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Abstract. – OBJECTIVE: Soluble vascular ad-
hesion protein-1 (sVAP-1) may act as a biomark-
er for atherosclerosis and cardiovascular dis-
eases. The associations of sVAP-1 concentra-
tion with cardiovascular risk factors and sub-
clinical atherosclerosis at the population level
have not been reported.

PATIENTS AND METHODS: This cross-sec-
tional study included 834 asymptomatic sub-
jects (49.1 ± 9.3 years). sVAP-1 was measured
by enzyme-linked immunosorbent assay. Sub-
clinical atherosclerosis was assessed by
brachial-ankle pulse wave velocity (baPWV) and
carotid intima-media thickness (CIMT).

RESULTS: sVAP-1 increased with age. Women
had a higher concentration than men in age > 40
years. In women, sVAP-1 was negatively associ-
ated with estradiol (p < 0.01) and body mass in-
dex (BMI) (p < 0.05). In men, sVAP-1 was nega-
tively associated with apolipoprotein A (ApoA)
(p < 0.01), alcohol intake (p < 0.01) and uric acid
(p < 0.05), but positively associated with
ApoB/ApoA (p < 0.05). In hyperglycemia sub-
jects, sVAP-1 positively correlated with fasting
plasma glucose (p < 0.05) and hemoglobin A1c
(p < 0.05), but in normoglycemic subjects, sVAP-
1 negatively correlated with BMI (p < 0.01),
triglyceride (p < 0.05), alcohol intake (p < 0.05).
sVAP-1 independently influenced CIMT (β =
0.001, p = 0.040) and carotid plaques [odds ratio
1.380 (95% confidence interval 1.051-1.813, p =
0.021)] in hyperglycemia, and baPWV (β =
31.605, p = 0.014) in age > 55 years.
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Introduction

Vascular adhesion protein-1 (VAP-1) is an ad-
hesion molecule and involved in leukocyte
rolling, adhesion, and transmigration from the
blood into sites of inflammation1, which is im-
portant for the pathogenesis of atherosclerosis.
VAP-1 also has semicarbazide-sensitive amine
oxidase (SSAO) activity, which catalyzes the
breakdown of primary amines to aldehyde, hy-
drogen peroxide, and ammonia2. Aldehyde and
hydrogen peroxide can mediate endothelial in-
jury, protein modification and oxidative stress
that might lead to initiation or progression of ath-
erosclerosis3. In addition, hydrogen peroxide also
induces the expression of other endothelial adhe-
sion molecules (e.g. E- and P-selectin),
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chemokines (e.g. CXCL8) and transcription fac-
tors (e.g. NF-kB), thereby increasing inflamma-
tory damage2. VAP-1 is a transmembrane mole-
cule but also presents as a soluble form (sVAP-1)
in plasma4. Therefore, plasma sVAP-1 might be
a novel biomarker for atherosclerosis and cardio-
vascular diseases.

Plasma sVAP-1 can be determined as sVAP-1
concentration or SSAO activity5, and the former
may be a better biomarker for atherosclerosis and
cardiovascular diseases than the later. First,
sVAP-1 concentration can be measured easily in
extensive clinical series in routine laboratories6,7.
Second, protein concentration seems to be more
stable than enzyme activity during the storage4,7,8.
Thirdly, compared with SSAO activity, sVAP-1
is also a biomarker for endothelial inflammation
and injury that is important for atherosclerosis9,10.
Fourthly, sVAP-1 concentration is more sensitive
than SSAO activity to be associated with early
cardiovascular diseases and atherosclerosis6. 

At present, some studies reported the associa-
tion of sVAP-1 concentration with cardiovascu-
lar disorders and their related risk factors in spe-
cial clinical patients (e.g. diabetes mellitus11,
psoriasis12, or coronary heart disease6). The car-
diovascular risk factors associated with sVAP-1
included glucose, blood lipids and smoking6,11-15.
In the present study, we measured sVAP-1 con-
centration and observed its association with tra-
ditional and new cardiovascular risk factors, such
as apolipoprotein A (ApoA), apolipoprotein B
(ApoB), lipoprotein(a), homocysteine, uric acid,
estradiol and C-reactive protein (CRP) in a large
population of Han Chinese. We also studied cor-
relations of sVAP-1 concentration with the Chi-
nese cardiovascular risk score16, and in a subpop-
ulation with carotid intima-media thickness
(CIMT) and brachial-ankle pulse wave velocity
(baPWV). Plasma sVAP-1 concentration was in-
dependently associated with some cardiovascular
risk factors, with CIMT and carotid plaques in
hyperglycemic subjects, and with baPWV in sub-
jects of age > 55 years.

