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Background: The role of genetics in pathophysiology of gestational diabetes mellitus (GDM) is least
explored. Objective of the study is to find the association of leptin receptor (LEPR) gene polymorphism
with GDM and its role in altered leptin levels, insulin resistance, and dyslipidemia in GDM.
Methods: Hundred GDM patients and an equal number of BMI and gestational age matched normal glu-
cose tolerant pregnant women were recruited as cases and controls. Five milliliters of venous blood was
drawn for biochemical and genetic analysis. Genotyping of LEPR (Gln223Arg) was performed by PCR-
RFLP. Fasting blood sugar, leptin, insulin, C-peptide, and lipid profile estimations were done. Various insu-
lin resistance models were constructed using suitable formulae. The statistical analysis was performed
using SPSS 23.0 software.
Results: There was no significant association found between LEPR gene polymorphism with leptin levels
and insulin resistance in GDM. However, Odd’s ratio showed that individuals with the ‘‘A” allele were at
1.25 times higher risk of developing GDM. HOMA B-cell significantly varied among LEPR genotypes
(p < 0.0001), values being double in AA genotype, compared to AG (p < 0.05), ten times higher in AA com-
pared to GG (p < 0.0001). There was no significant deviation of the genotype frequency distributions for
rs1137101 variants from HWE in GDM cases, suggesting that alleles were in equilibrium.
Conclusion: The study established a cycle of gene polymorphism altering leptin levels which in turn can
alter insulin secretion and insulin resistance, contributing to dyslipidemia of pregnancy as well as gesta-
tional diabetes.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gestational diabetes mellitus (GDM) is one of the major compli-
cations that occur due to impaired carbohydrate tolerance metabo-
lism during pregnancy (Metzger et al., 2007). It develops as a result
of decreased insulin sensitivity and results in altered metabolic
effects like increased postprandial FFAs, increased hepatic glucose
production high blood glucose levels. Adipose tissue acts as an
endocrine gland, producing various adipokines which help in
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establishing communication between adipose tissue and other
organs. Leptin is an important adipokine, mediating a wide range
of functions like lipid and carbohydrate metabolism, insulin sensi-
tivity, atherosclerosis, angiogenesis, etc. Leptin levels are reported
to be altered, may be increased or decreased in GDM (McLachlan
et al., 2006).

There are various studies, which have reported the influence of
gene polymorphisms on causation of GDM. Study by Hoffstedt
et al. (2002) reported an association between LEP G2548A poly-
morphism and elevated leptin levels. The relationship between
polymorphisms of leptin as well as its receptor with type 2 dia-
betes mellitus is well established. Yang et al. (2016) studied both
leptin gene and its receptor polymorphism in Chinese population,
however they didn’t find any significant association between leptin
receptor gene polymorphism and GDM. Genetic polymorphisms
may vary from population to population. There are no such reports
available in Indian population, however, reports available are con-
flicting and the fact is yet to be established.

Insulin resistance in GDM has been associated with elevated
leptin levels (Laivuori et al., 2000). As leptin is closely associated
with lipid metabolism, it may be attributed to dyslipidemia in
GDM. As leptin has a wide range of metabolic roles, it may have
an impact on pregnancy outcomes, both maternal as well as fetal.

Pregnancy complicated with GDM may have a higher risk of
developing postpartum hemorrhage, miscarriage, macrosomia,
hypertensive disorders, operative delivery, and patients may
develop diabetes mellitus in the future (Kim et al., 2002). The off-
springs may be associated with hypoglycemia, neonatal respiratory
distress syndrome, premature birth, impaired glucose metabolism
at an early age. (Kampmann et al., 2015). Thus the present study
was aimed to evaluate the pattern of LEPR (Gln223Arg) gene poly-
morphism in GDM and to find its association with insulin resis-
tance and serum biochemical parameters.
Table 1
Insulin resistance models.
2. Materials and methods

