and spine. This positive correlation highlights the importance of 
muscle mass in maintaining bone health and preventing condi-
tions like osteoporosis.65) Strong muscles provide essential struc-
tural support to the skeletal system, which is crucial for maintain-
ing bone integrity and reducing the risk of fractures. By stabilizing 
the bones and joints, muscle mass enhances overall stability and 
reduces the likelihood of falls and fractures.66) In addition to me-
chanical loading, muscle mass influences bone density through 
hormonal and metabolic pathways. Muscle contractions during 
physical activity trigger the release of growth factors and hormones 
that affect bone metabolism and remodeling processes.67) These 
signaling pathways are vital for maintaining bone homeostasis and 
structural integrity. The studies included in our review demon-
strate a direct and positive relationship between muscle mass and 
BMD, emphasizing the significant impact of muscle health on 
bone health. Furthermore, our review suggests that the relation-
ship between muscle mass and bone density is not solely depen-
dent on mechanical factors but also involves complex biochemi-
cal interactions. Optimizing muscle mass through regular exer-
cise and proper nutrition is essential not only for muscle function 
but also for maintaining bone density and overall musculoskeletal 
health.68,69)

Regarding the inconsistent results about relationship between 
muscle mass and muscle strength with bone density, this can be in-

Table 3. Assessment of quality of the evidence

Assessed parameter Results Number of studies Quality of the evidence 
(GRADE)

Association between muscle mass and 
bone density in older adults

Five studies show a significant association between muscle mass and 
bone density (two studies show a moderate correlation and one study 
shows a strong correlation with two studies having a high risk of bias 
and one showing a moderate risk of bias).

9 (observational) Low

Three studies show there’s no significant association between muscle 
mass and bone density (all studies have low risk of bias).

Association between muscle strength 
and bone density in older adults

Four studies show a significant association between muscle strength 
and bone density with one study showing a strong correlation, two 
studies showing a weak correlation, and one study does not provide 
correlation analysis (one study has a high risk of bias).

7 (observational) Low

Four studies show there is no significant association between muscle 
strength and bone density (one study has a high risk of bias).

GRADE, Grading of Recommendations Assessment, Development, and Evaluation.
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fluence by several factors. Differences in study design, sample size, 
and participant characteristics could contribute to the variability in 
findings. For instance, the studies varied in their assessment meth-
ods for muscle mass, muscle strength, and bone density, which 
may have led to discrepancies in results. Additionally, factors such 
as adiposity and inflammation, which were not uniformly account-
ed for across studies, can influence bone density. Visceral adiposity 
is negatively associated with bone density, highlighting the impact 
of body composition on bone health.70) Chronic low-grade inflam-
mation and hormonal imbalances can predispose individuals to 
poor bone health, emphasizing the importance of addressing un-
derlying health conditions to maintain bone density. For instance, 
conditions such as glucocorticoid therapy and growth disorders 
can significantly impact bone density in specific populations.65) 
Furthermore, lifestyle factors such as physical activity, nutrition, 
and weight status play a substantial role in bone density. Exercise, 
particularly weight-bearing activities and strength training, is cru-
cial for maintaining bone density and reducing the risk of osteopo-
rosis.71) Dietary protein intake is also linked to bone health, with 
muscle mass acting as a mediating factor.72) Addressing these life-
style factors through targeted interventions can help mitigate the 
risk of osteoporosis and fractures in older adults. In summary, the 
relationship between muscle mass, muscle strength, and bone den-
sity is complex and influenced by a variety of factors. By addressing 
these determinants through a comprehensive approach, we can 
improve bone health and reduce the risk of osteoporosis in older 
adults.

The quality of the included studies varied, as revealed by the 
AXIS tool’s risk of bias assessment. While some studies demon-
strated strong methodological rigor, others exhibited potential bi-
ases, particularly in selection bias and measurement methods. Two 
studies indicated a high risk of bias, mainly due to inadequate sam-
ple selection processes and lack of control for confounding vari-
ables. The overall quality of evidence revealed that the evidence 
supporting the relationship between muscle mass, muscle strength, 
and bone density is of low quality, primarily due to inconsistencies 
in the results and the presence of bias in some studies. These lim-
itations highlight the need for future research with more rigorous 
designs, larger sample sizes, and standardized measurement meth-
ods to clarify these relationships.

