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15 on the risk of cardiovascular diseases:
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Abstract

Background: Growth differentiation factor 15 (GDF-15), a stress responsive cytokine, belongs to transforming growth
factor 3 cytokine superfamily. Some evidence support that it's involved in inflammation, coagulation, oxidative stress,
endothelial dysfunction, and hemostasis. However, it’s still controversial whether GDF-15 directly contributes to the
morbidity and mortality of patients suffered with cardiovascular disease (CVD). Besides prospective cohort study and
randomized controlled trial, Mendelian randomization (MR) is a genetic epidemiological method that exploits genetic
variants as unbiased proxies for modifiable to determine the causal relationships between exposures and health out-
comes. Herein, we introduced a two-sample MR approach to evaluate the causal relationships of circulating GDF-15
levels with major CVDs incidence.

Methods: Genetic instruments and summary statistics for two-sample MR analysis were obtained from 5 independ-
ent large genome-wide association studies (GWAS) to investigate the causal correlation between circulating GDF-15
levels and 9 CVDs, respectively. Conventional inverse variance weighted method was adopted to evaluate the causal-
ity of GDF-15 with different outcomes; weighted median and MR egger were used for sensitivity analyses.

Results: Among 9 SNPs identified from 5 GWASs in 2.6 million individuals, 5 SNPs (rs1227731, rs3195944, rs17725099,
rs888663, rs749451) coming from chromosome 19 and containing the PGPEP1 and GDF-15 genes were employed.
Based on the instruments, circulating GDF-15 levels significantly linked to the increased risk of cardioembolic stroke,
atrial fibrillation, coronary artery disease and myocardial infarction. However, no significant causal association was
observed for circulating GDF-15 levels with the incidence of any ischemic stroke, large-artery atherosclerotic stroke,
small vessel stroke, heart failure and nonischemic cardiomyopathy.

Conclusions: The MR study provides with genetic evidence for the causal relationship of circulating GDF-15 levels
with the increased risk of cardioembolic stroke, atrial fibrillation, coronary artery disease and myocardial infarction, but
not any ischemic stroke, large-artery atherosclerotic stroke, small vessel stroke, heart failure and nonischemic cardio-
myopathy. It indicates that GDF-15 might be a promising biomarker or potential therapeutic target for some CVDs.
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Introduction

Together with the economic growth and lifestyle change,
" — the incidence of cardiovascular disease is also increasing
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mortality of population health, which contribute to the
current public health concern. Subsequently, the increas-
ing medical insurance costs become an important social
economic burden. It’s crucial and significant to figure
out the causal elements and therapeutic targets to reduce
CVD morbidity and mortality, improve life quality and
alleviate medical insurance burden.

Recent researches have demonstrated that metformin,
a classical and first-line glucose-lowering drug, is bene-
ficial to cardiovascular outcomes and reduction of total
mortality independent of glycemic control. Many dif-
ferent mechanisms beyond glycemic control have been
implicated in cardiovascular protection induced by
metformin, such as improvements of inflammation,
coagulation, oxidative stress, endothelial dysfunction,
and hemostasis [1]. Growth differentiation factor-15
(GDEF-15) and its receptor GDNF family receptor a-like
(GFRAL) are potential molecular targets of metformin,
involving in macrophage activation and differentia-
tion of cardiovascular inflammation [2, 3]. GDF-15 is a
divergent member of the transforming growth factor-f
(TGE-P) superfamily originally identified as macrophage
inhibitory cytokine-1 (MIC-1) based on increased mRNA
expression associated with macrophage activation. It is
also known as placental transformation growth factor
(PTGE-B), prostate derived factor (PDF), placental bone
morphogenetic protein (PLAB), NSAID activated gene-1
(NAG-1), and PL74. GDF-15 promoter, a locus on chro-
mosome 19, contains p53-transcription factor binding
sites that are required and sufficient for the induction
of GDF-15 mRNA expression [4]. The major function of
this protein is still uncertain, but it has been suggested
to have a number of different roles including growth
inhibition and induction of apoptosis in epithelial and
other tumor cell lines. GDF-15, also known as a stress-
responsive protein, is involved in oxidative stress and tis-
sue hypoxia, which might be an effective predictor and
promising therapeutic targets for CVD.