Patients and Methods

Study Sample
In this cross-sectional study, the asymptomatic

subjects who underwent a health examination at
the General Hospital of Air Force PLA (the Chi-
nese People’s Liberation Army) in Beijing city
during 2013-2014, were invited to participate in

this study. Eligibility criteria included the fol-
lowing: (1) age ≥ 30 years; (2) Han Chinese eth-
nicity; (3) living in Beijing over 10 years. We ex-
cluded the subjects with following diseases af-
fecting plasma sVAP-1 concentration4: (1) in-
flammatory liver diseases; (2) end-stage renal
disease; (3) inflammatory skin diseases (e.g. pso-
riasis and atopic eczema); (4) inflammatory ner-
vous system diseases (e.g. multiple sclerosis and
Alzheimer’s disease); (5) inflammation-related
ocular diseases (e.g. uveitis, age-related macular
degeneration); (6) congestive heart failure. In a
preliminary study with a sample size of 40 sub-
jects, the mean and standard deviation (SD) of
sVAP-1 were 340.5 ng/mL and 88.5 ng/mL re-
spectively. Based on these observations, assum-
ing a permissible error of 10 ng/mL and a 5%
significance level, a sample size of 310 subjects
would be needed. A total of 900 subjects was
planned in this survey to allow for subgroups
analysis and subject exclusions. Participants pro-
vided written informed consent to participate in
the study. The study was approved by the Institu-
tional Review Committee of Air Force General
Hospital.

Procedure of Health Examination
Subjects were asked to have an overnight fast

and to avoid intensive exercise overeating and
consuming caffeine and alcohol 12 hours before
the health examination. First, height and weight
were measured, and blood pressure (BP) mea-
sured two times by an electric sphygmomanome-
ter after 5 minutes at a supine position. Body
mass index (BMI). was calculated as weight
(kg)/height (m2), and underweight defined as
BMI < 18.5 and overweight as BMI ≥ 25. Sec-
ond, venous blood samples were drawn for
analysis of glucose, hemoglobin AIc (HbA1c),
triglycerides, low and high density lipoproteins,
ApoA, ApoB, ApoB/ ApoA, lipoprotein(a), uric
acid, homocysteine, estradiol, progesterone, and
C-reactive protein (CRP) at the clinical chemical
laboratory center of the hospital. Plasma samples
were stored at -70°C for the measurement of
sVAP-1 concentration. Third, questionnaires
were used to collect information on taking med-
ications for hypertension or diabetes mellitus,
smoking and alcohol drinking. Smokers or alco-
hol users was defined as regular smoking or alco-
hol consumption daily or every week for more
than 6 months. Hypertension was defined as tak-
ing anti-hypertension medications or exhibiting
an average brachial artery systolic/diastolic BP

1545

VAP-1 associations with CIMT and baPWV



1546

equal to or greater than 140/90 mmHg. Diabetes
mellitus was defined by treatment with insulin,
oral anti-diabetic agents, or by a fasting glucose
level ≥ 7.0 mmol/L. Impaired fasting glucose
(IFG) was defined as fasting glucose level ≥ 6.1
mmol/L and < 7.0 mmol/L. Hyperglycemia in-
cluded IFG and Diabetes mellitus. Cardiovascu-
lar risk scores was calculated by the Chinese ab-
solute risk for 10-year risk of ischemic cardio-
vascular disease (ICVD)16. At last, CIMT and
baPWV were measured in noninvasive vascular
evaluation laboratory according to the subjects’
willingness and selection.