2.1. Study design

A prospective cross-sectional study was conducted in hundred
GDM patients diagnosed based on 75 g oral glucose tolerance test
(OGTT) as per American diabetic association (ADA) 2016 criteria.
Hundred BMI and gestational age matched normal glucose tolerant
pregnant women were considered as a control group. Multiple
pregnancies, known pre-gestational diabetes, pregnancies compli-
cated by major fetal malformations or known major cardiac, renal
or hepatic disorders, pregnancy induced hypertension (PIH) were
the exclusion criteria. The study was conducted at Central Research
Laboratory of K.S. Hegde Medical Academy and Department of
OBG, Justice K.S. Hegde Charitable Hospital of NITTE (Deemed to
be University), Mangaluru, Karnataka, India. Approval from Institu-
tional Ethics committee was obtained and written informed con-
sent was collected from patients prior to the study. 5 ml of
venous blood was drawn from overnight fasted patients for bio-
chemical and genetic analysis. A data extraction sheet with general
information on socioeconomic status, demographic characteristics,
family history of diabetes and hypertension, education level, par-
ity, and history of GDM, were obtained.
HOMA –IR (fasting glucose � fasting insulin)/22.5; insulin
expressed in l U/L, glucose in mmol/l.

HOMA B cell 20� insulin/(Fasting blood glucose �3) ; FBS in
mmol/l

HOMA B 1% 20� Insulin/Fasting Plasma Glucose- 3.5 ; FBS in
mmol/l

QUICKI 1/(log G + log I)
C-peptide insulin

resistance, CIR
20/(Glucose X C-Peptide); glucose and C-peptide in
mmol/L
2.2. Biochemical analysis

Blood samples collected in a 2 ml plain vial were used for assay-
ing leptin, insulin, C-Peptide, and lipid profile. Fasting leptin, insu-
lin, and C-peptide were assayed by ELISA [Sincere biotech, China]
Lipid profile fasting blood sugar was analyzed using a fully auto-
mated chemistry analyzer, CobasC311 [Roche Diagnostics, Switzer-
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land]. Insulin resistance was calculated by the homeostasis model
assessment (HOMA) model (Arora et al., 2016). Both insulin and C-
peptide based insulin resistance models were constructed using
the formulae mentioned in Table 1.

2.3. Genetic analysis

Three milliliters EDTA (2%) blood was utilized for DNA extrac-
tion and genotyping. DNA was extracted from leukocytes by using
a DNA extraction mini kit. The quantification and purity of DNA
was checked using spectrophotometer (ratio of OD260/OD280).
Genotyping of all genes were analyzed by Polymerase chain reac-
tion – Restriction fragment length polymorphism (PCR-RFLP) tech-
nique (Suriyaprom et al., 2014). The PCR was carried out using
suitable forward and reverse primers for LEPR (Gln223Arg) alleles.
MspI restriction enzyme was used to digest the amplified product.
The reaction mixtures were run in gel electrophoresis on 3% agar-
ose gel and visualized by ethidium bromide staining (Fig. 1).
Details of primers and restriction enzymes used are depicted in
Table 2.

2.4. Statistical analysis

The statistical analysis was performed using SPSS 23.0 software.
Categorical data was expressed in percentage and continuous data
was expressed as mean ± standard deviation (SD). Hardy-Weinberg
Equilibrium (HWE) for the LEPR gene variant among cases and con-
trols were carried out and comparisons of allelic frequencies distri-
butions between different variants were done using the chi-square
test. Comparison between biochemical parameters between cases
and controls was done by Mann Whitney U test. Spearman’s corre-
lation test was used to find the correlation between biochemical
parameters. Odd’s ratio was computed to study the extent of risk
of leptin gene polymorphism in causing GDM. Statistically signifi-
cant value was fixed at ‘p’ value < 0.05. ROC curves were con-
structed to assess whether leptin levels and IR models can be
used as markers to predict GDM.

3. Results

GDM patients of 29.62 ± 4.3 years and normal glucose tolerant
pregnant women of 27.08 ± 3.73 years were recruited in the study.
Their mean BMI was 25.78 ± 6.84 kg/m2 and 25.86 ± 5.86 kg/m2

respectively. The gestational age of the subjects was 25.87 ± 1.21
weeks and 26.1 ± 1.54 weeks respectively. The association between
LEPR gene polymorphism and GDM was not significant when anal-
ysed with chi-square statistical analysis followed with Yate’s cor-
rection 0.3096 and p = 0.577. However, Odd’s ratio showed that
individuals with the ‘A’ allele were at 1.25 times higher risk of
developing GDM.

