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Abstract: Objective: The purpose of this study was to examine the relationship between serum FGF21 and coronary 
artery disease (CAD) and to explore the significant role of FGF21 in CAD patients. Methods: A total of 405 Chinese 
patients were recruited for this study between June 2013 and June 2014, including 252 patients with CAD and 
153 patients without CAD. The levels of serum FGF21 was measured by ELISA. The statistically independent risk 
factors for CAD were identified by multivariate logistic regression analysis. Results: In the Spearman correlation 
analysis, serum FGF21 levels correlated negatively with coronary artery disease (r=-0.116, P<0.05). Univariate lo-
gistic regression analysis revealed a significant correlation between CAD and age (P=0.022), sex (P<0.001), smoker 
(P<0.001), fasting plasma glucose (P=0.001) and HbA1c (P<0.001). Also, as expected, level of FGF 21 appeared 
to be a negatively correlated with CAD (β=-0.930; P=0.008). Serum FGF21 levels correlated negatively with the 
severity of coronary artery stenosis, including the Gensini score (r=-0.076, P<0.05) and the lesion number in the 
coronary artery (r=-0.110, P<0.05). Conclusion: FGF21 was shown to be one of the independent protective factors 
for CAD. The level of serum FGF21 correlated negatively with the severity of coronary artery stenosis, including the 
Gensini score and the lesion number in the coronary artery. FGF21 showed a possible protective effect on patients 
with coronary heart disease.
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Introduction

The family of fibroblast growth factors (FGFs) is 
composed of hormone-like factors that modu-
late a number of metabolic processes, includ-
ing cell proliferation, development and hyper-
plasia, both in vitro and in animal models. 
Among the endocrine subfamily, great attention 
has been paid to FGF19, FGF21 and FGF23, 
especially to their roles in regulating glucolipide 
metabolism. Many studies have shown that 
FGF21 is becoming a new candidate drug for 
the therapy of diabetes. FGF21 not only modu-
lates glucose and lipid homeostasis [1, 2] but 
also plays an important role in the processes of 
endothelial cell apoptosis [3, 4] and myocardial 
ischemia protection [5, 6]. Therefore, FGF21 
may play a significant role in the occurrence 
and development of coronary heart disease. 
Large recent studies have shown that FGF21 
may have some correlation between the occur-
rence and development of coronary heart dis-

ease [7, 8]. Therefore, the main aim of our study 
was to explore the relation between the serum 
levels of FGF21 and coronary artery disease 
occurrence and the severity of coronary artery 
lesions in patients with CAD and to assess the 
correlation between FGF21 and other clinical 
variables.

Materials and methods

Study population

Four hundred and five Chinese patients visiting 
the Department of Cardiology in the Fujian 
Provincial Hospital who underwent coronary 
arteriography were recruited for our study 
between June 2013 and June 2014. Exclusion 
criteria were the presence of hypo- or hyperthy-
roidism, acute or chronic viral hepatitis and kid-
ney diseases, drug-induced or alcoholic liver 
diseases, alcoholism, total parenteral nutrition, 
current or long-term therapies with systemic 
glucocorticoids or tumor.
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The local Ethics Committee of Fujian Provincial 
Hospital approved this study, and all of the 
enrolled subjects provided informed consent.

Anthropometric and biochemical parameters

Base characteristics, including weight, height, 
hip circumference (HP), waist circumference 
(WC) and blood pressure (BP), were measured. 
Waist/hip ratio (WHR) and body mass index 
(BMI) were also calculated. Smoking status was 
also recorded.

