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Plasma vaspin is an effective biomarker for evaluation of future 
cardiovascular events in patients with chest pain: a 5-year 
retrospective observational study
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Background: Our previous study showed that visceral adipose tissue-derived serpin (vaspin) was an 
independent predictor of coronary artery disease (CAD). Further, plasma vaspin levels in patients with 
unstable angina pectoris were lower than those in patients with stable angina pectoris. In this study, we 
investigated the prognostic relevance of plasma vaspin levels in patients with CAD and non-CAD. 
Methods: It was a retrospective observational study. A total of 197 patients with chest pain were enrolled, 
of which 88 patients with CAD and 109 patients with non-CAD were confirmed by angiography. Plasma 
vaspin levels and clinical parameters were measured at baseline. Incidence of major adverse cardiac event 
(MACE) was determined on follow-up.
Results: One hundred eighty-nine patients were successfully followed up for 5 years, of which 63 patients 
experienced MACEs. Patients with low vaspin levels (<0.385 ng/mL) experienced a higher incidence of 
MACE as compared to patients with high vaspin levels (>0.385 ng/mL) (42.55% vs. 24.21%, respectively; 
P=0.007). In both CAD and non-CAD groups, patients with high vaspin levels showed improvement in left 
ventricular ejection fraction. Kaplan Meier survival curves showed that patients with low vaspin levels had 
an obviously higher timing of incidence of MACE in the whole population (P=0.006) and in the non-CAD 
subgroup (P=0.009); however, the trend was not significant in the CAD subgroup. On multivariate analyses, 
plasma vaspin level was found to be an independent predictor of MACE, particularly in the non-CAD group.
Conclusions: Plasma vaspin may be a useful biomarker for prediction of MACE in patients with chest 
pain.
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Introduction

Adipose tissue is now regarded not only as an energy 
reservoir, but also as an active endocrine organ, which can 
secrete a variety of metabolically-active adipocytokines. 

Some adipokines have even been linked with metabolic 
diseases; for instance, adiponectin has been shown to be a 
robust biomarker of insulin sensitivity (1,2).

Visceral adipose tissue-derived serpin (vaspin), a member 
of the serine protease inhibitor family, is a novel adipokine 
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isolated from a rat model of abdominal obesity with type 
2 diabetes mellitus (T2DM) (3). Previous studies showed 
an association between vaspin concentration and metabolic 
disorders, including T2DM, cardiovascular diseases (CVDs) 
(4-6), polycystic ovary syndrome (7), and osteoarthritis (8). 

Plasma vaspin concentration was showed to correlate with 
body mass index (BMI), gender, and physical training. An 
earlier study suggested a causal relationship of plasma vaspin 
levels with obesity (9). Also, a recent research indicated that 
vaspin protected against high fat diet induced bone loss, and 
promoted osteogenic differentiation (10). Up-regulation of 
vaspin was showed to protect against insulin resistance by 
activating the IRS/PI3K/Akt/Glut signaling pathway and 
inhibiting the IκBα/NF-κB signaling pathway (11). Besides, 
in our previous studies, patients with low concentration of 
vaspin were found to be at a higher risk of coronary artery 
disease (CAD) and acute coronary syndrome (ACS) (12,13). 
Further, lower concentration of vaspin was associated with 
poor prognosis in patients with myocardial infarction (14).

Based on these data, it is conceivable that vaspin plays 
an important role in the development of atherosclerosis. In 
our previous animal studies, vaspin was showed to protect 
against atherosclerosis through inhibition of vascular 
smooth muscle cell proliferation and chemokines is owing 
to decreased production of reactive oxygen species and 
downregulation of NF-κB signaling pathways (15). In a 
study by Yuan et al., vaspin played a role of cardioprotective 
function by down-regulating the expression of toll-like 
receptor 4 and inhibiting the phosphorylation of NF-κB in 
myocardial ischemia reperfusion injury rats and hypoxia-re-
oxygenation induced H9C2 cells (16).

These findings prompted us to further investigate the 
potential association between vaspin levels and prognosis 
of patients with CVDs. Also, although some patients with 
chest pain were excluded CAD by angiography, previous 
studies found that these patients still have a risk of major 
adverse cardiac events (MACEs) (17). Moreover, only a 
limited blood biomarker was used to predict prognosis in 
these patients. The present study focused on the prognostic 
value of plasma concentration of vaspin in patients with 
no angiographic evidence of CAD. Furthermore, we also 
sought to assess whether plasma vaspin could predict events 
after 5 years, as 5-year follow-up is considered as a key point 
for evaluation of biomarkers (18). Furthermore, patients 
with negative coronary angiography (CAG) may also have 
poor prognosis, as these patients may have other risk factors 
such as hypertension, and diabetes. It is also important to 
explore whether vaspin would be an effective biomarker of 

prognostic relevance in this subpopulation. 

