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Introduction

Fibroblast growth factor 21 (FGF-21) is one of the FGF-19 
subfamily members and can be expressed in a lot of organs 
and tissues, including heart and vessels in the cardiovascular 
system, nerves and brain, muscles, kidney, and fatty tissues. 

FGF-21 among the FGF family members has become a 
research focus. Different from other FGF members, FGF-
21 has no positive effect on the growth of fibroblasts and 
cannot bind with unfractionated heparin specifically (1). 
Early studies revealed that the main function of FGF-21 
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was to regulate the metabolic process systematically. Recent 
studies showed that FGF-21 could inhibit ventricular 
hypertrophy, alleviate inflammation, and improve the 
metabolism of cardiac tissue. Also, FGF-21 plays an 
important inhibitory role in the progression of coronary 
atherosclerosis and plaque formation of artery stenosis. 
Earlier studies showed that FGF-21 was critical in coronary 
calcification through multiple molecular mechanisms 
(2,3). Clinical studies also had some findings. FGF-21 
was associated with acute myocardial infarction (AMI), 
hypertension, heart failure (HF), among many others (4).  
With these results, the predictive value of FGF-21  
for prognosis is still controversial. On the contrary, 
patients with diabetes mellitus (DM) often have coronary 
calcification, which is a risk factor for patients with 
coronary heart disease (CHD) (5). Based on the fact that 
FGF-21 was involved in both DM and coronary artery 
calcification (CAC) in a previous study, it was hypothesized 
in this study that FGF-21 had a strong correlation with 
the prognosis among patients with both DM and CAC at 
the same time.

Methods

Study population and groups 

Consecutive patients who met the inclusion and exclusion 
criteria were enrolled between October 2013 and February 
2018 in the center. These patients were diagnosed with 
type 2 DM (T2DM) and underwent coronary computed 
tomographic angiography (CCTA) to evaluate the patency 
of the coronary artery with suspicion of CHD. The 
inclusion criteria were as follows: aged more than 18 years, 
CAC detected by CCTA, life expectancy more than at least 
one year, ability to complete yearly follow-up for at least 
one year, no previous history of percutaneous coronary 
intervention (PCI), and signed the informed content 
profile. The exclusion criteria were as follows: malignant 
tumor, connective tissue diseases, active liver diseases; 
eGFR less than 60 mL/min/1.73 m2 or dialysis; previous 
history of PCI, cardiac surgery, or other micro traumatic 
cardiac intervention; and emergent PCI administered at 
the same time of enrollment. After enrollment, the patients 
were divided into four groups based on the level of FGF-21.

Definition 

T2DM, CHD, AMI, and HF were all diagnosed according 

to a previously published guideline. The CAC was defined 
as high-density signal findings of the coronary artery in the 
CCTA results. Malignant arrhythmia referred to malignant 
ventricular premature beat, ventricular tachycardia, 
ventricular flutter, and ventricular fibrillation verified by 
24-h Holter or random electrocardiogram [not including 
sudden cardiac death (SCD)].

Blood tests 

Routine blood test, liver function, renal function, 
electrolytes including K and Na, total cholesterol, 
triglyceride, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, fasting glucose, NT-
proBNP, and HbA1c were examined at enrollment and 
follow-up. Blood for the FGF-21 test was acquired at 
enrollment and stored at −80℃ after centrifugation. At the 
end of this study, FGF-21 was evaluated for each patient by 
enzyme-linked immune absorption using a kit bought from 
TaKaRa. The eGFR was calculated using the CKD-EPI 
formula.

CAC 

CCTA was conducted at once before enrollment using 
the SOMATOM Definition Dual-Source computed 
tomography scanner. Two doctors reviewed images. The 
CAC score (CACS) was determined using the Agatston 
scoring system. CACS less than 10 was normal. 

Echocardiography 

Cardiac functional and structural parameters, including left 
ventricular ejection fraction (LVEF), left ventricular end-
diastolic volume, were measured by echocardiography at 
enrollment and after one year. 

