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Serum irisin levels are correlated with insulin resistance in 
women with gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is a metabolic disease 
that negatively affects the health of the mother and the 

fetus. It is the most frequent complication of pregnancy. For 
this reason, follow-up and treatment is required with a multi-
disciplinary approach. If the necessary attention is not given 
to the diagnosis and follow-up, GDM may negatively affect 
the future health of both the mother and the fetus [1]. The 
children of mothers with GDM are at risk for obesity, diabetes 
mellitus, and other endocrine diseases [2]. 

Comparable to the role of adipose tissue as an endocrine 
gland, skeletal muscle fibers produce and secrete myokines. 
Many myokines are secreted by muscle cells; in addition to 
irisin, they include fibroblast growth factor 21, decorin, and 
myonectin [3]. Other muscle-derived factors detected are 
brain-derived neurotrophic factor and osteocrin [4]. The pres-
ence of these myokines supports the endocrine role of skeletal 
muscle. Through these proteins, muscle cells can communi-
cate with other tissues, through both autocrine and paracrine 
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activity. For all of these reasons, it is thought that skeletal mus-
cle is an endocrine organ. 
Irisin is a newly described membrane protein that is synthe-
sized by skeletal muscle myocytes and secreted into systemic 
circulation [5, 6]. Its precursor is fibronectin type III domain-
containing protein 5 (FNDC5). Both production and secretion 
of irisin are maintained by peroxisome proliferator-activated 
receptor gamma coactivator 1-alpha in the circulation [5, 7]. 
Exercise is also one of the most important factors that regu-
lates irisin synthesis and release. Circulating irisin is involved 
in glucose and insulin homeostasis by increasing the amount 
of brown fat tissue [5].
There are several studies reporting that production and se-
cretion of serum irisin have changed in some metabolic dis-
orders, including polycystic ovary syndrome, type 2 diabetes 
mellitus, and GDM [8, 9]. Decreased serum irisin levels have 
been reported in women with GDM compared with healthy 
controls [10]. On the other hand, several studies have reported 
that serum irisin levels of women with GDM were similar to 
those of non-GDM subjects. That is, the data on irisin levels in 
patients with GDM are not clear. A recent meta-analysis con-
ducted by Zhao et al. [10] reported that significantly reduced 
serum irisin levels were detected in GDM patients compared 
with healthy pregnant subjects. In the present study, the aim 
was to investigate the circulating irisin level of women with 
GDM and those with a 50-g glucose challenge test (GCT) 
value above 140 mg/dL but a 100-g oral glucose tolerance 
test (OGTT) that was normal. Possible associations between 
the circulating irisin level and biochemical and demographic 
parameters were also analyzed.

Materials and Methods
Diagnosis of gestational diabetes mellitus
Pregnant women with the laboratory criteria meeting the 
definition of GDM according to well-established rules were 
enrolled the study [11]. Forty-three pregnant women were 
screened with a 50-g GCT at 24-28 weeks of gestation. If the 
serum glucose level was greater than 140 mg/dL on the 50-g 
GCT, a 100-g OGTT was applied. Diagnosis of GDM was con-
firmed if 2 of the blood glucose test results were above the fol-
lowing levels: fasting serum glucose ≥92 mg/dL and/or 1-hour 
glycemia ≥180 mg/dL, and/or 2-hour glycemia ≥153 mg/dL. 
The blood samples used in this study were obtained from 
frozen sera used in a previous study evaluating breast milk 
irisin levels in GDM [1]. Venous blood samples were taken for 
the measurement of serum irisin levels and other hormonal 
markers. The mean gestational week at birth was 37.1±0.2. 
Nine pregnant patients with 50-g GCT results below 140 mg/
dL and 5 pregnant women with a history of chronic hyper-
tension were excluded. The remaining 29 pregnant women 
underwent a 100-g OGTT and were divided into 2 groups ac-
cording to the results: 15 had GDM (range: 26-32 years of age) 
and 14 had a normal glucose tolerance test (NGT) (range: 25-
31 years of age). A possible correlation between biochemical 

and demographic parameters and the circulating irisin level 
in GDM and NGT subjects was analyzed. Participants with a 
multiple-pregnancy history, pre-existing glucose intolerance 
or DM, current cigarette use, or acute or chronic inflammation 
were also excluded. The body mass index (BMI) was calculated 
using the following formula: weight [kg]/square meter height 
[m2] at the time of delivery. For each participant, the height 
and weight were evaluated using standard methods. Systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) mea-
surements were made on the left arm with the patient in a sit-
ting position. Measurement was performed shortly before de-
livery and when the patient was fasting. If the measurements 
were higher than expected, a second evaluation was done 
and the results were averaged. The present study conformed 
to the principles outlined in the Declaration of Helsinki. It was 
conducted using frozen blood samples from a previous study 
with prior ethical approval for their collection and use. All of 
the patients provided verbal, informed consent prior to par-
ticipation in the study protocol.