Methods

Study population

A total of 197 patients who presented with chest pain at 
the Department of Cardiology, at the Shanghai Tenth 
People’s Hospital between June 2010 and December 2011 
were enrolled in this study. Patients with chest pain caused 
by pulmonary embolism, pneumonia, pneumothorax, 
pleural disease, rib disease, digestive system disease, and 
neurological pain were excluded. The diagnosis of CAD 
was based on CAG findings of at least one coronary stenosis 
≥50%. In CAD group, the population contains stable CAD 
or unstable angina. Patients were diagnosed with unstable 
angina if they had chest pain that was new in onset or if 
they had a significant unexplained change in the pattern 
of stable angina (such as increased frequency, increased 
intensity, increased duration or decreased response to 
nitrates) in the previous 2 months (19). Patients with 
acute myocardial infarction (troponin T >0.10 ng/mL), 
acute or chronic heart failure [left ventricular ejection 
fraction (LVEF) <40%], cardiomyopathy, acute infection 
(Temperature >38.5 ℃), acute exacerbation of chronic 
infectious or inflammatory diseases, severe liver dysfunction 
(alanine transaminase >3 times upper normal limit), renal 
dysfunction (creatinine >132 µmol/L) and malignancy 
were excluded. All study participants underwent a standard 
clinical examination, including medical history, physical 
examination, chest radiograph or computed tomography 
(CT), Echocardiography, biochemical examination which 
contained D-dimmer, troponin T and pro-BNP etc. If 
the patient’s D-dimmer was significantly increased, the 
pulmonary artery computed tomography angiography 
(CTA) would be further used to determine if there 
was pulmonary embolism. Pneumonia, pneumothorax 
and pleural diseases were diagnosed according to the 
chest radiograph or CT. Digestive system disease, and 
neurological pain and rib disease were diagnosed according 
to the history of digestive diseases, a history of herpes zoster, 
medication and characteristics of physical examination, 
etc. BMI was calculated as weight divided by the square of 
height. Hypertension was defined as highest blood pressure 
≥140/90 mmHg or history of anti-hypertensive therapy. 
The diagnoses of diabetes were based on the diagnostic 
criteria recommended by the World Health Organization 
(WHO) (20). Written informed consent was obtained from 
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all patients prior to their enrolment. The study protocol 
was approved by the Ethics Committee at the Shanghai 
Tenth People’s Hospital. 

Coronary angiography

All patients enrolled in this study were undergone CAG, 
which was performed through a radial artery with standard 
judkins technique. Significant CAD was diagnosed as 
the presence of at least one of luminal diameter stenosis 
≥50% including the left anterior descending artery, right 
coronary artery, left circumflex coronary artery and their 
main branches. All imaging analyses were performed by two 
professional interventional cardiologists.

ELISA assays, biochemical investigations and 
echocardiographic assessment

Approximately 5 mL whole blood samples were extracted 
prior to CAG. Plasma was isolated from blood samples after 
a 10-hour overnight fast and then stored at -80°C until 
further processing. Human vaspin (Adipogen, Seoul, South 
Korea) plasma levels were measured with commercially 
available ELISA kit, according to the manufacturers’ 
instructions. The sensitivity of the vaspin ELISA was  
12 pg/mL. The intra-assay coefficient of variance (percent) 
of the ELISA system ranged from 1.31% to 1.74%, while 
the inter-assay coefficient of variance ranged from 5.9% 
to 8.3%. White blood cell count (WBC), high sensitive 
C-reactive protein (hsCRP), glycosylated haemoglobin 
(HbA1c), total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C) were measured by 
colorimetric enzymatic assay systems (Roche MODULAR 
P-800, Swiss Confederation).

All subjects were performed transthoracic echocardiography 
by an echocardiograph equipped with a broadband transducer 
(Vivid 7®, GE VingMed Ultrasound AS; Horten, Norway). 
Measurement of LVEF was obtained from the modified 
Simpson rule in the apical two- and four-chamber views.

Follow-up

It was a retrospective observational study. Follow-up data 
were obtained through the following four ways: hospital 
record review, telephonic contact, outpatient visits and 
rehospitalization. Follow-up data was collected up to 
December 31, 2015. The duration of follow-up was 5 years. 

