
Relationship of leptin with insulin indices in gestational diabetes mellitus

Abstract
Background: Leptin is thought to increase and affect glucose and insulin homeostasis in gestational diabetes 
mellitus (GDM). 
Objectives: To see the relationships among leptin, insulin indices (homeostatic model of insulin assessment, 
HOMA-IR), and obesity among women with GDM. 
Methods: Women (n=107) with 24-28 weeks gestation were tested by 75 gm oral glucose (OGTT) to divide 
into GDM [n=45, age: 27.80±3.98 years, mean±SD; BMI: 27.88(24.46, 30.43) kg/m2, median] and normal 
glucose tolerance [NGT; n=62, age: 26.19±5.30 years, mean±SD; BMI: 25.80(23.65,28.42) kg/m2, median] 
following WHO-2013 diagnostic criteria. Fasting plasma glucose, insulin, and leptin were measured by 
glucose oxidase and ELISA methods respectively. 
Results: Glucose values (fasting, 01h, and 02h; mmol/L) were significantly higher in GDM than those of 
NGT in both subgroups of HOMA-IR [≥2.89: insulin resistant (IR), <2.89: insulin sensitive (IS)]. BMI was 
significantly higher in GDM with IR than that of GDM with IS whereas fasting insulin in both the HOMA-IR 
subgroups of GDM as well as of NGT differed significantly. None of the BMI nor glucose values of OGTT 
or fasting insulin correlated significantly with leptin either in GDM or in NGT in the subgroup with IR; 
whereas in the IS-subgroup, BMI, 01hG, 02hG, and fasting insulin correlated significantly in NGT only. 
ROC curve analysis for leptin revealed it as an unreliable marker of IR (AUC = 0.553) in GDM. 
Conclusions: Serum leptin does not correlate with insulin indices in GDM.  [J Assoc Clin Endocrinol 
Diabetol Bangladesh, July 2023; 2 (2):46-51]
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Introduction
The prevalence of gestational diabetes mellitus (GDM) 
is observed increasing globally. It develops as an 
outcome of discordance between insulin resistance (IR) 
and secretary capacity; perhaps because of the 
contribution of pre-existing IR, or because of inadequate 
β-cell expansion and concomitant insulin insufficiency.1 
This is accentuated by obesity and overweight-related 
factors like chronic subclinical inflammation and 
low-grade activation of the acute phase response.2,3 
Adipocyte-derived hormones “adipocytokines” and their 
role in the regulation of maternal metabolism, 
gestational IR, and β-cell dysfunction have opened a 
new era in understanding the pathophysiology of GDM. 
Among adipocytokines, leptin is thought to be a new 
potential mediator of IR during pregnancy.4 During 

pregnancy, with increasing fat deposition and 
mobilization circulating leptin level also increases.5 
However, leptin gene expression is significantly 
increased both in the placenta and visceral adipose tissue 
in GDM compared with pregnancy with normal glucose 
tolerance (NGT).6,7 On the other hand, gestation is a 
state of both central and peripheral resistance to leptin 
especially during mid-pregnancy which allows the 
anabolic metabolism in the mother.8 As a result, leptin 
level rises to 2–3 fold higher than the nonpregnant state 
with a peak at around 24-28 weeks of gestation, plateaus 
thereafter, and declines slightly before delivery and falls 
at postpartum.6 This hyperleptinaemia contributes to 
enhanced IR and by overruling the leptin-induced 
suppression of insulin secretion from β-cells eventually 
amplifies hyperinsulinemia which sequentially results in 

glucose intolerance. Leptin also inhibits insulin 
biosynthesis and secretion from pancreatic β-cells 
through leptin receptors in pancreatic β-cells.9 In 
contrast, insulin stimulates leptin secretion from adipose 
tissue and thus makes a hormonal regulatory feedback 
loop of the existing adiponectin-insulin axis. Recently, 
several studies have focused on leptin, as a potential 
mediator of IR in pregnancy.10,11 But the results are 
variable and in some cases contradictory too. Some 
reported a positive correlation between leptin, insulin, 
and insulin indices in GDM whereas; others found no 
correlation between IR and leptin.10,12 The aim of this 
study was to determine the circulating level of leptin and 
its relation with insulin and different insulin indices in 
women with GDM and those who are normal for 
glucose tolerance (NGT). 

Methods
This cross-sectional study was performed at the 
Department of Endocrinology of Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, 
Bangladesh. Pregnant women at 24-28 weeks of 
gestation attending the ‘Antenatal Clinic’ of Obstetrics 
and Gynecology, BSMMU who fulfilled the inclusion 
and exclusion criteria, were referred to 'The GDM 
Clinic' of the Department of Endocrinology, BSMMU. 
They were screened and enrolled consecutively from 
March 2019 to August 2020. A 75 gm three samples oral 
glucose tolerance test (OGTT) was performed after an 
overnight fast according to WHO guidelines-2013, to 
divide them into GDM and NGT. Thus, 45 GDM and 62 
pregnant women with NGT were enrolled in the study. 
The Institutional Review Board (IRB) duly approved the 
protocol before enrollment, and all participants provided 
written informed consent. Data were collected in a 
prescribed data sheet. Patients with overt DM, DM in 
pregnancy, or any acute or chronic medical condition 
were excluded from the study. Fasting samples for leptin 
and insulin were collected on the day of OGTT; after 
clot formation serum separated and preserved under 
-70oC freezer until assay. Glucose was measured on the 
same day within two hours of sampling.
Blood glucose was measured by glucose oxidase method 
using Dimension EXL 200 Integrated Chemistry System 
(Siemens, Germany) whereas leptin by enzyme-linked 
immunosorbent assay (ELISA) using DRG Leptin 
(Sandwich) ELISA kit (EIA-2395), Inc. USA. 
Intra-assay CV for glucose was for low level 1.73% and 
for high level 4.22%. Leptin was measured in a single 
run-assay and intra-assay CV for leptin was 4.9%. 
Insulin was measured by chemiluminescent 

microparticle immunoassay. Insulin indices were 
calculated by the homeostasis model assessment 
(HOMA) method. HOMA-IR cut-off of 2.89 was 
considered to categorize the study participants as IR or 
insulin sensitive (IS).13

All data were processed by using the IBM SPSS 
software program (version 25.0) and expressed as 
frequencies (percentages) for qualitative values and 
median with interquartile range (25th -75th percentile) 
for quantitative data. The chi-square test (for qualitative) 
and Mann-Whitney U test (for quantitative) were done 
to compare between groups. The correlation of leptin 
with clinical and biochemical variables was analyzed by 
Spearman's correlation test. Receiver operating 
characteristics (ROC) curve analysis was done to see 
leptin as a marker of IR in GDM patients. P-values 
<0.05 were considered statistically significant.

Results
Among 45 GDM mothers, 13 had IR and among 62 
NGT mothers, five had IR. BMI and systolic BP were 
significantly higher in the IR group than IS group in 
GDM mothers only. Serum leptin was statistically 
similar between GDM and NGT [26.05(16.92, 50.55) 
vs. 23.50(14.95, 38.30) median, p=0.360]. Fasting 
glucose (FG), 01-hour OGTT-glucose (01hrG), 02-hour 
OGTT-glucose (02hrG) median values were all 
significantly higher in GDM than those of NGT in both 
the subgroups of HOMA-IR [GDM vs. NGT: FG (5.60 
vs. 4.70, p <0.001); 01hrG (9.80 vs. 7.0, p <0.001); 
02hrG (7.54 vs. 6.10, p <0.001), mmol/L]. Unlike 
glucose, median fasting insulin was significantly higher 
in GDM than NGT in the IR group (16.41 vs. 14.70, 
µIU/ml, p=0.012) but not in the subgroup of IS (7.05 vs. 
6.25, µIU/ml, p=0.135). Median BMI was significantly 
higher in GDM with IR than that of GDM with IS 
(29.52 vs. 26.68, kg/m2, p=0.016) whereas median 
fasting insulin in those two HOMA-IR subgroups of 
GDM (16.41 vs. 7.05, µIU/ml, p<0.001) as well as of 
NGT (14.70 vs. 6.25, µIU/ml, p<0.001) differed 
significantly (Table-I).

None of age, gestational age, BMI, and glucose value of 
OGTT or fasting insulin correlated significantly with 
leptin either in GDM (NS for all) or in NGT (NS for all) 
in the subgroup with IR (Table-II) whereas in the 
subgroup with IS, BMI (p<0.001), 01hG (p=0.047), 
02hG (p=0.029) and fasting insulin (p=0.019) correlated 
significantly in NGT only but not in GDM (Table-III). ROC curve analysis for leptin revealed area under the 

curve (AUC) for IR was 0.553 (p=0.515) suggesting it 
could not be used as a marker of IR in GDM (Figure-1).

Discussion
In this study, we found that leptin had no significant 
associations with any studied clinical or biochemical 
parameters including BMI, glucose values, and insulin 
indices in GDM mothers irrespective of insulin status. 
Similarly, leptin had no significant associations with any 
studied variables in pregnant mothers with IR 
irrespective of glycemic status. Leptin was observed not 
to be an acceptable marker of IR in GDM. However, 
leptin had a significant association with BMI, OGTT 
glucose, and insulin in NGT mothers, especially in 
IS-NGT mothers.
Leptin was found little higher in GDM than in NGT 
mothers irrespective of insulin status. Similarly, leptin 
was found a little higher in IR than in IS mothers 
irrespective of glycemic status. However, none of the 
associations were statistically significant. Similarly, 
there were positive and significant correlations of leptin 
with BMI, glucose values, and insulin only in IS-NGT 
mothers but not in IR-NGT mothers or GDM mothers 
irrespective of insulin status. From these findings, it 
appears that the association of leptin with BMI, glucose 
values, or insulin indices is lost in women developing 
higher glucose and IR, alone or both during pregnancy. 
Similar findings are observed by Skvarca et al.14 So, it is 
possible that upregulation of several inflammatory 
cytokines and acute phase proteins like tumor necrosis 
factor-α, interleukins (IL-6, IL-8) and high sensitivity 
C-reactive protein which may contribute to increasing 

IR but fails to maintain any similar influence on leptin 
which was not investigated in the present study.
Increased expression of soluble receptors rather than 
transmembrane receptors for leptin in the placenta may 
modulate leptin release from the placenta.15 Higher 
expression of soluble receptors may reduce the risk of 
GDM development.16 Besides, the placenta may play 
more role than adipose tissue in maternal leptin 
concentration and under different regulation than leptin 
from adipose tissue.17  So it is possible that the IR 
related to adipose tissue may not be related to leptin 
secreted from the placenta.
Gao et al. found elevated leptin in GDM in correlation 
with HOMA-IR. However, the significance was lost 
when it was adjusted for BMI.18 On the other hand, a 
systematic review and meta-analysis found elevated 
leptin in GDM mothers when compared with 
BMI-matched NGT mothers.19 We also found a positive 
correlation of serum leptin with BMI in all pregnant 
women irrespective of glycemic status.20 These findings 
also suggest that the association of leptin is better with 
BMI rather than glycemic status or its causative factor(s) 
like IR or deficient β-cells’ function. Apropos with this, 
some studies also found that leptin level is higher before 
pregnancy with little elevation during pregnancy in 
fasting as well as after OGTT and remains elevated even 
after pregnancy in GDM mothers than in NGT 
mothers.11,21 Therefore, it seems pertinent to assume that 
leptin is unlikely to have any predictive value over 
GDM. 
There are some limitations of our study. The sample size 
was small. We have no pre-pregnancy data on BMI and 
leptin levels. A study on leptin levels in all the trimesters 
of pregnancy as well as before conception and after 
parturition that is a longitudinal study may provide more 
insights into the association of leptin with IR and 
glycemic status in GDM patients.

