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Abstract

Original Article

inTroducTion

Gestational diabetes mellitus (GDM) is a common medical 
disorder complicating pregnancy. It is defined as glucose 
intolerance of varying severity with onset or first recognition 
during pregnancy.[1] The prevalence of gestational diabetes 
in India was l8.9% in 2004.[2] The incidence of GDM, the 
most common metabolic disorder during pregnancy, is 
also increasing worldwide owing to advancing maternal 
age and increasing obesity rates.[3,4] GDM is considered 
a prediabetic state, offering the opportunity to study the 
abnormalities that may appear very early in type 2 diabetes 
mellitus (T2DM).[5] The importance of GDM is that two 
generations are at risk of developing diabetes in the future. 
The offspring of these women is prone to adverse effects such 
as macrosomia, prematurity, birth trauma, and respiratory 

distress syndrome and more importantly has a higher risk of 
developing obesity, impaired glucose tolerance, and T2DM in 
the future. Among Asian Indian women with GDM, over 20% 
develop dysglycemia within 1-year postpartum and body mass 
index (BMI) >25 kg/sq. m increases the risk by 4-fold.[6] It 
also causes maternal morbidity in the form of preeclampsia, 
polyhydramnios, and operative deliveries.

Proinflammatory cytokines including tumor necrosis 
factor-alpha (TNF-a), interleukin-6 (IL-6), and IL-8, through 
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their ability to interfere with insulin signaling, have been 
implicated in insulin resistance in T2DM.[7-9] In addition to 
performing a physiological role in the fetoplacental unit during 
pregnancy, cytokines may also play a pathophysiological role 
if expressed in abnormal amounts or sites. TNF-a, IL-6, and 
IL-8 are released from the placenta at term[10] and have been 
linked to various states of insulin resistance.[11]

Oxidative stress is a general term used to describe the 
steady state of oxidative damage in a cell, tissue, or an 
organ, caused by reactive oxygen species (ROS). Most 
ROS comes from endogenous sources as by-products of 
normal and essential reactions such as energy generation 
from mitochondria. This oxidative stress was found to 
be greater in women with GDM than in normal pregnant 
women.[12,13] Many studies have reported increased free 
radical production and antioxidant depletion in gestational 
diabetes mother to be a causative factor in increasing the risk 
of congenital anomalies.[14] The excess amount of glucose in 
GDM women gets auto-oxidized resulting in the generation 
of free radicals. The antioxidant defense systems are also 
found to be depleted in GDM.[15,16]

Need for the study
Studies of T2DM have been critical in elucidating the role 
of cytokines and oxidative stress in diabetes. However, very 
limited data are available in relation to GDM. Current evidence 
has demonstrated that TNF-a is the most significant predictor 
of insulin resistance during pregnancy.[17] IL-6 and IL-8 may 
also be involved in the pathogenesis of insulin resistance in 
GDM.[18,19]

Gestational diabetes is associated with increased oxidative 
stress leading to generation of free radicals. The antioxidant 
system in response to this is depleted in GDM. Uric acid 
possesses antioxidant properties and contributes about 
60% free radical scavenging activity in serum. Elevated 
serum uric acid is a consistent feature of insulin resistance 
syndrome.[20] Glutathione peroxidase (GTX) and superoxide 
dismutase (SOD) are also important antioxidants. Serum 
bilirubin is also a powerful endogenous antioxidant and 
constitutes one of the biological defense systems in the 
body.

The incidence of GDM is on the rise and is associated with 
significant maternal and neonatal morbidity. But relatively, 
little is known about the importance of these proinflammatory 
cytokines and antioxidants in GDM and their effect on the 
pregnancy outcome. Hence, the need to study their role 
in GDM as preventive and predictive strategies in terms 
of outcome of the pregnancy can be obtained with these 
parameters.

Objective of the study
The objective of this study is to estimate proinflammatory 
cytokines TNF-α, IL-6, IL-8 and antioxidants such as GTX, 
SOD, uric acid, and bilirubin in GDM and correlate with 
pregnancy outcome.

maTerials and meThods

Source of data
Women attending antenatal clinic at JSS hospital, Mysuru, 
were enrolled in the study.

Study design
This was a prospective observational and diagnostic study.

Inclusion criteria
Women with gestational diabetes diagnosed with 75 g oral 
glucose challenge test (OGCT) were included in the study.

Exclusion criteria
a. Women with pregestational diabetes
b. Women with other systemic illness affecting the levels of 

proinflammatory cytokines such as bronchial asthma and 
hypertension were excluded from the study.

The study has been cleared by the Institutional Ethics 
Committee of JSS Medical College, Mysore.