The primary endpoint was MACE, which included cardiac 
death, non-fatal myocardial infarction, revascularization 
with percutaneous coronary intervention or coronary artery 
bypass grafting, ischemic stroke, or rehospitalization for 
severe angina. Non-fatal myocardial infarction was defined as 
a rise of troponin T >0.1 ng/mL along with canonical chest 
pain symptoms and/or characteristic electrocardiographic 
changes. Deaths caused by accidents were excluded 
(follow-up censored at the time of death) (14,17). The 
median concentration of vaspin was 0.385 ng/mL.  
All patients were categorized into two subgroups according 
to the median value.

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation. Categorical variables are presented as frequencies 
and percentages. For continuous variables, normal 
distribution was verified with the Kolmogorov-Smirnov 
test. Comparisons between groups were made using 
independent t-test, ANOVA, the nonparametric Mann-
Whitney U test or Kruskal-Wallis test as appropriate. For 
categorical clinical variables, Chi-square test or Fisher exact 
test was employed. For A P value<0.05 was considered 
indicative of a statistically significant between-group 
difference. The Kaplan-Meier method was used to analyze 
the timing of events during follow-up. Statistical assessment 
was performed with the log-rank test and P<0.05 was 
considered significant. Univariate and multivariate analyses 
were performed using a Cox proportional hazards model 
to determine the predictors of the primary endpoint. The 
explanatory variables were used in the univariate analyses. 
Explanatory variables that were associated with P values 
<0.1 on univariate analyses were included in the multivariate 
analysis. All analyses were performed with SPSS 20 (SPSS 
Inc., IL, USA).

Results

Baseline characteristics of the study population in CAD 
and non-CAD groups

The baseline characteristics of the subjects are showed 
in Table 1. In brief, a total of 197 patients (112 men and 
85 women) were enrolled. They were divided into two 
groups according to CAG findings: CAD (n=88) and non-
CAD (n=109). A total of 30 CAD patients were performed 
percutaneous coronary intervention (PCI). The mean 
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concentration of plasma vaspin in the CAD group was 
lower than that in the non-CAD group (0.63±0.95 vs. 
1.07±2.12 ng/mL, P=0.037). No significant between-group 

differences were observed with respect to age, gender, BMI, 
smoking, coronary risk factors, TG, HDL-C and HbA1c 
levels. Serum hsCRP levels (11.52±5.77 vs. 6.51±6.05 mg/L, 