Conclusions
We would like to conclude that serum leptin has no 
significant association with insulin indices in GDM and 
leptin is not sufficiently sensitive to replace HOMA–IR 
for predicting GDM. However, it is too early to infer the 
interaction and role of leptin in the event of the 
development of GDM. A comprehensive study 
encompassing other adipokines and cytokines and 
probable genetic and environmental risk factors may 
highlight a clearer view of this avenue. Our group is 
investigating the importance of other cytokines in GDM 
during the period of 24-28 weeks of gestation (the 

optimum time for GDM screening) to be reported 
subsequently.
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Introduction
The prevalence of gestational diabetes mellitus (GDM) 
is observed increasing globally. It develops as an 
outcome of discordance between insulin resistance (IR) 
and secretary capacity; perhaps because of the 
contribution of pre-existing IR, or because of inadequate 
β-cell expansion and concomitant insulin insufficiency.1 
This is accentuated by obesity and overweight-related 
factors like chronic subclinical inflammation and 
low-grade activation of the acute phase response.2,3 
Adipocyte-derived hormones “adipocytokines” and their 
role in the regulation of maternal metabolism, 
gestational IR, and β-cell dysfunction have opened a 
new era in understanding the pathophysiology of GDM. 
Among adipocytokines, leptin is thought to be a new 
potential mediator of IR during pregnancy.4 During 

pregnancy, with increasing fat deposition and 
mobilization circulating leptin level also increases.5 
However, leptin gene expression is significantly 
increased both in the placenta and visceral adipose tissue 
in GDM compared with pregnancy with normal glucose 
tolerance (NGT).6,7 On the other hand, gestation is a 
state of both central and peripheral resistance to leptin 
especially during mid-pregnancy which allows the 
anabolic metabolism in the mother.8 As a result, leptin 
level rises to 2–3 fold higher than the nonpregnant state 
with a peak at around 24-28 weeks of gestation, plateaus 
thereafter, and declines slightly before delivery and falls 
at postpartum.6 This hyperleptinaemia contributes to 
enhanced IR and by overruling the leptin-induced 
suppression of insulin secretion from β-cells eventually 
amplifies hyperinsulinemia which sequentially results in 

glucose intolerance. Leptin also inhibits insulin 
biosynthesis and secretion from pancreatic β-cells 
through leptin receptors in pancreatic β-cells.9 In 
contrast, insulin stimulates leptin secretion from adipose 
tissue and thus makes a hormonal regulatory feedback 
loop of the existing adiponectin-insulin axis. Recently, 
several studies have focused on leptin, as a potential 
mediator of IR in pregnancy.10,11 But the results are 
variable and in some cases contradictory too. Some 
reported a positive correlation between leptin, insulin, 
and insulin indices in GDM whereas; others found no 
correlation between IR and leptin.10,12 The aim of this 
study was to determine the circulating level of leptin and 
its relation with insulin and different insulin indices in 
women with GDM and those who are normal for 
glucose tolerance (NGT). 

Methods
This cross-sectional study was performed at the 
Department of Endocrinology of Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, 
Bangladesh. Pregnant women at 24-28 weeks of 
gestation attending the ‘Antenatal Clinic’ of Obstetrics 
and Gynecology, BSMMU who fulfilled the inclusion 
and exclusion criteria, were referred to 'The GDM 
Clinic' of the Department of Endocrinology, BSMMU. 
They were screened and enrolled consecutively from 
March 2019 to August 2020. A 75 gm three samples oral 
glucose tolerance test (OGTT) was performed after an 
overnight fast according to WHO guidelines-2013, to 
divide them into GDM and NGT. Thus, 45 GDM and 62 
pregnant women with NGT were enrolled in the study. 
The Institutional Review Board (IRB) duly approved the 
protocol before enrollment, and all participants provided 
written informed consent. Data were collected in a 
prescribed data sheet. Patients with overt DM, DM in 
pregnancy, or any acute or chronic medical condition 
were excluded from the study. Fasting samples for leptin 
and insulin were collected on the day of OGTT; after 
clot formation serum separated and preserved under 
-70oC freezer until assay. Glucose was measured on the 
same day within two hours of sampling.
Blood glucose was measured by glucose oxidase method 
using Dimension EXL 200 Integrated Chemistry System 
(Siemens, Germany) whereas leptin by enzyme-linked 
immunosorbent assay (ELISA) using DRG Leptin 
(Sandwich) ELISA kit (EIA-2395), Inc. USA. 
Intra-assay CV for glucose was for low level 1.73% and 
for high level 4.22%. Leptin was measured in a single 
run-assay and intra-assay CV for leptin was 4.9%. 
Insulin was measured by chemiluminescent 

microparticle immunoassay. Insulin indices were 
calculated by the homeostasis model assessment 
(HOMA) method. HOMA-IR cut-off of 2.89 was 
considered to categorize the study participants as IR or 
insulin sensitive (IS).13

All data were processed by using the IBM SPSS 
software program (version 25.0) and expressed as 
frequencies (percentages) for qualitative values and 
median with interquartile range (25th -75th percentile) 
for quantitative data. The chi-square test (for qualitative) 
and Mann-Whitney U test (for quantitative) were done 
to compare between groups. The correlation of leptin 
with clinical and biochemical variables was analyzed by 
Spearman's correlation test. Receiver operating 
characteristics (ROC) curve analysis was done to see 
leptin as a marker of IR in GDM patients. P-values 
<0.05 were considered statistically significant.

Results
Among 45 GDM mothers, 13 had IR and among 62 
NGT mothers, five had IR. BMI and systolic BP were 
significantly higher in the IR group than IS group in 
GDM mothers only. Serum leptin was statistically 
similar between GDM and NGT [26.05(16.92, 50.55) 
vs. 23.50(14.95, 38.30) median, p=0.360]. Fasting 
glucose (FG), 01-hour OGTT-glucose (01hrG), 02-hour 
OGTT-glucose (02hrG) median values were all 
significantly higher in GDM than those of NGT in both 
the subgroups of HOMA-IR [GDM vs. NGT: FG (5.60 
vs. 4.70, p <0.001); 01hrG (9.80 vs. 7.0, p <0.001); 
02hrG (7.54 vs. 6.10, p <0.001), mmol/L]. Unlike 
glucose, median fasting insulin was significantly higher 
in GDM than NGT in the IR group (16.41 vs. 14.70, 
µIU/ml, p=0.012) but not in the subgroup of IS (7.05 vs. 
6.25, µIU/ml, p=0.135). Median BMI was significantly 
higher in GDM with IR than that of GDM with IS 
(29.52 vs. 26.68, kg/m2, p=0.016) whereas median 
fasting insulin in those two HOMA-IR subgroups of 
GDM (16.41 vs. 7.05, µIU/ml, p<0.001) as well as of 
NGT (14.70 vs. 6.25, µIU/ml, p<0.001) differed 
significantly (Table-I).

None of age, gestational age, BMI, and glucose value of 
OGTT or fasting insulin correlated significantly with 
leptin either in GDM (NS for all) or in NGT (NS for all) 
in the subgroup with IR (Table-II) whereas in the 
subgroup with IS, BMI (p<0.001), 01hG (p=0.047), 
02hG (p=0.029) and fasting insulin (p=0.019) correlated 
significantly in NGT only but not in GDM (Table-III). ROC curve analysis for leptin revealed area under the 

curve (AUC) for IR was 0.553 (p=0.515) suggesting it 
could not be used as a marker of IR in GDM (Figure-1).

Discussion
In this study, we found that leptin had no significant 
associations with any studied clinical or biochemical 
parameters including BMI, glucose values, and insulin 
indices in GDM mothers irrespective of insulin status. 
Similarly, leptin had no significant associations with any 
studied variables in pregnant mothers with IR 
irrespective of glycemic status. Leptin was observed not 
to be an acceptable marker of IR in GDM. However, 
leptin had a significant association with BMI, OGTT 
glucose, and insulin in NGT mothers, especially in 
IS-NGT mothers.
Leptin was found little higher in GDM than in NGT 
mothers irrespective of insulin status. Similarly, leptin 
was found a little higher in IR than in IS mothers 
irrespective of glycemic status. However, none of the 
associations were statistically significant. Similarly, 
there were positive and significant correlations of leptin 
with BMI, glucose values, and insulin only in IS-NGT 
mothers but not in IR-NGT mothers or GDM mothers 
irrespective of insulin status. From these findings, it 
appears that the association of leptin with BMI, glucose 
values, or insulin indices is lost in women developing 
higher glucose and IR, alone or both during pregnancy. 
Similar findings are observed by Skvarca et al.14 So, it is 
possible that upregulation of several inflammatory 
cytokines and acute phase proteins like tumor necrosis 
factor-α, interleukins (IL-6, IL-8) and high sensitivity 
C-reactive protein which may contribute to increasing 

IR but fails to maintain any similar influence on leptin 
which was not investigated in the present study.
Increased expression of soluble receptors rather than 
transmembrane receptors for leptin in the placenta may 
modulate leptin release from the placenta.15 Higher 
expression of soluble receptors may reduce the risk of 
GDM development.16 Besides, the placenta may play 
more role than adipose tissue in maternal leptin 
concentration and under different regulation than leptin 
from adipose tissue.17  So it is possible that the IR 
related to adipose tissue may not be related to leptin 
secreted from the placenta.
Gao et al. found elevated leptin in GDM in correlation 
with HOMA-IR. However, the significance was lost 
when it was adjusted for BMI.18 On the other hand, a 
systematic review and meta-analysis found elevated 
leptin in GDM mothers when compared with 
BMI-matched NGT mothers.19 We also found a positive 
correlation of serum leptin with BMI in all pregnant 
women irrespective of glycemic status.20 These findings 
also suggest that the association of leptin is better with 
BMI rather than glycemic status or its causative factor(s) 
like IR or deficient β-cells’ function. Apropos with this, 
some studies also found that leptin level is higher before 
pregnancy with little elevation during pregnancy in 
fasting as well as after OGTT and remains elevated even 
after pregnancy in GDM mothers than in NGT 
mothers.11,21 Therefore, it seems pertinent to assume that 
leptin is unlikely to have any predictive value over 
GDM. 
There are some limitations of our study. The sample size 
was small. We have no pre-pregnancy data on BMI and 
leptin levels. A study on leptin levels in all the trimesters 
of pregnancy as well as before conception and after 
parturition that is a longitudinal study may provide more 
insights into the association of leptin with IR and 
glycemic status in GDM patients.