Glucose and insulin analysis
The serum glucose levels were measured in an autoanalyzer 
using the hexokinase/G6PD method (Architect c16000; Ab-
bott Laboratories, Lake Bluff, IL, USA). The fasting serum in-
sulin levels were also measured in an autoanalyzer using an 
electrochemiluminescence immunoassay (Architect c8000; 
Abbott Laboratories, Lake Bluff, IL, USA). The homeostatic 
model assessment for insulin resistance [HOMA-IR] formula 
was used to calculate responsiveness [12]. 

Irisin analysis 
Frozen blood samples were thawed and centrifuged at 3000 
x g for 10 minutes before the analyses. Maternal serum irisin 
levels were measured using a human enzyme immunoassay 
(Hangzhou Eastbiopharm Co. Ltd., Hangzhou, China). The 
minimum detection limit for irisin was 0.05 µg/mL. The intra 
and inter assay coefficient of variation was less than 10% and 
12%, respectively. The method developed and previously de-
scribed by Aydin et al. [1] was used for the assay validation of 
the samples. A ChroMate P4300 microplate reader (Awareness 
Technology Instruments, Inc., Palm City, FL, USA) was used to 
analyze the circulating irisin. 

Statistical analysis
SPSS for Windows, Version 15.0 software (SPSS Inc., Chicago, 
IL, USA) was used to perform the statistical analysis. Normal-
ity of the data was analyzed with the Kolmogorov-Smirnov Z 
test. A non-parametric paired t-test was used for comparisons 
between the GDM and NGT groups. Associations between 
the maternal serum irisin, biochemical, hormonal, and demo-
graphic parameters were analyzed using the Pearson correla-
tion method. The data were presented as mean±SD. A p value 
<0.05 was accepted as statistically significant.
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Results
Table 1 illustrates the serum irisin level and other parameters 
in the GDM and NGT subjects. No significant difference was 
detected between the GDM and NGT groups in terms of the 
mean serum irisin level (8.71±1.34 µg/mL vs 8.17±1.01 µg/mL; 
p>0.32). The fasting serum insulin level, fasting serum glu-
cose level, 2-hour serum glucose concentration, and HOMA-IR 
value were found to be increased in the patients with GDM 
in comparison with the NGT group. Pearson correlation anal-
ysis revealed that the maternal serum irisin concentration of 
women with GDM was positively and significantly associated 
with HOMA-IR (r:0.65; p<0.05) (Table 2). Similarly, the mater-
nal serum irisin level was positively associated with the fasting 
insulin concentration of the GDM subjects (r:0.44; p<0.05). A 
positive and significant correlation was found between the 
BMI value and the circulating irisin concentration in the GDM 
subjects (r:0.81; p<0.05). A negative but significant correlation 
was also detected between the serum irisin level and DBP 
(r:0.63; p<0.05). The maternal serum irisin concentration of the 
NGT group was not associated with the BMI value. Insignifi-
cant associations were found between the HOMA-IR and the 
fasting insulin level in the NGT subjects. Neither a positive nor 
a negative association was found between the irisin concen-

tration and other biochemical and demographic parameters 
in the NGT subjects.

Discussion
Since irisin is able to stimulate white adipose tissue thermo-
genesis, it may play an important role in energy homeostasis 
during normal pregnancy [8]. It contributes to the regulation 
of energy production by providing the conversion between 
white and brown adipose tissue [5]. It has been reported that 
irisin is able to increase mitochondrial respiration and induce 
thermogenesis in human brown adipocytes [4]. Treatment 
with irisin increases the browning of subcutaneous adipose 
tissue. Many clinical studies have investigated the irisin con-
centrations in women with GDM during pregnancy or just af-
ter giving birth. 

