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Abstract

Background and Objectives: Obesity, heart failure (HF), and atherosclerosis have common
pathways, including chronic inflammation, immune cells activation, and metabolic distur-
bances. These pathways often coexist and overlap, increasing cardiometabolic risk. Growth
differentiation factor 15 (GDF-15) is an emerging cytokine linked to inflammation, oxidative
stress, and metabolic dysregulation, which are common pathways between heart failure,
obesity and atherosclerosis. Beyond its established prognostic value in cardiovascular
diseases (CVD) and HF, recent evidence suggests that GDF-15 may also reflect subclinical
atherosclerosis, potentially improving early risk stratification in obese and HF populations.
The aim of this review is to synthesize current evidence on the association between GDF-15
and markers of subclinical atherosclerosis, and to evaluate whether GDF-15 may serve
as an integrative biomarker reflecting shared cardiometabolic pathways. Materials and
Methods: We conducted a systematic review following PRISMA recommendations regis-
tered by CRD420251267457 number on PROSPERO. PubMed, Embase, Scopus, and Web
of Science were searched for human studies evaluating the correlation between markers
of subclinical atherosclerosis and GDF-15 concentration. We excluded the studies not
published in English, not involving human participants, and not meeting the inclusion
criteria. We assessed the risk of bias using the Joanna Briggs Institute appraisal tool. Due
to the heterogeneity of studies, a narrative synthesis was performed. Result: The review
included 18 studies, which evaluated the association between GDF-15 and subclinical
atherosclerosis markers, such as intima media thickness, coronary artery calcium score,
ankle-brachial index, and atherosclerotic plaques. Studies included patients with metabolic
disorders, chronic inflammatory diseases, HIV cohorts, and general population samples.
Most of the studies reported that GDE-15 levels were associated with greater atherosclerotic
burden; however, results were frequently influenced by confounders. Methodological
limitations, such as limited or highly specified samples, cross-sectional designs, variability
in atherosclerotic-imaging technique, and inconsistent adjustment for confounders, restrict
generalization of the results. Conclusions: Current evidence supports GDF-15 as a biomarker
integrating inflammatory and metabolic stress signals, indirectly linking obesity, HF and
subclinical atherosclerosis. While current data supports its prognostic relevance, further
studies are needed to confirm its clinical utility in routine assessment and preventive
cardiovascular care.
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1. Introduction

Obesity, subclinical atherosclerosis, and heart failure (HF) share common pathways in-
fluenced by chronic inflammation, oxidative stress, endothelial dysfunction, and metabolic
disturbances. Increased adiposity promotes insulin resistance, activates immune and in-
flammatory mediators, and induces atherogenic dyslipidemia, ultimately contributing to
metabolic syndrome and end-organ dysfunction [1-3].

Worldwide, cardiovascular diseases (CVD) remain the leading cause of mortality
and morbidity, with obesity rising dramatically among individuals in their third to fifth
decade of life. This trend contributes to the increasing burden of cardiometabolic disorders
and supports the need for early prevention and the identification of subclinical disease
states [4,5].

In recent years, GDF-15 has emerged as a promising biomarker, as it is involved in many
of the pathological mechanisms underlying obesity, HF, and atherosclerosis [6,7]. GDF-15
is a stress-responsive cytokine, triggered by inflammation, mitochondrial dysfunction,
hypoxia, insulin resistance, and endothelial injury [8,9]. Moreover, elevated GDF-15 levels
have a strong prognostic value for cardiometabolic disorders and all causes mortality, in
addition to traditional biomarkers [8,10-12].

Although several studies have explored the relationship between GDF-15 and obesity,
atherosclerosis, or heart failure, no study has simultaneously assessed all three condi-
tions together. This is a knowledge gap, as these disorders frequently coexist and share
common pathways.

The aim of this review is to synthesize recent evidence on the relationship between
GDF-15 and different subclinical atherosclerosis markers, and to evaluate whether GDF-15
may represent an integrative biomarker reflecting shared pathways between atherosclerosis,
obesity, and heart failure.

2. Methods

We conducted a systematic review of the literature regarding the association between
GDF-15 and subclinical atherosclerosis. We registered the review protocol in PROSPERO
under the registration number CRD420251267457, and developed our study strategy based
on the Population, Intervention, Comparison, Outcome, and Study design strategy, using
the PRISMA statement for systematic reviews [13].

2.1. Research Question and Search Strategy

We conducted systematic literature research in PubMed, Scopus, Embase, and Web of
Science, from database inception to 30 November 2025. Search strategies included MeSH
and Emtree controlled vocabulary terms, free text terms, such as “growth differentiation
factor-15”, ankle-brachial index, intima media thickness, coronary artery calcium score,
and subclinical atherosclerosis. We used search syntax such as (“GDF-15" OR “growth
differentiation factor-15”) AND (“ankle brachial index” OR “ ABI”), (“GDEF-15" OR “growth
differentiation factor-15”) AND (“coronary artery calcium score” OR “CACS”), (“GDEF-
15” OR “growth differentiation factor-15”) AND (“intima-media thickness” OR “ IMT"),
(“GDF-15" OR “growth differentiation factor-15”) AND (“subclinical atherosclerosis”, and
obtained 57 articles from PubMed, 51 articles from Scopus, 96 articles from Embase, and
198 articles from Web of Science.
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2.2. Inclusion Criteria

The inclusion criteria were original full-text articles published until 30 of November
2025, conducted on human populations, including randomized controlled trials, clinical
trials, and cross-sectional, observational, and cohort studies that studied the association
between GDEF-15 serum levels and subclinical atherosclerosis.

2.3. Exclusion Criteria

The exclusion criteria included case report articles, reviews, systematic reviews, meta-
analyses, letters to the editors, articles published in languages other than English, or articles
from pre-clinical studies. We also excluded studies conducted in patients younger than
18 years old.

2.4. Study Selection

Studies that met eligibility criteria (1) included human participants; (2) evaluated
the correlation between GDF-15 serum levels and subclinical atherosclerosis marker;
(3) provided statistical results such as p-values. Studies were excluded if they (1) were
other types of articles (such as reviews, meta-analyses, abstracts, posters, etc.); (2) provided
insufficient data; (3) did not correlate GDF-15 with a subclinical atherosclerosis marker;
(4) included patients with clinical atherosclerosis; (5) did not assess GDF-15 serum levels.

The study selection process is detailed in Figure 1. From 402 studies initially identified,
229 were duplicates, and 155 were excluded based on exclusion criteria. We identified
18 eligible studies, including 14 cross-sectional studies, 3 cohort studies, and 1 case—control
study, covering metabolic disorders, chronic inflammatory diseases, HIV cohorts, elderly or
general population, and other disorders such as chronic kidney disease or beta-thalassemia.

2.5. Data Extraction

Two independent researchers screened the articles to identify correlations between at
least one subclinical atherosclerosis marker and GDF-15 serum levels, and, additionally,
for correlations between GDF-15 and body mass index, obesity, metabolic profile, heart
failure, and cardiovascular risk. Other relevant information regarding the association
between obesity, heart failure, and subclinical atherosclerosis was noted. This process was
standardized by including information about the study design, study population, aim,
inclusion and exclusion criteria, and outcomes. If any disagreements occurred, they were
settled by a third reviewer.