Conclusions
We would like to conclude that serum leptin has no 
significant association with insulin indices in GDM and 
leptin is not sufficiently sensitive to replace HOMA–IR 
for predicting GDM. However, it is too early to infer the 
interaction and role of leptin in the event of the 
development of GDM. A comprehensive study 
encompassing other adipokines and cytokines and 
probable genetic and environmental risk factors may 
highlight a clearer view of this avenue. Our group is 
investigating the importance of other cytokines in GDM 
during the period of 24-28 weeks of gestation (the 

optimum time for GDM screening) to be reported 
subsequently.
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Introduction
The prevalence of gestational diabetes mellitus (GDM) 
is observed increasing globally. It develops as an 
outcome of discordance between insulin resistance (IR) 
and secretary capacity; perhaps because of the 
contribution of pre-existing IR, or because of inadequate 
β-cell expansion and concomitant insulin insufficiency.1 
This is accentuated by obesity and overweight-related 
factors like chronic subclinical inflammation and 
low-grade activation of the acute phase response.2,3 
Adipocyte-derived hormones “adipocytokines” and their 
role in the regulation of maternal metabolism, 
gestational IR, and β-cell dysfunction have opened a 
new era in understanding the pathophysiology of GDM. 
Among adipocytokines, leptin is thought to be a new 
potential mediator of IR during pregnancy.4 During 

pregnancy, with increasing fat deposition and 
mobilization circulating leptin level also increases.5 
However, leptin gene expression is significantly 
increased both in the placenta and visceral adipose tissue 
in GDM compared with pregnancy with normal glucose 
tolerance (NGT).6,7 On the other hand, gestation is a 
state of both central and peripheral resistance to leptin 
especially during mid-pregnancy which allows the 
anabolic metabolism in the mother.8 As a result, leptin 
level rises to 2–3 fold higher than the nonpregnant state 
with a peak at around 24-28 weeks of gestation, plateaus 
thereafter, and declines slightly before delivery and falls 
at postpartum.6 This hyperleptinaemia contributes to 
enhanced IR and by overruling the leptin-induced 
suppression of insulin secretion from β-cells eventually 
amplifies hyperinsulinemia which sequentially results in 

glucose intolerance. Leptin also inhibits insulin 
biosynthesis and secretion from pancreatic β-cells 
through leptin receptors in pancreatic β-cells.9 In 
contrast, insulin stimulates leptin secretion from adipose 
tissue and thus makes a hormonal regulatory feedback 
loop of the existing adiponectin-insulin axis. Recently, 
several studies have focused on leptin, as a potential 
mediator of IR in pregnancy.10,11 But the results are 
variable and in some cases contradictory too. Some 
reported a positive correlation between leptin, insulin, 
and insulin indices in GDM whereas; others found no 
correlation between IR and leptin.10,12 The aim of this 
study was to determine the circulating level of leptin and 
its relation with insulin and different insulin indices in 
women with GDM and those who are normal for 
glucose tolerance (NGT). 

Methods
This cross-sectional study was performed at the 
Department of Endocrinology of Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, 
Bangladesh. Pregnant women at 24-28 weeks of 
gestation attending the ‘Antenatal Clinic’ of Obstetrics 
and Gynecology, BSMMU who fulfilled the inclusion 
and exclusion criteria, were referred to 'The GDM 
Clinic' of the Department of Endocrinology, BSMMU. 
They were screened and enrolled consecutively from 
March 2019 to August 2020. A 75 gm three samples oral 
glucose tolerance test (OGTT) was performed after an 
overnight fast according to WHO guidelines-2013, to 
divide them into GDM and NGT. Thus, 45 GDM and 62 
pregnant women with NGT were enrolled in the study. 
The Institutional Review Board (IRB) duly approved the 
protocol before enrollment, and all participants provided 
written informed consent. Data were collected in a 
prescribed data sheet. Patients with overt DM, DM in 
pregnancy, or any acute or chronic medical condition 
were excluded from the study. Fasting samples for leptin 
and insulin were collected on the day of OGTT; after 
clot formation serum separated and preserved under 
-70oC freezer until assay. Glucose was measured on the 
same day within two hours of sampling.
Blood glucose was measured by glucose oxidase method 
using Dimension EXL 200 Integrated Chemistry System 
(Siemens, Germany) whereas leptin by enzyme-linked 
immunosorbent assay (ELISA) using DRG Leptin 
(Sandwich) ELISA kit (EIA-2395), Inc. USA. 
Intra-assay CV for glucose was for low level 1.73% and 
for high level 4.22%. Leptin was measured in a single 
run-assay and intra-assay CV for leptin was 4.9%. 
Insulin was measured by chemiluminescent 

microparticle immunoassay. Insulin indices were 
calculated by the homeostasis model assessment 
(HOMA) method. HOMA-IR cut-off of 2.89 was 
considered to categorize the study participants as IR or 
insulin sensitive (IS).13

All data were processed by using the IBM SPSS 
software program (version 25.0) and expressed as 
frequencies (percentages) for qualitative values and 
median with interquartile range (25th -75th percentile) 
for quantitative data. The chi-square test (for qualitative) 
and Mann-Whitney U test (for quantitative) were done 
to compare between groups. The correlation of leptin 
with clinical and biochemical variables was analyzed by 
Spearman's correlation test. Receiver operating 
characteristics (ROC) curve analysis was done to see 
leptin as a marker of IR in GDM patients. P-values 
<0.05 were considered statistically significant.

Results
Among 45 GDM mothers, 13 had IR and among 62 
NGT mothers, five had IR. BMI and systolic BP were 
significantly higher in the IR group than IS group in 
GDM mothers only. Serum leptin was statistically 
similar between GDM and NGT [26.05(16.92, 50.55) 
vs. 23.50(14.95, 38.30) median, p=0.360]. Fasting 
glucose (FG), 01-hour OGTT-glucose (01hrG), 02-hour 
OGTT-glucose (02hrG) median values were all 
significantly higher in GDM than those of NGT in both 
the subgroups of HOMA-IR [GDM vs. NGT: FG (5.60 
vs. 4.70, p <0.001); 01hrG (9.80 vs. 7.0, p <0.001); 
02hrG (7.54 vs. 6.10, p <0.001), mmol/L]. Unlike 
glucose, median fasting insulin was significantly higher 
in GDM than NGT in the IR group (16.41 vs. 14.70, 
µIU/ml, p=0.012) but not in the subgroup of IS (7.05 vs. 
6.25, µIU/ml, p=0.135). Median BMI was significantly 
higher in GDM with IR than that of GDM with IS 
(29.52 vs. 26.68, kg/m2, p=0.016) whereas median 
fasting insulin in those two HOMA-IR subgroups of 
GDM (16.41 vs. 7.05, µIU/ml, p<0.001) as well as of 
NGT (14.70 vs. 6.25, µIU/ml, p<0.001) differed 
significantly (Table-I).

None of age, gestational age, BMI, and glucose value of 
OGTT or fasting insulin correlated significantly with 
leptin either in GDM (NS for all) or in NGT (NS for all) 
in the subgroup with IR (Table-II) whereas in the 
subgroup with IS, BMI (p<0.001), 01hG (p=0.047), 
02hG (p=0.029) and fasting insulin (p=0.019) correlated 
significantly in NGT only but not in GDM (Table-III). ROC curve analysis for leptin revealed area under the 

curve (AUC) for IR was 0.553 (p=0.515) suggesting it 
could not be used as a marker of IR in GDM (Figure-1).

Discussion
In this study, we found that leptin had no significant 
associations with any studied clinical or biochemical 
parameters including BMI, glucose values, and insulin 
indices in GDM mothers irrespective of insulin status. 
Similarly, leptin had no significant associations with any 
studied variables in pregnant mothers with IR 
irrespective of glycemic status. Leptin was observed not 
to be an acceptable marker of IR in GDM. However, 
leptin had a significant association with BMI, OGTT 
glucose, and insulin in NGT mothers, especially in 
IS-NGT mothers.
Leptin was found little higher in GDM than in NGT 
mothers irrespective of insulin status. Similarly, leptin 
was found a little higher in IR than in IS mothers 
irrespective of glycemic status. However, none of the 
associations were statistically significant. Similarly, 
there were positive and significant correlations of leptin 
with BMI, glucose values, and insulin only in IS-NGT 
mothers but not in IR-NGT mothers or GDM mothers 
irrespective of insulin status. From these findings, it 
appears that the association of leptin with BMI, glucose 
values, or insulin indices is lost in women developing 
higher glucose and IR, alone or both during pregnancy. 
Similar findings are observed by Skvarca et al.14 So, it is 
possible that upregulation of several inflammatory 
cytokines and acute phase proteins like tumor necrosis 
factor-α, interleukins (IL-6, IL-8) and high sensitivity 
C-reactive protein which may contribute to increasing 

IR but fails to maintain any similar influence on leptin 
which was not investigated in the present study.
Increased expression of soluble receptors rather than 
transmembrane receptors for leptin in the placenta may 
modulate leptin release from the placenta.15 Higher 
expression of soluble receptors may reduce the risk of 
GDM development.16 Besides, the placenta may play 
more role than adipose tissue in maternal leptin 
concentration and under different regulation than leptin 
from adipose tissue.17  So it is possible that the IR 
related to adipose tissue may not be related to leptin 
secreted from the placenta.
Gao et al. found elevated leptin in GDM in correlation 
with HOMA-IR. However, the significance was lost 
when it was adjusted for BMI.18 On the other hand, a 
systematic review and meta-analysis found elevated 
leptin in GDM mothers when compared with 
BMI-matched NGT mothers.19 We also found a positive 
correlation of serum leptin with BMI in all pregnant 
women irrespective of glycemic status.20 These findings 
also suggest that the association of leptin is better with 
BMI rather than glycemic status or its causative factor(s) 
like IR or deficient β-cells’ function. Apropos with this, 
some studies also found that leptin level is higher before 
pregnancy with little elevation during pregnancy in 
fasting as well as after OGTT and remains elevated even 
after pregnancy in GDM mothers than in NGT 
mothers.11,21 Therefore, it seems pertinent to assume that 
leptin is unlikely to have any predictive value over 
GDM. 
There are some limitations of our study. The sample size 
was small. We have no pre-pregnancy data on BMI and 
leptin levels. A study on leptin levels in all the trimesters 
of pregnancy as well as before conception and after 
parturition that is a longitudinal study may provide more 
insights into the association of leptin with IR and 
glycemic status in GDM patients.

