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ABSTRACT 

Gestational diabetes mellitus (GDM) is a common medical complication associated with pregnancy. The incidence of GDM in Saudi Arabia 

ranged from 3.8% to 12.5 according to the American Diabetes Association and World Health Organization criteria respectively.  The goal of the 

present study was to investigate the changes of some adipokines including: retinol binding protein 4 (RBP4), vaspin and chemerin at 2nd and 3rd 
trimesters and their associations with markers of insulin resistance in GDM compared to normal pregnancy. The study included 88 pregnant 

women classified into 4 groups: normal pregnancy (n=19) and pregnancy with GDM (n=25) at 2nd trimester and normal pregnancy (n=18) and 

pregnancy with GDM (n=26) at 3rd trimester. Both GDM and control groups were matched for maternal age (MA), gestational age (GA) and 
body mass index (BMI). Results indicated that GDM subjects either 2nd or 3rd trimesters had significantly elevated fasting blood glucose (FBG), 

glycated hemoglobin (HbA1c) and markers of IR compared to matched normoglycemic control. At 2nd trimester, RBP4 was significantly 

decreased in GDM compared to control, however vaspin and chemerin were comparable between the two groups. RBP4 was significantly 
correlated with IR in GDM group only. No associations were detected between either vaspin or chemerin with IR in GDM. On the other hand, at 

3rd trimester, chemerin was significantly higher in GDM compared to control, while vaspin showed no variations between both groups. In 

addition, chemerin was correlated with FBG and HOMA1-% B. It could be concluded that RBP4 and chemerin might be involved in the 
increased of IR in associated with GDM. 
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INTRODUCTION 

 

Human pregnancy is characterized by a series of endocrine, metabolic and vascular changes to provide sufficient 

energy and nutrients to the fetus [1]. It is characterized by insulin resistance (IR), traditionally attributed to the 

effects of placental hormones [2]. As pregnancy advances, IR becomes more intense and could lead to the 

development of gestational diabetes, a majority of which manifests at the 24–28th weeks of gestation [3]. In early 

pregnancy, insulin secretion increases, while insulin sensitivity is unchanged, decreased, or may even increase [4, 5]. 

In late pregnancy, maternal adipose tissue depots decrease, whereas postprandial free fatty acids (FFA) levels 

increase and insulin-mediated glucose disposal rates decline by approximately 50% as compared to pre pregnancy 

values. Moreover, insulin shows reduced ability to suppress lipolysis [1]. Dysregulation of these physiological 

changes during pregnancy contributes to the complications of pregnancy.   

Adipokines are proteins that are secreted by adipose tissue and are involved in a wide range of physiological 

processes including haemostasis, lipid metabolism, atherosclerosis, blood pressure regulation, insulin sensitivity and 
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angiogenesis [6]. A large body of evidence has supported the role of adipose tissue in the regulation of insulin 

resistance in both non pregnant and pregnant participants. In this respect, adipocytokines, which are adipocyte-

derived hormones, have been implicated in the regulation of maternal metabolism and gestational insulin resistance 

[2,6]. Retinol binding protein 4 (RBP4) is a 21-kDa protein synthesized in hepatocytes and adipocytes, and it acts as 

a carrier for retinol in the blood stream. Increased circulating RBP4 levels is indicated in several metabolic 

complications including obesity, insulin resistance, polycystic ovary syndrome and cardiovascular disease [7]. 

Vaspin, a visceral adipose tissue-derived serine protease inhibitor family, has been identified as an adipokine with 

potential insulin-sensitizing effects that might be implicated in endogenous glucose regulation [8,9]. Chemerin is a 

chemokine [10] that is highly expressed in liver and white adipose tissue [11]. Chemerin is essential for normal 

adipocyte differentiation and modulates the expression of adipocyte genes involved in glucose and lipid 

homeostasis, such as glucose transporter-4, fatty acid synthase, and adiponectin via its own receptor [11,12,13]. 

Alterations in adipokines (RBP4, vaspin and chemerin) were detectable in prediabetic states, and may reflect 

dysfunction as an early pathogenetic event in T2DM development [14].  

The aim of this study was to investigate the changes in and association of some adipokine (RBP4, vaspin and 

chemerin) with markers of IR in GDM compared to normal pregnancy.  

MATERIAL AND METHODS 

I. Materials  

a- Subjects and study Design: 

This study was approved by Directorate of Health Affairs, Jeddah, Saudi Arabia. Blood samples were collected from 

Maternity and Children’s Hospital, al-Mesadiah. All women were requested to perform oral glucose tolerance test 

(OGTT) using 100g / 250 ml glucose solution. Glycated haemoglobin (HbA1c) was performed for each pregnant 

woman with gestational diabetes mellitus (GDM) and with normal pregnancy to identify blood glucose status during 

the last 3 months of gestation. GDM was diagnosed according to world Health Organization criteria [15]. 