2.6. Risk of Bias Assessment

Risk of bias was assessed using the Joanna Briggs Institute (JBI) appraisal tool [14],
namely the JBI Checklist for analytical cross-sectional studies, JBI Checklist for case—
control studies, and JBI Checklist for cohort studies. All the items were judged as
Yes/No/Unclear/Not applicable, according to the instructions. The purpose of this assess-
ment was to evaluate the methodological quality, the validity of biomarker and imaging
measurements, identification and control of confounding, and statistical adequacy.

Tables 1-3 summarize the risk of bias assessment for included studies. Most of
the studies clearly defined the eligibility criteria, described the study population, used
validated methods for GDF-15 serum levels measurements, and standardized protocols for
subclinical atherosclerosis assessment. Regarding possible bias, some studies had partial
or no adjustment for confounders, leading to some uncertainty. Furthermore, no major
concerns were identified regarding exposure or outcome, meaning that the principal source
of bias relates to residual confounding rather than measurement error.
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Figure 1. PRISMA flow chart.
Table 1. Joanna Briggs Institute risk of bias assessment for cross-sectional studies.
Study (0] Q2 Q3 Q4 Q5 Q6 Q7 Q8
Carvalho, 2018 [15] Y Y Y Y Y 8] Y Y
Garcia, 2024 [16] Y Y Y Y Y Y Y Y
Girona, 2025 [17] Y Y Y Y Y Y Y Y
Gopal, 2014 [18] Y Y Y Y Y Y Y Y
Guardiola, 2024 [19] Y Y Y Y Y Y Y Y
He, 2020 [20] Y Y Y Y Y Y Y Y
Kaiser, 2021 [21] Y Y Y Y Y Y Y Y
Kiss, 2023 [22] Y Y Y Y Y Y Y Y
Lind, 2009 [23] Y Y Y Y Y Y Y Y
Martinez, 2017 [24] Y Y Y Y Y Y Y Y
Royston, 2022 [25] Y Y Y Y Y Y Y Y
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Table 1. Cont.
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs
Tanrikulu, 2017 [26] Y Y Y Y U N Y Y
Tektonidou, 2022 [27] Y Y Y Y Y Y Y Y
Ueland, 2025 [28] Y Y Y Y Y Y Y Y

Abbreviations: Q1: Were the criteria for inclusion in the sample clearly defined?; Q2: Were the study subjects and
the setting described in detail?; Q3: Was the exposure measured in a valid and reliable way?; Q4: Were objective,
standard criteria used for measurement of the condition?; Q5: Were confounding factors identified?; Q6: Were
strategies to deal with confounding factors stated?; Q7: Were the outcomes measured in a valid and reliable way?;
Q8: Was appropriate statistical analysis used?; Y, yes; N, no; U, unclear.

Table 2. Joanna Briggs Institute risk of bias assessment for cohort studies.

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 08 Q9 Q10 Ql1
Chuang,2025[29] Y Y Y Y U U Y U U U Y

Rohatgi, 2012 [30] Y Y Y Y Y U Y Y Y Y Y
Yilmaz, 2015 [31] Y Y Y Y Y Y Y Y U U Y

Abbreviations: Q1: Were the two groups similar and recruited from the same population?; Q2: Were the exposures
measured similarly to assign people to both exposed and unexposed groups?; Q3: Was the exposure measured in
a valid and reliable way?; Q4: Were confounding factors identified?; Q5: Were strategies to deal with confounding
factors stated?; Q6: Were the groups/participants free of the outcome at the start of the study (or at the moment of
exposure)?; Q7: Were the outcomes measured in a valid and reliable way?; Q8: Was the follow up time reported
and sufficient to be long enough for outcomes to occur?; Q9: Was follow up complete, and if not, were the reasons
to loss to follow up described and explored?; Q10: Were strategies to address incomplete follow up utilized?;
Q11; Was appropriate statistical analysis used?; Y, yes; U, unclear.

Table 3. Joanna Briggs Institute risk of bias assessment for case—control study.

Study Q01 Q2 Q3 04 05 06 Q7 08 Q9 Q10
Efat,2022[32] Y Y Y Y Y Y U Y Y Y

Abbreviations: Q1: Were the groups comparable other than the presence of disease in cases or the absence of
disease in controls?; Q2: Were cases and controls matched appropriately?; Q3: Were the same criteria used for
identification of cases and controls?; Q4: Was exposure measured in a standard, valid and reliable way?; Q5: Was
exposure measured in the same way for cases and controls?; Q6: Were confounding factors identified? Q7: Were
strategies to deal with confounding factors stated? Q8: Were outcomes assessed in a standard, valid and reliable
way for cases and controls?; Q9: Was the exposure period of interest long enough to be meaningful?; Q10: Was
appropriate statistical analysis used?; Y, yes; U, unclear.

2.7. Strategy of Data Synthesis

After the selection process, 18 studies were included in this systematic review. A
narrative synthesis of the findings was performed, focusing on the association between
GDF-15 serum levels and subclinical atherosclerosis in human population.

Table 4 summarizes the correlation between GDF-15, subclinical atherosclerosis, and,
where available, correlations between GDF-15 and heart failure or cardiovascular risk,
metabolic profile (obesity or lipid profile), and other findings relevant to our aim.

