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ABSTRACT 

OBJECTIVE:Irisin, an exercise-induced myokine, is expressed and secreted by 

adipose tissue and skeletal muscle in association with obesity and insulin resistance. 

Obesity is a risk factor fortype 2 diabetes (T2DM) and coronary artery disease (CAD). We 

aimed to investigate the association between serum irisin concentrationand CAD in 

patients with T2DM.Subjects and Methods:Serum irisin levels were analyzed in 

68patientswith T2DM and CAD (D-CAD), 64 patients with T2DM without CAD (D-

WCAD) and 72 healthy control subjects.  Serum adiponectin, Homeostasis 

modelassessment of insulin resistance (HOMA-IR) and high sensitive C-reactive protein 

wereanalyzed.Results:Irisin levelswere significantly lower in patients with T2DM than 

incontrol subjects, and was moredecreased in D-CADthan inD-WCAD patients. 

Furthermore, Irisin correlated negativelywith HOMA-IR, insulin, fasting plasma glucose 

and body mass indexin all diabetic patients. Moreover, there was an association between 

irisinconcentrationsand CAD in T2DM patients in multivariate logistic regression 

analysis. Conclusions: Low serum irisinconcentration associates with CAD in patients 

with T2DM. 
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INTRODUCTION 

Diabetes is a chronic metabolic 

diseaseassociated with serious 

complications globally[1].The incidence 

of diabetes is rapidly increasing 

worldwide [2]. Coronary artery disease 

(CAD) is one of the causes of  

macrovascular complications and diabetes 

mortality [3]. Previous studies has shown 

that, increased visceral fat is associated 

with increased risk of cardiovascular 

complications, type 2 diabetes mellitus 

(T2DM), and insulin resistance [4, 5]. 

Realizing that,adipose tissue can be 

considered as an endocrineorgan is a 

vitalstep toward a clearer understanding 

of the complications of diabetes[6-8]. 

Increasing data suggests that,adipocyte-

derived factors associated with pro-

atherogenic state, pro-inflammatory state, 

endothelial dysfunction, and insulin 

resistance (IR)leading to significantly 

elevated cardiovascular and metabolic 

risks [4, 8-10]. Peroxisome proliferator-

activated receptor gamma coactivator-1-

alpha (PGC-1α) is a transcriptional 

coactivator which can be stimulated by 

various physiological and nutritional 
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factors and is involved in mitochondria 

biogenesis, mitochondrial function and 

fatty acid/glucose metabolism[11]. 

Previous studyshowed that,PGC-1α  

expression in myocytes 

stimulatesmembrane protein fibronectin 

type III domain containing 5 (FNDC5) 

[12, 13]. Expressed FNDC5 on myocytes 

plasma membrane can be cleaved and 

produced as an myokine called irisin. 

Another studyshowed that,protected diet 

induced diabetes and obesity while irisin 

induced browning of subcutaneous 

adipocytes in vivo and in vitro in mouse 

models [12].Irisin reversed diabetes and 

diet-induced obesity  by up-regulating the 

expression of thermogenesis-related 

genes and inducing the browning of 

subcutaneous white adipocytes [14]. In 

another study,  serum irisin levelswere 

negatively associated with body mass 

index (BMI) in humans [15]. Polyzos et 

al. reported that, serum irisin levels were 

significantly decreased in obese subjects 

compared with lean ones [16].To our 

knowledge, there has been no previous 

study investigating the association of 

serum irisin and CAD in diabetic patients. 

Therefore, we sought to examine the 

relationship between serum irisin level 

and CAD in patients with T2DM. 

SUBJECTS AND METHODS 

We recruited 132 patients with T2DM 

who were examined at the outpatient 

clinic of Zagazig University Hospital, 

Egypt. The study was approved by the 

ethics committee (Institutional review 

board - Faculty of medicine - Zagazig 

University). Signed informed written 

consent was sought from all patients prior 

to their participation in the study. The 

study was performed in agreement with 

the standards of the Helsinki Declaration.  

Diabetic patients were divided into two 

groups as follows: T2DM with CAD (D-

CAD, n=68) and T2DM without CAD 

(D-WCAD, n=64).Diagnosis of T2DM 

was done according to the criteria of 

American Diabetes Association [17].  

