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Objective: The myokine irisin has been proposed to affect obesity and metabolism dis-
orders. However, data about the association of irisin with obesity and glucose metabolic 
status in humans remains controversial, and limited data are available concerning the 
Chinese population. This study aimed to evaluate the association between serum irisin 
concentrations and obesity, as well as glucose metabolic and cardiovascular factors in the 
middle-aged physical activity-matched Chinese Han race population.
Methods: A total of 740 participants were included in this cross-sectional study, who were 
divided into a normal weight (NW) group, overweight/obese (OB) group, normal weight type 
2 diabetes (DM-NW) group and overweight/obese diabetes (DM-OB) group, and physical 
activity was evaluated and matched for the four groups. Circulating irisin levels were 
analyzed and compared among the groups with different adiposity and glucose status. 
Linear regression analysis was performed to test the relationship between serum irisin and 
adiposity indices, glucose metabolic and other cardiovascular risk factors.
Results: Circulating irisin levels were significantly correlated with higher levels of direct and 
indirect adiposity markers, including BMI, waist circumference and fat mass, and other cardio-
vascular risk factors, such as plasma triglyceride and low-density lipoprotein cholesterol level (p < 
0.01). Diabetes patients had lower irisin levels compared to non-diabetes participants, in either 
normal weight and obese group, resulting in a correlation of irisin with HbA1c, HOMA-IR and 
HOMA-IS (p < 0.01). Linear regression analysis demonstrated that irisin serum concentrations 
were independently associated with sex, BMI, HbA1c, HOMA-IR and HOMA-IS (R2 = 0.465).
Conclusion: These data indicated that circulating irisin was affected by adiposity and 
glucose metabolism condition in the middle-aged Chinese population. The increase of irisin 
under conditions of obesity may indicate its physiological function to improve glucose 
tolerance which is often impaired in obese subjects, but this compensatory secretion of irisin 
seems likely to be progressing to a secretion failure once diabetes developed.
Keywords: irisin, obesity, type 2 diabetes, Chinese

Introduction
Irisin is a myokine derived from the transmembrane protein fibronectin type III 
domain–containing protein 5 (FNDC5), the expression of which is elevated in 
muscle in response to exercise in mice and humans. Irisin binds to yet unknown 
receptor(s) of white adipocytes and other cells, including myocytes and 
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hepatocytes,1 so potentially mediating the beneficial 
effects of physical activity.2 Irisin has been proposed to 
affect obesity and metabolism by increasing adipocyte 
browning and beta-cell insulin secretion,3–5 therefore iri-
sin was discussed as a potential treatment option in obe-
sity and type 2 diabetes (T2DM). However, clinical and 
functional studies on the association of irisin with obesity 
and glucose metabolic status remain controversial in 
a population with different ages and races. Most, but not 
all studies show a positive association between irisin and 
indices of adiposity,6 but there was data concerning the 
Chinese Han population7 and Korean prepubertal 
children8 which showed the opposite results. It seems 
that diverse confounders may have affected the results 
of different clinical studies.9 Ethnicity emerged as 
a determinant in the association between adiposity, glu-
cose tolerance status and irisin.1 Because irisin is still an 
appealing molecule from a pathophysiological point of 
view and a therapeutic target for obesity and metabolic 
disease, so far data concerning the Chinese population 
was limited. We recruited a middle-aged Chinese Han 
race population with diverse adiposity and glucose toler-
ance status in this study to elucidate the relationship 
between circulating irisin and obesity, as well as glucose 
metabolic indices and other cardiovascular risk factors. 
Physical activity is an important factor to influence irisin 
level in human,6 the physical activity scores were 
matched in different groups of this study to avoid bias.

