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Abstract 

Background:  Irisin is a novel myokine associated with obesity, which is a traditional cardiovascular risk factor (CVRF). 
The present study aimed to investigate the association between serum irisin and a single CVRF as well as the cluster-
ing of CVRFs among Chinese overweight/obese population.

Methods:  A total of 98 overweight and 93 obese subjects without clinical treatments were enrolled in this study. 
Subjects were then divided into two groups, based on the serum irisin level: a low irisin group (1.10–13.44 ng/ml) and 
a high irisin group (13.49–29.9 ng/ml). The clustering of CVRFs, smoking, diabetes mellitus, dyslipidemia and hyper-
tension, was classified as 0, 1, 2 and ≥ 3 CVRFs. The demographic and baseline clinical characteristics of all participants 
were collected and serum irisin was measured.

Results:  The high serum irisin group had significantly higher high-density lipoprotein cholesterol but lower fasting 
plasma glucose than the low serum irisin group. Additionally, the high serum irisin group had a significantly lower 
prevalence of smoking, diabetes mellitus and dyslipidemia than the low serum irisin group. Increased serum irisin was 
significantly associated with a reduced risk of smoking and dyslipidemia in both the unadjusted and adjusted models. 
Furthermore, high serum irisin significantly reduced the risk of the prevalence of 1, 2 and ≥ 3 CVRFs.

Conclusions:  among the Chinese overweight/obese populations, high serum irisin is negatively associated with 
smoking, dyslipidemia and the clustering of CVRFs. Thus, high serum irisin is potentially associated with a low risk of 
cardiovascular diseases in the Chinese overweight/obese population.
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Background
In modern society, a chronic high-calorie diet and a sed-
entary lifestyle has resulted in obesity becoming a world-
wide epidemic issue [1]. Obesity-related cardiovascular 
risk factors (CVRFs), such as diabetes mellitus, hyperten-
sion and dyslipidemia, have promoted the development 

and progression of atherosclerosis, which contributes to 
the leading cause of death associated with cardiovascular 
diseases globally [2, 3]. It has been noted that the clus-
tering of CVRFs in an individual results in a higher risk 
of the development of cardiovascular diseases than in an 
individual that carries only a single CVRF [2–4]. Cor-
respondingly, it has been well recognized that reducing 
CVRFs prevents the occurrence of atherosclerosis and 
even cardiovascular diseases among the obese population 
[5, 6] Thus, identification of available biomarkers that 
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are related to CVRFs is imperative to predict and moni-
tor the pathogenesis and progression of cardiovascular 
diseases.

Irisin is a new myokine that was initially found to be 
secreted into the blood stream by skeletal muscles dur-
ing exercise. Irisin can stimulate the browning of white 
adipose tissue, to improve glucose metabolism and thus 
increase energy expenditure [7]. More recent studies 
have shown that other tissues/organs, such as the heart, 
brain, tongue, rectum and adipose tissue also secret iri-
sin [8–10]. Clinical studies have shown a correlation 
between the circulating levels of irisin and cardiovascu-
lar diseases. For instance, subjects with coronary artery 
disease or calcification have lower serum irisin levels 
than in healthy subjects [11–13], and a lower serum irisin 
concentration was found to be inversely associated with 
endothelial dysfunction [14]

and cardiovascular complication among diabetic 
patients [15]. Moreover, a meta analysis involving 7 case–
control studies confirmed that irisin levels were signifi-
cantly lower in patients with coronary artery disease [16].

In addition, a number of studies conducted among 
Chinese subjects also showed a relationship between 
circulating irisin levels and CVRFs. For example, ele-
vated serum irisin levels have been linked to the reduced 
metabolic syndrome and negatively associated with the 
dysregulated lipid profile [17], while decreased serum 
irisin levels are associated with type 2 diabetes mellitus 
or insulin resistance [18]. Hence, serum irisin levels may 
offer a value in predicting beneficial effects of exercise on 
metabolism, as well as the risk of the development of car-
diovascular diseases, such as acute heart failure [19].