Coronary heart disease was diagnosed 

based on a previous history of angina 

pectoris, myocardial infarction, 

interventions after coronary angiographic 

examination or electrocardiogram 

abnormalities suggesting myocardial 

ischemia. The study exclusion criteria 

included histories of autoimmune 

diseases, thyroid, kidney or liver 

dysfunction, cancer, acute or chronic 

inflammatory disease, congenital heart 

disease, cardiomyopathy, valvular heart 

disease, arrhythmia, congestive heart 

failure, acute coronary syndrome, 

estrogen replacement, drug or alcohol 

abuse and abnormal complete blood 

count. Healthy control group (n=72) was 

recruited with the following inclusion 

criteria: no history of cardiovascular 

disease, any cardiac symptoms, which 

were supported by findings from an 

echocardiography, electrocardiogram, 

treadmill exercise test, comprehensive 

physical examination, and medical history 

or any chronic disease including diabetes 

with normal glucose tolerance test. None 

of them were suffering from an acute 

infection or receiving any long-term 

medication.  

Clinical and laboratory parameters 

The clinical data were collected for all 

subjects included any histories of drug 

use, venous and arterial thrombosis, 

CAD, stroke and hypertension, and 

diabetes duration. The smoking behavior 

questionnaire was used to assess the 

smoking status. Present smoking was 

defined as occasional or current daily 

smoking. Blood pressure (BP) was 

assessed in the seated position using a 

standard BP measuring device. Body 

weight and height were assessed for all 

subjects and Body mass index (BMI) was 
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defined as the patient's weight in 

kilograms divided by their height (in 

meters) squared. Blood samples were 

collected after a 12-h fast. Glycated 

hemoglobin (HbA1c) was measured by a 

turbidimetric inhibition immunoassay 

(Cobas 6100, Diagnostics, Roche). 

Plasma glucose was analyzed by 

hexokinase method on a Hitachi 7172 

analyzer (Boehringer Mannheim, 

Germany). Triglycerides (TG), Total 

cholesterol (TCH), low-density 

lipoprotein cholesterol (LDL-C), and 

high-density lipoprotein cholesterol 

(HDL-C) were assessed on a Hitachi 7451 

analyzer (Hitachi, Tokyo, Japan). The 

level of high-sensitivity C-reactive 

protein (hs-CRP) was analyzed using a 

nephelometric method. For assessment of 

renal function, estimated glomerular 

filtration rate (eGFR) was calculated 

using the simplified Modification of Diet 

in Renal Disease (MDRD) formula. 

Homeostatic model assessment of insulin 

resistance (HOMA-IR) was calculated 

using the following formula: HOMA-IR = 

insulin (μU/mL) × glucose 

(mmol/L)/22.5. Serum irisin levels were 

evaluated by enzyme-linked 

immunosorbent assay kit (Phoenix 

Pharmaceuticals, Inc, USA). Serum 

adiponectin was determined by an 

enzyme-linked immunoadsorbent assay 

(ELISA) kit (Cayman Chemical, USA).  

Statistical analysis  

The statistical analysis was done using 

SPSS software (version 16; SPSS Inc., 

Chicago IL, USA). Data were expressed 

as frequencies for categorical variables or 

median (interquartile range) for 

continuous variables and mean with 

standard deviation (SD). For continuous 

variables, Skewed data were analyzed 

using the Kruskal-Wallis H test and 

Mann-Whitney U test. Comparisons 

between more than two groups were done 

by one-way ANOVA followed by a post-

hoc test.An independent samples t-test 

was used to examine the differences 

between two groups. Univariate and 

multivariate logistic regression analyses 

were used to generate adjusted and 

unadjusted odds ratios for prediction of 

the risk of CAD in patients with T2DM 

dependent on serum irisin levels after 

adjusting for other potential risk factor. 

For categorical variables, chi-square tests 

were used to evaluate the differences 

between groups. Skewed data were 

logarithmically transformed before the 

analysis. The correlations between irisin 

and related parameters were examined by 

pearson correlation coefficient. P < 0.05 

was considered significant. 

