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ABSTRACT
Objective: Acute myocardial infarction (AMI) is the most common type of coronary artery disease. The irisin hormone encoded by the fibronec-
tin type III domain–containing protein-5 (FNDC5) gene is synthesized in muscle, heart, and fat tissues. The present study aims to investigate 
serum irisin concentrations and FNDC5 genetic variants in patients with AMI through comparison with controls.
Methods: This study included 225 patients with AMI and 225 healthy subjects. Blood samples were obtained from patients during the first 1-24 
hours after AMI. Serum irisin concentration was measured with enzyme-linked immunosorbent assay (ELISA). The variants of rs16835198, 
rs3480, and rs726344 in the FNDC5 gene were genotyped with real time polymerase chain reaction (RT-PCR).
Results: Compared with control serum irisin concentrations were significantly lower in patients with AMI. Serum irisin concentrations of 
patients with AMI showed a significant and gradual decrease from 6 hours up to 24 hours (p<0.05). There were no significant differences 
between the patient and control groups based on genotype and allele frequencies of rs16835198, rs3480, and rs726344 in the FNDC5 gene 
(p>0.05). However, the frequency of the TT genotype in male patients with AMI (6.4%) was significantly lower compared with control male 
subjects (16.2%). In addition, the GGT haplotype was identified as the protective haplotype against the risk of AMI (p<0.001; odds ratio=0.107).
Conclusions: The findings of the study suggest that serum irisin concentration could serve as a novel biological marker for the early diagnosis of AMI.
Keywords: acute myocardial infarction, single nucleotide polymorphism, haplotype analysis, irisin, FNDC5
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Common single nucleotide polymorphisms in the FNDC5 
gene and serum irisin levels in acute myocardial infarction

Introduction

Acute myocardial infarction (AMI) is currently one of the 
most important reasons of mortality and morbidity in many coun-
tries (1). Detection of familial clustering of early-onset myocar-
dial infarction by prospective studies has confirmed that there is 
a complex and multifactorial genetic predisposition to the dis-
ease in addition to the traditional known risk factors. In assess-
ing the genetic risks for the development of AMI and in deter-
mining the biomarkers for disease detection, the genes encod-
ing factors released into the blood during AMI are used (2). 

In 2012, Boström et al. (3) discovered a new hormone named 
irisin, which is released by the skeletal muscle after systematic 
exercise with the potential to protect the individual from meta-
bolic diseases. Irisin is a myokine with 112 amino acids that is 

produced upon the cleavage of the plasma membrane protein 
fibronectin type III domain-containing protein 5 (FNDC5) and 
enters circulation (3). This hormone is also a thermogenic myo-
kine that converts white adipose tissue (WAT) into brown adi-
pose tissue (BAT) in response to the activation of peroxisome 
proliferator-activated receptor-gamma coactivator-1α (PGC-
1α), leading to energy consumption and contributing to muscle-
adipose tissue cross-talk (3, 4). Although irisin is secreted 
mostly from skeletal muscle after exercise, it is also expressed 
by the heart, tongue, rectum, pancreas, liver, adipose tissue, 
nervous system, placenta, and ovary, with particularly high lev-
els in the heart (2). The secretion of irisin by the heart muscle led 
to the hypothesis that it could play a role in the etiopathogenesis 
of cardiovascular diseases and could be a biomarker for AMI. 
There is a limited number of studies that analyzed serum or 
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heart tissue irisin levels in human and animal MI models. 
Furthermore, serum irisin levels were found to decrease after 
AMI and to be positively correlated with troponin I, creatine 
kinase myocardial band (CK-MB), and creatine kinase (CK) (5, 6). 