Eighty-eight pregnant women (37 normal pregnant women and 51 pregnant women with GDM) were enrolled in the 

study. All normal and GDM pregnant women had a regular follow up visits and were diagnosed by hospital 

physicians. The exclusion criteria were presence of hypertension, preeclampsia, urinary tract infection, fever (>37.5 

°C), fetal / placental abnormalities, remarkable previous medical – surgical – and gynaecological maternal history, 

alcohol intake and no history of diabetes; type I or type II. Almost all GDM women included in 2nd (14-27 weeks of 

gestation) and 3rd (28-42 weeks of gestation) trimesters were treated with nutrition therapy except 3 and 4 cases in 

2nd and 3rd trimesters, respectively, were treated with insulin therapy. Normal pregnant women and women with 

GDM were classified according to pregnancy status. Normal pregnant women at 2nd trimester: included 19 women 

with a range of age from 21 to 44 years. Pregnant women with GDM at 2nd trimester: included 25 women with a 

range of age from 21 to 42 years. Normal pregnant women at 3rd trimester: included 18 women with a range of age 

from 24 to 41 years. Pregnant women with GDM at 3rd trimester: included 26 women with a range of age from 21 

to 45 years. 

II. Methods: 

a. Blood sample collection: 

Whole blood was collected from each participant. After overnight fasting, each blood sample was divided into three 

parts. First part was used for blood glucose measurement (fasting and postprandial plasma glucose levels). Second 

part was for HbA1c measurement. Third part was for hormonal assay including: Retinol Binding Protein 4, Vaspin 

and Chemerin.  

 

b. Biochemical Assays: 
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i. Oral Glucose Tolerance Test: 

Determination of plasma glucose was carried out, using kit provided by Siemens Healthcare Diagnostic Limited, UK 

based on glucose hexokinase method. 

ii. Glycated Hemoglobin (HbA1c): 

ELISA kit provided by Human (cat. No. OKEH00660) was used for determination of both HbA1C and total 

hemoglobin. The HbA1C measurement is based on a turbid metric inhibition immunoassay principle, and the 

measurement of total hemoglobin is based on a modification of the alkaline hematin reaction. Using the values 

obtained for each of these two analyses, the relative proportion of the total hemoglobin that is glycated is calculated 

and reported. 

iii. Markers of Insulin Resistance: 

Serum Insulin was determined using a kit purchased from Cobas (cat. No. 12017547 122) based on electro 

chemiluminescence immunoassay technique. Glucose/Insulin ratio (G/I), Homeostasis Model Assessment (HOMA), 

HOMA-IR, HOMA1-%B, HOMA β cell, Log (HOMA-IR) and fasting Insulin Resistance Index (FIRI) were 

calculated according to Singh and Saxena [16]. 

iv. Hormonal assays: 

All kits used for hormonal assays were purchased from Elabscience Company (Wuhan, China). Hormonal 

parameters included: Serum retinol binding protein 4 (RBP4) (cat.  No. E0929h), serum vaspin (cat. No. E0706h) 

and serum chemerin (cat. No. E-EL-H0698). 

III. Statistical Analysis: 

Statistical analysis was performed using SPSS 22.0 for windows (SPSS Inc, USA). The Kolmogorov-Smirnov 

statistic, with a Lilliefors significance level, the Shapiro-Wilk statistic with a significance level of 5% &Skewness 

were applied in the statistical analysis to verify the normality of samples. Levene's robust tests for homogeneity of 

variance were displayed. The parametric tests, was chosen for the statistical analysis due to the normal distribution 

of the data. Descriptive statistics are shown as means ± standard error of means. Pearson correlations were used to 

measure how RBP4, vaspin and chemerin were related with each other and with other variables in GDM and normal 

pregnancy at 2nd and 3rd trimesters groups. Independent-Samples T Test (t) was performed for comparing means 

for GDM and normal pregnancy at 2nd and 3rd trimester groups. P value smaller than 0. 05 was considered 

statistically significant. 

RESULTS 

I- Subjects' Characteristics: 

Pregnant women with GDM, either at 2nd or 3rd trimesters, had maternal age (MA) and body mass index (BMI) 

comparable to their matched control. However, GDM at 3rd trimester had significantly higher mean for GA than 

normoglycemic control (Table 1). 

II- Fasting blood glucose (FBG), glycated hemoglobin (HbA1c) and markers of IR: 

Results revealed highly significant change in FBG, HbA1c and most markers of IR in GDM relative to normal 

control, both at 2nd and 3rd trimesters (Table 2).  

