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Abstract: It is not determined whether serum visfatin
levels are related to the presence and severity of coronary
artery disease (CAD) in non-diabetic subjects. In this
study, a total of 65 consecutive non-diabetic participants
who underwent coronary angiography were enrolled.
Serum visfatin and fasting glucose, as well as the serum
total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, and triglyceride, were mea-
sured in all participants before the procedure. The extent of
coronary artery lesions was determined by Gensini score.
Serum visfatin levels were significantly lower in patients
with CAD compared to participants with normal coronary
arteries. Inversely, the circulating levels of fasting glucose
were found to be elevated in patients with CAD compared
with the control subjects. Multivariable logistic regression
analysis demonstrated that visfatin and impaired fasting
glucose (IFG) were independently associated with the pre-
sence of CAD in non-diabetics. No significant relationship
was found between serum visfatin and fasting glucose levels
in IFG subjects. However, there was a negative association
between visfatin concentrations and Gensini score in parti-
cipants with IFG. Both circulating visfatin concentrations
and IFG are independently associated with CAD in non-dia-
betics. Serum visfatin levels are negatively related to the
angiographic severity of CAD in subjects with IFG.

# These authors contributed equally to this work.

* Corresponding author: Huigiang Chen, Department of Cardiology,
The Second Hospital of Shandong University, Shandong University,
Ji-nan, Shandong Province, China, e-mail: hqchen361@sdu.edu.cn
Fei Xu, Xiang Ning, Tong Zhao, Qinghua Lu: Department of
Cardiology, The Second Hospital of Shandong University, Shandong
University, Ji-nan, Shandong Province, China

Keywords: visfatin, prediabetes, impaired fasting glu-
cose, coronary artery disease

1 Introduction

It is well established that diabetes mellitus is not only a
risk equivalent of coronary artery disease (CAD) but also
an independent risk factor for cardiovascular disease [1].
Prediabetes, which is defined by the presence of impaired
fasting glucose (IFG) and/or impaired glucose tolerance
and/or HbAIC levels ranging from 5.7 to 6.4% [2], is
also an important risk factor for the development of car-
diovascular disease [3]. In recent years, the impact of
prediabetic state on coronary atherosclerosis is attract-
ing more attention. High fasting blood glucose (FBG) is
independently associated with the severity of coronary
heart disease in prediabetic patients with glycosylated
hemoglobin 5.7-6.4% [4]. Like diabetes, prediabetes is
correlated with high atherosclerotic burden and the com-
plexity of coronary artery lesions, which indicates that
the prediabetic state might have the same effect as dia-
betes on coronary atherosclerosis [5,6]. Thus, due atten-
tion should be attached to the coronary atherosclerosis in
subjects with prediabetes.

Visfatin, also known as pre-B-cell colony-enhancing
factor or nicotinamide phosphoribosyltransferase, is an
adipocytokine that is mainly produced in visceral fat
tissue [7]. Visfatin might be involved in the development
and progression of diabetes and atherosclerosis indepen-
dently [8]. In fact, a growing number of evidence suggest
that visfatin might take a part in the pathogenesis of
atherosclerosis in diabetic patients. For example, high
serum visfatin was not only significantly correlated with
advanced carotid atherosclerosis [9] but also an indepen-
dent predictor for the presence of peripheral athero-
sclerotic plaques in type 2 diabetic patients [10]. Further
studies demonstrated that serum visfatin levels were
higher in type 2 diabetic patients with CAD compared to
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those without CAD [11-13]. These findings signify that
visfatin might be a biomarker or a promoting factor of
the cardiovascular complications in patients with type 2
diabetes. However, the role of visfatin in cardiovascular
complications of non-diabetics is not determined.

In the present study, we aimed to investigate the
association of serum visfatin and the lesions of coronary
artery in non-diabetics.