The FNDC5 gene that contains six exons and five introns is 
located in chromosome 1p35.1 (7). Among the introns of the gene, 
5 common single nucleotide polymorphisms (SNPs) have been 
defined (8). The associations of the common variants of the 
FNDC5 gene and serum irisin levels with obesity, anorexia nervo-
sa, insulin sensitivity, nonalcoholic fatty liver disease, and chronic 
kidney disease have been previously investigated (7-12). The 
tested FNDC5 rs16835198, rs3480, and rs726344 SNPs were not 
related to serum irisin levels in some studies but related in others 
(13, 14). The rs16835198, rs3480, and rs726344 SNPs do not lead to 
amino acid changes in the irisin protein, which is a FNDC5 gene 
product. The variant A allele of the rs726344 SNP and the variant 
T allele of the rs16835198 SNP have higher luciferase activity 
when compared with the wild allele (9). The rs16835198 SNP is 
localized in the 3’ end region of the gene. Nucleotide changes in 
the 3’-untranslated region of a gene might influence the regulation 
of gene expression. As in rs726344, intronic genomic variants can 
alter gene expression and thus affect the phenotype by altering 
the binding of transcription factors, alternative mRNA clipping, 
and mRNA stability (14, 15). The rs3480 A allele is also associated 
with a higher FNDC5 mRNA break when compared with the G 
allele, which is thought as the binding of miR-135a-5P (16-19). The 
main reason for choosing these three SNPs among the known 
FNDC5 gene polymorphisms in the present study is that they are 
both associated with metabolic phenotypes and fibrosis, and the 
variant genotypes have higher luciferase activity (13-15). 

Because FNDC5 is expressed in the heart, a relationship has 
been determined between AMI and reduced irisin levels, and 
the present study aims to investigate the serum irisin levels and 
to determine rs16835198, rs726344, and rs3480 genetic variants 
in the patients with AMI compared with controls, and to assess 
the utility of irisin as a biomarker in AMI patients. 

Methods

Study design
This is a prospective case-control study. The present study 

included 225 patients diagnosed with MI and admitted to the 

Department of Cardiology at Fırat University Hospital and 225 
healthy individuals as controls, who were comparable to the 
patient group in terms of age and sex. All participants were pro-
vided verbal information on genetic tests and MI. A total of 450 
subjects who agreed to participate were informed about the 
details of the study, and informed consent forms were obtained. 
Ethics approval for the study was obtained by Fırat University, 
Faculty of Medicine Local Ethics Committee (14.10.2014, Decision 
No: 17/07). Acute MI was diagnosed via surface electrocardio-
gram (ECG) and/or cardiac biomarkers obtained during admission 
to the intensive care unit in the presence of clinical symptoms and 
findings. The acute AMI criteria included chest pain lasting at 
least 20 minutes, at least ≥1 mm ST elevation in at least 2 adjacent 
derivations on ECG, and admittance to the coronary care unit 12 
hours after the onset of pain. Thirty-four non ST-elevation myocar-
dial infarction (NSTEMI) patients with proven myocardial damage 
by elevation of damage markers were also included in the present 
study. Blood was collected within the first 24 hours after AMI. 
Individuals with chest pain for over 12 hours, patients over 80 
years of age, patients diagnosed with chronic renal failure (serum 
creatinine >2.5), chronic liver failure, morbid obesity, and clinical 
heart failure (Killip II/III), and patients with findings indicating 
cardiogenic shock, malignancies, and chronic inflammatory dis-
eases that could lead to noncardiac systemic inflammation were 
excluded. Anamnesis was obtained to determine whether the 
patients had risk factors (hypertension, diabetes, smoking, alco-
hol), family history, and ischemic stroke.

Sample collection
Blood samples of the participants were taken into tubes with 

aprotinin, as part of a routine procedure within the first 1-24 hours. 
Three-ml blood samples were centrifuged at 3000 rpm for 10 min-
utes to obtain sera. Pellets remaining at the bottom and sera at the 
top of the sample tube were stored at −80°C until used for DNA 
isolation and enzyme-linked immunosorbent assay (ELISA) analysis.

Real Time PCR (RT-PCR) analysis
DNA was isolated using the Wizard Genomic DNA Purification 

Kit (CAT # A1120, Promega, Madison, WI, USA) from 2-3 ml periph-
eral venous blood pellets. DNA concentrations were diluted to 
1-10 ng. rs3480 (Cat No: C-8822841-10, Applied Biosystems, Foster 
City, CA, USA), rs726344 (C-927694-10, Applied Biosystems), and 
rs16835198 (C-34204885-10, Applied Biosystems) SNPs were stud-
ied with TaqMan probes (Applied Biosystems) and Taqman geno-
typing master mix (Catalog number: 4371355) on the ABI 7500 Fast 
Real Time System (Applied Biosystems). After PCR, homozygous 
mutant, heterozygous, and homozygous normal genotypes were 
determined based on the allele 1 and allele 2 separation using the 
software available on the device.