RESULTS 

Table 1 shows the general characteristics 

of the participants. No significant 

differences were found between groups 

regarding sex or age. Insulin, TG, hs-

CRP, HOMA-IR, HbA1c, fasting plasma 

glucose (FPG), LDL-C and BMI were 

significantly increased in all diabetic 

patients compared to control subjects (P < 

0.05).  
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Table 1: Biochemical and anthropometric characteristics of three 

studied groups 

In addition, hs-CRP and systolic BP were 

significantly higher in D-CAD patients 

than in D-WCAD subjects (P < 0.05). 

Serum adiponectin concentrationwas 

significantly lower inT2DM patients than 

in control subjects, and were more 

decreased in D-CAD patients than in 

those with D-WCAD (P < 0.05). Irisin 

levelwas significantly decreased in all 

T2DM patients compared with control 

subjects (P < 0.05). Furthermore, irisin 

levelwas significantly decreased in 

patients with D-CAD compared to those 

with D-WCAD (P < 0.05). To determine 

the effects of anti-diabetic medications or 

smoking status at serumirisin 

level,correlation analysis was performed 

on all diabetic patients. As shown in 

Table 2, the use of DPP-4 inhibitors, 

metformin, or sulfonylureas or smoking 

status had no effect on irisin levels. 

 
Control 

group(n=72) 
D-WCAD(n=64) D-CAD(n=68) P 

Sex (male/female) 39/33 33/31 37/31 0.298 

Age (years) 52.8±7.2 53.9±8.9 55.4±9.8 0.431 

Currentsmoker[n(%)] 24(34) 33(52) 43(64)⁕ 0.024 

Disease duration (years) - 7.3±3.3 9.2±4.8 0.411 

BMI(kg/m2) 27.4±2.2 30.1±3.4 ⁕ 32.6±3.7 ⁕⸙ 0.052 

HDL-C(mg/dL) 58±3.8 46.4±7.7⁕ 38.6±7.6⁕ 0.004 

LDL-C(mg/dL) 104.4±19.3 127.6±22.6⁕ 119.8±27.4⁕ <0.001 

TG (mg/dL) 97.4±31.8 150.5 ±27.5⁕ 159.4±43.2⁕ <0.001 

TCH(mg/dL) 177.8±27 193.3±51.4 185.6±40.3 0.149 

SBP(mmHg) 128.2±12.1 132.5±12.8 140.2±112⁕⸙ <0.001 

DBP(mmHg) 82.6±6.9 83.7±7.2 86.2±8.4⁕ 0.039 

HOMA-IR 1.8±0.4 3.9±1.8⁕ 5.4±3.6⁕ <0.001 

Insulin(mU/ml) 6.8±0.7 10.9±2.5⁕ 14.2±3.6⁕ <0.001 

HbA1c(%) 4.9±0.3 7.5±1.6⁕ 7.9±1.2⁕ <0.001 

FPG(mg/dL) 93.6±5.4 142.3±28.7⁕ 149.5±25.2⁕ <0.001 

Adiponectin(mg/ml) 12.6±4.2 7.6±2.4⁕ 4.5±1.8⁕⸙ <0.001 

hs-CRP(mg/l) 0.8±0.2 1.4±0.2⁕ 1.7±0.3⁕⸙ <0.001 

Irisin (ng/mL) 11.3 ± 4.3 8.3 ± 2.2 ⁕ 4.8 ± 1.2 ⁕⸙ <0.001 

Medications  

Statins[n(%)] - 20(31) 25(37) 0.309 

Aspirin[n(%)] - 30(48) 39(58) 0.276 

Diuretics[n(%)] - 7(11) 6(8) 0.512 

Calciumchannelblocker [n(%)] - 12(18) 8(12) 0.388 

B-blocker[n(%)] - 15(24) 26(38) 0.051 

ACEIorARB[n(%)] - 16(25) 23(34) 0.244 

DPP-4inhibitor[n(%)] - 13(20) 9(14) 0.312 

Metformin[n(%)] - 44(69) 49(73) 0.392 

Sulphonylurea[n (%)] - 37(58) 31(46) 0.213 

BMI, Bodymassindex; HDL-C,highdensitylipoproteincholesterol; LDL-C,lowdensitylipoproteincholesterol; TG, 
Triglycerides; TCH, Totalcholesterol;  SBP, Systolicbloodpressure; DBP, Diastolicbloodpressure; HOMA-
IR,homeostasismodelassessmentofinsulinresistance; HbA1c,glycatedhemoglobin; FPG, Fastingplasmaglucose; hs-
CRP, high sensitive; C-reactive protein;ACEI,angiotensinconvertingenzymeinhibitor;ARB, 
angiotensinreceptorblocker; DPP-4inhibitor,dipeptidylpeptidase-4inhibitor.  Irisin waslogtransformedbeforeanalysis. 