Conclusions
We would like to conclude that serum leptin has no 
significant association with insulin indices in GDM and 
leptin is not sufficiently sensitive to replace HOMA–IR 
for predicting GDM. However, it is too early to infer the 
interaction and role of leptin in the event of the 
development of GDM. A comprehensive study 
encompassing other adipokines and cytokines and 
probable genetic and environmental risk factors may 
highlight a clearer view of this avenue. Our group is 
investigating the importance of other cytokines in GDM 
during the period of 24-28 weeks of gestation (the 

optimum time for GDM screening) to be reported 
subsequently.

Acknowledgements
We are grateful to the Department of Microbiology & Immunology 
and the Department of Biochemistry & Molecular Biology, BSMMU 
for technical support. 
Conflict of Interest
The authors have no conflicts of interest to disclose.
Financial Disclosure 
The author(s) received partial support by University Research and 
Development, BSMMU.
Data Availability 
Any inquiries regarding supporting data availability of this study 
should be directed to the corresponding author and are available from 
the corresponding author on reasonable request.
Ethics Approval and Consent to Participate 
Ethical approval for the study was obtained from the Institutional 
Review Board, BSMMU (No. BSMMU/2019/3861, Date: 
11/04/2019). The written informed consent was obtained from all 
study participants. All methods were performed in accordance with 
the relevant guidelines and regulations.
Author’s contributions
Conceptualization (CAM, SJ, MAH), Methodology (CAM, AAS, 
MAH), Formal analysis (CAM, MSM), Investigation (CAM, SP, 
TT), Data curation (CAM), Original draft preparation (CAM, MSM), 
Review & editing (SJ, AAS, MAH), Visualization (CAM, MSM), 
Supervision, Project administration & Funding acquisition (SJ, AAS, 
MAH)
Copyright: ©2023. Mohana et al. Published by Journal of 
Association of Clinical Endocrinologist and Diabetologist of 
Bangladesh. This article is published under the Creative Commons 
CC BY-NC License (https://creativecommons.org/ licenses/by-nc/
4.0/). This license permits use, distribution and reproduction in any 
medium, provided the original work is properly cited, and is not used 
for commercial purposes.
How to cite this article: Mohana CA, Paul S, Morshed MS, Jahan S, 
Tofail T, Saleh AA, Hasanat MA. Relationship of leptin with insulin 
indices in gestational diabetes mellitus. J Assoc Clin Endocrinol 
Diabetol Bangladesh 2023; 2(2): 46-51
Publication History
Received on: 12 March 2023
Accepted on: 26 June 2023
Published on: 01 July 2023

References
1. Park S, Kim MY, Baik SH, Woo JT, Kwon YJ, Daily JW, et al. 

Gestational diabetes is associated with high energy and saturated 
fat intakes and with low plasma visfatin and adiponectin levels 
independent of prepregnancy BMI. Eur J Clin Nutr 2013;67(2): 
196-201. DOI: 10.1038/ejcn.2012.207. 

2. Greenberg AS, McDaniel ML. Identifying the links between 
obesity, insulin resistance and β-cell function: potential role of 
adipocyte-derived cytokines in the pathogenesis of type 2 
diabetes. Eur J Clin Invest 2002;32(3):24–34. DOI: 
10.1046/j.1365-2362.32.s3.4.x.

3. Lobner K, Knopff A, Baumgarten A, Mollenhauer U, 
Marienfeld S, Garrido-Franco M, et al. Predictors of postpartum

 diabetes in women with gestational diabetes mellitus. Diabetes 
2006;55(3):792-97. DOI: 
10.2337/diabetes.55.03.06.db05-0746.

4. Masuzaki H, Ogawa Y, Sagawa N, Hosoda K, Matsumoto T, 
Mise H, et al. Nonadipose tissue production of leptin: Leptin as 
a novel placenta-derived hormone in humans. Nat Med 
1997;3(9):1029–33. DOI: 10.1038/nm0997-1029.

5. Sattar N, Greer IA, Pirwani I, Gibson J, Wallace AM. Leptin 
levels in pregnancy: marker for fat accumulation and 
mobilization? Acta Obstet Gynecol Scand 1998;77: 278–83. 
DOI: 10.1034/j.1600-0412.1998.770304.x.

6. Al-Badri MR, Zantout MS, Sami T. The role of adipokines in 
gestational diabetes mellitus. Ther Adv Endocrinol Metab 
2015;6(3):103–08. DOI: 10.1177/2042018815577039.

7. Kleiblova P, Dostalova I, Bartlova M, Lacinova Z, Ticha I, 
Krejci V, et al. Expression of adipokines and estrogen receptors 
in adipose tissue and placenta of patients with gestational 
diabetes mellitus. Mol Cell Endocrinol 2010;314(1):150-56. 
DOI: 10.1016/j.mce.2009.08.002.

8. Trujillo-Güiza ML, Señarís R. Leptin resistance during 
pregnancy is also exerted at the periphery. Biol Reprod 
2018;98:654–63. DOI: 10.1093/biolre/ioy024.

9. Wauters M, Considine RV, Van Gaal LF. Human leptin: From an 
adipocyte hormone to an endocrine mediator. Eur J Endocrinol 
2000;143(3):293-311. DOI: 10.1530/eje.0.1430293.

10. Soheilykhah S, Mojibian M, Rahimi-Saghand S, Rashidi M, 
Hadinedoushan H. Maternal serum leptin concentration in 
gestational diabetes. Taiwan J Obstet Gynecol 2011;50(2): 
149-53. DOI: 10.1016/j.tjog.2011.01.034.

11. Mokhtari M, Hashemi M, Yaghmaei M, Naderi M, Shikhzadeh 
A, Ghavami S. Evaluation of the serum leptin in normal 
pregnancy and gestational diabetes mellitus in Zahedan, 
southeast Iran. Arch Gynecol Obstet 2011;284(3):539-42. DOI: 
10.1007/s00404-010-1681-0.

12. Jeon EJ, Hong SY, Lee JH. Adipokines and insulin resistance 
according to characteristics of pregnant women with gestational 
diabetes mellitus. Diabetes Metab Jl 2018;42(1):90-91. DOI: 
10.4093/dmj.2018.42.1.90.

13. Sokup A, Ruszkowska-Ciastek B, Góralczyk K, Walentowicz 
M, Szymański M, Rość D. Insulin resistance as estimated by the 
homeostatic method at diagnosis of gestational diabetes: 
estimation of disease severity and therapeutic needs in a 
population-based study. BMC Endocr Disord 2013;13:21. DOI:  
10.1186/1472-6823-13-21.

14. Skvarca A, Tomazic M, Krhin B, Blagus R, Janez A. 
Adipocytokines and insulin resistance across various degrees of 
glucose tolerance in pregnancy. J Int Med Res 2012;40(2): 
583-89. DOI: 10.1177/147323001204000220.

15. Noureldeen AF, Qusti SY, Al-Seeni MN, Bagais MH. Maternal 
leptin, adiponectin, resistin, visfatin and tumor necrosis 
factor-alpha in normal and gestational diabetes. Indian J Clin 
Biochem 2014;29(4):462-70. DOI: 10.1007/s12291-013- 
0394-0.

16. Sommer C, Gulseth HL, Jenum AK, Sletner L, Thorsby PM, 
Birkeland KI. Soluble leptin receptor and risk of gestational 
diabetes in a multiethnic population: A prospective cohort study. 
J Clin Endocrinol Metab 2016;101(11):4070–75. DOI: 10.1210/ 
jc.2016-2583.

17. Highman TJ, Friedman JE, Huston LP, Wong WW, Catalano 
PM. Longitudinal changes in maternal serum leptin 
concentrations, body composition, and resting metabolic rate in 
pregnancy. Am J Obstet Gynecol 1998;178(5):1010-15. DOI: 
10.1016/s0002-9378(98)70540-x.

18. Gao XL, Yang HX & Zhao Y. Variations of tumor necrosis factor 
alpha, leptin and adiponectin in mid-trimester of gestational

 diabetes mellitus. Chin Med J (Engl) 2008;121:701-05. 
Available at: https://rs.yiigle.com/cmaid/564795.

19. Xu J, Zhao YH, Chen YP, Yuan XL, Wang J, Zhu H, et al. 
Maternal circulating concentrations of tumor necrosis 
factor-alpha, leptin, and adiponectin in gestational diabetes 
mellitus: A systematic review and meta-analysis. 
ScientificWorldJournal 2014; 2014: 926932. DOI: 10.1155/ 
2014/926932.

20. Mohana CA, Paul S, Jahan S, Tofail T, Morshed MS, Saleh AA, et

 al. Serum leptin correlates with obesity but does not differ 
between gestational diabetes and normal glucose tolerance during 
24-28 weeks of gestation. Mymensingh Med J 2022;31(2): 
318-25. Available at: https://pubmed.ncbi.nlm.nih.gov/35383744/.

21. Vitoratos N, Salamalekis E, Kassanos D, Loghis C, 
Panayotopoulos N, Kouskouni E, et al. Maternal plasma leptin 
levels and their relationship to insulin and glucose in 
gestational-onset diabetes. Gynecol Obstet Invest 2001;51(1): 
17-21. DOI: 10.1159/000052884.