This review has certain limitations due to the inclusion of only 
observational studies, which inherently carry a higher risk of bias 
compared to randomized controlled trials. Potential biases include 
selection bias, information bias, and confounding, all of which 
could influence the observed associations. Despite these limita-
tions, we used the AXIS tool and the GRADE framework to sys-
tematically evaluate the quality and risk of bias in the included 

studies. Additionally, significant heterogeneity was observed 
among the studies, including differences in participant characteris-
tics, measurement methods, and statistical approaches. This vari-
ability precluded the possibility of conducting a meta-analysis, and 
as a result, the review relied on qualitative synthesis. This approach 
limits our ability to provide precise quantitative summaries of the 
relationships between muscle mass, muscle strength, and bone 
density in older adults. These limitations underscore the need for 
caution when interpreting the findings and highlight the necessity 
for future research that employs more rigorous designs, larger sam-
ple sizes, and standardized measurement methods. Despite these 
constraints, this review contributes valuable insights into the com-
plex relationship between muscle mass, muscle strength, and bone 
density in older adults. The findings provide new scientific evi-
dence that can inform clinical practice, particularly in evaluating 
low muscle strength or low muscle mass as potential risk factors for 
osteoporosis.

In conclusion, this systematic review explored the relationship 
between muscle mass, muscle strength, and bone density in older 
adults. The findings suggest a complex and inconsistent relation-
ship across studies. In terms of muscle mass and bone density, sev-
eral studies reported significant associations, while others found 
no significant correlation, leading to a low-quality grade due to in-
consistency and varying risk of bias. Similarly, when examining 
muscle strength and bone density, the results were mixed, with 
some studies demonstrating significant correlations while others 
did not. The inconsistency and low-quality grade of evidence un-
derscore the need for caution in drawing definitive conclusions. 
These discrepancies highlight the importance of further research, 
particularly longitudinal studies with standardized methodologies, 
to better understand the impact of muscle mass and muscle 
strength on bone density in older adults.

ACKNOWLEDGMENTS

We are grateful to the researchers, clinicians, and participants who 
contributed to the studies referenced in this review. Their signifi-
cant efforts have played a crucial role in enhancing our understand-
ing of the relationship between muscle mass and muscle strength 
with bone density in older adult populations.

CONFLICT OF INTEREST
The researchers claim no conflicts of interest.

FUNDING
None.

Ann Geriatr Med Res 2025;29(1):1-14

11Muscle Mass and Muscle Strength with Bone Density



AUTHOR CONTRIBUTIONS
Conceptualization, NR, SD, MR; Data curation, BI; Funding ac-
quisition, NR; Investigation, NR, SD, MR; Methodology, NR, SD, 
MR; Project administration, BI; Supervision, SD, MR; Formal 
analysis, NR, BI; Writing-original draft, NR, BI; Writing-review & 
editing, NR, BI.

REFERENCES

1. Qi H, Sheng Y, Chen S, Wang S, Zhang A, Cai J, et al. Bone min-
eral density and trabecular bone score in Chinese subjects with 
sarcopenia. Aging Clin Exp Res 2019;31:1549-56. 

2. Lang TF. The bone-muscle relationship in men and women. J 
Osteoporos 2011;2011:702735.

3. Pfeifer M, Begerow B, Minne HW, Schlotthauer T, Pospeschill 
M, Scholz M, et al. Vitamin D status, trunk muscle strength, 
body sway, falls, and fractures among 237 postmenopausal wom-
en with osteoporosis. Exp Clin Endocrinol Diabetes 2001; 
109:87-92. 

4. Di Monaco M, Di Monaco R, Manca M, Cavanna A. Handgrip 
strength is an independent predictor of distal radius bone miner-
al density in postmenopausal women. Clin Rheumatol 
2000;19:473-6. 

5. Patino-Villada FA, Gonzalez-Bernal JJ, Gonzalez-Santos J, de Paz 
JA, Jahouh M, Mielgo-Ayuso J, et al. Relationship of body com-
position with the strength and functional capacity of people over 
70 years. Int J Environ Res Public Health 2020;17:7767.

6. Proctor DN, Melton LJ, Khosla S, Crowson CS, O’Connor MK, 
Riggs BL. Relative influence of physical activity, muscle mass 
and strength on bone density. Osteoporos Int 2000;11:944-52. 

7. Patel A, Edwards MH, Jameson KA, Ward KA, Fuggle N, Coo-
per C, et al. Longitudinal change in peripheral quantitative com-
puted tomography assessment in older adults: the Hertfordshire 
cohort study. Calcif Tissue Int 2018;103:476-82. 

8. Greco EA, Pietschmann P, Migliaccio S. Osteoporosis and sarco-
penia increase frailty syndrome in the elderly. Front Endocrinol 
(Lausanne) 2019;10:255.

9. Edwards MH, Dennison EM, Aihie Sayer A, Fielding R, Cooper 
C. Osteoporosis and sarcopenia in older age. Bone 2015;80:126-
30. 

10. Hong AR, Kim SW. Effects of resistance exercise on bone health. 
Endocrinol Metab (Seoul) 2018;33:435-44. 

11. Binkley N, Krueger D, Buehring B. What’s in a name revisited: 
should osteoporosis and sarcopenia be considered components 
of “dysmobility syndrome?”. Osteoporos Int 2013;24:2955-9. 