Previous studies have mainly focused on the relation-
ship between serum irisin levels and cardiovascular dis-
eases as well as a single CVRF; the association between 
serum irisin levels and the clustering of CVRFs has not 
been well explored. Moreover, whether serum irisin lev-
els could serve as a biomarker for cardiovascular dis-
eases among a Chinese overweight/obese population is 
unclear. In the present study, we explored the association 
between serum irisin levels and a single CVRF, as well as 
the clustering of CVRFs, and interrogated the potential 
of serum irisin as a biomarker of cardiovascular diseases 
among a Chinese overweight/obese population.

Methods
Study design and subjects’ selection
We conducted a population-based cross-sectional study 
in Guiyang, Guizhou, China from May 2011 to August 
2011, which was based on Risk Evaluation of cAncers 
in Chinese diabeTic Individuals: a lONgitudinal study 
(REACTION) [20]. A total of 10,140 residents aged 
40 years or older were initially enrolled. Figure 1 shows 

the flow chart of the screening process that was employed 
in the present study. Among these 10,140 subjects, full 
information was provided for 8995 subjects, and 3764 
subjects were excluded from this study due to the receipt 
of medical treatments, including anti-diabetic, anti-
hypertensive and anti-hyperlipidemic drugs, to avoid 
potential confounders. Finally, 5231 subjects were deter-
mined to be eligible for this study. According to the crite-
ria set for overweight/obesity in the Chinese population 
[21], there were 1072 overweight subjects (with a body 
mass index [BMI] of 24.0–27.9  kg/m2) and 354 obese 
subjects (BMI ≥ 28 kg/m2). In the present study, 98 over-
weight and 93 obese subjects were respectively randomly 
selected from these 1072 and 354 subjects. Among all of 
the 191 enrolled subjects, no one was diagnosed as hav-
ing coronary artery disease or heart failure. Subjects were 
then divided into two group by the median value of the 
serum irisin levels: a low irisin group (1.10–13.44 ng/ml) 
and a high irisin group (13.49–29.9  ng/ml). The whole 
study protocol was approved by the Human Research 
Ethics Committee of the Affiliated Hospital of Guizhou 
Medical University, and all participants provided written 
informed consents.

Fig. 1  Flow chart showing the participant screening process 
employed in the present study
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Data collection and anthropometric measurements
All subjects were asked to complete a standard ques-
tionnaire under the guidance of a member of staff who 
had been given rigorous training for the epidemiologic 
screening approaches [22]. Demographic characteristics, 
personal medical history and life styles were recorded 
through the questionnaire. Active physical activity was 
defined as performing moderate or robust physical activ-
ity for no less than 30  min per day at least 3  days per 
week, by asking questions on intensity, duration, and fre-
quency of physical activity, which were “How many times 
a week do you exercise?”, “How long do you exercise per 
time?”, and “What kind of exercise do you do?” Current 
smoking was defined according to the self-report, by ask-
ing question, which was “Do you smoke now?”. Height, 
waist circumference (WC) and weight were determined 
using a calibrated scale. BMI was calculated by dividing 
the weight (kg) by (height × height) (meters). Blood pres-
sure was measured using an electric sphygmomanometer 
(OMRON) after at least 15 min of rest. Three blood pres-
sure measurements were made and the average was used 
as the final read.

Biochemical measurements
All blood samples from the subjects were obtained after 
10  h of fasting, and were frozen at -80℃ for the subse-
quent analysis. An oral glucose tolerance test (OGTT; 
75  g) was conducted for every subject. The concentra-
tion of fasting plasma glucose (FPG) and the 2-h plasma 
glucose after the OGTT (2hPG) were determined using 
the hexokinase method. The levels of fasting insulin 
and lipid profile, including the high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), total cholesterol (TC), and triglyceride 
(TG), were measured using an auto-analyzer (c16000 
system, ARCHITECT ci16200 analyzer, Abbott Labo-
ratories, Illinois, USA). Homeostatic model assessment 
(HOMA)-insulin resistance (IR) was calculated as fol-
lows: FPG (mmol/l) × FINS (mU/ml)/22.5. Serum cre-
atinine was measured using an autoanalyser. The serum 
irisin concentration was measured using an enzyme-
linked immunosorbent assay (ELISA) kit (#EK-067-29, 
Phoenix Pharmaceuticals, USA). This kit detected serum 
irisin within a range from 0.1 to 1000  ng/ml and with 
both intra-and inter-assay coefficients of variation less 
than 10%, which was considered to be the best available 
ELISA kit for measuring human irisin levels that was on 
the market [23].

