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Abstract 

Background  Osteoporosis is a progressive degenerative bone condition leading to increased fracture risk. There-
fore, osteoporosis acknowledges around 200 million cases, with about 70% of the cases occurring in postmeno-
pausal women. Medicaments are often suggested to treat osteoporotic conditions, but physical exercise also plays 
an essential role. The current literature highlights multicomponent training (MCT) and high-intensity and high-impact 
exercises as physical exercise interventions that positively affect postmenopausal women’s bone health. Furthermore, 
there is prior evidence of systematic reviews about the positive effects of both methods on the bone health of this 
population. Despite this prior evidence, no systematic reviews with metanalytic methods compare the effectiveness 
of the two interventions.

Methods  and analysis.

The study will follow the guidelines of PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
and was registered at the International Prospective Register of Systematic Reviews (PROSPERO) under the registra-
tion number (CRD42024604930). This systematic review and meta-analysis will include only randomized controlled 
clinical trials (RCTs), which have verified the effects of one or both physical exercise methods on postmenopausal 
women’s bone mineral density (BMD). The systematic search will be implemented at eight electronic databases, 
namely PubMed/MEDLINE, Web of Science (WoS), EBSCO, Cochrane Central Register of Controlled Trials (CENTRAL), 
Scopus, CINAHL, and SPORTDiscus, which will be used to retrieve the data of interest. The RCTs’ risk of bias (RoB) will 
be assessed with the RoB 2 Cochrane tool, and between-study heterogeneity will be checked through the analysis 
of Half-Cauchy distribution. Additionally, a network meta-analysis will be applied to compare the between-studies 
dose–response on the patients’ bone health. The final database search was completed on January 18, 2025.
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Discussion  In this study, we hope to find consistent results about the effects of MCT and HIIT in postmenopausal 
women with osteoporosis. Therefore, we also expect to observe between-intervention effects after the network 
meta-analysis approaches. A Bayesian network meta-analysis will be conducted using Markov Chain Monte Carlo 
simulations. Exercise dose will be modeled in METs-min/week to explore dose–response relationships. The devi-
ance information criterion (DIC) will be used to compare model fit. Confidence in the results will be evaluated using 
the CINeMA framework. This way, this study will significantly impact this field of knowledge.

Ethics and dissemination.

The design of this review protocol did not involve patients.

Systematic review registration: PROSPERO CRD42024604930.

Introduction
Osteoporosis is a condition defined by decreased bone 
density and degradation of bone microarchitecture, lead-
ing to increased fragility and susceptibility to fractures. 
The disease can affect various regions of the skeleton, 
being diagnosed and classified according to the degree 
of bone loss and history of previous fractures [1]. With 
an estimated global prevalence of 200 million cases, 
osteoporosis constitutes a significant public health prob-
lem, with considerable economic repercussions [2, 3]. 
Approximately 70% of cases occur in women in the post-
menopausal phase [1, 4].

Osteoporosis is a widely prevalent condition and is 
expected to increase in the coming years. It is estimated 
that about 30% of women in Europe and the USA have 
osteoporosis, and at least 40% of these women will suf-
fer one or more fractures related to the disease in their 
lifetime. The consequences of this condition include a 
significant reduction in quality of life, compromising 
functional capacity, independence, and mobility. Addi-
tionally, osteoporosis represents a significant risk to life, 
as one in every three people dies within 12 months after a 
hip fracture [5].

The primary treatment for osteoporosis usually 
includes medications aimed at increasing BMD. How-
ever, exercises play an essential role in reducing other risk 
factors associated with falls and fractures, such as mus-
cle weakness, loss of balance, and decreased functional 
capacity. In order for exercises to provide these benefits, 
it is crucial that they are correctly prescribed and that the 
patient maintains proper adherence to the program [5]. 
Regular physical activity can help minimize bone loss and 
reduce the frequency of falls and fractures [6].

