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Abstract
Growth differentiation factor 15 (GDF-15) is a relatively new biomarker that predicts adverse stroke outcomes. However, the
association of GDF-15 with first-ever stroke in hypertensive patients has not yet been evaluated. The objective of this study was to
evaluate the clinical implications of plasma GDF-15 on the development of first-ever stroke in patients with hypertension.
In total, 254 patients with hypertension without a history of stroke were included fromMarch 2010 to August 2010 and followed up

until June 2013. The baseline circulating GDF-15 was determined by enzyme-linked immunosorbent assays.
During a follow-up of 3.0±0.6 years, 22 (8.7%) first-ever strokes were identified, including 12 ischemic strokes and 10

intracerebral hemorrhages (ICH). According to tertiles of GDF-15, survival free of first-ever stroke was lower in the highest tertile of
GDF-15 (log-rank P=0.001). By backward stepwise Cox-regression analysis, adjusted for age, gender, diabetes mellitus,
hyperlipidemia, hypertension stage, body mass index, cigarette smoking, anti-hypertensive drugs, and uric acid, every 100pg/mL-
increase in plasma of GDF-15 predicted an 11%greater risk of first-ever stroke (hazard ratios [HR]: 1.11, 95%confidence interval [CI]:
1.03–1.20, P=0.010) and an 18% increase in ischemic stroke risk (HR: 1.18, 95% CI: 1.07–1.30, P=0.001). Receiver operating
characteristic analysis indicated that GDF-15 had reasonable accuracy to predict first-ever stroke (area under curve=0.73, 95% CI:
0.62–0.83, P<0.001).
This study identifies that GDF-15 is an independent predictor of first-ever stroke, especially for ischemic stroke in the patients with

hypertension.

Abbreviations: CI = confidence interval, GDF-15 = growth-differentiation factor 15, HR = hazard ratios, ICH = intracerebral
hemorrhage, ROC = receiver operating characteristic.
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1. Introduction

Stroke is the second most common cause of death among both
urban and rural residents of China. Mortality due to stroke was
116 63 per 100,000 per year in cities and 111 74 per 100,000 in
rural populations.[1] The annual incidence of first-ever stroke
ranged from 178 to 260 per 100,000 in China.[2] Stroke is a
preventable disease. Specific focuses on primary prevention and
control strategies need to be highlighted in China as ∼77% of
strokes are first events.[3] Stroke is influenced by genetic and
environmental risk factors, including high blood pressure,
hyperlipidemia, diabetes mellitus, smoking, and unhealthy life
style.[4] Hypertension is the most important risk factor of stroke.
An additional 10mm Hg systolic blood pressure increase was
significantly associated with 46% increase in ischemic stroke risk
and 65% increase in hemorrhagic stroke risk.[5] However, the
heterogeneity of stroke incidence has been noticed worldwide in
patients with hypertension. Stroke is still largely unpredictable.
Therefore, identifying potential risk factors of stroke is of great
importance to reduce the burden of stroke.
Growth differentiation factor 15 (GDF-15) is a distant member

of transforming growth factor b superfamily. Previous studies
revealed that GDF-15 is related to tumor progression and
invasiveness, cardiovascular injury, and cardiovascular
diseases.[6–11] GDF-15 is also a predictor of cardiovascular
death in a population of coronary artery disease patients after
percutaneous coronary intervention.[12] During pathological
stresses, GDF-15 expression can be increased and the protein
secreted into the plasma to exert protective effects.[7,8] In an
experimental animal model of brain injury, GDF-15 expression is
increased.[13] In patients with ischemic stroke, circulating levels
of GDF-15 are elevated and associated with neurological
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outcome. GDF-15 is also reported to be an acute stroke
biomarker, independently predicting unfavorable functional
stroke outcome.[15] Likewise, our previous results demonstrated
that genetic variants of GDF-15 are associated with cardiac
remodeling in patients with hypertension.[16] These findings
provide evidence that plasma levels of GDF-15 are closely
involved in the development of stroke in hypertensive patients.
We hypothesized that plasma GDF-15 may confer the

susceptibility to first-ever stroke in hypertensive patients and
may serve as a biomarker to predict risk for first-ever stroke in
hypertensive patients. To test these hypotheses, we investigated
the potential relationship between plasma GDF-15 levels and
first-ever stroke in community-based hypertensive subjects.
2. Methods

