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Abstract: 

Background: 

Obesity in pregnancy is correlated with pregnancy complications, including gestational diabetes mellitus (GDM). 

Objective: 

The present work was carried out to compare serum leptin levels in non-obese pregnant women with and without GDM. 
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Introduction 

Leptin, an adipocyte-based hormone that is mainly synthesized by stomach, 

intestine, and placenta, decreases food intake and increases energy 

consumption through its effect on the receptors of the hypothalamus1 as well 

as assists energy/glucose homeostasis, blood vessel growth, and 

reproductive/immune systems regulation2. Also, it can play a role in 

hyperemesis gravidarum (severe morning sickness during the first trimester 

of pregnancy), affects metabolism, adiposity, fertility, puberty, and satiety, 

as well as functions as an anti-obesity agent3. 

Most obese individuals are resistant to the leptin effect due to their negative 

response to central feedback mechanisms. For instance, obese peoples 

possess lower amounts of central nervous system (CNS) leptin than thin 

peoples4; thus, the quantity of stored energy in fat tissues are reflected by 

serum leptin concentrations5. In normal-healthy adult peoples, serum leptin 

levels are directly associated with the amount of body fat; however, it’s not 

associated with reduced energy intake/energy stored in fatty tissues6. 

Maternal/fetal adipose tissues and the placental trophoblast produce leptin 

(7). During pregnancy, leptin has a significant role in regulating maternal 

energy metabolism and regulates conceptus development and fetal growth. 

Serum leptin levels are believed to associate with body mass index (BMI) 

and body fat mass and are normally linked to adipose tissue mass in both 

pregnant and non-pregnant adults7. The leptin secretion is highest at 

midnight and down-regulates corticosteroid production in the adrenal 

glands8. 

Reduced leptin amount in the body stimulates high glucose synthesis in the 

liver and affects brain systems varieties that change mood and behavior9. 

Like insulin resistance in type 2 diabetes (T2DM), a decreased sensitivity to 

leptin is associated with obesity, which fails to diagnose satiety despite high 

 
levels of leptin and high energy stores10. The adipokine leptin plays a 

significant role in regulating maternal energy metabolism during pregnancy. 

It is generally thought that serum leptin levels are associated with BMI and 

body fat mass in pregnant and non-pregnant women 7. 

Hormone synthesis in the maternal-fetoplacental chain, embryonic 

hematopoiesis, fetal/placental angiogenesis, and the conceptus growth and 

development are the physiological roles of leptin during pregnancy. 

Compared with non-pregnant women, pregnant ones have greater maternal 

serum leptin concentrations that increase mainly in the second trimester and 

remains high until parturition11. An association between maternal obesity 

and hyperleptinemia and other biomarkers of placental dysfunction and 

insufficiency was found. In addition, there is an association between lower 

adiponectin levels and an increase in the risk of gestational diabetes12. In 

recent years, leptin has been indicated to change insulin sensitivity and 

secretion. It is vivid that there is a positive correlation between circulating 

leptin and different measures of adiposity; however, the relationship of 

diabetes to serum leptin level, independent of adiposity, is not clear13. 

Pregnancy can be complicated by glucose metabolism disorders that result 

in gestational diabetes mellitus (GDM) and gestational impaired glucose 

tolerance (IGT). Although there is unclear explanation about GDM 

pathogenesis, GDM might result from reduced insulin sensitivity and 

increased anti-insulin hormones (such as progesterone, glucocorticoid, 

prolactin, and lactogen) that are produced by the placenta during 

pregnancy14. 

Increased maternal plasma leptin might be caused by increased adipocyte 

leptin production due to increased insulin resistance and hyperinsulinemia in 

the second trimester of pregnancy. Hence, leptin might directly affect insulin 
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sensitivity by regulating insulin-mediated glucose metabolism in skeletal 

muscle and by gluconeogenesis regulation in the liver10. Therefore, the 

present study was carried out to compare the serum leptin level in non-obese 

GDM women with non-obese normal pregnant women. 

Materials And Methods 

Methods: 

This study included 160 pregnant women with gestation ages of 28 – 35 

weeks, of which 80 were in a study group (pregnant women with GDM) and 

the rest were in a control group (pregnant women without GDM). 

Participants’ age, family health history (Hx), previous Hx, gestational age, 

parity, and body mass index (BMI) were collected from the women using a 

questionnaire. Serum leptin level and fetal amniotic index (FAI) were also 

measured. 

Study design 

This case-control study was performed in Sulaimaniyah Maternity Teaching 

Hospital and Diabetic Center in Sulaimaniyah City, Iraq from March 2020 

to June 2021. 