12. Inaba M, Okuno S, Ohno Y. Importance of considering malnu-
trition and sarcopenia in order to improve the QOL of elderly 

hemodialysis patients in Japan in the era of 100-year life. Nutri-
ents 2021;13:2377.

13. Yu C, Du Y, Peng Z, Ma C, Fang J, Ma L, et al. Research advances 
in crosstalk between muscle and bone in osteosarcopenia (Re-
view). Exp Ther Med 2023;25:189.

14. Shafiee G, Aryan AS, Maleki Birjandi S, Zargar Balajam N, Sharifi 
F, Ostovar A, et al. Overlap between osteosarcopenia and frailty 
and their association with poor health conditions: the Bushehr 
elderly health program. Ann Geriatr Med Res 2024;28:219-27. 

15. McLean RR, Kiel DP. Developing consensus criteria for sarcope-
nia: an update. J Bone Miner Res 2015;30:588-92. 

16. Park SW, Goodpaster BH, Strotmeyer ES, Kuller LH, Broudeau 
R, Kammerer C, et al. Accelerated loss of skeletal muscle 
strength in older adults with type 2 diabetes: the health, aging, 
and body composition study. Diabetes Care 2007;30:1507-12. 

17. Riviati N, Indra B. Relationship between muscle mass and mus-
cle strength with physical performance in older adults: a system-
atic review. SAGE Open Med 2023;11:20503121231214650.

18. Figueroa A, Jaime SJ, Alvarez-Alvarado S. Whole-body vibration 
as a potential countermeasure for dynapenia and arterial stiff-
ness. Integr Med Res 2016;5:204-11. 

19. Aarden JJ, van der Schaaf M, van der Esch M, Reichardt LA, van 
Seben R, Bosch JA, et al. Muscle strength is longitudinally asso-
ciated with mobility among older adults after acute hospitaliza-
tion: the Hospital-ADL study. PLoS One 2019;14:e0219041. 

20. Szulc P, Feyt C, Chapurlat R. High risk of fall, poor physical func-
tion, and low grip strength in men with fracture: the STRAMBO 
study. J Cachexia Sarcopenia Muscle 2016;7:299-311. 

21. Li R, Xia J, Zhang XI, Gathirua-Mwangi WG, Guo J, Li Y, et al. 
Associations of muscle mass and strength with all-cause mortali-
ty among US older adults. Med Sci Sports Exerc 2018;50:458-
67. 

22. Sten KA, Hojgaard EE, Backe MB, Pedersen ML, Skovgaard N, 
Andersen S, et al. The prevalence of patients treated for osteopo-
rosis in Greenland is low compared to Denmark. Int J Circum-
polar Health 2022;81:2078473.

23. Zanker J, Duque G. Osteoporosis in older persons: old and new 
players. J Am Geriatr Soc 2019;67:831-40. 

24. Ek S, Meyer AC, Saaf M, Hedstrom M, Modig K. Secondary 
fracture prevention with osteoporosis medication after a fragility 
fracture in Sweden remains low despite new guidelines. Arch 
Osteoporos 2023;18:107.

25. Majumdar SR, Johnson JA, McAlister FA, Bellerose D, Russell 
AS, Hanley DA, et al. Multifaceted intervention to improve diag-
nosis and treatment of osteoporosis in patients with recent wrist 
fracture: a randomized controlled trial. CMAJ 2008;178:569-
75. 