2 Patients and methods

2.1 Patient selection

The subjects were selected from inpatients with the symp-
toms of chest discomfort who underwent coronary angio-
graphy at the Second Hospital of Shandong University in
China from November 2014 to December 2014. The present
study did not include the patients with coronary artery
spasm angina, valvular heart disease, systemic inflamma-
tory disease, autoimmune disorder, neoplastic disease,
severe hepatic, and renal dysfunction. Sixty-five consecu-
tive non-diabetic patients were included in this study, in
which the experimental group included 39 patients with
acute coronary syndrome while the control group con-
sisted of 26 subjects with angiographically normal cor-
onary arteries. The study protocol was approved by the
hospital ethics review board (The Second Hospital of
Shandong University, Ji-nan, China) according to the
Declaration of Helsinki. Informed written consent was
obtained from each patient.

2.2 Blood sampling and definitions

All blood samples were collected after an overnight fast
(12h) during hospital stay for the measurement of FBG,
visfatin, TC, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), and total
triglyceride (TG). Visfatin was analyzed using a commer-
cially available ELISA kit (Cloud-Clone Corp., Wuhan,
Hubei, China). Dyslipidemia was defined as a fasting con-
centrations TC > 6.22mmol/L, LDL-C > 4.14 mmol/L, HDL-
C < 1.04 mmol/L, or TG > 2.26 mmol/L or having a history
of dyslipidemia or the use of lipid-lowering medications
[14]. Smoking status was confirmed by the medical history.
Hypertension was defined as systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg,
or having a history of hypertension or current treatment
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with antihypertensive medications. The diagnostic cri-
terion of CAD was the individuals with at least one obvious
stenosis (>50%) of the lumen diameter in any of the major
coronary arteries, including the left main coronary artery
(LM), left anterior descending artery (LAD), left circumflex
coronary artery (LCX), and right coronary artery (RCA), or
main branches of the vascular system [15]. Body mass
index (BMI) was calculated as weight in kilograms divided
by the square of the height in meters (kg/m?).

2.3 Coronary angiography

Selective coronary angiographies were conducted with
the standard Judkin’s technique by filming of multiple
views of each blood vessel. Coronary angiograms were
analyzed by two experienced interventional physicians
who knew nothing about the clinical characteristics of
the subjects.

The severity of coronary artery stenosis was evalu-
ated by Gensini scoring system [15]. The Gensini score
was computed by assigning a severity score to each cor-
onary narrowing by both the degree of luminal stenosis
and its geographic significance. The decrease in the
luminal diameter of 25, 50, 75, 90, 99, and 100% occlu-
sion was given the score of 1, 2, 4, 8, 16, and 32,
respectively.

The score was then multiplied by a factor that sym-
bolizes the functional importance of the lesion in the
coronary arterial tree, for example, 5 for LM, 2.5 for the
proximal LAD or LCX, 1.5 for the mid-LAD, and 1 for RCA
or the distal LAD [15,16].

2.4 Statistical analysis

The normal distribution of the continuous variables was
evaluated using the Shapiro—Wilk test. Continuous vari-
ables with a normal distribution were shown as mean +
SD and those with a non-Gaussian distribution were
shown as median (25th—75th percentile). Student’s t-test
was used for the comparison of normally distributed
continuous numerical variables, and the Mann—Whitney
U test was used for non-normally distributed numerical
variables. The categorical variable was expressed as number
of cases (n) and percentage (%), and categorical data
between the groups were compared by chi-square test.
Logistic regression analysis was carried out to determine
the independent predictors of CAD. The covariates that
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associated with presence of CSF in the univariate model
were included in the multivariate logistic regression
analysis. Association of serum visfatin with fasting serum
glucose and Gensini score were evaluated using bivariate
Pearson’s correlation coefficients. Statistical analyses were
performed using IBM SPSS (Statistical Package for the
Social Sciences) for windows 23.0 statistical software
package. A P-value of <0.05 was considered to be sta-
tistically significant.