III-Retinol binding protein 4 (RBP4), vaspin and chemerin: 

At 2nd trimester, only significant reduction in the mean value of RBP4 was noted in GDM relative to control mean 

value, however, other hormonal parameters showed no significant variations. At 3rd trimester, pregnant subjects 
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with GDM had significantly elevated chemerin mean value compared to matched normoglycemic mean values. 

Other hormones showed comparable values to control (Table 3) 

 

Table 1: Subject characteristics in normal pregnancy and pregnancies complicated with GDM groups at 2
nd

 

and 3
rd

 trimesters ( X  ± SE). 

 

Groups 

 

Parameters  

2
nd 

trimester  

P  

value 

3
rd

 trimester  

P  

value 
Normal 

n= 19 

GDM 

n= 25 

Normal 

n=18 

GDM 

n= 26 

MA (year ) 34.0 ± 1.58 32.4 ± 0.98 NS 31.9 ± 1.33 33.4 ± 1.36 NS 

GA ( week ) 21.3 ± 1.10 21.6 ± 0.80 NS 31.3 ± 0.78 34.4 ± 0.61 0.001 

BMI (  Kg/m
2 
) 33.8 ± 1.01 33.4 ± 0.81 NS 34.3 ± 1.02 34.1 ± 0.82 NS 

 MA: maternal age, GA: gestational age, BMI: body mass index.  

 P value is significant at < 0.05    NS: non-significant, P value > 0.05. 

 
 

Table 2: FBG, HbA1c and markers of IR in normal pregnancy and in GDM groups at 2nd and 3rd trimesters 

( X  ± SE). 

 

Groups 

 

Parameters 

2
nd

 trimester  

P 

value 

3
rd

 trimester  

P value 
Normal 

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

FBG (mg/d) 82 ± 2.31 114.42 ± 3.66 0.00 83.33 ± 1.85 120.92 ± 4.62 0000 

HbA1c (%) 5.48 ± 0.05 6.95 ± 0.14 0.00 5.20 ± 0.09 7.13 ± 0.17 0000 

FI (µu/ml) 13.29 ± 1.68 17.58 ± 2.57 NS 10.94 ± 1.12 17.5 ± 3.69 NS 

G/I 0.46 ± 0.05 0.56 ± 0.06 NS 0.48 ± 0.04 0.71 ± 0.05 0000 

FIRI 2.45 ± 0.33 4.56 ± 0.75 0.02 2.04 ± 0.23 5.13 ± 1.18 0000 

HOMA–IR 2.72 ± 0.37 5.17 ± 0.82 0.02 2.26 ± 0.26 5.71 ± 1.31 0.04 

Log (HOMA-IR) 0.36 ± 0.05 0.6 ± 0.05 0.00 0.31 ± 0.04 0.54 ± 0.05 0.00 

HOMA1- B% 312.7 ± 58.57 138.7 ± 24.87 0.00 213.3 ± 18.09 108.5 ± 17.25 0.00 

HOMA β cell 185.9 ± 28.32 103.2 ± 13.41 0.01 139.6 ± 11.76 90.4 ± 15.02 0.02 

 FBG: fasting blood glucose, HbA1c: glycated hemoglobin, FI: fasting insulin, G/I: glucose / insulin ratio, 

FIRI: fasting insulin resistance index, HOMA-IR: homeostasis model assessment of insulin resistance. 

  P value is significant at < 0.05.                        NS: non-significant, P value > 0.05 
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Table 3: RBP4, vaspin and chemerin in normal and in GDM groups at 2
nd

 and 3
rd

 trimesters ( X  ± SE). 

 

    Groups             

                            

 

Parameters  

2
nd

 trimester  

P 

value 

 

3
rd

 trimester P 

value Normal 

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

 

RBP4 (ng/ml) 

 

 

3.86 ± 0.71 

 

 

2.22 ± 0.29 

 

 

0.02 

 

3.20 ± 0.46 

 

 

3.16 ± 0.36 

 

 

NS 

 

Vaspin (ng/ml) 

 

 

0.07 ± 0.03 

 

 

0.27 ± 0.10 

 

 

NS 

 

 

0.2 ± 0.10 

 

 

0.19 ± 0.04 

 

 

NS 

 

Chemerin(ng/ml) 

 

 

7.68 ± 1.36 

 

 

7.21 ± 1.19 

 

NS 

 

 

5.56 ± 0.92 

 

 

6.57 ± 0.95 

 

 

0.03 

 RBP4: Retinol Binding Protein 4 

 P value is significant at < 0.05.                                                

  NS: non-significant, P value > 0.05. 

 

IV-Pearson’s correlations:  

Between BMI and each of FBG, HbA1c and markers of IR in normal pregnancy and in GDM groups: 

Results revealed no associations between BMI and all markers in normal pregnancy at either 2nd or 3rd trimesters. 