Although there are studies investigating the benefits of 
physical exercise for osteoporosis [7, 8], there is a scarcity 
of specific research on the effects of MCT and HIIT in 
treating osteoporosis in postmenopausal women. A com-
prehensive search in the literature revealed only two sys-
tematic reviews with this.

type of intervention in the studied population. The 
first one analyzed the effects of HIIT on bone health, 

but presented limitations, such as consulting a restricted 
number of databases and the absence of meta-analyses 
[9]. The second review focused on MCT, but used mixed 
samples of middle-aged and older women, without con-
ducting subgroup analyses by the participants’ age [10]. 
Therefore, there is a clear need for studies that include 
complementary analyses and more robust search strate-
gies, overcoming the limitations of previous works. In 
face of the limitations identified in previous studies, the 
need for more in-depth research using broader search 
strategies and complementary analyses is evident. Future 
investigations should focus on the role of MCT and HIIT 
in preventing fractures and improving bone health in 
postmenopausal women with osteoporosis. Furthermore, 
despite the importance of diagnostic methods such as 
dual-energy X-ray absorptiometry (DXA) and tools such 
as fracture risk assessment (FRAX), few studies analyze 
these parameters together in the context of physical exer-
cise [9, 10]. Therefore, more research is essential to clar-
ify the effects of these interventions and provide a solid 
scientific basis for treatment and prevention strategies in 
postmenopausal women with osteoporosis.

Methods
Study registration
The protocol of this study followed the guidelines of 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) [11]. The study protocol 
was prior registered at the International prospective reg-
ister of systematic reviews (PROSPERO) under the regis-
tration number CRD42024604930.

Eligible criteria for study selection
Types of studies
RCTs reviewed by peers and published in English lan-
guage will be included in the search, since most of the 
relevant literature is published in that language, thus 
ensuring greater scope and reliability for the study. 
Although the inclusion will be restricted to studies 
published in English, we acknowledge the potential 
for language bias. This decision was based on practical 
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considerations, such as the team’s linguistic expertise and 
the predominance of high-quality evidence published in 
English in international peer-reviewed journals. None-
theless, the limitations imposed by language restric-
tions—particularly the risk of omitting relevant studies 
published in other languages—will be addressed in the 
discussion and considered during the interpretation of 
findings, as emphasized by Moher et al. [12], Sterne et al. 
[13], Jackson and Kuriyama [14], and Busse et al. [15].

Grey literature was excluded, as the studies included in 
the academic repository could still not be peer-reviewed 
articles. A wide collection of peer-reviewed studies is 
already available. The exclusion of grey literature was 
motivated by the aim to focus on peer-reviewed studies, 
which typically undergo more rigorous methodological 
scrutiny. However, we recognize that this approach may 
increase the risk of publication bias and potentially over-
estimate effect sizes. This limitation will be critically dis-
cussed in the final interpretation of results. The impact of 
excluding non-peer-reviewed sources has been well doc-
umented in previous methodological research [16–20], 
reinforcing the need for transparency in this decision.

Types of participants
The eligible participants will be postmenopausal women, 
defined as those who have experienced the permanent 
cessation of menstruation for at least 12 consecutive 
months. Although inclusion is based on menopausal sta-
tus rather than chronological age, it is expected that most 
participants will be 45 years or older, as consistent with 
epidemiological norms for postmenopausal onset. Partic-
ipants must also present a bone mineral density (BMD) 
T-score of less than or equal to − 2.5 to be considered 
eligible. The inclusion criteria will be strictly limited to 
females, focusing exclusively on postmenopausal women. 
Studies that include both men and women will be 
excluded. However, there will be no restrictions regard-
ing ethnicity, severity of symptoms, or disease duration.

Types of interventions and comparators
We will include treatments in which osteoporosis has 
been diagnosed based on BMD measured only with gold 
standard equipment, i.e., DXA [21]. The study compares 
the effects of two types of exercise interventions—high-
intensity interval training (HIIT) and multicomponent 
training (MCT)—on this condition [22, 23]. Interven-
tions must have a duration of at least 8  months. HIIT 
sessions are characterized by alternating short bouts of 
high-intensity exercise, performed at ≥ 80% of maximum 
heart rate (HRmax) or ≥ 90% of VO₂max, with recovery 
periods consisting of rest or light activity (typically ≤ 50% 
of HRmax). Common work-to-rest ratios range from 1:1 
to 2:1, although variations such as 1:2 are also acceptable 

if the intensity thresholds are met. The total duration of 
each HIIT session typically ranges from 15 to 30 min, and 
training frequency is commonly two to three sessions per 
week. Eligible HIIT modalities include running, cycling, 
circuit training, or similar structured formats that allow 
for controlled intensity intervals [24]. In contrast, multi-
component training (MCT) refers to exercise programs 
that incorporate at least two or more exercise modalities 
within the same program, such as aerobic training (≤ 70% 
VO₂max), resistance training (at 60–80% of 1RM), bal-
ance, and/or flexibility exercises. These components may 
be delivered within the same session or spread across a 
weekly schedule. Interventions must report sufficient 
detail on the training structure to allow classification into 
either MCT or HIIT categories [24].