Methods
Subjects
This cross-sectional single-center study recruited 740 par-
ticipants with residence in Jinan, a city in northern China. 
The inclusion criteria were: 30–50 years old, wide range of 
body mass index (BMI), no diabetes or newly diagnosed 
(duration of diabetes less than 2 years) drug naïve T2DM. 
A complete medical examination was carried out before 
the inclusion in the study, and individuals were excluded if 
they had an acute illness, liver or renal disfunction, myo-
cardial infarction or thyroid disease. They should not be 
using any medication (such as anti-diabetic, hypotensive 
drugs, lipid-lowering drugs, exogenous insulin, anti- 
inflammatory, thyroid hormone) that would interfere with 
the results. Participants could not be involved in regular 
exercise programs during the previous 12 months accord-
ing to the Baecke Habitual Physical Activity 
Questionnaire.10

This study was conducted in accordance with the 
Declaration of Helsinki. The institutional Ethics 
Committee (Jinan Central Hospital) approved the study 
protocol, and each participant signed an approved 
informed consent form. Enrolment into the study occurred 
between October and December in 2019 in Jinan Central 
Hospital. Participants were divided into four subgroups 
according to body mass index (BMI) and glucose tolerance 
condition: normal-weight group (NW group; BMI < 25 kg/ 
m2 without T2DM), overweight/obese group (OB group; 
BMI ≥ 25kg/m2, without T2DM), normal-weight diabetes 
group (DM-NW group; BMI < 25 kg/m2 with T2DM), 
overweight/obese diabetes group (DM-OB group; BMI ≥ 
25 kg/m2, with T2DM). T2DM were defined according to 
the most recent consensus statements.11

Physical activity was assessed from questionnaire con-
cerning the type and frequency of exercise before the 
enrollment, including: work category and work time per 
week, if they did structured physical exercise, what kind of 
physical exercise, duration of the exercise and exercise 
time per week. Trained investigators obtained metabolic 
equivalent of task (MET) of specific work and activity 
based on the Compendium of Physical Activities,12 and 
found the physical activity score (PA score = MET × 
duration of the activity) of participants.

Anthropometric, Body Composition 
Measurements
Height, body weight and waist circumference were mea-
sured, the BMI was calculated as body weight (kg)/height2 

(m2). Systolic and diastolic arterial blood pressure were 
measured by physicians according to standardized proce-
dures. Body composition, including fat free mass (FFM), 
fat mass (FM) measurements were performed by bioelec-
trical impedance analysis (BIA) (TANITA MC-180, 
Japan).

Laboratory Analysis
Participants underwent blood sampling for the assessment 
of blood chemistry and hormonal parameters. The quanti-
tative measurement of irisin in human serum samples was 
performed using a commercial enzyme linked immunosor-
bent assay (ELISA) kit (Irisin ELISA Kit EK-067-52; 
Phoenix Pharmaceuticals Inc., CA) according to the man-
ufacturer’s instructions. Basal insulin was analyzed by an 
immunoradiometric assay (BioSource International, 
Camarillo, CA, USA) in a Beckman Coulter (Fullerton, 
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CA, USA). Enzymatic colorimetric assay was used to 
measure fasting plasma glucose (FPG) (Hexokinase activ-
ity assay, Abcam), total cholesterol (Cholesterol Gen.2, 
Roche), high-density lipoproteins (HDL) cholesterol 
(LDL-Cholesterol plus 2nd generation, Roche), triglycer-
ides (Triglycerides/Glycerol Blanked, Roche) concentra-
tions using a Dimension Autoanalyzer (Cobas501, 
Roche, Switzerland). The homeostatic model assessment 
index was calculated following the formulas: HOMA-IR = 
fasting serum insulin (FINS, mU/L) × fasting plasma 
glucose (FPG, mmol/L)/22.5; HOMA-IS = 1/(FPG 
(mmol/L) × FINS (mIU/L)). Low-density lipoprotein 
(LDL) cholesterol serum concentration was calculated 
with Friedewald’s formula.

Statistical Analysis
The normal distribution of the variables was tested using 
the Kolmogorov–Smirnov tests. The irisin levels exhibited 
abnormal distribution. ANOVA was used for normal dis-
tribution continuous variables, Kruskal–Wallis Test was 
used for abnormal distribution continuous variables, and 
χ2 test was used for categorical variables to compare the 
difference in groups. The potential association between 
anthropometric and metabolic parameters with irisin levels 
was evaluated using the Spearman coefficient test. 
Multivariate linear regression models (stepwise) were 
fitted to explain the variations in the circulating irisin 
levels. Data were reported as the mean ± SD, and con-
fidence intervals (95% CI) were used to describe the linear 
coefficient (B) values. The statistical analysis was per-
formed using SPSS version 20.0 software (SPSS Inc., 
Chicago, IL) for Windows XP (Microsoft, Redmond, 
WA). P ≤ 0.05 was considered as statistically significant.