Twelve hours after hospital admission, blood 
samples were obtained in the Department of 
Clinical Laboratory. The concentrations of total 
cholesterol, triglycerides, low-density lipopro-
tein (LDL)-cholesterol, high-density lipoprotein 
(HDL)-cholesterol and apolipoprotein (a) and 
glucose were measured using a Cobas 8000 
biochemical autoanalyzer (Roche, Tokyo, 
Japan). Glycated hemoglobin A1c (HbA1c) was 
measured by liquid chromatography using an 
HA-8180 automatic glycosylated hemoglobin 
analyzer (ARKRAY, Tokyo, Japan). Fasting serum 
insulin was assessed by the E601 automatic 
electrochemiluminescence analyzer (Roche, 
Tokyo, Japan). Insulin resistance (IR) was calcu-
lated by HOMA-IR model: [fasting glucose 
(mmol/L) × fasting insulin (mU/L)]/22.5.

Quantification of fibroblast growth factor 21

Plasma was collected from the patient in a fast-
ing state on the morning after hospitalization. 
Blood was collected and immediately pro-
cessed. Peripheral blood was centrifuged at 
4000 rpm for 10 minutes. Serum was collected 
and stored at -70°C until analysis. Serum con-
centrations of FGF21 were quantified using 
human ELISA kits with a biotin-labeled antibody 
(Catalog number RD191108200R, Biovendor 
Laboratory Medicine, Inc., Brno, Czech Repu- 
blic). The intra-assay variation among the dupli-
cates was <4%. All of the inter-assay coeffi-
cients of variation (CV) were <5%.

CAD diagnosis and other diagnostic criteria

The standard Judkins technique was carried 
out for arteriography and three major coronary 
arteries were examined carefully at least twice. 
The arteriography analysis was randomly car-
ried out by more than one interventional opera-
tors who were blinded to this study protocol. A 
patient was considered to have CAD when a 

stenotic lesion resulting in a 50% or greater 
reduction in lumen diameter existed in at least 
one of the coronary arteries. The severity of 
coronary artery stenosis was evaluated by 
Gensini scores [9]. According to the number of 
stenotic lesions of coronary arteries detected ≥ 
50%, we categorized the arteries as single-ves-
sel lesion, double-vessel lesion and multi-ves-
sel lesion. Hypertension was defined as a sys-
tolic blood pressure (SBP) ≥ 140 mmHg and/or 
diastolic blood pressure (DBP) ≥ 90 mmHg on 
two different occasions or the taking of antihy-
pertensive medication. Diabetes was defined 
according to the clinical diagnosis of the physi-
cian and/or an HbA1c ≥ 6.5% and/or a fasting 
plasma glucose (FPG) ≥ 7.0 mmol/L and/or a 
2-h plasma glucose (PG) ≥ 11.1 mmol/L during 
the oral glucose tolerance test (OGTT).

Statistical analysis

All analyses were used the SPSS software (ver-
sion 19.0). The normality of the variables was 
confirmed by Kolmogorov-Smirnov and Shapiro-
Wilk tests. Baseline characteristics of the par-
ticipants were performed with t-test (continu-
ous variables) or the Mann-Whitney U test (non-
parametric variables). Inter-group statistical 
significance was determined by Pearson chi-
square. The statistically independent factors 
for CAD occurrence was identify by multivariate 
logistic regression analysis. The correlation of 
two factors was assessed by the Spearman or 
Kendall correlation test. All reported values 
were two-tailed and considered statistically sig-
nificant for P<0.05.

Results

Anthropometric and biochemical characteris-
tics of the subjects

A total of 405 patients were enrolled in this 
study, including 252 patients with CAD and 153 
patients without CAD. The mean age of the par-
ticipants was 63.4±9.7 years old. The propor-
tions of males (69.7%), smokers (72.4%) and 
diabetics (71.8%) were much larger in the group 
diagnosed with CAD than in the non-CAD group. 
For the established cardiovascular risk factors, 
the CAD group was older and had significantly 
higher waist-to-hip ratios (WHR), fasting plasma 
glucose, triglycerides and HbA1c (all P<0.05) 
and lower high-density lipoprotein (HDL)-
cholesterol compared with the non-CAD group. 
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In addition, the history of hypertension, BMI, 
systolic blood pressure, diastolic blood pres-
sure, HOMA-IR, total cholesterol, low-density 

lipoprotein (LDL)-cholesterol and lipoprotein (a) 
did not differ between these two groups.