To our knowledge, no study has directly evaluated the association between GDF-15
and subclinical atherosclerosis in patients with obesity and heart failure. Therefore, the
results regarding this population are indirect and derive from studies in which GDF-15
also correlates with body mass index or heart failure. These findings may support the
hypothesis of a potential role of GDF-15 involvement in subclinical atherosclerosis in
patients with obesity and heart failure. However, this extrapolation should be interpreted
with caution due to the lack of dedicated studies.
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able 4. Summary of clinical studies regardin -15 association with subclinical atherosclerosis in various population.
Table 4. S y of clinical studi garding GDF-15 iati ith subclinical ath 1 is i i populati
Results
Study Population Athil;loasrﬂ:rmtic GDF-15- GDF-15- GDF-15- Conclusion Key Notes
Atherosclerosis Qbesity/ HF/CV Risk Other Outcomes
Metabolic Profile
Metabolic disorders
1-7 4 No association Positive association GDF-15 serum
Chuang, 2025 p]gztgrﬁ/t[s ABI Positive between HF and ABI. levels are
4 p Increased No association. o associated with
[29] 28?%"561“0 CAVI baseline GDF-15 — association. SGLT2 inhibitors — lower PAD in patients
o° YO higher risk of PAD. levels of GDF-15. with T2DM.
63.79% males
Positive
156 association. GDF-15 was
patients I, correlated with
Girona, 2025 MASLD CIMT Increased assoIZi(e)i ilit(;;/\ewith N/A Positive association GDF-15 atherosclerotic Metabolic and
[17] Spain bas}ellir}lf GDI;(—le — lipid profile with liver steatosis. disease and vagculgr ;tress
39-68 y.o. igher risk o ’ metabolic
46.8% males atherosclerotic disturbances.
disease
Positive association
376 with BMI.
patients . L Positive association GDE-15 was
He, 2020 T2DM FIMT Positive P051.tﬁre association between GDF-15 and associated with
[20] China association. with HOMA-IR. N/A LEAD, in patients with BMI . LEAD
38-58 y.0. . 525 ke /m? independent of
68.8% mal Positive &/ m-.
-0/0 males association with
LDL-cholesterol.
Chronic inflammatory diseases
No association with GDF-15 can be an
independent risk
a?igeits Positive association factor for
Martinez, 2017 pCOPD CACS Positive with T2DM Positive association Positive association with subclinical
[24] USA association. ) with CV risk score. smoking duration. atherosclerosis in
52.9% males Positive patients with )
association with COPD without Endothelial
Livid profile CVD. dysfunction is the
tpid profiie. main mechanism.
85 Positive
patients CIMT association with GDEF-15 was
Kaiser, 2021 Psoriasis Positive N/A N/A associated with
[21] Germany CACS association. atherosclerosis
>30 y.o. Positive association disease.
71.8% males with CV risk score.
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Table 4. Cont.
Results
: Ath 1 ti 15— .
Study Population Gle\l;l()asri:(:rro h GDEF-15- ngerxltir/ GDF-15- Other Outcomes Conclusion Key Notes
Atherosclerosis Metabolic Profile HF/CV Risk
agg_nts Positive association with
Tanrikulu, 2017 P RA Positive inflammatory markers. GDEF-15 could be a
4 CIMT S N/A N/A marker of
[26] Turkey association. Positi . ith h lerosi
18-65 y.o. 051tC11ye assocut:l_tl(_)tn wit] atherosclerosis.
70.7% males isease activity.
p a%ize%ts GDF-15 could be a
Tektonidou, 2022 Positive s marker of
[27] G?(fe?:e CIMT association. No association. N/A N/A atherosclerosis in
30.9% males patients with APS.
HIV cohorts
Increased prevalence of
67 dyslipidemia.
Carvalho, 2018 paIEIif\rllts Positive a iation There was no
valho, . CIMT No association. N/A N/A ositive association correlation between
[15] Brazil between BMI and CV risk. d
26-41y.o. GDF-15 and CIMT.
82.1% males Age was risk factor for
increased CIMT. s )
ystemic
pafigeits No correlation inflammation
) . - . driven by HIV
Ueland, 2025 HIV . Positive association with between GDF-15 . .
[28] Africa CIMT No association. N/A N/A antiretroviral treatment. and mfe(:glo? 1ts¢1flor
30-50 y.o. atherosclerosis. antiretrovira
54.2% males treatment,
2% enhance
Increased levels in patients atherosclerosis.
with HIV, independent _
147 Coronary plaque Positive of the presence of Gggelpseﬁggftla; ¢
patients Total plaque association with coronary plaque associated with
Royson, 2022 HIV volume (TPV) TPV. N/A N/A (p <0.001). coronary plaque
[25] Canada low attenuation Positive both i I%]I\g o
> 40y.o. plaque volume association with Positive correlation oth in ) group
86% males (LAPV) LAPV. between TPV, LAPV and vl
hsCRP in contross.
patients with HIV.
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Table 4. Cont.
Results
Study Population Athil;loasrﬂ:rmtic GDF-15- GDF-15- GDF-15- Conclusion Key Notes
Atherosclerosis Obesity/ HF/CV Risk Other Outcomes
Metabolic Profile
General population/elderly
3111 Adding GDF-15 to CRF, In patients without
. . - . . . CVD, GDF-15 was
Gopal, 2015 patients Positive association increase the risk of carotid o .
[18] US.A. CIMT with carotid plaque. N/A N/A plaque, but GDF-15 alone is ass;i%gltierﬂcvgfth
46% males a marker of inflammation. atherosclerosis.
GDF-15 genetic
Positive association phenotypehcogllc(l
3 between CDE-1> Variant carriers have an m;pl;c')f“] y tt N 1‘le
. : h stratification o
Comgh e gmeoun O SN
52.2% males plaque (OR =275, p = 0.005). disturbances and
' (p = 0.015) subclinical
' ' atherosclerosis Chronic
development. inflammation,
1004 GDF-15 is an aging, genetic
. patients . o o » o N o ) independent variants and CV
Lind, 2009 Sweeden CIMT Positive association Positive Positive association Positive association with biomarker useful in T ISk factors
[23] 70 v.o with carotid plaque. association. with NT-proBNP. CRP. vascular stimulate )
50% ri,{al.es dysfunction atherosclerosis.
assessment.
No association with
2024 No association with Positive GDE-15 is
Garcia, 2024 atients CIMT - o . correlated with
[16] ermany ABI CIMT. No association. asls\?%;fg I\‘?Il’lth N/A carotid plaque, but
51.3% males o ’ not with CIMT.
Positive
association with
carotid plaque.
269 GDEF-15 was
. patients -, -, T associated with
KISSZ, 22023 Flungary ij]gs Posgtltye N/A N/A Positive ia&esolaatlon in subclinical
[22] 35-85 y.o. association. elaerly. atherosclerosis in
46.5% males elderly patients.
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Table 4. Cont.
Results
. Atherosclerotic 15— .
Study Population Marker GDF-15- 8{?55 11’; y GDF-15- Other Outcomes Conclusion Key Notes
Atherosclerosis Metabolic Profile HF/CV Risk
No association with
GDF-15 was
; iated with
2564 s _ . GDF-15 >1800 pg/L is a assoclatec
; - i Positive association Positive . subclinical
Rohatgi, 2012 patients CACS Positive with hsCRP. association with predictor for atherosclerosis and
[30] US.A. association. NT-proBNP. all-cause mortality and CV mortality in a
30-65 y.o. Positive death. multiethnic
association with population.
lipid profile.
Other diseases
- No association with
% ositive BML GDE-15 is
tent : Positive association with correlated with
patients Positive history of blood transfusion. CIMT in patients Vascular
Efat, 2021 th al}zgéz;ni a CIMT GGDDIE _11 55 t?)ngIﬁ‘sT association with N/A with dysfunction
[32] Egypt ratio — hpld profile. GDF-15 2144001 pg/dL is beta-thalassemia enhances
>18y.o predictors for o o a predictor for and blood atherosclerosis.
42.2% Ir{aies subclinical Positive association atherosclerosis. transfusion
- atherosclerosis with inflammatory dependence.
’ markers.
No association. GDE-15 was
pa%ii its Positive association Positive association with associated with Vgggfﬁgfgﬁ’d
Yilmaz, 2014 CKD-HD Positive with CRP. atherosclerosis, uremic stress from
[31] Turke CIMT iati N/A malnutrition and CKD
S 29-84 yyo association. Negative Strong predictor of inflammation in stimulate
50.75% males association with mortality in HD patients. patleI;;s dvﬁt]g CKD atherosclerosis.

LDL-cholesterol.