Table 1 Baseline characteristics of patients in CAD and non-CAD groups

Characteristics CAD (n=88) Non-CAD (n=109) P value

Age, year 65±10 65±12 0.923

Male, n (%) 56 (63.64%) 56 (51.38%) 0.086

BMI, kg/m2 24.34±3.85 24.49±3.61 0.793

Coronary risk factors

Smoking, n (%) 21 (23.86%) 18 (16.51%) 0.198

Diabetes, n (%) 23 (26.14%) 22 (20.18%) 0.322

Hypertension, n (%) 59 (67.05%) 67 (61.47%) 0.418

SBP (mmHg) 142.43±22.65 144.93±24.29 0.462

DBP (mmHg) 81.27±11.55 81.86±13.95 0.752

Hyperlipidemia, n (%) 11 (12.50%) 12 (11.01%) 0.746

Laboratory data

Total cholesterol (mmol/L) 4.37±1.11 4.77±0.95 0.009*

Triglyceride (mmol/L) 1.68±0.81 2.24±6.10 0.411

HDL-C (mmol/L) 1.11±0.32 1.23±0.49 0.057

LDL-C (mmol/L) 2.45±0.90 2.72±0.78 0.038*

HbA1c (%) 5.87±2.05 5.79±1.91 0.800

White blood cell count (109/L) 6.17±1.79 6.38±2.09 0.479

hsCRP (mg/L) 11.52±5.77 6.51±6.05 <0.001*

ProBNP (pg/mL) 543.03±1,097.31 276.68±445.34 0.048*

Medications

Statins, n (%) 20 (22.73%) 5 (4.59%) <0.001*

Insulin, n (%) 3 (3.41%) 6 (5.50%) 0.721

ACEI/ARB, n (%) 13 (15.12%) 14 (15.38%) 0.960

CCB, n (%) 19 (22.09%) 17 (18.68%) 0.573

β blocker, n (%) 6 (6.98%) 5 (5.49%) 0.683

LVEF (%) 58.9±18.0 54.6±23.6 0.180

ACS (%) 24 (29.63%) 0 (0) <0.001*

Vaspin (ng/mL) 0.63±0.95 1.07±2.12 0.037*

Continuous variables were described as mean ± standard deviation; categorical variables were presented as frequencies. CAD, coronary 
artery disease; n, number of patients; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycosylated haemoglobin; hsCRP, high sensitivity 
C reactive protein; proBNP, Pro-Brain Natriuretic Peptide; ACEI/ARB, angiotensin-converting enzyme inhibitor and angiotensin receptor 
block agent; CCB, calcium channel blocker; WBC, white blood cells count; LVEF, left ventricular ejection fraction; ACS, acute coronary 
syndrome. *P<0.05.
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respectively; P<0.001) and frequency of statin usage in the 
CAD group were higher than that in the non-CAD group. 
On the contrary, serum TC and LDL-C concentrations in 
the non-CAD group were higher than those in the CAD 
group (Table 1).

Baseline characteristics of the study population 
disaggregated by vaspin levels

The median concentration of vaspin was 0.385 ng/mL. All 
patients were categorized into two subgroups according 
to the median value. In the CAD group, non-smokers 
had higher concentrations of vaspin as compared to that 
in smokers (34.78% vs. 11.90%, respectively; P=0.012) 
(Table 2). The percentage of male patients in the low-
vaspin subgroup was significantly higher than that in the 
high-vaspin subgroup (73.91% vs. 52.38%, respectively; 
P=0.036). However, no  significant  between-group 
differences of cardiovascular history, such as ACS, post-
PCI or coronary artery bypass graft (CABG), number of 
vascular lesions and degree of lesions were observed in 
CAD group. In the non-CAD group, higher HDL-C and 
insulin administration were found in high-vaspin subgroup; 
however, this subgroup had lower LVEF as compared 
to that in the low-vaspin sub-group (50.6%±27.2% vs. 
59.9%±16.5%, respectively; P=0.046). 

Relationship of plasma vaspin levels with 5-year MACE

Eight patients were lost to 5-year follow-up. Among these, 
4 patients were men and 4 patients were diagnosed with 
CAD. At 5-year follow-up, serum TC levels in the high-
vaspin subgroup were significantly decreased in CAD 
group but not in the non-CAD group, as patients with 
CAD usually received statin therapy. Of note, high-vaspin 
subgroups in both the CAD and non-CAD groups showed 
improved cardiac LVEF (55.8%±21.7% to 64.5%±9.1% 
and 50.6%±27.2% to 65.1%±6.2%, respectively; P<0.05 
for all). This phenomenon was not observed in low-vaspin 
subgroups in the two groups (Table S1).

Although the total MACE between CAD and non-
CAD groups has insignificantly difference, we found that 
the number of patients who experienced multiple times 
of MACEs in CAD group is more than non-CAD group, 
which could indicate that the patients with CAD has a 
higher risk of MACE than patients in non-CAD group. 
Also, we found that low- and high-vaspin subgroups of 
the CAD group had comparable incidence of MACE 
(P=0.264); however, more patients in the low-vaspin 
subgroup received revascularization treatment as compared 
to that in the high-vaspin subgroup [13 (28.26%) vs. 3 
(7.89%), P=0.018]. Incidence of new-onset diseases such as 
diabetes or hypertension was comparable between the low- 
and high-vaspin subgroups in both CAD and non-CAD 

Table 2 Baseline characteristics of patients in vaspin <0.385 ng/mL group and vaspin >0.385 ng/mL subgroups

Characteristics

CAD (n=88) Non-CAD (n=109) 

Vaspin <0.385 
(n=46)

Vaspin >0.385 
(n=42)

P value
Vaspin <0.385 

(n=49)
Vaspin >0.385 

(n=60)
P value

Age, year 64±10 66±9 0.332 67±11 63±12 0.096

Male, n (%) 34 (73.91%) 22 (52.38%) 0.036* 29 (60.42%) 27 (44.26%) 0.094

BMI, kg/m2 24.36±4.09 24.31±3.58 0.955 25.12±3.37 23.88±3.75 0.088

Coronary risk factors            

Smoking, n (%) 16 (34.78%) 5 (11.90%） 0.012* 7 (14.58%) 11 (18.03) 0.630

Diabetes, n (%) 11 (23.91%) 10 (26.32%) 0.800 8 (16.67%) 14 (22.95%) 0.417

Hypertension, n (%) 29 (63.04%) 30 (71.43%) 0.403 33 (68.75%) 34 (55.74%) 0.166

SBP (mmHg) 141.98±23l.86 142.93±21.53 0.845 148.15±24.84 142.35±23.73 0.219

DBP (mmHg) 83.00±13.22 79.38±9.18 0.137 81.27±15.15 82.33±13.02 0.696

Hyperlipidemia, n (%) 5 (10.87%) 6 (14.29%) 0.628 4 (8.33%) 8 (13.11%) 0.429

Table 2 (continued)
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Table 2 (continued)

