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Abstract.  – OBJECTIVE: To explore the cor-
relation of the growth differentiation factor-15 
(GDF-15) with the severity of chronic heart failure 
(CHF) in patients with coronary atherosclerosis. 

PATIENTS AND METHODS: 300 coronary ath-
erosclerosis patients with CHF treated in our hos-
pital from January 2019 to December 2019 and 300 
healthy people (control group) were collected and 
retrospectively analyzed. The basic clinical infor-
mation of the patients, such as age, gender, smok-
ing/drinking history, waist-hip ratio, BMI and blood 
lipid were collected, and GDF-15, cystatin C and 
c-reactive protein (CRP) were determined. The se-
verity of heart failure was classified.

RESULTS: No significant differences in clinical 
information were found such as age, gender, smok-
ing/drinking history, waist-to-hip ratio, BMI and 
blood lipid. However, there were significant differ-
ences in GDF-15, cystatin C and CRP among pa-
tients with different severities of heart failure. The 
GDF-15 level was 582.6 ± 104.4 pg/ml in patients 
with grade IV heart failure and 408.4 ± 94.8 pg/ml in 
patients with grade I heart failure. There was a sig-
nificance after GDF-15, cystatin C and CRP were ad-
justed (p = 0.03) and also after the clinical informa-
tion and GDF-15 were adjusted (p < 0.001).

CONCLUSIONS: GDF-15 level is correlated 
with the CHF severity in patients with coronary 
atherosclerosis, indicating that it is a poten-
tial index to evaluate the CHF severity, provid-
ing clues to the biological mechanism and treat-
ment of heart failure.
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Introduction

Chronic heart failure (CHF) is a kind of cardio-
vascular disease that seriously endangers human 

health. In recent years, the prevalence of CHF is 
steadily increasing with the population growth1,2. 
The etiology of CHF is complex, which is the fi-
nal stage of the progression of various heart and 
blood vessel diseases and the main cause of death 
of cardiovascular diseases. Coronary atheroscle-
rosis is one of the most common causes of CHF. 
The symptoms such as myocardial ischemia, hy-
poxia, increased cardiac preload and afterload, de-
creased cardiac compensatory capacity and ven-
tricular remodeling caused by coronary atheroscle-
rosis have an important impact on CHF progres-
sion3. With the improvement of medical level, al-
though the overall survival (OS) of patients with 
cardiac diseases has been extended, the problems 
in CHF treatment have not been fundamentally 
solved. Therefore, in order to provide more direc-
tions for CHF treatment, it is necessary to study 
the exact molecular mechanism and pathogenesis 
of this disease. 

Growth differentiation factor 15 (GDF-15), 
which is also called macrophage inhibition cy-
tokine (MIC-1), is a member of the transform-
ing growth factor (TGF-ß) superfamily. GDF-
15 can be induced under conditions of stress 
and stress overload caused by oxidative stress, 
ischemia/reperfusion injury, inflammation and 
cardiac biomechanical stretching4. Relevant lit-
erature showed that GDF-15 is a new disease 
marker, which has a certain predictive role in 
cancer and atherosclerosis, including cardio-
vascular disease5,6.

In this study, we retrospectively analyzed the 
expression of GDF-15 in coronary atherosclero-
sis patients with CHF and performed a regression 
analysis of the correlation between GDF-15 and 
disease progression.
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Patients and Methods

Patient Information 
From January 2019 to December 2019, 300 cor-

onary atherosclerosis patients with CHF definite-
ly diagnosed in our hospital and 300 healthy peo-
ple (control group) were collected and statisti-
cally analyzed. All subjects voluntarily partici-
pated in the study and signed the informed con-
sent. The diagnostic process was strictly in accor-
dance with the relevant diagnostic standards in 
Chinese Guidelines for the Diagnosis and Treat-
ment of Heart Failure 2014. The inclusion criteria 
were as follows: 1. all patients met the above cri-
teria; 2. the clinical data were complete; 3. the age 
was more than 60 years old. The exclusion crite-
ria were as follows: 1. patients had CHF caused by 
rheumatic heart disease, primary dilated cardio-
myopathy and other factors; 2. patients had pre-
vious mental disease, liver and kidney failure; 3. 
patients had incomplete examination data; 4. pa-
tients had malignant tumors. This study was ap-
proved by the Ethnic Committee of our hospital.