Follow-up 

All patients were followed up for at least one year. The 
major adverse cardiovascular events (MACEs), including 
coronary revascularization, acute coronary syndrome (ACS), 
HF, malignant arrhythmia, and SCD, were recorded.

Statistical analysis 

Continuous variables were expressed as mean±standard 
deviation and compared using an unpaired, two-sided 
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Student t-test when normal distribution and equal 
dispersion were confirmed. The Mann-Whitney U test 
and the Wilcoxon’s signed-rank test were used when the 
variance was unequal. Categorical variables were expressed 
as percentages (%) and compared using the χ2 analysis 
or Fisher exact test if necessary. A P value of <0.05 was 
considered statistically significant. All statistical analyses 
were performed using SPSS (version 17.0 for Windows, 
SPSS, Inc., IL, USA).

Results

Baseline characteristics 

According to the inclusion and exclusion criteria, 1,132 
patients with both DM and CAC, were enrolled. The age 
of the patients ranged from 42 to 74 years with a mean 
age of (54.2±13.7) years. History of DM ranged from  
2.4 years to 18.3 years with a mean time of (6.5±5.1) years. 
The baseline serum level of FGF-21 ranged from 67.5 to 
344.7 pg/mL with a mean level of (174.1±53.2) pg/mL. 
Patients were divided into four groups: low-FGF-21 group 
(LFG) with FGF-21 level ≤103.8 pg/mL, lower-medium-
FGF-21 group (LMFG) with FGF-21 level from 108.6 to 
184.9 pg/mL, higher-medium-FGF-21 group (HMFG) 
with FGF-21 level from 199.3 to 271.2 pg/mL, and high-
FGF-21 group (HFG) with FGF-21 level ≥276.1 pg/mL. 
The baseline CACS ranged from 83.2 to 524.9, with a mean 
score of (233.0±91.6). CACS differed significantly among 
subgroups (P<0.05). Parameters, including age, gender, 
fasting glucose, HbA1c, total cholesterol, and others, 
had no statistically significant difference among the four 
subgroups. Parameters such as serum level of NT-proBNP 
and LVEF differed among subgroups, but not significantly. 
The patients were followed up for 1.6–5.1 years with a 
mean duration of (2.7±2.2) years (Table 1). 

Parameters at 1-year follow-up 

At the end of the 1-year follow-up after enrollment, some 
blood tests and examinations were repeated. Compared 
with the values at enrollment, both eGFR (95.7±21.9 vs. 
113.4±24.7, P<0.05) and LVEF (49.5±12.6 vs. 52.2±13.8) 
values decreased significantly in general, and significant 
difference existed among subgroups (details listed in Table 2). 
HF within a 1-year follow-up was diagnosed in 127 patients 
(11.2%) based on the serum levels of NT-proBNP and 
LVEF. 

MACEs in the follow-up 

In the follow-up, 481 (42.5%) patients underwent 
percutaneous coronary stent implantation, while the other 
651 patients received medication therapy. Malignant 
arrhythmia occurred in 89 (7.9%) patients, 127 (11.2%) 
patients suffered from HF, and 9 (0.8%) patients died 
suddenly. Details are listed in Table 3. Table 3 shows that 
LFG had a better 1-year prognosis.