Studies implementing mixed interventions that com-
bine both HIIT and MCT within a single experimen-
tal group will be excluded, unless outcome data are 
presented separately for each component. Only stud-
ies that allow independent assessment of HIIT and 
MCT effects will be eligible for inclusion in the network 
meta-analysis.

Types of outcome measures
The primary outcome of interest will be the mean dif-
ferences in bone mineral density (BMD). The secondary 
outcome will focus on physical fitness, assessed through 
validated functional tests commonly used in postmeno-
pausal women. These may include the Short Physical 
Performance Battery (SPPB) [25], the Senior Fitness 
Test [26], 6-min walk test (6MWT), chair stand test, and 
handgrip strength, among others. To ensure comparabil-
ity across studies using different tests, we will calculate 
standardized mean differences (SMDs) for each outcome 
domain. When necessary, we will classify and group out-
comes by physical fitness domains (e.g., muscle strength, 
balance, aerobic capacity, flexibility), and convert raw 
scores to common units or z-scores, following methods 
recommended in the Cochrane Handbook [27]. This 
approach will allow for a meaningful synthesis of the 
functional fitness outcomes across different trials.

Search strategies for the identification of studies
Electronic searches
The systematic search was conducted across seven elec-
tronic databases, and the final search was completed 
on January 18, 2025, ensuring that the most recent and 
relevant studies were included. The following electronic 
databases were searched: PubMed/MEDLINE, Web of 
Science (WoS), EBSCO, Cochrane Central Register of 
Controlled Trials (CENTRAL), Scopus, CINAHL, and 
SPORTDiscus. In the Scopus database, subject area 
filters were revised to minimize the risk of excluding 
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relevant trials published in multidisciplinary or over-
lapping fields. Therefore, only non-relevant fields (e.g., 
Veterinary, Mathematics, Chemical Engineering) were 
excluded, while multidisciplinary and health-related cat-
egories were retained. This adjustment aimed to ensure a 
comprehensive and unbiased search across all potentially 
relevant domains. Specific search strategies validated for 
identifying randomized controlled trials (RCTs), such as 
those recommended in the Cochrane Handbook, were 
used as references to construct the queries. These strat-
egies included Medical Subject Headings (MeSH) and 

equivalent terms, which were adapted and enriched for 
each database to ensure comprehensiveness. Detailed 
search strategies are presented in Fig. 1. Filters were min-
imized to avoid the exclusion of relevant studies, focusing 
only on essential criteria, such as publication type (RCTs) 
and language (English), as outlined in Table 1.

Data collection and analysis
Study selections
The potentially relevant articles will be evaluated for 
eligibility through screening of titles and abstracts, and 

Fig. 1  Search strategies PubMed and Cochrane
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subsequently selected after a full-text review based on 
previously defined inclusion and exclusion criteria. The 
literature search and selection process will be initially 
conducted by two reviewers and then verified by a third 
author. Any disagreement will be resolved through dis-
cussion among the three authors. All studies will be man-
aged and stored using Rayyan, an online platform tool 
for systematic review and meta-analysis (https://​www.​
rayyan.​ai/) [28] The reasons for excluding studies will be 
recorded and presented in a PRISMA flowchart.

Data extraction and management
The relevant data from each study, including year of 
publication, sample size, participants’ characteristics 
(e.g., age and T-score), and training modalities (type 

of exercise, frequency, and duration), will be extracted 
using a standardized and previously established Micro-
soft® Excel spreadsheet. Two reviewers will conduct the 
extraction process independently, and any discrepancies 
will be resolved through discussion or consultation with 
a third reviewer. All extracted data will be managed and 
analyzed in R Studio. Additional data will also be col-
lected, such as intervention details, primary and second-
ary outcomes, and study design. Where necessary, data 
transformations will be performed, including unit con-
versions, normalization, calculation of means or standard 
deviations, and effect sizes of treatments to ensure con-
sistency across the study comparison.