 Data were expressed in median (IQR), Mann Whitney U test was done

GDM (3)
32

28.0
(24.0-30.0)

27.0
(25.25-28.0)

26.68
(22.72-29.37)

100.0
(100.0-110.0)

70.0
(70.0-77.50)

5.20
(4.95-5.83)

9.90
(9.15-10.20)

7.54
(6.83-8.98)

7.05
(4.42-8.56)

23.10
(12.93-39.63)

Table-I: Characteristics of the study population with insulin resistance (n=107)
Variables

No. 
Age, years

Gestational age, weeks

BMI, kg/m2

Systolic BP, mm-Hg

Diastolic BP, mm-Hg

Fasting glucose, mmol/L

1-H OGTT glucose, mmol/L

2H-OGTT glucose, mmol/L

Fasting insulin, μIU/mL

Fasting leptin, ng/mL

NGT (2)
5

26.0
(22.50- 31.50)

24.0
(24.0-26.50)

28.54
(25.18-30.44)

110.0
(100.0-120.0)

70.0
(70.0-75.0)

4.70
(4.20-4.85)

7.0
(6.45-7.65)

6.50
(5.75-7.40)

14.70
(12.48-15.30)

25.10
(21.80-44.95)

Insulin resistant (HOMA-IR ≥2.89) Insulin sensitive (HOMA-IR <2.89)
p

0.396

0.524

0.402

0.400

0.957

0.001

0.001

0.014

0.012

0.961

GDM (1)
13

30.0
 (26.0-30.5)

26.0 
(24.0, 27.50)

29.52 
(27.55-35.12)

120.0
(100.0-120.0)

70.0
(65.0-80.0)

5.60
(5.30-5.90)

9.80
(8.80-10.65)

8.70
(7.85-9.30)

16.41
(15.55-19.80)

26.80
(18.60-51.10)

NGT (4)
57

25.0
(22.0-30.0)

26.50
(24.0-28.0)

25.77
(23.43-28.21)

100.0 
(100.0-110.0)

70.0
(60.0-70.0)

4.50
(4.20-4.68)

7.60
(6.80-8.30)

6.10
(5.40-7.14)

6.25
(4.03-7.73)

22.65
(14.53-38.40)

p

0.097

0.514

0.588

0.458

0.104

<0.001

<0.001

<0.001

0.135

0.788

GDM
(1) vs. (3)

p
0.568

0.165

0.016

0.036

0.515

0.065

0.920

0.077

<0.001

0.515

NGT
(2) vs. (4)

p
0.752

0.147

0.207

0.218

0.169

0.452

0.216

0.502

<0.001

0.408
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r
-0.330
-0.076
0.206
0.094
0.221
-0.149

-0.315

-0.380
0.286

p
0.271
0.805
0.499
0.760
0.468
0.626

0.295

0.201
0.343

GDM NGT
r

-0.700
-0.112
-0.600
0.632
0.001
-0.410

0.001

-0.100
0.300

p
0.188
0.858
0.285
0.252
1.00

0.493

1.00

0.873
0.624

Spearman’s correlation test was done

Determinants of ‘r’

Age, years
Gestational age, weeks
BMI, kg/m2

Systolic BP, mm-Hg
Diastolic BP, mm-Hg
Fasting glucose, mmol/L
1-H OGTT glucose, 
mmol/L
2H-OGTT glucose, 
mmol/L
Fasting insulin, μIU/mL

Table-II: Correlations of serum leptin with different 
variables under subgroups of insulin resistance (n=18)

r
0.144
0.143
0.268
0.143
0.077
0.320

0.153

0.210
0.233

p
0.433
0.436
0.138
0.435
0.675
0.075

0.404

0.249
0.199

GDM NGT
r

0.226
-0.063
0.540
0.152
0.190
0.151

0.267

0.293
0.311

p
0.095
0.643

<0.001
0.264
0.161
0.265

0.047

0.029
0.019

Spearman’s correlation test was done

Determinants of ‘r’

Age, years
Gestational age, weeks
BMI, kg/m2

Systolic BP, mm-Hg
Diastolic BP, mm-Hg
Fasting glucose, mmol/L
1-H OGTT glucose, 
mmol/L
2H-OGTT glucose, 
mmol/L
Fasting insulin, μIU/mL

Table-III: Correlations of serum leptin with different 
variables under subgroups of insulin sensitivity (n=89)
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Introduction
The prevalence of gestational diabetes mellitus (GDM) 
is observed increasing globally. It develops as an 
outcome of discordance between insulin resistance (IR) 
and secretary capacity; perhaps because of the 
contribution of pre-existing IR, or because of inadequate 
β-cell expansion and concomitant insulin insufficiency.1 
This is accentuated by obesity and overweight-related 
factors like chronic subclinical inflammation and 
low-grade activation of the acute phase response.2,3 
Adipocyte-derived hormones “adipocytokines” and their 
role in the regulation of maternal metabolism, 
gestational IR, and β-cell dysfunction have opened a 
new era in understanding the pathophysiology of GDM. 
Among adipocytokines, leptin is thought to be a new 
potential mediator of IR during pregnancy.4 During 

pregnancy, with increasing fat deposition and 
mobilization circulating leptin level also increases.5 
However, leptin gene expression is significantly 
increased both in the placenta and visceral adipose tissue 
in GDM compared with pregnancy with normal glucose 
tolerance (NGT).6,7 On the other hand, gestation is a 
state of both central and peripheral resistance to leptin 
especially during mid-pregnancy which allows the 
anabolic metabolism in the mother.8 As a result, leptin 
level rises to 2–3 fold higher than the nonpregnant state 
with a peak at around 24-28 weeks of gestation, plateaus 
thereafter, and declines slightly before delivery and falls 
at postpartum.6 This hyperleptinaemia contributes to 
enhanced IR and by overruling the leptin-induced 
suppression of insulin secretion from β-cells eventually 
amplifies hyperinsulinemia which sequentially results in 

glucose intolerance. Leptin also inhibits insulin 
biosynthesis and secretion from pancreatic β-cells 
through leptin receptors in pancreatic β-cells.9 In 
contrast, insulin stimulates leptin secretion from adipose 
tissue and thus makes a hormonal regulatory feedback 
loop of the existing adiponectin-insulin axis. Recently, 
several studies have focused on leptin, as a potential 
mediator of IR in pregnancy.10,11 But the results are 
variable and in some cases contradictory too. Some 
reported a positive correlation between leptin, insulin, 
and insulin indices in GDM whereas; others found no 
correlation between IR and leptin.10,12 The aim of this 
study was to determine the circulating level of leptin and 
its relation with insulin and different insulin indices in 
women with GDM and those who are normal for 
glucose tolerance (NGT). 

Methods
This cross-sectional study was performed at the 
Department of Endocrinology of Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, 
Bangladesh. Pregnant women at 24-28 weeks of 
gestation attending the ‘Antenatal Clinic’ of Obstetrics 
and Gynecology, BSMMU who fulfilled the inclusion 
and exclusion criteria, were referred to 'The GDM 
Clinic' of the Department of Endocrinology, BSMMU. 
They were screened and enrolled consecutively from 
March 2019 to August 2020. A 75 gm three samples oral 
glucose tolerance test (OGTT) was performed after an 
overnight fast according to WHO guidelines-2013, to 
divide them into GDM and NGT. Thus, 45 GDM and 62 
pregnant women with NGT were enrolled in the study. 
The Institutional Review Board (IRB) duly approved the 
protocol before enrollment, and all participants provided 
written informed consent. Data were collected in a 
prescribed data sheet. Patients with overt DM, DM in 
pregnancy, or any acute or chronic medical condition 
were excluded from the study. Fasting samples for leptin 
and insulin were collected on the day of OGTT; after 
clot formation serum separated and preserved under 
-70oC freezer until assay. Glucose was measured on the 
same day within two hours of sampling.
Blood glucose was measured by glucose oxidase method 
using Dimension EXL 200 Integrated Chemistry System 
(Siemens, Germany) whereas leptin by enzyme-linked 
immunosorbent assay (ELISA) using DRG Leptin 
(Sandwich) ELISA kit (EIA-2395), Inc. USA. 
Intra-assay CV for glucose was for low level 1.73% and 
for high level 4.22%. Leptin was measured in a single 
run-assay and intra-assay CV for leptin was 4.9%. 
Insulin was measured by chemiluminescent 

microparticle immunoassay. Insulin indices were 
calculated by the homeostasis model assessment 
(HOMA) method. HOMA-IR cut-off of 2.89 was 
considered to categorize the study participants as IR or 
insulin sensitive (IS).13

All data were processed by using the IBM SPSS 
software program (version 25.0) and expressed as 
frequencies (percentages) for qualitative values and 
median with interquartile range (25th -75th percentile) 
for quantitative data. The chi-square test (for qualitative) 
and Mann-Whitney U test (for quantitative) were done 
to compare between groups. The correlation of leptin 
with clinical and biochemical variables was analyzed by 
Spearman's correlation test. Receiver operating 
characteristics (ROC) curve analysis was done to see 
leptin as a marker of IR in GDM patients. P-values 
<0.05 were considered statistically significant.

Results
Among 45 GDM mothers, 13 had IR and among 62 
NGT mothers, five had IR. BMI and systolic BP were 
significantly higher in the IR group than IS group in 
GDM mothers only. Serum leptin was statistically 
similar between GDM and NGT [26.05(16.92, 50.55) 
vs. 23.50(14.95, 38.30) median, p=0.360]. Fasting 
glucose (FG), 01-hour OGTT-glucose (01hrG), 02-hour 
OGTT-glucose (02hrG) median values were all 
significantly higher in GDM than those of NGT in both 
the subgroups of HOMA-IR [GDM vs. NGT: FG (5.60 
vs. 4.70, p <0.001); 01hrG (9.80 vs. 7.0, p <0.001); 
02hrG (7.54 vs. 6.10, p <0.001), mmol/L]. Unlike 
glucose, median fasting insulin was significantly higher 
in GDM than NGT in the IR group (16.41 vs. 14.70, 
µIU/ml, p=0.012) but not in the subgroup of IS (7.05 vs. 
6.25, µIU/ml, p=0.135). Median BMI was significantly 
higher in GDM with IR than that of GDM with IS 
(29.52 vs. 26.68, kg/m2, p=0.016) whereas median 
fasting insulin in those two HOMA-IR subgroups of 
GDM (16.41 vs. 7.05, µIU/ml, p<0.001) as well as of 
NGT (14.70 vs. 6.25, µIU/ml, p<0.001) differed 
significantly (Table-I).

None of age, gestational age, BMI, and glucose value of 
OGTT or fasting insulin correlated significantly with 
leptin either in GDM (NS for all) or in NGT (NS for all) 
in the subgroup with IR (Table-II) whereas in the 
subgroup with IS, BMI (p<0.001), 01hG (p=0.047), 
02hG (p=0.029) and fasting insulin (p=0.019) correlated 
significantly in NGT only but not in GDM (Table-III). ROC curve analysis for leptin revealed area under the 

curve (AUC) for IR was 0.553 (p=0.515) suggesting it 
could not be used as a marker of IR in GDM (Figure-1).