The PARADIGM-HF trial has shown that GDEF-15
plays independently a prognostic value in patients with
heart failure with reduced ejection fraction (HFrEF) in
which higher baseline and incremental GDF-15 levels
were significantly relevant to mortality and all cardio-
vascular events, even after adjusting circulating concen-
trations of N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and high-sensitivity cardiac troponin T
(cTnT) [5]. Similar results were observed in patient with
acute coronary syndrome (ACS) [6], stable coronary
artery disease (CAD) [7], and high risk population [8].
Inconsistently, BIOSTAT-CHF trial has reported that
GDF-15 levels were not influenced by the presence of
atrial fibrillation (AF) in patients with heart failure (HF)
[9]. Since those observational studies inevitably blend
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with some confounding factors (where some factors asso-
ciated with GDF-15 actually result in the disease) and
reverse causality bias (where some patients with CVD
may be more likely to higher GDF-15), it remains con-
troversial whether GDF-15 is causally associated with the
incidence of CVD.

Mendelian randomization (MR) is an epidemiologi-
cal robust tool by using genetic variants as proxies for
the exposure to infer causality between risk factors and
outcome or disease [10]. Because of inherited variants
are independent of potentially confounding environ-
mental exposures, the MR method can be a complement
for observational trials. Large genome-wide association
study (GWAS) has been widely used over the last dec-
ade, allowing the conduct of MR analysis without the
need to recruit new patients or design additional stud-
ies. There was a two-sample MR study based on GWAS
that indicated GDF-15 levels uncorrelated to risk of car-
diometabolic outcomes [11], including body mass index,
waist-hip ratio, waist circumference, whole-body lean
mass, fat percentage, fasting glucose, glycated hemo-
globin, fasting insulin, low density lipoprotein (LDL)-
cholesterol, low density lipoprotein (HDL)-cholesterol,
total cholesterol, triglycerides, type 2 diabetes, and CAD.
However, there is no MR study to explore the causal
relationship of GDF-15 level with major CVDs, such as
stroke, AF, HF and myocardial infarction (MI).

Herein, we obtained genetic instruments and summary
statistics for two-sample MR analysis from 5 GWASs
to investigate the causal correlation between circulat-
ing GDF-15 levels and 9 CVDs, including any ischemic
strokes (cardioembolic stroke, large-artery atheroscle-
rotic stroke and small vessel stroke), AF, HF, nonischemic
cardiomyopathy, CAD and MI. The present study con-
cluded that GDF-15 might be a promising diagnostic bio-
marker and potential therapeutic target of some CVDs.

Methods

Instrument selection

Circulating GDF-15 level was predicted by the exposure
genetically. A meta-analysis of GWAS which includ-
ing 5440 individuals of European ancestry from four
community-based cohorts (the mean age was 62 years
and 53% were women) was utilized to obtain GDF-15
genetic associations [12], as described previously [13].
The selected single-nucleotide polymorphism (SNP) was
associated with circulating GDEF-15 levels at the genome-
wide threshold (p <5 x 1078). All the SNPs were on chro-
mosome 19 containing the PGPEP1 and MIC-1/GDF15
genes. LD-Link [14] was applied to test linkage disequi-
librium between two loci in the same chromosome based
on European ancestry. Every targeted SNP was searched
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in the PhenoScanner [15, 16] for the known effects of
restricting the potential pleiotropy.

Data for outcomes

The summary statistics for the selected SNPs with stroke
were extracted from a large-scale meta-analysis of GWAS
of 446,696 subjects of European ancestry (40,585 cases;
406,111 controls), conducted by the MESTROKE con-
sortium [12]. Specifically, any ischemic stroke (AIS) cases
were divided into three subtypes: cardioembolic stroke
(CES), large-artery atherosclerotic stroke (LAS) and
small vessel stroke (SVS). Genetic associations with AF
were obtained from the largest meta-analysis of GWAS
conducted by the AF consortium [17]. The study included
537,409 individuals of European ancestry. Summary sta-
tistics of HF come from 47,309 cases and 930,014 con-
trols [18] and nonischemic cardiomyopathy (NICM)
were extracted from a meta-analysis of GWAS of 488,010
European participants in the UK Biobank (1816 NICM
cases) [19]. In addition, data of CAD and MI came from
the meta-analysis of GWAS of 185,000 individuals [20].