In pregnancy complicated with GDM, at 2nd trimester, BMI was only correlated with HbA1c, while at 3rd trimester, 

it showed significant correlation with G/I ratio (Table 4). 

Between each hormone and MA, GA and BMI in normal pregnancy and in GDM:  

In normal pregnancy at 2nd and 3rd trimesters, no correlations were obtained between any of the studied hormonal 

parameters and patient’s characteristics (Table 5). In GDM at 2nd trimester, RBP4 was associated with MA and GA. 

On the other hand, chemerin was negatively associated with GA, however, vaspin showed no association with any 

of the tested characteristics. In GDM at 3rd trimester, vaspin showed significant association with MA and BMI 

while RBP4 and chemerin showed no associations with MA, GA & BMI (Table 5). 

Between each hormone (RBP4, Vaspin and Chemerin) and each of FBG, HbA1c, and markers of IR in 

normal pregnancy and in GDM groups: 

Results in Table 6 revealed no association between RBP4 and each of FBG, HbA1c, FI, G/I and all markers of IR in 

normal pregnancy either at 2nd or 3rd trimesters. However, in GDM at 2nd trimester, RBP4 was associated with FI, 

G/I and almost all markers of IR. In GDM at 3rd trimester, RBP4 was only correlated with G/I and HOMA1-% B. 

No association between vaspin and each of FBG, HbA1c and markers of IR in normal pregnancy either at 2nd or 3rd 

trimesters. However, in GDM at 2nd trimester, vaspin was only associated with G/I, while in GDM at 3rd trimester, 

vaspin was correlated with HOMA1- % B (Table 7). 

Results in table 8 reveal no association between chemerin and all tested parameter in normal or in GDM groups at 

2nd trimester. In 3rd trimester, same trend was obtained in normal pregnant control, however in GDM, chemerin 

showed significant correlations with each of FBG and HOMA1-%B. 
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Table 4: Pearson's correlations between BMI and each of FBG, HbA1c and markers of IR in normal and in 

GDM groups at 2
nd

 and 3
rd

 trimesters: 

 

  Groups 

Parameters  

2
nd

 trimester 3
rd

 trimester 

Normal                

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

FBG -0.02 (NS) -0.28 (NS) -0.02 (NS) -0.23 (NS) 

HbA1c 0.36 (NS) 0.47 (0.02) -0.14 (NS) -0.01 (NS) 

FI -0.11 (NS) -0.01 (NS) 0.01 (NS) -0.06 (NS) 

G/I -0.13 (NS) 0.11 (NS) 0.01 (NS) -0.45 (0.02) 

FIRI -0.13 (NS) -0.04 (NS) 0.01 (NS) -0.08 (NS) 

HOMA-IR -0.13 (NS) -0.05 (NS) 0.01 (NS) -0.08 (NS) 

Log(HOMA-IR) -0.03 (NS) -0.02 (NS) -0.01 (NS) 0.16 (NS) 

HOMA1-%B -0.06(NS) 0.02(NS) 0.06(NS) 0.00(NS) 

HOMA  β cell -0.07 (NS) 0.08 (NS) 0.04 (NS) -0.01 (NS) 

 FBG: fasting blood glucose, HbA1c: glycated hemoglobin, FI: fasting insulin, G/I: glucose / insulin ratio, FIRI: fasting 

insulin resistance index HOMA-IR: homeostasis model assessment of insulin resistance. 

 Numbers outside parenthesis indicate r value, while inside parenthesis indicate p- value. 

 P value is significant at < 0.05, NS: non-significant, P value > 0.05. 

 

Table 5: Pearson's correlations between each hormones and MA, GA and BMI in normal and in GDM 

groups at 2
nd

 and 3
rd

 trimesters: 

 

 

Hormones 

 

Vs 

2
nd

 trimester 3
rd

 trimester 

Normal 

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

 

  RBP4 

MA 0.32 NS -0.52 (0.01) -0.02 (NS) 0.28 (NS) 

GA -0.20(NS) 0.66 (0.00) -0.25 (NS) -0.29 (NS) 

BMI 0.09(NS)  -0.09(NS) 0.13(NS) -0.32(NS) 

 

Vaspin 

MA 0.07 (NS) 0.13 (NS) 0.17 (NS) -0.39 (0.05) 

GA 0.10 (NS) 0.25 (NS) -0.6 (NS) -0.26 (NS) 

BMI -0.01 (NS) -0.32 (NS) -0.17 (NS) -0.53 (0.01) 

 

Chemerin 

MA 0.02 (NS) -0.16 (NS) -0.35 (NS) -0.04 (NS) 

GA -0.12 (NS) -0.48 (0.02) 0.24 (NS) 0.26 (NS) 

BMI -0.12 (NS)  -0.05 (NS) 0.20 (NS) 0.18 (NS) 

 MA: maternal age, GA: gestational age, BMI: body mass index.  