3 Results

We studied a total of 65 consecutive non-diabetics. Forty-
one (63%) of the patients were men. The average age and
BMI of the patients were 61.2 + 11.7 years and 23.1 + 2.1 kg/m?,
respectively. The percentage of patients with smoking, CAD,
hypertension, and dyslipidemia was 38, 60, 51, and 26,
respectively.

Table 1 shows the clinical and laboratory character-
istics of the subjects classified according to CAD. As
shown in the table, there were no significant differences
in age, gender, BMI, smoking history or blood lipid
between CAD patients and subjects with normal coronary
arteries. The mean levels of fasting glucose in CAD sub-
jects were significantly higher than participants with
normal coronary arteries (P = 0.035). Likewise, the inci-
dence of hypertension was more marked in CAD patients
than in normal control (P = 0.044). However, the blood
visfatin level was statistically lower in the CAD group
than in the control group (P = 0.033).

To evaluate the possible confounding factors for the
presence of CAD, logistic regression analysis was used.
In the univariate analysis, age (P < 0.05), hypertension
(P < 0.05), visfatin (P = 0.050), and IFG (P = 0.055)
remained for the multivariate logistic regression analysis
(Table 2). In the multivariate analysis, visfatin [odds ratio
(OR) = 0.889, 95% CI 0.810-0.976; P = 0.013] and IFG
(OR =26.679, 95% CI 1.735-410.207; P = 0.019) were inde-
pendently associated with the presence of CAD.

No significant association was found between serum
visfatin levels and fasting glucose (P = 0.144) or Gensini
score (P = 0.200) in CAD subjects. The correlation ana-
lysis for serum visfatin and fasting serum glucose or
Gensini score in patients with IFG is included in Table 3.
As tabulated in Table 3, circulating visfatin levels were
negatively correlated with the Gensini scores in partici-
pants with IFG (r = —-0.526, P = 0.037). However, no sig-
nificant association was found between serum visfatin and
fasting glucose levels in IFG subjects.

Visfatin associated with coronary artery lesions = 1407

Table 1: Baseline characteristics of study subjects

Variable Non-CAD CAD group P value
(N = 26) (N =39)
Age (year) 57.50 + 13.52 63.59 + 9.82 0.055
Men (%) 14 (53.8) 27 (69.2) 0.294
BMI (kg/mz) 23.13 + 1.93 23.14 + 2.22 0.986
Smoking (%) 8 (30.8) 17 (43.6) 0.435
Hypertension (%) 9 (34.6) 24 (61.5) 0.044
SBP (mmHg) 133.92 + 14.50 128.77 + 17.92 0.226
DBP (mmHg) 78.50 75.00 0.348
(73.50-85.50) (71.00-83.00)
Hyperlipidemia 4 (15.4) 13 (33.3) 0.152
(%)
TC (mmol/L) 4.30 £ 0.81 4.33 + 1.29 0.914
TG (mmol/L) 1.00 1.09 0.867
(0.83-1.49) (0.86-1.48)
LDL-C (mmol/L) 2.20 + 0.50 2.44 + 0.82 0.145
HDL-C (mmol/L) 1.24 + 0.20 1.13 + 0.25 0.075
Fasting glucose 5.17 + 0.53 5.52 + 0.77 0.035
(mmol/L)
Visfatin (ng/ml) 14.20 + 11.01 9.34 +7.05 0.033

Continuous variables are shown as the mean + SD or median
(25th-75th percentiles). Categorical variable is expressed as
number of cases (n) and percentage (%). Fonts in bold indicate
statistical significance (P < 0.05).

IFG, impaired fasting glucose; BMI, body mass index; CAD, coronary
artery disease; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low-density
lipoprotein  cholesterol; HDL-C, high-density lipoprotein
cholesterol.