Discussion

FGF-21 has become a medical research focus in recent 
years. It aims at multiple targets and plays a protective role 
in health. Earlier studies focused on molecular mechanisms 
involved in physiological processes, such as calcification 
of artery, reticulum stress-induced apoptosis, and others 
(6-9). Later, some studies found some connection of 
circulating FGF-21 with sports, metabolism, hypertension, 
atherosclerosis, and even microRNA regulation in HF. Few 
studies evaluated the predictive value of diseases. In the 
present study, the baseline serum level of FGF-21 had a 
strong relationship with long-term prognosis. Accurately, 
the lower baseline serum level of FGF-21 predicted better 
long-term prognosis in patients with both DM and CAC. 
In detail, the incidence of MACEs, including coronary 
revascularization, ACS, HF, and malignant arrhythmia, was 
lower in patients with lower baseline serum levels of FGF-
21 compared with those with a higher level of FGF-21. 
These findings were not consistent with the results of the 
Multi-Ethnic Study of Atherosclerosis (MESA) published 
in Atherosclerosis by MIKE et al. MESA revealed that 
the serum level of FGF-21 had no overt relationship with 
intima-media thickness of the carotid artery, ankle-brachial 
index, and coronary calcification. Even after multiple 
factors were adjusted, no statistically significant relationship 
was found between the FGF-21 level and cardiovascular 
events. Therefore, it was concluded that FGF-21 could 
not be used as a risk factor for patients without a history 
of cardiovascular diseases (10). In fact, different from this 
study, patients enrolled in MESA did not have a history of 
cardiovascular diseases. In this study, patients with both 
DM and coronary calcification were enrolled explicitly 
based on two facts. First, FGF-21 played an essential role in 
glucose metabolism. For example, FGF-21 could regulate 
insulin sensitivity. Second, FGF-21 was critical in vessel 
calcification. Also, in MESA, the FGF-21 level was not 
related to the incidence of atrial fibrillation during follow-
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Table 1 Baseline characteristics in general and subgroups

Parameters General (n=1,132) LFG (n=283) LMFG (n=283) HMFG (n=283) HFG (n=283)

Age (year) 54.2±13.7 56.1±14.1 54.9±14.3 53.7±14.1 52.1±13.8

Male (n, %) 712 (62.9) 171 (60.4) 182 (64.3) 176 (62.2) 183 (64.7)

Hypertension (n, %) 409 (36.1) 101 (35.7) 103 (36.4) 100 (35.3) 105 (37.1)

Hyperlipidemia (n, %) 378 (33.4) 91 (32.2) 96 (33.9) 94 (33.2) 97 (34.3)

Smoke (n, %) 95 (8.4) 22 (7.8) 25 (8.8) 24 (8.5) 24 (8.5)

Alcohol (n, %) 112 (9.9) 29 (10.2) 26 (9.2) 27 (9.5) 30 (10.6)

HbA1c (%) 5.9±1.9 6.1±2.0 6.0±1.9 5.7±1.8 5.8±2.0

TC (mmol/L) 5.2±2.1 5.2±2.2 5.1±2.3 5.3±2.0 5.2±2.1

TG (mmol/L) 2.2±1.5 2.3±1.6 2.0±1.5 2.2±1.6 2.3±1.5

ALT (U/L) 23.7±13.8 22.9±14.1 24.5±14.5 22.6±13.7 24.8±14.6

eGFR 113.4±24.7 112.1±25.4 110.7±24.5 115.5±25.2 115.3±25.8

Glu 5.7±2.9 5.9±3.1 5.4±2.6 5.7±2.8 5.8±2.9

NT-proBNP (pg/mL) 76.3±48.5 72.7±43.9 75.1±47.2 78.0±52.3 79.4±50.1

K 4.1±0.7 4.2±0.8 4.1±0.8 4.0±0.6 4.1±0.7

Na 137.5±12.7 136.6±12.2 137.9±13.3 137.1±13.5 138.4±14.1

Fibrates (n, %) 92 (8.1) 20 (7.1) 25 (8.8) 24 (8.5) 23 (8.1)

Statins dose (n, %) 898 (79.3) 227 (80.2) 222 (78.4) 227 (80.2) 223 (78.8)

High (n, %) 287 (25.4) 71 (25.1) 74 (26.1) 70 (24.7) 73 (25.8)

Moderate (n, %) 396 (35.0) 101 (35.7) 96 (33.9) 100 (35.3) 99 (35.0)