www.e-agmr.org

12 Nur Riviati et al.

https://doi.org/10.1007/s40520-019-01266-8
https://doi.org/10.1007/s40520-019-01266-8
https://doi.org/10.1007/s40520-019-01266-8
https://doi.org/10.4061/2011/702735
https://doi.org/10.4061/2011/702735
https://doi.org/10.1055/s-2001-14831
https://doi.org/10.1055/s-2001-14831
https://doi.org/10.1055/s-2001-14831
https://doi.org/10.1055/s-2001-14831
https://doi.org/10.1055/s-2001-14831
https://doi.org/10.1007/s100670070009
https://doi.org/10.1007/s100670070009
https://doi.org/10.1007/s100670070009
https://doi.org/10.1007/s100670070009
https://doi.org/10.3390/ijerph17217767
https://doi.org/10.3390/ijerph17217767
https://doi.org/10.3390/ijerph17217767
https://doi.org/10.3390/ijerph17217767
https://doi.org/10.1007/s001980070033
https://doi.org/10.1007/s001980070033
https://doi.org/10.1007/s001980070033
https://doi.org/10.1007/s00223-018-0442-0
https://doi.org/10.1007/s00223-018-0442-0
https://doi.org/10.1007/s00223-018-0442-0
https://doi.org/10.1007/s00223-018-0442-0
https://doi.org/10.3389/fendo.2019.00255
https://doi.org/10.3389/fendo.2019.00255
https://doi.org/10.3389/fendo.2019.00255
https://doi.org/10.1016/j.bone.2015.04.016
https://doi.org/10.1016/j.bone.2015.04.016
https://doi.org/10.1016/j.bone.2015.04.016
https://doi.org/10.3803/enm.2018.33.4.435
https://doi.org/10.3803/enm.2018.33.4.435
https://doi.org/10.1007/s00198-013-2427-1
https://doi.org/10.1007/s00198-013-2427-1
https://doi.org/10.1007/s00198-013-2427-1
https://doi.org/10.3390/nu13072377
https://doi.org/10.3390/nu13072377
https://doi.org/10.3390/nu13072377
https://doi.org/10.3390/nu13072377
https://doi.org/10.3892/etm.2023.11888
https://doi.org/10.3892/etm.2023.11888
https://doi.org/10.3892/etm.2023.11888
https://doi.org/10.4235/agmr.23.0220
https://doi.org/10.4235/agmr.23.0220
https://doi.org/10.4235/agmr.23.0220
https://doi.org/10.4235/agmr.23.0220
https://doi.org/10.1002/jbmr.2492
https://doi.org/10.1002/jbmr.2492
https://doi.org/10.2337/dc06-2537
https://doi.org/10.2337/dc06-2537
https://doi.org/10.2337/dc06-2537
https://doi.org/10.2337/dc06-2537
https://doi.org/10.1177/20503121231214650
https://doi.org/10.1177/20503121231214650
https://doi.org/10.1177/20503121231214650
https://doi.org/10.1016/j.imr.2016.06.004
https://doi.org/10.1016/j.imr.2016.06.004
https://doi.org/10.1016/j.imr.2016.06.004
https://doi.org/10.1371/journal.pone.0219041
https://doi.org/10.1371/journal.pone.0219041
https://doi.org/10.1371/journal.pone.0219041
https://doi.org/10.1371/journal.pone.0219041
https://doi.org/10.1002/jcsm.12066
https://doi.org/10.1002/jcsm.12066
https://doi.org/10.1002/jcsm.12066
https://doi.org/10.1249/mss.0000000000001448
https://doi.org/10.1249/mss.0000000000001448
https://doi.org/10.1249/mss.0000000000001448
https://doi.org/10.1249/mss.0000000000001448
https://doi.org/10.1080/22423982.2022.2078473
https://doi.org/10.1080/22423982.2022.2078473
https://doi.org/10.1080/22423982.2022.2078473
https://doi.org/10.1080/22423982.2022.2078473
https://doi.org/10.1111/jgs.15716
https://doi.org/10.1111/jgs.15716
https://doi.org/10.1007/s11657-023-01312-z
https://doi.org/10.1007/s11657-023-01312-z
https://doi.org/10.1007/s11657-023-01312-z
https://doi.org/10.1007/s11657-023-01312-z
https://doi.org/10.1503/cmaj.070981
https://doi.org/10.1503/cmaj.070981
https://doi.org/10.1503/cmaj.070981
https://doi.org/10.1503/cmaj.070981
https://doi.org/10.1503/cmaj.070981


26. McArthur C, Lee A, Alrob HA, Adachi JD, Giangregorio L, Grif-
fith LE, et al. An update of the prevalence of osteoporosis, frac-
ture risk factors, and medication use among community-dwell-
ing older adults: results from the Canadian Longitudinal Study 
on Aging (CLSA). Arch Osteoporos 2022;17:31.

27. Tatangelo G, Watts J, Lim K, Connaughton C, Abimanyi-Ochom 
J, Borgstrom F, et al. The cost of osteoporosis, osteopenia, and 
associated fractures in Australia in 2017. J Bone Miner Res 
2019;34:616-25. 

28. Huang L, Zhang C, Xu J, Wang W, Yu M, Jiang F, et al. Function 
of a psychological nursing intervention on depression, anxiety, 
and quality of life in older adult patients with osteoporotic frac-
ture. Worldviews Evid Based Nurs 2021;18:290-8. 

29. Warriner AH, Outman RC, Saag KG, Berry SD, Colon-Emeric 
C, Flood KL, et al. Management of osteoporosis among home 
health and long-term care patients with a prior fracture. South 
Med J 2009;102:397-404. 

30. Kim A, Baek S, Park S, Shin J. Bone mineral density of femur and 
lumbar and the relation between fat mass and lean mass of ado-
lescents: based on Korea National Health and Nutrition Exam-
ination Survey (KNHNES) from 2008 to 2011. Int J Environ 
Res Public Health 2020;17:4471.

31. Taniguchi Y, Makizako H, Kiyama R, Tomioka K, Nakai Y, 
Kubozono T, et al. The association between osteoporosis and 
grip strength and skeletal muscle mass in community-dwelling 
older women. Int J Environ Res Public Health 2019;16:1228.

