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Abstract: Hepatocyte growth factor (HGF), as a metabolic regulator, was shown to be secreted by adipose tissue
and associated with metabolic syndrome (MS) and coronary artery disease (CAD). Pericardial fat, as a visceral fat,
was found to be a significant predictor of CAD. We investigated the relationship between serum HGF levels and peri-
cardial fat volume (PFV) in individuals aged between 40-65 years without liver or renal diseases, and also without
medicine consumption. Serum HGF levels were found to be significantly higher in participants with CAD than those
without CAD (P<0.001). In addition, the serum HGF levels had a significant positive correlation with the PFV in all
the participants (r=0.485, P<0.001). Multivariate linear regression demonstrated that the serum HGF levels were
significantly associated with PFV (B value=0.454, P<0.001) after adjustment for the metabolic parameters. Further
regression assessment found that the serum HGF levels were significantly associated with PFV in participants with
CAD (B value=0.586, P<0.001). The serum HGF levels were significant and independent predictors for determin-
ing the presence of CAD (OR=1.002, 95% CI: 1.000-1.004, P=0.011). This study therefore demonstrated that the
serum HGF levels positively correlated with PFV in participants with CAD and can therefore be a significant predictor
for the presence of CAD.
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Introduction considered as an important source of vaso-bio-
] ) active mediators in coronary artery atherogen-

Hepatocyte growth factor (HGF) is mainly pro- esis [10-12]. Pericardial fat has also been

duced in mesenchymal cells and was firstly reported to correlate with metabolic risk factors

identified as a potent stimulator of hepatocyte [13, 14], coronary artery stenosis [14], and cor-

growth [1]. The HGF binds to its receptor-cMet onary artery calcification [15]. Recent studies

and exerts various biological functions, includ- have found that pericardial fat volume (PFV)

ing mitogenic, motogenic, and morphogenic acts as an indicator for presence of coronary

activities in cells of epithelial origin [2-4]. The artery atherosclerosis [16, 17]. However, the

HGF is preferentially expressed in the liver [2, relationship between the HGF levels and PFV in

5] and has also been synthesized and secreted elderly population has not been investigated.

by the adipose tissue [6]. It has also been sug- The purpose of this study was therefore to

gested that the HGF acts as a metabolic regula- investigate the association of serum HGF levels

tor in humans. Studies in human subjects have and PFV in participants with or without the CAD,

shown increased serum HGF levels in patients in the presence or absence of MS.

with obesity, hypertension, hyperlipidaemia,

insulin resistance and metabolic syndrome Methods

(MS) [7]. Elevated serum HGF levels have also o

been associated with coronary artery disease Study participants

(CAD) [8, 91.

We screened 429 individuals aged between
Pericardial fat, an ectopic visceral fat, is pres- 40-65 years who had undergone cardiac evalu-
ent around epicardial coronary arteries and is ation with 64-slice multidirector computed
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Table 1. Baseline characteristics of participants

Anthropometric and biochemi-
cal parameters

o No CAD CAD

Characteristics P

N =192 N=93 Body mass index (BMI) was
Age (years) 52.3£7.0 53.0¢8.0  0.519 calculated as weight divided
Male sex n (%) 94 (49) 48 (52) 0.674 by height squared (kg/m?).
BMI (kg/m?) 26.5+2.5 27.0+2.1 0.047 Waist circumference was mea-
Waist circumference (cm) 85.5+5.2 88.0+6.0 <0.001 sured to the nearest 0.1 cm at
Smoking n (%) 41 (21) 32 (34) 0.018 the narrowest point between
Systolic blood pressure (mmHg) ~ 114.5+14.4 122.4+13.4 <0001  the lower limit of the ribcage
Diastolic blood pressure (mmHg) ~ 75.8+9.0 771488  0.219 and the iliac crest. Blood pres-
Fasting glucose (mg/dl) 104.3+16.6  109.0+16.3 0.024 sure (BP) was measured by