Abbreviations: ABI, ankle-brachial index; APS, antiphospholipid syndrome; BMI, body mass index; CACS, coronary artery calcium score; CAVI, cardio-ankle vascular index;
CIMT, carotid intima-media thickness; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disorder; CVD, cardiovascular diseases; CV, cardiovascular;
FIMT, femoral intima-media thickness; HD, hemodialysis; HIV, human immunodeficiency virus; hsCRP, high-sensitive C reactive protein; LAPV, low attenuation plaque volume;
LEAD, lower extremity atherosclerotic disease; MASLD, metabolic-dysfunction associated steatotic liver disease; N/ A, not available; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; PAD, peripheral artery disease; RA, rheumatoid arthritis; SGLT2, sodium glucose co-transporter 2; TPV, total plaque volume; T2DM, type 2 diabetes mellitus; y.o., years old.
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3. Results

Table 4 summarizes the clinical studies regarding GDF-15 association with subclinical
atherosclerosis in patients with metabolic inflammatory, infectious, and renal disorders,
along with elderly and general population. The subclinical atherosclerosis markers were
ankle-brachial index, coronary artery calcium score, carotid intima-media thickness, and
atherosclerotic plaque measurement.

3.1. Results from Studies
3.1.1. Metabolic Disorders

Across metabolic conditions, GDF-15 was associated with multiple markers of subclini-
cal atherosclerosis, such as ABI, CIMT, or FIMT. Typically, these populations exhibit visceral
adiposity which induces insulin resistance and chronic low-grade inflammation, these
mechanisms triggering GDF-15 expression. Moreover, the relationship between GDF-15
and different metabolic parameters such as HOMA-IR or steatosis score, connects GDF-15
to metabolic disturbances beyond adiposity [17,20]. Since within these cohorts, GDF-15
appears to capture metabolic and vascular stress, it could be a promising biomarker for
early vascular disease diagnosis in patients with risk for cardiometabolic complications.

3.1.2. Chronic Inflammatory Diseases

In inflammatory diseases, the main cause of atherosclerotic disease is endothelial dys-
function, which is the result of different mechanisms. In patients with chronic obstructive
pulmonary diseases, elevated GDF-15 levels may be explained by intrathoracic mechanics
and hypoxia [24]. In contrast, chronic inflammation primarily triggers for GDF-15 expres-
sion in psoriasis [21], and immunosuppression contributes in theumatoid arthritis [26],
leading to endothelial dysfunction and pro-atherogenic processes. Furthermore, in an-
tiphospholipid syndrome, the main mechanism is represented by impaired nitric oxide
release, which eventually leads to endothelial dysfunction [27]. Overall, GDF-15 reflects
vascular injury induced through different pathways.

3.1.3. Human Immunodeficiency Virus (HIV) Cohorts

In patients with HIV, the studied cohorts were heterogenous. In younger patients, with
low cardiovascular risk, GDF-15 was not associated with atherosclerosis [15,33], whereas in
older, metabolically compromised, where GDF-15 was associated with plaque volume [25].
The differences between groups could be explained by age, antiretroviral therapy duration,
metabolic health, and systemic inflammation, which are more frequent in older patients
and modulate the GDF-15-atherosclerosis association in HIV populations. Thus, GDF-15
appears useful primarily in high-risk HIV patients.

3.1.4. General Population

In the general population and elderly patients, GDF-15 was frequently associated with
atherosclerotic plaque [16,18,19,23] and a coronary artery calcium score [22,30]. Moreover,
genetic variants were associated with atherosclerotic plaque and risk of T2DM [19], and
age was correlated with N-terminal pro-B-type natriuretic peptide [16,23,30]. These results
suggest that mitochondrial dysfunction, oxidative stress, and systemic inflammation in-
duced by aging are responsible for GDF-15 increased levels, being a good predictor for
mortality and atherosclerotic events in the elderly.

3.1.5. Other Diseases

In patients with chronic kidney disease (CKD), chronic inflammation status and
uremic toxicity lead to vascular injury, being associated with CIMT. Furthermore, GDF-15

https://doi.org/10.3390/medicina62010132
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reflects a combination between metabolic, vascular, and uremic stress, being correlated
with cardiovascular risk [31].

In patients with beta-thalassemia, the association between CIMT and GDE-15 levels
was significant. Although pathogenic mechanisms differ from typical cardiometabolic
disease, oxidative stress leads to endothelial dysfunction and vascular inflammation, stim-
ulating GDF-15 expression.

3.2. Effect Direction and Magnitude

In most of the studies, the association between GDF-15 and markers of subclinical
atherosclerosis was positive, and directly correlated with atherosclerotic burden [16-27,30-32].
This pattern was observed in patients with metabolic disorders, chronic inflammatory
diseases, the general population, elderly individuals, and patients with chronic kidney
disease, supporting the relationship between systemic inflammation and endothelial dys-
function. In contrast, in patients with HIV and younger individuals, the association was
weak or absent, indicating the fact that the effect depends on the underlying condition.
In studies where adjustment for confounders was possible, the positive association was
mostly preserved, but decreased, further suggesting that confounders contribute to, but do
not explain, the results.

3.3. Heterogeneity

The correlation between GDF-15 concentrations and markers of subclinical atheroscle-
rosis showed a significant variability among different cohorts. The association was strongest
in elderly patients, in those with chronic inflammatory disorders, and those with chronic
kidney disease, where GDF-15 correlated with CIMT, atherosclerotic plaque, or coronary
calcification. For these situations, the association remained statistically significant after
adjustment for traditional risk factors, indicating the cumulative influence of inflammation,
oxidative stress, and metabolic disturbances [18,19,22-25,27,30,32].

In metabolic disorders, GDF-15"s association with subclinical atherosclerosis was
present, but inconsistent, since this association tended to be stronger in patients with
advanced metabolic disturbances, and weaker in younger patients or those with better
metabolic control [17,20,34].

In contrast, in HIV cohorts, which were generally younger patients with lower car-
diovascular risk, the association was weaker [25] or absent [15,33]. After adjustment
for confounders, the previously positive association was attenuated or lost, suggesting
that in lower-risk settings, GDF-15 may reflect background systemic stress rather than
atherosclerotic process directly.

Taken together, these findings support the idea that the association between GDF-
15 and subclinical atherosclerosis is context-dependent, being most evident in situations
involving inflammation, metabolic imbalance, vascular aging, or impaired renal function,
all of these being risk factors for atherosclerosis.

Interpretation of statistical analysis must consider methodological heterogeneity. First,
GDF-15 was measured using ELISA in most studies, but also other types of immunoassay
platforms [15,16,18,21,22,27] or PCR [19]. Second, the results were reported different units,
and data were analyzed using absolute value, log-transformed scales, or tertiles. Third,
the atherosclerosis assessment varied, and the imaging protocols were different. All these
factors limit direct comparability of effect data, despite consistent directional trends.

3.4. Evidence Gaps

Despite GDF-15 relevance in cardiometabolic disorders, several gaps still remain re-
garding its implication in the triad of obesity-heart failure—subclinical atherosclerosis. First,
no study simultaneously evaluated its implication in the triad mentioned above, which
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is the main interest for this review. Therefore, the results are indirect and derived from
different and heterogeneous populations, and the conclusions are not easy to generalize.

Second, the majority of studies are cross-sectional, which limit causality. Moreover,
the incremental predictive value of GDF-15 beyond established cardiovascular risk factors
has been evaluated in only few cohorts, and the results are not conclusive.

Third, the heterogeneity of studies, reflected in differences in vascular imaging pro-
tocols, statistical analysis, or endpoints, makes it more difficult to compare study results,
and contribute to discordant findings. Confounders such as age, renal impairment, chronic
inflammation, metabolic dysfunction, and cardiovascular risk remain key determinants in
GDF-15s involvement in both cardio-reno—-metabolic disorders and atherosclerosis.

