
Introduction

Gestational diabetes mellitus (GDM) is a form of im-

paired glucose tolerance characterized by severe hyper-

glycemia that commences during gestation (and thus is first

recognized during pregnancy) [1]. GDM complicates ap-

proximately 7% of all pregnancies; the rate varies from 1–

28% depending on the population studied and the tests

performed [2]. GDM increases the risk for hypertensive

disease in pregnancy, obesity, polyhydramnios, operative

delivery, and cesarean delivery in mothers, and macroso-

mia, birth trauma, and death in fetuses particularly in the

last trimester [3]. Thus, screening for GDM is recom-

mended between 24–28 weeks of gestation when diabeto-

genic effects of pregnancy are evident [4].

In pregnancy, anabolism predominates during the first

trimester, characterized by increased gluconeogenesis and

glycogen, protein, and fat storage. Catabolism commences

in the second trimester; the levels of glycerol, free fatty

acids, and ketone bodies increase as a result of lipolysis

triggered by human placental lactogen (HPL) secreted by

syncytiotrophoblasts [5]. Prolactin, cortisol, and proges-

terone also modulate pregnancy-associated glucose and

lipid metabolism. These hormones antagonize the effects

of insulin in the second and third trimesters of pregnancy,

creating a form of insulin resistance. However, increasing

evidence suggests that adipocytokines secreted by adipose

tissue may also trigger insulin resistance during pregnancy.

Of the various adipocytokines, resistin and adiponectin

have attracted particular attention because of their close as-

sociations with obesity and insulin resistance [6]. Resistin

is a dimeric 12.5 kDa protein of 108 amino acids; the chains

are linked by a cys-26 disulfide bridge. This adipocytokine

plays important roles in adipogenesis, inflammation, and

cardiovascular disease, and is synthesized principally by

adipocytes and peripheral mononuclear cells of the pan-

creas, lung, and placenta [7]. Adiponectin is synthesized

primarily in adipocytes but also in bone marrow, fetal tis-

sues, monocytes, and salivary glands [8, 9]. Adiponectin

exhibits cardioprotective, antineoplastic, anti-inflamma-

tory, anti-atherogenic, and anti-apoptotic properties, and

may play a role in obesity-related disorders (the serum lev-

els are lower in obese patients) [10]. Hypoadiponectinemia
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Summary

Introduction: Gestational diabetes mellitus (GDM) is defined as a glucose intolerance firstly diagnosed during pregnancy. In this

study, the authors aimed to investigate the association between serum adiponectin, and resistin levels with insulin resistance and meta-

bolic parameters in patients with GDM. Material and Methods: A total of 80 patients: 40 healthy pregnant women (control group) and

40 pregnant women diagnosed with GDM (study group) were included in this study. Serum adiponectin, resistin, glucose, insulin,

HbA1c levels, and lipid parameters were measured. Insulin resistance index HOMA-IR values were calculated. Results: Serum

adiponectin levels were detected to be significantly lower (p < 0.001), whereas serum resistin levels were found to be significantly

higher (p = 0.004) in GDM group compared with the control group. Levels of HDL-C, LDL-C, VLDL-C, and triglycerides were simi-

lar in both groups, but the total cholesterol level was significantly higher in the GDM group (p = 0.013). In the GDM group, adiponectin

levels were negatively correlated with HbA1c levels (r = -0.368; p = 0.010) but were not correlated with any other parameter. A sig-

nificant positive correlation was evident between resistin levels and both total cholesterol (r = 0.476, p = 0.001), and LDL-cholesterol

(r = 0.293; p = 0.033). Conclusion: The results of this study demonstrated that serum resistin levels were significantly higher and serum

adiponectin levels were significantly lower in pregnant women with GDM patients compared with normoglycemic pregnants. Also, it

was detected that there was no correlation between serum adiponectin and resistin levels and insulin resistance in GDM patients.
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triggers vascular smooth muscle cell proliferation and en-

dothelial dysfunction, increasing the expression of adhe-

sion molecules and the level of the superoxide anion in

endothelial cells [11]. Adiponectin also enhances insulin

sensitivity. Amelioration of insulin resistance by

adiponectin is thought to involve activation of AMP-acti-

vating protein kinase (AMPK) (enzyme phosphorylation)

in both skeletal muscle and the liver [12].

