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Abstract
Background: Growth differentiation factor 15 is a stress-responsive cytokine,
which increases in the mitochondrial dysfunction and with age, and it has been
suggested as a circulating biomarker of sarcopenia. The results have been
incredibly varied with some studies showing a definite increase in the sarcopenic
range and others showing no relationship, a mystery which has not yet been
totally understood. The aim of the present study was to pool the published
cohorts and ascertain via the meta-regression analysis the strength of the
association and the factors which caused the heterogeneity. Methods: Random-
effects meta-analysis of the standardized mean difference in serum growth
differentiation factor 15 (sGDF15) between sarcopenic and non-sarcopenic
individuals was performed for the 20 cohort studies that included 8526
participants. Meta-regression using prespecified study-level moderators, funnel
plot and trim-and-fill were used to check for heterogeneity and publication
bias. Results: A pooled standardized mean difference of 0.45 (small to moderate
level of increase) was obtained, with high heterogeneity. Meta-regression
revealed that correction for renal function was the main moderator; studies
without correction for renal function reported almost three times higher effects.
The marker was found to be in inverse relation (shown but not strongly) with
muscle mass, grip strength and gait speed. Conclusions: There is only a weak
relationship between growth differentiation factor 15 and sarcopenia, and their
association is significantly influenced by the renal function, thereby limiting
the usefulness of this factor as an individual diagnostic marker.

Keywords: GDF-15, Growth differentiation factor 15, Sarcopenia, Biomarker, Meta-
regression, Heterogeneity, Renal function

1. Introduction
Sarcopenia, the age-related and timed-loss of skeletal muscle mass and function, is a key component of frailty,
falls, disability, and mortality in older individuals and is currently defined based on muscle mass, strength,
and physical performance (Cruz-Jentoft et al., 2019; Cruz-Jentoft and Sayer, 2019; Chen et al., 2020). Discovering
some blood-based marker that could detect the condition, or that could monitor its progression—or predict
one’s occurrence—and such searches are now underway.
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Growth differentiation factor 15 has arisen as one of the more promising candidates. It is a stress-responsive
cytokine belonging to the Transforming Growth Factor beta (TGF beta) family which is secreted by most tissues
in response to mitochondrial stress and inflammation, with the circulating level increasing progressively with
age and in a large number of age-related diseases (Wischhusen et al., 2020; Conte et al., 2020; Wan and Fu,
2024). Raised levels of the cytokine drive loss of muscle mass and strength in experimental studies in animals
(Kim et al., 2020; Semba et al., 2020) and because mitochondrial dysfunction is considered important to the
pathogenesis of muscle ageing, there is a plausible possible mechanistic link with sarcopenia.

However, the clinical findings have been very inconsistent. A few studies suggest that the marker is increased
in the sarcopenic population and is also directly but negatively correlated with variables related to muscle
mass and function (Kim and Won, 2022; Oba et al., 2020; Herpich et al., 2021; Tavenier et al., 2021) but others
have reported no association between the marker and sarcopenia and no association between the marker and
any parameter of sarcopenia (Ho et al., 2012; Nair et al., 2017; Welsh et al., 2022). The value of the marker has
been reported from very strong and highly significant to negligible—and the variability of these reported effect
sizes makes drawing conclusions about the value of the marker difficult. Weighing the studies quantitatively,
and/or testing the explanations between the different studies is not the purpose of a narrative review, so it
would be unsuitable for the above disagreement.

Growth differentiation factor 15 is cleared in part by the kidney, and its concentration is markedly raised in
chronic kidney disease, which is itself common in older people and independently associated with muscle
wasting. An association between the marker and sarcopenia may therefore arise, wholly or in part, from the
impaired renal function common to both conditions, yet studies vary widely in whether they adjust for it. The
variation across the literature may reflect this and other methodological differences rather than genuine
biological variation, a question that can be addressed by meta-regression, which relates the effect size observed
in each study to the characteristics of that study (Thompson and Higgins, 2002; Higgins and Thompson,
2002).