32. Bosco F, Guarnieri L, Nucera S, Scicchitano M, Ruga S, Carda-
mone A, et al. Pathophysiological aspects of muscle atrophy and 
osteopenia induced by Chronic Constriction Injury (CCI) of 
the sciatic nerve in rats. Int J Mol Sci 2023;24:3765.

33. Patalong-Wojcik M, Golara A, Zajac K, Sokolowska A, Kozlows-
ki M, Toloczko-Grabarek A, et al. Influence of muscle mass and 
strength on bone mineralisation with consideration of sclerostin 
concentration. Biomedicines 2023;11:1574.

34. Martinez V, Saavedra H, Rojas M, Martinez JJ, Posada M, Guz-
man G. Correlation of muscle strength and mass with bone min-
eral density in postmenopausal women. Internal Medicine and 
Medical Investigation Journal 2019;4:16-20. 

35. Pimenta LD, Massini DA, dos Santos D, Vasconcelos CM, Simi-
onato AR, Gomes LA, et al. Bone health, muscle strength and 
lean mass: relationships and exercise recommendations. Rev 
Bras Med Esporte 2019;25:245-51. 

36. Hsu CM, Hsu CC, Wu RW, Huang CC, Chen YC. Interplay be-
tween fat, muscle, bone mass, and oteophytes and risk for topha-
ceous gout. J Investig Med 2023;71:58-61. 

37. Kawao N, Kawaguchi M, Ohira T, Ehara H, Mizukami Y, Takafu-
ji Y, et al. Renal failure suppresses muscle irisin expression, and 

irisin blunts cortical bone loss in mice. J Cachexia Sarcopenia 
Muscle 2022;13:758-71. 

38. Chalhoub D, Boudreau R, Greenspan S, Newman AB, Zmuda J, 
Frank-Wilson AW, et al. Associations between lean mass, muscle 
strength and power, and skeletal size, density and strength in old-
er men. J Bone Miner Res 2018;33:1612-21. 

39. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71.

40. GRADE Working Group. GRADE: from evidence to recom-
mendations [Internet]. Hamilton, Canada: GRADE Working 
Group; 2023 [cited 2023 Jun 14]. Available from: https://www.
gradeworkinggroup.org/.

41. Qin H, Jiao W. Correlation of muscle mass and bone mineral 
density in the NHANES US general population, 2017-2018. 
Medicine (Baltimore) 2022;101:e30735. 

42. Chen F, Su Q, Tu Y, Zhang J, Chen X, Zhao T, et al. Maximal 
muscle strength and body composition are associated with bone 
mineral density in Chinese adult males. Medicine (Baltimore) 
2020;99:e19050. 

43. Cheng L, Wang S. Correlation between bone mineral density 
and sarcopenia in US adults: a population-based study. J Orthop 
Surg Res 2023;18:588.

44. Choi JY, Yang YM. Analysis of the association between osteopo-
rosis and muscle strength in Korean adults: a national cross-sec-
tional study. J Health Popul Nutr 2023;42:97.

45. Han H, Chen S, Wang X, Jin J, Li X, Li Z. Association between 
muscle strength and mass and bone mineral density in the US 
general population: data from NHANES 1999-2002. J Orthop 
Surg Res 2023;18:397.

46. Jang SY, Park J, Ryu SY, Choi SW. Low muscle mass is associated 
with osteoporosis: a nationwide population-based study. Matu-
ritas 2020;133:54-9. 

47. Peres-Ueno MJ, Capato LL, Porto JM, Adao IF, Gomes JM, Her-
rero CF, et al. Association between vertebral fragility fractures, 
muscle strength and physical performance: a cross-sectional 
study. Ann Phys Rehabil Med 2023;66:101680.

48. Liu C, Liu N, Xia Y, Zhao Z, Xiao T, Li H. Osteoporosis and sar-
copenia-related traits: a bi-directional Mendelian randomization 
study. Front Endocrinol (Lausanne) 2022;13:975647.

49. Falsarella GR, Coimbra IB, Barcelos CC, Iartelli I, Montedori 
KT, Santos MN, et al. Influence of muscle mass and bone mass 
on the mobility of elderly women: an observational study. BMC 
Geriatr 2014;14:13.

50. Kim S, Won CW, Kim BS, Choi HR, Moon MY. The association 
between the low muscle mass and osteoporosis in elderly Kore-
an people. J Korean Med Sci 2014;29:995-1000. 