Measurement of Plasma sVAP-1
Concentration

sVAP-1 concentration was assessed by en-
zyme-linked immunosorbent assay (ELISA) kit
(MedSystem Diagnostic GmbH, Vienna, Austria)
according to the manufacturer’s instructions. All
the samples was performed by a single techni-
cian blinded for subject identification. All ana-
lyzed serum samples were diluted 1:100 with a
buffer supplied with the kit and then transferred
to microtiter plates coated with anti-VAP-1 anti-
body. After addition of mouse antibody conju-
gated with biotin, the plate was incubated at
room temperature for 2 h on a shaker (300
rounds/min). After incubation, streptavidin con-
jugated with horseradish peroxidase was added
to each vial and after another 1 h of incubation
on a shaker (300 rounds/min) the reaction was
visualized using tetramethylbenzidine (TMB)
reagent and phosphatic acid. Finally, the ab-
sorbance for each sample was read at 450 nm,
using the Model 450 microplate reader (BIO-
RAD Laboratories Inc., USA), and applying a
reference wavelength of 620 nm. The linearity
(R2) of the standard curves was 0.999-1.000. The
coefficient of variation (CV) of the standard
curves was 0.3-3.6%. The intra-assay CV was 0-
5.4% and inter-assay CV was 0.3-9.5%. The cali-
bration range was from 31.5 ng/ml to 2000
ng/ml. The intraclass correlation coefficients
(ICC) for the reliability of sVAP-1 was 0.96
(0.92-0.98). 

Measurement of CIMT and
Carotid Plaques

CIMT and baPWV were measured noninva-
sively in a subsample of the participants. Carotid
ultrasonography was performed by a single tech-
nician blinded for subject identification. Images
of the extracranial carotid artery walls were ob-

tained in three projections by an ultrasound ma-
chine (IU22, Philips Medical System, Andover,
MA, USA) equipped with an 5- to 12-MHz
transducer with the patient supine and neck in
sight hyperextension. Two measurements of
carotid IMT from the media-adventitia interface
to lumen-intima interface were determined at the
far wall of both common carotid arteries 10 mm
caudal to the bulb. A semi-automated edge-de-
tection software package was used to derive the
average CIMT of a 10 mm length region in the
artery. The larger value of both sides was taken
for further analyses. The presence of plaques in
the carotid artery was assessed by evaluating the
ultrasonographic images of the common and bi-
furcation sites of the carotid artery. The plaque
was defined as a focal structure of at least 0.5
mm or 50% above the surrounding IMT value,
which encroaches into the arterial lumen. High
risk CIMT was defined as CIMT thickness ≥ 0.1
cm and/or carotid plaque. The ICC for the relia-
bility of CIMT was 0.97 (0.88-0.99).

Measurement of baPWV
BaPWV was measured by a single technician

blinded for subject identification using an auto-
matic device (Colin VP 1000, Omron co., Kyoto,
Japan). The distance between the brachium and
the ankle for baPWV was calculated by the
height of the patient. PWV was calculated as the
distance between the brachial and the ankle di-
vided by the time delay between the two arterial
points, expressed as centimeters per second
(cm/s). After examinations were performed on
both the left and right sides, the larger value was
used for further analyses. The ICC for the relia-
bility of baPWV was 0.97 (0.89-0.99).

Statistical Analysis
Categorical variables were reported as the per-

centage of patients in the subgroups. The distribu-
tions of continuous variables were examined by
the Kolmogorov-Smirnov test. Continuous vari-
ables with normal distribution were presented as
mean and SD. Continuous variables with skewed
distribution were analyzed after square root or
Blom’s Formula transformation into normal distri-
bution and were presented as medians (interquar-
tile ranges). In univariate analysis, two class com-
parisons were by the Student t test and multiple-
class comparisons were by one-way ANOVA for
continuous variables with normal distribution.
Nonparametric tests were used for comparisons of
continuous variables without normal distribution.
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χ2 test was used for the comparisons of categorical
variables. Pearson correlation coefficient t-test
was used for the correlation analysis of normally
distributed continuous variables. For multivariable
models, linear regression models were used for
continuous variables, and logistic regression mod-
els for categorical variables. The statistical signifi-
cance was defined as p < 0.05. The requirement of
adjustment for p value due to the multiple testing,
which was carried out by means of Benjamini and
Hochberg False Discovery Rate, was considered
for data with significant results. All statistical
analyses were performed using the SPSS software
version 16.0.

Results

A total of 834 participants (303 females and
531 males) with a mean age of 49.1 ± 9.3 years
(30-86 years) were included in this study (Sup-

plemental Figure 1). As shown in Table I, data of
sVAP-1 concentration, cardiovascular risk scores
and the traditional cardiovascular risk factors
were available from almost all the subjects. Most
of subjects had data of the new cardiovascular
risk factors. In addition, 190 females had mea-
surements of progesterone and estradiol, 568
subjects had measurements of baPWV, and 354
had measurements of CIMT and carotid plaques.