In the present study, the authors aimed to compare serum

levels of adiponectin and resistin in patients with and with-

out GDM and investigate the relationships between

adipocytokine levels and insulin resistance and dyslipi-

demia in women with pregnancies complicated by GDM.

Materials and Methods

This was a prospective case-control study of 80 participants [40

pregnant women with GDM (study group) and 40 healthy age-

matched pregnant women (control group)] recruited from the De-

partment of Obstetrics and Gynecology of the Firat University

Faculty of Medicine between January 2015 and January 2016. The

Ethics Committee for Clinical Investigations of the Faculty of

Medicine of Firat University approved the study and all partici-

pants were fully informed of the purpose of the work, in accor-

dance with the principles of the Declaration of Helsinki (ethics

committee approval no: 2014/A183).

The inclusion criteria were maternal age 18–39 years, viable

singleton pregnancy, being at 24–28 weeks of gestation, body

mass index < 35 kg/m

2

, and no adverse medical or obstetric his-

tory. The exclusion criteria were the presence of any congenital

fatal or chromosomal abnormality, maternal polycystic ovary syn-

drome, pregestational diabetes, hypertensive disease in pregnancy,

obstetric cholestasis, chronic maternal disease (dyslipidemia,

chronic hypertension, chronic renal failure, a malignancy, asthma,

pulmonary or cardiac disease), and the use of any antihyperten-

sive, antidiabetic, or antidepressive medication or tobacco or al-

cohol.

All women attending the outpatient clinic of the Obstetrics and

Gynecology Department were screened for GDM between gesta-

tional weeks 24 and 28 using the 50-gram glucose test, which was

performed within five minutes of oral administration of 50 grams

of anhydrous glucose dissolved in 300 mL of water. Venous blood

samples were taken one hour later, and plasma glucose levels were

measured. The oral glucose tolerance test (OGTT) (100 grams of

glucose) was conducted on those with blood glucose levels ≥ 140

mg/L. Blood (5 mL) was collected between 08:00 and 09:00 after

10 hours of overnight fasting. Then each subject ingested 100

grams of anhydrous glucose in 300 mL water within five minutes.

Blood samples (2 mL) were collected one, two, and three hours

later. All samples were centrifuged at 3,500 rpm for five minutes

to separate sera. Fasting and postprandial plasma glucose levels,

and the fasting serum level of insulin, were used to evaluate pan-

creatic β-cell function; the authors also measured serum levels of

lipids [total cholesterol; high-density lipoprotein (HDL), low-den-

sity lipoprotein (LDL), and very low-density (VLDL) lipoprotein

cholesterol, and triglycerides). Glucose, lipid, and HbA1c levels

were measured on an autoanalyzer. The homeostatic model as-

sessment-insulin resistance (HOMA-IR) formula of Matthews et
al. [13] (fasting insulin level [μU/mL] × fasting glucose level

[mmol/L]/22.5) was used to measure insulin resistance. Body

mass index (BMI) was calculated as kg/height (m)

2

. GDM was

diagnosed when at least two of the thresholds suggested by the

National Diabetes Data Group were either met or exceeded (fast-

ing blood glucose level: 105 mg/dl, one-hour level: 190 mg/dl;

two-hour level: 165 mg/dl; three-hour level: 145 mg/dl) [14].

Serum levels of resistin were determined using an enzyme-

linked immunosorbent assay (ELISA). Absorbances at 450 nm

were recorded using a model ELISA reader. The authors also used

an automated model washer. The dilution levels were corrected

and the final levels were expressed as ng/mL (range: 78–5,000

pg/mL). Serum levels of adiponectin were assayed using a human

adiponectin ELISA kit. The dilution levels were corrected and the

final levels are expressed as μg/mL (range: 0.781–50 ng/mL). 