A detailed review of the recent literature revealed that many 
investigations have found a wide range of serum irisin levels 
in GDM subjects. Most authors have reported that circulating 
irisin levels were lower in women with GDM compared with 
pregnant women with normal glucose levels [8, 13, 14]. Like-
wise, decreased levels of serum irisin have been reported in 
patients with type 2 diabetes mellitus [8]. In the present study, 
the circulating irisin level of women with GDM was clearly 

Table 1. Biochemical and demographic parameters in women with GDM and NGT

	 GDM (n=15)	 NGT (n=14)	 p

Age (years)	 29.12±0.13	 28.23±7.12	 >0.14
Irisin (µg/mL)	 8.71±1.34	 8.17±1.01	 >0.32
HOMA-IR	 5.11±1.10	 3.32±0.13	 <0.01
Fasting insulin (mU/mL)	 16.41±4.46	 5.52±5.13	 <0.002
Fasting glucose (mg/dL)	 98.63±5.56	 86.56±0.23	 <0.001
2-hour glucose (mg/dL)	 159.12±1.19	 113.12±4.10	 <0.001
DBP (mmHg)	 70.15±4.12	 68.21±1.34	 >0.27
SBP (mmHg)	 108.12±6.13	 110.12±6.44	 >0.40
BMI (kg/m2)	 28.16±4.51	 27.94±1.43	 >0.13
Gestational age at birth (weeks)	 36.36±1.33	 37.15±3.20	 >0.61

BMI: Body mass index; DBP: Diastolic blood pressure; GDM: Gestational diabetes mellitus, HOMA-IR: Homeostatic model assessment insulin resistance; NGT: Normal glucose 
tolerance test; SBP: Systolic blood pressure.

Table 2. Pearson correlation coefficient (r) between maternal serum irisin level and other parameters in GDM and NGT groups

                                                               GDM group maternal serum irisin level	 NGT group maternal serum irisin level

Independent variables	 r	 p	 r	 p

BMI	 0.81	 <0.05	 0.67	 >0.05
HOMA-IR	 0.65	 <0.05	 0.43	 >0.05
Fasting insulin	 0.44	 <0.05	 0.10	 >0.05
DBP	 -0.63	 <0.05	 -0.32	 >0.05
Age	 0.12	 >0.05	 0.30	 >0.05

BMI: Body mass index; DBP: Diastolic blood pressure; GDM; Gestational diabetes mellitus; HOMA-IR; Homeostatic model assessment insulin resistance; NGT: Normal glucose 
tolerance test.
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similar to the results of pregnant women with NGT. Our re-
sults were not consistent with most studies investigating 
serum irisin levels in GDM [8, 13, 14]. This inconsistency may 
be the result of multiple possible factors. When the relevant 
studies were examined, it was found that the parity and man-
ner of birth of the patients participating in the GDM studies 
were different [8, 13, 14]. The BMI of the patients with GDM 
was also very different in many studies. Although the irisin 
level is significantly affected by exercise, most studies have 
not examined whether or not the patients are physically ac-
tive [5]. Another possible cause of this difference may be the 
time the blood samples were taken. The irisin measurement 
was performed in almost all of the GDM studies at the 24-28th 
gestational week [8]. In the present study, the blood samples 
used for the measurement of the serum irisin level and other 
hormonal markers were taken near just after given birth. This 
may be the most important reason why the irisin level was 
similar in both groups. Other possible causes of disagreement 
in the irisin results between our study and others include the 
fact that in the other studies, blood samples were taken only 
once for irisin measurement, so the inter-trimester change is 
unknown. Also, it was not reported whether insulin treatment 
was administered to patients diagnosed with GDM. Further-
more, the irisin measurement methods used were different in 
many studies.
When the literature was evaluated to examine the possible 
relationship between the serum irisin and glucose levels, it 
was found that there was not much agreement between the 
studies [8, 13, 14]. In the present study we did not find a clear 
relationship between the serum glucose and irisin levels in the 
GDM subjects. Unlike glucose, a correlation between irisin and 
insulin levels was a common finding in many studies [7, 8, 13]. 
It has also been reported that irisin has a critical role in insulin 
homeostasis in diabetic patients [7]. Similarly, we found a pos-
itive association between the serum irisin level, HOMA-IR, and 
fasting insulin level in GDM subjects. 
Muscle cell-derived irisin may mediate energy homeostasis 
during pregnancy. Hence, in the present study, we focused 
on the possible association among the maternal serum irisin 
level, fasting insulin level, HOMA-IR, systolic and diastolic 
blood pressure, and BMI. We found a negative association be-
tween the circulating irisin level and diastolic blood pressure. 
We also demonstrated that the maternal serum irisin level was 
positively associated with the HOMA-IR and fasting insulin 
level of GDM subjects. Consistent with our results, Mizgier et al 
[15] found that skeletal muscle cells produce different types of 
myokines capable of modulating insulin secretion. Moreover, 
studies have also reported a relationship between boosted 
muscle oxidative capacity and insulin sensitivity in response 
to endurance [16, 17].
In addition, in the present study, the serum irisin level was as-
sociated positively with the BMI of women with GDM. There 
was no correlation between hormonal and demographic pa-
rameters and the serum irisin level in the NGT subjects. In ac-
cordance with our work, a negative association was reported 