Results
A total of 740 participants (374 males and 366 females) 
were recruited in this study (NW group, n = 194; OB 
group, n = 196; DM-NW group, n = 168; DM-OB 
group, n = 182). Sex, age and PA scores were matched 
for the four groups. The average value of irisin serum 
concentrations in the cohort was 8.80 ± 5.85 ng/mL 
(range: 1.24–18.32; median value: 5.21; IQ range: 1.78), 
and the distribution was abnormal as reported in Figure 1. 
Women had higher serum irisin concentrations than men 
(P = 0.007). The DM group has higher HbA1c, FPG and 
TG level compared to NW and OB groups (P < 0.01), OB 
and DM-OB groups have a higher BMI and body fat level 
compared to NW and DM-NW groups (P < 0.01). The 

physical, biochemical and clinical characteristics of parti-
cipants divided according to obesity and glucose tolerance 
were reported in Table 1.

Obese participants tended to exhibit a higher mean 
irisin concentration compared to normal weight indivi-
duals, in either non-diabetes (OB group 18.28±10.9 ng/ 
mL vs NW group 7.91±4.34 ng/mL, p<0.01) or the T2DM 
population (DM-OB group 10.21±4.49 ng/mL vs DM-NW 
5.66±2.92 ng/mL, p<0.01). Irisin levels were lower in 
diabetes patients compared to a person without diabetes, 
in either normal weight (DM-NW group 5.66±2.92 ng/mL 
vs NW group 7.91±4.34 ng/mL, P<0.01) or obese popula-
tion (DM-OB group 10.21±4.49 ng/mL vs OB group 18.28 
±10.9 ng/mL, P<0.01).

Using Spearman correlations coefficient to compare all 
the participants in this study cohort, there was a significant 
positive correlation between serum irisin concentrations 
and BMI (r = 0.627, p < 0.01), fat mass (kg) (r = 0.446, 
p < 0.01), fat Mass (%) (r = 0.22, p < 0.01), waist 
circumference (r = 0.27, p < 0.01), DBP (r = 0.09, p = 
0.012), fasting plasma insulin (r = 0.73, p < 0.01), HOMA- 
IR index (r = 0.607, p< 0.01), serum concentrations of 
LDL-C (r = 0.153, p< 0.01), triglyceride (r = 0.211, p < 
0.01) and total cholesterol (r = 0.135, p < 0.01), and 
a significant inverse correlation between serum irisin con-
centrations and HbA1c (r = −0.175, p < 0.01), fasting 
plasma glucose (r =−0.174, p < 0.01), and HOMA-IS 
index (r = −0.608, p < 0.01) in this study population, no 
significant correlation was found between blood concen-
trations of irisin and SBP and serum concentrations of 
LDL-C (Table 2), there was also no significant correlation 
between irisin concentration and age, which may be due to 
the narrow age range (30–50 years old) in this middle- 
aged population.

To further investigate the potential factors involved in 
the changes in the circulating irisin levels, a multivariate 
linear regression (stepwise) with significant factors of 
Table 2 was done, and the analysis showed that BMI, 
HbA1c, HOMA-IR, HOMA-IS and sex had an indepen-
dent influence on the circulating irisin concentration 
(Table 3). Weight, fat mass (%), fasting plasma glucose 
and insulin were not included in the model because of 
the collinearity. The results indicated that the circulating 
irisin level increased 1ug/mL as BMI increased 0.8 kg/ 
m2, HbA1c decreased 1.17% and HOMA IS 
decreased 1.55. Females had a higher circulating irisin 
level compared to the male sex (B = 1.29, P = 0.003). 
The corrected R2 of the model was 0.465. These results 
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indicated that both adiposity, glucose level and insulin 
resistance status influence the irisin circulating levels in 
the Chinese middle-aged population.