Study definitions
Based on the American Diabetes Association (ADA) 
[24], diabetes mellitus was defined as a case in which a 

2hPG is ≥ 11.1  mmol/l and/or a FPG of ≥ 7.0  mmol/l. 
Hypertension was defined as a case in which the average 
diastolic blood pressure (DBP) ≥ 90  mmHg, the systolic 
blood pressure (SBP) ≥ 140 mmHg, or both, by the Sev-
enth Report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC7) [25]. Dyslipidemia was defined as a case 
in which at least one of the following measurements was 
observed: LDL-C ≥ 3.4  mmol/l, HDL-C < 1.0  mmol/l, 
TG ≥ 1.7 mmol/l, TC ≥ 5.2 mmol/l. In the present study, 
we evaluated four CVRFs: smoking, diabetes mellitus, 
hypertension and dyslipidemia. The clustering of CVRFs 
was classified as 0 CVRF, 1 CVRF, 2 CVRFs and ≥ 3 
CVRFs.

Statistical analyses
All statistical analysis were performed using SPSS 17.0 
software. The Kolmogorov–Smirnov test was used to 
evaluate the normal distribution of continuous vari-
ables, which are presented as the mean ± SD (x ± s) 
and compared using ANOVA and independent t-test 
between groups. Non-normal variables are presented 
as the median (interquartile range; M(Q1-Q2)) and 
were compared using a nonparametric test, such as the 
Mann–Whitney test. Categorical data are presented as 
percentages and were compared using the χ2 test. Uni-
variable and multivariable linear regression was used to 
determine the correlation between the serum irisin levels 
and parameters. Binary and multivariate logistic regres-
sion were used to evaluate the odds ratio (OR) of the 
serum irisin level being associated a single CVRF or clus-
tering CVRFs. Age, gender, active physical activity and 
other CVRFs are adjusted when estimate OR. Two-sided 
p values < 0.05 were considered statistically significant.

Results
Comparison of demographic and baseline clinical 
characteristics of participants between male and female
The demographic and baseline clinical characteristics of 
subjects based on gender are shown in Table 1. The male 
subjects had significantly higher WC, FPG, TG, SBP, DBP, 
serum creatinine, regular exercise-related physical activi-
ties and were more likely a smoker than the female sub-
jects. However, the male subjects had lower HDL-C than 
the female subjects. Additionally, the female subjects had 
higher serum irisin levels than the male subjects, with 
marginal significance.

Comparison of demographic and baseline clinical 
characteristics of participants between low and high 
serum irisin group
Subjects were then divided into two groups based on the 
serum irisin level: a low irisin group (1.10–13.44 ng/ml) 
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and a high irisin group (13.49–29.9 ng/ml). Subjects with 
high serum irisin levels had significantly higher HDL-C 
but lower FPG and were less likely to be a smoker than 
those with low serum irisin levels (Table 2). There were 
no significantly statistical differences in the age, active 
physical activity level, BMI, WC, 2hPG, TC, TG, LDL-
C, SBP, DBP, fasting insulin, homeostatic model assess-
ment-insulin resistance (HOMA-IR) or serum creatinine 
between these two groups.

Determination of association between serum irisin level 
and atherogenic factors
We next performed univariable and multivariable linear 
regression analysis to determine the association between 
serum irisin levels and atherogenic factors. As shown in 
Table  3, serum irisin levels were negatively associated 
with smoking (β = -3.443, p ≤ 0.001) and FPG (β = -1.205, 
p = 0.010), but were positively associated with HDL-C 
(β = 2.775, p = 0.013). After the multivariable linear 
regression analysis with adjustment for covariates, smok-
ing was found to be negatively associated with serum 
irisin with statistical significance, while HDL-C was posi-
tively associated with irisin level with statistical signifi-
cance. FPG was not significantly associated with serum 
irisin level.