Insignificant association was observed between the LEPR gene
polymorphisms and leptin levels with Chi-square test with Yate’s
correction being 0.0626 and 0.742 respectively (P = 0.802 and
P = 0.388 respectively). However, subjects with the ’G’ allele for



Fig. 1. Sample pattern of distribution of alleles of leptin receptor gene (LEPR).

Table 2
Information of PCR-RFLP for the gene LEPR.

SNP Location
(Base change)

Forward primer
reverse primer

PCR program PCR fragment
length (bp)

Restriction enzyme,
incubation temp.

Allele: RFLP fragment
size

LEPR (rs1137101) Exon 6 (A > G) 50-AAACTCAACGACACTCTCCTT-30

50-GAACTGACATTAGAGGTGAC-30
93 �C,450

57 �C,300

72 �C,300

35 cycles

80 MspI, 37 �C Allele A:80
Allele G:59 + 21
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the LEPR gene showed twice the risk of hyperleptinemia. Insignif-
icant association between LEPR gene polymorphisms and insulin
resistance (chi-square = 0.1419p = 0.706) was noted. Odd’s ratio
showed 1.2 times the risks of IR in patients with ‘A’ allele for LEPR
genes.

Table 3 shows the allelic distribution of LEPR (rs1137101) gene
variants in GDM patients. There was no significant deviation of
rs1137101 variants from HWE in GDM cases (p > 0.05), suggesting
that alleles were in equilibrium.

Comparison of biochemical parameters showed significantly
high (p < 0.0001) FBS in GDM cases. Fasting C peptide also was sig-
nificantly higher in cases (p = 0.0014). Fasting serum insulin and
leptin levels were insignificantly low in GDM patients
(p = 0.6968 and p = 0.213). There was no significant difference
between lipid profile parameters like TG, TC, HDL, LDL, and VLDL
Table 3
Hardy-weinberg equilibrium (HWE) for the LEPR gene.

Gene variant Frequency o
(rs1137101)

Cases

AA Observed 27
Expected 23.5

AG Observed 43
Expected 49.95

GG Observed 30
Expected 26.5

Association between GDM and LEPR Gene polymorphism

AA: Homozygous dominant, AG: Heterozygous, GG: Homozygous Recessive.
LEPR Cases: Frequency range: ‘A’ allele = 0.48; ‘G’ allele = 0.515.
Controls: p allele frequency: 0.42, q allele frequency: 0.58.

3

levels between cases and controls (p = 0.069, p = 0.12, p = 0.73,
p = 0.255, and p = 0.06 respectively) (Table 4).

Comparison of IR models among cases and controls showed a
significantly low (p < 0.0001) HOMA B cell and HOMA 1% B cell (in-
sulin based) as well as significantly high (p < 0.0001) HOMA B cell,
HOMA 1% B cell (C peptide-based) in cases. It was also observed
that C peptide-based insulin resistance models (HOMA IR -C and
CIR) were significantly high (p < 0.0001) in cases as compared to
controls (Table 4). However, there was no significant difference
in insulin-based HOMA IR and QUICKI, between cases and controls
(p = 0.604 and p = 0.466).

Biochemical parameters were compared among cases with dif-
ferent genotypes of LEPR gene, AA, AG, and GG, insignificant differ-
ence was observed in Insulin, C peptide, leptin, TG, TC, HDL, LDL,
and VLDL (p values being 0.22, 0.66, 0.237, 0.65, 0.60, 0.40, 0.62,
0.667 respectively) (Table 4).
f pattern in LEPR gene (%) Chi -square value

Controls

25 1.94 (Cases)
20.39

46 3.15 (Control)
55.2

42
37.38

0.3096
p = 0.577



Table 6
Correlation of leptin levels with insulin resistance models.

Parameters Spearman’s correlation value p-value

Insulin �0.606 0.0005*
C peptide �0.203 0.29
HOMA IR �0.4856 0.0065*
HOMA B cell �0.4262 0.0211*
HOMA 1% B cell �0.4274 0.02*
QUICKI 0.501 0.0056*
HOMA IRC �0.214 0.27
HOMA B cell-C �0.030 0.876
HOMA 1% B cell-C �0.034 0.859
CIR �0.214 0.265

*p-value significant.

Table 4
Comparison of biochemical parameters and insulin resistance models in GDM and normal pregnant women.