As shown in Table 1, serum FGF21 levels was 
elevated in the non-CAD group compared with 
the CAD group (376.1 pg/mL (247.2-588.7) vs. 
334.4 pg/mL (180.8-548.6), P<0.05).

Relationship between FGF21 and CAD

In the Spearman correlation analysis, serum 
FGF21 levels correlated negatively with coro-
nary artery disease (r=-0.116, P<0.05). Uni- 
variate logistic regression analysis (Table 2) 
revealed a significant correlation between CAD 
and age (P=0.022), sex (P<0.001), smoker 
(P<0.001), fasting plasma glucose (P=0.001) 
and HbA1c (P<0.001). Also, as expected, level 
of FGF 21 appeared to be a negatively corre-
lated with CAD (β=-0.930; P=0.008). 

Relationship between FGF21 and the severity 
of coronary artery stenosis 

As shown in Table 3, serum FGF21 levels cor-
related negatively with the Gensini scores (r=-

Table 1. Baseline characteristics of the participants
Variables Total (N=405) Non-CAD (N=153) CAD (N=252) P value
Sex (male) (%) 287 (70.9%) 87 (30.3%) 200 (69.7%)** <0.001
Age (years) 63.4±9.7 62.0±9.7 64.3±9.6* 0.021
Hypertension [n (%)] 278 (68.8%) 106 (38.1%) 172 (61.9%) 0.829
Diabetes [n (%)] 124 (30.4%) 35 (28.2%) 89 (71.8%)** 0.008
Smoker [n (%)] 217 (53.6%) 60 (27.6%) 157 (72.4%)** <0.001
BMI (kg/m2) 24.4±3.1 24.6±3.2 24.4±3.1 0.572
WHR 0.94 (0.89-0.97) 0.91 (0.87-0.96) 0.95 (0.90-0.98)** <0.001
SBP (mmHg) 130.0 (117.0-144.0) 132.0 (117.0-147.0) 129.0 (118.0-143.0) 0.500
DBP (mmHg) 74.0 (68.0-83.0) 75.0 (68.5-83.0) 74.0 (67.3-83.0) 0.178
Fast plasma glucose (mmol/L) 5.2 (4.8-5.9) 5.1 (4.7-5.5) 5.3 (4.8-5.2)** 0.004
Fast insulin level (mIU/mL) 7.85 (4.62-11.76) 8.07 (4.45-12.81) 7.67 (4.67-11.23) 0.335
HOMAIR 1.9 (1.1-3.1) 1.96 (0.94-3.12) 1.8 (1.2-3.1) 0.825
HbA1c (%) 6.1 (5.8-6.7) 5.9 (5.7-6.3) 6.1 (5.8-6.9)** <0.001
TG (mmol/L) 1.2 (0.9-1.8) 1.1 (0.8-1.8) 1.3 (0.9-1.8)** 0.010
TC (mmol/L) 4.0 (3.3-4.8) 4.0 (3.3-5.0) 4.0 (3.3-4.7) 0.519
HDL-C (mmol/L) 1.1 (0.9-1.3) 1.1 (0.9-1.4) 1.0 (0.9-1.2)** <0.001
LDL-C (mmol/L) 2.5 (1.8-3.2) 2.7 (1.8-3.6) 2.5 (1.8-3.0) 0.298
Lipoprotein (a) (mg/L) 186.1 (85.4-423.5) 185.9 (83.3-391.4) 187.1 (85.5-442.7) 0.998
FGF21 (pg/mL) 342.9 (209.2-557.2) 376.1 (247.2-588.7) 334.4 (180.8-548.6)* 0.020
Gensini score 18 (5-46) 5.0 (0-1.05) 32 (18-64)** <0.001
Data were expressed as the mean ± SD. CAD, coronary artery disease; BMI, body mass index; WHR, Waist-to-hip ratio; SBP, 
Systolic blood pressure; DBP, Diastolic blood pressure; HOMA-IR, the Homeostasis Model Assessment of Insulin Resistance; 
TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; 
FGF21, fibroblast growth factor 21. (CAD group vs. non-CAD group, *P<0.05; **P<0.01).