Power analysis suggested that at least 39 individuals should be

included in each group if the greatest between-group difference in

adiponectin level was 2.46 μg/mL, the standard deviation 2.7

μg/mL, the type I error 0.05, and the type II error 0.10 [15]. The

authors recorded the age, BMI, and obstetric and medical histories

of both the patient and control groups. SPSS version 22.0 soft-

ware was used for all statistical analyses. Student’s t-test was em-

ployed to compare biochemical parameters between the control

and study groups. Pearson’s correlation test was used to define re-

lationships between these parameters. The authors present means

± standard deviations; a p value < 0.05 was considered to reflect

statistical significance.
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Figure 1. — Serum adiponectin levels of normoglycemic and

GDM group (*p < 0.001).

Figure 2. — Serum resistin levels of normoglycemic and GDM 

group (*p = 0.004).
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Results

The authors included 80 pregnant women in the study.

Neither age nor BMI differed between the GDM and con-

trol groups. As expected, blood glucose, HbA1c, and in-

sulin levels, as well as HOMA-IR values were significantly

higher in women with GDM than in controls (p = 0.038, p
= 0.001, p = 0.011, and p = 0.008, respectively).

Levels of HDL-C, LDL-C, VLDL-C, and triglycerides

were similar in both groups, but the total cholesterol level

was significantly higher in the GDM group (p = 0.013).

Adiponectin levels were significantly lower in the GDM

group (p < 0.001) (Figure 1), whereas resistin levels were

significantly higher in that group (p = 0.004) (Figure 2).

The demographic and biochemical characteristics of both

groups are summarized in Table 1.

In the control group, significant negative correlations

were evident between adiponectin level and HbA1c levels

(r = -0.286; p = 0.037), insulin levels (r = -0.322; p =

0.021), and HOMA-IR values (r = -0.291; p = 0.034). How-

ever, a significant positive correlation was apparent be-

tween adiponectin and total cholesterol (r = 0.317; p =

0.023). In the GDM group, adiponectin levels were nega-

tively correlated with HbA1c levels (r = -0.368; p = 0.010),

but were not correlated with any other parameter. A signif-

icant positive correlation was evident between resistin lev-

els and both total cholesterol (r = 0.476, p = 0.001) and

LDL-cholesterol (r = 0.293; p = 0.033). A negative corre-

lation was apparent between resistin and HDL-cholesterol

levels (r = -0.360, p = 0.011). These correlations are sum-

marized in Tables 2 and 3.

Discussion

Peripheral insulin resistance that develops in parallel with

rises in maternal hormone levels during pregnancy is coun-

teracted by changes in pancreatic Langerhans islets. There-

fore, insulin synthesis increases, glucose-stimulated insulin

secretion rises, and the beta cell mass grows [16]. The ab-

sence of such adaptations triggers the development of ges-

tational diabetes [17]. In the present study, significantly

elevated HOMA-IR levels, indicative of insulin resistance,

and increased blood glucose, HbA1c, and insulin levels

were evident in the GDM group (compared to the control

group), supporting the idea that insulin resistance is in-

volved in GDM development. Similarly, Gorkem et al.
found higher insulin and HOMA-IR levels in pregnant

women with GDM, and suggested that adipokine levels and

insulin resistance were positively correlated [18].

Although the causes of maternal and fetal complications

Table 1. — Demographic and biochemical characteristics
of subjects.

GDM (n=40) Control (n=40) p value

Age (years) 30.97±5.32 29.22±5.86 0.431

BMI (kg/m

2

) 29.33±3.76 28.96±3.69 0.662

Glucose (mg/dL) 103.32±33.40 91.15±14.59 0.038

HbA1c (%) 5.71±1.10 5.02±0.53 <0.001

Insulin (µIU/mL) 28.11±24.04 16.93±12.27 0.011

Total cholesterol 229.47±41.65 206.48±38.97 0.013

(mg/dL)

HDL cholesterol 62.30±12.40 59.23±12.02 0.264

(mg/dL)

LDL cholesterol 123.97±31.59 125.34±26.83 0.835

(mg/dL)