Parameters GDM Control p value Spearman’s Correlation

r value p value

Mean age (year) 29.62 ± 4.3 27.08 ± 3.73
BMI (kg/m2) 25.78 ± 6.84 25.86 ± 5.86
Gestational age(week) 25.87 ± 1.21 26.1 ± 1.54
Baby birth weight (kg) 3.8 ± 1.10 3.22 ± 0.55
FBS sugar (mg/dl) 136.14 ± 34.99 90.58 ± 24.4 <0.0001
Fasting Insulin lIU/L 5.46 ± 11.95 7.13 ± 6.74 0.6968 �0.606 0.0005*
C-peptide(nmol/L) 2.17 ± 1.71 1.57 ± 1.55 0.0014 �0.203 0.29
Leptin(ng/ml) 57.33 ± 23.96 63.11 ± 25.46 0.213 – –
TG(mg/ml) 237.74 ± 97.81 246.68 ± 73.55 0.069 – –
TC (mg/ml) 222.32 ± 49.96 231.45 ± 46.04 0.12 – –
HDL (mg/ml) 51.43 ± 12 54.55 ± 12.4 0.73 – –
LDL (mg/ml) 149.07 ± 50.24 154.7 ± 44.9 0.255 – –
VLDL (mg/ml) 47.42 ± 19.54 48.6 ± 13.68 0.06 – –
HOMA IR 2.94 ± 1.64 1.63 ± 0.89 0.604 �0.4856 0.0065*
HOMA B cell 35.78 ± 10.55 75.73 ± 30.89 <0.0001 �0.4262 0.0211*
HOMA 1% B cell 42.62 ± 13.75 114.03 ± 56.99 <0.0001 �0.4274 0.02*
QUICKI 2.39 ± 0.46 8.89 ± 3.8 0.466 0.501 0.0056*
HOMA IRC 0.7 ± 0.12 0.36 ± 0.14 <0.0001 �0.214 0.27
HOMA B cell-C 11.03 ± 3.07 17.31 ± 7.25 0.0045 �0.030 0.876
HOMA 1% B cell-C 13.58 ± 8.16 24.65 ± 4.5 0.0002 �0.034 0.859
CIR 3.13 ± 1.07 11.47 ± 4.17 <0.0001 �0.214 0.265
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IR models, HOMA IR, HOMA 1%B cell, QUICKI, HOMA IRC, HOMA
B cell- C, HOMA 1% B cell -C and CIR (both insulin and C peptide-
based) in different genotypes of LEPR didn’t vary significantly (p
values being 0.27,0.198,0.185,0.784,0.805,0.59 respectively)
(Table 4). However, HOMA B cell significantly varied among LEPR
genotypes (p < 0.0001), values being double in AA genotype, com-
pared to AG (p < 0.05), 10 times higher in AA compared to GG
(p < 0.0001). The value was four times higher in AG compared to
GG (p < 0.01).

Biochemical parameters were compared between insulin resis-
tant cases (HOMA IR > 2.4) compared to GDM patients with normal
insulin sensitivity. Serum C-peptide, TG, and VLDL were signifi-
cantly higher in IR cases (p values being 0.0001, 0.022, and 0.034
respectively) (Table5).

Correlation studies showed a significant negative correlation
between FBS and leptin (r = -0.232, p = 0.0237). A significant pos-
itive correlation was observed between leptin and TG, TC and VLDL
levels (r = 0.219, p = 0.0325, r = 0.248, p = 0.0150 and r = 0.217,
p = 0.0347 respectively) among GDM patients.

Significant negative correlation was noted between leptin levels
and insulin, HOMA IR, HOMA B cell, HOMA 1%B cell, and QUICKI
among insulin-resistant GDM patients (Table 6).

ROC was constructed to assess the utility of leptin as a marker
of GDM. The area under the curve was 0.446, with a sensitivity
of 49.5% and specificity of 60.7% at a cut-off value of leptin being
52.7 ng/ml (Fig. 2). ROC was also constructed to assess if any of
the IR models could be used to predict GDM. It was observed that
only HOMA IRC was a better marker with AUC = 0.679, with 37%
Table 5
Comparison of biochemical parameters in GDM cases with and without IR.