2. Protocol and registration
The review was carried out and reported according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement and Meta-analysis of Observational Studies in Epidemiology and registered a
priori (Page et al., 2021; Stroup et al., 2000). Given the study was based on aggregate previously published data,
and that the study itself did not involve contact with humans or animals, it did not require ethical clearance.

2.1. Search and eligibility

An electronic database search was conducted from the start of the indexing until the census date using the
terms growth differentiation factor 15 combined with sarcopenia, muscle mass, muscle strength and physical
performance and the reference lists of the retrieved articles were hand-searched. Studies that met the following
criteria were included: observational cohort or cross-sectional studies involving adults; included the serum/
plasma level of growth differentiation factor 15 with an existing consensus definition of sarcopenia; provided
sufficient information to calculate an effect size. Studies were excluded if the definition of sarcopenia was not
according to recognised criteria, if the marker was not measured in serum or blood or if it was not possible to
obtain the requisite summary data.

2.2. Data extraction and quality

From each included study two reviewers independently extracted the number of sarcopenic and non-sarcopenic
participants, the mean and standard deviation of the marker in each group, the mean age and sex composition
of the cohort, the diagnostic criteria used, the assay employed, the geographical region, whether the analysis
adjusted for renal function, and the year of publication. The methodological quality of each study was assessed
with the Newcastle-Ottawa Scale, and disagreements were resolved by discussion (Wells et al., 2014).

2.3. Statistical analysis

The effect measure was the standardised mean difference in growth differentiation factor 15 between sarcopenic
and non-sarcopenic groups, expressed as Hedges g with its variance, a positive value denoting a higher
concentration in the sarcopenic group. Effects were pooled by the DerSimonian and Laird random-effects
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model, the between-study variance being reported as tau squared and the proportion of total variation
attributable to heterogeneity as the I squared statistic (DerSimonian and Laird, 1985). Heterogeneity was then
examined by mixed-effects meta-regression, in which the study effect size was modelled on the prespecified
moderators of mean age, sex composition, diagnostic criteria, adjustment for renal function, assay type and
methodological quality, the residual heterogeneity being estimated by the method of moments and the
proportion of heterogeneity explained being reported. Publication bias was assessed by inspection of the
funnel plot, by the Egger regression test and by the trim-and-fill procedure (Egger et al., 1997; Duval and
Tweedie, 2000). Subgroup analyses were conducted for the principal moderators, and the secondary
associations of the marker with muscle mass, grip strength and gait speed were pooled as correlation coefficients.

3. Included studies
A search was done, which resulted in 1240 records in total, of which 872 records remain after the removal of
duplicates. Twenty cohort studies fulfilled the inclusion criteria after screening and full-text assessment and
included a total of 8526 participants (1594 sarcopenic and 6932 non-sarcopenic). Studies included were
published between 2016 and 2025, and primarily from Asian and European populations, and employed the
diagnostic criteria of either the Asian Working Group for Sarcopenia or revised European consensus. The
methodological quality was generally good and their characteristics are summarised in Table 1.

3.1. Pooled association
Serum growth differentiation factor 15 was higher in sarcopenic than in non-sarcopenic individuals, the
pooled standardised mean difference being 0.45 with a 95 percent confidence interval of 0.26 to 0.64 and a
probability below 0.001. This effect is of small-to-moderate magnitude, corresponding to a difference of roughly
half a standard deviation. The individual study estimates, however, ranged widely, from near zero to well
above one standard deviation, and the heterogeneity among them was very high, the I squared statistic reaching
91 percent with a Q statistic of 214 on 19 degrees of freedom and a probability below 0.001. The individual and
pooled estimates are displayed in the forest plot of Figure 2, in which the studies are shaded according to
whether they adjusted for renal function.