 Numbers outside parenthesis indicate r value, while inside parenthesis indicate p- value. 

 P value is significant at < 0.05.                  NS: non-significant, P value > 0.05. 
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Table 6: Pearson's correlations between RBP4 and each of FBG, HbA1c and markers of IR in normal and in 

GDM groups at 2
nd

 and 3
rd

 trimesters: 

 

             Groups 

Parameters  

2
nd

 trimester 3
rd

 trimester 

Normal 

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

FBG -0.16 (NS) 0.27 (NS) -0.11 (NS) 0.20 (NS) 

HbA1c 0.26 (NS) 0.23 (NS) -0.16 (NS) 0.34 (NS) 

FI 0.17 (NS) 0.54 (0.01) -0.16 (NS) -0.18 (NS) 

G/I -0.15 (NS) -0.54 (0.01) 0.08 (NS) 0.40 (0.05) 

FIRI 0.13 (NS) 0.51 (0.01) -0.18 (NS) -0.15 (NS) 

HOMA-IR 0.14 (NS) 0.53 (0.01) -0.18 (NS) -0.15((NS) 

Log(HOMA-IR) 0.16 (NS) 0.60 (0.00) -0.23 (NS) -0.15 (NS) 

HOMA1-%B 0.36 (NS) 0.49 (0.01) 0.04 (NS) -0.42 (0.03) 

HOMA  β cell 0.23 (NS) 0.54 (0.01) -0.04 (NS) -0.36 (NS) 

 FBG: fasting blood glucose, HbA1c: glycated hemoglobin, FI: fasting insulin, G/I: glucose / insulin ratio, 

FIRI: fasting insulin resistance index, HOMA-IR: homeostasis model assessment insulin of resistance. 

 Numbers outside parenthesis indicate r value, while inside parenthesis indicate p- value. 

 P value is significant at < 0.05.                  NS: non-significant, P value > 0.05. 

 

Table 7: Pearson's correlations between vaspin and each of FBG, HbA1c and markers of IR in normal 

pregnancy and in GDM groups at 2
nd

 and 3
rd

 trimesters: 

 

Groups 

Parameters 

2
nd

 trimester 3
rd

 trimester 

Normal 

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

FBG 0.16 (NS) 0.20 (NS) 0.05 (NS) -0.08 (NS) 

HbA1c 0.29(NS) -0.25 (NS) -0.02 (NS) -0.12 (NS) 

FI -0.18 (NS) -0.19 (NS) 0.12 (NS) 0.22 (NS) 

G/I 0.20 (NS) 0.47 (0.02) -0.20 (NS) -0.16 (NS) 

FIRI -0.16 (NS) -0.13 (NS) 0.14 (NS) 0.21 (NS) 

HOMA-IR -0.16 (NS) -0.14 (NS) 0.14 (NS) 0.21 (NS) 

Log(HOMA-IR) -0.15 (NS) -0.17 (NS) 0.16 (NS) 0.08 (NS) 

HOMA1-%B -0.19 (NS) -0.20 (NS) 0.03 (NS) 0.40 (0.04) 

HOMA β cell -0.19 (NS) -0.25 (NS) 0.05 (NS) 0.34 (NS) 

 FBG: fasting blood glucose, HbA1c: glycated hemoglobin, FI: fasting insulin, G/I: glucose / insulin ratio, FIRI: fasting 

insulin resistance index, HOMA-IR: homeostasis model assessment of insulin resistance. 

 Numbers outside parenthesis indicate r value, while inside parenthesis indicate p- value. 

 P value is significant at < 0.05.                  NS: non-significant, P value > 0.05. 
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Table 8: Pearson's correlations between Chemerin and FBG, HbA1c and markers of IR in normal and in 

GDM groups at 2
nd

 and 3
rd

 trimesters: 

 

              Groups           

                              

Parameters  

2
nd

 trimester 3
rd

 trimester 

Normal 

n=19 

GDM 

n=25 

Normal 

n=18 

GDM 

n=26 

FBG 0.48 (NS) -0.03 (NS) 0.23 (NS) -0.45 (0.02)  

HbA1c -0.43 (NS) 0.09 (NS) 0.11 (NS) -0.23 (NS) 

FI 0.21 (NS) -0.11 (NS) -0.09 (NS) 0.08 (NS) 

G/I -0.16 (NS) 0.04 (NS) 0.32 (NS) -0.29 (NS) 

FIRI 0.34 (NS) -0.11 (NS) -0.06 (NS) 0.03 (NS) 

HOMA-IR 0.34 (NS) -0.13 (NS) -0.06 (NS) 0.03 (NS) 

Log(HOMA-IR) 0.28 (NS) -0.10 (NS) -0.13 (NS) -0.14 (NS) 

HOMA1-%B -0.21 (NS) -0.09 (NS) -0.20 (NS) 0.43 (0.03) 

HOMA β cell -0.12 (NS) -0.08 (NS) -0.18 (NS) 0.33 (NS) 

 FBG: fasting blood glucose, HbA1c: glycated hemoglobin, FI: fasting insulin, G/I: glucose / insulin ratio, 

FIRI: fasting insulin resistance index, HOMA-IR: homeostasis model assessment of insulin resistance. 