Biochemical analyses
Irisin levels were studied with the ELISA method (Catalog 

No: YLA1361HU, YL Biont, Shanghai, China). Measurements 
were conducted with a Biotek Epoch microplate spectropho-
tometer (EL X 800 / Bio-Tek Instruments, Winooski, VT, USA).

• The decreased TT genotype of the rs16835198 G>T SNP 
was associated with higher risk in AMI development in 
male patients.

• The GGT-specific haplotype combinations of rs3480, 
rs726344, and rs168371198 can affect AMI risk.

• Irisin levels were analyzed for the first time in such a 
large group of patients with AMI, and irisin levels gradu-
ally decreased in the first 24 hours.

HIGHLIGHTS
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Statistical analyses
All descriptive and inferential statistical analyses were per-

formed with SPSS version 22.0 (IBM Corp., Chicago, IL, USA). 
Data are presented in counts, percentages, mean, and standard 
deviation values. The Kolmogorov-Smirnov test was conducted 
to determine whether the data were distributed normally. The 
deviation from Hardy-Weinberg equilibrium (HWE) were verified 
using Chi-square (χ2) test. Chi-square tests were also used to 
make a comparison between groups, for the analysis of the 
association between two qualitative variables, and allele and 
genotype frequencies. Haplotypes constructed from a combina-
tion of the three FNDC5 SNPs were analyzed using the SHesis 
program (http://analysis.bio-x.cn/myAnalysis.php) (20). This pro-
gram was also used to compare FNDC5 haplotype frequencies 
between AMI patients and control subjects. The magnitude of 
the association between FNDC5 SNPs and AMI was expressed 
by odds ratio (OR) and 95% confidence interval (CI). 
Demographics, clinical, and laboratory data were compared 
between groups by Student’s t test, chi-square test, and one-
way ANOVA test (F). Correlation analyses were performed by 
Pearson’s correlation analysis. ORs and p values of the variables 
were calculated at 95% confidence level. P<0.05 was consid-
ered statistically significant.

Results

Relationship between demographic, clinical, and biochemical 
parameters and irisin levels in patients with AMI

Demographic, clinical, and biochemical properties of AMI 
and control groups are presented in Table 1. T-test results 
showed that serum CK-MB and troponin T levels significantly 
increased, and serum irisin levels significantly decreased in 
AMI patients when compared with the control subjects (p=0.001, 
p=0.001, and p=0.001, respectively). Serum troponin T values 
were significantly higher in females than in males (p=0.003), but 
there were no significant differences between CK-MB, lactate 
dehydrogenase (LDH), and irisin levels based on gender in the 
patient group (p=0.265, p=0.470, p=0.188, respectively), accord-
ing to the t test. Comparison of the irisin levels of the patient and 
control groups based on gender demonstrated that irisin levels 
were only significantly higher in males compared with females 
in the control group (4.45±2.34 ng/ml for females and 3.39±1.86 
ng/ml for males the serum irisin concentration; p=0.023), with no 
such gender differences detected in the patient group. 

The serum irisin level was positively correlated with body 
mass index (BMI), weight, troponin T in the patient group 
according to Pearson’s correlation analysis (p<0.001, r=0.383; 
p<0.001, r=0.898; p<0.001, r=0.904, respectively). There was also 
a strong negative correlation between age, CK-MB, pulse blood 
pressure, systolic blood pressure, diastolic blood pressure, and 
serum irisin level in the patient group according to Pearson’s 
correlation analysis (p<0.001, r=−0.626; p<0.001, r=−0.245; 
p=0.001, r=−0.235; p<0.001, r=−0.450; p<0.001, r=−0.563, respec-
tively). Serum irisin concentrations [1-3 h (n=46): 4.75±0.50 ng/ml; 
3-6 h (n=48): 3.82±0.37; 6-12 h (n=60): 3.47±0.24 ng/ml; 12-18 h 

(n=49): 2.28±0.26; 18-24 h (n=22): 1.38±0.14 ng/ml] of AMI patients 
showed a significant and gradual decrease from 6 h up to 24 h 
(p<0.000, F=9.050, Fig. 1). 