Method of collection of data
All pregnant women attending antenatal clinic were screened 
using the diabetes in pregnancy study group, India criteria.[21]

Methodology
Irrespective of the timing of the last meal, as the pregnant 
woman entered the antenatal clinic, she was given 75 g glucose, 
and 2 h later, plasma glucose level was estimated. Plasma 
glucose of 140 mg/dl or more was diagnostic of GDM.

All pregnant women were screened at 24–28 weeks of 
gestation. The women at high risk for GDM (age >30 years, 
obesity, family history of diabetes, previous bad obstetric 
history, and history of GDM in previous pregnancy) were 
screened earlier at 12–16 weeks of gestation. Those diagnosed 
with GDM were included in the study (case group). In 
normally glucose tolerant women, the test was repeated again 
at 24–28 weeks and 32–34 weeks. Those with blood sugar 
of <140 mg/dl formed the control group.

At the time of diagnosis, blood was also drawn for estimation 
of uric acid and bilirubin. For estimation of IL-6, IL-8, TNF-a, 
GTX, and SOD, 20 ml of blood was drawn and stored at 80oc 
which was processed in the end after collecting samples from 
all participants. SOD and GTX were estimated by calorimetric 
method using Randox kits. TNF-a, IL-6, and IL-8 were 
evaluated by ELISA using Quantikine R and D.

The adverse maternal and fetal outcomes were studied and were 
correlated with the cytokines and antioxidant levels.

Statistical analysis
Data collected were entered and stored using Microsoft Excel 
2007 and analyzed using IBM SPSS version 22 (United States). 
Descriptive statistics such as frequencies, percentages, means, 
and standard deviation were calculated and tabulated for all 
variables such as age, socioeconomic status and parity, and 
maternal and fetal complications. Multiple logistic regression 
analysis was used to assess the influence of various cytokine 
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levels on maternal and fetal complications. The odds ratio and 
95% confidence interval for the odds ratio were calculated and 
significant variables labeled when upper and lower bounds did 
not include value of “1.”

resulTs

A total of 60 participants were recruited in the study with 30 in 
each group, i.e., 30 in GDM (case) group and 30 in control group. 
The mean age in the GDM group was 27.6 years and it was 
23.3 years in the control group. The mean BMI in GDM group 
was 25.7 kg/m2 and the OGCT value was 159.6 mg/dl whereas 
the OGCT value in control group was 98.5 mg/dl [Table 1].

In this study, 56 participants (93.3%) belonged to lower 
socioeconomic and 4 to middle socioeconomic status with 23 
(38.3%) participants from urban and 37 (61.7%) from rural areas. 
Overall 53.4% were primigravidae, 21.7% in the GDM group 
and 31.7% in the control group, and rest were multigravidae 
(46.7%) in the study population. Thirty participants (50%) 
delivered vaginally in which 8 (13.3%) were from GDM group 
and 22 (36.7%) from control group and 2 participants in the 
GDM group underwent instrumental delivery (3.3%). Cesarean 
was done in 46.7% of participants in which 33.3% (n = 20) were 
from GDM group and 8 (13.3%) from control group.

Eight babies (13.3%) had macrosomia and were all born to 
mothers with GDM. Low birth weight was noted in 5 (8.4%) 
babies out of whom 4 were born to mothers with GDM. Of the 
47 babies born with normal weight, 18 (30%) were to GDM 
mothers and 29 (48.3%) were to normal mothers [Table 2].

None of the participants in the control group had either 
maternal or fetal complications while 21 (35%) in the GDM 
group did not have any maternal complications. Most common 
maternal complications noted were preeclampsia in 3 (5%), 
preterm labor in 2 (3.3%), and polyhydramnios in 3 (5%), and 
2 intrauterine deaths were reported [Table 3].

GDM group had a mean uric acid level of 4.53 mg/dl whereas 
it was 3.13 mg/dl in the control group. The value of TNF-a in 
GDM group was 6.06 pg/ml and 2.81 pg/ml in control group. 
Antioxidant enzymes such as SOD and GTX were markedly 
decreased in the GDM group with a mean value of 4979.21 
and 13.68, respectively, in comparison of 9625.10 and 15.86, 
respectively, in the control group. The proinflammatory 
cytokines IL-6 and IL-8 were also significantly raised in the 
GDM group [Table 4].