4 Discussion

The main finding of our study is that the serum visfatin
levels are not only independently associated with CAD in
non-diabetic patients but also negatively linked with the
severity of coronary artery lesion in participants with IFG.
It implies that visfatin might serve as an important protec-
tive biomarker and therapeutic target of coronary artery
lesions in subjects with prediabetes in the future. Thus,
our data support the idea that high visfatin levels are pro-
tective against coronary artery lesions in non-diabetics.
The notion above has been supported by previous
studies. For example, the increased expression of visfatin
in acute coronary syndrome patients might exert a pro-
tective effect by the upregulation of the NAMPT/NAD"/
Sirtl signaling pathway [17]. Visfatin could counteract
H202-induced apoptotic damage in H9c2 cardiomyocytes
via AMPK activation [18] while the pharmacological inhi-
bition of Nampt could reduce neutrophilic inflammation-
and oxidative stress-mediated tissue damage in early
phases of reperfusion after a myocardial infarction [19].
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Table 2: Univariate and multivariate logistic regression analyses for independent predictors of the presence of CAD
Univariate Multivariate

OR (95% Cl) P value OR (95% ClI) P value
Visfatin 0.938 (0.879-1.000) 0.050 0.889 (0.810-0.976) 0.013
IFG 3.833 (0.969-15.162) 0.055 26.679 (1.735-410.207) 0.019
Age 1.048 (1.001-1.097) 0.045 1.045 (0.993-1.101) 0.092
Hypertension 3.022 (1.075-8.499) 0.036 2.659 (0.795-8.888) 0.112
Male 1.929 (0.690-5.392) 0.211
BMI 1.867 (0.568-6.129) 0.304
Smoking 1.739 0.611-4.949) 0.300
Dyslipidemia 2.750 (0.783-9.659) 0.115

Fonts in bold indicate statistical significance (P < 0.05).

CAD, coronary artery disease; IFG, impaired fasting glucose; BMI, body mass index.

Table 3: Pearson correlation coefficients between visfatin and
fasting glucose or gensini score in IFG subjects

Variables Correlation coefficient P value
Fasting glucose -0.179 0.506
Gensini score -0.526 0.037

Fonts in bold indicate statistical significance (P < 0.05).
IFG, impaired fasting glucose.

However, there are studies demonstrating the important
links between visfatin and inflammation, endothelial dys-
function, atherosclerosis, and plaque instability in CAD
[20,21]. More studies are required to clarify the exact role
and mechanisms of visfatin in the coronary atherosclerosis
in IFG patients.

So far as we know, the role of visfatin in coronary
atherosclerosis is not fully understood [20,21]. The study
conducted by Darabi et al. found that serum visfatin was
significantly higher in acute coronary syndrome patients
than the stable CAD patients [22], indicating that visfatin
might play an important part in the plaque instability and
inflammation of coronary atherosclerosis. The circulating
visfatin levels are significantly higher in acute ST-eleva-
tion myocardial infarction patients and the increased
serum visfatin might be closely associated with the degree
of myocardial damage [23]. Recently, the meta-analysis by
Yu et al. showed that the increased serum visfatin concen-
trations might be a risk marker of coronary heart disease,
in which 15 articles involving 1,053 CAD cases and 714
controls were included [24]. Recent studies demonstrated
that serum visfatin concentration has obviously positive
correlation with CAD severity evaluated by SYNTAX score,
Gensini score or the number of narrowed coronary arteries,
respectively [23,25-27]. However, the negative association

between visfatin and CAD or its severity also been reported
[28,29]. Further studies are warranted to explore the
dynamic alterations and significance of visfatin in patients
with CAD in different clinical contexts including the ather-
osclerotic process of non-diabetics.