VLDL cholesterol 45.20±15.19 40.49±13.09 0.142

(mg/dL)

Triglyceride (mg/dL) 226.02±75.98 202.47±65.49 0.142

HOMA-IR 7.81±6.05 4.01±3.43 0.008

Adiponectin (µg/mL) 9.70±7.76 17.78±5.57 <0.001

Resistin (ng/mL) 16.78±6.83 12.79±5.02 0.004

BMI: body mass index, HbA1c: hemoglobin A1C, HDL: high density lipopro-
tein, LDL: low density lipoprotein, VLDL: very low density lipoprotein, HOMA-
IR: homeostatic model of assessment-Insulin resistance.

Table 2. — Correlations between adiponectin and resistin
levels, and other variables, in the control group at 24–28
weeks of pregnancy
n=40 Serum adiponectin level Serum resistin level

r p r p
Age 0.122 0.226 0.024 0.441

BMI at week 24–28  0.099 0.271 0.169 0.148

of pregnancy

Fasting glucose level 0.005 0.488 0.216 0.090

HbA1C level -0.286 0.037* 0.201 0.107

Insulin level -0.322 0.021* 0.136 0.201

HOMA-IR score -0.291 0.034* 0.145 0.186

Triglyceride level 0.040 0.402 0.027 0.434

Total cholesterol level 0.317 0.023* 0.088 0.295

HDL-cholesterol level 0.169 0.149 0.115 0.140

LDL-cholesterol level 0.065 0.344 0.220 0.086

VLDL-cholesterol level 0.040 0.402 0.027 0.434

* p < 0.05, indicating significance.

Table 3. — Correlations between adiponectin and resistin
levels and other variables in the GDM group between
weeks 24–28 weeks of pregnancy
n=40 Serum adiponectin Serum resistin level 

level at week 24–28 at week 24–28
r p r p

Age 0.041 0.402 0.149 0.180

BMI at week 24–28 0.159 0.164 0.140 0.194

Fasting glucose level 0.121 0.229 0.134 0.205

HbA1C level -0.368 0.010* 0.038 0.408

Insulin level 0.061 0.355 0.149 0.179

HOMA-IR score 0.077 0.319 0.054 0.371

Triglyceride level 0.077 0.318 0.121 0.229

Total cholesterol level 0.024 0.442 0.476 0.001*

HDL-cholesterol level 0.209 0.097 -0.360 0.011*

LDL-cholesterol level 0.017 0.459 0.293 0.033*

VLDL-cholesterol level 0.077 0.318 0.121 0.229

*p < 0.05, indicating significance. 
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attributable to GDM remain unclear, maternal hyperglycemia

caused by reduced insulin sensitivity may represent the un-

derlying mechanism [19]. However, hyperinsulinemia, hy-

perleptinemia, inflammation, oxidative stress, and hyper-

glycemia may play roles in the development of GDM-asso-

ciated complications, even in patients in whom glycemic

control is improved [20]. In the present study, total choles-

terol levels were significantly higher in GDM patients but

there were no significant between-group differences in

HDL-cholesterol, LDL-cholesterol, VLDL-cholesterol, or

triglyceride levels. Daghash et al. found that diabetics had

high total cholesterol and triglyceride levels and low HDL-

cholesterol levels [21]. Khan et al. found that cholesterol

and triglyceride levels were significantly elevated in GDM

patients, and speculated that it could play an important role

in GDM pathophysiology [22]. In a meta-analysis, total and

LDL-cholesterol levels were similar, whereas triglyceride

levels were significantly higher in pregnancies complicated

by GDM in all three trimesters [23]. The present results

suggest that hypercholesterolemia, rather than hyper-

triglyceridemia, may explain the development of insulin re-

sistance; endothelial dysfunction caused by increased

cholesterol levels may trigger maternal and fetal complica-

tions of GDM.