Even though maternal and fetal complications occurred only in 
the GDM group, only preeclampsia was significantly (P < 0.026) 
associated with TNF-a value, and rest of the markers did not 
show any statistical significance with any of the complications.

discussions

GDM is identified by an amplification of the low-grade 
inflammation existing in normal pregnancy. In recent days, the 
role of the inflammatory system in the pathogenesis of T2DM 

and GDM has been increasingly examined. Insulin resistance 
has been related with abnormal secretion of proinflammatory 
cytokines such as TNF-a and interleukin IL-6 and decreased 
production of anti-inflammatory mediators such as IL-4 and 
IL-10. Despite the controversies regarding specific cytokine 
levels, T2DM is currently regarded as a chronic inflammatory 

Table 1: Mean value of age, BMI and OGCT value 
between both groups

Variables Case group Control group
Age (year) 27.6 23.3 
BMI (kg/m2) 25.7 25 
OGCT value (mg/dl) 159.6 98.5 

Table 2: Distribution of subjects on the mode of delivery 
and neonatal birth weight

Cases (%) Controls (%)
Mode of delivery

Vaginal 8 (13.3) 22 (36.7)
Instrumental 2 (3.3) -
Caesarean 20 (33.3) 8 (13.3)

Neonatal birth weight
Low birth weight* 4 (6.7) 1 (1.7)
Normal 18 (30) 29 (48.3)
Macrosomia* 8 (13.3) -

*Low birth weight <2.5 kg, Macrosomia >3.5 kg for Indian standards

Table 3: Distribution of cases based on maternal and 
fetal complications

Cases 
n (%)

Controls 
n (%)

Maternal complications
None 21 (35) 30 (50)
Preeclampsia 3 (5)
Preterm labour 2 (3.3)
Polyhydramnios 3 (5)

Preeclampsia + preterm labour 1 (1.7)
Fetal complications
None 20 (33.3) 30 (50)
Macrosomia 8 (13.3)
IUD 2 (3.3)

Table 4: Mean value of antioxidants and cytokines 
between the 2 groups

Case Controls
Uric acid (mg/dl) 4.53 3.13
Serum bilirubin (mg/dl) 0.41 0.49
TNF-alpha (pg/ml) 6.06 2.81
IL-6 (pg/ml) 2.96 2.88
IL-8 (pg/ml) 7.76 2.60
Gluthathione peroxidase 13.68 15.86
Superoxide dismutase 4979.21 9625.10
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disease. Due to the similarity between T2DM and GDM and 
the relationship between T2DM and inflammation, it has been 
hypothesized that inflammation could be also associated in the 
pathophysiology of GDM.[22]

This theory is supported by increased circulating concentrations 
of inflammatory molecules such as TNF-α and IL-6 in GDM. 
TNF-α is one of the aspirant molecules responsible for causing 
insulin resistance. Comparison of the placental gene expression 
profile between normal and diabetic pregnant indicates 
increased leptin synthesis in GDM which is associated with a 
higher production of proinflammatory cytokines, for example, 

IL-6 and TNF-a causing a chronic inflammatory environment 
that enhances leptin production. As a result, compared with 
normal pregnant women, placental leptin expression in 
individuals with GDM is increased. Leptin itself increases 
production of TNF-α and IL-6 by monocytes and stimulates 
the production of CC chemokine ligands. Raise in leptin 
concentrations in turn amplifies inflammation.

In this study, women with GDM are characterized by 
increased antioxidant gene expression. In keeping with this, 
GDM is characterized by an amplification of the low-grade 
inflammation which already exists in normal pregnancy. This 
hypothesis is supported by increased circulating concentrations 

Table 5: Mean values of cytokines among controls, GDM with complications and GDM without complications

n Mean Std. 
deviation

95% Confidence interval for mean Minimum Maximum 

Lower bound Upper bound
Super oxide dismutase

Control 30 9625.1413 1074.11488 9224.0602 10026.2224 7389.40 11861.04
GDM 21 4868.6024 972.50383 4425.9239 5311.2808 3011.89 6489.39
GDM complication 9 5237.3089 1095.21302 4395.4536 6079.1641 3127.14 6381.38
Total 60 7302.1778 2559.77748 6640.9172 7963.4385 3011.89 11861.04

Oral glucose challenge test
Control 30 98.53 13.688 93.42 103.64 75 118
GDM 21 159.67 11.182 154.58 164.76 142 181
GDM complication 9 159.44 12.963 149.48 169.41 145 185
Total 60 129.07 33.247 120.48 137.66 75 185

Uric acid levels
Control 30 3.1333 0.58624 2.9144 3.3522 1.60 4.20
GDM 21 4.6352 1.35058 4.0205 5.2500 3.00 8.40
GDM complication 9 4.3022 0.89669 3.6130 4.9915 3.00 6.00
Total 60 3.8343 1.18653 3.5278 4.1408 1.60 8.40