Finally, few studies differentiated between heart failure phenotypes when evaluating
GDF-15’s involvement, particularly in patients with obesity, where it may have greater
diagnostic and prognostic significance.

Overall, there is a need for dedicated studies, with standardized protocols for vascular
assessment, clear endpoints, and statistical analysis to clarify whether GDF-15 represents a
marker of systemic stress or an integrative biomarker, with independent clinical utility in
cardiometabolic disorders.

4. Discussion
4.1. GDF-15 Physiopathological Implications

GDF-15 is a member of the transforming growth factor-f3 (TGF-f) superfamily and
is involved in several biological processes, including oxidative stress response, weight
management, inflammation, and cancer progression [7,35]. Circulating levels of GDF-15
increase with age, suggesting its role as a systemic biomarker of age-related diseases,
including cardiometabolic conditions [8,10,36,37] (Figure 2).

Obesity
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inflammation
l Ag{ng ¢ Stress l
Oxidative stress ~‘~\ Growth L. -7 1 myocardial strain
- * A Differentiation 4 J
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Figure 2. GDF-15 shared pathways with obesity, heart failure, and atherosclerosis. Created with
BioRender. Ceasovschih, A. (2025). https://BioRender.com/e2rilwf (accessed on 26 December 2025).
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4.1.1. Tissue Expression and Stress Responsiveness

GDF-15 is expressed in various tissues, including the heart, lung, colon, liver, kidney,
vascular smooth muscle cells, and endothelial cells. Under stress condition, its expression
increases, highlighting its role as a stress-response cytokine and its utility as a diagnostic,
prognostic, and potentially therapeutic biomarker [8,38,39].

4.1.2. Molecular Regulation

At the molecular level, GDF-15 transcription is regulated through pathways, such as p53,
EGR-1, strongly linking it to cellular damage, senescence, and immunomodulation [11,36].

Serum levels are typically low in young and healthy individuals, but they rise pro-
gressively with age, modulating the subclinical development of cardiometabolic disorders.
Moreover, GDF-15 exerts autocrine, endocrine, and paracrine effects depending on the
tissue involved and the stage of disease [10,36,37].

4.1.3. GFRAL-RET Axis and Metabolic Effects

According to the studies, GDF-15's effect is mediated through a complex formed by
the glial cell-derived neurotrophic factor family receptor alpha-like (GFRAL) and a tyrosine
kinase receptor (RET), located in area postrema and nucleus tractus solitarius. Through this
pathway, GDF-15 exerts an anorexigenic effect, reducing appetite and food intake, which
confers a central role in influencing body weight and energy expenditure [40,41]. Murine
studies have demonstrated that GFRAL-RET agonism improves metabolic parameters,
while its antagonism leads to weight gain and metabolic dysfunctions [8,42].

4.2. Diagnostic and Prognostic Role of GDF-15

Although elevated GDF-15 levels are not specific to a single condition, the molecule is
considered a valuable biomarker of global disease burden and systemic stress rather than a
disease-specific indicator [8,10]. Its strongest evidence base lies in CVD, where increased
levels are found in hypertension, atherosclerosis, heart failure, especially with preserved
ejection fraction, and peripheral artery disease. In these conditions, GDF-15 serves as a
prognostic biomarker, and is independently associated with cardiovascular events and
mortality beyond traditional risk markers [9,36,43,44]. However, its diagnostic value is
limited due to confounders, such as age, renal impairment [30,31], metabolic disturbances,
and inflammation [21,27], which decrease its specificity for individual conditions.

Because its expression is stress-related and amplified by inflammation, elevated levels
are also encountered in patients with obesity, insulin resistance, type 2 diabetes mellitus
(T2DM), or steatotic liver disease [9,34,36]. Moreover, GDF-15 levels rise with aging, and
are strongly correlated with frailty and physical function decline in older adults [11,37,45].
Accordingly, recent research describes GDF-15 as a molecule situated at the crossroads of
inflammation, metabolism, and aging. Its utility in risk stratification and phenotyping is
particularly enhanced when integrated into multimarker strategies along with biomarkers
such as NT-proBNP or hs-CRP, improving patient classification, and therefore supporting
its prognostic value rather than diagnostic. [8,10-12,30],

4.3. Possible Mechanisms Between Atherosclerosis, Heart Failure and Obesity

Obesity induces chronic low-grade inflammation, which increases the secretion of
proinflammatory cytokines such as tumor necrosis factor & (TNF-«), and chemokines,
such as GDF-15. These molecules induce endothelial dysfunction and insulin resistance,
perpetuating the inflammatory state and driving immunological dysfunction through
activation of immune system cells [2,46-48].
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Hemodynamically, obesity increases blood volume and cardiac output, contributing to
left ventricular hypertrophy and diastolic dysfunction, features of HF with preserved ejec-
tion fraction (HFpEF). I would like to rephrase it: Furthermore, obesity leads to structural
heart changes and HF with reduced ejection fraction (HFrEF) by activating neurohormonal
pathways, especially through leptin [46,49]. Paradoxically, in spite of the elevated leptin
levels in obese patients, leptin resistance further contributes to molecular mechanisms in
oxidative stress, endothelial dysfunction, and chronic inflammation. All these promote and
sustain the atherosclerotic process [50,51].

In atherosclerosis, macrophage activation facilitates the uptake of oxidized low-density
lipoprotein and secretion of GDF-15, contributing to the atherosclerotic plaque forma-
tion and to the local inflammation [8,46,52]. As a consequence, GDF-15 is released from
macrophages within atherosclerotic plaques and correlates with vascular inflammation,
promoting plaque progression and stenosis [1,48]. Despite inconsistencies in published
findings, most studies suggest an association between elevated GDF-15 and subclinical or
progressive atherosclerosis, as well as with cardiovascular outcomes [8].

Chronic HF represents the final common pathway of hemodynamic overload,
metabolic disturbances, and inflammation, often originating from obesity and atherosclero-
sis. All these modifications promote structural remodeling, fibrosis, and progressive cardiac
dysfunction [53,54]. According to contemporary studies, GDF-15 is a strong predictor of
HF severity and mortality, reflecting hypoxia, oxidative stress, systemic inflammation, and
mechanical strain [1,18]. Beyond its prognostic role, GDF-15 exerts immunomodulatory
effects and may attenuate the maladaptive hypertrophy response [16,18].

In summary, GDF-15 integrates the major sources of cardiometabolic stress. It high-
lights metabolic and inflammatory response associated with obesity [2,46], vascular in-
flammation of atherosclerotic plaques [1,3], and mechanical, oxidative, and hypoxic stress
driven to chronic HF progression [18,53]. Thus, GDF-15 can be considered a biomarker
capable of quantifying the interaction between obesity, atherosclerosis, and HF.

4.4. GDF-15 as Pathophysiological Mediator vs. Risk Biomarker

Since there are several mechanisms that could link obesity, heart failure, and atheroscle-
rosis through GDF-15, an important question remains: should GDEF-15 be interpreted as a
risk biomarker or an active mediator in this triad?