Discussion
In this study, we found that leptin had no significant 
associations with any studied clinical or biochemical 
parameters including BMI, glucose values, and insulin 
indices in GDM mothers irrespective of insulin status. 
Similarly, leptin had no significant associations with any 
studied variables in pregnant mothers with IR 
irrespective of glycemic status. Leptin was observed not 
to be an acceptable marker of IR in GDM. However, 
leptin had a significant association with BMI, OGTT 
glucose, and insulin in NGT mothers, especially in 
IS-NGT mothers.
Leptin was found little higher in GDM than in NGT 
mothers irrespective of insulin status. Similarly, leptin 
was found a little higher in IR than in IS mothers 
irrespective of glycemic status. However, none of the 
associations were statistically significant. Similarly, 
there were positive and significant correlations of leptin 
with BMI, glucose values, and insulin only in IS-NGT 
mothers but not in IR-NGT mothers or GDM mothers 
irrespective of insulin status. From these findings, it 
appears that the association of leptin with BMI, glucose 
values, or insulin indices is lost in women developing 
higher glucose and IR, alone or both during pregnancy. 
Similar findings are observed by Skvarca et al.14 So, it is 
possible that upregulation of several inflammatory 
cytokines and acute phase proteins like tumor necrosis 
factor-α, interleukins (IL-6, IL-8) and high sensitivity 
C-reactive protein which may contribute to increasing 

IR but fails to maintain any similar influence on leptin 
which was not investigated in the present study.
Increased expression of soluble receptors rather than 
transmembrane receptors for leptin in the placenta may 
modulate leptin release from the placenta.15 Higher 
expression of soluble receptors may reduce the risk of 
GDM development.16 Besides, the placenta may play 
more role than adipose tissue in maternal leptin 
concentration and under different regulation than leptin 
from adipose tissue.17  So it is possible that the IR 
related to adipose tissue may not be related to leptin 
secreted from the placenta.
Gao et al. found elevated leptin in GDM in correlation 
with HOMA-IR. However, the significance was lost 
when it was adjusted for BMI.18 On the other hand, a 
systematic review and meta-analysis found elevated 
leptin in GDM mothers when compared with 
BMI-matched NGT mothers.19 We also found a positive 
correlation of serum leptin with BMI in all pregnant 
women irrespective of glycemic status.20 These findings 
also suggest that the association of leptin is better with 
BMI rather than glycemic status or its causative factor(s) 
like IR or deficient β-cells’ function. Apropos with this, 
some studies also found that leptin level is higher before 
pregnancy with little elevation during pregnancy in 
fasting as well as after OGTT and remains elevated even 
after pregnancy in GDM mothers than in NGT 
mothers.11,21 Therefore, it seems pertinent to assume that 
leptin is unlikely to have any predictive value over 
GDM. 
There are some limitations of our study. The sample size 
was small. We have no pre-pregnancy data on BMI and 
leptin levels. A study on leptin levels in all the trimesters 
of pregnancy as well as before conception and after 
parturition that is a longitudinal study may provide more 
insights into the association of leptin with IR and 
glycemic status in GDM patients.

Conclusions
We would like to conclude that serum leptin has no 
significant association with insulin indices in GDM and 
leptin is not sufficiently sensitive to replace HOMA–IR 
for predicting GDM. However, it is too early to infer the 
interaction and role of leptin in the event of the 
development of GDM. A comprehensive study 
encompassing other adipokines and cytokines and 
probable genetic and environmental risk factors may 
highlight a clearer view of this avenue. Our group is 
investigating the importance of other cytokines in GDM 
during the period of 24-28 weeks of gestation (the 

optimum time for GDM screening) to be reported 
subsequently.
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Figure-1: Leptin as a marker of insulin resistance 
(HOMA-IR ≥2.89) in GDM mothers (n= 45)
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Introduction
The prevalence of gestational diabetes mellitus (GDM) 
is observed increasing globally. It develops as an 
outcome of discordance between insulin resistance (IR) 
and secretary capacity; perhaps because of the 
contribution of pre-existing IR, or because of inadequate 
β-cell expansion and concomitant insulin insufficiency.1 
This is accentuated by obesity and overweight-related 
factors like chronic subclinical inflammation and 
low-grade activation of the acute phase response.2,3 
Adipocyte-derived hormones “adipocytokines” and their 
role in the regulation of maternal metabolism, 
gestational IR, and β-cell dysfunction have opened a 
new era in understanding the pathophysiology of GDM. 
Among adipocytokines, leptin is thought to be a new 
potential mediator of IR during pregnancy.4 During 

pregnancy, with increasing fat deposition and 
mobilization circulating leptin level also increases.5 
However, leptin gene expression is significantly 
increased both in the placenta and visceral adipose tissue 
in GDM compared with pregnancy with normal glucose 
tolerance (NGT).6,7 On the other hand, gestation is a 
state of both central and peripheral resistance to leptin 
especially during mid-pregnancy which allows the 
anabolic metabolism in the mother.8 As a result, leptin 
level rises to 2–3 fold higher than the nonpregnant state 
with a peak at around 24-28 weeks of gestation, plateaus 
thereafter, and declines slightly before delivery and falls 
at postpartum.6 This hyperleptinaemia contributes to 
enhanced IR and by overruling the leptin-induced 
suppression of insulin secretion from β-cells eventually 
amplifies hyperinsulinemia which sequentially results in 

glucose intolerance. Leptin also inhibits insulin 
biosynthesis and secretion from pancreatic β-cells 
through leptin receptors in pancreatic β-cells.9 In 
contrast, insulin stimulates leptin secretion from adipose 
tissue and thus makes a hormonal regulatory feedback 
loop of the existing adiponectin-insulin axis. Recently, 
several studies have focused on leptin, as a potential 
mediator of IR in pregnancy.10,11 But the results are 
variable and in some cases contradictory too. Some 
reported a positive correlation between leptin, insulin, 
and insulin indices in GDM whereas; others found no 
correlation between IR and leptin.10,12 The aim of this 
study was to determine the circulating level of leptin and 
its relation with insulin and different insulin indices in 
women with GDM and those who are normal for 
glucose tolerance (NGT). 

Methods
This cross-sectional study was performed at the 
Department of Endocrinology of Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, 
Bangladesh. Pregnant women at 24-28 weeks of 
gestation attending the ‘Antenatal Clinic’ of Obstetrics 
and Gynecology, BSMMU who fulfilled the inclusion 
and exclusion criteria, were referred to 'The GDM 
Clinic' of the Department of Endocrinology, BSMMU. 
They were screened and enrolled consecutively from 
March 2019 to August 2020. A 75 gm three samples oral 
glucose tolerance test (OGTT) was performed after an 
overnight fast according to WHO guidelines-2013, to 
divide them into GDM and NGT. Thus, 45 GDM and 62 
pregnant women with NGT were enrolled in the study. 
The Institutional Review Board (IRB) duly approved the 
protocol before enrollment, and all participants provided 
written informed consent. Data were collected in a 
prescribed data sheet. Patients with overt DM, DM in 
pregnancy, or any acute or chronic medical condition 
were excluded from the study. Fasting samples for leptin 
and insulin were collected on the day of OGTT; after 
clot formation serum separated and preserved under 
-70oC freezer until assay. Glucose was measured on the 
same day within two hours of sampling.
Blood glucose was measured by glucose oxidase method 
using Dimension EXL 200 Integrated Chemistry System 
(Siemens, Germany) whereas leptin by enzyme-linked 
immunosorbent assay (ELISA) using DRG Leptin 
(Sandwich) ELISA kit (EIA-2395), Inc. USA. 
Intra-assay CV for glucose was for low level 1.73% and 
for high level 4.22%. Leptin was measured in a single 
run-assay and intra-assay CV for leptin was 4.9%. 
Insulin was measured by chemiluminescent 

microparticle immunoassay. Insulin indices were 
calculated by the homeostasis model assessment 
(HOMA) method. HOMA-IR cut-off of 2.89 was 
considered to categorize the study participants as IR or 
insulin sensitive (IS).13

All data were processed by using the IBM SPSS 
software program (version 25.0) and expressed as 
frequencies (percentages) for qualitative values and 
median with interquartile range (25th -75th percentile) 
for quantitative data. The chi-square test (for qualitative) 
and Mann-Whitney U test (for quantitative) were done 
to compare between groups. The correlation of leptin 
with clinical and biochemical variables was analyzed by 
Spearman's correlation test. Receiver operating 
characteristics (ROC) curve analysis was done to see 
leptin as a marker of IR in GDM patients. P-values 
<0.05 were considered statistically significant.

Results
Among 45 GDM mothers, 13 had IR and among 62 
NGT mothers, five had IR. BMI and systolic BP were 
significantly higher in the IR group than IS group in 
GDM mothers only. Serum leptin was statistically 
similar between GDM and NGT [26.05(16.92, 50.55) 
vs. 23.50(14.95, 38.30) median, p=0.360]. Fasting 
glucose (FG), 01-hour OGTT-glucose (01hrG), 02-hour 
OGTT-glucose (02hrG) median values were all 
significantly higher in GDM than those of NGT in both 
the subgroups of HOMA-IR [GDM vs. NGT: FG (5.60 
vs. 4.70, p <0.001); 01hrG (9.80 vs. 7.0, p <0.001); 
02hrG (7.54 vs. 6.10, p <0.001), mmol/L]. Unlike 
glucose, median fasting insulin was significantly higher 
in GDM than NGT in the IR group (16.41 vs. 14.70, 
µIU/ml, p=0.012) but not in the subgroup of IS (7.05 vs. 
6.25, µIU/ml, p=0.135). Median BMI was significantly 
higher in GDM with IR than that of GDM with IS 
(29.52 vs. 26.68, kg/m2, p=0.016) whereas median 
fasting insulin in those two HOMA-IR subgroups of 
GDM (16.41 vs. 7.05, µIU/ml, p<0.001) as well as of 
NGT (14.70 vs. 6.25, µIU/ml, p<0.001) differed 
significantly (Table-I).

None of age, gestational age, BMI, and glucose value of 
OGTT or fasting insulin correlated significantly with 
leptin either in GDM (NS for all) or in NGT (NS for all) 
in the subgroup with IR (Table-II) whereas in the 
subgroup with IS, BMI (p<0.001), 01hG (p=0.047), 
02hG (p=0.029) and fasting insulin (p=0.019) correlated 
significantly in NGT only but not in GDM (Table-III). ROC curve analysis for leptin revealed area under the 

curve (AUC) for IR was 0.553 (p=0.515) suggesting it 
could not be used as a marker of IR in GDM (Figure-1).