Systolic blood pressure values were significantly higher in 
patients with hypertension (HT) than in those without hyperten-
sion (non-HT) (p=0.048), but no significant difference was deter-
mined between patients with and without HT in terms of troponin 
T, CK-MB, LDH, and diastolic blood pressure according to the t 
test (p=0.151, p=0.417, p=0.585, p=0.704, respectively). The same 
comparison revealed that irisin levels were also significantly 
lower in individuals with HT group when compared with control 
and non-HT groups (p=0.001, p=0.018, respectively). There was 
no significant difference in irisin levels between control and non-
HT (p=0.737). It was determined that the irisin levels of the 
patients with diabetes mellitus (DM) decreased significantly, but 
the irisin levels of the patients without diabetes (non-DM) did not 
change significantly compared with the control (p=0.047, p=0.065, 
respectively). There was no significant difference in irisin levels 
between DM and non-DM groups (p=0.944) (Fig. 2).

Table 1. Demographic, clinical, and biochemical characteristics of 
patients with AMI

Variables
Control (n=225) 

(Mean ± SD)
AMI (n=225) 
(Mean ± SD) P-value

Age (years) 63.83±12.25 64.11±12.28 0.834

Sex (M/W) 148/77 156/69 0.421

Hypertension (%) - (54.2) 122 -

Diabetes (%) - (44) 99 -

Body mass index  
(kg/m2)

24.4±4.82 26.46±4.76 0.158

Smoking (%) (47.6) 107 (44.4) 100 0.508

Family history (%) - (67.6) 152 -

CK-MB (ng/mL) 27.45± 25.68 69.01±61.38 0.001*

Troponin-T (ng/mL) 0.7±1.74 11.94±11.05 0.001*

Systolic blood 
pressure (mm Hg)

118.2±21 117.7±26 0.724

Diastolic blood 
pressure (mm Hg)

76±9 78.16±16.18 0.131

LDH (mg/dL) 285.4±90.57 334.24±146.1 0.257

Myocardial infarction 
type (%)

A. inferior (48.9) 110

A. anterior (36) 81

NSTEMI - (15.1) 34 -

EF - 46.19±10.44 -

Irisin (ng/mL) 4.02±2.22 3.14±2.05 0.001*

*: P<0.001. The values are presented as mean ± SD. Mann-Whitney U and chi-square 
tests were performed. Statistically significant values were marked in bold.
AMI - acute myocardial infarction; SD - standard deviation; EF - ejection fraction; 
NSTEMI - non-ST-elevation myocardial infarction; LDH - lactate dehydrogenase; CK-MB 
- creatine kinase myocardial band 
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Genotype and allele distributions 
The distribution of genotype and allele frequencies of FNDC5 

gene variants in AMI and control groups are presented in Table 2. 
All analyzed SNPs were in the Hardy-Weinberg equilibrium in AMI 
and control subjects. It was found that there were no significant 
differences between the patient and control groups in terms of the 
rs16835198, rs3480, and rs7266344 genotype distributions (p=0.731, 
p=0.087, p=0.846, respectively) and allele frequencies (p=0.303, 
p=0.639, p=0.334, respectively) of the three analyzed SNPs (Table 
2). In the comparison of allele frequencies and the genotype distri-
bution of FNDC5 rs16835198, rs3480, and rs7266344 SNPs across 
genders, it was found that the TT genotype of the rs16835198 G>T 
SNP was statistically higher in control male subjects than in male 
patients with AMI [p=0.037, OR=0.69 (0.49-0.97) for genotypes and 
p=0.025, OR=0.34 (0.15-0.77) for alleles]. Genotype distribution of 
rs16835198 G>T SNP was determined in 78 patients with AMI (50%) 
for wild type genotype, 68 (43.5%) for heterozygote genotype, and 

10 (6.41%) for polymorphic genotype. Furthermore, for rs16835198 
G>T SNP, 65 of control subjects (43.9%) were homozygous for wild 
type genotype, 59 (43.5%) were heterozygous, and only 24 (16.2%) 
were polymorphic homozygous. Allele frequencies in patients with 
AMI were 0.72 for the wild G allele and 0.28 for polymorphic T 
allele. The frequency of wild-type allele, was 0.64 and that of the 
polymorphic allele was 0.36, which represented 16.2% of the exam-
ined control subjects. The frequency of the TT genotype in male 
patients with AMI (6.4%) was significantly lower compared with 
control male subjects (16.2%). Comparison of the genotype distri-
butions and allele frequencies of the three analyzed rs16835198, 
rs3480, and rs7266344 SNPs in the FNDC5 gene between AMI 
patients with diabetes (p=0.137, p=0.060, p=0.179 for genotypes; 
p=0.303, p=0.080, p=0.204 for alleles, respectively) or hypertension 
(p=0.923, p=0.572, p=0.163 for genotypes; p=0.731, p=0.576, p=0.197 
for alleles, respectively) and the control group revealed no signifi-
cant differences.