nurses in a standardized set-

Total cholesterol (mg/dl) 173.5+25.5 184.0+31.2 0.005 ting. Blinded BP measure-
Triglycerides (mg/dl) 139.3+42.8  156.7+32.2 0.001 ments were repeated at least
LDL-cholesterol (mg/dl) 98.8+21.1 102.3+25.1 0.240 three times and the mean val-
HDL-cholesterol (mg/dl) 42.6+9.0 39.4+7.6 0.002 ues from these repeated mea-
AST (U/L) 27.2+5.6 26.6+5.6 0.465 surements were considered as
ALT (U/L) 27.3+7.6 27.9+7.0  0.510 individuals’ BP values.
HGF (pg/ml) 566.6+175.4 718.3+256.3 <0.001

Pericardial fat volume (cm?®) 150.4+24.7

181.9+44.6 <0.001

Serum glucose, total choles-

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
AST, glutamic-oxalacetic transaminase; ALT, glutamic-pyruvic transaminase.

tomography (MDCT) as a routine physical exam-
ination or for cardiac evaluation in high-risk
participants with obesity, history of smoking or
strong family history of CAD at the Second
Affiliated Hospital of the Nanjing Medical
University, from August 2013 to January 2015.
All individuals were asked to fill out question-
naires on their medical history.

Subjects with acute coronary syndrome (ACS),
previously documented CAD, suspected myo-
carditis or pericarditis, advanced renal and liver
diseases, known malignant disease, systemic
inflammatory disease, autoimmune disease or
with medicine consumption were excluded
from our study. We consequently identified 93
subjects firstly diagnosed with CAD and 192
subjects without CAD. A total of 285 individuals
(male/female 142/143) were enrolled for
analysis.

Ethics statement

This study was approved by the Scientific and
Ethical Committee of the Second affiliated
Hospital of the Nanjing Medical University.
Written informed consents were obtained from
all the participants.
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terol, triglycerides, low-density
lipoprotein (LDL)-cholesterol,
high-density lipoprotein (HDL)-
cholesterol, glutamic-oxalace-
tic transaminase (AST) and glutamic-pyruvic
transaminase (ALT) concentrations were all
measured after a minimum of 12-h fasting,
using the Toshiba 200FR Neo chemistry auto-
analyser (Toshiba Medical Systems, Tokyo,
Japan). Serum HGF concentration was mea-
sured after fasting by the enzyme-linked immu-
nosorbent assay (ELISA) (human HGF Instant
ELISA 128 tests, eBiosciences, San Diego, CA,
USA), using an automated microplate reader
instrument (Thermo Multiskan MK3, Thermo
Fisher Scientific, Waltham, MA, USA).

Muilti-slice CT scan protocol

Cardiac MDCT was performed with a Brilliance
64 CT Scanner (Philip Medical System, Andover,
MA, USA) using a standard scanning protocol:
64 x 0.625 mm section collimation, 420 ms of
gantry rotation time, 120 kV tube voltage and
800 mA tube current with electrocardiographic-
gated dose modulation. Subjects with heart
rates over 65 beats per minute received 10-30
mg of intravenous esmolol (Qilu Pharmaceutical
Co., Ltd., Jinan, China), before the MDCT imag-
ing. The CT scan raw data were reconstructed
at the 75% of the R-R interval to coincide with
left ventricular diastasis. The CT reconstructed
image data were transferred to a workstation

Int J Clin Exp Med 2015;8(5):7914-7921
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Figure 1. A: The differences in serum HGF levels between participants with and without metabolic syndrome (MS).
B: The differences in serum HGF levels between CAD participants with MS and without MS. ***P<0.001. MS, meta-

bolic syndrome; CAD, coronary artery disease.