Table 1  Comparison of demographic and baseline clinical characteristics of participants between male and female subjects

Continuous data are presented as mean ± SD (x ± s) or median (interquartile range; M(Q1-Q2)). Categorical data are presented as percentages

BMI body mass index, HOMA-IR homeostatic model assessment-insulin resistance, WC waist circumference, FPG fasting plasma glucose, 2hPG 2 h plasma glucose, SBP 
systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG 
triglyceride
a Compared between male and female subjects. *p < 0.05; **p < 0.01

Men Women Total p valuea

N (%) 50 (26.2%) 141 (73.8%) 191

Age (y) 57.0 ± 8.4 56.6 ± 8.4 56.7 ± 8.4 0.771

Smoking (%) 25 (50.0%) 13 (9.2%) 38 (19.2%) ≤ 0.001**

Active physical activity (%) 31 (62.0%) 44 (31.2%) 75 (39.3%) ≤ 0.001**

BMI (kg/m2) 27.7 ± 2.5 27.4 ± 2.4 27.5 ± 2.4 0.588

WC (cm) 93.5 ± 6.5 90.9 ± 7.6 91.6 ± 7.4 0.032*

FPG (mmol/l) 5.9 (5.6, 6.3) 5.6 (5.4, 6.0) 5.7 (5.4, 6.1) 0.003**

2hPG (mmol/l) 7.8 (6.4, 9.8) 7.7 (6.7, 8.9) 7.7 (6.7, 9.2) 0.575

TC (mmol/l) 4.6 ± 1.2 4.7 ± 1.2 4.7 ± 1.2 0.666

TG (mmol/l) 1.6 (1.2, 3.2) 1.5 (1.1, 2.0) 1.6 (1.1. 2.2) 0.043*

LDL-C (mmol/l) 2.7 ± 0.9 2.8 ± 0.8 2.7 ± 0.8 0.919

HDL-C (mmol/l) 1.0 ± 0.2 1.3 ± 0.3 1.2 ± 0.3 ≤ 0.001**

SBP (mmHg) 127.2 ± 14.9 121.1 ± 18.2 122.7 ± 17.5 0.036*

DBP (mmHg) 83.5 ± 10.4 78.0 ± 9.0 79.4 ± 10.2 0.001**

Fasting insulin (mIU/l) 10.2 ± 4.5 10.3 ± 3.8 10.3 ± 4.0 0.879

HOMA-IR 2.7 (1.9, 3.4) 2.6 (2.0, 3.3) 2.6 (1.9, 3.3) 0.857

Serum creatinine (mmol/l) 84.0 ± 14.4 63.2 ± 10.6 68.7 ± 14.9 ≤ 0.001**

Serum irisin (ng/ml) 12.97 ± 4.40 14.44 ± 4.74 14.05 ± 4.68 0.051

Table 2  Comparison of demographic and baseline clinical 
characteristics of participants between low and high serum irisin 
groups

Low irisin group High irisin group p value

N 96 95

Sex (F/M) 66/30 75/20 0.109

Age (y) 57.2 ± 8.4 56.2 ± 8.4 0.394

Smoking (%) 31 (32.3%) 7 (7.4%) ≤ 0.001**

Active physical 
activity (%)