2.1. Study subjects

All subjects were recruited from a community-based population of
in Xinyang County, a central region of China. In total, 1020
subjects were invited to participate in the study from 3 rural
communities from March 2010 to August 2010. A total of 298
hypertensive patients were enrolled and 27 hypertensive patients
with a history of stroke were excluded. Eventually, 271
hypertensive patients without a history of stroke were recruited
in the present study (see Figure S1, Supplemental Content, which
illustrates the patient flowchart, http://links.lww.com/MD/B147).
All patients underwent a complete cardiac evaluation, including a
detailed history and clinical examination, 12-lead electrocardio-
gram, and echocardiogram. Blood pressure (BP) was measured by
experienced doctors. Readings were obtained from 2 separate
measurements recordedat least 30 secondsapart, after5minutes of
rest. The diagnostic criteria for hypertension were systolic blood
pressure ≥140mm Hg or a diastolic blood pressure ≥ 90mm Hg,
or the use of antihypertensive medication.[17]

All patients gave informed consent to participate in this study,
which was approved by the ethics committee of Fuwai Hospital.
This study was performed in keeping with the requirements of the
Declaration of Helsinki.
2.2. GDF-15 measurement

Baseline venous blood was obtained from all subjects at
enrollment after fasting overnight (> 12hours). All samples
were collected into sodium ethylene diamine tetra-acetic acid
(EDTA) tubes. After centrifugation at 3000�g and 4 °C for 15
minutes, the supernatants were frozen in aliquots and stored in
cryotubes at –80 °C until assayed. The procedure was completed
within 20minutes. Plasma levels of GDF-15 antigen were
measured using a Sandwich Enzyme-linked Immunosorbent
Assay (ELISA) Development kit (R&D Systems, Minneapolis,
MN), according to the manufacturer’s protocol. The detection
limit was 23.4pg/mL, the inter-assay coefficient of variation was
� 8%, and the intra-assay coefficient of variation was � 5%.
Recombinant human GDF-15 was used to prepare a standard
curve. All the procedures were performed at room temperature
(25 °C). Plasma samples and standards were applied to a 96-well
plate precoated with capture antibody and incubated for 2hours.
The plate waswashed and incubatedwith biotinylated polyclonal
goat-antihuman corin antibody. After 2hours, the plate was
washed again 5 times and incubated with streptavidin-horserad-
ish peroxidase for 30minutes. After washing, horseradish
peroxidase substrate was added, and the reaction was stopped
2

after 30minutes. Optical density was measured at 450nm using a
microplate reader. Biochemical variables, including triglycerides,
total cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, and uric acid were measured with an
automatic analyzer (Hitachi 7060, Hitachi, Tokyo, Japan).
2.3. Follow-up and clinical endpoint

The clinical endpoint was first-ever stroke including ischemic
stroke, intracerebral hemorrhage (ICH), and subarachnoid
hemorrhage.[18] Follow-up data were obtained by phone calls
or direct communication with patients by trained doctors.
Follow-up was performed annually until June 2013. Seventeen
patients (6.3%) were lost to follow-up during the course of the
study. There is no significance difference between patients
successfully followed up and lost to follow up in baseline clinical
characteristics (see Table S1, Supplemental Content, which
illustrates baseline clinical characteristics of the study patients
and patients lost to follow up, http://links.lww.com/MD/B147).
The final study subjects consisted of 254 patients.
2.4. Statistical analysis