 Numbers outside parenthesis indicate r value, while inside parenthesis indicate p- value. 

P value is significant at < 0.05.                  NS: non-significant, P value > 0.05. 

 

 
DISCUSSION 

Insulin resistance plays a major role in the development of GDM. In the present study, in relation to control, 

pregnant women with GDM had significantly higher FBG, HbA1c and markers of IR in terms of FIRI, HOMA-IR, 

log (HOMA-IR), HOMA1 -% B and HOMA ß cell at 2nd and 3rd trimesters, indicating increased IR in GDM. 

These results were supported by other study [1] indicating higher IR in 2nd and 3rd trimesters of normal pregnancy, 

which was worsened in GDM.  

Several trials were carried out by many researchers to explore the causes of increased IR in GDM. Among factors 

contributed to the increased IR during pregnancy was obesity [17]. In this study, it is worth mentioning to indicate 

that both normoglycemic and GDM groups were matched for BMI. In addition, no significant correlations were 

obtained between BMI and markers of IR, indicating that BMI was not a confounder in the elevated IR among the 

enrolled GDM subjects. 

Numerous studies had implicated adipose tissue in the regulation of insulin resistance in both non-pregnant and 

pregnant individuals, through the excretion of adipocyte-derived hormones, the adipokines. In pregnancy in 

particular, adipokines seem to be implicated in maternal glucose metabolism and gestational insulin resistance [6]. 

The current investigation revealed significantly decreased maternal RBP4 in GDM group compared to 

normoglycemic at 2nd, but not at 3rd trimesters. Inconclusive results by other researchers on the relationship 

between circulating RBP4 in GDM in relation to normal pregnancy are existing. Different researches have reported 

increased RBP4 in pregnancies complicated with GDM compared to uncomplicated ones [18,19,20,21]. However, 

other report observed no significant difference between GDM and control for serum RBP4 [22]. Results concerning 

RBP4 obtained from the present study are in line with Kryzanowska et al. [23]. The authors attributed the reduced 

maternal RBP4 in GDM subjects to be due to decreased retinol. They suggested that RBP4/ retinol ratio may be 

appropriate for asserting metabolic syndrome during pregnancy. In the same study, retinol was found to be lower in 

GDM than control subjects. Furthermore; other researches indicated that RBP4 must bound to retinol to be secreted 
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from hepatocytes [24,25]. Therefore, decreased RBP4 in GDM may be linked to reduction in retinol levels. Other 

factors that might explain the inconsistency between available researches and might explain the decreased RBP4 in 

GDM could be differences in renal clearance, where increased renal clearance of RBP4 was reported to be a cause 

for reduced maternal circulating levels [26].  

Most of the RBP4 in serum is bound to retinol. It is not known whether unbound apolipoprotein-RBP4 has different 

biological effects from bound RBP4. However, the proportion of RBP4 bound to retinol is decreased in pregnancy 

[27]. This altered RBP4/ retinol ratio in pregnancy may reflect the possibility that a ligand other than retinol can 

bind to RBP4 and that this ‘alternative ligand’ may be associated with features of the metabolic syndrome. Other 

retinoids, such as retinaldehyde, have metabolic effects and have been shown to bind to RBP4 [28]. Most of serum 

RBP4 is also bound to transthyretin, which prevents glomerular filtration of RBP4. C-terminal truncated forms of 

RBP4 are thought to have decreased binding affinity for transthyretin, leading to excretion in the urine. These forms, 

which are abundant in urine, have also been detected in serum and levels can vary in different metabolic states [29]. 

It is not known whether these forms of RBP4 have the same biological activity as full-length RBP4. Thus, total 

RBP4 could be an inaccurate measure of biologically active RBP4.  

The employed methods for assessing RBP4 could not be ruled out as a factor that might affect the results obtained 

from different researches. RBP4 levels could be measured by different techniques such as ELISA, competitive 

enzyme immunoassay, western blot. The most reliable method is western blot technique [30]. However, it has been 

shown that ELISA is the most frequently preferred [31].  