Our previous work demonstrated that hyperglycemia
in non-diabetics is closely related with the complexity of
coronary artery and the fasting glucose is an independent
predictor for severe CAD in people with prediabetes [30].
In this study, we further discovered that IFG, a predia-
betic state, is also independently associated with CAD.
This is in line with the findings of Yang et al. in which
both FBG and glycosylated hemoglobin are indepen-
dently correlated with the severity of CAD in prediabetic
patients with glycosylated hemoglobin 5.7-6.4% [4]. In
addition, Muhammed et al. demonstrated that the com-
plexity of CAD was higher in the prediabetic than in nor-
moglycemic subjects and comparable with diabetics [5].
Furthermore, the study by Acar et al. found that the
people with prediabetes and diabetes showed a higher
proportion of patients with three-vessel diseases and
higher CAD severity than normoglycemic subjects [6].
The studies above indicate the promoting action of the
prediabetic status including IFG to the development of
coronary heart disease.

The roles of adipokines including visfatin in the car-
diovascular complications of diabetic patients are increas-
ingly attracting worldwide attention and study [31]. In
recent years, a growing number of evidence shows that
serum visfatin levels were higher in type 2 diabetic patients
with CAD compared to non-CAD control [11-13]. Visfatin
might also be associated with the atherosclerotic lesions
of non-diabetic patients considering that prediabetes has
the same effect on coronary artery lesions as diabetes [5].
However, the above results from diabetic subjects might be
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not applicable to non-diabetics. For example, the study by
Saddi-Rosa demonstrated that circulating visfatin levels
were not significantly different in non-diabetic participants
with or without CAD [11]. Here, our study revealed that
circulating visfatin levels are decreased significantly in
non-diabetic participants with CAD compared to non-
CAD. These might signify the different alterations in serum
visfatin levels in CAD patients with or without diabetes.
Larger studies are needed to investigate the expression
and dynamic alterations of visfatin levels in CAD subjects
from prediabetes to diabetes.

The visfatin expression and serum levels are influ-
enced by fat area and distribution, inflammatory state,
renal function, iron metabolism, hormones, and so on
[32]. Besides the factors above, as reported in the litera-
ture, the blood concentration of visfatin could be enhanced
by hyperglycemia while the hyperglycemia-induced visfatin
increase could be inhibited by exogenous hyperinsulinemia
[33]. Serum visfatin was found to have insulin-mimetic
action and increase with progressive B-cell deterioration
[34,35]. Thus, the increase in serum visfatin in diabetics
or pre-diabetics might be indicative of a disease of higher
severity. In this study, no significant association was found
between visfatin levels and fasting glucose in CAD subjects
with or without IFG. This might be related to the preserved
endogenous insulin secretion and relatively short exposure
to hyperglycemia in patients with prediabetes [36]. Recent
clinical trial by Yang et al. demonstrated that purified
anthocyanins’ supplementation for 12 weeks decreased
serum visfatin in subjects with prediabetes or newly
diagnosed diabetes [37]. Thus, elucidating the effect of
anthocyanins supplementation on coronary atherosclerosis
might help clarifying the relationship of visfatin and blood
glucose in CAD progression. However, larger and prospec-
tive studies are needed in the future.

Previous research demonstrated that individual com-
ponents of metabolic syndrome and their various combi-
nations may have different contributions to CAD [38]. In
our study, there are no significant differences in BMI, TC,
TG, LDL-C or HDL-C between CAD and non-CAD subjects.
Hypertension is an independent predictor for CAD in the
univariate logistic regression analysis, but not in the mul-
tivariate logistic regression analysis.

Our study has several limitations. First, this study
was a cross-sectional study and lacks long-term follow-
up data. Second, there are a limited number of subjects in
our study owing to the limited funding, which might
reduce its statistical power. Third, all our subjects were
undergoing coronary angiography, which might cause
selection bias. Finally, there is a measurement bias since
ELISA might be more sensitive but with a narrow detection
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range compared to enzyme immunoassay and radioimmu-
noassay [39].

To sum up, serum visfatin levels and IFG were inde-
pendent predictive factors of the presence of CAD in non-
diabetics. Visfatin levels were negatively associated with
CAD severity in IFG subjects; thus, visfatin might play a
protective part in the development of coronary athero-
sclerosis in participants with prediabetes.
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