Correlation of sVAP-1 Concentration
with Age and Sex 

sVAP-1 concentration was positively correlat-
ed to age in all subjects and both sexes (Table
II). Women had slightly higher sVAP-1 concen-
tration than men in all subjects (Table II). As
shown in the Figure 1, when the subjects were
divided into 4 groups according to age, this gen-
der difference existed in 41-50 y and 51-60 y
groups, but not in 30-40 y group. Compared with
men, women had a tendency toward higher

Figure 1 (Supplement). Subjects Flow Diagram.
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negatively with sVAP-1 concentration in
women and normoglycemic subjects after ad-
justing for age and sex, but not in men and hy-
perglycemic subjects (Tables II and III). When
compared to overweight women, lean women
had higher sVAP-1 concentrations (Table II). In
men, sVAP-1 concentration had an inverse corre-
lation with ApoA and a positive correlation with
ApoB/ApoA, but not with other type of lipids af-
ter adjusting for age (Table II). In women,
sVAP-1 concentration had no correlation with
any type of lipids after adjusting for age (Table
II). In normoglycemic subjects, an inverse asso-
ciation between triglycerides and sVAP-1 con-
centration was observed after adjusting for age
and sex, but not in hyperglycemic subjects
(Table III). sVAP-1 concentration of current
smokers was not different from non-smokers in
either sex (Table II) or in either glucose level
(Table III). However, subjects with current alco-
hol use had lower sVAP-1 concentration than
those without alcohol use in men and normo-
glycemic subjects, but not in women and hyper-
glycemic subjects after adjusting for age and sex.
Uric acid also had an inverse correlation to
sVAP-1 concentration in men, but not in women
after adjusting for age (Table II). Homocysteine
and CRP had no correlation to sVAP-1 concen-
tration in either sex or in either glucose level
(Tables II and III).

Correlation of sVAP-1 Concentration
with Cardiovascular Risk Score

As a total cardiovascular risk assessment (both
coronary heart disease and stroke), Chinese car-
diovascular risk score is calculated by age and
separately for women and men. Therefore, the
association between plasma sVAP-1 concentra-
tion and cardiovascular risk score was analyzed
not by adjusting for age and sex, but in women
and men separately. In both women and men,
sVAP-1 concentration correlated positively with
cardiovascular risk score (Table II). In men,
compared to the subjects with middle risk (5-
10%), those with low risk (< 5%) had lower
sVAP-1 level and those with high risk (≥ 10%)
had higher sVAP-1 level (Table II).

Correlation of sVAP-1 Concentration
with Subclinical Atherosclerosis

Since age, sex, BP and glucose levels are all
associated with the CIMT and baPWV, we ana-
lyzed the effect of sVAP-1 concentration on
CIMT and baPWV in subgroups according to
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sVAP-1 concentration in subjects of older than
60 y. The women with higher estradiol (≥ 100
pmol/L) had a lower sVAP-1 concentration than
those with lower estradiol (< 100 pmol/L), but
progesterone did not correlate with sVAP-1 con-
centration in women (Table II).

Correlation of sVAP-1 Concentration
with Other Cardiovascular Risk Factors

The correlations between plasma sVAP-1 con-
centration and other cardiovascular risk factors
were analyzed adjusting for age and sex, and
separately for women and men because of the ef-
fects of age and sex on sVAP-1 concentration.
The correlations between plasma sVAP-1 con-
centration and metabolic factors were analyzed
separately for hyperglycemic and normo-
glycemic subjects, since sVAP-1 has insulin-like
actions and is involved in glucose metabolism3.

Blood pressure (BP) and hypertension did not
correlate with sVAP-1 concentration (Table II).
The sVAP-1 concentration in the subjects with
diabetes mellitus was significantly higher than in
those without diabetes mellitus in both women
and men (Table II). Fasting plasma glucose level
and hemoglobin A1c (HbA1c) also correlated
positively with sVAP-1 concentration in all sub-
jects (Table II) and in hyperglycemic subjects
(Table III). Body mass index (BMI) correlated

Figure 1. Effects of age and sex on plasma sVAP-1 con-
centration. sVAP-1 concentration was transformed into nor-
mal distribution by SORT (square root). SORT (sVAP-1)
was significantly higher in women than in man in 41-50
years (18.5 vs. 17.2) and 51-60 years (19.2 vs. 18.2), but not
in 30-40 years (16.8 vs. 16.6). In addition, women had a
tendency toward higher sVAP-1 in subjects ≥ 60 years (19.6
vs. 18.8). *p ≥ 0.05, **p < 0.001. sVAP-1 = soluble vascu-
lar adhesion protein 1. 
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age, sex, hypertension and hyperglycemia. Al-
though old age is defined as > 60 years in the de-
veloping countries such as China, we divided our
subjects into younger and older groups by 55
years because of the small number of > 60 years
persons in our study. 