Figure 1. Circulating irisin levels are gradually decreased in 24 hours 
after acute myocardial infarction. Values are expressed in ng/ml for 
circulating irisin. “a” letter above the line indicate statistical differences 
(t test, a value of P<0.05 was considered statistically significant). Data 
are shown as mean ± SD
a: P<0.05 vs. control subjects.

Figure 2. Serum irisin levels in patients with and without diabetes and 
hypertension (HT). Values are expressed in ng/ml for circulating irisin. 
Letters above the line indicate statistical differences (t test, a value of 
P<0.05 was considered statistically significant). Data are shown as 
mean ± SEM
a: P<0.05 vs. control subjects. b: P<0.05 vs. subjects with HT

Table 2. Genotype and allele frequency of FNDC5 variants in patients with AMI versus control

Genotypes Control (n=225) AMI (n=225)
P and OR  

(95% CI) values Alleles Control (n=225) AMI (n=225)
P and OR  

(95% CI) values

rs16835198

GG 116 (51.5) 117 (52.9) P=0.731 G 0.69 0.73 P=0.303

GT 80 (35.5) 93 (41.3) 0.51 (0.26-1.01) T 0.31 0.27 1.17 (0.88-1.56) 

TT 29 (12.8) 15 (6.6)

rs3480

AA 66 (29.3) 67 (29.7) P=0.087 A 0.54 0.56 P=0.639

AG 112 (49.7) 118 (52.4) 0.84 (0.49-1.44) G 0.46 0.44 1.07 (0.82-1.39)  

GG 47 (20.8) 40 (17.7)

rs726344

GG 199 (88.4) 196 (87.1) P=0.846 G 0.93 0.91 P=0.334

GA 19 (8.4) 16 (7.1) 1.89 (0.74-4.83) A 0.07 0.09 0.77 (0.47-1.23)

AA 7 (3.1) 13 (5.7)
Chi-square and Fisher exact were performed. Chi-square analysis of genotypes and alleles for subjects with AMI were performed versus control subjects. P<0.05 was considered significant.
AMI - acute myocardial infarction; CI - confidence interval; OR - odds ratio
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Relationship between demographic and biochemical 
parameters and genotypes in patients with AMI
These correlation analyses were performed only in AMI 

group. There was no correlation between genotype distributions 
of rs16835198 and rs7266344 and the patients’ BMI, systolic 
blood pressure (mm Hg), diastolic blood pressure (mm Hg), tro-
ponin T, CK-MB, LDH, diastolic left ventricular diameter, diastolic 
right ventricular diameter, ejection fraction (EF), and irisin 
(p=0.729 and p=0.815, p=0.602 and p=0.865, p=0.203 and p=0.892, 
p=0.526 and p=0.123, p=0.611 and p=0.859, p=0.870 and p=0.649, 
p=0.981 and p=0.214, p=0.142 and p=0.991, p=0.910 and p=0.368, 
p=0.599 and 0.141, respectively) We did not detect any signifi-
cant correlation between rs3480 SNP and BMI, systolic blood 
pressure (mm Hg), troponin T, CK-MB, LDH, EF, and irisin 
(p=0.712, p=0.089, p=0.239, p=0.679, p=0.547, p=0.256, p=0.925, 
respectively). However, diastolic blood pressure was lower in 
the rs3480 heterozygote genotype when compared with variant 
and wild genotypes (p=0.020, F=3.49; AA=85.15±17.12 mm Hg, 
AG=73.88±12.93 mm Hg, GG=84.20±20.78 mm Hg). Diastolic left 
ventricular diameters increased in the rs3480 polymorphic and 
heterozygote genotypes compared with the wild-type genotype, 
according to the one-way ANOVA test (p=0.041, F=2.87; 
AA=46.61±6.07 mm, AG=50.71±7.81 mm and GG=49.90±7.55 mm). 
Diastolic right ventricular diameters increased in the rs3480 
heterozygote and polymorphic genotypes compared with the 
wild-type genotype, according to the one-way ANOVA test 
(p=0.008, F=4.17; AA=21.57±2.51 mm, AG=23.41±2.65 mm, 
GG=24.30±3.97 mm). 