The baseline characteristics were analyzed by analysis of variance
(ANOVA) for parametric variables, by the Kruskal–Wallis test
for nonparametric variables, and by the chi-square test for
categorical variables. Survival estimates were calculated by the
Kaplan–Meier method according to tertiles of GDF-15 level, and
the log-rank test was used for comparison. The association
between GDF-15 and first-ever stroke was estimated with
multivariate Cox proportional-hazards regression models. Mul-
tivariate Cox analysis adjusted for age, gender, diabetes mellitus,
hyperlipidemia, hypertension stage (the Seventh Report of the
Joint National Committee, JNC 7),[19] bodymass index, cigarette
smoking, antihypertensive drugs, and uric acid. Multivariable
models were fitted using backward elimination of nonsignificant
factors at a 10% level. A receiver operating characteristic (ROC)
curve was generated to evaluate the accuracy of GDF-15 in the
prediction of first-ever stroke.
All statistical testing was 2-tailed. Results were considered

statistically significant at a level of P<0.05. All analyses were
performed with PASW Statistics18.0 software (SPSS Inc.,
Chicago, IL).
3. Results

3.1. Baseline characteristics

The baseline characteristics of the 254 patients with hypertension
according to tertiles of GDF-15 are listed in Table 1. Patients were
from 40 to 75 years old (mean age: 56.7±8.3 years), 37.0%
being male. Plasma GDF-15 ranged from 52 to 2869pg/mL.
Median GDF-15 for the entire study population was 650pg/mL
(interquartile range [IQR]: 386 to 1000pg/mL). Subjects in the
higher GDF-15 tertile group showed higher age, systolic BP, and
percentage of smoking.
3.2. Survival analysis

During a follow-up of 3.0±0.6 years, 22 (8.7%) first-ever strokes
were identified, comprising 12 ischemic strokes and 10 ICH.
According to tertiles of GDF-15, survival free of first-ever stroke
was lower in the highest tertile of GDF-15 (log-rank P=0.001,
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Table 1

Baseline clinical characteristics of the study patients according to tertiles of GDF-15.

GDF-15 (pg/mL)

Total (52–2869)
(n=254)

First tertile (<495)
(n=84)

Second tertile (495–859)
(n=85)

Third tertile (>859)
(n=85) P

Age, y 56.7±8.3 51.8±7.2 56.8±6.8 61.4±8.0 <0.001
Male, n % 94 (37.0) 23 (27.4) 36 (42.4) 35 (41.2) 0.081
BMI, kg/m2 26.2±3.7 26.2±3.2 26.1±3.2 26.2±4.6 0.958
SBP, mm Hg 166.0±23.9 158.5±19.4 167.4±24.4 172.0±25.5 0.002
DBP, mm Hg 100.8±11.6 100.1±11.3 101.6±10.6 100.9±12.9 0.570
Heart rate, bpm 71.7±12.5 71.8±11.6 71.7±12.6 71.8±13.5 0.996
Cigarette smoking
Never, % 199 (78.3) 74 (88.1) 62 (72.9) 63 (74.1) 0.029
Previous, % 26 (10.3) 3 (3.6) 10 (11.8) 13 (15.3) 0.036
Current, % 29 (11.4) 7 (8.3) 13 (15.3) 9 (10.6) 0.348

CHD, n % 1 (0.4) 0 (0) 0 (0) 1 (1.2) 0.369
Diabetes mellitus, n % 25 (9.8) 6 (7.1) 11 (12.9) 8 (9.4) 0.443
LVEDD, mm 45.1±4.7 45.1±4.4 45.0±4.4 45.1±5.4 0.847
IVS, mm 9.9±1.7 9.7±1.8 10.1±1.6 10.0±1.8 0.104
LVPW, mm 9.7±1.4 9.5±1.3 9.7±1.3 9.8±1.6 0.252
LAD, mm 30.0±3.8 29.8±3.4 30.2±4.0 30.1±4.0 0.903
LVMI, g/m2 93.4±23.4 90.2±22.0 93.8±22.2 96.1±25.8 0.193
HDL-C, mmol/L 1.6±0.4 1.6±0.3 1.5±0.4 1.6±0.3 0.495
LDL-C, mmol/L 3.2±0.9 3.3±1.0 3.2±0.9 3.1±0.8 0.797
TG, mmol/L 1.8±1.0 1.9±1.2 1.7±0.9 1.8±1.0 0.725
TC, mmol/L 5.6±1.1 5.7±1.2 5.6±1.1 5.6±1.0 0.813
Uric acid, umol/L 293.1±82.9 277.5±75.0 296.8±79.7 304.9±91.6 0.215
Antihypertensive drugs, n% 118 (46.5) 34 (40.5) 43 (50.6) 41 (48.2) 0.387