Table 2. Correlation between serum HGF levels
and clinical parameters

Correlation
coefficient (r)
Age (years) 0.007 0.904
BMI (kg/m?) 0.087 0.145
Waist circumference (cm) 0.197 0.001
Systolic blood pressure (mmHg) 0.192 0.001
Diastolic blood pressure (mmHg) -0.010 0.803
Fasting glucose (mg/dl) 0.152 0.010
Total cholesterol (mg/dl) 0.086 0.146
Triglycerides (mg/dl) 0.031 0.600
LDL-cholesterol (mg/dl) 0.314 <0.001
HDL-cholesterol (mg/dl) -0.176 0.003

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-

density lipoprotein.

for post processing (ZIO M900, Amin/ZIO,
Tokyo).

Analysis of coronary artery disease

The scanned images were analyzed using a
three-dimensional workstation by experienced
radiologist specializing in cardiac MDCT. All 17
coronary artery segments (according to the
American Heart Association classification) con-
stituted the basis for detection of at least 50%
diameter stenosis independent of reference
vessel size. Coronary plaques were defined as
structures > 1 mm? within and/or adjacent to
the coronary artery lumen. We defined the CAD
as having at least 50% luminal diameter steno-
sis and at least one major epicardial coronary
artery with plaques.
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Analysis of pericardial fat volume

The pericardial fat volume was measured by
two observers blinded to the subject informa-
tion and design of the study. Pericardial fat vol-
ume (PFV) was measured three-dimensionally
using the contrast enhanced images. First, a
predefined image display setting was used
(window width 150 Hounsfield units (HU); win-
dow center -120 HU) to identify pixels that cor-
responded to adipose tissue [15]. The readers
were then required to trim along the pericardial
sac using axial, coronal, sagittal slice, and vol-
ume rendered image. PFV was defined as any
adipose tissue located within the pericardial
sac. A slice 1 cm above the most cranial slice,
including the left anterior descending coronary
artery, was defined as the superior border of
pericardial fat.

Definition of metabolic syndrome

MS was defined according to the National
Cholesterol Education Program guideline as the
presence of at least three of the following traits:
waist circumference > 90 cm for men and = 80
cm for women, triglyceride levels > 150 mg/dl,
HDL-cholesterol levels < 40 mg/dl for men and
< 50 mg/dl for women, blood pressure >
135/85 mmHg, and fasting blood glucose lev-
els > 110 mg/dl.

Statistical analysis
The Kolmogorov-Smirnov test was used to

check normal distribution of all parameters.
Continuous variables were presented as means

Int J Clin Exp Med 2015;8(5):7914-7921
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Table 3. Correlation between PFV and biochemi-

cal parameters

Correlation
coefficient (r)
BMI (kg/m?) 0.356 <0.001
Waist circumference (cm) 0.341 <0.001
Systolic blood pressure (mmHg) 0.192 0.001
Diastolic blood pressure (mmHg) -0.010 0.861
Fasting glucose (mg/dl) 0.262 <0.001
Total cholesterol (mg/dl) 0.209 <0.001
Triglycerides (mg/dl) 0.260 <0.001
LDL-cholesterol (mg/dl) 0.185 0.002
HDL-cholesterol (mg/dl) -0.196 0.001
HGF (pg/ml) 0.485 <0.001

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-

density lipoprotein; HGF, hepatocyte growth factor.

+ standard deviation and analyzed using a stu-
dent’s t test. Categorical variables were
expressed by n of subjects (%) and analyzed
using a chi-square test. Person’s correlation
was performed to analyze the association
between various metabolic parameters, serum
HGF levels and PFV. The odds ratios (OR) and
corresponding 95% confidence intervals (Cl)
were calculated by a multivariate logistic
regression analysis and used to evaluate the
risk factors related to CAD. All P-values were
two sided and a P-value < 0.05 was considered
statistically significant. Statistical analysis was
conducted using SPSS for Windows version
16.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of the study partici-
pants