All the mechanisms explained before position GDF-15 as a molecule capable of influ-
encing vascular remodeling, plaque development, and myocardial structure and function.
However, clinical evidence supports GDF-15 more strongly as a risk marker than a medjiator.
In most studies included in this review, the association between GDF-15 and subclinical
atherosclerosis decreases after adjustment for confounders. Moreover, it is difficult to
establish whether GDF-15 elevation precedes vascular dysfunction or represents a primary
driver leading to it.

To move from association to causality, evidence of temporality, dose-response rela-
tionships, consistency across populations and methods, and ideally genetic phenotyping is
required, since modulation of GDF-15 signaling could be influenced by the genetic profile.

Based on the current data available, GDF-15 appears to more likely be an integra-
tive stress biomarker, capturing the influence of inflammation, metabolic dysregulation,
endothelial dysfunction, and renal dysfunction. Whether it can act as a mediation in
the triad of obesity—heart failure-atherosclerosis remains an open question that requires
further studies.
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4.5. Confounders

All results about the relationship between GDF-15 and subclinical atherosclerosis
should be interpreted taking into account several important confounders. As we men-
tioned before, these include age, renal impairment, endothelial dysfunction, inflammation,
and cumulative comorbidity burden. Table 5 summarizes the main confounders and the
statistical results after adjustment (Table 5).

Age is one of the strongest determinants of GDF-15 serum levels, and correlates
with endothelial dysfunction, and chronic comorbidities commonly associated with aging.
Reduced renal function also increases GDF-15 serum concentration, particularly in patients
with chronic kidney disease. In this population, uremia, inflammation, and malnutrition
may explain the association between atherosclerosis and increased levels of GDF-15 [31].

Metabolic status plays an important role. Obesity, insulin resistance, diabetes, and fatty
liver disease are positively associated with GDF-15 serum levels, reflecting metabolic and
vascular stress, and endothelial dysfunction [18,19,21,24]. Additionally, frailty and chronic
systemic disease also increase GDF-15 concentrations, independently of other confounders.
Finally, in patients with HIV, antiretroviral treatment, along with anti-inflammatory agents
or cardiometabolic medications, such as SGLT2 inhibitors, influence GDF-15 expression,
but the results are inconsistent across studies [15,25,33].

After adjustment for confounders, the strength of the association between GDF-15 and
atherosclerosis diminishes, and in some cases the statistical significance is lost [21,25,27].
Consistent, comprehensive confounder adjustment is mandatory in future studies, to ensure
more accurate results and clinical interpretation.

4.6. Clinical Implications

Current evidence suggests that GDF-15 may serve as a global risk stratification and
prognosis marker rather than a specific diagnostic marker. Elevated GDF-15 levels correlate
with cardiometabolic risk, inflammation, and endothelial dysfunction and are linked to
vascular disease. However, the inconsistent results limit at this moment its use in clinical
practice, even after adjusting for confounders. GDF-15 is likely more effective when used
alongside other biomarkers rather than alone. Moreover, the lack of longitudinal studies
hinders the assessment of GDF-15’s diagnostic role for specific disorders. Further studies
should focus on its role in specific populations, and assess its role in predicting the risk and
treatment strategy.

4.7. Limitations

Across all included studies, the most common limitations were the predominance of
cross-sectional designs, the use of small or highly specific samples, insufficient adjustment
for confounders, and incomplete cardiovascular or metabolic evaluation, all of which
may interfere with the results (Table 6). Several studies relied on self-reported medical
histories, introducing measurement bias. Additionally, variation in imaging techniques
contributes to heterogeneity, while differences in body composition across populations
limited generalizability.

The heterogeneity across studies results from the differences in population character-
istics, age, cardiovascular risk, and comorbidity burden. Methodological heterogeneity
arose from differences in study design, imaging protocols applied to evaluate subclini-
cal atherosclerosis, and statistical adjustment for confounders, especially renal function,
systemic inflammation, malignancy, and metabolic factors.

In chronic inflammatory diseases, disease activity itself may influence circulating
GDF-15, limiting the capacity to estimate the exact contribution of inflammation to GDF-15-
atherosclerosis relationship.
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Table 5. Major confounders and their impact on the association between GDF-15 and subclinical atherosclerosis, cardiovascular disorders and metabolic profile.

Study Statistical Associations Confounders Observation
Metabolic disorders
® with ABI
Chuane. 2025 (p>0.05) Age. gender. BMI. HTN Statistical analysis was conducted based on GDF-15’s 50th
[Z%j : hyperli idgeI{iiga HE ,strok:e renall disease percentile and
%B Wl(’)dbzl-él; yperip 7o ’ not absolute value.
p=u.
@ with CIMT

Girona, 2025 [17]

(p =0.321, p < 0.001)

@ with lipid profile
(VLDL-cholesterol: 3 = 0.475;
LDL-cholesterol:  =0.217,
VLDL-triglyceride: 3 = 0.478;
LDL-triglyceride: 3 = 0.503;
HDL-triglyceride: 3 = 0.327;
p < 0.0001)

© with HDL-cholesterol
(B =—-0.273, p = 0.007)

Age, insulin therapy,
oral antidiabetic therapy,
oral hypotensive therapy

In crude analysis, GDF-15 showed a strong positive
association with
VLDL-cholesterol, VLDL-triglyceride, LDL-triglyceride, a
moderate positive
association with LDL-cholesterol, HDL-cholesterol, and
HDL-triglycerides.

After adjustment for confounders, GDF-15 remained
independently associated with lipid profile remained positive
for VLDL-cholesterol, VLDL-triglyceride,
LDL-triglyceride (p < 0.001).

He, 2020 [20]

p:
p:

& with FIMT
(p = 0.164, p = 0.001)

@ with LEAD

(OR =1.389, CI95%: 1.136-2.242,

p =0.007)

@ with BMI
(p =0.179, p < 0.001)

& with HOMA-IR
(p =0.103, p = 0.046)

© with lipid profile (triglyceride:
—0.214, p < 0.001; LDL-cholesterol:
—0.206, p < 0.001, HDL-cholesterol:

p = —0.142, p = 0.006).

BMI, gender, blood pressure, HbAlc,
HOMA-IR, lipid
profile, CRP, eGFR

GDEF-15 showed a very weak correlation with FIMT and BMI,
that remained
independently positive after adjustment for confounders
(FIMT:  =0.162, p = 0.002 and BMI: 3 = 0.193, p < 0.001).