33 (34.4%) 42 (44.2%) 0.162

BMI (kg/m2) 27.6 ± 2.3 27.4 ± 2.5 0.672

WC (cm) 92.0 ± 7.4 91.2 ± 7.4 0.496

FPG (mmol/l) 5.8 (5.5, 6.1) 5.6 (5.4, 6.0) 0.025*

2hPG (mmol/l) 7.9 (6.7, 9.6) 7.6 (6.5, 9.0) 0.460

TC (mmol/l) 4.7 ± 1.1 4.6 ± 1.2 0.578

TG (mmol/l) 1.6 (1.1, 2.3) 1.5 (1.1, 2.2) 0.535

LDL-C (mmol/l) 2.7 ± 0.8 2.8 ± 0.7 0.395

HDL-C (mmol/l) 1.1 ± 0.3 1.3 ± 0.3 0.005**

SBP (mmHg) 121.8 ± 15.4 123.6 ± 19.4 0.489

DBP (mmHg) 78.7 ± 9.7 80.0 ± 10.6 0.385

Fasting insulin 
(mIU/l)

10.2 ± 3.4 10.3 ± 4.5 0.790

HOMA-IR 2.7 ± 1.0 2.7 ± 1.4 0.938

Serum creatinine 
(mmol/l)

69.1 ± 16.1 68.2 ± 13.6 0.652

Serum irisin (ng/ml) 10.96 (9.28, 12.29) 16.60 (14.33, 19.86) ≤ 0.001**
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Determination of association between serum irisin level 
and CVRFs
The present study mainly evaluated the correlation 
between serum irisin levels and four CVRFs: smok-
ing, diabetes mellitus, hypertension and dyslipidemia. 
The prevalence of a single CVRF and the clustering of 
CVRFs is shown in Table 4. The high serum irisin group 
had a significantly lower prevalence of smoking, dia-
betes mellitus and dyslipidemia (7.4%, 8.4% and 51.6%, 
respectively) than the low serum irisin (32.3%, 18.8% 
and 71.9%, respectively). There was no significant dif-
ference in the prevalence of hypertension between 
these two groups. Additionally, the prevalence of the 
clustering of ≥ 1, ≥ 2, ≥ 3 CVRFs in the high irisin group 

were significantly lower than that of the low irisin 
group.

Table 5 shows the results of the logistic regression anal-
ysis for the correlation between the serum irisin level and 
CVRFs. Binary logistic regression was used to determine 
the correlation between the serum irisin level and one 
single CVRF with the ORs and 95% CIs, and showed that 
an increased serum irisin level was significantly associ-
ated with a reduced risk for smoking and dyslipidemia, 
in both unadjusted and adjusted models. Furthermore, 
increased serum irisin levels appeared to reduce the risk 
of diabetes mellitus in an unadjusted model. However, 
this association disappeared after adjustment for covari-
ables. Multivariate logistic regression was also used to 
analyze the association between serum irisin levels and 
the clustering of CVRFs. Compared with the results of 
subjects with 0 CVRFs, the unadjusted ORs and 95%CIs 
of serum irisin for cases with 1, 2 and ≥ 3 CVRFs were 
0.912 (0.840, 0.985), 0.800 (0.718, 0.892) and 0.753 (0.649, 
0.875), respectively. After adjustment for age, gender, 
active physical activity and other CVRFs, the ORs and 
95% CIs of the serum irisin level in cases with 1, 2 and ≥ 3 
CVRFs were 0.910 (0.841, 0.985), 0.799 (0.715, 0.893) and 
0.720 (0.643, 0.888), respectively. Thus, there was a nega-
tive association between the serum irisin level and the 
clustering number of CVRFs (p < 0.05).

Discussion
The major finding from the present study was that serum 
irisin levels were negatively associated with the cluster-
ing of the major CVRFs among the Chinese overweight/
obese population. To the best of our knowledge, this is 
the first study to investigate the relationship between 
serum irisin levels and the clustering of CVRFs among 
the Chinese adult overweight/obese populations.