Bilirubin
Control 30 0.4983 0.14096 0.4457 0.5510 0.23 0.72
GDM 21 0.4371 0.19389 0.3489 0.5254 0.15 0.80
GDM complication 9 0.3711 0.13968 0.2637 0.4785 0.20 0.70
Total 60 0.4578 0.16519 0.4152 0.5005 0.15 0.80

TNF alfha
Control 30 2.8190 1.03919 2.4310 3.2070 0.80 4.80
GDM 21 6.2995 4.01788 4.4706 8.1284 2.61 20.82
GDM complication 9 5.5078 2.60780 3.5032 7.5123 2.17 9.72
Total 60 4.4405 3.10902 3.6374 5.2436 0.80 20.82

Interleukin 6
Control 30 2.88100 1.217690 2.42631 3.33569 0.780 5.430
GDM 21 2.79933 1.413378 2.15597 3.44270 1.160 5.800
GDM complication 9 3.34889 1.255194 2.38406 4.31372 1.900 5.420
Total 60 2.92260 1.285932 2.59041 3.25479 0.780 5.800

Interleukin 8
Control 30 2.60567 1.453802 2.06281 3.14853 0.790 5.930
GDM 21 7.90481 4.175143 6.00431 9.80531 1.260 22.940
GDM complication 9 7.42356 3.225178 4.94446 9.90265 1.180 11.870
Total 60 5.18305 3.890834 4.17794 6.18816 0.790 22.940

Glutathione peroxidase
Control 30 15.8697 1.20621 15.4193 13.17 18.72
GDM 21 13.5729 1.47818 12.9000 14.2457 10.96 16.50
GDM complication 9 13.9467 1.60941 12.7096 15.1838 10.91 15.51
Total 60 14.7773 1.74223 14.3273 15.2274 10.91 18.72
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of inflammatory molecules such as TNF-a and IL-6 in 
GDM pregnancies. TNF-a is one of the candidate molecules 
responsible for causing insulin resistance.[23]

Rise in the level of GTX and SOD in GDM is due to the 
oxidative stress, and various studies have reported the 
increased levels of these antioxidant enzymes;[24] on the 
contrary, there are many studies which have reported their 
decreased levels too.[25]

An elevated serum uric acid concentration may reflect impaired 
endothelial integrity in which endothelium-dependent vascular 
relaxation produced by nitric oxide is reduced. High blood 
glucose levels induce oxidative stress and decrease antioxidant 
defenses, thus leading to increased free radical formation, and 
these free radicals may damage not only the organs in which 
they are formed but also the remote organs.[26]

Rasika et al. showed that in their study, there is an increase 
in the risk of development of GDM with increased levels of 
serum uric acid.[26] Studies by Coughla et al., have shown the 
association of hyperuricemia with GDM.[27]

Zhou et al., in their study, measured lipids and uric acid 
concentrations in 1000 healthy nulliparous women at 20 weeks 
of gestation and showed that hyperuricemic women experienced 
a 1.99-fold risk for preeclampsia and a 2.34-fold risk for 
GDM.[28] In the present study, the uric acid levels and level 
of TNF-a and IL-8 were significantly raised in GDM patients 
compared to controls, and even though level of IL-6 was raised 
in GDM patients, it was not significant. Serum bilirubin, GTX, 
and SOD levels were decreased in GDM patient when compared 
with controls. Even though control group had no complications, 
maternal complications such as preeclampsia, polyhydramnios, 
preterm labor, and fetal complications such as macrosomia 
and intrauterine device were common in GDM group. Only 
preeclampsia had statistical significance with TNF-a; rest of the 
markers though elevated in GDM had no statistical significance 
with any of the complications.

Consistent with literature, the present study also quotes that the 
incidence of macrosomia was 13.3% (n = 8), all in the study 
group which can be correlated for the increased operative 
deliveries in gestational diabetes. This study also showed 
increased instrumental deliveries and cesarean sections in the 
GDM group.

Further analysis and comparison of mean levels of oxidative 
stress markers using ANOVA revealed a significant difference 
in the mean values of OGCT values, uric acid levels, TNF-a, 
IL-8, SOD, and GTX levels for control, GDM without 
complication, and GDM with complications, and post hoc tests 
revealed a significant mean difference in the level for control 
and other two categories. However, there is no significant 
difference between GDM with complications and GDM 
without complications [Table 5].

Early intervention and right treatment in individuals with GDM 
or at increased risk for developing of GDM will be helpful in 

preventing the adverse maternal and fetal outcome and also 
save them from long-term complications.

conclusion

Serum uric acid and TNF-a levels were significantly increased 
in GDM patients, and levels of GTX and SOD were decreased 
in GDM. Oxidative stress is elevated in GDM and TNF-a had 
a statistical significance with preeclampsia.
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