Parameters Insulin resistant
cases

Cases with Normal Insulin
sensitivity

p-value

C-peptide
(nmol/L)

3.15 ± 1.85 1.72 ± 1.44 0.0001*

Leptin(ng/ml) 56.31 ± 24.45 57.79 ± 23.91 0.99
TG(mg/ml) 285.53 ± 129.76 217.26 ± 71.56 0.022*
TC (mg/ml) 216.5 ± 35.26 224.31 ± 55.11 0.40
HDL (mg/ml) 50.56 ± 12.01 51.8 ± 12.07 0.833
LDL (mg/ml) 137.13 ± 46.85 154.19 ± 51.29 0.164
VLDL (mg/ml) 56.66 ± 26.23 43.45 ± 14.34 0.034*

Data expressed in Mean ± SD, * p-value significant. Fig. 2. ROC for leptin as a marker for GDM.
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Fig. 3. ROC of IR models for prediction of GDM.
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sensitivity and 87% specificity at a cut-off value of HOMA IRC being
0.7. However other IR models were found to be poor predictors of
GDM (Fig. 3).

There was no significant association between the birth weight
of the babies and different genotypes (p = 0.440). The BW of the
babies also didn’t differ significantly between the different geno-
types (p = 0.124). Patients with AA genotypes were 1.5 times at risk
of low birth weight babies.
4. Discussion

Insignificant association was noted between LEPR (Gln223Arg)
polymorphisms and GDM in our study population. However, sub-
jects with homozygous dominant AA allele were at higher risk of
(1.25 times) developing GDM. There was no significant difference
between allele distribution between cases and control. On analyz-
ing LEPR (Gln223Arg) gene, allele frequencies noted in the present
study were following the ones described in different other popula-
tions by Van Rossum et al. (2003). However, the lack of significant
association between polymorphisms of these genes and GDM
could be due to the variation in the genetic patterns in different
populations.

The risk of hyperleptinemia was twice among patients with the
’G’ allele as compared to the homozygous ’A’ allele for the LEPR
gene. An association between LEPR Gln223Arg gene polymorphism
and leptin levels were found in the Thai population (Suriyaprom
et al., 2014) and Dutch population (Van Rossum et al., 2003). How-
ever, no such association was found in Turkish subjects (Komsu-
Ornek et al., 2012) and in Chinese population (Yang et al., 2016).
No significant association was present between the LEPR
Gln223Arg polymorphism and other metabolic parameters in our
study population which are in agreement with the findings of the
meta-analysis (Heo et al., 2002). Insignificant difference was noted
in the serum leptin concentrations between GDM patients and
subjects with NGT (Table 4). However, hyperleptinemia was
observed in both cases and controls, considering 2.5–21.8 ng/ml
as the normal reference range for serum leptin. ROC analysis
showed that leptin is not a good marker to predict GDM.
5

As leptin may have a major role in maternal metabolism and
maternal glucose homeostasis regulation, plasma leptin levels
may be an important marker for predicting GDM. However, reports
available on the levels of maternal leptin in GDM, are conflicting.
Studies have reported elevated leptin levels in GDM (Gao et al.,
2008; Ishak et al., 2003), diminished leptin levels, or insignificant
differences in leptin levels among GDM patients (Mokhtari et al.,
2011; Fruscalzo et al., 2015). A study by Noureldeen et al. (2014)
reported no significant change in leptin levels at 2nd trimester
but diminished leptin levels at the 3rd trimester among GDM
patients. Qiu et al. (2004) and colleague, showed that risk of
GDM raised by 20% with each 10 ng/ml rise in the leptin concentra-
tion in early pregnancy. Mutation in leptin receptor Gln223Arg
results in impaired signaling capacity of leptin receptors
(Hoffstedt et al., 2002). Placenta may be the main contributor of
the altered plasma leptin concentration in pregnancy (Bi et al.,
1997). The human placental promoter region might be differently
regulated compared to adipose tissue. The fetus may be contribut-
ing to the maternal leptin load from the early second trimester
(Christou et al., 2002). A positive correlation between umbilical
cord plasma leptin and the BW of newborns were also reported
(Gross et al., 1998).

In our study, insignificant difference in insulin levels between
cases and controls were noted, but C-peptide was significantly
higher (p = 0.0014). Comparison of IR models showed a signifi-
cantly low insulin-based IR models. It was also observed that C
peptide-based insulin resistance models (HOMA IR -C and CIR)
were significantly high (p < 0.0001) in cases as compared to con-
trols (Table 4). Since it has been proved that C-peptide is a better
marker of endogenous production of insulin and the C-peptide-
based IR model is a good indicator of insulin resistance, we can
conclude that GDM patients have higher IR compared to normal
glucose tolerant pregnant women.