Discussion
The current study, performed in middle-aged Chinese indi-
viduals with a wide range of BMI and glucose tolerance 
status, confirmed the positive correlation of circulating 
irisin with parameters of adiposity including body weight, 
BMI, waist circumference and fat mass, and insulin resis-
tance index in this physical activity matched population, 
this work also contributed to valuable information by 
showing that circulating irisin levels correlated negatively 
with HbA1c and insulin sensitivity index. These results 
indicated that adipose tissue may be a primary inducer of 
irisin secretion in addition to muscle tissue, especially in 
obesity, the results also indicated the physiological func-
tion of irisin to improve glucose tolerance, which was 
often impaired in obesity, but the circulating irisin levels 
declined in patients with overt diabetes.

Several human studies focused on the potential corre-
lations between circulating irisin levels and obesity. Most, 
but not all, studies have reported that circulating irisin is 
positively associated with BMI and weight.1,13–20 This 
association remains positive also in extremely obese phe-
notypes. Moreover, irisin is positively associated with fat 
mass, waist circumference, waist-to-hip ratio and muscle 
mass,13,15,17,21 similar results were also found in the 
Asian population.20,22 Irisin levels paralleled body weight 
reduction after weight-loss by either dietary or surgical 
treatment, and restored after regaining the lost weight,13 

which revealed that irisin strongly reflects adiposity and 
body fat mass. But there are also the opposite conclusions 
concerning the relation between the circulating irisin and 
obesity, studies of Korean prepubertal children8 and Brazil 
obese middle-aged men23 observed inverse correlations 
between irisin and body mass index, a study in Chinese 
adults also indicated that serum irisin were correlated 
negatively with BMI, and was a predictor of insulin 
resistance.7 The results about correlation between circulat-
ing irisin and obesity was still controversial, especially in 

Figure 1 The correlation of plasma irisin with BMI (A), HbA1c (B), HOMA-IR (C) and HOMA-IS (D). 
Abbreviations: BMI, body mass index; DM-NW, diabetes with normal weight group; DM-OB, diabetes with overweight/obese group; HOMA-IR, homeostasis model 
assessment for insulin resistance index; HOMA-IS, homeostasis model assessment for insulin sensitivity index; NW, normal weight group; OB, overweight and obese group.
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the eastern-Asian population. The results of this study 
revealed that overweight and obese individuals had higher 
circulating irisin levels in either diabetes and non-diabetes 
groups compared with a lean person, circulating irisin was 
positively correlated with adiposity parameters in the mid-
dle-aged Chinese population. This study indicated that the 
irisin circulating levels were conditioned by adiposity 
level, so in addition to muscle mass, fat mass was also 
the main contributor to the variability of the irisin circulat-
ing levels in this middle-aged Chinese population.

We also examined the association between circulating 
irisin level and insulin sensitivity in this study cohort. 
Previous studies found a weak but significant positive asso-
ciation of circulating irisin with insulin resistance in non- 
diabetic subjects,24 fasting blood glucose has been generally 
positively associated with irisin levels,14 but acute changes 
in glucose or insulin levels, as during an OGTT, do not 
affect irisin levels. Ethnic variability might affect the asso-
ciation, since insulin sensitivity indices show an inverse 
association with irisin in non-diabetic people of Asiatic 

and American origin,24,25 but a positive association was 
reported in a European study.26 The present results showed 
the negative association between irisin level and insulin 
sensitivity indices in both non-diabetes subgroup and the 
whole study cohort, which was also supported by its posi-
tive association with insulin resistance as assessed by the 
insulin resistance index, these results were in accordance 
with the previous study in a non-diabetes population. 
Contrary to a previous study which showed that circulating 
irisin levels were negatively associated with insulin resis-
tance in diabetes,27 we did not find such negative associa-
tion between serum irisin level and insulin resistance index 
in our diabetes subgroup population, because serum irisin 
levels were negatively correlated with diabetes duration,28 

the result might be due to the newly-diagnosed middle aged 
diabetes patients we recruited in the diabetes subgroup 
population. Previous animal studies5 showed irisin has 
potentially multiple favorable effects on glucose homeosta-
sis and insulin sensitivity by promoting energy expenditure 
and glucose uptake,29 the increase of irisin under conditions 