Low (n, %) 215 (19.0) 55 (19.4) 52 (18.4) 57 (20.1) 51 (18.0)

Metformin 599 (52.9) 154 (54.4) 148 (52.3) 150 (53.0) 147 (51.9)

Sulfonylureas 249 (22.0) 59 (20.8) 64 (22.6) 65 (23.0) 61 (21.6)

α-GI 662 (58.5) 168 (59.4) 159 (56.2) 169 (59.7) 166 (58.7)

TZDs 371 (32.8) 91 (32.2) 95 (33.6) 97 (34.3) 88 (31.1)

Gullinides 338 (29.9) 88 (31.1) 82 (29.0) 80 (28.3) 88 (31.1)

Insulin 186 (16.4) 45 (15.9) 48 (17.0) 46 (16.3) 47 (16.6)

LVEF 52.2±13.8 56.3±13.7 53.1±13.2 51.5±12.5 47.8±12.6

CACS 233.0±70.1 124.6±37.5 186.8±51.9 271.3±62.7 349.2±80.6

Follow-up (year) 2.7±2.2 2.6±2.2 2.8±2.2 2.7±2.1 2.7±2.3

LFG low-FGF-21 group; LMFG, lower-medium-FGF-21 group; HMFG, higher-medium-FGF-21 group; HFG, high-FGF-21 group; TC, total 
cholesterol; TG, triglyceride; ALT, alanine aminotransferase; α-GI, α-Glycosidase inhibitors; CACS, coronary artery calcification score; 
LVEF, left ventricular ejection fraction; TC, total cholesterol; TG, triglyceride; TZDs, thiazolidinediones.

up (11). With these two findings in MESA, FGF-21 indeed 
should not be used as a predictor of disease or prognosis in a 
general population. Otherwise, in patients with HF, whether 
systolic or diastolic HF, studies have found that a higher 
plasma level of FGF-21 predicted worse heart function 

(12,13). In another study aimed at patients with DM, 
the serum level of FGF-21 was a predictor of CHD (14).  
However, in patients with end-stage renal disease, 
circulating FGF-21 was related to mortality, but not 
suitable to predict a cardiovascular event. However, this 
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study suggested that FGF-21 could predict the long-term 
prognosis in specific patients, such as those with both DM 
and coronary calcification. In studies with positive results, a 
higher level of FGF-21 predicted worse prognosis (15-17). 

Coronary calcification is a risk factor of poor prognosis, 
especially in patients with cardiovascular disease and related 
disease or status such as DM. With the increase in CACS 
from 0 to 1,000, the 15-year general mortality increases 
from 3% to 28% simultaneously (18,19). However, in 
the real world of PCI, CAC significantly increases the 
difficulty and expenditure of operation (20,21). Moreover, 
the long-term history of DM increases the likelihood of 
calcification of the main coronary artery and the inclination 
of atherosclerosis in the small coronary artery (22). PCI 
is more challenging to operate when ischemia occurs 
in patients with a long-term history of DM, especially 
those without well-controlled blood sugar (23-25). The 

diffused coronary lesions lead to ventricular remodeling 
and refractory HF (26,27). These patients are also at risk 
of suffering from malignant arrhythmia, renal dysfunction, 
and even SCD (28,29). Therefore, patients at an elevated 
risk should be recognized at the earliest. In this study, the 
lower baseline serum level of FGF-21 correlated with lower 
CACS in patients with DM and CAC. However, earlier 
studies showed that FGF-21 alleviated vessel calcification 
through multiple mechanisms (6-9). It is reasonable to 
assume that a higher level of FGF-21 predicts lighter vessel 
calcification. This study presented results contradictory 
to this hypothesis. The reason for this contradiction was 
related to several possibilities; for example, the possibility 
that some negative feedback existed between FGF-21 
expression and coronary calcification. In other words, 
coronary calcification could induce the expression of FGF-
21. Further studies should investigate this possibility in vivo 