Haplotype distributions
The distribution frequencies of rs3480, rs726344, and 

rs168371198 GGT haplotypes were significantly different in 
patients with compared with control individuals. Notably, this 
haplotype was significantly correlated with a reduced AMI risk 
(p<0.001, crude OR=0.107; 95% CI: 0.040-0.285). However, no such 
differences were determined in the AMI group for the other 
analyzed haplotypes (Table 3). 

Discussion

A new thermogenic uncoupling protein, irisin is a new player 
in energy regulation and abundantly expressed in skeletal and 
cardiac muscle (8, 9). Many metabolic and cardiovascular dis-
eases are related to low serum irisin levels (6). Many studies 
have demonstrated no association between genders, age, and 
serum irisin level (21). In consistence with the findings of the 
present study, Anastasilakis et al. (22) reported that serum irisin 
level was significantly lower in males than females. According 
to the analysis of studies in the literature investigating the asso-
ciation between various types of heart diseases and serum irisin 
levels in humans and animals, in general, serum irisin levels 
significantly decreased in cardiovascular diseases (CVD), con-
sistent with the findings of the present study (23-29). In addition, 
a study reported that serum irisin levels were significantly lower 
in patients with major cardiovascular problems, stable coronary 
artery disease (CAD), or (MI) (23). An association with adverse 
cardiovascular outcomes and the increased irisin concentra-
tions was found in the patients with ST-elevation MI (STEMI) 
(24). The decreased irisin levels predict the severity of stable 
coronary artery disease and a higher Synergy Between 
Percutaneous Coronary Intervention With Taxus and Cardiac 
Surgery (SYNTAX) score (25). Another study found that serum 
and saliva irisin levels decreased gradually in the first 48 hours 
in patients with AMI when compared with controls and then 
showed an increase at 72 hours (6). The same study also report-
ed that there was a correlation between serum and salivary iri-
sin levels and troponin I, CK-MB, and CK. They suggested that 
irisin could be a new diagnostic marker during the first 48 hours 
in patients with AMI (6). In a rat model of isoproterenol (ISO)-
induced MI, it was determined that serum irisin levels signifi-
cantly decreased within the first 6 hours (26), and cardiac tissue 
significantly increased on the second week after MI (5). In 
consistence with these studies, the present study also deter-
mined a positive correlation between serum irisin levels and 
troponin T and a negative correlation between irisin and CK-MB. 
The most important question regarding the post-AMI period is 

Table 3. Haplotype frequency of FNDC5 variants in patients with AMI versus control