There was no association between CIMT and
sVAP-1 concentration in all subjects after adjust-
ing for age, sex, smoking, alcohol use, hyperten-
sion, diabetes mellitus, BMI, low-density
lipoprotein (LDL) and triglycerides (Table IV).
However, sVAP-1 concentration was positively
associated with CIMT in subjects with hyper-
glycemia, but not in normoglycemic subjects
(Table IV). Because there were only 57 subjects
with carotid plaques (Table I), we selected high
risk CIMT (CIMT thickness ≥ 0.1 cm and/or
carotid plaque) as the dependent variable to de-
termine the effect of sVAP-1 concentration on
carotid plaques. Similar to CIMT, sVAP-1 con-
centration was an independent risk factor for
carotid plaques only in hyperglycemic subjects
(Table V). Although there was also no associa-
tion between baPWV and sVAP-1 concentration

in all subjects after adjusting for above con-
founders, sVAP-1 concentration was positively
associated with baPWV in subgroups of age > 55
years (Table IV). 

Discussion 

Our study showed that plasma sVAP-1 con-
centration was higher in older participants,
women, and diabetes mellitus. sVAP-1 concen-
tration correlated with the cardiovascular risk
factors and subclinical atherosclerosis in an age-,
sex- and glucose-dependent manner. 

Our results were in line with previous reports in
which sVAP-1 concentration positively correlated
with age in a Finnish population7,8 and in a Tai-
wanese population11,15. There are two possible
mechanisms for the observed correlation between
sVAP-1 concentration and age. Firstly, abundant
experimental and clinical data show that aging is
associated with chronic low-grade inflammation17.
Even in normal healthy aging, there is an up-regu-
lation of inflammatory cytokines, chemokines and

Hyperglycemic subjects Normoglycemic subjects

Characteristic n r/mean ± SD p n r/mean ± SD p

Continuous variables
BMI (kg/m2) 154 -0.164 0.043# 671 -0.129 0.001###

FPG (mmol/L) 155 0.272 0.001## 673 0 0.989
HbA1c (%) 127 0.239 0.007## 541 -0.022 0.607
Triglycerides (mmol/L) 155 -0.004 0.956 673 -0.103 0.007##

LDL (mmol/L) 155 0.145 0.073 673 0.040 0.296
HDL (mmol/L) 155 0.088 0.277 673 0.003 0.946
ApoB (g/L) 129 0.107 0.229 538 -0.011 0.808
ApoA (g/L) 129 -0.121 0.177 538 -0.033 0.449
ApoB/ ApoA 129 0.200 0.024# 538 0.017 0.702
Uric acid (µmol/L) 155 -0.109 0.182 673 -0.080 0.037#

Normal score of lipoprotein(a) 129 0.135 0.131 538 0 1.000
Normal score of homocysteine 124 0.125 0.171 501 -0.035 0.434

Categorical variables
Smoking Yes 51 18.24 ± 2.70 0.791 173 17.48 ± 2.23 0.167

No 104 18.95 ± 3.05 506 17.84 ± 2.74
Alcohol use Yes 55 17.80 ± 2.69 0.170 229 16.86 ± 2.60 ＜0.001##

No 100 19.21 ± 2.98 450 18.20 ± 2.52

Table III. Associations between plasma sVAP-1 concentration and metabolic factors in subgroups according to glucose level.