The current study demonstrated significant correlations between RBP4 and each of FI, G/I, FIRI and HOMA-IR in 

second trimester, but not in normoglycemic control group. This result may point out to the role of RBP4 in the 

pathogenesis of GDM. Yang et al. [25] demonstrated that the transgenic over expression of human RBP4 or 

injection of recombinant RBP4 in normal mice caused increased IR. RBP4 was suggested to be a factor that might 

increase the activity of gluconeogenic enzyme, phosphoenolpyruvate carboxykinase, in hepatocytes. In addition, 

RBP4 also inhibits insulin receptor activity by blocking the insulin-stimulated phosphorylation of insulin receptor 

substrate-1 at serine in position 307. These actions of RBP-4 have been proposed to increased IR [25,32,33]. 

Although vaspin is an insulin sensitizing adipokine, which might be implicated in the regulation of maternal 

glucose, this study did not obtain significant difference between maternal vaspin in GDM compared to matched 

normal pregnancy, both, at 2nd and 3rd trimesters. On the other hand, no significant associations between vaspin 

and each of FBG, FI and markers of IR were obtained in either GDM or normal pregnancy, at 2nd or at 3rd 

trimesters. Other contradictory findings are existing, where maternal vaspin levels in GDM were reported to be 

significantly elevated in some studies [34,35], but not all [36,37]. 

Circulating vaspin is known to reflect its expression in adipose tissue [38]. In T2DM, the available literature 

reported either higher [39,40] or similar vaspin levels [41,38,42] compared to normoglycemic controls. Similarly, 

inconsistent results indicated that vaspin levels were positively correlated with FI and HOMA-IR in T2DM [38], in 

induced weight loss [43] and in obese children [44]. Others reported no significant association between vaspin and 

IR in T2DM [42] and in GDM [36]. 

Variations in characteristics of the investigated subjects in the different studies might contribute to the diverse 

findings. Differences in GA might represent an explanation for inconsistency between literatures including ours. 

Since during pregnancy, vaspin expression in the placenta has been reported to increase gradually, reaching the 

highest levels at the end of gestation [45]. Glycemic control in GDM, either dietary or using anti- diabetic treatment, 

might also affect vaspin levels. A study carried out by Tan et al. [46] indicated that diabetic women under metformin 

treatment or PCOS had significantly lower vaspin than control.  

Differences in race [47] and in BMI [44,47] as well as physical training [38,47], few days of life style modifications 

[47] or even type of exercise as exercise – induced oxidative stress [48], all might contribute to inconstant result in 

literature.  
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In the present investigation, vaspin was not correlated with BMI or FI. In previous studies conducted on normal or 

obese subjects, positive correlations between vaspin and BMI, FI and IR as estimated by HOMA-IR were noted 

[44,47]. Other reports [42,47] detected negative or even no correlations [49,50]. Differences in sample size, 

population characteristics or presence of concomitant disease that might affect glucose metabolism or methodology 

differences were attributed to be responsible for discrepancies in literature. 

Giomisi et al. [51] investigated vaspin levels at 24 – 30 weeks and found no relation with BMI, maternal blood 

glucose, FI and IR at later GA. The authors suggested to extend their study to include advanced GA > 30 weeks to 

explore the differences in vaspin levels between GDM and control. The present investigation was carried out both at 

early (14 - 26) and at late (29 - 39) gestations, and still no significant differences in vaspin levels between 

normoglycemic control and GDM at both examined trimesters. However, at late gestation, vaspin was correlated 

with MA, BMI and HOMA1-% B (as a marker of IR). In line with our observation, Gkiomisi et al. [37] pointed out 

to the existence of correlations between vaspin and IR at 3rd trimesters in women with GDM but not with controls. 

The authors were not able to obtain such correlations at 2nd trimesters. 

In the current study, maternal serum chemerin in GDM was comparable to GA and BMI matched normal controls at 

2nd trimesters. However, at 3rd trimester chemerin was significantly elevated in pregnancy complicated with GDM 

relative to normoglycemic pregnancy. In line with the present data Nazarian et al. [52] and Li [53] reported higher 

serum chemerin in GDM during 3rd trimester compared to normal glucose tolerance. Same results were obtained 

between normal weight GDM and normal weight pregnancy groups [54]. The authors found no significant 

differences in CMKIRI mRNA expression between the two groups, suggesting that GDM may be a factor resulting 

in elevated serum chemerin. However, other researches [55] reported decreased serum chemerin in GDM compared 

to control, finding that was further supported by Li et al. [54] indicating decreased chemerin in GDM at 3rd 

trimester. Other contradictory results indicated unaltered maternal chemerin in GDM at 3rd trimester relative to 

normal glucose tolerance group [56,57,58]. Although the precise reason for such discrepancy is unclear, however, 

various reasons have been postulated by many researchers. 