Characteristics

CAD (n=88) Non-CAD (n=109) 

Vaspin <0.385 
(n=46)

Vaspin >0.385 
(n=42)

P value
Vaspin <0.385 

(n=49)
Vaspin >0.385 

(n=60)
P value

Laboratory data            

Total cholesterol (mmol/L) 4.18±1.08 4.58±1.11 0.106 4.61±1.12 4.89±0.79 0.154

Triglyceride (mmol/L) 1.69±0.93 1.66±0.67 0.878 3.01±9.04 1.60±0.91 0.252

HDL-C (mmol/L) 1.13±0.32 1.08±0.33 0.516 1.12±0.29 1.32±0.59 0.047*

LDL-C (mmol/L) 2.35±0.82 2.57±0.99 0.281 2.67±0.91 2.75±0.66 0.643

HbA1c (%) 5.79±2.14 5.96±1.98 0.726 5.78±1.43 5.79±2.22 0.986

White blood cell count (109/L) 5.95±1.90 6.47±1.62 0.200 6.35±2.27 6.41±1.92 0.896

hsCRP (mg/L) 11.17±5.27 11.87±6.35 0.714 5.36±4.44 7.14±6.76 0.321

ProBNP (pg/mL) 461.02±952.61 631.53±1,241.69 0.740 251.21±503.95 298.09±394.12 0.640

Medications            

Statins, n (%) 13 (28.26%) 6 (16.67%) 0.195 2 (4.17%) 3 (4.92%) 1.000

Insulin, n (%) 2 (4.35%) 1 (2.38%) 1.000 0 6 (9.84%) 0.033*

ACEI/ARB, n (%) 7 (15.56%) 6 (14.29%) 0.905 10 (23.81%) 4 (8.16%) 0.077

CCB, n (%) 8 (17.78%) 11 (26.83%) 0.312 10 (23.81%) 7 (14.29%) 0.245

β blocker, n (%) 4 (8.89%) 2 (4.88%) 0.760 4 (9.52%) 1 (2.04%) 0.271

Cardiovascular history

ACS (%) 13 (28.89%) 13 (28.89%) 0.870 0 0 1.000

Post-PCI or CABG (%) 21 (45.65%) 11 (28.95%) 0.117 0 0 1.000

Number of vascular lesions

1 19 (41.30%) 22 (52.38%) 0.582

2 12 (26.09%) 9 (21.43%)

≥3 15 (32.61%) 11 (26.19%)

Degree of stenosis

Lowly stenosis (50%≤ stenosis 
<75%)

16 (34.78%) 23 (54.76%) 0.059

Highly stenosis (stenosis ≥75%) 30 (65.22%) 19 (45.24%)

LVEF (%) 61.8±13.2 55.8±21.7 0.152 59.9±16.5 50.6±27.2 0.046*

Continuous variables were described as mean ± standard deviation; categorical variables were presented as frequencies. CAD, coronary 
artery disease; n, number of patients; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycosylated haemoglobin; hsCRP, high sensitivity 
C reactive protein; proBNP, Pro-Brain Natriuretic Peptide; ACEI/ARB, angiotensin-converting enzyme inhibitor and angiotensin receptor 
block agent; CCB, calcium channel blocker; WBC, white blood cells count; post-PCI, post percutaneous coronary intervention; CABG, 
coronary artery bypass graft; LVEF, left ventricular ejection fraction; ACS, acute coronary syndrome. *, P<0.05.
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groups. In the non-CAD group, more patients in the low-
vaspin subgroup experienced MACE as compared to that 
in the high-vaspin subgroup [20 (41.67%), vs. 11 (19.30%); 
P=0.012]. Especially, in this group, the low-vaspin subgroup 
had a higher risk of stroke than that in the high-vaspin 
subgroup [7 (14.58%) vs. 1 (1.75%); P=0.036] (Table 3).  