Irisin was initially identified as a skeletal muscle-
secreted factor. However, numerous studies have demon-
strated that irisin is implicated in mediating the function 
of several tissues/organs and has been proposed as a 
biomarker of different diseases, including metabolic dis-
ease, sarcopenia and endothelial dysfunction [26–28]. 
In the cardiovascular field, previous studies that have 
investigated the adult population have mainly focused 
on the association of circulating irisin levels with a sin-
gle CVRF, for example, with either diabetes mellitus or 
dyslipidemia. Serum irisin levels have been shown to 
be negatively associated with dyslipidemia, especially 
TC and LDL-C, among men [29]. However, irisin lev-
els were found to be positively associated with HDL-C 
among patients with chronic kidney disease [30]. In the 
present study, we found that the risk for a single CVRF, 
such as smoking or dyslipidemia, was lower in the high 
irisin group than in the low irisin group, indicating an 

Table 3  Determination of association between serum irisin 
levels and atherogenic factors

SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma 
glucose; 2hPG, 2 h plasma glucose; HDL-C, high-density lipoprotein cholesterol; 
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride

**p < 0.01

Univariable linear 
regression

Multivariable 
linear regression

β p value β p value

Age (y) − 0.001 0.979

Sex (male = 1, female = 2) 1.464 0.057

Smoking (%) − 3.434  ≤ 0.001** − 2.781 0.004**

FPG (mmol/l) − 1.205 0.010**

2hPG (mmol/l) − 0.079 0.529

TC (mmol/l) − 0.114 0.691

TG (mmol/l)a − 0.235 0.244

LDL-C (mmol/l) − 0.004 0.992

HDL-C (mmol/l) 2.775 0.013** 5.047 0.007**

SBP (mmHg) 0.015 0.438

DBP (mmHg) 0.041 0.222

Table 4  Determination of association between serum irisin 
levels and CVRFs

*p < 0.05; **p < 0.01

Lower irisin group Upper irisin group p value

A single CVRF

Smoking 31 (32.3%) 7 (7.4%) ≤ 0.001**

Diabetes mellitus 18 (18.8%) 8 (8.4%) 0.037*

Hypertension 17 (17.7%) 19 (20.0%) 0.686

Dyslipidemia 69 (71.9%) 49 (51.6%) 0.004**

Clustering of CVRFs

0 17 (17.7%) 36 (37.9%) 0.002**

≥ 1 79 (82.3%) 57 (62.1%) 0.002**

≥ 2 40 (41.7%) 18 (18.9%) 0.001**

≥ 3 16 (16.7%) 2 (2.1%) 0.001**
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inverse correlation between serum irisin and smoking/
dyslipidemia. Furthermore, we showed that there was a 
positive correlation between serum irisin and HDL-C, 
which is an acknowledged protective factor of cardiovas-
cular disease. Notably, there was a negative association 
between serum irisin and smoking, offering another layer 
of evidence for a correlation between low serum irisin 
levels and cardiovascular diseases. Smoking may increase 
the circulating Interleukin-6 level which is a proinflam-
matory cytokine [31]. Inflammation may decrease the 
expression of FNDC5 and cause the low level of serum 
irisin. Previously, Yan et al. revealed that the circulating 
irisin level was negatively associated with raised plasma 
glucose among the central obese population [17]. Addi-
tionally, a meta-analysis involving 17 cross-sectional and 
6 case control studies also suggested that diabetes mel-
litus patients had lower circulating irisin levels than those 
of controls [18]. In the present study, we also found an 
inverse correlation between the serum irisin level and 
FPG and the prevalence of diabetes mellitus among the 
overweight/obese populations. However, this correlation 
disappeared after adjustment for gender, physical activ-
ity and other CVRFs. Thus, the exact correlation between 
the serum irisin level and diabetes mellitus needs to be 
further clarified.

Obesity is regarded as a risk factor for cardiovascular 
diseases [32]. Traditional risks factors for cardiovascu-
lar disease, such as diabetes mellitus, dyslipidemia and 
hyperuricemia are more likely to cluster in obese popu-
lations. The clustering of CVRFs greatly increases not 
only the incidence of cardiovascular disease but also the 
mortality compared with cases with an individual CVRF 
[33, 34]. In the present study, we found that the serum 
irisin level had an inverse association with the number of 

clustered CVRFs. We further revealed that a high serum 
irisin level was correlated to a decreased level of cluster-
ing of CVRFs among Chinese overweight/obese popula-
tions than a low serum irisin level. Consistent with the 
present study, several previous studies have shown that 
patients with coronary disease had lower serum iri-
sin levels [12, 13]. It is well known that atherosclerosis 
underlies a variety of cardiovascular diseases, and that 
many CVRFs, including diabetes mellitus, dyslipidemia, 
smoking and hypertension, can promote the pathogen-
esis of atherosclerosis. We found that the serum irisin 
level had an independent relationship with smoking, dys-
lipidemia and the number of clustered CVRFs. Therefore, 
we conclude that the serum irisin level may act as a bio-
marker for the risk of cardiovascular diseases, at least in 
the overweight/obese population.