Ann Geriatr Med Res 2025;29(1):1-14

13Muscle Mass and Muscle Strength with Bone Density

https://doi.org/10.1007/s11657-022-01073-1
https://doi.org/10.1007/s11657-022-01073-1
https://doi.org/10.1007/s11657-022-01073-1
https://doi.org/10.1007/s11657-022-01073-1
https://doi.org/10.1007/s11657-022-01073-1
https://doi.org/10.1002/jbmr.3640
https://doi.org/10.1002/jbmr.3640
https://doi.org/10.1002/jbmr.3640
https://doi.org/10.1002/jbmr.3640
https://doi.org/10.1111/wvn.12518
https://doi.org/10.1111/wvn.12518
https://doi.org/10.1111/wvn.12518
https://doi.org/10.1111/wvn.12518
https://doi.org/10.1097/smj.0b013e31819bc1d3
https://doi.org/10.1097/smj.0b013e31819bc1d3
https://doi.org/10.1097/smj.0b013e31819bc1d3
https://doi.org/10.1097/smj.0b013e31819bc1d3
https://doi.org/10.3390/ijerph17124471
https://doi.org/10.3390/ijerph17124471
https://doi.org/10.3390/ijerph17124471
https://doi.org/10.3390/ijerph17124471
https://doi.org/10.3390/ijerph17124471
https://doi.org/10.3390/ijerph16071228
https://doi.org/10.3390/ijerph16071228
https://doi.org/10.3390/ijerph16071228
https://doi.org/10.3390/ijerph16071228
https://doi.org/10.3390/ijms24043765
https://doi.org/10.3390/ijms24043765
https://doi.org/10.3390/ijms24043765
https://doi.org/10.3390/ijms24043765
https://doi.org/10.3390/biomedicines11061574
https://doi.org/10.3390/biomedicines11061574
https://doi.org/10.3390/biomedicines11061574
https://doi.org/10.3390/biomedicines11061574
https://doi.org/10.24200/imminv.v2i4.194
https://doi.org/10.24200/imminv.v2i4.194
https://doi.org/10.24200/imminv.v2i4.194
https://doi.org/10.24200/imminv.v2i4.194
https://doi.org/10.1590/1517-869220192503210258
https://doi.org/10.1590/1517-869220192503210258
https://doi.org/10.1590/1517-869220192503210258
https://doi.org/10.1590/1517-869220192503210258
https://doi.org/10.1136/jim-2022-002407
https://doi.org/10.1136/jim-2022-002407
https://doi.org/10.1136/jim-2022-002407
https://doi.org/10.1002/jcsm.12892
https://doi.org/10.1002/jcsm.12892
https://doi.org/10.1002/jcsm.12892
https://doi.org/10.1002/jcsm.12892
https://doi.org/10.1002/jbmr.3458
https://doi.org/10.1002/jbmr.3458
https://doi.org/10.1002/jbmr.3458
https://doi.org/10.1002/jbmr.3458
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://www.gradeworkinggroup.org/
https://www.gradeworkinggroup.org/
https://doi.org/10.1097/md.0000000000030735
https://doi.org/10.1097/md.0000000000030735
https://doi.org/10.1097/md.0000000000030735
https://doi.org/10.1097/md.0000000000019050
https://doi.org/10.1097/md.0000000000019050
https://doi.org/10.1097/md.0000000000019050
https://doi.org/10.1097/md.0000000000019050
https://doi.org/10.1186/s13018-023-04034-7
https://doi.org/10.1186/s13018-023-04034-7
https://doi.org/10.1186/s13018-023-04034-7
https://doi.org/10.1186/s41043-023-00443-w
https://doi.org/10.1186/s41043-023-00443-w
https://doi.org/10.1186/s41043-023-00443-w
https://doi.org/10.1186/s13018-023-03877-4
https://doi.org/10.1186/s13018-023-03877-4
https://doi.org/10.1186/s13018-023-03877-4
https://doi.org/10.1186/s13018-023-03877-4
https://doi.org/10.1016/j.maturitas.2020.01.003
https://doi.org/10.1016/j.maturitas.2020.01.003
https://doi.org/10.1016/j.maturitas.2020.01.003
https://doi.org/10.1016/j.rehab.2022.101680
https://doi.org/10.1016/j.rehab.2022.101680
https://doi.org/10.1016/j.rehab.2022.101680
https://doi.org/10.1016/j.rehab.2022.101680
https://doi.org/10.3389/fendo.2022.975647
https://doi.org/10.3389/fendo.2022.975647
https://doi.org/10.3389/fendo.2022.975647
https://doi.org/10.1186/1471-2318-14-13
https://doi.org/10.1186/1471-2318-14-13
https://doi.org/10.1186/1471-2318-14-13
https://doi.org/10.1186/1471-2318-14-13
https://doi.org/10.3346/jkms.2014.29.7.995
https://doi.org/10.3346/jkms.2014.29.7.995
https://doi.org/10.3346/jkms.2014.29.7.995


51. Singh H, Kim D, Bemben MG, Bemben DA. Relationship be-
tween muscle performance and DXA-derived bone parameters 
in community-dwelling older adults. J Musculoskelet Neuronal 
Interact 2017;17:50-8. 

52. Kim KM, Lim S, Oh TJ, Moon JH, Choi SH, Lim JY, et al. Lon-
gitudinal changes in muscle mass and strength, and bone mass in 
older adults: gender-specific associations between muscle and 
bone losses. J Gerontol A Biol Sci Med Sci 2018;73:1062-9. 

