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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.”’ Research has consistently demonstrated significant
age-related losses in bone and muscle tissues during adulthood.”
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.‘%) 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.” Moreover, a simul-
taneous decline in muscle strength and BMD has been observed in
older age, indicating a close association between these factors.”
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.” 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.” 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.” 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.m) Older
adults, particularly those with frailty, are more likely to have con-
current osteoporosis and sarcopenia, further increasing their risk
of disease-related complications."” This combination can lead to a
higher susceptibility to falls, fractures, and disability, significantly
affecting the quality of life and independence of older adults.””
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.””'” 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."” 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."”
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.”"" Preserving muscle strength is particularly vital for older
adults as it is longitudinally associated with mobility and physical
function.'” Studies have shown that higher muscle mass and
strength are correlated with improved bone microarchitecture and
a reduced risk of fractures.”” 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.””

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.”” 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.”” The occurrence of fragility fractures, caused by

low-energy trauma, often indicates underlying osteoporosis and
poses a significant risk for subsequent fractures.”” Studies have
shown that individuals with low BMD are at a higher risk of frac-
tures, particularly in the hip, spine, and wrist.”” 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.zs) 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.” The burden of osteoporosis-related fractures is substantial,
leading to increased healthcare costs, extended treatment, and spe-
cialized medical care.”” 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.”” 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.z())

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.w) The mechanical forces generated by mus-
cle contractions during physical activity are vital for maintaining
bone health, especially in weight-bearing bones.* Lack of me-
chanical loading, as seen in cases of immobility, can lead to muscle
atrophy and osteoporosis.”” 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.*" The relationship between muscle mass and
BMD is not solely mechanical; metabolic and hormonal factors
also play significant roles in modulating this interaction.” 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.” Additionally, myokines
like irisin can have protective effects on bone, further highlighting
the complex biochemical crosstalk between muscle and bone tis-
sues.”

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.”” 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
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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."” 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
areduction 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-
49) After all, 13 articles remained
that fulfilled our criteria for inclusion in this review. Articles that

ies with a mean age of < 60 years.

lacked the measurement of relationships between muscle mass,
muscle strength, and bone density were excluded.”*” 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,”'sz) two in Brazil,53’54) and one in Ger-
many,”” Australia,’” China,” Japan,” and Malaysia."” 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.”*****” The remaining study used quantitative ultrasound
to measure bone density.”” 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."*”
Additionally, knee extension and one-repetition maximum (1RM)
tests were employed as measures of muscle strength.sz’sg) Muscle
mass assessments varied across the studies, but DXA emerged as
the most frequently used method, applied in six studies.”***”
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,””*" one study a moderate risk of bias,” and the

www.e-agmr.org


https://www.mendeley.com/release-notes-reference-manager/
https://www.mendeley.com/release-notes-reference-manager/

Muscle Mass and Muscle Strength with Bone Density 5

Table 1. Risk of bias assessment using Appraisal Tool for Cross-Sectional Studies (AXIS)

Study index number
Question
1 2 3 4 S 6 7 8 9 10
Introduction 1. Were the aims/objectives of the study Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
clear?
Materialsand 2. Was the study design appropriate forthe ~ Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Methods stated aim(s)?
3. Was the sample size justified? Unclear Unclear Unclear Unclear Yes  Unclear Unclear Unclear Unclear  Yes
4. Was the target/reference population Yes Yes Yes Yes Yes Yes Yes No No Yes
clearly defined? (Is it clear who the re-
search was about?)
5. Was the sample frame taken fromanap- ~ Yes Yes Yes No Yes Yes Yes No  Unclear  Yes
propriate population base so that it
closely represented the target/reference
population under investigation?
6. Was the selection process likely to select ~ Yes Yes Yes No Yes Yes Yes No Unclear  Yes
subjects/participants that were represen-
tative of the target/reference population
under investigation?
7. Were measures undertaken to address ~ Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear
and categorize non-responders?
8. Were the risk factors and outcome vari-  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ables measured appropriate to the aims
of the study?
9. Were the risk factor and outcome vari- Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ables measured correctly using instru-
ments/measurements that had been tri-
aled, piloted, or published previously?
10. Is it clear what was used to determine Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
statistical significance and/or precision
estimates? (e.g, p-values, confidence in-
tervals)
11. Were the methods (including statisti- Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
cal methods) sufficiently described to
enable them to be repeated?
Results 12. Were the basic data adequately de- Yes Yes Yes No Yes Yes Yes No Yes Yes
scribed?
13. Does the response rate raise concerns  Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear
about non-response bias?
14. If appropriate, was information about  Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear
non-responders described?
1S. Were the results internally consistent? ~ Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
16. Were the results presented for all the Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
analyses described in the methods?
Discussion 17. Were the authors’ discussions and con- ~ Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
clusions justified by the results?
18. Were the limitations of the study dis- Yes Yes Yes Yes Yes Yes Yes No Yes Yes
cussed?
Others 19. Were there any funding sources or No No No No No No No No Yes  Unclear
conflicts of interest that may affect the
authors’ interpretation of the results?
20. Was ethical approval or consent of par-  Yes Yes Yes Yes Yes  Unclear Yes Unclear  Yes Yes
ticipants attained?
Overallresults - Low Low Low  High  Low Low Low  High Moderate Low
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S
=
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(186 articles) (1,069 articles) (52 articles)
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£ (48 articles) (421 articles) (19 articles)
wv
v v v
Title screening Title screening Title screening
(10 articles) (6 articles) (8 articles)
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=) Total articles after removing eligible studies and same article N No full text
= (13 articles) " (3 articles)
=
5 v
S o . . . . . .
S g Articles included in review after reading full articles
- (10 articles)

Fig. 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart.

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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Table 3. Assessment of quality of the evidence

: ality of the evid
Assessed parameter Results Number of studies Qu ?SRAE;? ence
Association between muscle mass and  Five studies show a significant association between muscle mass and 9 (observational) Low
bone density in older adults 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).
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 ~ Four studies show a significant association between muscle strength 7 (observational) Low

and bone density in older adults

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).

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.

contractions during weight-bearing activities or resistance exercis-
es, stimulates bone cells to adapt and remodel, enhancing bone
density and strength over time.”"" This process is crucial for
maintaining bone health and preventing age-related bone loss.”
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.ﬁz) 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.”” 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.””’ 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.”” 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.*”

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.” 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.é) 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.”” 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.”” 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.” 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. """

Regarding the inconsistent results about relationship between
muscle mass and muscle strength with bone density, this can be in-
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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.”” 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.”
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.”” Dietary protein intake is also linked to bone health, with
muscle mass acting as a mediating factor.”” 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

Muscle Mass and Muscle Strength with Bone Density 11

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 aresult, 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.
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