⁕:P<0.05comparedwiththecontrolgroup.⸙:P<0.05comparedwiththeD-WCADgroup. 
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Table 2:  Correlation of serum irisin concentration with anti-diabetic medications 

and smoking status 
 n Irisin (ng/mL) P 

Treatment with DPP-4 inhibitor  

No 110 9.5(8.8)  

0.187 Yes 22 8.3(6.6) 

Treatment with metformin  

No 36 11.4(10.7)  

0.127 Yes 96 9.5(10.7  ) 

Treatment with sulfonylurea  

No 61 9.5 (6.6)  

0.895 Yes 71 9.5(8.8) 

Smoking  

No 85 9.5 (6.6)  

0.654 Yes 47 10.2 (8.8) 

DPP-4,dipeptidylpeptidase-4.Valuesareshownasmedian(interquartilerange).Irisin 

waslogtransformedbeforeanalysis. 

Table 3 shows, the correlations between 

serum irisin levels and other 

variables.Serum irisin level was 

negatively correlatedwith triglycerides 

and BMI in control subjects. Irisin level 

was negativelyassociated with HOMA-

IR, insulin, FPG and BMIin patients with 

D-WCAD and in all diabetic patient (P < 

0.05). Furthermore, irisin level was 

significantly correlated with HOMA-IR 

and BMI in D-CAD patients (P < 0.05). 

Table 3: Correlation between serum irisin concentration and different metabolic 

variables in the three studied groups 

 

 

Control D-WCAD D-CAD Alldiabetes 

r p r p r p r p 

BMI -0.523 <0.001⁕ -0.632 <0.001⁕ -0.511 <0.001⁕ -0.568 <0.001⁕ 

Age -0.041 0.702 -0.003 0.893 -0.068 0.467 -0.052 0.486 

HDL-C 0.129 0.187 0.041 0.684 0.003 0.879 0.042 0.587 

LDL-C -0.008 0.931 -0.198 0.325 -0.068 0.497 -0.084 0.179 

TG -0.179 0.039⁕ -0.073 0.511 -0.127 0.189 -0.029 0.722 

TCH -0.154 0.121 -0.142 0.154 -0.126 0.184 -0.073 0.289 

SBP -0.039 0.623 -0.089 0.417 -0.078 0.541 -0.072 0.459 

DBP -0.132 0.183 -0.007 0.945 -0.135 0.123 -0.016 0.687 

Adiponectin 0.067 0.411 0.087 0.372 0.153 0.121 0.093 0.188 

hs-CRP -0.108 0.268 -0.142 0.159 -0.029 0.698 -0.073 0.252 

HOMA-IR -0.158 0.078 -0.254 0.007⁕ -0.276 0.004⁕ -0.157 0.019⁕ 

Insulin 0.231 0.121 -0.216 0.018⁕ -0.083 0.285 -0.172 0.018⁕ 

HbA1c -0.071 0.453 -0.152 0.173 -0.143 0.152 -0.071 0.427 

FPG -0.039 0.634 -0.274 0.007⁕ -0.121 0.263 -0.187 0.029⁕ 

BMI, Bodymassindex; HDL-C,highdensitylipoproteincholesterol; LDL-
C,lowdensitylipoproteincholesterol; TG, Triglycerides; TCH, Totalcholesterol; SBP, 

Systolicbloodpressure; DBP, Diastolicbloodpressure; hs-CRP, high sensitive; C-reactive protein; HOMA-

IR,homeostasismodelassessmentofinsulinresistance; HbA1c,glycatedhemoglobin; FPG, 

Fastingplasmaglucose. Irisin waslog transformed before analysis. ⁕P<0.05. 