between the circulating irisin level and the systolic and dias-
tolic blood pressure in preeclamptic women [18]. Shoukry et 
al. [19] showed that the circulating irisin level was associated 
with the BMI, HOMA-IR, and the fasting insulin level in type 2 
diabetes mellitus. Moreover, a recent meta-analysis reported 
that the serum irisin level was positively associated with an in-
sulin resistance index in patients with a normal serum glucose 
level [20]. The same meta-analysis also reported that there 
was a positive association between the circulating irisin level 
and insulin resistance in subjects with a fasting blood glucose 
of >6.1 mmol/L. Our research did not reveal any correlation 
between the serum irisin level and the fasting blood glucose 
level in GDM and NGT subjects.
In the present study, irisin, a newly described myokine, was 
measured in the serum of women with GDM and healthy 
pregnant women without GDM just after given birth. The 
irisin concentration was associated positively with the 
HOMA-IR, fasting insulin level, and the BMI of GDM subjects. 
A negative correlation was found between the serum irisin 
level and the DBP of GDM subjects. Since the main function 
of maternal irisin has not yet been specified, further clinical 
studies are needed to clarify its role in the energy homeosta-
sis of women with GDM.

Acknowledgement: I would like to thank Dr. Suleyman Aydın for 
both allowing us to use the blood samples from his previous work 
and for his analysis of irisin.

Conflict of interest: There is no conflict of interest.

Ethics Committee Approval: This study was conducted on 
frozen blood samples from a previous study, so no additional 
ethics committee approval was required.

Financial Disclosure: None declared.

Peer-review: Externally peer-reviewed.

References
1.	 Aydin S, Celik O, Gurates B, Sahin I, Ulas M, Yilmaz M, ET AL. 

Concentrations of preptin, salusins and hepcidins in plasma 
and milk of lactating women with or without gestational dia-
betes mellitus. Peptides 2013;49:123–30. [CrossRef ]

2.	 Chandler-Laney PC, Bush NC, Granger WM, Rouse DJ, Man-
cuso MS, Gower BA. Overweight status and intrauterine ex-
posure to gestational diabetes are associated with children's 
metabolic health. Pediatr Obes 2012;7(1):44–52. [CrossRef ]

3.	 Lee JH, Jun HS. Role of Myokines in Regulating Skeletal Muscle 
Mass and Function. Front Physiol 2019;10:42. [CrossRef ]

4.	 Laurens C, Bergouignan A, Moro C. Exercise-Released 
Myokines in the Control of Energy Metabolism. Front Physiol 
2020;11:91. [CrossRef ]

5.	 Boström P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, ET 
AL. A PGC1-α-dependent myokine that drives brown-fat-
like development of white fat and thermogenesis. Nature 
2012;481(7382):463–8. [CrossRef ]

https://doi.org/10.1016/j.peptides.2013.09.006
https://doi.org/10.1111/j.2047-6310.2011.00009.x
https://doi.org/10.3389/fphys.2019.00042
https://doi.org/10.3389/fphys.2020.00091
https://doi.org/10.1038/nature10777


95Celik, Irisin in gestational diabetes mellitus / doi: 10.14744/ijmb.2020.68442

6.	 Gomarasca M, Banfi G, Lombardi G. Myokines: The en-
docrine coupling of skeletal muscle and bone. Adv Clin Chem 
2020;94:155–218. [CrossRef ]

7.	 Huh JH, Ahn SV, Choi JH, Koh SB, Chung CH. High Serum Irisin 
Level as an Independent Predictor of Diabetes Mellitus: A 
Longitudinal Population-Based Study. Medicine (Baltimore) 
2016;95(23):e3742. [CrossRef ]

8.	 Choi YK, Kim MK, Bae KH, Seo HA, Jeong JY, Lee WK, et al. 
Serum irisin levels in new-onset type 2 diabetes. Diabetes Res 
Clin Pract 2013;100(1):96–101. [CrossRef ]

9.	 Chang CL, Huang SY, Soong YK, Cheng PJ, Wang CJ, Liang IT. 
Circulating irisin and glucose-dependent insulinotropic pep-
tide are associated with the development of polycystic ovary 
syndrome. J Clin Endocrinol Metab 2014;99(12):E2539–E48.