Continuous variables are presented as mean±SD; categorical variables are presented as numbers or percentages.
BMI=body mass index, CHD= coronary heart disease, DBP=diastolic blood pressure, GDF-15=growth-differentiation factor 15, HDL-C=high-density lipoprotein cholesterol, IVS= interventricular septum,
LAD= left atrial diameter, LDL-C= low-density lipoprotein cholesterol, LVEDD= left ventricular end-diastolic diameter, LVMI= left ventricular mass index, LVPW= left ventricular posterior wall, SBP= systolic
blood pressure, TC= total cholesterol, TG= triglyceride.
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Fig. 1A) than that in other groups. Furthermore, survival free of
ischemic stroke events and ICH events was lower in the highest
tertile of GDF-15 (log-rank P=0.026, Fig. 1B; log-rank P=
0.035, Fig. 1C, respectively) than that in other groups.

3.3. Relation of GDF-15 to stroke

Univariate analysis showed that every 100pg/mL increase in
plasma of GDF-15 predicted an 11% increase in first-ever stroke
risk (hazard ratios [HR]: 1.11, 95% confidence interval [CI]:
1.05–1.18, P<0.001), an 11%greater risk of developing ischemic
stroke (HR: 1.11, 95% CI: 1.03–1.20, P=0.008), and 11%
increase in ICH risk (HR: 1.11, 95% CI: 1.02–1.21, P=0.014).
To further evaluate the effect of GDF-15 on stroke incidence, we

used a multivariate Cox proportional hazards regression model to
reveal whether the plasma GDF-15 level could predict the onset of
stroke (Table 2). The continuous variable of GDF-15 (each
additional 100pg/mL)was also independently and positively related
to first-ever stroke (HR: 1.11, 95% CI: 1.03–1.20, P=0.010) and
ischemic stroke (HR:1.18,95%CI:1.07–1.30,P=0.001) following
adjustment for age, gender, diabetes mellitus, hyperlipidemia,
hypertension stage, body mass index, cigarette smoking, antihyper-
tensive drugs, and uric acid. After adjustment for conventional risk
factors, GDF-15 was not associated with an increase in the risk of
ICH (HR: 1.04, 95% CI: 0.93–1.17, P=0.469).
3.4. Prognostic effects of GDF-15 on stroke

The ROC analysis indicated that GDF-15 had reasonable
accuracy for prediction of stroke. The area under the ROC
3

curve was 0.73 (95% CI: 0.62–0.83, P<0.001) for first-ever
stroke (see Figure S2, Supplemental Content, http://links.lww.
com/MD/B147, which indicates the accuracy of GDF-15 for
prediction of stroke). The cutoff of GDF-15 level for predicting
first-ever stroke was 1008pg/mL and had a 95.3% negative
predictive value (Table 3). The area under the ROC curve was
0.73 for ischemic stroke (95%CI: 0.58–0.87, P=0.009) and 0.71
for ICH (95% CI: 0.56–0.85, P=0.028) (see Figure S3 and S4,
Supplemental Content, http://links.lww.com/MD/B147, which
indicate the accuracy of GDF-15 for prediction of ischemic stroke
and ICH, respectively).
3.5. Application of cutoff points for risk prediction