Finding by Barker et al. [57] indicated that GDM group managed with dietary modification alone had comparable 

maternal chemerin mean value to control group at term. Pfau et al. [56] study suggested that circulating chemerin 

may increase in a more severe form of GDM. In animal model induction of IR followed by treatment with 

metformin decreases chemerin expression [59]. The last studies indicated that control and severity of GDM might be 

a factor affecting maternal chemerin levels in GDM. Li et al. [54] found that obese normoglycemic pregnant women 

had higher chemerin relative to normal weight pregnant controls. This finding let the authors to suggest that obesity 

may contribute to elevated chemerin. Additionally, in the same study, normal and overweight GDM had higher 

chemerin levels than normal and overweight controls, although no difference was found between obese GDM and 

obese- control for chemerin. In the last study, chemerin was determined 24- 48 hours before delivery. The authors 

suggested that GDM might be responsible for elevated chemerin in GDM before delivery. However, this was not the 

same in other studies [57,59]. 

Sampling time may be another reason for discrepancy in literature concerning maternal chemerin in GDM. Blood 

samples were collected once in each study at different duration during pregnancy. One study was carried out 24 – 48 

hours before delivery [54]. Other study [58] was carried in the 3rd trimester and 48 hours after delivery. The present 

study measured chemerin levels in 2nd and 3rd trimesters. Additionally, in this study we had a wide range of BMI, 

and we did not classify the included groups into overweight (BMI: ≥ 25 < 30 Kg / m²) and obese (BMI ≥ 30 Kg / 

m²) which might also mask the significance between GDM and control at 2nd trimester.  

As was described by Li et al. [54], women with normal weight GDM had 3 folds higher chemerin than normal 

weight control, and overweight GDM had only 50 % higher levels than overweight control. An interesting finding 

proved that circulating chemerin was down - regulated by dietary restriction or exercise, while elevated by refeeding 

[60,61,62]. Therefore, it might be reasonable that chemerin was reduced to values comparable to control at 2nd 

trimester during dietary restriction as soon as GDM developed, and sampling time was during dietary intervention.  

In the present investigation no significant correlations were detected between maternal chemerin and each of FBG, 

HbA1c, FI, HOMA-IR or log (HOMA-IR), only significant associations with FBG and HOMA1-% B were obtained 
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at 3rd trimester. Absence of significant correlations with IR might prove the suggestion made by Li et al. [54] that 

GDM might be a cause for elevated chemerin. 

Different studies have shown that pregnancy is a pro- anti-inflammatory state depending on GA [63], and IR is 

associated with high levels of TNF-α [64,65]. The expression and release of chemerin by adipocytes was up 

regulated by TNF-α [66]. It was also postulated that GDM subjects have pronounced elevation in TNF-α both at 2nd 

and 3rd trimesters [67,68,69]. Therefore, obese GDM women are expected to have higher chemerin levels compared 

to normal obese pregnant women; as was obtained in the present study at 3rd trimester. Chemerin blood level is 

mainly elevated due to chemerin producing organ such as adipose tissue, liver [70]. Although it is well known that 

chemerin has an inhibitory effect on uptake of glucose by adipose tissue [70] however, others reported increasing 

insulin stimulated glucose uptake by 3T3 adipocytes by chemerin [71]. Therefore, chemerin may have different 

actions. The role of chemerin in GDM is not established yet and the mechanism of action and its relationship with 

IR and FBG is not well known. 

The present study revealed significantly higher FBG, HbA1c and markers of IR in GDM, at 2nd and 3rd trimesters, 

compared to matched normoglycemic control. At 2nd trimester, pregnancies complicated with GDM had decreased 

RBP4 compared to normal pregnant control group. No significant differences were noted in maternal vaspin and 

chemerin levels between GDM and control. At 3rd trimester, chemerin showed higher circulating levels in GDM 

relative to matched control, while other studied hormones showed no variations. It is worth mentioning to indicate 

that most enrolled GDM cases were managed with dietary control, while only 7 cases were under insulin treatment, 

indicating the inclusion of mild GDM cases which is evident from mean values of FBG (falls within normal value). 

In addition, all studied groups, either control or GDM, included wide range of BMI ranging from overweight (BMI: 

≥ 25 to < 30 Kg / m²) and obese (BMI: ≥ 30 Kg/ m²). Since both severity of GDM and BMI are known to affect 

levels of the studied hormones, therefore the non- significant variations appeared between GDM and control at 2nd 

and at 3rd trimesters for some hormones might be due to inclusion of controlled GDM and a wide range of BMI. An 

important note is that, in GDM subjects, sampling time was carried out once during management of blood glucose, 

which might mask the change in the studied maternal circulating hormones. 
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