Discussion
In this study, we found that leptin had no significant 
associations with any studied clinical or biochemical 
parameters including BMI, glucose values, and insulin 
indices in GDM mothers irrespective of insulin status. 
Similarly, leptin had no significant associations with any 
studied variables in pregnant mothers with IR 
irrespective of glycemic status. Leptin was observed not 
to be an acceptable marker of IR in GDM. However, 
leptin had a significant association with BMI, OGTT 
glucose, and insulin in NGT mothers, especially in 
IS-NGT mothers.
Leptin was found little higher in GDM than in NGT 
mothers irrespective of insulin status. Similarly, leptin 
was found a little higher in IR than in IS mothers 
irrespective of glycemic status. However, none of the 
associations were statistically significant. Similarly, 
there were positive and significant correlations of leptin 
with BMI, glucose values, and insulin only in IS-NGT 
mothers but not in IR-NGT mothers or GDM mothers 
irrespective of insulin status. From these findings, it 
appears that the association of leptin with BMI, glucose 
values, or insulin indices is lost in women developing 
higher glucose and IR, alone or both during pregnancy. 
Similar findings are observed by Skvarca et al.14 So, it is 
possible that upregulation of several inflammatory 
cytokines and acute phase proteins like tumor necrosis 
factor-α, interleukins (IL-6, IL-8) and high sensitivity 
C-reactive protein which may contribute to increasing 

IR but fails to maintain any similar influence on leptin 
which was not investigated in the present study.
Increased expression of soluble receptors rather than 
transmembrane receptors for leptin in the placenta may 
modulate leptin release from the placenta.15 Higher 
expression of soluble receptors may reduce the risk of 
GDM development.16 Besides, the placenta may play 
more role than adipose tissue in maternal leptin 
concentration and under different regulation than leptin 
from adipose tissue.17  So it is possible that the IR 
related to adipose tissue may not be related to leptin 
secreted from the placenta.
Gao et al. found elevated leptin in GDM in correlation 
with HOMA-IR. However, the significance was lost 
when it was adjusted for BMI.18 On the other hand, a 
systematic review and meta-analysis found elevated 
leptin in GDM mothers when compared with 
BMI-matched NGT mothers.19 We also found a positive 
correlation of serum leptin with BMI in all pregnant 
women irrespective of glycemic status.20 These findings 
also suggest that the association of leptin is better with 
BMI rather than glycemic status or its causative factor(s) 
like IR or deficient β-cells’ function. Apropos with this, 
some studies also found that leptin level is higher before 
pregnancy with little elevation during pregnancy in 
fasting as well as after OGTT and remains elevated even 
after pregnancy in GDM mothers than in NGT 
mothers.11,21 Therefore, it seems pertinent to assume that 
leptin is unlikely to have any predictive value over 
GDM. 
There are some limitations of our study. The sample size 
was small. We have no pre-pregnancy data on BMI and 
leptin levels. A study on leptin levels in all the trimesters 
of pregnancy as well as before conception and after 
parturition that is a longitudinal study may provide more 
insights into the association of leptin with IR and 
glycemic status in GDM patients.

Conclusions
We would like to conclude that serum leptin has no 
significant association with insulin indices in GDM and 
leptin is not sufficiently sensitive to replace HOMA–IR 
for predicting GDM. However, it is too early to infer the 
interaction and role of leptin in the event of the 
development of GDM. A comprehensive study 
encompassing other adipokines and cytokines and 
probable genetic and environmental risk factors may 
highlight a clearer view of this avenue. Our group is 
investigating the importance of other cytokines in GDM 
during the period of 24-28 weeks of gestation (the 

optimum time for GDM screening) to be reported 
subsequently.

Acknowledgements
We are grateful to the Department of Microbiology & Immunology 
and the Department of Biochemistry & Molecular Biology, BSMMU 
for technical support. 
Conflict of Interest
The authors have no conflicts of interest to disclose.
Financial Disclosure 
The author(s) received partial support by University Research and 
Development, BSMMU.
Data Availability 
Any inquiries regarding supporting data availability of this study 
should be directed to the corresponding author and are available from 
the corresponding author on reasonable request.
Ethics Approval and Consent to Participate 
Ethical approval for the study was obtained from the Institutional 
Review Board, BSMMU (No. BSMMU/2019/3861, Date: 
11/04/2019). The written informed consent was obtained from all 
study participants. All methods were performed in accordance with 
the relevant guidelines and regulations.
Author’s contributions
Conceptualization (CAM, SJ, MAH), Methodology (CAM, AAS, 
MAH), Formal analysis (CAM, MSM), Investigation (CAM, SP, 
TT), Data curation (CAM), Original draft preparation (CAM, MSM), 
Review & editing (SJ, AAS, MAH), Visualization (CAM, MSM), 
Supervision, Project administration & Funding acquisition (SJ, AAS, 
MAH)
Copyright: ©2023. Mohana et al. Published by Journal of 
Association of Clinical Endocrinologist and Diabetologist of 
Bangladesh. This article is published under the Creative Commons 
CC BY-NC License (https://creativecommons.org/ licenses/by-nc/
4.0/). This license permits use, distribution and reproduction in any 
medium, provided the original work is properly cited, and is not used 
for commercial purposes.
How to cite this article: Mohana CA, Paul S, Morshed MS, Jahan S, 
Tofail T, Saleh AA, Hasanat MA. Relationship of leptin with insulin 
indices in gestational diabetes mellitus. J Assoc Clin Endocrinol 
Diabetol Bangladesh 2023; 2(2): 46-51
Publication History
Received on: 12 March 2023
Accepted on: 26 June 2023
Published on: 01 July 2023

References
1. Park S, Kim MY, Baik SH, Woo JT, Kwon YJ, Daily JW, et al. 

Gestational diabetes is associated with high energy and saturated 
fat intakes and with low plasma visfatin and adiponectin levels 
independent of prepregnancy BMI. Eur J Clin Nutr 2013;67(2): 
196-201. DOI: 10.1038/ejcn.2012.207. 

2. Greenberg AS, McDaniel ML. Identifying the links between 
obesity, insulin resistance and β-cell function: potential role of 
adipocyte-derived cytokines in the pathogenesis of type 2 
diabetes. Eur J Clin Invest 2002;32(3):24–34. DOI: 
10.1046/j.1365-2362.32.s3.4.x.

3. Lobner K, Knopff A, Baumgarten A, Mollenhauer U, 
Marienfeld S, Garrido-Franco M, et al. Predictors of postpartum

 diabetes in women with gestational diabetes mellitus. Diabetes 
2006;55(3):792-97. DOI: 
10.2337/diabetes.55.03.06.db05-0746.

4. Masuzaki H, Ogawa Y, Sagawa N, Hosoda K, Matsumoto T, 
Mise H, et al. Nonadipose tissue production of leptin: Leptin as 
a novel placenta-derived hormone in humans. Nat Med 
1997;3(9):1029–33. DOI: 10.1038/nm0997-1029.

5. Sattar N, Greer IA, Pirwani I, Gibson J, Wallace AM. Leptin 
levels in pregnancy: marker for fat accumulation and 
mobilization? Acta Obstet Gynecol Scand 1998;77: 278–83. 
DOI: 10.1034/j.1600-0412.1998.770304.x.

6. Al-Badri MR, Zantout MS, Sami T. The role of adipokines in 
gestational diabetes mellitus. Ther Adv Endocrinol Metab 
2015;6(3):103–08. DOI: 10.1177/2042018815577039.

7. Kleiblova P, Dostalova I, Bartlova M, Lacinova Z, Ticha I, 
Krejci V, et al. Expression of adipokines and estrogen receptors 
in adipose tissue and placenta of patients with gestational 
diabetes mellitus. Mol Cell Endocrinol 2010;314(1):150-56. 
DOI: 10.1016/j.mce.2009.08.002.

8. Trujillo-Güiza ML, Señarís R. Leptin resistance during 
pregnancy is also exerted at the periphery. Biol Reprod 
2018;98:654–63. DOI: 10.1093/biolre/ioy024.

9. Wauters M, Considine RV, Van Gaal LF. Human leptin: From an 
adipocyte hormone to an endocrine mediator. Eur J Endocrinol 
2000;143(3):293-311. DOI: 10.1530/eje.0.1430293.

10. Soheilykhah S, Mojibian M, Rahimi-Saghand S, Rashidi M, 
Hadinedoushan H. Maternal serum leptin concentration in 
gestational diabetes. Taiwan J Obstet Gynecol 2011;50(2): 
149-53. DOI: 10.1016/j.tjog.2011.01.034.

11. Mokhtari M, Hashemi M, Yaghmaei M, Naderi M, Shikhzadeh 
A, Ghavami S. Evaluation of the serum leptin in normal 
pregnancy and gestational diabetes mellitus in Zahedan, 
southeast Iran. Arch Gynecol Obstet 2011;284(3):539-42. DOI: 
10.1007/s00404-010-1681-0.

12. Jeon EJ, Hong SY, Lee JH. Adipokines and insulin resistance 
according to characteristics of pregnant women with gestational 
diabetes mellitus. Diabetes Metab Jl 2018;42(1):90-91. DOI: 
10.4093/dmj.2018.42.1.90.

13. Sokup A, Ruszkowska-Ciastek B, Góralczyk K, Walentowicz 
M, Szymański M, Rość D. Insulin resistance as estimated by the 
homeostatic method at diagnosis of gestational diabetes: 
estimation of disease severity and therapeutic needs in a 
population-based study. BMC Endocr Disord 2013;13:21. DOI:  
10.1186/1472-6823-13-21.

14. Skvarca A, Tomazic M, Krhin B, Blagus R, Janez A. 
Adipocytokines and insulin resistance across various degrees of 
glucose tolerance in pregnancy. J Int Med Res 2012;40(2): 
583-89. DOI: 10.1177/147323001204000220.

15. Noureldeen AF, Qusti SY, Al-Seeni MN, Bagais MH. Maternal 
leptin, adiponectin, resistin, visfatin and tumor necrosis 
factor-alpha in normal and gestational diabetes. Indian J Clin 
Biochem 2014;29(4):462-70. DOI: 10.1007/s12291-013- 
0394-0.

16. Sommer C, Gulseth HL, Jenum AK, Sletner L, Thorsby PM, 
Birkeland KI. Soluble leptin receptor and risk of gestational 
diabetes in a multiethnic population: A prospective cohort study. 
J Clin Endocrinol Metab 2016;101(11):4070–75. DOI: 10.1210/ 
jc.2016-2583.

17. Highman TJ, Friedman JE, Huston LP, Wong WW, Catalano 
PM. Longitudinal changes in maternal serum leptin 
concentrations, body composition, and resting metabolic rate in 
pregnancy. Am J Obstet Gynecol 1998;178(5):1010-15. DOI: 
10.1016/s0002-9378(98)70540-x.

18. Gao XL, Yang HX & Zhao Y. Variations of tumor necrosis factor 
alpha, leptin and adiponectin in mid-trimester of gestational

 diabetes mellitus. Chin Med J (Engl) 2008;121:701-05. 
Available at: https://rs.yiigle.com/cmaid/564795.

19. Xu J, Zhao YH, Chen YP, Yuan XL, Wang J, Zhu H, et al. 
Maternal circulating concentrations of tumor necrosis 
factor-alpha, leptin, and adiponectin in gestational diabetes 
mellitus: A systematic review and meta-analysis. 
ScientificWorldJournal 2014; 2014: 926932. DOI: 10.1155/ 
2014/926932.

20. Mohana CA, Paul S, Jahan S, Tofail T, Morshed MS, Saleh AA, et

 al. Serum leptin correlates with obesity but does not differ 
between gestational diabetes and normal glucose tolerance during 
24-28 weeks of gestation. Mymensingh Med J 2022;31(2): 
318-25. Available at: https://pubmed.ncbi.nlm.nih.gov/35383744/.