10.	Zhao L, Li J, Li ZL, Yang J, Li ML, Wang GL. Circulating 
irisin is lower in gestational diabetes mellitus. Endocr J 
2015;62(10):921–6. [CrossRef ]

11.	Ferrocino I, Ponzo V, Gambino R, Zarovska A, Leone F, 
Monzeglio C, et al. Changes in the gut microbiota composi-
tion during pregnancy in patients with gestational diabetes 
mellitus (GDM). Sci Rep 2018;8(1):12216. [CrossRef ]

12.	Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and in-
sulin concentrations in man. Diabetologia 1985;28(7):412–9.

13.	Ural UM, Sahin SB, Tekin YB, Cüre MC, Sezgin H. Alteration of 
maternal serum irisin levels in gestational diabetes mellitus. 
Ginekol Pol 2016;87(5):395–8. [CrossRef ]

14.	Yuksel MA, Oncul M, Tuten A, Imamoglu M, Acikgoz AS, Ku-
cur M, et al. Maternal serum and fetal cord blood irisin lev-
els in gestational diabetes mellitus. Diabetes Res Clin Pract 
2014;104(1):171–5. [CrossRef ]

15.	Mizgier ML, Cataldo LR, Gutierrez J, Santos JL, Casas M, 
Llanos P, et al. Effect of Human Myotubes-Derived Media 
on Glucose-Stimulated Insulin Secretion. J Diabetes Res 
2017;2017:1328573. [CrossRef ]

16.	Bruce CR, Thrush AB, Mertz VA, Bezaire V, Chabowski A, Heigen-
hauser GJ, et al. Endurance training in obese humans improves 
glucose tolerance and mitochondrial fatty acid oxidation and 
alters muscle lipid content. Am J Physiol Endocrinol Metab 
2006;291(1):E99–E107. [CrossRef ]

17.	Toledo FG, Menshikova EV, Ritov VB, Azuma K, Radikova Z, 
DeLany J, et al. Effects of physical activity and weight loss on 
skeletal muscle mitochondria and relationship with glucose 
control in type 2 diabetes. Diabetes 2007;56(8):2142–7. [CrossRef]

18.	Zhang LJ, Xie Q, Tang CS, Zhang AH. Expressions of irisin 
and urotensin II and their relationships with blood pres-
sure in patients with preeclampsia. Clin Exp Hypertens 
2017;39(5):460–7. [CrossRef ]

19.	Shoukry A, Shalaby SM, El-Arabi Bdeer S, Mahmoud AA, 
Mousa MM, Khalifa A. Circulating serum irisin levels in obe-
sity and type 2 diabetes mellitus. IUBMB Life 2016;68(7):544–
56. [CrossRef ]

20.	Löffler D, Müller U, Scheuermann K, Friebe D, Gesing J, Bielitz 
J, et al. Serum irisin levels are regulated by acute strenuous ex-
ercise. J Clin Endocrinol Metab 2015;100(4):1289–99. [CrossRef ]

https://doi.org/10.1016/bs.acc.2019.07.010
https://doi.org/10.1097/MD.0000000000003742
https://doi.org/10.1016/j.diabres.2013.01.007
https://doi.org/10.1210/jc.2014-1180
https://doi.org/10.1507/endocrj.EJ15-0230
https://doi.org/10.1038/s41598-018-30735-9
https://doi.org/10.1007/BF00280883
https://doi.org/10.5603/GP.2016.0013
https://doi.org/10.1016/j.diabres.2013.12.025
https://doi.org/10.1155/2017/1328573
https://doi.org/10.1152/ajpendo.00587.2005
https://doi.org/10.2337/db07-0141
https://doi.org/10.1080/10641963.2016.1273945
https://doi.org/10.1002/iub.1511
https://doi.org/10.1210/jc.2014-2932