Effect sizes for continuous outcomes will be calculated 
as mean differences (MD) when outcomes are measured 

Table 1  Matching filters in each database

Database Filters

PubMed/MEDLINE - Data: 2014–2024
- Article Type: RCT​
- Species: Humans
- Language: English
- Other: Exclude preprints; MEDLINE

Web of Science (WoS) - Year of publication: 2014–2025
- Document Types: Article
- Languages: English
- Document Types Exclude: Early Access or Proceeding Paper or Retracted Publica-
tion or Book Chapters or Data Paper
- Exclude – Sustainable Development Goals: 02 Zero Hunger or 04 Quality Educa-
tion or 11 Sustainable Cities And Communities

EBSCO - Search modes: Search for all the search terms I have indicated
- Apply related words
- Apply equivalent subjects
- Restrict results: Full Text; Available References; Scientific Journals (Peer Reviewed)
- Publication date: 2014–2024
- Publication type: Article
- Language: English
- Full Text PDF

Cochrane - Publication date: 01/01/2014 a 31/12/2024

Scopus - Publication date: 2014–2025
- Subjects Area (Excluded): Veterinary; Mathematics; Chemical Engineering; Den-
tistry; Earth and Planetary Sciences
- Document Type: Article
- Language: English
- Keyword: Randomized Clinical Trial (RCT)

CINAHL - Full text
- Available references
- Publication date: January 2014–December 2024
- Reviewed by experts
- Publication type: Journal Article
- Language: English
- Expanders: Apply related words; Apply equivalent subjects
- Search mode: Find all my search terms

SPORTDiscus - Full text
- Available references
- Publication date: January 2014–December 2024
- Reviewed by experts
- Document type: Article
- Language: English

https://www.rayyan.ai/
https://www.rayyan.ai/
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using the same scale across studies (e.g., BMD in g/cm2), 
or standardized mean differences (SMD) when different 
instruments or scales are used (e.g., functional fitness 
tests). Where studies report pre- and post-interven-
tion means and standard deviations, we will compute 
change scores and their corresponding standard devia-
tions, using appropriate formulas recommended in the 
Cochrane Handbook. When only baseline and follow-up 
values are available without change scores, and standard 
deviations of the change are not reported, we will impute 
these using a correlation coefficient derived from similar 
studies or from those that report both values. If needed, 
we will convert reported effect sizes (e.g., confidence 
intervals, standard errors) into standard deviations using 
validated methods. All effect size calculations will be 
performed in R Studio using appropriate meta-analytic 
packages.

A sensitivity analysis will be conducted to evaluate the 
robustness of the results, accounting for factors such as 
sample size, high risk of bias 2 (RoB 2), missing data, and 
the analytical models used. Studies with low methodo-
logical quality after assessment will be excluded to main-
tain the reliability and validity of the findings.

Calibration exercises for study selection and data 
extraction
Before the formal study selection and data extraction 
processes, calibration exercises will be conducted to 
ensure consistency and accuracy among the review-
ers. Two independent reviewers will screen a pilot set of 
10 randomly selected articles, evaluating them against 
the inclusion and exclusion criteria. Discrepancies will 
be discussed and resolved in consultation with a third 
reviewer to refine the application of the criteria. Similarly, 
for data extraction, the same reviewers will indepen-
dently extract data from five studies using a standard-
ized extraction form. Any disagreements will be resolved 
through discussion or consultation with a third reviewer. 
These exercises will ensure that all reviewers are aligned 
and reduce variability in decision-making during the 
review process.

Assessment of RoB and quality
The Cochrane Collaboration tool for assessing RoB 2 will 
be used to evaluate the RoB for randomized clinical trials 
[29]. It contains five bias domains: bias due to the rand-
omization process, deviation from intended intervention, 
missing outcome data, measurement of outcomes, selec-
tion of the reported result, and “overall risk of bias” judg-
ment [30].

Studies with low methodological quality will be 
excluded based on the results of the risk of bias assess-
ment using the Cochrane Risk of Bias Tool 2.0 (RoB 

2.0). Low methodological quality will be defined as stud-
ies rated as “high risk of bias” in two or more of the five 
domains assessed by RoB 2.0, including bias arising from 
the randomization process, bias due to deviations from 
intended interventions, bias due to missing outcome 
data, bias in measurement of the outcome, and bias in 
selection of the reported result. Additionally, studies that 
lack essential methodological details required to make an 
informed judgment, even after contacting the authors for 
clarification, will also be classified as low quality. Con-
sistent concerns about methodological integrity, such 
as unclear allocation concealment, incomplete outcome 
data, or selective outcome reporting, will further support 
the classification of low quality.