Table 1 The Demographic and Clinical Characteristics of the Subjects

Group NW OB DM-NW DM-OB

n 194 196 168 182
Sex (M/F) 99/95 97/99 86/82 92/90

Age (years) 36.80±5.86 37.81±5.58 38.30±5.05 37.48±4.75

Height (cm) 168.16±7.39 169.01±7.46 165.96±6.06* 165.44±5.87
Weight (kg) 64.06±7.93 79.61±9.78* 62.19±7.1 77.90±9.36*#

WC (cm) 84.4±4.67 100.2±8.76*# 88.34±6.68 98.34±9.27*#

BMI (kg/㎡) 22.60±1.86 27.80±2.15*# 22.55±1.97 28.41±2.59*#

Fat mass (kg) 16.42±4.20 24.69±6.53*# 18.50±5.06* 27.66±7.17*#

Fat mass (%) 25.44±4.80 30.94±6.61* 29.46±6.29* 35.26±6.70*#

PA score 24.99±2.24 25.04±2.24 25.11±2.26 24.97±2.20

SBP (mmHg) 121.84±17.65 128.42±17.25*# 135.55±20.58* 135.81±19.02*

DBP (mmHg) 74.92±11.27 79.66±12.19* 79.24±11.62* 77.95±10.60*
HbA1c (%) 4.77±0.44 5.15±0.58* 9.07±1.87* 8.36±1.34*

Fins (mU/L) 5.78±3.42 11.27±5.28*# 4.48±2.94* 8.84±5.02*#

FPG (mmol/L) 5.20±0.71 5.22±0.61*# 9.36±2.16* 9.42±1.90*#

HOMA-IR 1.35±0.90 2.62±1.28*# 1.80±1.11* 3.72±2.30*#

HOMA-IS 1.11±0.77 0.49±0.26*# 0.82±0.59* 0.37±0.23*#

LDL-C (mmol/L) 2.92±0.74 3.03±0.91# 2.53±0.78* 2.99±1.14#

HDL-C (mmol/L) 1.44±0.41 1.21±0.33* 1.14±0.46* 1.18±0.41*

Triglyceride (mmol/L) 1.24±0.66 1.89±1.21*# 1.53±0.84* 2.07±1.28*#

Total cholesterol (mmol/L) 4.62±0.82 4.64±1.02# 4.19±1.00* 4.90±1.29#

Irisin (ng/mL) 7.91±4.34 18.28±10.9*# 5.66±2.92* 10.21±4.49*#

Notes: Data showed as mean±SD. ANOVA was used for normal distribution continuous variables, Kruskal–Wallis test was used for abnormal distribution continuous 
variables, and χ2 test was used for categorical variables to compare the difference among four groups. *P<0.01 compared to NW group; #P<0.01 compared to DM-NW 
group. 
Abbreviations: NW, normal weight group; OB, overweight and obese group; DM-NW, diabetes with normal weight group; DM-OB, diabetes with overweight/obese 
group; WC, waist circumference; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, dialectic blood pressure; Fins, fasting plasma insulin; 
FPG, fasting plasma glucose; HOMA-IR, homeostatic model assessment of insulin resistance; HOMA-IR, homeostatic model assessment of insulin sensitivity; LDL-C, low- 
density lipoprotein cholesterol; HDL-C, high-density lipoproteins cholesterol.
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of obesity may indicate a physiological function to improve 
glucose tolerance which is often impaired in obese subjects. 
A recent study in obese Chinese children also showed that 
irisin level changes may indicate the early stage of cardio-
vascular disease,20 which is also partly due to the close 
relationship between insulin resistance and cardiovascular 
disease.

There was a wide range of glucose tolerance status in 
this study cohort, the association between T2DM and irisin 
was also detected. Although a few studies suggested that 