GDF-15 showed a moderate association with LEAD in
general population, that remained statistically significant
after adjustment (OR = 1.419, CI95%: 1.118-1.802,

p < 0.05), with a higher risk in patients with BMI >25 kg/m?
(OR = 1.582, CI95%: 1.069-2.341, p < 0.05).
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Table 5. Cont.
Study Statistical Associations Confounders Observation
Chronic inflammatory diseases
@ with CACS
(p=10.269, p < 0.0001)
®(;Vit}6 133%\)/[1 Cardiovascular risk, comorbidities, lung Statistical analysis was conducted based on GDF-15 tertiles.
. o function, biomarkers
Martinez, 2017 [24] @ with T2DM (NT-proBNP, GDEF-15 showed a weak positive correlation with CACS, that
(p < 0.001) troponin T, interleukin-6) remained positive after adjustment.
@ with lipid profile
(p = 0.005)
) Although GDF-15 showed a moderate positive correlation
th CIMT & 4
_@% ‘g’é = 20,001 with CIMT, the association was lost after adjustment for
(p=0.53, p = <0.001) confounders.
Kaiser, 2021 [21] " 39 (;/\Zéh C;AOC(?lS) AHA risk score, hs-CRP There was a moderate positive correlation between GDF-15
AP = and CACS, that remained independently significant after
@ with carotid plaque adjustment, with higher GDF-15 levels associated with
(OR =1.30, CI95%: 1.09-1.61, p= 0.007) coronary atherosclerosis (OR =1.70, CI95%: 1.34-2.33,
p <0.001).
. @ with CIMT
Tanrikulu, 2017 [26] (p =0.543, p = 0.001) - -
Statistical analysis was conducted based 1200 pg/mL cut-off
level.
There was a very weak association between GDF-15 and
@ with CIMT CIMT, that remained
(B =0.068, p = 0.006) Gender, age, renal function, treatment, independent associated after adjustment for gender, adjusted
Tektonidou, 2022 [27] ) adjusted global APS score for global APS score for
® with BMI cardiovascular diseases cardiovascular diseases (3 = 0.059, CI95%: 0.008-0.110,
(p =0.685) p = 0.024), and treatment with hydroxychloroquine ( = 0.064,

CI95%: 0.015-0.113, p = 0.011) and statins (3 = 0.059,
CI95%: 0.008-0.110, p = 0.025). After adjustment for age and
renal function,
the association is no longer statistically significant.
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Study Statistical Associations Confounders Observation
HIV cohorts
Carvalho, 2018 [15] ® with CIMT - -
Ueland, 2025 [28] ® with CIMT - -
@ with total plaque volume in
patients with HIV ) )
(p=0.29, p = 0.006) After adjustment for confounders, in control group, GDF-15
(andovgizthoutol—(l)lo\i) iated with remalfﬁ POSI’CIIVGI}{ (OR = 35.38, CI95%
p=0.62,p<0. . associated with coronary atherosclerosis = 30.38, %o:
Royston, 2022 [25] _ . A gendei,rzgxgtgii{iﬁ; 2DM, BML, 1.19-999, p = 0.04).
@ with low attenuation plaque volume in After adjustment for confounders, in cohort with HIV,
patients with HIV GDF-15 no longer correlated with coronary atherosclerosis
(p =d0.30,hp =0.005) (OR =1.37, CI95%: 0.65-2.90, p = 0.67).
and without HIV

(p = 0.60, p < 0.001)

General population

There was a crude small association between GDF-15 and
carotid plaque that
remained independently significant after adjustment for age
and gender (OR = 1.48, CI95%: 1.34-1.63, p < 0.0001), and

s . after multivariable analysis (3 = 0.04, p < 0.0001), with higher
@ Wlt}} énie(l;r(l)zlocarztlod()%r(;cg y IMT GDF15 levels associated with increased odds of carotid
=V p<U Age, gender, blood pressure, HTN plaque.
Gopal, 2015 [18] . . treatment, total and HDL cholesterol,
ORGB—VII;)}; Céi‘g;f/i ~p11a2c(l)ui 18 T2DM, smoking, BMI There was a moderate correlation between GDF-15 and
(OR=1. P’< 0 OOOOi) 2U=1.30, internal carotid artery IMT in crude analysis, that remained

independently significant after adjustment for age and
gender (3 = 0.070, p < 0.0001) and multivariable analysis
(OR =1.33, CI95%: 1.20-1.48, p < 0.0001), with higher GDF15
levels associated with increased odds of
carotid atherosclerosis.

There was a strong positive independent association in crude

@ with atherosclerotic plaque analysis between GDF-15 wild carrier variant and
Guardiola, 2024 [19] (OR = 2.44, CI95%: 1.19-5.03, Age, gender atherosclerotic plaque, that remained statistically significant
p =0.015) after adjusting for age (OR = 2.44, CI95%: 1.11-5.37, p = 0.026)

and gender (OR = 2.41, CI95%: 1.08-5.37, p = 0.032).
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Table 5. Cont.

Study

Statistical Associations

Confounders

Observation

Lind, 2009 [23]

@ with CIMT
(p=0.11,p <0.001)

@ with carotid plaque
(p=0.13,p <0.001)

BMI, gender, smoking, HTN, waist
circumference, T2DM, glucose, lipid profile,
CRP,

NT-proBNP, eGFR

Although GDF-15 showed a very weak positive correlation
with CIMT in crude analysis, the association was lost after
adjusting for confounders (p = 0.14).

GDF-15 showed a very weak positive correlation with carotid
plaque, that remained statistically significant after
adjustment for confounders (p = 0.031).

Garcia, 2024 [16]

® with ABI
® with CIMT

@ with carotid plaque

Sex, age, BMI, LDL-C,
diabetes, smoking status, eGFR and
hypertension

GDF-15 showed a positive correlation with carotid plaque,
that remained
statistically positive after adjustment for confounders
(B =0.39, p <0.001).

Kiss, 2023 [22]

@ with CACS
(p = 0.339, p < 0.001)

@ with ABI
(OR =1.001, p = 0.027)

No confounders specificized.

GDE-15 showed a positive weak correlation with CACS in
crude analysis,
that remained statistically significant after adjustment for

confounders in
elderly group (3 = 0.148, p = 0.003).

GDF-15 showed a small association with ABI in crude
analysis, that remained
independently significant after adjustment for confounders
in elderly group
(B =0.088, p = 0.041).

Rohatgi, 2012 [30]

& with CACS
(p < 0.0001)

® with BMI
(B=—0.02,p=027)

© with lipid profile

(LDL-cholesterol: 3 = —0.10,
p < 0.0001; cholesterol: = —0.08,

p < 0.0001)

Age, gender, black race, HTN, T2DM,
smoking, left ventricular mass, lipid profile

There was a positive association between GDF-15 and CACS
in crude analysis, that remained statistically significant after
adjustment for CRP, NT-proBNP, and cardiac troponin T,
GDEF-15 >1800 ng/L being associated with CAC >10
(OR =21, CI95%: 1.2-3.7,

p =0.01), CAC >100 (OR = 2.6, CI95%: 1.4-4.9, p = 0.002).
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Table 5. Cont.

Study

Statistical Associations Confounders Observation

Other diseases

Efat, 2021 [32]

@ with CIMT
(p <0.001) There was a positive association between GDF-15 and CIMT
. : s . . in crude analysis, that remained independently significant
(0 =®0v(\)7%h Bll/[éw) Smoking, ferritin, lri)of?lcel transfusion, lipid after adjustment, GDF-14 >1839.89 pg/mL being associated
P p ’ with increased dds of carotid atherosclerosis

& with cholesterol (OR = 62.143, CI95%: 5.780-66.166, p = 0.001).

(p =0.365, p = 0.004)

Yilmaz, 2014 [31]

@ with CIMT
(p=0.607, p <0.001)
® with BMI GDF-15 showed a strong correlation with CIMT in crude
(p=—0.014, p = 0.958) analysis, that remained
Age, (;Eiii]?l\é[ﬁ/ﬁender, independently significant after adjustment for confounders,
@ with CRP ’ GDF-15 being a strong independent predictor for mortality
(p=0.250, p < 0.010) (HR =5.65, p <0.01).