The baseline characteristics of the 285 partici-
pants with and without CAD (as assessed by
coronary MDCT) are listed in Table 1. The mean
age of the participants was 52.4 years and
their mean BMI was 26.6 kg/m2. The study
group included 97 participants (34.1%) with
MS. The participants with CAD had significantly
higher BMI, WC, systolic blood pressure (SBP),
fasting blood glucose, total cholesterol, triglyc-
erides, HGF levels and PFV than those without
CAD. The HDL- cholesterol levels were at the
same time significantly lower in participants
with CAD than in those without the CAD.
Diastolic blood pressure (DBP), serum LDL- cho-
lesterol, AST and ALT levels did not differ
between the two groups.
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Serum HGF levels

The mean serum HGF concentration was 616.1
pg/ml and there was no significant difference
between the HGF levels in men (640.3+238.7
pg/ml) and women (592.2+190.8 pg/ml) p =
0.061). There was a significant difference in
serum HGF levels in participants with and
without the MS (706.0+237.1 pg/ml) vs
569.8+190.4 pg/ml, respectively, p<0.001,
Figure 1A). In addition, the participants with
CAD and MS had higher serum HGF levels when
compared to those with CAD and without MS
(825.7 pg/mlvs 603.8 pg/ml, p < 0.001, Figure
1B).

Association of serum HGF levels with clinical
characteristics

The correlations between serum HGF levels
and clinical parameters are shown in Table 2.
The serum HGF levels showed a significant pos-
itive correlation with waist circumference, SBP,
serum fasting glucose and LDL-cholesterol lev-
els. The serum HGF levels also showed a signifi-
cant negative correlation with HDL-cholesterol
levels. There was no significant association
between HGF, age, BMI, DBP, total cholesterol
and triglycerides levels.

Association of PFV with serum HGF levels

The volume of pericardial fat, as measured by
the cardiac MDCT, was analyzed in relation to
metabolic parameters and serum HGF levels.
The PFV correlated significantly and positively
with metabolic parameters, such as BMI, waist
circumference, SBP, serum fasting glucose,
total cholesterol, triglycerides and LDL-
cholesterol levels. There was a strong negative
correlation between the PFV and HDL-
cholesterol levels. Moreover, the PFV showed a
significant positive correlation with serum HGF
levels, as shown in Table 3.

The multivariate linear regression analysis,
shown in Table 4, showed that the HGF had sig-
nificant association with the PFV in participants
after adjustments were made for BMI, waist cir-
cumference, SBP, serum fasting glucose and
lipid levels. The association between the HGF
and PFV in participants with and without the
CAD was also investigated, respectively. There
was no significant association between the
HGF and PFV in participants without the CAD
after adjustment for the metabolic parameters

Int J Clin Exp Med 2015;8(5):7914-7921
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Table 4. Multivariate linear regression model for variables in

association with HGF levels

ence of CAD. To our knowledgeg, this
is the first report to describe the

Variables B-coefficient (95% CI) P association between the serum HGF
PFV (cm?) 0.454 (2.089-3.430)  <0.001 levels with PFV, measured by com-
BMI (kg/m2) -0.165 (-25.498 t0 -4.091) 0.007 puted tomography.

Waist circumference (cm) 0.080 (-1.446-7.669) 0.179 Previous studies have demonstrat-
Systolic blood pressure (mmHg) 0.112 (0.144-3.188) 0.032 ed that the HGF, an identified adipo-
Glucose (mg/dl) 0.707 (-0.912-1.929) 0.481 kine, is related to hypertension, glu-
Total cholesterol (mg/dl) -0.016 (-0.900-0.646)  0.747 cose, lipid metabolism, and insulin
Triglycerides (mg/dl) -0.087 (-1.003-0.072)  0.089 resistance [18-21]. Studies also
LDL: cholesterol (mg/dl) 0.262 (1.582-3.478) <0001  'eported that serum HGF levels are
HDL- cholesterol (mg/dI) 0.063 (4.096-0.948) 0220  Increasedin MS patients and corre-

PFV, pericardial fat volume; BMI, body mass index.

above (B value = 0.120, P = 0.133). However,
the serum HGF levels were significantly associ-
ated with the PFV in the participants with CAD
(B value = 0.586, P < 0.001). We further
assessed the relationship between the HGF
and PFV in the CAD participants with and with-
out the MS, respectively. The serum HGF levels
were found to be significantly correlated with
the PFV in the CAD participants, independent
of the MS (B value = 0.495, P = 0.002 vs B
value = 0.445, respectively, P = 0.002).