Table 4 shows, the logistic regression 

analyses for obtaining the odds ratios of 

irisinfor the risk of CAD in T2DM 

patients.In unadjusted model, the odds 

ratiosof low irisin predicting CAD was 

1.6 (95% confidence interval, 1.198-

2.252).  
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Table 4: Logistic regression analyses of serum irisin level as a predictor for coronary 

artery disease in T2DM patients (n = 132). 

 P Odds ratios 95% confidence interval 

Univariate 0.001 1.6 1.198–2.252 

Multivariate 

ModelA 0.001 1.7 1.134–2.677 

ModelB 0.028 1.3 1.016–1.510 

ModelC 0.039 1.2 1.005–1.197 

ModelD 0.274 1.2 0.949–1.193 

Model A, adjusted for sex and age; Model B, Model A+ adjusted for duration of diabetes and body mass index; Model C, 

Model B+ adjusted for HOMA-IR, low density lipoprotein cholesterol, glycated hemoglobin, and systolic blood pressure; 

Model D, Model C + adjusted for smoking and medication history including statins and aspirin. Irisin was log transformed 

before analysis. 

The odds ratios for CAD were 1.7 (95% 

confidence interval, 1.134-2.677) in 

model (A) controlled for sex and age,1.3 

(95% confidence interval, 1.016-1.510) in 

model (B) controlled for sex, age, BMI 

and diabetes duration, 1.2 (95% 

confidence interval, 1.005-1.197) in 

model (C) controlledsex, age, BMI, 

diabetes duration, HOMA-IR, LDL-C, 

HbA1Cs and systolic BP, 1.2 (95% 

confidence interval, 0.949-1.193) in 

model (D) controlled for sex, age, BMI, 

diabetes duration, HOMA-IR, LDL-C, 

HbA1Cs, systolic BP, history of 

medication and smoking. Only model (D) 

was not significant. 

DISCUSSION 

 We found that,irisin level was 

significantly lower in T2DM patients than 

in control group, and was moredecreased 

in D-CAD patients than in those with D-

WCAD. Moreover, the low irisin level 

was a predictor of CAD in patients with 

T2DM. Liu et al. reported decreased 

serumirisin levels of in patients with 

T2DM[18]. Also Choi et al. found 

that,irisin levelwaslower in T2DM 

patients than in control groupregardless of 

the confounding factors such as BMI, sex 

and age[19]. PGC-1α plays important 

roles in mitochondria biogenesis in 

different organs, mitochondrial function, 

insulin sensitivity, insulin secretion and 

glucose/fatty acids metabolism.Previous 

studies have shown PGC-1α involvement 

inpathogenesis of T2DM [20]. The 

skeletal muscles in patients with T2DM  

have a down-regulation in expression and 

activity of PGC-1α [21]. Irisin as a PGC-

1α linked diabetes, obesity and sedentary 

lifestyle [12, 22-24]. Our results which 

indicatedlower irisin levels in 

T2DM,agree with these previous studies. 

Therefore, we canassume that,decreased 

levels of serum irisin detected in our 

study may be secondary to reduced PGC-

1α expression and activity in skeletal 

muscles in T2DM patients.We 

observedthat,serum irisin level hada 

significant negative correlation with 

markers of IR and obesity such insulin 

levels, HOMA-IR and BMI, in patients 

with T2DM. In humans, serum irisin 

levelhad a significant negative correlation 

with BMI[15]. Stengel et al.showed 

that,serum irisin had a positive correlation 

with fat mass and BMI [25]. However, 

different study demonstrated that,in male 

subjects, there was a negative correlation 

between serum irisin and BMI and fat 

mass [26]. These contradictions suggest 

that, more clinical studies are needed to 

explain these results.There is an 

association between increased visceral fat 

mass andIR and T2DM [27, 28].  

Expressionof irisin in mice fed a high fat 

diet led toa reduction in fasting insulin 

levels and a significant improvement in 

glucose tolerance as irisin increases total 

energy expenditure in animal models 
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[12]. These datamay indicate that,low 

serum irisin level may be associated with 

IR and T2DM.These results could be 

explained by the hypothesis that,the low 

irisin level may   have a role in the IR 

status detected in T2DM or 

decreasedirisin is a compensatory 

response to IR.Park et al. revealed 

that,serum irisin is related to IR and an 

increased risk of cardiovascular disease 

cardio-metabolic variables and metabolic 

syndrome [29].In this study, both diabetic 

groups were not matched for BMI. 