Hyperglycemia included diabetes mellitus and impaired fasting glucose. sVAP-1 was square root-transformed (SQRT). Lipopro-
tein(a), homocysteine were transformed into normal distribution by Blom’s Formula. Correlations of continuous variables with
SQRT (sVAP-1) were reported as r. SQRT (sVAP-1) was reported as mean ± SD according to categorical variables. Correlations
were analyzed by partial correlations. *Adjusting for age and sex, **Adjusting for age and ***No adjustments. Corrections for p-
value of < 0.05 due to multiple testing were carried out by means of Benjamini and Hochberg False Discovery Rate. #Corrected p
≥ 0.05, ##Corrected p < 0.05 and ###Corrected p < 0.01. sVAP-1 = soluble vascular adhesion protein 1; BMI = body mass index;
FPG = Fasting plasma glucose HbA1c = hemoglobin AIc; LDL = low density lipoprotein; HDL = high density lipoprotein.
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adhesion molecules both in laboratory rodents and
in primates18. In humans, plasma concentrations of
several inflammatory markers (e.g. soluble vascu-
lar cell adhesion protein 1, soluble intercellular
adhesion molecule 1, E-selectin) are positively
correlated with age, independent of other cardio-
vascular risk factors18. Since sVAP-1 is also an
adhesion molecule and involved in inflammation1,
it is logical to assume that sVAP-1 concentration
increases with age similar to other adhesion mole-
cules. Secondly, previous studies have reported
that fasting plasma glucose levels increase with
age19, which may be associated with impaired in-
sulin secretion and insulin resistance20. Many
studies demonstrate thatβ-cell function (or in-
sulin secretion) and insulin sensitivity decrease
with age in human20. Stolen et al21 demonstrate
that hyperglycemia alone can up-regulate sVAP-
1 concentration in mice, and Abella et al22 have
shown that insulin can down-regulate the release
of VAP-1 into the culture media of 3T3-L1
adipocytes. In humans, the insulin is a negative
regulator6, and acute and chronic hyperglycemia
are positive regulators for plasma sVAP-1 con-
centration13,14. The relationship between sVAP-1
concentration and glucose/insulin level may be
likely due to the insulin-like effects of sVAP-13.
This relationship can explain that sVAP-1 con-
centration will increase with age to compensate
for decrease of insulin secretion and insulin sen-
sitivity. 

We found that women had higher sVAP-1
concentration than men in the subjects older than
40 years that is close to mean natural menopause
age23. Because the estradiol level after
menopause is < 100 pmol/L24, we compared the
sVAP-1 concentration of women with estradiol ≥
100 pmol/L (premenopausal) with those with
estradiol < 100 pmol/L (postmenopausal). The
result showed that a low estrogen level corre-
sponded to a higher sVAP-1 concentration,
which suggested that women might have a higher
sVAP-1 concentration than men after 40 years
old due to decrease of estrogen level. Both
menopause and ovariectomy may cause low-
grade systemic inflammation which may be pre-
vented by treatment with low doses of estrogen,
suggesting that estrogen might have anti-inflam-
matory effects25. Thus, the inverse association
between estrogen and sVAP-1 observed in the
present study may be explained by their contrast-
ing roles in the inflammatory state.

Previous studies6,8,26 have produced conflicting
results on the relation of sVAP-1 activity with

1554

D.-W. Chen, Y. Jin, R.-M. Zhao, L.-J. Long, J. Zhang, C.-L. Han, A. Roivainen, et al.

M
o
d
el
 1

M
o
d
el
 2

M
o
d
el
 3

M
o
d
el
 4

M
o
d
el
 5

N
u
m
b
er

o
f 
h
ig
h

A
d
ju
st
ed

A
d
ju
st
ed

A
d
ju
st
ed

A
d
ju
st
ed

A
d
ju
st
ed

ri
sk
 C
IM

T
O
d
d
s 
R
at
io

O
d
d
s 
R
at
io

O
d
d
s 
R
at
io

O
d
d
s 
R
at
io

O
d
d
s 
R
at
io
 

Su
b
-g
ro
u
p
s

(y
es
/n
o
)

(9
5
%
 C
I)
 

p
(9
5
%
 C
I)

p
(9
5
%
 C
I)

p
(9
5
%
 C
I)

p
(9
5
%
 C
I)

p

A
ll

1
2

2
/2

3
2

0
.9

9
9
 (

0
.9

0
3
-1

.1
0
5
)

0
.9

8
3

A
g
e 

≤
 5

5
 y

ea
rs

6
7

/1
9

9
0

.9
7

9
 (

0
.8

6
9
-1

.1
0
4
)

0
.7

3
1

A
g
e 

>
 5

5
 y

ea
rs

5
5

/3
3

1
.0

9
0
 (

0
.8

7
5
-1

.3
5
8
)

0
.4

4
0

W
o
m

en
4

3
/8

5
0

.9
3
0
 (

0
.7

9
3
-1

.0
9
0
)