Association of serum HGF levels with CAD

Simple logistic regression analysis revealed
that the waist circumference, SBP, serum fast-
ing glucose, total cholesterol, triglycerides,
HDL-cholesterol levels, HGF levels and PFV
were associated with the presence of CAD.
These variables were then entered into a back-
ward, stepwise, multivariate logistic regression
model. The multivariate logistic regression
demonstrated that the serum HGF level was a
significant and independent predictor for deter-
mining the presence of CAD in all the partici-
pants (Table 5).

Discussion

Results from our study demonstrated that the
serum HGF levels were higher in the partici-
pants with CAD than those without CAD and the
multivariate linear regression analysis con-
firmed the significant association between the
HGF and PFV in the participants with CAD, inde-
pendent of presence of metabolic parameters
in a fully adjusted model. The multiple logistic
regressions revealed that the HGF may be an
independent predictor for determining the pres-
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lated with the components of MS
[7]. The correlation between the
HGF and MS components, which are
also CAD risk factors, actuates us to determine
the relationship between HGF levels and the
development of CAD.

Studies that have attempted to determine the
relationship between serum HGF levels and
development of coronary atherosclerosis have
provided conflicting results. Previous studies
demonstrated that serum HGF concentrations
were increased in subjects with CAD compared
to those with intact coronary arteries. It was
reported that the increased HGF was involved
in the pathogenesis of atherosclerosis and was
a biochemical parameter for estimating the
development of systemic arteriosclerosis [22,
23]. In addition, Suzuki et al. demonstrated
that serum HGF levels were significantly higher
in the unstable angina pectoris and acute myo-
cardial infarction compared to the control group
without CAD [24]. In our current study, we also
found that the serum HGF levels were higher in
the CAD participants than those without the
CAD and highest in the CAD participants with
MS. On the other hand, Daniel J et al. demon-
strated that the HGF levels were similar in
patients with and without CAD [25]. Several
reasons can explain these conflicting results,
such as the position of collected blood sample,
enroliment of participants with different ethi-
cal backgrounds and basal characteristics.
Variability could also arise when measuring
total HGF levels, because the HGF ELISA kits
could detect pro-HGF as well as proteolytically
processed short forms of the HGF in our study.

Pericardial fat is an active adipokine-secreting
tissue which was associated with the features
of MS. Previous studies indicated that obesity
seems to be a predisposing factor for accumu-

Int J Clin Exp Med 2015;8(5):7914-7921
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Table 5. Logistic regression analysis for presence of CAD in all partici-

and metabolic parame-
ters. We further found the

significant positive asso-

ciation between the HGF

and PFV in the CAD par-
ticipants, and the HGF

pants
Univariate Logistic Regression Multivariate Logistic Regression
OR 95% CI PValue OR 95% Cl P Value
Age (years) 1112 0.678-1.825 0.674
Sex 1.287 0.784-2.114 0.318

BMI (kg/m?) 1.105 0.994-1.227 0.064

WC (cm) 1.088 1.037-1.140 0.001 1.035
SBP (mmHg) 1.040 1.021-1.060 <0.001 1.028

DBP (mmHg) 1.018 0.990-1.047 0.219

Glucose (mg/dl) 1.017 1.002-1.033 0.025 0.996
TC (mg/dl) 1.014 1.005-1.024 0.003 1.008
TG (mg/dI) 1.011 1.004-1.017 0.001 1.008