Heart failure was graded according to the crite-
ria established by the New York Heart Association. 
Grade I: patients had heart disease, but their daily 
activities were not limited; normal activities would 
not cause fatigue, palpitation, dyspnea and angina 
pectoris. Grade II: patients had heart disease, and 
their activities were slightly limited after normal 
work and had no symptom after a short rest, but 
their daily activities might cause symptoms such as 
mild dyspnea, palpitation, angina pectoris and fa-
tigue. Grade III: the daily activities of patients with 
heart disease w obviously limited, even an activi-
ty level less than normal daily activity level would 
cause a series of symptoms. Grade IV: patients 
with heart disease could not carry out any slight 
physical activity and could also have heart failure 
symptoms under the state of rest, which would be 
aggravated by slight physical activity.

Study Methods 
In this study, the retrospective analysis meth-

od was used. After patients were included, the ba-
sic clinical data of the patients were collected, and 
GDF-15, cystatin C and CRP levels were measured.

Measurement of Various Indexes

GDF-15 measurement 
The content of GDF-15 in human serum was 

measured by quantitative ELISA (R & D Sys-

tems, Minneapolis, MN, USA). The measure-
ment range was 0-5000 pg/ml, and the measure-
ment was strictly in accordance with the instruc-
tions of the kit.

Cystatin C measurement 
Cystatin C was determined by cystatin C test kit 

of Dade Behring Inc. In this experiment, the poly-
styrene particles coated with specific anti-human 
cystatin C antibodies were reacted with cystatin C 
in the sample to form a solution of certain turbidity, 
and the solution emitted a certain intensity of scat-
tered light under the illumination of the light source 
lamp, and the content of cystatin C in the sample 
was calculated by detecting the received scattered 
light signal. The operation steps should be in strict 
accordance with the manufacturer’s instructions.

CRP measurement 
CRP was measured by Nephstar specific protein 

analyzer. The experimental reagents were provided 
by Shenzhen Guosai Biotechnology Co., Ltd. (Shen-
zhen, China) and the operation steps were carried 
out according to the instructions. The normal refer-
ence range of hsCRP was less than 4 mg/L.

Statistical Analysis 
The experimental data were described by mean 

± SD or median and analyzed by Student’s t-test 
using SPSS 12 software (SPSS Inc., Chicago, IL, 
USA). The correlation was assessed by regression 
analysis. p < 0.05 indicated a statistical difference.

Results 

General Data of Patients 
Based on the severity of CHF, the patients 

were assigned into four groups such as grade I-IV 
and compared with control group, respectively. 
Through comparison, it could be seen that there 
were no differences in the average age, number of 
people, gender, diabetes history, smoking/drink-
ing history and BMI between grade I-IV patients 
and the healthy people (Table I), while TG, TC, 
HDL-C, LDL-C indexes in the grade III-IV pa-
tients showed an increasing trend, with a signif-
icant difference in comparison with those in the 
healthy people and grade I-II patients.

GDF-15, Cystatin C and CRP Levels 
in Patients 

It could be seen from Table II that GDF-15, 
Cystatin C and CRP levels in patients with CHF 
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were significantly increased in comparison with 
those in the healthy people. GDF-15, Cystatin C 
and CRP levels in patients with grade III -IV 
were significantly higher than those in patients 
with grade I - II heart failure (p < 0.05). It could 
be seen that these three indexes were associat-
ed with the degree of inflammation in patients 
with CHF.

Regression Analysis of the Severity of 
CHF and Biomarkers 

Table III showed the correlation analysis be-
tween the severities of CHF and various biomark-
ers. The p value of the unadjusted model was 0.84 
without difference. After the patient data (in-
cluding age, gender, smoking/drinking history, 
waist-to-hip ratio, BMI, blood lipid status), cys-
tatin C and CRP were adjusted, and p-value was 
0.12, which still had no difference. In the adjusted 
model 2, after two indexes of cystatin C and CRP 
were added, and the p-value was significant; af-
ter three indexes of GDF-15, cystatin C and CRP 
were added, p-value was extremely significant. 
The results revealed that GDF-15 had a great in-
fluence on the severity of CHF.