53. da Cruz Siqueira LO, Machado CF, Siminato AR, Sancassani A, 
dos Santos LG, Gomes LA, et al. Regional body composition 
and muscle strength are related to bone mineral content in elder-
ly. Rev Bras Med Esporte 2018;24:366-71.

54. Alonso AC, Goncalves TA, Almeida JK, Machado-Lima A, Er-
nandes RC, Greve JM, et al. Relationship between bone mineral 
density and body composition in elderly. Acta Ortop Bras 
2018;26:27-9. 

55. Walowski CO, Herpich C, Enderle J, Braun W, Both M, Hasler 
M, et al. Determinants of bone mass in older adults with normal- 
and overweight derived from the crosstalk with muscle and adi-
pose tissue. Sci Rep 2023;13:5030.

56. Gandham A, Mesinovic J, Cervo MM, Glavas C, Jansons P, Ng 
CA, et al. Associations of body mass index, body fat percentage 
and sarcopenia components with bone health estimated by sec-
ond-generation high-resolution peripheral quantitative comput-
ed tomography in older adults with obesity. Exp Gerontol 
2023;179:112227.

57. Ma Y, Fu L, Jia L, Han P, Kang L, Yu H, et al. Muscle strength 
rather than muscle mass is associated with osteoporosis in older 
Chinese adults. J Formos Med Assoc 2018;117:101-8. 

58. Nonaka K, Murata S, Nakano H, Anami K, Shiraiwa K, Abiko T, 
et al. Association of low bone mass with decreased skeletal mus-
cle mass: a cross-sectional study of community-dwelling older 
women. Healthcare (Basel) 2020;8:343.

59. Chua SK, Singh DK, Zubir K, Chua YY, Rajaratnam BS, 
Mokhtar SA. Relationship between muscle strength, physical 
performance, quality of life and bone mineral density among 
postmenopausal women at risk of osteoporotic fractures. Sci Eng 
Health Stud 2020;14:8-21.

60. Gregson CL, Hartley A, Majonga E, McHugh G, Crabtree N, 
Rukuni R, et al. Older age at initiation of antiretroviral therapy 
predicts low bone mineral density in children with perinatally-in-

fected HIV in Zimbabwe. Bone 2019;125:96-102. 
61. Tanaka KI, Xue Y, Nguyen-Yamamoto L, Morris JA, Kanazawa I, 

Sugimoto T, et al. FAM210A is a novel determinant of bone and 
muscle structure and strength. Proc Natl Acad Sci U S A 2018; 
115:E3759-68. 

62. Burt LA, Schipilow JD, Boyd SK. Competitive trampolining in-
fluences trabecular bone structure, bone size, and bone strength. 
J Sport Health Sci 2016;5:469-75. 

63. van den Beld AW, Blum WF, Pols HA, Grobbee DE, Lamberts 
SW. Serum insulin-like growth factor binding protein-2 levels as 
an indicator of functional ability in elderly men. Eur J Endocrinol 
2003;148:627-34. 

64. Taaffe DR, Cauley JA, Danielson M, Nevitt MC, Lang TF, Bauer 
DC, et al. Race and sex effects on the association between mus-
cle strength, soft tissue, and bone mineral density in healthy el-
ders: the Health, Aging, and Body Composition Study. J Bone 
Miner Res 2001;16:1343-52. 

65. Bechtold S, Dalla Pozza R, Schwarz HP, Simon D. Effects of 
growth hormone treatment in juvenile idiopathic arthritis: bone 
and body composition. Horm Res 2009;72 Suppl 1:60-4. 

66. Fricke O, Beccard R, Semler O, Schoenau E. Analyses of muscu-
lar mass and function: the impact on bone mineral density and 
peak muscle mass. Pediatr Nephrol 2010;25:2393-400. 

67. Arounleut P, Bialek P, Liang LF, Upadhyay S, Fulzele S, Johnson 
M, et al. A myostatin inhibitor (propeptide-Fc) increases muscle 
mass and muscle fiber size in aged mice but does not increase 
bone density or bone strength. Exp Gerontol 2013;48:898-904. 

68. Hamrick MW. A role for myokines in muscle-bone interactions. 
Exerc Sport Sci Rev 2011;39:43-7. 

69. Mo C, Du Y, O’Connell TM. Applications of lipidomics to 
age-related musculoskeletal disorders. Curr Osteoporos Rep 
2021;19:151-7. 

70. Abshire DA, Moser DK, Clasey JL, Chung ML, Pressler SJ, Dun-
bar SB, et al. Body composition and bone mineral density in pa-
tients with heart failure. West J Nurs Res 2017;39:582-99. 

71. Zhang P, Peterson M, Su GL, Wang SC. Visceral adiposity is neg-
atively associated with bone density and muscle attenuation. Am 
J Clin Nutr 2015;101:337-43. 