Table 2. Independent factors for CAD were 
analyzed by univariate logistic regression 
analysis

β P value
Age 0.024 0.022
Sex 1.071 <0.001
BMI (kg/m2) 0.219 0.571
Waist-to-hip ratio (WHR) 6.436 0.463
Smoker 0.941 <0.001
HOMA-IR 0.058 0.314
HbA1C 0.586 <0.001
FPG 0.303 0.001
TG (mmol/L) 0.320 0.719
TC (mmol/L) 0.167 0.074
HDL-C (mmol/L) -1.458 0.678
LDL-C (mmol/L) 0.156 0.590
#FGF21 -0.930 0.008
β: standardized regression coefficient. #Data were log-
transformed before analysis.
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0.076; P<0.05) and the lesion numbers in the 
coronary artery (r=-0.110; P<0.05).

Relationship between FGF21 and other clinical 
variables

In the Spearman correlation analysis, (Table 4) 
serum FGF21 levels correlated positively with 
waist to hip ratio (r=0.108, P=0.030), body 
mass index (r=0.109, P=0.028), systolic blood 
pressure (r=0.158, P=0.001), diastolic blood 
pressure (r=0.128, P=0.010), insulin resis-
tance index (r=0.144, P=0.004), triglyceride 
(r=0.216, P<0.001), total cholesterol (r=0.196, 
P<0.001) and low density lipoprotein choles-
terol (r=0.142, P=0.004). But there was no sig-
nificant correlation between FGF21 and fasting 
blood glucose, glycosylated hemoglobin and 
high density lipid protein cholesterol.

Discussion

FGF21 was isolated from the embryonic tis-
sues of mice and first identified by Nishimura et 
al. in 2001 [10]. The lack of a heparin-binding 

domain in FGF21 allows it to act as an extracel-
lular endocrine factor [11]. Research has shown 
that the expression of FGF21 was induced by 
oxidative LDL in Wistar rat cardiac microvascu-
lar endothelial cells (CMECs) [12]. FGF21 was 
able to reduce the apoptosis of CMECs and 
improve their endothelial function. The expres-
sion of FGF21 was inhibited by shRNA, which 
led to the apoptosis of CMECs and an inhibition 
of the development of atherosclerosis and CAD. 
Additionally, FGF21 was found to enhance cho-
lesterol efflux mediated by LXRα-dependent 
ATP binding cassette (ABC) A1 and G1, which 
may have a protective effect against athero-
sclerosis [13]. Therefore, the anti-atherosclero-
sis function of FGF21 may provide both direct 
and indirect effects through the direct inhibi-
tion of apoptosis of the endotheliocyte and the 
indirect improvement of metabolism of glucose 
and serum lipid.

In the last few decades, several studies have 
demonstrated that FGF21 may play a physio-
logical role in improving endothelial cell apopto-
sis and in regulating glucose and lipid metabo-
lism at an early stage of atherosclerosis [14]. 
However, controversy over the exact role of 
FGF21 in patients with CAD still exists: some 
publications report it as a protective factor, 
whereas others claim it is not. Lin et al. found 
that serum FGF21 was significantly elevated in 
the CAD patient group and elevated more obvi-
ously in those with hypertension or diabetes 
mellitus [8, 15]. Multivariate logistic regression 
analysis found that FGF21 correlated indepen-
dently with CAD occurrence. However, Lee et al. 
found that serum levels of FGF21 declined in 
the CAD patients group, but there was no statis-
tical significance between serum FGF21 levels 
and CAD [16].