Relationship of plasma vaspin levels with prognosis

The Kaplan-Meier method was used to analyze the timing 
of incidence of MACE during follow-up. Kaplan Meier 
survival curves showed that patients in the low-vaspin group 
had an obviously higher timing of incidence of MACE 
in the whole population (log rank test 7.578, P=0.006, 
Figure 1). Notably, patients in the low-vaspin group had 
a significantly higher timing of incidence of MACE as 
compared to those in the high-vaspin group in the non-
CAD subgroup (log rank test 6.741, P=0.009). A similar 
trend was observed in the CAD group, although it was not 
statistically significant (log rank test 1.255, P=0.263). In the 

CAD group, there were insignificant difference between 
patients with vaspin <0.385 ng/mL and those with vaspin 
>0.385 ng/mL both in lowly stenosis and highly stenosis 
group (Figure S1).

Multivariate analysis

After inclusion of clinical characteristics in the Cox 
proportional hazards model, low vaspin levels (hazard 
ratio, HR 0.387, P=0.001) and age (HR 1.034, P=0.012) 
independently predicted the occurrence of MACE. 
Furthermore, in the non-CAD group, low vaspin levels  
(HR 0.260, P=0.002), specify the gender (HR 2.920, 
P=0.010), age (HR 1.054, P=0.005) and TG levels (HR 
0.462, P=0.044) were found to be independent predictors of 
MACE (Table 4).

Discussion

In this study, low plasma concentration of vaspin was 

Table 3 Prognostic characteristics with 5 years MACEs between low and high vaspin subgroups

Characteristics

CAD (n=84) Non-CAD (n=105) 

Vaspin <0.385 
(n=46)

Vaspin >0.38 
(n=38)

P value
Vaspin <0.385 

(n=48)
Vaspin >0.38 

(n=57)
P value

MACE, n (%) 32 (38.10) 31 (29.52) 0.214

0 52 (61.90) 74 (70.48) 0.028*

1 16 (19.75) 21 (20.00)

2 3 (3.57) 7 (6.67)

3 9 (10.71) 3 (2.86)

4 4 (4.76) 0

New disease

Diabetes, n (%) 3 (6.52) 2 (5.26) 1.000 3 (6.67) 1 (1.75) 0.492

Hypertension, n (%) 0 0 1.000 1 (2.08) 0 0.457

Total MACE, n (%) 20 (43.48) 12 (31.58) 0.264 20 (41.67) 11 (19.30) 0.012*

Cardiac death, n (%) 2 (4.35) 3 (7.89) 0.825 2 (4.17) 1 (1.75) 0.880

Non-fatal myocardial infarction, n (%) 6 (13.04) 7 (18.42) 0.498 3 (6.25) 5 (8.77) 0.908

Revascularization, n (%) 13 (28.26) 3 (7.89) 0.018* 2 (4.17) 3 (5.26) 1.000

Stroke, n (%) 5 (10.87) 3 (7.89) 0.929 7 (14.58) 1 (1.75) 0.036*

Rehospitalisation, n (%) 13 (28.26) 10 (26.32) 0.842 11 (22.92) 9 (15.79) 0.354

All-cause death, n (%) 4 (8.70) 4 (10.53) 1.000 4 (8.33) 7 (12.28) 0.735

Categorical variables were presented as frequencies. n, number of patients. *, P<0.05.
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Figure 1 The Kaplan-Meier method was used to analyse the timing of incidence of MACEs during follow-up. (A) Patients with vaspin 
<0.385 ng/mL had a significantly higher timing of incidence of MACE than those with vaspin >0.385 ng/mL group (log rank test 7.578, 
P=0.006) in the whole population; (B) patients with low vaspin had a significantly higher timing of incidence of MACE than those with high 
vaspin (log rank test 6.741, P=0.009) in the non-CAD group; (C) there were insignificant between two groups (log rank test 1.255, P=0.263) 
in the CAD group.

found to predict the prognosis of patients after CAG. 
Furthermore, we found that low vaspin level could predict 
the prognosis in non-CAD patients. On Cox regression 
analysis, low vaspin level was found to be an independent 
risk factor for MACE. 