The ROC curve-derived GDF-15 level of > 1008pg/mL
was associated with an increased risk of first-ever stroke
(HR: 5.0, 95% CI: 2.1–11.8, P<0.001) and ischemic stroke
(HR: 7.1, 95% CI: 2.1–23.4, P=0.001) (Table 4, Fig. 2A and
B). Patients presenting with a GDF-15 level > 1008pg/mL
remained had a 3.9-fold increase in the risk of first-ever stroke
(adjusted HR: 3.7, 95% CI: 1.4–9.9, P=0.008) and 10.8-fold
increase in the risk of ischemic stroke (adjusted HR: 10.8, 95%
CI: 3.0–39.5, P<0.001) after adjustment for age, gender,
body mass index, diabetes mellitus, hyperlipidemia, cigarette
smoking, hypertension stage, antihypertensive drugs, and uric
acid (Table 4).
The cutoff of GDF-15 levels for predicting ICH was 849pg/

mL. Compared with that of patients with a GDF-15 level < 849
pg/mL, the HRwas 4.9 (95%CI: 1.3–19.1, P=0.021) for ICH in
patients with a GDF-15 level > 849pg/mL (Table 4, Fig. 2C).
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Figure 1. Kaplan–Meier analysis of first-ever stroke (A), ischemic stroke (B),
and ICH (C) according to tertiles of GDF-15. Subjects in the highest tertile of
GDF-15 had lower first-ever stroke-free survival (log-rank P=0.001), ischemic
stroke-free survival (log-rank P=0.026), and ICH-free survival (log-rank P=
0.035) in the patients with hypertension. GDF-15 = growth differentiation factor
15; ICH = intracerebral hemorrhage.

Table 2

Univariate andmultivariate Cox analysis each additional 100pg/mL
of GDF-15.

Univariate Multivariate
∗

Each additional 100
pg/mL of GDF-15 HR (95% CI) P HR (95% CI) P

Stroke 1.11 (1.05–1.18) <0.001 1.11 (1.03–1.20) 0.010
Ischemic stroke 1.11 (1.03–1.20) 0.008 1.18 (1.07–1.30) 0.001
ICH 1.11 (1.02–1.21) 0.014 1.04 (0.93–1.17) 0.469

CI=confidence interval, GDF-15=growth-differentiation factor 15, HR=hazard ratio, ICH=
intracerebral hemorrhage.
∗
Adjusted for age, gender, diabetes mellitus, hyperlipidemia, hypertension stage, body mass index,

cigarette smoking, antihypertensive drugs, and uric acid.

Table 3

Operating characteristics of GDF-15 thresholds to predict stroke.

Cutoff value
(pg/mL)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%) AUC

First-ever stroke 1008 59.1 78.9 21.0 95.3 0.73
Ischemic stroke 1008 66.7 77.7 12.9 97.9 0.73
ICH 849 70.0 68.0 8.2 98.2 0.71

AUC= area under curve, GDF-15=growth-differentiation factor 15, ICH= intracerebral hemorrhage,
NPV=negative predictive value, PPV=positive predictive value.

Table 4

Univariate and multivariate Cox proportional hazards models for
stroke according to cutoff value of GDF-15.

Univariate Multivariate
∗

HR (95% CI) P HR (95% CI) P

First ever stroke
(GDF-15>1008 pg/mL)†

5.0 (2.1–11.8) <0.001 3.7 (1.4–9.9) 0.008

Ischemic stroke
(GDF-15>1008 pg/mL)†

7.1 (2.1–23.4) 0.001 10.8 (3.0–39.5) <0.001

ICH (GDF-15>849 pg/mL)‡ 4.9 (1.3–19.1) 0.021 2.2 (0.5–10.3) 0.323

CI=confidence interval, GDF-15=growth-differentiation factor 15, HR=hazard ratio, ICH=
intracerebral hemorrhage.
∗
Multivariate adjustment was made for: age, gender, diabetes mellitus, hyperlipidemia, hypertension

stage, body mass index, cigarette smoking, antihypertensive drugs, and uric acid.
† Compared with GDF-15<1008pg/mL.
‡ Compared with GDF-15<849pg/mL.
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After adjustment for conventional risk factors, compared
with patients having a GDF-15 level < 849pg/mL, the
association of GDF-15 level > 849pg/mL with an increased
risk of ICH was absent (adjusted HR: 2.2, 95% CI: 0.5–10.3,
P=0.323) (Table 4).
4