Discussion

GDF-15 is a member of TGF-ß superfamily 
and its level in human body is lower in most 
organs. When different organs such as heart, 
kidney, liver and lung are damaged, its expres-
sion will be increased7-9. GDF-15 can partici-
pate in the regulation of inflammatory pathway 
in the body, but also has several other biolog-
ical functions such as repairing cell and reg-
ulating cellular apoptosis and growth. GDF-15 
level is also abnormal in cardiovascular and tu-
mor diseases6,10. A study on invasive vs. con-
servative treatment in unstable coronary Syn-
dromes (ICTUS) has shown that GDF-15 is a 
potentially powerful prognostic marker for 
heart disease and cancer. GDF-15 is a poten-
tial long-term prognosis index for patients with 
non-ST-elevation acute coronary syndrome11. 
Recently, more researches focused on the cor-
relation of GDF-15 with heart and blood ves-
sel disease and showed that GDF-15 might be 
a reliable prognostic index for coronary diseas-
es and heart failures, and it is a potential target 
for cardiac remodeling caused by primary hy-

Table I. Basic information of patients.

Group	 I	 II	 III	 IV	 Control

Age (mean±SD)	 59.65±10.5	 62.36±9.5	 60.36±10.2	 61.58±10.8	 61.58±9.8
Number of people	 39	 99	 87	 75	 300
Female (%)	 46.10%	 51.50%	 51.50%	 48.00%	 54%
Diabetes mellitus history	 34.60%	 25.40%	 17.60%	 28.00%	 26.00%
Smoking history (%)	 23.2%	 22.7%	 31.6%	 49.4%	 39%
Drinking history (%)	 37.6%	 30.7%	 40.5%	 45.1%	 34%
Waist-hip ratio	 68.79±3.92	 68.93±3.38	 69.26±3.57	 68.91±3.02	 68.36±2.93
BMI	 26.0 ± 4.8	 26.2 ± 4.3	 26.6 ± 4.3	 25.2 ± 4.9	 25.2 ± 4.9
TG	 2.45 ± 1.72	 2.53 ± 1.47	 2.55 ± 1.82	 2.73 ± 1.64	 2.77 ± 1.64
TC	 4.92±1.53	 4.44 ± 1.62	 4.86 ± 1.92	 4.82± 1.87	 4.82± 1.87
HDL-C	 1.35±0.67	 1.38±0.75	 1.46±0.67	 1.48±0.75	 1.48±0.75
LDL-C	 2.94±0.46	 2.66±0.53	 3.05±0.46	 3.38±0.53	 2.38±0.72

Table II. GDF-15, Cystatin C and CRP concentrations in patients.

Index	 I	 II	 III	 IV	 Control

GDF-15 (pg/mL)	 408.4±94.8	 428.5±104.6	 489.5±124.5*#	 582.6±104.4*#	 388.4±92.5
Cystatin C (mg/L)	 0.73±0.52	 0.78±0.82*#	 0.83±1.05*#	 0.89±1.13*#	 0.70±0.41
CRP (mg/L)	 1.2±0.4	 1.2±0.5	 1.4±0.6*#	 1.5±0.7*#	 1.2±0.3

*: There was a significant difference compared with the patients with grade I heart failure #: There was a significant difference d 
with the patients with grade II heart failure.
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pertension, hypertrophic cardiomyopathy and 
ischemic heart disease12-14. After noradrenaline 
stimulation, increased GDF-15 expression can 
neutralize noradrenaline induced cardiac hy-
pertrophy. These results indicate that GDF-15 
may also be a new therapeutic target for cardi-
ac hypertrophy15.

Conclusions

The results of our study for the first time reveal 
that the expression of GDF-15 is significantly el-
evated in coronary atherosclerosis patients and it 
is correlated with the severities of CHF, which is 
the novelty of our study, indicating that GDF-15 
might be involved in the pathogenesis of coronary 
atherosclerosis and CHF, suggesting it might be a 
target for the treatment of CHF.
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