Previous studies have demonstrated the possible 
mechanism by which serum irisin prevents the devel-
opment of atherosclerosis. In apoE-deficiency-induced 
atherosclerotic animal models, irisin administration 
decreases the atherosclerotic plaque area, as well as the 
inflammation and cell apoptosis observed in aortic tis-
sues [35, 36]. In human umbilical vein endothelial cells, 
irisin decreases lipid-induced cell apoptosis and allevi-
ates oxidative stress, which could prevent the occur-
rence of atherosclerosis [35–37]. Irisin also has effects 
on metabolism. For example, irisin impacts the metab-
olism of glucose and lipids [38–40]. Additionally, irisin 
induces cultured white adipocyte browning, resulting 
in an increase in energy expenditure and weight loss 
in high-fat-fed obese mice [38]. The administration of 
irisin in high-fat-fed obese mice reduces the expression 
of hepatic cholesterol genes [39] and hepatic gluconeo-
genesis [40]. In human hepatocellular carcinoma cells 

Table 5  Determination of OR and 95% CI of the association of the serum irisin level with a single CVRF and clustering of CVRFs

Age, gender, active physical activity and other CVRFs are adjusted when estimate odds ratios (ORs) with 95% confidence intervals (CIs). *p < 0.05; **p < 0.01

Unadjusted Adjusteda

OR (95%CI) p value OR (95%CI) p value

A single CVRF

Smoking 0.813 (0.732, 0.904) ≤ 0.001** 0.829 (0.735, 0.934) 0.002**

Diabetes mellitus 0.887 (0.800, 0.984) 0.025* 0.939 (0.837, 1.053) 0.279

Hypertension 1.000 (0.926, 1.081) 0.994 1.021 (0.937, 1.113) 0.640

Dyslipidemia 0.862 (0.802, 0.926) ≤ 0.001** 0.868 (0.805, 0.935) 0.012*

Clustering of CVRFs

0 1 (ref ) 1 (ref )

1 0.912 (0.840, 0.985) 0.019* 0.910 (0.841, 0.985) 0.020*

2 0.800(0.718, 0.892) ≤ 0.001** 0.799 (0.715, 0.893) ≤ 0.001**

3 0.753(0.649, 0.875) ≤ 0.001** 0.720 (0.643, 0.888) 0.001**

p for trend ≤ 0.001** 0.012*
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with an insulin-resistance state, irisin ameliorates glu-
cose output and fat accumulation [41]. Taken together, 
these findings support a notion that irisin offers ben-
efits for cardiovascular diseases.

The limitations of the present study should be 
acknowledged. First, the sample size of our study was 
small. Second, this was a cross-sectional study, which 
was limited to determine the association between 
serum irisin levels and a single or clustering of CVRFs, 
and/or cardiovascular diseases, but not the cause-effect 
correlation. Third, smoking, one of the main CVRFs in 
our present study, was defined by self-report, which 
might have introduced a certain level of bias to this 
study.

Conclusions
In conclusion, our study was the first study to clarify 
the association between serum irisin levels and the 
clustering of CVRFs among the Chinese overweight/
obese population. We demonstrated that high levels 
of serum irisin are negatively associated with smok-
ing and dyslipidemia. We also showed that there was a 
negative correlation between serum irisin and the clus-
tering of major CVRFs. Thus, we propose that serum 
irisin may serve as a biomarker of the pathogenesis of 
cardiovascular diseases. Prospective studies with larger 
populations are needed in the future to corroborate our 
findings and conclusions.
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