0
.3

6
8

M
en

7
9

/1
4

7
1
.0

5
3
 (

0
.9

1
0

-1
.2

1
9
)

0
.4

8
8

H
y
p
er

te
n

si
o

n
 (

y
es

)
4

3
/4

4
1

.2
5

3
 (

0
.9

5
2
-1

.6
4
7
)

0
.1

0
7

H
y
p
er

te
n

si
o

n
 (

n
o

)
7

9
/1

8
8

0
.9

4
1
 (

0
.3

8
4
-1

.0
6
1
)

0
.3

2
1

H
y
p
er

g
ly

ce
m

ia
 (

y
es

)
2

5
/3

8
1
.3

0
8
 (

1
.0

5
1
-1

.8
1
3
)

0
.0

2
1

H
y
p
er

g
ly

ce
m

ia
 (

n
o

)
9

7
/1

9
4

0
.9

4
6
 (

0
.8

0
4
-1

.0
6
5
)

0
.3

5
9

Ta
b
le
 V
.E

ff
ec

t 
o
f 

p
la

sm
a 

sV
A

P
-1

 c
o
n
ce

n
tr

at
io

n
 o

n
 h

ig
h
 r

is
k
 C

IM
T

 i
n
 l

o
g
is

ti
c 

re
g
re

ss
io

n
.

sV
A

P
-1

 w
as

 t
ra

n
sf

o
rm

ed
 i

n
to

 n
o
rm

al
 d

is
tr

ib
u
ti

o
n
 b

y
 s

q
u
ar

e 
ro

o
t.

 s
V

A
P

-1
 =

 s
o
lu

b
le

 v
as

cu
la

r 
ad

h
es

io
n
 p

ro
te

in
 1

; 
b
aP

W
V

 =
 b

ra
ch

ia
l-

an
k
le

 p
u
ls

e 
w

av
e 

v
el

o
ci

ty
; 

C
IM

T
 =

 c
ar

o
ti

d
in

ti
m

a-
m

ed
ia

 t
h
ic

k
n
es

s.
 M

o
d
el

 1
 w

as
 a

d
ju

st
ed

 f
o
r 

al
l 

th
e 

v
ar

ia
b
le

s 
(a

g
e,

 s
ex

, 
sm

o
k
in

g
, 

al
co

h
o
l 

u
se

, 
h
y
p
er

te
n
si

o
n
, 

d
ia

b
et

es
 m

el
li

tu
s,

 b
o
d
y
 m

as
s 

in
d
ex

, 
tr

ig
ly

ce
ri

d
e,

 l
o
w

 d
en

si
ty

li
p
o
p
ro

te
in

s)
; 

M
o
d
el

 2
 w

er
e 

ad
ju

st
ed

 f
o
r 

al
l 

th
e 

v
ar

ia
b
le

s 
ex

ce
p
t 

se
x
, 

sm
o
k
in

g
 a

n
d
 a

lc
o
h
o
l 

u
se

 b
ec

au
se

 o
f 

fe
w

 s
m

o
k
in

g
 a

n
d
 a

lc
o
h
o
l 

u
se

rs
 i

n
 w

o
m

en
; 

M
o
d
el

 3
 w

as
 a

d
ju

st
ed

 f
o
r 

al
l

th
e 

v
ar

ia
b
le

s 
ex

ce
p
t 

se
x
; 

M
o
d
el

 4
 w

as
 a

d
ju

st
ed

 f
o
r 

al
l 

th
e 

v
ar

ia
b
le

s 
ex

ce
p
t 

h
y
p
er

te
n
si

o
n
; 

M
o
d
el

 5
 w

as
 a

d
ju

st
ed

 f
o

r 
al

l 
th

e 
v
ar

ia
b
le

s 
ex

ce
p
t 

d
ia

b
et

es
 m

el
li

tu
s.