It has been suggested that as gestation progresses, insulin secre-
tion increases, with a maximum being in the third trimester
(Catalano et al., 1999), however insulin sensitivity declines by70%
(Sivan et al., 1999). In GDM, deterioration of glucose tolerance is
due to reduced insulin secretion and chronic insulin resistance.
The correlations between leptin and IR were confirmed in some
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studies (Ozcimen et al., 2008; Yilmaz et al., 2010), but contradicted
in a few studies, suggesting contradictory results.

In our study, there was no significant difference between lipid
profile parameters like TG, TC, HDL, LDL, and VLDL levels between
cases and controls (Table 4). On comparing lipid profile among
cases with different genotypes leptin receptor genes, AA, AG, and
GG, no significant difference was observed among them. A signifi-
cant negative correlation between FBS and leptin in our study sup-
ports the presence of hyperleptinemia in GDM. A significant
positive correlation was observed between leptin and TG, TC, and
VLDL levels among GDM patients. A significant negative correla-
tion was noted between leptin levels and insulin, insulin-based
IR models, HOMA IR, HOMA B cell, HOMA 1%B cell, and QUICKI
among insulin resistant GDM patients (Table 6). GDM, insulin
resistance and dyslipidemia may make a vicious cycle. GDM
patients may have higher TG levels and low HDL compared to nor-
mal pregnant women (Herbert, 2001). Insignificant difference was
reported in total cholesterol, HDL and apolipoprotein between.
GDM and normal pregnancy (Wauters et al., 1998). Leptin synthe-
sis is induced by hyperglycemia, hyperlipidemia, and a replete fat
mass, and also leptin suppresses insulin production (Wauters et al.,
1998). A positive correlation was noted between leptin & TG, neg-
ative correlation between HDL and leptin (Ceddia et al., 2002).

It was also observed in the present study that there was insignif-
icant association between leptin receptor gene polymorphisms and
insulin resistance. However, Odd’s ratio showed 1.2 times the risks
of IR in patients with ‘A’ allele for leptin and leptin receptor genes.
Biochemical parameters were compared between insulin resistant
cases (HOMA IR > 2.4) compared to GDMpatientswith normal insu-
lin sensitivity. Serum C-peptide, TG, and VLDL were significantly
higher in IR cases (Table 4). Some studies suggest that leptin may
regulate entire glucose homeostasis in pregnancy (Al-Daghri et al.,
2002). Maternal leptin levels rise 2–3 fold above the non-pregnant
valueswith themaximumbeing at 28weeks of gestation, the reason
may be reasonmay be an elevation of leptin synthesis by adipocytes
in addition to elevated IR (Laivuori et al., 2000). Leptin regulates
insulin-mediated glucose metabolism in skeletal muscle as well as
gluconeogenesis in liver (Rossetti et al., 1997; Donahue et al.,
1999). Epidemiological studies have reported positively associated
plasma leptin concentrations and insulin resistance in men and
non-pregnant women (Donahue et al., 1999).

5. Conclusion

It couldbe concluded fromthe study that, there is an insignificant
association between LEPR Gln223Arg alleles and gestational dia-
betes, leptin concentration, and insulin resistance. However,
patients with the ’G’ allele for LEPR were more prone for hyper-
leptinemia. C-peptide based insulin resistance models were ele-
vated in GDM patients. Subjects with homozygous dominant, ’AA’
of LEPR showed higher insulin resistance, HOMA B cell compared
to other genotypes. Leptin levels was found to bear a positive corre-
lation with triglycerides, total cholesterol, and VLDL levels in GDM.
TG and VLDL were significantly elevated in IR-resistant GDM
patients. Leptin showed a significant negative correlationwith insu-
lin levels, HOMA-IR, and a positive correlation with QUICKI in IR
GDM cases. The study can establish a cycle of gene polymorphism
altering leptin levels which in turn can alter insulin secretion and
insulin resistance, contributing to dyslipidemia of pregnancy aswell
as gestational diabetes.

6. Limitation of the study

Leptin resistance may influence the leptin levels, insulin resis-
tance and lipid profile, however, leptin resistance is not taken into
consideration in the present study.
6
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