21. Vitoratos N, Salamalekis E, Kassanos D, Loghis C, 
Panayotopoulos N, Kouskouni E, et al. Maternal plasma leptin 
levels and their relationship to insulin and glucose in 
gestational-onset diabetes. Gynecol Obstet Invest 2001;51(1): 
17-21. DOI: 10.1159/000052884.

50J Assoc Clin Endocrinol Diabetol Bangladesh July 2023;2(2)



Leptin and insulin indices in GDM Mohana et al.

Introduction
The prevalence of gestational diabetes mellitus (GDM) 
is observed increasing globally. It develops as an 
outcome of discordance between insulin resistance (IR) 
and secretary capacity; perhaps because of the 
contribution of pre-existing IR, or because of inadequate 
β-cell expansion and concomitant insulin insufficiency.1 
This is accentuated by obesity and overweight-related 
factors like chronic subclinical inflammation and 
low-grade activation of the acute phase response.2,3 
Adipocyte-derived hormones “adipocytokines” and their 
role in the regulation of maternal metabolism, 
gestational IR, and β-cell dysfunction have opened a 
new era in understanding the pathophysiology of GDM. 
Among adipocytokines, leptin is thought to be a new 
potential mediator of IR during pregnancy.4 During 

pregnancy, with increasing fat deposition and 
mobilization circulating leptin level also increases.5 
However, leptin gene expression is significantly 
increased both in the placenta and visceral adipose tissue 
in GDM compared with pregnancy with normal glucose 
tolerance (NGT).6,7 On the other hand, gestation is a 
state of both central and peripheral resistance to leptin 
especially during mid-pregnancy which allows the 
anabolic metabolism in the mother.8 As a result, leptin 
level rises to 2–3 fold higher than the nonpregnant state 
with a peak at around 24-28 weeks of gestation, plateaus 
thereafter, and declines slightly before delivery and falls 
at postpartum.6 This hyperleptinaemia contributes to 
enhanced IR and by overruling the leptin-induced 
suppression of insulin secretion from β-cells eventually 
amplifies hyperinsulinemia which sequentially results in 

glucose intolerance. Leptin also inhibits insulin 
biosynthesis and secretion from pancreatic β-cells 
through leptin receptors in pancreatic β-cells.9 In 
contrast, insulin stimulates leptin secretion from adipose 
tissue and thus makes a hormonal regulatory feedback 
loop of the existing adiponectin-insulin axis. Recently, 
several studies have focused on leptin, as a potential 
mediator of IR in pregnancy.10,11 But the results are 
variable and in some cases contradictory too. Some 
reported a positive correlation between leptin, insulin, 
and insulin indices in GDM whereas; others found no 
correlation between IR and leptin.10,12 The aim of this 
study was to determine the circulating level of leptin and 
its relation with insulin and different insulin indices in 
women with GDM and those who are normal for 
glucose tolerance (NGT). 

Methods
This cross-sectional study was performed at the 
Department of Endocrinology of Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, 
Bangladesh. Pregnant women at 24-28 weeks of 
gestation attending the ‘Antenatal Clinic’ of Obstetrics 
and Gynecology, BSMMU who fulfilled the inclusion 
and exclusion criteria, were referred to 'The GDM 
Clinic' of the Department of Endocrinology, BSMMU. 
They were screened and enrolled consecutively from 
March 2019 to August 2020. A 75 gm three samples oral 
glucose tolerance test (OGTT) was performed after an 
overnight fast according to WHO guidelines-2013, to 
divide them into GDM and NGT. Thus, 45 GDM and 62 
pregnant women with NGT were enrolled in the study. 
The Institutional Review Board (IRB) duly approved the 
protocol before enrollment, and all participants provided 
written informed consent. Data were collected in a 
prescribed data sheet. Patients with overt DM, DM in 
pregnancy, or any acute or chronic medical condition 
were excluded from the study. Fasting samples for leptin 
and insulin were collected on the day of OGTT; after 
clot formation serum separated and preserved under 
-70oC freezer until assay. Glucose was measured on the 
same day within two hours of sampling.
Blood glucose was measured by glucose oxidase method 
using Dimension EXL 200 Integrated Chemistry System 
(Siemens, Germany) whereas leptin by enzyme-linked 
immunosorbent assay (ELISA) using DRG Leptin 
(Sandwich) ELISA kit (EIA-2395), Inc. USA. 
Intra-assay CV for glucose was for low level 1.73% and 
for high level 4.22%. Leptin was measured in a single 
run-assay and intra-assay CV for leptin was 4.9%. 
Insulin was measured by chemiluminescent 

microparticle immunoassay. Insulin indices were 
calculated by the homeostasis model assessment 
(HOMA) method. HOMA-IR cut-off of 2.89 was 
considered to categorize the study participants as IR or 
insulin sensitive (IS).13

All data were processed by using the IBM SPSS 
software program (version 25.0) and expressed as 
frequencies (percentages) for qualitative values and 
median with interquartile range (25th -75th percentile) 
for quantitative data. The chi-square test (for qualitative) 
and Mann-Whitney U test (for quantitative) were done 
to compare between groups. The correlation of leptin 
with clinical and biochemical variables was analyzed by 
Spearman's correlation test. Receiver operating 
characteristics (ROC) curve analysis was done to see 
leptin as a marker of IR in GDM patients. P-values 
<0.05 were considered statistically significant.

Results
Among 45 GDM mothers, 13 had IR and among 62 
NGT mothers, five had IR. BMI and systolic BP were 
significantly higher in the IR group than IS group in 
GDM mothers only. Serum leptin was statistically 
similar between GDM and NGT [26.05(16.92, 50.55) 
vs. 23.50(14.95, 38.30) median, p=0.360]. Fasting 
glucose (FG), 01-hour OGTT-glucose (01hrG), 02-hour 
OGTT-glucose (02hrG) median values were all 
significantly higher in GDM than those of NGT in both 
the subgroups of HOMA-IR [GDM vs. NGT: FG (5.60 
vs. 4.70, p <0.001); 01hrG (9.80 vs. 7.0, p <0.001); 
02hrG (7.54 vs. 6.10, p <0.001), mmol/L]. Unlike 
glucose, median fasting insulin was significantly higher 
in GDM than NGT in the IR group (16.41 vs. 14.70, 
µIU/ml, p=0.012) but not in the subgroup of IS (7.05 vs. 
6.25, µIU/ml, p=0.135). Median BMI was significantly 
higher in GDM with IR than that of GDM with IS 
(29.52 vs. 26.68, kg/m2, p=0.016) whereas median 
fasting insulin in those two HOMA-IR subgroups of 
GDM (16.41 vs. 7.05, µIU/ml, p<0.001) as well as of 
NGT (14.70 vs. 6.25, µIU/ml, p<0.001) differed 
significantly (Table-I).

None of age, gestational age, BMI, and glucose value of 
OGTT or fasting insulin correlated significantly with 
leptin either in GDM (NS for all) or in NGT (NS for all) 
in the subgroup with IR (Table-II) whereas in the 
subgroup with IS, BMI (p<0.001), 01hG (p=0.047), 
02hG (p=0.029) and fasting insulin (p=0.019) correlated 
significantly in NGT only but not in GDM (Table-III). ROC curve analysis for leptin revealed area under the 

curve (AUC) for IR was 0.553 (p=0.515) suggesting it 
could not be used as a marker of IR in GDM (Figure-1).

Discussion
In this study, we found that leptin had no significant 
associations with any studied clinical or biochemical 
parameters including BMI, glucose values, and insulin 
indices in GDM mothers irrespective of insulin status. 
Similarly, leptin had no significant associations with any 
studied variables in pregnant mothers with IR 
irrespective of glycemic status. Leptin was observed not 
to be an acceptable marker of IR in GDM. However, 
leptin had a significant association with BMI, OGTT 
glucose, and insulin in NGT mothers, especially in 
IS-NGT mothers.
Leptin was found little higher in GDM than in NGT 
mothers irrespective of insulin status. Similarly, leptin 
was found a little higher in IR than in IS mothers 
irrespective of glycemic status. However, none of the 
associations were statistically significant. Similarly, 
there were positive and significant correlations of leptin 
with BMI, glucose values, and insulin only in IS-NGT 
mothers but not in IR-NGT mothers or GDM mothers 
irrespective of insulin status. From these findings, it 
appears that the association of leptin with BMI, glucose 
values, or insulin indices is lost in women developing 
higher glucose and IR, alone or both during pregnancy. 
Similar findings are observed by Skvarca et al.14 So, it is 
possible that upregulation of several inflammatory 
cytokines and acute phase proteins like tumor necrosis 
factor-α, interleukins (IL-6, IL-8) and high sensitivity 
C-reactive protein which may contribute to increasing 

IR but fails to maintain any similar influence on leptin 
which was not investigated in the present study.
Increased expression of soluble receptors rather than 
transmembrane receptors for leptin in the placenta may 
modulate leptin release from the placenta.15 Higher 
expression of soluble receptors may reduce the risk of 
GDM development.16 Besides, the placenta may play 
more role than adipose tissue in maternal leptin 
concentration and under different regulation than leptin 
from adipose tissue.17  So it is possible that the IR 
related to adipose tissue may not be related to leptin 
secreted from the placenta.
Gao et al. found elevated leptin in GDM in correlation 
with HOMA-IR. However, the significance was lost 
when it was adjusted for BMI.18 On the other hand, a 
systematic review and meta-analysis found elevated 
leptin in GDM mothers when compared with 
BMI-matched NGT mothers.19 We also found a positive 
correlation of serum leptin with BMI in all pregnant 
women irrespective of glycemic status.20 These findings 
also suggest that the association of leptin is better with 
BMI rather than glycemic status or its causative factor(s) 
like IR or deficient β-cells’ function. Apropos with this, 
some studies also found that leptin level is higher before 
pregnancy with little elevation during pregnancy in 
fasting as well as after OGTT and remains elevated even 
after pregnancy in GDM mothers than in NGT 
mothers.11,21 Therefore, it seems pertinent to assume that 
leptin is unlikely to have any predictive value over 
GDM. 
There are some limitations of our study. The sample size 
was small. We have no pre-pregnancy data on BMI and 
leptin levels. A study on leptin levels in all the trimesters 
of pregnancy as well as before conception and after 
parturition that is a longitudinal study may provide more 
insights into the association of leptin with IR and 
glycemic status in GDM patients.

Conclusions
We would like to conclude that serum leptin has no 
significant association with insulin indices in GDM and 
leptin is not sufficiently sensitive to replace HOMA–IR 
for predicting GDM. However, it is too early to infer the 
interaction and role of leptin in the event of the 
development of GDM. A comprehensive study 
encompassing other adipokines and cytokines and 
probable genetic and environmental risk factors may 
highlight a clearer view of this avenue. Our group is 
investigating the importance of other cytokines in GDM 
during the period of 24-28 weeks of gestation (the 

optimum time for GDM screening) to be reported 
subsequently.
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