In our study, the serum FGF21 levels in the CAD 
group were lower than in the non-CAD group, 
which was the same trend compared with Lee 
et al. In addition, the Spearman correlation 
analysis also showed that FGF21 negatively 
correlated with CAD. After adjustment with the 
confounding variables of age, sex, smoking sta-
tus, HbA1c and HOMA-IR, a multivariate logistic 
regression analysis showed that a significant 
negative association existed between FGF21 
and CAD. FGF21 negatively correlated with cor-
onary artery stenosis severity and lesion num-
bers in the coronary artery as well. Above all, 

Table 3. Kendall correlation analysis between 
FGF21 and the severity of coronary artery stenosis 

Correlation 
coefficient

P 
value

Gensini score -0.076 0.049
Lesion number in the coronary artery -0.110 0.011

Table 4. Relationship between FGF21 and other 
clinical variables

Correlation 
coefficient P value

Waist-to-hip ratio (WHR) 0.108 0.030
BMI (kg/m2) 0.109 0.028
Systolic blood pressure (mmHg) 0.158 0.001
Diastolic blood pressure (mmHg) 0.128 0.010
Fast plasma glucose (mmol/L) 0.067 0.176
HOMAIR 0.144 0.004
HbA1C 0.036 0.467
TG (mmol/L) 0.216 <0.001
TC (mmol/L) 0.196 <0.001
HDL-C (mmol/L) 0.042 0.404
LDL-C (mmol/L) 0.142 0.004
BMI, body mass index; HOMA-IR, the Homeostasis Model 
Assessment of Insulin Resistance; TC, total cholesterol; TG, 
triglycerides; HDL-C, high-density lipoprotein-cholesterol; LDL-C, 
low-density lipoprotein-cholesterol; FGF21, fibroblast growth 
factor 21.
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these data demonstrated that the level of 
serum FGF21 may have a protective effect 
against coronary artery disease and that a 
decrease in FGF21 was likely to trigger or exac-
erbate coronary artery disease.

Adiponectin is a peptide hormone that is 
secreted by adipose tissue. Several studies 
have shown that adiponectin can improve glu-
cose and lipid metabolism, insulin sensitivity 
and atherosclerosis, while lower adiponectin 
levels are independently associated with a 
higher risk of CAD [17, 18]. Lin et al. found that 
adiponectin, as a downstream signal of FGF21, 
played a significant role in improving the metab-
olism of glucose and lipid and in enhancing the 
sensitivity of insulin [19]. Therefore, we specu-
late that the effect of FGF21 in CAD may be 
mediated via the activation of adiponectin. 
However, the exact mechanism between FGF21 
and adiponectin still requires further study.

There were some limitations in our study. 
Firstly, our study population was composed of 
Chinese middle-and elderly patients presenting 
at a single hospital. The sample size was rela-
tively inadequate and came from a single cen-
ter. Therefore, this study demonstrated results 
for participants who were evaluated for coro-
nary stenosis only by coronary arteriography 
and not with other coronary evaluation meth-
ods. Secondly, opposite results and actions 
were also reported [15, 20], those studies 
showed increased level of FGF21 is associated 
with CAD and extent of the coronary artery. As a 
novel member of the endocrine FGF subfamily, 
the mechanisms of FGF21 in the cardiovascu-
lar system are still unclear, more multicenter 
studies should be considered to resolve the 
controversy problem. In addition, correlation 
analysis is likely to be affected by a variety of 
uncorrected confounding factors present in 
daily life. Furthermore, our finding of the asso-
ciation between serum FGF21 and adiponectin 
in patients with CAD remains to be confirmed in 
other population-based studies involving even 
larger sample sizes and a wider multi-center 
study.

Conclusions

FGF21 was shown to be one of the independent 
protective factors for CAD. Serum levels of 
FGF21 correlated negatively with the severity of 

coronary artery stenosis, including the Gensini 
score and the lesion numbers in the coronary 
artery. Our results suggest that FGF21 has a 
possible protective effect on patients with cor-
onary heart disease.
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