Statistical analyses

Two-sample MR method was performed to access the
causality in genetic-predicted circulating GDF-15 lev-
els with stroke, AF, HF, and NICM. The casual effect
estimates of SNP instruments on CVD outcomes were
calculated using the Wald Estimator [21], with stand-
ard error obtained using Delta method [22]. Then, odds
ratios (OR) for each disease were meta-analyzed with
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the inverse-variance weighted (IVW) method to estab-
lish all SNPs valid or not [23]. Sensitivity analyses were
conducted with both the Weighted Median and the MR-
Egger method. The Weighted Median method allows half
of the information comes from invalid instrumental vari-
ables [24]. The MR-Egger method not only detects plei-
otropy with regression intercept but also all unbalanced
directional pleiotropy [25]. Briefly, p values of <0.05 were
considered indicative of significant heterogeneity. All
statistical analyses were performed by R version 3.6.1 (R
Foundation for Statistical Computing, Vienna, Austria)
and the MR package.

Results

Among 9 SNPs which identified from the GWAS, 4 SNPs
were discarded since rs1054564, rs3746181, rs1363120
were high linkage disequilibrium (LD) (r*>0.8) and
rs16982345 had not reach the genome-wide threshold
(p>5x107%). The rest of SNPs (rs1227731, rs3195944,
rs17725099, rs888663, rs749451) coming from chromo-
some 19 and containing the PGPEP1 and GDF-15 genes
displayed in Additional file 1.

Casualty between circulating GDF-15 levels and 9
CVDs was shown in Fig. 1. For primary outcomes, sig-
nificant causal association was observed between cir-
culating GDF-15 levels with CES, AF, CAD and ML
Increasing of circulating GDF-15 level was significantly
associated with the increased risk of CES and AF inci-
dence (OR=1.09, p=0.035; OR=1.03, p=0.043, respec-
tively) whereas reduced risk of CAD and MI incidence

OR (95% CI) P value
1.09 (1.01, 1.19) 0.035
1.02 (0.98, 1.07) 0.268
0.99 (0.89, 1.11) 0.898
0.96 (0.87, 1.06) 0.464
1.03 (1.00, 1.06) 0.043
0.99 (0.96, 1.03) 0.660
1.12 (0.98, 1.29) 0.102
0.94 (0.89, 0.99) 0.013
0.94 (0.90, 0.98) 0.009

T
1.3
Fig. 1 Forest plot of the relationship between GDF-15 and 9 CVDs. Data are reported as OR (odd ratio) and 95% Cl ( confidence interval). AlS any
ischemic stroke, CES cardioembolic stroke, LAS large-artery atherosclerotic stroke, SVS small vessel stroke, AF atrial fibrillation, HF heart failure, NICM
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(OR=0.94, p=0.013; OR=0.94, p=10.009, respectively).
While there was no robust evidence support the causal
relationship of AIS, LAS, SVS, HF and NICM risk with
circulating GDF-15 levels (p>0.05). And validation and
sensitivity analyses of relationship of circulating GDF-15
levels and outcomes conducted by IVW, MR-Egger test
and Weighted Median method as shown in Table 1. No
significant pleiotropic effects of the gene of GDF-15 were
found in patients with either CES, AF, CAD, MI or other
five CVDs.

Discussion

The present study investigated whether there was a
causal association between circulating GDF-15 levels
and nine CVDs including AIS, CES, LAS, SVS, AF, HE,
NICM, CAD and MI by using two-sample MR based on
5 GWASs and 2.6 million cases. The result suggested
that circulating GDF-15 level had a significant causal
association with the incidence of CES, AF, CAD and M],
whereas no significant relationship could be concluded
when coming to AIS, LAS, SVS, HF and NICM. In addi-
tion, a higher circulating GDF-15 was associated with the
higher risk of CES and AF and lower risk of CAD and MI.
Therefore, our study indicated a crucial role of circulat-
ing GDF-15 levels for the prevention and intervention of
CVDs.