© with LDL-cholesterol
(p =—0.237, p = 0.020).

Abbreviations: @, positive association; ©, negative association; ®, no association; ABI, ankle-brachial index; APS, antiphospholipid syndrome; BMI, body mass index; CACS, coronary
artery calcium score; CI, confidence interval; CIMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; FIMT, femoral intima-media thickness; GDF-15, growth
differentiation factor; HbAlc, hemoglobin Alc; HDL, high density lipoprotein; HF, heart failure, HIV, human immunodeficiency virus; HOMA-IR, Homeostasis Model Assessment of
Insulin Resistance; hs-CRP, high-sensitive C reactive protein; HTN, arterial hypertension; IMT, intima media thickness; LDL-cholesterol, low density lipoprotein cholesterol; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; OR, odds ratio; T2DM, type 2 diabetes mellitus; VLDL-cholesterol, very low density lipoprotein cholesterol.
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Table 6. Studies’ limitations.

Study Limitations
Metabolic disorders
The result cannot be generalized to others ethnic groups.
1 8 group
Chuang *, 2025 SGLT?2 inhibitors may interfere with GDF-15.
[29] : .
No confounding variables were assessed.
Girona !, 2025 MASLD was assessed using non-invasive techniques.
[17] No information about HF.
No evaluation of ABI or symptoms.
1 Body composition differs in Asia compared to other regions, so the results cannot
He ", 2020 b lized i 1 lati
[20] e generalized into general population.
No information about BMI, just associations with metabolic profile.
No information about HE.
Chronic inflammatory diseases
Martinez 1, 2017 The study did not compare GDE—15 anq CACS between obese vs.
[24] normal-weight patients.
Not all diseases were proved by medical records (patients self-reported history).
Kaiser | 2021 No healthy control group included.
1ser -, The patients included had different disease activity and different treatments.
[21] .
No other vascular assessment included.
Tanrikulu !, 2017 No information about HF.
[26] No correlation between GDF-15 and obesity.
: 1
Tektom;izo;]l , 2022 APS is not a frequent disease into general population.
HIV cohorts
Carvalho !, 2018 Young population, without CVD.
[15] Increased prevalence of dyslipidemia could be explained by antiviral therapy.
Ueland 1, 2025 COmmon CIMT eV;l(li,latl.OIl O}rllly. .
[33] No viremia was assessed during the study.
Antiviral therapy duration was not assessed.
Royston !, 2022 Most of the patients had metabolic syndrome or its components.
[25] There was not specified the HIV treatment and its implication into results.
General population
The results could be generalized to white populations only.
Gopal 1, 2015 Incomplete atherosclerotic disease evaluation.
[18] No information about HF.
No information about BMI.
Guardiola !, 2024 No available dat.a regard}ng glycemic control status.
[19] No information about BML
No information about HE.
Lind 1 2009 The results cannot be generalized.
[Zé] Not all CVD were proved by medical records (patients self-reported history such
as HF or angina).
Garcia !, 2024 Large number of proteins assessed with cardiovascular features. No data
[16] regarding HF patients, just with NT-proBNP values.
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Table 6. Cont.

Study Limitations
The study sample was formed by Caucasian patients, so the result
Kiss !, 2023 cannot be generalized.
[22] No information about HF.
No information about metabolic profile and GDEF-15.
Rohatgi 2, 2012 Limited statistical power due to young population.
[30] Not all diseases were proved by medical records (patients self-reported history).
Other diseases
3
Efat[3,2]2021 Young population, with blood transfusion dependence.
Yilmaz 2, 2014 No assessment of malnutrition, which can interfere with GDF-15.
[31] No information about HE.

Abbreviations: ABI, ankle-brachial index; BMI, body mass index; CACS, coronary artery calcium score;
CIMT, carotid intima-media thickness; CVD, cardiovascular diseases; GDF-15, growth differentiation factor
15; HIV, human immunodeficiency virus; HE, heart failure; MASLD, metabolic associated steatotic liver disease;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; SGLT2, sodium glucose co-transporter 2; y.o., years old.
1 cross-sectional study; 2 cohort study; 3 case—control study.

In HIV cohorts, key variables such as viremia, antiretroviral therapy, and metabolic
syndrome status were inconsistently reported. Many participants were relatively young
and without CVD, reducing the probability of detecting GDF-15-atherosclerosis association.

Studies in beta-thalassemia and CKD on hemodialysis included small, highly specific
samples, reducing external validity. In CKD, malnutrition status may elevate GDF-15,
complicating interpretation.

In general population cohorts, most sources of bias included limited age ranges and
voluntary enrollment, reducing sample representativeness. Missing information regarding
BMI and HF association with GDF-15 limited the adjustment for confounders.

Taken together, these limitations restrict the capacity to determine causality and
prevent a complete assessment of the role of GDF-15 across the triad of obesity, subclinical
atherosclerosis, and HF.

4.8. Future Perspectives

To our knowledge, there is no study in the literature that has assessed GDF-15 in-
volvement in subclinical atherosclerosis among patients with obesity and heart failure.
Future research should aim to clarify whether GDF-15 serves as a biomarker that quantifies
cardiometabolic stress across obesity and HF, and whether it can enhance early detection
of subclinical atherosclerosis. Furthermore, investigations should integrate standardized
vascular imaging, clinical evaluation of symptoms and comprehensive metabolic, inflam-
matory, and cardiac phenotyping.

The relationship between GDF-15 and HE, especially HFpEF in the context of obesity,
requires focused investigation, as metabolic inflammation and myocardial strain may
independently influence GDF-15 expression. In addition, molecular studies should examine
how GDF-15 links mitochondrial dysfunction, endothelial damage, and neurohormonal
activation. Given the increasing significance of the GFRAL-RET pathway, interventional
studies targeting this axis may elucidate whether modulation of GDF-15 signaling provides
therapeutic benefits or enhances diagnostic precision.

The development of multimarker panels including GDF-15, along with natriuretic
peptides and inflammatory or metabolic biomarkers, may improve early detection of high-
risk phenotypes. Also, more diverse and representative populations covering multiple
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races, age groups, and cardiometabolic phenotypes, are essential for improving external
validity and understanding population-specific patterns.

5. Conclusions

Obesity, heart failure, and subclinical atherosclerosis are linked through pathogenic
pathways primarily driven by inflammation, oxidative stress, endothelial damage, and
metabolic disturbances. GDF-15 integrates signals from all these pathways, indicating
its potential role in cardiometabolic disorder assessment. Clinical evidence establishes
a correlation between GDF-15 and subclinical atherosclerosis in specific clinical context;
however, no research links GDF-15 to HF, obesity and subclinical atherosclerosis.

Despite the heterogeneity and limitations of research due to the studies” designs,
cohorts, and inadequate cardiometabolic evaluation, the overall findings endorse GDF-15
as a possible biomarker for global cardiometabolic stress. Its capacity to detect metabolic,
vascular, and cardiac anomalies indicates a possible use in detecting patients at elevated
risk for concurrent obesity-related CVD.

Additional prospective studies are required to validate the clinical use of GDF-15 in
quantifying the relationship between obesity, heart failure, and subclinical atherosclerosis,
as well as to assess its significance in individualized risk estimation and disease prevention.
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