Haplotype Case (Fre.) Control (Fre.) Crude OR (95% CI) P-value

AGG 129.92 (0.289) 135.12 (0.300) 0.927 (0.695-1.237) 0.606

AGT 113.63 (0.253) 96.24 (0.214) 1.22 (0.895-1.668) 0.206

GAG 32.16 (0.071) 25.23 (0.056) 1.278 (0.745-2.191) 0.371

GGG 159.91 (0.355) 139.01 (0.309) 1.212 (0.916-1.603) 0.178

GGT 4.54 (0.010) 38.64 (0.086) 0.107 (0.040-0.285) 0.000*

AAG 5.01 (0.011) 12.65 (0.028) - -

GAT 1.38 (0.003) 3.12 (0.007) - -

AAT 3.45 (0.008) 0.00 (0.000) - -
*: P<0.001
Order of SNP rs3480, rs726344, and rs168371198. Pearson’s P value and crude OR (95% CI) were calculated by haplotype analysis. Statistically significant values were marked in bold. 
AMI - acute myocardial infarction; CI - confidence interval; Fre - Frequency; OR - odds ratio
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why serum irisin levels show a decrease rather than an 
increase. In the myocardium, energy is stored in the form of 
adenosine triphosphate (ATP) or creatine phosphate (CP). AMI 
is a condition associated with high energy demand and severe 
oxygen deprivation, and most of the ATP and CP stores are con-
sumed within the first 30 minutes after ischemia (27). In the case 
that large amounts of irisin are rapidly released into the circula-
tion during ischemia, the ischemic heart would experience sud-
den ATP depletion, which would worsen the ischemic condition. 
If the tissues do not respond to this condition, the development 
of necrosis in the ischemic site will be accelerated by the 
greater energy loss and heat production that will occur (28). 
Irisin synthesized in the myocardium in the heart is rapidly 
released into the circulation from the ischemic heart, similarly to 
troponin and CK-MB. Demonstrating a negative correlation, iri-
sin gradually decreases in the ischemic heart during the first 48 
hours, whereas CK, CK-MB, and troponin gradually increase 
during the first 12 hours. We reasoned that the gradual decrease 
in the serum irisin levels of patients within the first 1-24 hours 
after AMI alleviated the ATP loss during MI and facilitated the 
provision of the cellular energy demand. However, the potential 
mechanisms underlying the decrease in irisin after AMI have not 
yet been fully elucidated. One of these mechanisms is thought to 
involve miRNAs such as miR-34a, which bind directly to the 
FNDC5 mRNA. Serum miR-34a levels increased in AMI patients 
and rats with AMI (29), and the suppression of the mir-34 family 
protected the heart against pathological cardiac remodeling and 
to improve its functioning (30). One of the molecular mecha-
nisms underlying the decrease in irisin subsequent to AMI is 
thought to be the rapid increase in miRNAs such as miR-34a 
after AMI, which abrogates the transcription of FNDC5 mRNA 
and accelerates its cleavage. 

Can irisin serve as an ideal biomarker for AMI? An ideal 
biomarker should possess certain characteristics (31). Currently, 
although relevant human and animal clinical experiments are 
scarce, the existing studies suggest that irisin decreases within 
the first 48 hours after AMI (6). Although our study reports the 
first 24 hours, it is clear that irisin decreased after AMI and that 
this decrease occurred in a gradual pattern, in congruence with 
the previous studies. Moreover, limiting the ability of the irisin to 
be a biomarker, the decreased irisin levels were also shown to 
be associated with chronic renal disease (32), the severity of 
CAD (25), breast cancer (33), and colorectal cancers (34). In our 
study, irisin was demonstrated to have a negative correlation 
with CK-MB and a positive correlation with troponin T. Another 
finding of our study that will limit the feature of irisin being a 
biomarker is that irisin levels did not change significantly in the 
non-DM and non-HT patient groups with AMI compared with the 
control. In addition, irisin levels showed a decrease, in contrast 
with the markers that are considered the gold standard in AMI 
such as CK, CK-MB, LDH, aspartate aminotransferase (AST), 
and troponin I and T. Because of this property, irisin is thought to 
have a potential utility in the diagnosis and follow-up of AMI. 
However, before irisin can be used as a diagnostic marker for 
AMI, certain ambiguities and questions must be clarified. 

Among these are the cut-off values of irisin, its optimum receiv-
er operating characteristic (ROC) curve values versus cTnT, 
cTnI, and its sensitivity and specificity. Although irisin is a strong 
candidate biomarker for AMI, whether or not it can be utilized as 
a biomarker will be determined by large-scale studies that will 
be able to obtain these data. 

Consistent with our study, a meta-analysis including 23 stud-
ies found that serum irisin levels were lower in patients with 
type II diabetes (35). In the present study, serum irisin levels 
were also significantly lower in the subjects with hypertension. 
Whereas central (intraventricular) irisin administration 
increased blood pressure and cardiac contractility, intravenous 
administration of irisin decreased the blood pressure in controls 
and spontaneously hypertensive rats (35). In the rat experiment 
mentioned above, the fact that peripheral irisin administration 
reduced blood pressure was consistent with the decreased 
hypertension in hypertensive patients. Therefore, measurement 
of circulating irisin levels in subjects with hypertensive may 
provide new insight into the pathology of these conditions.