GDF-15 and CES

CES has tripled in the past few decades and would per-
sistently triple by 2050 worldwide. It’s the predominantly
increasing proportion in ischemic strokes and eventually
causes more severe strokes than other ischemic stroke
subtypes [26]. The present result showed that patients
with higher circulating levels of GDF-15 had more risk
of CES. In ENGAGE AF-TIMI 48 trial, GDF-15 levels
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elevating from the baseline of 1661 pg/mL to 12 months
of 1711 pg/mL were independently associated with a
twofold higher rate of stroke or systemic embolic events
in AF patients [27]. Likely, after 1.9 years of follow-up in
ARISTOTLE trial, an annual rate of stroke or systemic
embolic events was 2.03% in AF patients with the high-
est quartile of GDF-15 (>2052 ng/L) compared to 0.90%
in those with the lowest quartile of GDF-15 (<977 ng/L)
[28]. As AF is one of the most common risk factors for
CES, some studies showed that GDF-15 could promote
thrombosis in patient with AF by inhibiting anticoagula-
tion. AF patients with high serum GDEF-15 levels (range
from 1661.0 to 5163.0 pg/mL) had 19.2% longer clot
lysis time (CLT) (range from 94.3 to 117.5 min), indicat-
ing that elevation of serum GDEF-15 levels drives anti-
fibrinolytic reactions unrelated to increased plasminogen
activator inhibitor-1 (PAI-1) or antiplasmin [29]. Taken
together, circulating GDF-15 levels might exert a pre-
dictive value of CES in AF patients attributed to its pro-
thrombotic effects.

GDF-15 and AF

AF is the most common arrhythmia, currently affecting
over 33 million individuals worldwide. The prevalence
of AF is expected to more than double in adults over the
next 40 years. AF is associated with a twofold increase in
premature mortality and major adverse cardiovascular
events such as HF, stroke and MI. Our result suggested
that the circulating GDF-15 level was positive associ-
ated with the risk of AF. In community-based Individu-
als [30], postoperative patients [31] and hypertrophic
cardiomyopathy (HCM) patients [32], those who had
the higher GDEF-15 levels were more vulnerable to AF
than the lower. In addition, circulating GDF-15 level was
reckoned independently associated with paroxysmal AF

Table 1 Results from two-sample MR analysis using 3 genetic instruments of GDF-15

Outcome VW Weighted median MR-Egger
Estimate SE P value Estimate SE P value Estimate SE P value Intercept P value

CES 0.091 0.043 0.035 0111 0.053 0.036 0.154 0.150 0.304 —0.017 0.660
AlS 0.024 0.022 0.268 0.022 0.027 0.409 0.104 0.077 0.175 —0.021 0.279
LAS —0.007 0.055 0.898 —0.013 0.062 0.829 —0.033 0.189 0.862 0.007 0.886
SVS —0.037 0.051 0464 —0.037 0.057 0.523 0.030 0177 0.86 —0.018 0.689
AF 0.031 0.016 0.043 0.032 0.018 0.078 0.024 0.054 0661 0.002 0.884
HF —0.008 0.018 0.660 0.012 0.023 0.589 0.002 0.072 0.973 —0.003 0.881
NICM 0.117 0.072 0.102 0.106 0.084 0.204 0.207 0.249 0.406 —0.024 0.708
CAD —0.065 0.026 0.013 —0.062 0.029 0.032 —0.010 0.101 0.921 —0.015 0.569
M —0.063 0.024 0.009 —0.063 0.028 0.024 —0.097 0.084 0.249 0.009 0.671

Data are reported as OR and 95% C|

SE Std error, AlS any ischemic stroke, CES cardioembolic stroke, LAS large-artery atherosclerotic stroke, SVS small vessel stroke, AF atrial fibrillation, HF heart failure,
NICM nonischemic cardiomyopathy, CAD coronary artery disease, Ml myocardial infarction