Studies on the levels of small peptide hormones (such as

resistin and adiponectin) expressed by fatty tissue or

macrophages have yielded conflicting results. Resistin lev-

els are associated with both obesity and insulin resistance

in patients with type II DM. Several studies have reported

higher resistin levels in pregnant women with GDM but

others have reported similar or lower levels in GDM pa-

tients compared to normoglycemic pregnant women [24-

26]. The present authors found that the resistin level was

significantly higher in GDM patients than in controls. How-

ever, resistin levels were not correlated with the extent of

insulin resistance, similar to a previous study that found no

correlations between resistin or insulin levels and the

HOMA-IR value in patients with GDM [27]. Vitoratos et
al. reported a positive correlation between resistin levels

and the HOMA-IR value, with resistin levels of GDM pa-

tients being notably higher at week 38 of gestation [28].

These differences in study results may be attributable to the

use of different criteria to diagnose GDM, variation in

serum storage protocols and assessment methods, and/or

differences in the gestational week during which assess-

ments were performed. 

The present authors found a significant association be-

tween resistin levels and levels of triglycerides, total cho-

lesterol, LDL-cholesterol, and HDL-cholesterol in GDM

patients. Similarly, Takhshid et al. found significant posi-

tive correlations between resistin levels and atherogenic

markers including triglycerides and each class of choles-

terol; however, they did not find a significant relationship

between resistin levels and the extent of insulin resistance

[29]. The correlations between resistin levels and triglyc-

erides and cholesterol levels suggest that resistin plays an

important role in the regulation of lipid metabolism, and its

presence may explain the dyslipidemia evident in GDM-

associated pregnancies.

The present authors also found that adiponectin levels

were significantly lower in GDM than normoglycemic pa-

tients, but were not significantly correlated with the extent

of insulin resistance. Although several studies have re-

ported that adiponectin levels are lower in pregnant women

with GDM, others have reported that the levels are no dif-

ferent compared to controls [30, 31]. The present findings

are in line with Pala et al., who reported that adiponectin

levels were significantly lower in women with GDM-com-

plicated than normoglycemic pregnancies, and were not

correlated with insulin resistance [32]. Noureldeen et al.
found that adiponectin levels in GDM women were similar

in the second trimester but significantly lower in the third

trimester, compared to controls [33]. Chen et al. reported

that adiponectin gene expression was lower in the placen-

tas of women with GDM; Williams et al. showed that se-

quential 1 ng/mL reductions in adiponectin levels were

associated with a 20% increase in GDM risk, and an

adiponectin level < 6.4 ng/mL at 13 weeks of gestation was

associated with a four-fold increased risk of later GDM de-

velopment [34, 35].

Conclusion

This study showed that serum levels of resistin were sig-

nificantly higher and serum levels of adiponectin were sig-

nificantly lower in pregnant women with GDM, compared

to normoglycemic pregnant women. Also it was observed

that the levels of neither marker correlated with the extent

of insulin resistance, which is a key feature of GDM patho-

physiology. The present results suggest that adipocytokine

levels may predict GDM development during the second

trimester. Further studies are required to confirm the roles

played by adipocytokines in the pathophysiology of GDM-

related complications.

References 

[1] American Diabetes Association: “Classification and diagnosis of di-

abetes”. Diabetes Care, 2015, 38, S8. 

[2] Tieu J., Shepherd E., Middleton P., Crowther C.A.: “Dietary advice

interventions in pregnancy for preventing gestational diabetes mel-

litus”. Cochrane Database Syst. Rev., 2017, 1, CD006674. 

[3] Feldman R.K., Tieu R.S., Yasumura L.: “Gestational diabetes screen-

ing: the International Association of the Diabetes and Pregnancy

Study Groups compared with Carpenter-Coustan Screening”. Ob-

stet. Gynecol., 2016, 127, 10.

[4] Negrato C.A., Mattar R., Gomes M.B.: “Adverse pregnancy out-

comes in women with diabetes”. Diabetol. Metab. Syndr., 2012, 4,

41. 

[5] Aisling M., Carla J.: “Diabetes Mellitus and Pregnancy”. In: De

Cherney A.H., Nathan L. (eds). Current Obstetric and Gynecologic
Diagnosis and Treatment. 11

th

ed. New York: Lange Medical

Books/McGraw Hill Companies, 2013, 509.