There is a wide variance in the prevalence of the rs16835198 
SNP G allele (0.673) and T allele (0.326) (ranging between 0.02 
and 0.44 worldwide, for minor allele frequency), the rs3480 SNP 
G allele (0.410) and A allele (0.589) (ranging between 0.23 and 
0.54 worldwide, for minor allele frequency), and the rs726344 
SNP G allele (0.862) and A allele (0.138) (ranging between 0 and 
0.38 worldwide, for minor allele frequency) in different popula-
tions globally. The MAF frequencies for rs16835198, rs3480, and 
rs726344 were determined as 0.31, 0.46, and 0.07, respectively, in 
the control group of the present study. MAF frequencies in the 
current study are comparable to those determined in Asian and 
European populations. Although the FNDC5 allelic variants in 
humans have been implicated in diabetes, obesity, aging, nonal-
coholic fatty liver disease, preterm birth, and exercise (9, 14-19, 
36), the studies for the association and haplotype analysis of the 
FNDC5 gene in subjects with AMI is very limited. Only Badr et al. 
(37) conducted a small study including 100 AMI and 100 control 
Egyptian subjects for the analysis of FNDC5 gene polymorphism. 
Contrary to our study, they reported that troponin I and triglycer-
ide levels significantly increased in the individuals with rs3480 
GG genotype, and CKMB, total cholesterol, LDLc, troponin I, and 
triglyceridelevels significantly increased in the individual with 
rs726344 GA genotypes compared with other genotypes in 
patients with AMI. In the same study, they did not analyze the 
rs16835198 polymorphic variant in the FNDC5 gene. Associations 
between serum irisin level, CK-MB, and troponin T were not 
detected in the FNDC5 SNPs and cardiometabolic parameters in 
the present study. Our data indicated that the T allele and TT 
genotype of the rs16835198 SNP significantly decreased in male 
patients with AMI, and there was no significant difference about 
to AMI, diabetes subgroup, and hypertension subgroup in the 
terms of other analyzed SNPs. In agreement with our results, 
Khidr et al. (15) demonstrated that the T allele and TT genotype 
of the rs16835198 SNP significantly decreased in patients with 
type II diabetes and diabetic nephropathy. We suggest that the T 
allele might contribute to the increased risk of disease develop-
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ment in male patients because male gender is a risk factor for 
the pathophysiology of AMI. A significant correlation was found 
between the rs16835298 and rs726344 SNPs and old age (9). In 
Japanese males, no correlation between cardiorespiratory 
exercise levels, SNPs of rs3480 and rs16835198 in the FNDC5 
gene, and serum irisin levels were found. The same study dem-
onstrated that individuals with the AG and GG genotypes of 
rs3480 in the low exercise group had higher insulin and HOMA-
IR when compared with those with the AA genotypes (14). 
rs3480 variant was shown to form a binding region for mir-135a-
5P, and this miRNA is increased in patients with  Nonalcoholic 
fatty liver disease (NAFLD) and diabetic patients (16-19). In the 
present study, no significant difference was observed between 
the three analyzed SNPs’ genotypes and serum irisin levels, 
consistent with the above-mentioned studies. Although a cor-
relation was shown between rs3480 SNP and BMI in Saudi 
individuals with obesity, a similar correlation was not found 
between rs726344 and BMI (12). In investigations on effects of 
genetic polymorphisms, the differences in sample sizes, ethnic-
ity, and populations can lead to the risk of false positive or nega-
tive findings. Therefore, the findings of the present study are 
needed to be corrected to be used in large study groups in the 
different populations.

Study limitations
The present study is not without its limitations. One of the 

most important limitations of our study is that the blood samples 
taken for CK-MB and troponin-T measurements were generally 
taken within the first hours after the patient presented to the 
emergency department, but the blood samples taken for irisin 
analysis were taken after the patients’ hospitalization to the 
intensive care unit in the service. Future studies must focus on 
the measurement in the same blood samples of irisin, CK-MB, 
and troponin-T levels, especially to accurately evaluate the use-
fulness of irisin as a biomarker in the future. Second, we failed 
to obtain enough data, including the exercise condition of the 
volunteers. Thus, we cannot analyze the association of SNP or 
serum irisin levels and these data. 

Conclusion

Our results demonstrated that the FNDC5 gene rs16835198 
G>T SNP provides significant protection against AMI in male 
patients without any effect on the serum irisin level. Consistent 
with CVD studies, it was demonstrated that serum irisin levels 
were significantly lower in patients with AMI. Although it is a 
highly promising molecule as a biomarker, extensive studies are 
needed to assess serum irisin levels both for the early diagnosis 
and the monitoring of AMI to evaluate its routine utility.
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