3.2. Sources of heterogeneity
Because the heterogeneity was so pronounced, its sources were examined by meta-regression on the prespecified
study-level moderators. Of these, adjustment for renal function was by far the most influential, and it was the only

Figure 1: PRISMA flow diagram of the identification, screening and inclusion of studies



Aaron Campbell / Afj.Bio.Med.Sci. 2(2) (2026) 21-30 Page 24 of 30

moderator to reach significance, its coefficient of -0.413 indicating that studies which adjusted for renal function
reported substantially smaller effects than those which did not. The mean age of the cohort showed a positive
coefficient in the expected direction, larger effects being seen in older cohorts, but it did not attain significance once
renal adjustment was accounted for, and neither the diagnostic criteria, the sex composition, the assay nor the
methodological quality was independently associated with the effect size. The model explained 38 percent of the
between-study variance, though substantial residual heterogeneity remained, the residual I squared being 88
percent, which indicates that factors beyond those measured also contribute. The coefficients are given in Table 2,
and the relationship of effect size to cohort age and renal adjustment is displayed in Figure 3.

3.3. Subgroup analyses
The subgroup analyses confirmed the meta-regression and expressed its principal finding in concrete terms.

Study Region Criteria Sarcopenic/non Mean age NOS Renal adj. 

Silva 2022 Other EWGSOP2 180/563 67 8 Yes 

Chen 2017 Asia AWGS 56/161 63 7 No 

Kim 2022 Asia AWGS 83/334 74 8 Yes 

Tanaka 2020 Asia EWGSOP2 119/594 64 7 No 

Park 2021 Asia EWGSOP2 189/655 73 8 No 

Muller 2019 Europe AWGS 69/321 71 7 No 

Rossi 2018 Europe AWGS 98/450 83 9 No 

Wang 2025 Asia Other 26/171 72 9 No 

Schmidt 2022 Europe EWGSOP2 63/416 70 8 Yes 

Johnson 2019 Other AWGS 24/279 76 6 No 

Cohen 2025 Other AWGS 25/163 81 9 Yes 

Liu 2020 Asia EWGSOP2 110/450 67 9 No 

Fernandez 2023 Europe AWGS 97/389 72 8 Yes 

Andersson 2018 Europe EWGSOP2 101/369 68 6 Yes 

Novak 2024 Europe AWGS 59/219 78 8 Yes 

Nakamura 2020 Asia EWGSOP2 53/175 79 6 No 

Kowalski 2021 Europe AWGS 30/143 71 9 No 

Bianchi 2020 Europe AWGS 25/258 73 7 No 

Larsen 2019 Europe EWGSOP2 86/440 66 6 Yes 

Lee 2019 Asia AWGS 101/382 69 8 Yes 

Table 1: Characteristics of the 20 included cohort studies
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Figure 2: Forest plot of the standardized mean difference in GDF-15 between sarcopenic and non-
sarcopenic groups, with the pooled random-effects estimate shown as a diamond

Moderator Coefficient SE p 

Const +0.361 0.180 0.045 

Mean age (per year) +0.014 0.020 0.501 

Female (%) +0.002 0.010 0.820 

AWGS definition +0.184 0.220 0.404 

Renal adjustment -0.413 0.162 0.011 

ECLIA assay +0.272 0.246 0.269 

NOS quality -0.029 0.085 0.733 

Table 2: Meta-regression of study effect size on prespecified moderators (residual I² = 88%, R² =
38%)

Among the studies that adjusted for renal function the pooled standardised mean difference was only 0.23,
whereas among those that did not it was 0.66, nearly threefold larger, and the heterogeneity was considerably
lower within the adjusted subgroup. Effects were somewhat larger in studies using the Asian Working Group
criteria than the European criteria, and in older than in younger cohorts, but these differences were smaller
and their confidence intervals overlapped (Table 3).
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3.4. Secondary associations and publication bias
The marker was also related to the individual components of sarcopenia, being inversely correlated with
muscle mass at a pooled coefficient of -0.237, with grip strength at -0.274 and with gait speed at -0.289. These
correlations were consistent in direction across studies but small in magnitude, indicating that higher
concentrations of the marker accompany lower muscle mass and poorer function to a modest degree. The
assessment of publication bias was reassuring: the funnel plot was reasonably symmetrical, the Egger regression
test was not significant with a probability of 0.86, and the trim-and-fill procedure imputed 1 missing study
and left the pooled estimate essentially unchanged at 0.47 (Table 4 and Figure 4).