Associations between serum levels of adiponectin and resistin and metabolic parameters in pregnant women with... 543

[6] Barnes K.M., Miner J.L.: “Role of resistin in insulin sensitivity in

rodents and humans”. Curr. Protein Pept. Sci., 2009, 10, 96.

[7] Chen C., Jiang J., Lü J.M., Chai H., Wang X., Lin P.H., Yao Q.: “Re-

sistin decreases expression of endothelial nitric oxide synthase

through oxidative stress in human coronary artery endothelial cells”.

Am. J. Physiol. Heart Circ. Physiol., 2010, 299, 193.

[8] Kadowaki T., Yamauchi T.: “Adiponectin and Adiponectin Recep-

tors”. Endocr. Rev., 2005, 26, 439.

[9] Brochu-Gaudreau K., Rehfeldt C., Blouin R., Bordignon V., Mur-

phy B.D., Palin M.F.: “Adiponectin action from head to toe”. En-
docrine, 2010, 37, 11.

[10] Shibata R., Ouchi N., Murohara T.: “Adiponectin and cardiovascu-

lar disease”. Circ. J., 2009, 73, 608.

[11] Cao Y., Tao L., Yuan Y., Jiao X., Lau W.B., Wang Y., et al.: “En-

dothelial dysfunction in adiponectin deficiency and its mechanisms

involved”. J. Mol. Cell. Cardiol., 2009, 46, 413.

[12] Kadowaki T., Yamauchi T., Kubota N., Hara K., Ueki K., Tobe K.:

“Adiponectin and adiponectin receptors in insulin resistance, dia-

betes, and the metabolic syndrome”. J. Clin. Invest., 2006, 116, 1784.

[13] Matthews D.R., Hosker J.P., Rudenski A.S., Naylor B.A., Treacher

D.F., Turner R.C.: “Homeostasis model assessment: insulin resist-

ance and beta-cell function from fasting plasma glucose and insulin

concentrations in man”. Diabetologia, 1985, 28, 412. 

[14] National Diabetes Data Group: “Classification and diagnosis of di-

abetes mellitus and other categories of glucose intolerance”. Dia-
betes, 1979, 28, 1039. 

[15] Bhograj A., Suryanarayana K.M., Nayak A., Murthy N.S., Dharma-

lingam M., Kalra P.: “Serum adiponectin levels in gestational dia-

betes mellitus”. Indian J. Endocrinol. Metab., 2016, 20, 752.

[16] Nadal A., Alonso-Magdalena P., Soriano S., Ropero A.B., Quesada

I.: “The role of oestrogens in the adaptation of islets to insulin re-

sistance”. J. Physiol., 2009, 587, 5031.

[17] King H.: “Epidemiology of glucose intolerance and gestational dia-

betes in women of childbearing age”. Diabetes Care, 1998, 21,  B9.

[18] Görkem Ü., Küçükler F.K., Toğrul C., Güngör T.:

“Are adipokines associated with gestational diabetes mellitus?” J.

Turk. Ger. Gynecol. Assoc., 2016, 17, 186.

[19] Biri A., Korucuoglu U., Ozcan P., Aksakal N., Turan O., Himme-

toglu O.: “Effect of different degrees of glucose intolerance on ma-

ternal and perinatal outcomes”. J. Matern. Fetal Neonatal Med.,
2009, 22, 473.

[20] Araujo J.R., Keating E., Martel F.: “Impact of gestational diabetes

mellitus in the maternal-to-fetal transport of nutrients”. Curr. Diab.
Rep., 2015, 15, 1.

[21] Daghash M.H., Bener A., Zirie M., Dabdoob W., Al Hamaq A.O.,

Al Arabi Z.A.: “Lipoprotein profile in Arabian type 2 diabetic pa-

tients. Relationship to coronary artery diseases”. Int. J. Cardiol.,
2007, 121, 91.