In a study by Kameshima et al., vaspin was showed to 
prevent the increase in SBP, an effect that was attributed 
to its antioxidant and anti-inflammatory roles in smooth 
muscle cells of peripheral blood vessels (21). In addition, 
vaspin was indicated to protect vascular endothelial 
cells from free fatty acid induced apoptosis through up-
regulation of the PI3-kinase/Akt signaling pathway (22). 
Further, administration of vaspin to diet-induced obese 
mice was showed to improve glucose tolerance, insulin 
sensitivity, and to alter the expression of genes implicated 
in the causation of insulin resistance (3,23). Also, vaspin 
prevented myocardial injury in rats model of diabetic 
cardiomyopathy by suppressing NLRP3 inflammasome 
activation and promoting autophagy (24). Besides, it was 
reported that statin therapy could increases plasma vaspin 
levels (25). All these studies suggest a protective effect of 
vaspin on vascular biology as well as that against insulin 
resistance. Some other reports also showed a correlation 
between vaspin levels and atherosclerotic lesions. An early 
study demonstrated that serum vaspin level was positively 
associated with carotid intima-media thickness (26). 
Further, in a study by Kameshima et al., vaspin was showed 

to suppress inflammatory phenotypes by down-regulating 
NF-κB in human macrophages and oxidized low-density 
lipoprotein-induced foam cell formation (27).

Although experimental studies have indicated that vaspin 
is a vasculoprotective adipocytokine, its’ specific role and 
clinical relevance in CAD is not clear (28). In this study, 
presence of risk factors for CAD (such as hypertension, 
hyperlipidemia and diabetes) was not different between 
low- and high -vaspin subgroups, both in the CAD and 
non-CAD groups; this suggests that vaspin may be a more 
sensitive biomarker for atherosclerosis such as CAD. In the 
follow-up study, we found that patients with high vaspin 
levels had improved cardiac function, which suggests that 
patients with high vaspin levels may have a better prognosis. 
In addition, increased incidence of MACE may also be 
attributable to development of co-morbid conditions such 
as diabetes and hypertension. However, we did not find any 
significant increase in new onset diabetes or hypertension in 
both CAD and non-CAD groups; this implied that increase 
in the incidence of MACE was associated with decreased 
vaspin levels, and was not due to new-onset diabetes or 
hypertension. Gulcelik et al. found that plasma vaspin levels 
in diabetic patients with chronic complications (including 
retinopathy and nephropathy) were lower than those in their 
counterparts without complications (29). In our previous 
study, low plasma concentration of vaspin was found to be 
a risk factor for progression of T2DM (4). These results 
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indicated that diabetic patients with low vaspin levels may 
have poorer outcomes and higher prevalence of micro- or 
macro-vascular complications over the longer term. 

The exact reasons for the variability in plasma vaspin 
concentrations remain debatable. In the present study, we 
focus on the prognostic value of vaspin in patients with non-
CAD; our findings suggest that vaspin plays an important 
role in the complex function of organism. In our previous 
study, we found decreased plasma vaspin levels in patients 
with CAD and those with severe ischemic symptoms (12,13). 
In clinical settings, some “vulnerable patients” who present 
with chest pain but who exhibit negative findings on CAG 
may not be correctly diagnosed as patients with “vulnerable 
plaque”. In our previous study, the average plasma vaspin 
concentration among patients in the non-CAD group who 

experienced a MACE (0.43 ng/mL) was far lower than that 
in the healthy population (1.78 ng/mL) (30). Patients with 
negative CAG and low concentration of vaspin are at an 
increased risk of MACE and need more care. 

The study l imitations include its  retrospective 
nature, which may introduce an element of recall bias. 
Furthermore, the sample size of this study is also relatively 
small. Finally, this was a single-institution study and, 
as such, requires external validation. However, to our 
knowledge, the follow-up time is sufficient enough and 
the study confirmed the predictive value of plasma vaspin 
for future cardiovascular events in patients, particularly 
in the non-CAD group. This parameter warrants further 
validation as a potential selection criterion for risk factor-
stratified patient management in the non-CAD population.

Table 4 Univariate and multivariate analyses of predictors of MACEs in total subjects and non-CAD group

Variable Hazard ratio 95% CI P value

Model for total subjects

Univariate analysis

Vaspin 0.494 0.295–0.825 0.007

Gender 1.560 0.951–2.558 0.078

Age 1.050 1.024–1.077 <0.001

Triglyceride (mmol/L) 0.681 0.465–0997 0.048

Multivariate analysis

Vaspin (ng/mL) 0.387 0.220–0.679 0.001

Gender 1.673 0.981–2.852 0.059

Age 1.034 1.007–1.061 0.012

Triglyceride (mmol/L) 0.678 0.455–1.010 0.056

Model for non-CAD group

Univariate analysis

Vaspin 0.390 0.187–0.815 0.012

Gender 2.346 1.123–4.900 0.023

Age 1.079 1.040–1.119 <0.001

Triglyceride (mmol/L) 0.509 0.261–0.992 0.047

Multivariate analysis

Vaspin (ng/mL) 0.260 0.109–0.618 0.002

Gender 2.920 1.290–6.613 0.010

Age 1.054 1.016–1.094 0.005

Triglyceride (mmol/L) 0.462 0.218–0.980 0.044

MACEs, major adverse major cardiac events; CI, confidence interval.
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Conclusions