Wang et al. BMC Cardiovasc Disord (2020) 20:462

after multivariable analyses. In the previous study, the
significantly higher serum levels of GDF-15 were found
in patients with paroxysmal AF than those of controls
(1473.14+628.52 vs. 1233.592+262.76 pg/ml, p<0.05)
[33]. Furthermore, serum GDF-15 level was associated
with incident AF with the hazards ratios of 1.31 after
adjusted for age and gender [30]. However, some incon-
sistent studies showed that serum GDF-15 level was
not influenced by the presence of AF in patient with
HF from the BIOSTAT-CHEF trial [9] and patients with
chronic kidney disease (CKD) from the CRIC study [34].
Potential pathologic mechanisms of AF include atrial
remodeling, reentry, pulmonary vein trigger, abnormal
autonomic nerve modulation and inflammation. Oth-
erwise, atrial structural remodeling is closely related to
atrial fibrosis and extracellular matrix. Some evidences
showed that GDF-15 could enhance activation of M2
macrophages and induce fibroblasts to participate in the
progression of cardiac fibrosis [35]. In addition, GDF-15
might be involved in the process of inflammatory and
oxidative stress, which also could promote the occur-
rence of AF. Taken together, circulating GDF-15 level
might be a potentially biomarker and therapeutic target
for AF.

GDF-15 and CAD

CAD is the most prevalent and important cause of
ischemic heart disease, with major implications on global
morbidity and mortality. The present result suggested
that higher circulating level of GDF-15 was related to
the lower risks of CAD and MI. GDF-15 may have a pro-
tective effect on atherosclerosis process. Consistently,
overexpression of GDF-15 in macrophages significantly
attenuated atherosclerotic lesions in the apoE knockout
mouse model of atherosclerosis [36]. In addition, GDF-
15 showed anti-apoptotic effect against ischemia reperfu-
sion (I/R) and reduced the MI area mediated by activating
intracellular phosphoinositide 3-kinase (PI3K)—protein
kinase B (Akt)-dependent signaling [37]. Furthermore,
GDEF-15 could reduce platelet aggregation by inhibiting
platelet integrin activation. GDF-15 knockout mice dis-
played an accelerated systemic thrombus formation and
a reduced survival rate, while exogenous recombinant
GDF-15 administration alleviated thrombus formation
[38]. And the increased GDF-15 level may exert benefi-
cial roles during process of CVD and MI as the FRISC-II
trial suggested [39]. Taken together, GDF-15 might play
multiple protective roles in the development and pro-
gression of CVD and ML

GDF-15 and HF
Though the present MR study did not support a causal-
ity of the circulating GDF-15 with the risk of HF, there
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are some reports that GDF-15 may be related to disease
severity and prognosis HF patients [40]. In Val-HeFT
trial, serum GDF-15 levels at baseline were abnormally
high (>1200 ng/L) in 85% of HF patients. Baseline serum
GDE-15 levels (per 100 ng/L) were associated with the
risks of mortality (hazard ratio 1.017; p<0.001) and first
morbid event (hazard ratio 1.020; p <0.001). Increases in
GDF-15 over 12 months were independently associated
with the risks of future mortality and first morbid event.
Taken together, serum GDF-15 concentration had not
only a promising value of diagnosis but also a superior
prognostic biomarker. However, patient with HF usu-
ally have some comorbidities such as hypertension, AF,
stroke, diabetes, and chronic renal dysfunction, which
may influence the circulating GDF-15 level and need to
be eliminated.

Strengths and limitations

This MR study firstly described the causal associa-
tion between GDF-15 and 9 CVDs. Our work provided
with a new perspective to clarify the role of GDF-15 in
the development of CVDs. However, limitations should
be considered while interpreting the results. The MR
method have some common defects [41]. Firstly, the
SNPs we selected could not satisfy the demand of inde-
pendence principle. In addition, the MR is not sensitive
to confounders from environmental exposures and might
violate exclusion restriction unless we took into consider-
ation all influence factors of GDF-15. Since our summary
statistic was based on European populations, limiting the
generalizability of our work, other high qualified data-
bases should be enrolled to further strengthen the results.

Conclusion

In summary, this MR study provides with genetic evi-
dence for the causal relationship of circulating GDF-15
levels with the increased risk of CES, AF and reduced risk
of CAD, MI, but not for AIS, LAS, SVS, HF and NICM. It
indicates that GDF-15 might be a promising biomarker
or potential therapeutic target for some CVDs.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512872-020-01744-2.

[ Additional file 1. SNP predicting GDF-15 identified in GWAS. }
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