Managing missing data
In case of missing, inadequate, or confusing data, we will 
contact the corresponding author to request the essential 
information. If it is not possible to obtain this informa-
tion, only the accessible data will be used in the analysis, 
with the limitations duly discussed.

Assessment of heterogeneity
The between-studies heterogeneity (T2) assessment will 
be performed in R, programming language, where the 
Half-Cauchy distribution will be used [31].

The Half-Cauchy distribution was chosen as a prior for 
between-study variance in the Bayesian framework [32, 
33], as it provides a weakly informative yet robust prior, 
particularly suitable for modeling uncertainty in vari-
ance parameters. Compared to traditional heterogeneity 
estimates such as I2 or τ2, the Half-Cauchy prior accom-
modates extreme values more effectively and reduces the 
risk of over-shrinking the between-study variance, which 
can occur with more restrictive priors. This approach has 
been recommended in Bayesian meta-analytic methods 
[34–36], especially when the number of included studies 
is relatively small or when true heterogeneity is expected. 
While I2 is commonly used in frequentist analyses, the 
Half-Cauchy prior provides a more flexible and princi-
pled alternative for variance estimation in Bayesian mod-
els [36].

In Bayesian meta-analysis, the tau (τ) value represents 
the standard deviation of the true effect sizes across 
studies and is used as a measure of between-study het-
erogeneity [37]. Higher values of τ indicate greater het-
erogeneity, meaning that the true effects vary more 
substantially between studies [37]. Although no uni-
versal thresholds apply due to dependence on the out-
come scale, values of τ below 0.1 are often interpreted 
as low heterogeneity, between 0.1 and 0.3 as moderate, 
and above 0.3 as high, depending on the context [37]. 
This continuous metric provides an alternative to I2 
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commonly used in frequentist approaches and allows for 
a more nuanced understanding of heterogeneity within 
the Bayesian framework [37].

This statistical text is adequate for this network meta-
analysis because it considers positive means variances 
and their respective standard errors in the pre-post com-
parisons in the target randomized controlled trials. The 
Half-Cauchy test works addressing very high values for 
the tails into the distributions; thus, adding high rigor 
levels to consider variances in the extremes of the distri-
butions and estimating the studies with high variability 
in the posterior expectation as significantly heterogene-
ous at a 95% confidence interval [38]. As outputs, the tau 
heterogeneity scores, the p-value of heterogeneity prob-
abilities, and the corresponding confidence interval will 
be exposed [31].

Data synthesis
To analyze the pre-post differences between studies’ 
doses of the two different types of exercise, a Network 
meta-analysis will be performed considering the vari-
ables “study” “time of intervention (duration)” the exer-
cise “dose” defined by the resulting in METs-min/week, 
predefined by Ainsworth and colleagues [39], “pre-post 
mean differences” “standard errors of the differences” 
and “effect sizes of the differences” where between-stud-
ies measurements are not consistent [31].

To standardize comparisons across interventions of 
varying intensity and structure, METs-min/week will be 
used as a continuous variable to quantify the exercise 
dose. This energy expenditure metric allows different 
exercise types (e.g., HIIT, MCT) to be integrated into a 
single analytical framework, enhancing comparability 
and enabling dose–response analysis. The use of METs-
min/week follows the Compendium of Physical Activities 
[39], which provides standardized MET values for a wide 
range of activities and has been widely adopted in physi-
cal activity research.

To control for differences in intervention duration, 
studies will be grouped into duration-based subgroups 
(e.g., 8–10, 10–12, 12–14  weeks) to allow for fair com-
parisons across similar timeframes. The Bayesian model 
will be informed by prior probabilities derived from the 
sample’s observed means and standard deviations, which 
will serve as reference distributions for posterior infer-
ence [31].

The Bayesian network meta-analysis will be conducted 
using Markov Chain Monte Carlo Simulation (MCMCS), 
a method that approximates posterior parameter distri-
butions via iterative sampling [40]. Model fit will be eval-
uated through the Deviance Information Criterion (DIC), 
which penalizes model complexity while rewarding 

goodness of fit; lower DIC values indicate more optimal 
models [33]. This will determine whether a fixed-effect or 
random-effect model is best suited for the data.