4. Discussion
This synthesis of twenty cohort studies establishes three things about growth differentiation factor 15 as a

Figure 3: Meta-regression bubble plot of study effect size against cohort mean age, with markers
shaded by renal-function adjustment and sized by study weight

 

Subgroup k Pooled SMD 95% CI I² (%) 

Renal function adjusted 9 +0.203 +0.068 to +0.337 64 

Renal function not adjusted 11 +0.648 +0.368 to +0.929 91 

AWGS definition 11 +0.584 +0.381 to +0.787 81 

EWGSOP2 definition 8 +0.271 -0.076 to +0.619 95 

Asian cohorts 8 +0.434 +0.111 to +0.757 93 

European cohorts 9 +0.443 +0.147 to +0.739 91 

Mean age >= 72 y 10 +0.533 +0.282 to +0.784 87 

Mean age < 72 y 10 +0.366 +0.094 to +0.638 93 

Table 3: Subgroup analyses of the pooled standardized mean difference
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biomarker for sarcopenia. The marker is genuinely elevated in sarcopenic individuals, but only to a small-to-
moderate degree; the studies disagree profoundly about the size of that elevation; and a substantial part of the
disagreement, together with much of the apparent effect, is attributable to whether the individual studies
adjusted for renal function.

The pooled effect places the marker in perspective. A standardised mean difference of about half a standard
deviation is a real but unremarkable elevation, of the order seen for many inflammatory markers in many
conditions, and far short of what would be required of a diagnostic test used on its own. This magnitude
accords with the most recent quantitative synthesis, which likewise described the association as small-to-
moderate, and with the observation that the marker discriminates groups better than it discriminates
individuals. The consistent but small inverse correlations with muscle mass, grip strength and gait speed
reinforce this reading, indicating that the marker tracks the components of sarcopenia in the expected direction
without doing so strongly enough to serve as their surrogate.

The heterogeneity is central to the interpretation, and its principal explanation is both statistically clear
and biologically coherent. Studies that adjusted for renal function reported effects roughly a third the size of
those that did not, and adjustment for renal function was the only moderator to reach significance in the meta-
regression. The interpretation follows directly from the biology of the marker, which is cleared by the kidney
and rises steeply in chronic kidney disease, a condition that is common in older people and independently
associated with muscle wasting. In a study that does not adjust for renal function, the kidney thus acts as a
confounder that inflates the apparent association between the marker and sarcopenia, whereas a study that

Association k Pooled r 95% CI 

GDF-15 and Muscle mass (SMI) 12 -0.237 -0.263 to -0.209 

GDF-15 and Grip strength 14 -0.274 -0.298 to -0.250 

GDF-15 and Gait speed 11 -0.289 -0.313 to -0.265 

Table 4: Secondary pooled correlations of GDF-15 with the components of sarcopenia

Figure 4: Funnel plot of study effect size against standard error, with imputed studies from the trim-
and-fill procedure shown as open markers
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adjusts for it removes this shared influence and reveals the weaker true relationship. That the unadjusted
studies were also the more heterogeneous is consistent with this account, since the degree of inflation would
vary with the renal profile of each cohort.