Study Sample 

The study sample comprised 2 groups of pregnant women whose gestation 

age was 28 to 35 weeks. The first group was 80 women with GDM, and 

another group was a control group of 80 pregnant women without GDM. 

Inclusion Criteria 

Women with confirmed GDM having gestation age of 28–35 weeks and 

those who were not obese were included in this study. 

Exclusion Criteria 

Obese women with BMI ≥ 30 and those with intrauterine growth restriction 

(IUGR) or having T1DM/T2DM were excluded from this study. Women 

who had pregnancy-induced hypertension (PIH) and preeclampsia (PET) 

were also not included. 

Experimental 

A well-designed questionnaire was used to record participant’s age, family 

health history (Hx), previous Hx, gestational age, and parity. 

Simultaneously, anthropometric measures (height and weight to determine 

BMI) were obtained from each participant. On the other hand, blood samples 

(3.0 mL) were obtained into plain tubes from patients and serum were 

collected to determine leptin level using Human Leptin ELISA kit 

(ab179884, UK). Additionally, amniotic fluid index (AFI) was measured 

using ultrasound (US) to determine the depth of the fluid in four quadrants 

in the gravid uterus. A depth of 5.0–25 cm AFI was considered as normal, 

while < 5.0 cm was considered oligohydramnios, and > 25 cm were 

considered polyhydramnios. 

Statistical analysis 

The collected data were analyzed through the Statistical Package for the 

Social Sciences (SPSS, version 25.0). For this purpose, descriptive and 

inferential statistical tests were utilized. The level of statistically significant 

data was considered at a p-value < 0.05. 

Results: 

Significant differences were seen between both groups in terms of their age 

(p<0.001), parity (p=0.05), BMI (p<0.001), and leptin level (p<0.001) in 

which women with GDM had higher BMI and leptin levels. The results also 

indicated that leptin level in the GDM women was correlated with their 

parity (p=0.04) and BMI (p<0.001), such that multiparous women and 

overweight women had higher levels of serum leptin.We found a significant 

different (p < 0.001) in the age between the studied group and the control 

group in which the women without GDM were younger than those with 

GDM. Also, there was a significant difference (p = 0.05) in the parity 

between the two groups, as multiparity was observed in 85% of the women 

with GDM while 72.5% of those without GDM were multiparous. Moreover, 

primiparous was found in 27.5% of women without GDM and 15% of 

women with GDM. There was also a significant difference (p < 0.001) in 

BMI between both groups, as 78.8% of women with GDM were overweight 

while 52.5% of those without GDM were overweight. However, 47.5% and 

21.3% of women without GDM and with GDM had normal BMI, 

respectively (Table 1). 

 
 

Variable 
 

 

Group 
 

 

Total 
 

 

P-value 
 

 

Study Group (%) 
 

 

Control Group (%) 

Age group (Year) 20–30 
 

 

22(27.5) 
 

 

53(66.3) 
 

 

75(46.9) 
 

 

< 0.001 

31–40 
 

 

48(60.0) 
 

 

27(33.8) 
 

 

75(46.9) 

> 40 
 

 

10(12.5) 
 

 

0(0.0) 
 

 

10(6.3) 

Total 
 

 

80(100.0) 
 

 

80(100.0) 
 

 

160(100.0) 

Parity Primipara 
 

 

12(15.0) 
 

 

22(27.5) 
 

 

34(21.3) 
 

 

0.05 

Multipara 
 

 

68(85.0) 
 

 

58(72.5) 
 

 

126(78.8) 

Total 
 

 

80(100.0) 
 

 

80(100.0) 
 

 

160(100.0) 

BMI Normal (18.5–24.9) kg/m2 
 

 

17(21.3) 
 

 

38(47.5) 
 

 

55(34.4) 
 

 

< 0.001 

Overweight (25.0–29.9) kg/m2 
 

 

63(78.8) 
 

 

42(52.5) 
 

 

105(65.6) 

Total 
 

 

80(100.0) 
 

 

80(100.0) 
 

 

160(100.0) 

BMI: Body Mass Index 

Table 1: Comparison between the studied and control groups regarding their demographics and medical profile. 