4. Discussion

In the present study, we found that elevated GDF-15 is an
independent predictor for first-ever stroke, especially for ischemic
stroke, in patients with hypertension. This was reasonably
accurate by ROC analysis. The best ROC curve-derived GDF-15
cutoff level for predicting risk of first-ever stroke was > 1008pg/
mL, especially for ischemic stroke in patients with hypertension.
GDF-15 is closely related to plaque presence, which affects the

incidence of ischemic stroke.[20] Previously, GDF-15 has been
identified to be associated with neurological outcomes in patients
with ischemic stroke. Circulating GDF-15 levels are increased at
6hours after symptom onset in patients with acute ischemic
stroke.[14] GDF-15 is also a stroke biomarker that independently
predicts unfavorable functional stroke outcome.[15,21] In this
study, we show that elevated GDF-15 level is associated with the



[8]

Figure 2. Kaplan–Meier analysis of first-ever stroke (A), ischemic stroke (B)
and ICH (C) according to the cutoff value of GDF-15. Subjects with GDF-15
level > 1008pg/mL had lower first-ever stroke-free survival (log-rank P<
0.001) and ischemic stroke-free survival (log-rank P<0.001) in the patients
with hypertension. Subjects with GDF-15 level > 849pg/mL had lower ICH
free survival (log-rank P=0.01) in patients with hypertension. GDF-15=growth
differentiation factor 15, ICH= intracerebral hemorrhage.
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.

,

-

development of first-ever stroke in the patients with hypertension
This association is independent of age, gender, and other clinical
factors influencing stroke.
GDF-15 is a stress-induced cytokine. In pressure overload

induced cardiac hypertrophy, the increase in GDF-15 might be
5

protective. During pathological stresses, the expression of
GDF-15 can be increased and secreted into the plasma to exert
protective function.[7,8] Taken together, these data indicate that
GDF-15 might be a functionally protective factor in response to
stresses. The increased plasma levels of GDF-15 may be induced
by other pathological processes of stroke, such as hemodynamic
and inflammatory changes,[7,22] which precede the onset of
stroke. In other aspects, the increase of plasma GDF-15 level may
reflect stroke severity, which affects the outcome of stroke in
hypertensive patients. In this study, we showed that elevated
GDF-15 was an independent predictor for ischemic stroke, but
not for ICH, in patients with hypertension. Previous studies
suggested that GDF-15 was one of the most important factors
responsible for promoting angiogenesis under hypoxic condi-
tions.[23] GDF-15 promotes angiogenesis under ischemic con-
ditions, which may increase the plasma GDF-15 level in ischemia
stroke. The increased plasma GDF-15 level may reflect the
severity of ischemic stroke.
Given the relationship found with ischemic stroke, the lack of

association of plasma GDF-15 level with ICH is intriguing and
may be explained by the complexity, nature, and existing
differences in the pathogenesis of large and small vessel diseases
of the brain. The pathologies of different subtype of stroke are
quite different.[24,25] Ischemic stroke mainly results from
atherosclerosis of large arteries (those >0.1mm in diameter);
whereas ICH are caused primarily by disease of small arteries and
arterioles that penetrate the brain cortex and reach the underlying
structures of the white and deep gray matter. It is plausible that
GDF-15 causes plaque vulnerability in large arteries and
enhances the risk of intravascular thrombosis by promoting
the angiogenesis process.
4.1. Limitations

There are several limitations of our study that should be noted in
the interpretation of these results. First, the patients enrolled in
this study come from a single center and were limited to native
Chinese. These facts limit the generalizability of our findings.
Second, the size of our population was small, and a prospective
validation in a larger cohort is therefore recommended.
5. Conclusions

The importance of our study lies in the demonstration that a
detectable circulatory factor, GDF-15, is a potential biomarker
for first-ever stroke, especially for ischemic stroke in patients with
hypertension.
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