Asirisin concentrationshad anegative 

association with BMI[15], the high BMI 

observed in D-CAD patients, at least in 

part, can contribute to loweririsin level, 

however,the multivariate regression 

analysis adjusted for BMI showed 

that,serum irisinconcentration remained 

an independent CAD predictor in models 

(B)and(C),therefore,the variations in BMI 

between the both diabetic groups alone 

are unlikely to be responsible for 

differences observed in irisin 

concentration.We found that, irisin 

levelswerehigher in D-CAD patients than 

in those with D-WCAD. Furthermore, the 

irisin levelswere an independent predictor 

forD-CAD patients. These dataindicate 

the implication of irisin in the 

pathophysiology of CAD in T2DM. 

Previous reports have analyzed the 

relationship between irisin and vascular 

disease. It has been shown that, irisin 

regulates the endothelial function in 

several studies[30-33]. Irisin treatment for 

endothelial cells ofhuman umbilical vein 

and obese mice led to phosphorylation of 

endothelial nitric oxide synthase, 

adenosine 5’-monophosphate -activated 

protein kinaseand nitric oxide secretion 

[30]. This shows the vital role of irisin in 

improvement of endothelial function [30]. 

Zhu et al. reported that, diabetic aortic 

segments demonstrateddecreased 

production of peroxy nitrite and 

superoxide and endothelium-dependent 

vaso-relaxation after irisin incubation, 

which indicates that, irisin may lessensthe 

impaired endothelial function through 

inhibiting nitrative/oxidative stresses [31]. 

Previous studyclaimed that, irisin 

stimulates angiogenesis in the endothelial 

cells of human umbilical vein [32]. Irisin 

lessened endothelial injury by inhibiting 

oxidative stress and inflammation in 

apolipoprotein E-null diabetic mice 

[33].However, another studyclaimed 

that,serum irisin levels were correlated 

with major adverse cardiovascular events 

in CAD patients after receiving 

percutaneous coronary interventions but 

there was no correlation betweenserum 

irisin leveland acute coronary 

syndrome[34]. These contradictory results 

can be attributed to variations in disease 

progression, assays used or different 

populations. Thus, irisin may useful as a 

therapeutic target to reduce or prevent 

CAD and atherosclerosis.The precise 

mechanism of irisin involvement in the 

development of CAD is unclear.Irisin is 

closely correlated with obesity and 

obesity is one of risk factors of CAD. 

Irisin stimulate a broad program of 

brown-fat-like development 

anduncoupling protein-1 expression and 

acts on white adipose cells in culture [12]. 

Irisin induces browning of white adipose 

tissue through extracellular signal-

regulated kinases/mitogen-activated 

protein kinases signaling and mitogen-

activated protein kinase p38 MAP kinase 

[35].Given the close association of irisin 

with obesity, irisin may play a role in the 

development of CAD through a mutual 

association with obesity.In the present 

study,although we cannot clarify the 

mechanistic role of irisin in patients with 

T2DM and CAD, we assume a 

suppressive effect of irisin on the 
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inflammatory process.Serum irisin level 

was negatively associated with hs-CRP 

inpatients with D-CAD.We suggest 

that,decreased serumirisin level may be a 

compensatory reaction to the state of 

inflammationthat, is observed in CAD 

and T2DM patients. Our data suggested 

that,low serum irisinlevelwas associated 

with cardiovascular complications in 

T2DM patients.In conclusion, this study 

showed that,lowserumirisin level was 

associated with CAD in patients with 

T2DM.  

STUDY LIMITATIONS 

First: The causal relationship between 

irisin levels and the development of CAD 

in patients with T2DM could not be 

established due to the cross-sectional 

design of our study. Second: Irisin is a 

myokine which is stimulated by exercise 

but our study did not testthe effect of 

training or exercise on irisin level which 

may have an impact on our results. 

Third: The sample size of the study was 

relatively small. Therefore, interventional 

studies and large prospective trials are 

recommended to further examine the 

relationship between irisin levels and 

macrovascular complications including 

CAD in patients with T2DM.  
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