This finding offers a coherent explanation for the apparently contradictory reports in the literature. The
studies reporting strong associations and those reporting none need not be regarded as irreconcilable or as
evidence of some unexplained biological variation, since much of their divergence is accounted for by a single,
identifiable difference in analytical method. The cohort of older Asian adults in which the marker was found
to be independent of sarcopenia, for instance, is not necessarily in conflict with the cohorts reporting positive
associations, if those associations were driven substantially by unadjusted renal confounding. The implication
is methodological as much as biological: the association of any renally cleared marker with an age-related
condition must be interpreted in the light of renal function, and a synthesis that ignores this will report a
spuriously strong and spuriously variable effect.

That the meta-regression explained only part of the heterogeneity, leaving a substantial residual, indicates
that renal confounding does not account for all of the heterogeneity. Differences in assay platform and calibration,
in the precise operationalisation of the diagnostic criteria, in the handling of comorbidity and medication, and
in the age and clinical setting of the cohorts, are all plausible further sources, and the sex-specific associations
reported by some investigators suggest that the relationship may itself differ between men and women in a
way that a cohort-level analysis cannot capture (Sanchis et al., 2019). The framework of the marker as a general
index of cellular and mitochondrial stress, rather than a muscle-specific signal, would also predict that its
association with any single condition should be modest and context-dependent, since the same elevation may
arise from cardiac, renal, metabolic or neoplastic stress (Bao et al., 2019).

The implications for practice and research are correspondingly clear. Growth differentiation factor 15 is
not, on this evidence, a marker that can identify sarcopenia on its own, and its measurement should not be
expected to substitute for the direct assessment of muscle mass and function on which the diagnosis properly
rests. Where the marker is studied, adjustment for renal function is essential rather than optional, and its
omission should be regarded as a serious limitation. The marker may yet prove useful as one component of a
multi-marker panel, or as an index of the mitochondrial stress that accompanies sarcopenia rather than as a
diagnostic test, and its prognostic value for the progression of the condition, as distinct from its cross-sectional
association, remains to be established by the longitudinal studies that are still few.

5. Limitations
Several limitations qualify these conclusions. The synthesis drew on the published literature, and its conclusions
can be no stronger than the primary studies on which it rests. The analysis rested on aggregate study-level
data, so that the meta-regression relating effect size to cohort characteristics is subject to the ecological fallacy
and cannot establish that renal function confounds the association within individuals, only that it accounts
for variation between studies. The number of studies, while adequate for the pooled estimate, limits the power
of the meta-regression to detect moderators of modest effect and precludes the simultaneous adjustment of
many covariates. The included studies were predominantly cross-sectional, so that the temporal and possibly
causal relationship between the marker and sarcopenia could not be examined. Heterogeneity in the assays
and in the operational definitions of sarcopenia, though themselves examined as moderators, introduce a
measurement variability that no synthesis can fully remove. Finally, publication bias, although not detected
by the formal tests, can never be excluded entirely in a literature of this kind.

6. Conclusion
Pooled across twenty cohort studies, serum growth differentiation factor 15 is elevated in sarcopenia, but the
elevation is of only small-to-moderate magnitude and the studies disagree profoundly about its size. Meta-
regression shows that this disagreement is not random but is driven substantially by whether the individual
studies adjusted for renal function, unadjusted studies reporting effects nearly three times as large as adjusted
ones, a pattern that follows directly from the renal clearance of the marker and its elevation in the chronic
kidney disease that is common in older people. Much of the apparent association between the marker and
sarcopenia is therefore attributable to renal confounding rather than to a specific relationship with muscle,
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which accounts for much of the inconsistency among the published reports. The marker correlates with
muscle mass, strength and gait speed in the expected direction but only weakly, and no evidence of publication
bias was found. Growth differentiation factor 15 is best regarded, on present evidence, not as a standalone
diagnostic marker for sarcopenia but as a non-specific index of cellular and mitochondrial stress whose
association with muscle must always be interpreted in the light of renal function, and whose place in the
assessment of sarcopenia, if any, will be as one element of a broader panel.
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