Trace and density plots will be generated to assess con-
vergence and mixing of MCMC chains [41]. Addition-
ally, the Potential Scale Reduction Factor (PSRF) will be 
computed via the Gelman–Rubin statistic, with values 
between 1.00 and 1.05 indicating adequate chain conver-
gence and sampling efficiency [42].

A network plot will be developed to visualize the rela-
tionships between the control group and varying doses 
of the exercise methods. Furthermore, comparisons of 
post–prior probabilities will be visualized through ran-
dom forests and bar plots, ranking the importance of 
each intervention and dose combination [31].

Confidence in network meta‑analysis estimates
To enhance the interpretability and trustworthiness of 
the findings, we will apply the CINeMA (Confidence in 
Network Meta-Analysis) framework to evaluate the cer-
tainty of evidence for each treatment comparison in the 
network. CINeMA is based on the GRADE approach 
and assesses confidence across six key domains: within-
study bias, reporting bias, indirectness, imprecision, 
heterogeneity, and incoherence. This assessment will be 
performed using the CINeMA web application (https://​
cinema.​ispm.​unibe.​ch/) as recommended by Nikolako-
poulou et al. [43] and Salanti et al. [44]. The results will 
be presented alongside the primary outcomes to provide 
a transparent and structured evaluation of the network 
estimates.

Subgroup analysis and sensitive analysis
We will perform predefined subgroup analyses to explore 
the influence of specific study characteristics on treat-
ment effects. Subgroups will include participant age (e.g., 
45–60 vs. > 60 years), sample size (small vs. large trials), 
and overall risk of bias. We hypothesize that younger 
postmenopausal women may respond more favorably to 
HIIT due to higher tolerance for intense physical effort, 
while older women may benefit more from MCT, which 
typically involves moderate intensity and better func-
tional integration. Additionally, we expect that studies 
classified as low risk of bias will present smaller and more 
conservative effect sizes compared to those with higher 
risk of bias.

A sensitivity analysis will be performed using leave-
one-out cross-validation. In this method, each study will 
be iteratively excluded, and the meta-analysis will be 
rerun to evaluate the impact of that study on the overall 
results. This strategy will allow us to identify influential 
studies whose inclusion may disproportionately affect the 
findings. If the exclusion of a specific study significantly 

https://cinema.ispm.unibe.ch/
https://cinema.ispm.unibe.ch/
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reduces the T2 or τ values, it may be removed from the 
final model to enhance the robustness and stability of the 
results [45].

Patient and public involvement
The design of this review protocol did not involve 
patients.

Discussion
In this systematic review and network meta-analysis, we 
will evaluate the effects of MCT and HIIT on BMD and 
functional fitness of postmenopausal women with osteo-
porosis. Physical exercise is widely recognized as one of 
the main non-pharmacological interventions for indi-
viduals with osteoporosis [46]. However, so far, we have 
not found systematic reviews that compare the efficacy of 
these two physical exercise training methodologies in this 
specific context. Therefore, we have developed this pro-
tocol to systematically review and meta-analyze, with a 
Bayesian approach, the effectiveness of MCT and HIIT in 
women with osteoporosis, following the guidelines of the 
Cochrane Manual V.5.2.0, with the aim of providing solid 
evidence and more precise guidance for clinical practice 
[27]. We hope to find robust findings about the benefits 
of the two physical exercise methods for postmenopausal 
women with osteoporosis.

The systematic review and network meta-analysis are 
expected to be completed by September 2025, includ-
ing final data synthesis, interpretation, and manuscript 
submission.

Limitations of the planned review
This protocol presents a comprehensive and methodo-
logically rigorous plan for conducting a systematic review 
and Bayesian network meta-analysis. Nonetheless, sev-
eral limitations must be acknowledged. First, the inclu-
sion of only English-language studies may introduce 
language bias and limit the comprehensiveness of the evi-
dence base. Second, the exclusion of grey literature may 
increase the risk of publication bias by omitting relevant 
but unpublished or non-peer-reviewed data. Third, sub-
stantial heterogeneity may be present across studies due 
to variations in intervention design, exercise protocols, 
and outcome measurement tools. Fourth, despite efforts 
to standardize physical fitness outcomes, differences in 
the type and administration of functional tests may limit 
comparability. Finally, missing or incomplete data in 
some studies may impact the accuracy of effect estimates, 
although strategies such as author contact and imputa-
tion will be used to mitigate this issue.
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