Further comparison between two groups of pregnant women revealed that there was a significant difference (p < 0.001) in their serum leptin level as the mean 

serum leptin level in the studied group was significantly higher (33.42 ± 24.99) than the control group (20.86 ± 12.58) (Table 2). 
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GDM Group P-value 

Family Hx 0.89 

Yes 

No 

AFI 0.57 

≥ 25 
 

˂ 25 
 

Parity 0.04 

Primipara 

Multipara 

BMI < 0.001 

Normal (18.5–24.9) kg/m 

Overweight (25.0–29.9) kg/m 

Previous Hx GDM (Multipara) 0.21 

Yes – 

AFI: Amniotic Fluid Index, BMI: Body Mass Index, GDM: Gestational Diabetes 

Mellitus 

-15.95 -31.40 - 2 

-11.08 -36.28 - 2 

-3.73 -27.54 - 

-0.36 -30.91 - 

31.08 ± 23.57 58 

63 

17 

68 

12 

-8.44–15.27 25 

-8.64–15.46 55 

-12.30–10.62 30 

-12.40–10.72 50 

95% CI Leptin 

(Mean ± SD) 

No. 

 
 

 

Group 
 

 

 
 

Leptin 

(Mean ± SD

) 
 

95% CI P-value 

 
 

GDM (N = 80) 
 

 
 

33.42 ± 24.99 
 

6.39–18.74 < 0.001 
 

 

Normal pregnant (N = 80) 
 

 
 

20.86 ± 12.58 
 

6.37–18.76 

Table 2: Comparison between the studied and control groups regarding their leptin level. 

Moreover, our outcomes demonstrated that the leptin level significantly 

correlates (p < 0.05) with parity and BMI of studied pregnant women 

with/without GDM. In this regard, multiparous (35.77 ± 25.56) women had 

a higher level of serum leptin than primiparous (20.13 ± 16.71). 

Additionally, overweight women showed higher (38.45 ± 25.58) serum 

leptin levels than women with normal body weight (14.78 ± 16.71) in both 

groups. However, family history, amniotic fluid index (AFI), previous 

history of GDM, and age groups did not have any significant difference 

(p > 0.05) with serum leptin levels in both groups (Table 3). 

 

 

 

 

 
33.11  ±  25.59 

 

33.95  ±  24.37 

 

 
34.49  ±  25.60 

 

31.07  ±  23.92 

 

 
20.13  ±  16.71 

 

35.77  ±  25.56 

 

 
14.78  ±  8.87 

 

38.45  ±  25.58 

 

 
-20.89  3.87 

 
 

       

 No  22  39.6 ± 28.01  – 
       

         

Gestational age (Week)        0.02 
         

         

28–30  29  25.29 ± 19.53  -24.03–1.46   
         

         

31–34  51  38.04 ± 26.69  -23.13– 2.37   
         

         

Age group (Year)        0.29 
         

         

20–30  22  32.23 ± 25.61  20.87–43.58   
         

         

31–40  48  36.21 ± 25.65  28.75–43.65   
         

         

> 40  10  22.67 ± 18.37  9.53–35.18   

 

 

 

Table 3: Association between leptin level and other variables in women with GDM. 

Furthermore, we revealed a significant association (p < 0.001) between gestational age and serum leptin level. However, leptin level had no significant 

correlation (p > 0.05) with parity, age groups, and BMI in both groups of women (Table 4). 

-22.2  5.17 
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Normal Pregnant Group No. Leptin (Mean ± SD) 95% CI 
 

 

P-value 
 

 

Age group (Year) 
 

 

0.5 
     

20–30 53 20.26  ±  13.14 -7.68–4.20  
    

 
    

31–40 27 22.00  ±  11.54 -7.46–3.99  
     

 
 

Parity 
 

 

0.2 
     

Primipara 22 18.25  ±  12.61 -9.85–2.6  
    

 
    

Multipara 58 21.84  ±  12.53 -9.97–2.79  
     

 
 

Gestational age (Week) 
 

 

< 0.001 

28–30 27 12.22 ± 9.23 -18.21 – -7.84 
 

31–34 53 25.25 ± 11.80 -17.84 – -8.22 
 

 

BMI 
 

 

0.5 
     

Normal (18.5–24.9) kg/m2 38 19.90  ±  12.77  -7.27 − 3 .99  
    

 
    

Overweight (25.0–29.9) kg/m2 42 21.63  ±  12.50 -7.27– 3.99  
     

BMI: Body Mass Index 
 

 
Discussion 

Table 4: Association between serum leptin level and other variables in women with normal pregnancy. 