Plasma vaspin may prove to be a clinically relevant 
biomarker for prediction of future cardiovascular events 
in patients, particularly in those with no evidence of CAD 
on coronary angiography. In this study, patients with low 
vaspin levels were at a higher risk of a MACE.
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Table S1 Variation of serum lipid level and Echocardiography during 5 years between low and high vaspin subgroups

Variable

CAD (n=84) Non-CAD (n=105) 

Vaspin <0.385 (n=46) Vaspin >0.385 (n=38) Vaspin <0.385 (n=48) Vaspin >0.38 (n=57)

Baseline Follow-up P value Baseline Follow-up P value Baseline Follow-up P value Baseline Follow-up P value

Laboratory data

Total cholesterol (mmol/L) 4.18±1.08 4.00±0.97 0.396 4.64±1.13 4.04±1.08 0.035* 4.61±1.12 4.51±0.93 0.688 4.85±0.79 4.56±1.32 0.204

Triglyceride (mmol/L) 1.69±0.93 1.73±1.13 0.863 1.63±0.66 1.58±0.65 0.777 3.01±9.04 1.50±0.95 0.319 1.56±0.85 1.36±0.79 0.244

LDL-C (mmol/L) 2.35±0.83 2.17±0.79 0.309 2.63±0.99 2.32±0.85 0.199 2.67±0.91 2.53±0.80 0.469 2.72±0.66 2.74±1.06 0.911

HDL-C (mmol/L) 1.13±0.32 1.09±0.28 0.510 1.11±0.33 1.00±0.22 0.130 1.12±0.29 1.21±0.31 0.225 1.33±0.61 1.16±0.33 0.117

HbA1c (%) 5.79±2.14 6.42±1.29 0.235 5.69±1.48 6.41±1.08 0.061 5.78±1.43 6.03±0.90 0.490 5.79±2.22 7.01±1.94 0.033*

Echocardiography

LVEF (%) 61.8±13.2 62.2±11.2 0.864 55.8±21.7 64.5±9.1 0.026* 59.9±16.5 64.7±8.7 0.102 50.6±27.2 65.1±6.2 <0.001*

Internal diameter of aortic sinus (mm) 34.33±2.9934.08±3.34 0.759 33.19±3.55 32.18±8.60 0.563 33.74±3.43 33.90±2.61 0.846 32.05±3.33 34.31±5.92 0.082

Left atrial diameter (mm) 42.92±5.6841.83±6.26 0.479 42.69±5.63 42.71±7.16 0.992 42.39±6.11 42.43±5.47 0.983 40.24±5.50 42.00±6.38 0.314

Left ventricular end diastole (mm) 48.97±6.5048.70±6.38 0.850 48.50±5.55 48.26±5.75 0.866 48.00±3.70 48.10±4.94 0.918 47.03±3.48 46.11±3.90 0.294

Left ventricular end systole (mm) 33.23±7.8132.04±8.61 0.575 31.56±6.60 31.71±8.32 0.948 31.08±4.32 30.10±4.13 0.850 29.46±3.02 29.50±4.53 0.970

Interventricular septal thickness (mm) 9.44±1.23 9.58±1.14 0.637 9.91±2.32 9.65±1.22 0.670 9.58±1.08 10.05±1.24 0.136 9.22±1.13 9.94±1.81 0.084

Left ventricular posterior wall 
thickness (mm)

9.41±1.04 9.25±0.90 0.535 9.19±0.86 9.35±0.93 0.536 9.34±0.94 9.67±1.02 0.222 8.95±0.91 9.50±1.71 0.130

Continuous variables were described as mean ± standard deviation; categorical variables were presented as frequencies. n, number of patients; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycosylated haemoglobin; LVEF, left ventricular ejection fraction. *, P<0.05.

Supplementary



Figure S1 There were insignificant differences between patients with vaspin <0.385 ng/mL and those with vaspin >0.385 ng/mL both in 
lowly stenosis (P=0.159) and highly stenosis group (P=0.977).
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