[22] Khan R., Ali K., Khan Z., Ahmad T.: “Lipid profile and glycosylated

hemoglobin status of gestational diabetic patients and healthy preg-

nant women”. Indian J. Med. Sci., 2012, 66, 149.

[23] Ryckman K.K., Spracklen C.N., Smith C.J., Robinson J.G., Saftlas

A.F.: “Maternal lipid levels during pregnancy and gestational dia-

betes: a systematic review and meta-analysis”. BJOG, 2015, 122,

643.

[24] Chen D., Fang Q., Chai Y., Wang H., Huang H., Dong M.: “Serum

resistin in gestational diabetes mellitus and early postpartum”. Clin.
Endocrinol. (Oxf.), 2007, 67, 208. 

[25] Megia A., Vendrell J., Gutierrez C., Sabaté M., Broch M., Fernández-

Real J.M., Simón I.: “Insulin sensitivity and resistin levels in gesta-

tional diabetes mellitus and after parturition”. Eur. J. Endocrinol.,
2008, 158, 173. 

[26] Lobo T.F., Torloni M.R., Gueuvoghlanian-Silva B.Y., Mattar R.,

Daher S.: “Resistin concentration and gestational diabetes: a sys-

tematic review of the literature”. J. Reprod. Immunol., 2013, 97, 120. 

[27] Beata K.R., Olimpia M.J.: “Serum resistin concentrations in cases

of gestational diabetes mellitus with good glycemic control and in

cord blood”. Ginekologia Polska, 2009, 80, 432.

[28] Vitoratos N., Deliveliotou A., Dimitrakaki A., Hassiakos D., Panoulis

C., Deligeoroglou E.: “Maternal serum resitin concentrations in ges-

tational diabetes mellitus and normal pregnancies”. J. Obstet. Gy-
naecol. Res., 2011, 37, 112.

[29] Takhshid M.A., Zare Z.: “Resistin - 420 C/G polymorphism and

serum resistin level in Iranian patients with gestational diabetes mel-

litus”. J. Diabetes Metab. Disord., 2015, 14, 37.

[30] McLachlan K.A., O’Neal D., Jenkins A., Alford F.P.: “Do

adiponectin, TNFa, leptin and CRP relate to insulin resistance in

pregnancy? Studies in women with and without gestational diabetes,

during and after pregnancy:”. Diabetes Metab. Res. Rev., 2005, 22,

131.

[31] Yamamoto Y., Hirose H., Saito I., Tomita M., Taniyama M., Mat-

subara K.: “Correlation of the adipocyte-derived protein adiponectin

with insulin resistance index and serum high-density lipoprotein cho-

lesterol, independent of body mass index, in the Japanese popula-

tion”. Clin. Sci., 2002, 103, 137.

[32] Pala H.G., Ozalp Y., Yener A.S., Gerceklioglu G., Uysal S., Onvural

A.: “Adiponectin levels in gestational diabetes mellitus and in preg-

nant women without glucose intolerance”. Adv. Clin. Exp. Med.,
2015, 24, 85. 

[33] Noureldeen A.F., Qusti S.Y., Al-Seeni M.N, Bagais M.H.: “Mater-

nal leptin, adiponectin, resistin, visfatin and tumor necrosis factor-

alpha in normal and gestational diabetes”. Indian J. Clin. Biochem.,
2014, 29, 462.

[34] Chen J., Tan B., Karteris E., Zervou S., Digby J., Hillhouse E.W., et
al.: “Secretion of adiponectin by human placenta: differential mod-

ulation of adiponectin and its receptors by cytokines”. Diabetologia,

2006, 49, 1292.

[35] Williams M.A., Qiu C., Muy-Rivera M., Vadachkoria S., Song T.,

Luthy D.A.: “Plasma adiponectin concentrations in early pregnancy

and subsequent risk of gestational diabetes mellitus”. J. Clin. En-
docrinol. Metab., 2004, 89, 2306.

Corresponding Author:

R. MELEKOGLU, M.D.

The University of Inonu, Faculty of Medicine

Department of Obstetrics and Gynecology

44280 Malatya (Turkey)

e-mail: rmelekoglu@gmail.com