LDL-C (mg/dl) 1.007 0.996-1.018 0.212

HDL-C (mg/dl) 0.956 0.928-0.986 0.004 0.985
HGF (pg/ml) 1.002 1.000-1.004 <0.001 1.002
PFV (cm?®) 1.031 1.021-1.041 <0.001 1.022

0.976-1.097 0.251
1.006-1.050 0.012

0.951-1.020 0.401
1.000-1.004 0.011
1.011-1.034 <0.001

was also a predictor for
determining the presence
of CAD in the participants.
Previous study demon-
strated that the pericar-

0.977-1.014 0.996 dial fat is a source of
0.998-1.019 0.120
1.001-1.016 0.022

proinflammatory  cytoki-
nes [33] and it secrets
tumor necrosis factor-al-
pha (TNF-alpha), Inter-
leukin 1 (IL1), IL6, mono-
cyte chemoattractive pro-
tein-1 (MCP-1) and free

BMI, body mass index; WC, Waist circumference; SBP, systolic blood pressure; DBP, TC,
total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL, high-
density lipoprotein cholesterol; HGF, hepatocyte growth factor; PFV, pericardial fat volume.

lation of excess epicardial fat [13] and body fat,
particularly the abdominal fat tissue is strongly
correlated to epicardial fat [14-16]. Studies
demonstrated that the PFV were correlated
with arterial blood pressure, fasting glucose
levels, and lipid metabolism [13, 26-28]. In
accordance with previous investigations, this
study has also shown a positive correlation
between the PFV, BMI, waist circumference,
SBP and metabolic parameters.

Recent studies have demonstrated that PFV,
assessed by MDCT, was independently and sig-
nificantly associated with the presence of coro-
nary plaques, especially uncalcified plaques
[29-31]. These results suggested that the PFV
correlated significantly with the presence of
coronary atherogenesis, particularly the early
stage of pathological process [12, 29]. In our
study, the PFVs from the participants with CAD
were higher than in those subjects without the
CAD. In accordance with previous studies, the
assessed PFV in our study included the fat
around all three coronary artery. However,
Djaberi et al. showed a smaller volume than our
results. The possible reason may be that they
did not include the fat around the left coronary
proximal section [32].

In this study, the association between the HGF
and PFV was significant after adjustments we-
re made for BMI, waist circumference, SBP
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fatty acids [34]. In addi-
tion, the pericardial fat
was believed to contrib-
ute to the pathogenesis
of CAD by local paracrine interactions with cor-
onary artery [35, 36].

Moreover, investigations reported that the HGF
exerts anti-inflammatory action and also inhib-
its neutrophil infiltration via the down-regula-
tion of adhesion molecules (such as_intercellu-
lar adhesion molecule-1/E-selectin) on the
endothelial cell surface [37]. The HGF can also
suppress the production of the proinflammato-
ry cytokines (such as IL1, IL6 and IL 18) via
recruitment of anti-inflammatory regulators,
such as heme oxygenase-1 [38]. The higher
HGF levels in the participants with larger PFV
may be viewed as a compensatory mechanism
in response to local or systemic metabolic and
inflammatory disequilibrium. Further studies
are thus needed in order to understand the role
of the HGF in coronary atherosclerotic process
and to determine the underlying mechanisms
of interaction between the HGF and PFV in the
pathogenesis of CAD.

The main limitation in our study was the low
participants’ number. We also lacked data on
the amount of calcified, non calcified and mixed
coronary artery plaques to assess the associa-
tion between the HGF and PFV on plaque stabil-
ity and clinical events.

In summary, this study demonstrated that the
serum HGF levels were higher in the subjects
with CAD than those without CAD. The study

Int J Clin Exp Med 2015;8(5):7914-7921
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also showed a significant positive correlation
between the serum HGF levels and PFV in the
CAD subjects, independent of the MS. The HGF
can thus be used as a biomarker for evaluating
the visceral fat volume, especially PFV and the
risk of CAD in subjects with high risk factors,
such as obesity or MS who could develop ath-
erosclerotic heart disease.
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