72. Johansson J, Hult A, Morseth B, Nordstrom A, Nordstrom P. 
Self-reported protein intake and properties of bone in communi-
ty-dwelling older individuals. Arch Osteoporos 2018;13:10.

www.e-agmr.org

14 Nur Riviati et al.

https://www.ncbi.nlm.nih.gov/pubmed/28574411
https://www.ncbi.nlm.nih.gov/pubmed/28574411
https://www.ncbi.nlm.nih.gov/pubmed/28574411
https://www.ncbi.nlm.nih.gov/pubmed/28574411
https://doi.org/10.1093/gerona/glx188
https://doi.org/10.1093/gerona/glx188
https://doi.org/10.1093/gerona/glx188
https://doi.org/10.1093/gerona/glx188
https://doi.org/10.1590/1413-785220182601182340
https://doi.org/10.1590/1413-785220182601182340
https://doi.org/10.1590/1413-785220182601182340
https://doi.org/10.1590/1413-785220182601182340
https://doi.org/10.1038/s41598-023-31642-4
https://doi.org/10.1038/s41598-023-31642-4
https://doi.org/10.1038/s41598-023-31642-4
https://doi.org/10.1038/s41598-023-31642-4
https://doi.org/10.1016/j.exger.2023.112227
https://doi.org/10.1016/j.exger.2023.112227
https://doi.org/10.1016/j.exger.2023.112227
https://doi.org/10.1016/j.exger.2023.112227
https://doi.org/10.1016/j.exger.2023.112227
https://doi.org/10.1016/j.exger.2023.112227
https://doi.org/10.1016/j.jfma.2017.03.004
https://doi.org/10.1016/j.jfma.2017.03.004
https://doi.org/10.1016/j.jfma.2017.03.004
https://doi.org/10.3390/healthcare8030343
https://doi.org/10.3390/healthcare8030343
https://doi.org/10.3390/healthcare8030343
https://doi.org/10.3390/healthcare8030343
https://doi.org/10.1016/j.bone.2019.05.012
https://doi.org/10.1016/j.bone.2019.05.012
https://doi.org/10.1016/j.bone.2019.05.012
https://doi.org/10.1016/j.bone.2019.05.012
https://doi.org/10.1073/pnas.1719089115
https://doi.org/10.1073/pnas.1719089115
https://doi.org/10.1073/pnas.1719089115
https://doi.org/10.1073/pnas.1719089115
https://doi.org/10.1016/j.jshs.2015.01.007
https://doi.org/10.1016/j.jshs.2015.01.007
https://doi.org/10.1016/j.jshs.2015.01.007
https://doi.org/10.1530/eje.0.1480627
https://doi.org/10.1530/eje.0.1480627
https://doi.org/10.1530/eje.0.1480627
https://doi.org/10.1530/eje.0.1480627
https://doi.org/10.1359/jbmr.2001.16.7.1343
https://doi.org/10.1359/jbmr.2001.16.7.1343
https://doi.org/10.1359/jbmr.2001.16.7.1343
https://doi.org/10.1359/jbmr.2001.16.7.1343
https://doi.org/10.1359/jbmr.2001.16.7.1343
https://doi.org/10.1159/000229766
https://doi.org/10.1159/000229766
https://doi.org/10.1159/000229766
https://doi.org/10.1007/s00467-010-1517-y
https://doi.org/10.1007/s00467-010-1517-y
https://doi.org/10.1007/s00467-010-1517-y
https://doi.org/10.1016/j.exger.2013.06.004
https://doi.org/10.1016/j.exger.2013.06.004
https://doi.org/10.1016/j.exger.2013.06.004
https://doi.org/10.1016/j.exger.2013.06.004
https://doi.org/10.1097/jes.0b013e318201f601
https://doi.org/10.1097/jes.0b013e318201f601
https://doi.org/10.1007/s11914-021-00656-0
https://doi.org/10.1007/s11914-021-00656-0
https://doi.org/10.1007/s11914-021-00656-0
https://doi.org/10.1177/0193945916658885
https://doi.org/10.1177/0193945916658885
https://doi.org/10.1177/0193945916658885
https://doi.org/10.3945/ajcn.113.081778
https://doi.org/10.3945/ajcn.113.081778
https://doi.org/10.3945/ajcn.113.081778
https://doi.org/10.1007/s11657-018-0421-0
https://doi.org/10.1007/s11657-018-0421-0
https://doi.org/10.1007/s11657-018-0421-0

	INTRODUCTION
	MATERIALS AND METHODS
	Search Strategy
	Eligibility Criteria
	Risk of Bias Assessment
	Quality Assessment

	RESULTS
	Study Selection and Characteristics
	Risk of Bias Assessment
	Overall Outcomes

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	FUNDING
	AUTHOR CONTRIBUTIONS

	REFERENCES