BMI and blood lipids. We think that glucose lev-
el and sex might be two confounders for these
associations. First, we unexpectedly found that
sVAP-1 concentration was inversely correlated
with BMI and triglycerides only in normo-
glycemic subjects, but not in hyperglycemic sub-
jects. Human adipocytes express a membrane-
bound SSAO/sVAP-1 that interplays with glu-
cose and lipid metabolism by exerting insulin-
like effects27. Hydrogen peroxide, one of the
products of SSAO activity, has been considered
as an insulin mimicker28. These insulin-like ac-
tions include stimulation of glucose uptake by re-
cruitment of the glucose transporter type 4
(GLUT4) to the cell membranes, improvement of
peripheral glucose utilization, inhibition of fat
cell lipolysis, and stimulation of lipogenesis3,27.
Therefore, in hyperglycemic subjects, hyper-
glycemia and lower insulin induce the elevated
plasma SSAO/sVAP-126, which masks the real
relationship between plasma SSAO/sVAP-1 and
BMI or lipids. Second, we observed inverse cor-
relations of sVAP-1 concentration with BMI in
women, which is in line with the earlier find-
ings8. In men, we found that sVAP-1 had an in-
verse correlation to ApoA and positive correla-
tion to ApoB/ApoA. Since ApoB and ApoA are
equivalent or superior to cholesterol-based in-
dices with respect to risk of coronary artery dis-
ease, sVAP-1 may have an association with dif-
ferent atherogenic forms of lipids in different
sexes. Many studies have reported differences of
cardiovascular risk factors including BMI and
lipids between both sexes29, which may be the
reason for sex-dependent correlation of sVAP-1
to BMI and lipids.

This is the first study to find a negative associ-
ation of sVAP-1 with current alcohol use and
uric acid in human, and these associations were
gender- and glucose-dependent. Indeed, uric acid
is the most abundant aqueous antioxidant, ac-
counting for up to 60% of plasma anti-oxidative
capacity30. At the same time, wine consumption
elevated the plasma antioxidant capacity mediat-
ed by two separate factors, wine phenols and
plasma uric acid31. In addition, alcohol intake al-
so has an anti-inflammatory action independent
of the type of beverage consumed in the popula-
tion32. Moderate alcohol consumption appears to
reduce expression of some inflammatory mole-
cules, such as ICAM-1 (intercellular adhesion
molecule 1), IL-6 and CRP33. Some prospective
studies also show an inverse relationship be-
tween moderate alcohol consumption and these

inflammatory markers34. Since sVAP-1 has both
inflammatory and oxidative function1,2, the in-
verse correlation of sVAP-1 to alcohol use and
uric acid is not surprising. In our study (data not
shown) and other studies, men have higher serum
uric acid concentration than women by approxi-
mately 1.4 mg/dL35, and men are heavier alcohol
drinkers than women36. Therefore, these gender
differences may determine the inverse associa-
tion of sVAP-1 with uric acid and alcohol use
only in men. Moreover, the reason that this nega-
tive association of sVAP-1 with current alcohol
use was only in normoglycemic subjects, may be
that the hyperglycemia influences the sVAP-1
concentration8,14 and counteract the effect of al-
cohol use on sVAP-1.

Both we and Aalto et al8 showed that sVAP-1
was positively associated with global risk assess-
ment of ischemic cardiovascular diseases in a
population level. In addition, Li et al11 showed
that sVAP-1 could predict 10-year cardiovascu-
lar mortality in type 2 diabetic mellitus, indepen-
dent of traditional risk factors. Recently, a
study7] showed that inclusion of sVAP-1 in the
Framingham model could improve the integrated
discrimination improvement (IDI) and net reclas-
sification improvement (NRI) of incident major
adverse cardiovascular events. Therefore, sVAP-
1 might be a favorable biomarker associated with
cardiovascular diseases.

Similar to some early studies8,13,14, our work
also showed that high sVAP-1 concentration,
positively correlated with fasting plasma glu-
cose and HbA1c, was an independent risk fac-
tor for CIMT increase and carotid plaques in
hyperglycemic subjects, but not in normo-
glycemic subjects. Therefore, glucose level
may not influence sVAP-1 concentration in
normoglycemia subjects, but stimulates sVAP-
1 increase in hyperglycemic subjects to reach
sufficient high concentration leading to vascu-
lar complications. 

For the first time, our report has shown that
sVAP-1 concentration was positively associated
with baPWV in subjects aged > 55 years after ad-
justing for other confounding factors. This sug-
gests that sVAP-1 concentration is an independent
risk factor for arterial stiffness in the older partici-
pants. The association between sVAP-1 and arteri-
al stiffness has been demonstrated in the previous
animal studies. Two investigations37,38 have shown
that the overexpression of SSAO/VAP-1 can af-
fect the elastic fibers of arterial wall and lead to an
increased arterial stiffness in the transgenic mice.
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