higher irisin levels are related to a better glucose metabolic 
profile and lower risk of T2DM development in obese/ 
overweight population,14,19 the majority of the studies 
concerning a T2DM population have reported lower irisin 
levels in the population with T2DM than controls,30,31 and 
this association was more pronounced in Asian than 
European populations, since the contradictory findings 
found slightly higher irisin levels in Caucasian32 and 
Saudi Arabian33 T2DM patients compared to the control, 
which indicated ethnicity emerged as a determinant in the 
relationship between T2DM and irisin. In accordance with 
the previous studies, our data showed that circulating irisin 
levels were obviously lower in the middle-aged Chinese 
population with T2DM compared to adiposity matched 
controls, and were negatively correlated with HbA1c 
devices in the current study cohort. We found that circulat-
ing irisin levels in obese diabetes patients were lower 
versus obese non-diabetes people, and higher compared 
to normal weight T2DM patients, which suggests that the 
incremental secretion of irisin is compensatory in order to 
provide a counterbalance to metabolic disturbances in 
obese populations, but it seems likely that the compensa-
tory secretion of irisin progressed to a secretion failure 
once diabetes developed. Our results also showed the 
serum irisin levels in obese T2DM was weak but signifi-
cantly higher than lean healthy individuals, for serum 
irisin levels were negatively correlated with diabetes dura-
tion as mentioned above,28 the results might indicate that, 
compared to the glucose status, muscle and fat mass were 
still the main contributor for circulating irisin level in this 
newly-diagnosed middle aged diabetes population.

The advantage of this study was that we recruited 
individuals with a wide range of adiposity and glucose 
tolerance status to investigate the correlation of circulting 
irisin with obesity, glucose level, insulin sensitivity and 
other cardiovascular risk factors in a physical activity 
matched middle-aged Chinese population. There was 
a limitation that data regarding bone health and PTH levels 
was not included in this study, as the existence of an 
interplay between PTH and irisin metabolism has been 
suggested in previous reports.34,35 There is also an issue 
needing cautious interpretation, the quality of commer-
cially available ELISA kits for circulating irisin was skep-
ticized, it is better to validate the irisin values toward 
tandem mass spectrometry, which was considered to be 
the gold standard method.36

In conclusion, this study confirmed that circulating irisin 
was associated with adiposity, glucose tolerance and insulin 

Table 2 Spearman Correlations Among Irisin, Metabolic and 
Anthropometric Variables

Irisin

Rho P

Sex 0.105 0.004
Age (years) −0.002 0.95

BMI (kg/m2) 0.627 <0.01

WC (cm) 0.27 <0.01
Fat mass (kg) 0.446 <0.01

Fat mass (%) 0.22 <0.01

SBP (mmHg) 0.03 0.32
DBP (mmHg) 0.09 0.012

HbA1c (%) −0.17 <0.01

Fins (mU/L) 0.73 <0.01
FPG (mmol/L) −0.17 <0.01

HOMA-IR 0.607 <0.01

HOMA-IS −0.608 <0.01
LDL-C (mmol/L) 0.153 <0.01

HDL-C (mmol/L) −0.06 0.84

Triglyceride (mmol/L) 0.211 <0.01
Total cholesterol (mmol/L) 0.135 <0.01

Abbreviations: Rho, Spearman correlation coefficients; BMI, body mass index; 
WC, waist circumference; Fins, fasting plasma insulin; FPG, fasting plasma glucose; 
HOMA-IR, homeostatic model assessment of insulin resistance; HOMA-IR, homeo-
static model assessment of insulin sensitivity; LDL-C, low-density lipoprotein cho-
lesterol; HDL-C, high-density lipoproteins cholesterol.

Table 3 Independent Effects of Body Composition and Metabolic 
Factors on Variations in Irisin Levels

B 95% Confidence Interval P

BMI (kg/m2) 0.80 0.62–0.97 <0.001
HbA1c (%) −1.17 (−1.37) - (−0.97) <0.001

HOMA-IR 1.29 0.94–1.64 <0.001

HOMA-IS −1.55 (−2.58) - (−0.52) 0.003
Sex 1.29 0.42–2.14 0.003

Corrected R2 = 0.465 0.003

Note: Using multivariable linear regression analysis with stepwise method. 
Abbreviations: BMI, body mass index; HOMA-IR, homeostatic model assessment 
of insulin resistance; HOMA-IR, homeostatic model assessment of insulin sensitivity.
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resistance status in a middle-aged Chinese population, the 
increase of irisin under conditions of obesity may indicate its 
physiological function to improve glucose tolerance which 
is often impaired in obese subjects, but this compensatory 
secretion of irisin seems likely to be progressing to 
a secretion failure once diabetes develops. Irisin may have 
potentially favorable effects on glucose homeostasis and 
insulin sensitivity, but the specific receptor and potential 
signal pathway through which irisin could protect against 
obesity needs to be further explored.
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