of maternal serum leptin and infant birth weight neither in normal or 

Gestational diabetes that develops more commonly in the second or third 

trimester of pregnancy period and often disappears after giving birth seems 

to be directly related to maternal age during pregnancy.15 In this respect, the 

results of our study showed that older women were at a higher risk of 

developing GDM during pregnancy than younger ones, whereas a conducted 

research on 17,145 pregnant women in Qingdao, China by Li et al. 2020 

showed the highest rate of women with GDM in the age group of 30–34 years 

with a BMI > 30 kg/m2 .16 

Additionally, we found 2/3 of primiparous women had normal pregnancies 

while 1/3 of primiparous women had GDM. In this regard, Laine et al. 2018 

in Finland reported the prevalence of GDM in primiparous women to be 

< 10%, while the rate of GDM was 15% for multiparous women.17 Based 

on NICE guidelines, the most important risk factors for developing GDM 

during pregnancy are BMI > 30, pregnancy weight of > 11% than ideal body 

weight, prediabetes, polycystic ovary syndrome (PCOS), particular 

race/ethnicity, high maternal age (> 35 years), previous history of GDM, pre- 

existing diabetes, fetal death, and macrosomic childbirth with a weight of 4.5 

kg or above.18 

In this study, about 80% of GDM women were overweight, which is 

consistent with the results of a cohort study conducted on 3172 Chinese 

pregnant women by Sun et al., 2020 who concluded that extreme gestational 

weight gains and pregnancy obesity/overweight enhanced the possibility of 

GDM, large gestational age, fetal macrosomia, and gestational hypertension. 

19 Besides, they recommended that controlling body weight across and 

before pregnancy could reduce the adverse outcomes of pregnancy, 

especially for ethnic minorities. Also, they concluded that pregnant women 

with a BMI > 25 kg/m2 at pregnancy might develop GDM sooner and faster 

than those with less BMI. Thus, public health attempts, such as encouraging 

women of childbearing age to exercise and eat a healthy diet, should be 

stepped up to reduce pregnancy BMI. 

The current study also revealed that the level of maternal serum leptin was 

associated with maternal weight. In line with this finding, a similar study 

conducted by Serapio et al. 2019, on Sweden pregnant women and a maternal 

weight was observed to have different effects on maternal serum leptin. 

However, they could not find any significant relationships between the level 

overweight women.20 

Moreover, our results showed that the serum leptin level of women with 

GDM was significantly different from women without GDM. Hence, the 

mean level of leptin was significantly lower in women without GDM than in 

those with GDM. In this respect, Calan et al. 2013 study conducted on 

pregnant women in Turkey was reported that GDM caused higher levels of 

serum leptin and positively affected insulin resistance.21 On the other hand, 

Thagaard et al. 2017 studied adiponectin and leptin as first trimester 

biomarkers for GDM among 2590 pregnant women in Denmark and 

observed the highest serum leptin level in women with GDM than non-GDM 

women. Their study also showed that women with a higher BMI had higher 

levels of leptin concentration.22 These findings indicate that serum leptin 

levels are correlated with glucose metabolism in patients with GDM.Our 

results also revealed the significant correlation between multiparity and 

leptin levels in women with GDM. In line with this finding, Rodriguez et al. 

2020 conducted a study on 973 pregnant women in the USA. They realized 

that adjusting lifestyle and demographic factors results in higher serum leptin 

levels in women with grand multiparity (≥ 5 births).23 Additionally, we 

revealed that leptin levels were significantly higher in overweight women 

than normal-weight women with GDM. In this regard, Misra et al. 2011 

studied the effect of overweight/obesity on maternal serum leptin levels 

during the gestation period in 143American pregnant women. They found 

that leptin profiles of overweight/obese women are significantly different 

from those with normal weight during gestation.7Regarding the association 

between leptin level and gestational age in both studied groups of women 

with and without GDM, we observed that women with a gestational age of 

31–34 weeks had significantly (p < 0.05) higher leptin levels. In agreement 

with our study, another research was conducted by Lacroix et al. 2016 on 

Canadian pregnant women to determine the correlations between maternal 

leptin and gestational age during the second trimester and reported that leptin 

levels increased drastically during the second trimester and later in 

pregnancy.24 However, we have not seen any significant correlation 

between serum leptin level and AFI or a previous history of GDM in the 

studied women or their families. Similarly, Lackovic et al. 2021 studied 

GDM among 203 mother-infant pairs in Belgrade and reported that based on 

the multivariate logistic regression model, only motoric development 
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suspension of infants at the first three months and AFI had a significant 

association with GDM.25 

Conclusion 

Higher serum leptin was found in GDM women, and an increased gestational 

age was associated with increased leptin in both GDM and non-GDM 

women.Finally, we concluded that women with GDM had higher serum 

leptin levels than those without GDM. Increased gestational age was 

associated with an increased serum leptin level in women with/without 

GDM. Compared to women with normal weight in both normal pregnancy 

and GDM groups, overweight women had higher serum leptin levels. Thus, 

we concluded that serum leptin levels could be effectively regulated by 

controlling weight gain during the prenatal period, which might prevent 

subsequent complications in the future. Consequently, we recommend serum 

leptin measurement in early pregnancy to predict easily detected GDM in 

later pregnancy. 
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