Table 2 Results at 1-year follow-up

Parameters General (n=1,132) LFG (n=283) LMFG (n=283) HMFG (n=283) HFG (n=283)

NT-pro-BNP (pg/mL) 81.6±51.3 75.8±44.6 81.2±49.5 86.7±53.1 94.8±55.8

ALT 24.1±14.2 23.2±13.8 21.6±14.7 24.7±13.9 22.5±14.3

eGFR 95.7±21.9 109.2±24.7 99.4±23.1 91.3±23.5 82.7±21.6

Glu 5.7±2.9 5.9±3.1 5.4±2.6 5.7±2.8 5.8±2.9

TC 5.2±2.1 5.2±2.2 5.1±2.3 5.3±2.0 5.2±2.1

TG 2.2±1.5 2.3±1.6 2.0±1.5 2.2±1.6 2.3±1.5

K 4.2±0.8 4.3±0.8 4.1±0.9 4.2±0.7 4.2±0.8

Na 136.8±11.9 138.2±12.6 137.5±12.8 135.2±13.1 136.3±11.2

HbA1c 5.9±1.9 6.1±2.0 6.0±1.9 5.7±1.8 5.8±2.0

LVEF 49.5±12.6 55.3±13.2 51.6±12.9 47.8±13.1 43.4±12.5

LFG low-FGF-21 group; LMFG, lower-medium-FGF-21 group; HMFG, higher-medium-FGF-21 group; HFG, high-FGF-21 group; ALT, 
alanine aminotransferase; TC, total cholesterol; TG, triglyceride; LVEF, left ventricular ejection fraction.

Table 3 MACEs in follow-up

MACEs General (n=1,132) LFG (n=283) LMFG (n=283) HMFG (n=283) HFG (n=283)

Stent implantation 481 (42.5) 71 (25.1) 107 (37.8) 141 (49.8) 162 (57.2)

Malignant arrhythmia 89 (7.9) 4 (1.4) 13 (4.6) 29 (10.2) 43 (15.2)

Heart failure 127 (11.2) 11 (3.9) 23 (8.1) 39 (13.8) 54 (19.1)

SCD 9 (0.8) 1 (0.4) 3 (1.1) 2 (0.7) 3 (1.1)

ACS 27 (2.4) 1 (0.4) 4 (1.4) 9 (3.2) 13 (4.6)

MACEs, major adverse cardiovascular events; LFG low-FGF-21 group; LMFG, lower-medium-FGF-21 group; HMFG, higher-medium-
FGF-21 group; HFG, high-FGF-21 group; SCD, sudden cardiac death; ACS, acute coronary syndrome.
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and in vitro.
After enrollment, 481 patients underwent percutaneous 

coronary stent implantation due to cardiac ischemia. 
Subgroup analysis revealed that the group with a 
higher level of FGF-21 had a higher incidence of stent 
implantation and rotational atherectomy. This result was 
consistent with the study by Lee et al. (14). ACS was the 
dominant reason (389/481, 80.9%) for patients undergoing 
PCI in this study. Moreover, the higher the level of FGF-21,  
the sooner the ACS occurred. These findings suggested 
that patients with both DM and CAC were at higher risk 
of ACS when a higher level of FGF-21 was confirmed. 
These patients should receive intensive medication therapy 
and follow-up monitoring. At the same time, a higher 
level of FGF-21 was related to malignant arrhythmia, HF, 
and SCD. The main reason involved in this phenomenon 
should be myocardial ischemia and diabetic automatic 
nerve disease. Further studies are needed to confirm this 
hypothesis.

The relationship between glucose-lower therapy or lipid-
lower therapy and serum level of FGF-21 is still unclear. 
In the present study, the medication in four subgroups was 
compared, and no significant difference was found. Earlier 
findings were also controversial. In some studies, metformin 
could decrease the expression level of FGF-21, while in 
other, studies the results were vice versa (30-32). In a word, 
several problems related to FGF-21 still need to be solved. 
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