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Background: Oxidative stress is implicated in causation of many diseases including diabetes mellitus.
An abnormally high level of oxidative stress may be involved in development of gestational diabetes
mellitus (GDM). We aimed to compare degree of oxidative stress in healthy pregnant, and GDM
women by measuring serum malondialdehyde (MDA) levels. Methods: This comparative cross-
sectional study was conducted on age and gestational age matched 30 healthy pregnant women and 30
patients of GDM at Army Medical College and Pak Emirates Military Hospital, Rawalpindi over a
period of one year. The diagnosis of GDM was made during second trimester after oral glucose
tolerance test. The subjects with type-1 or type-2 diabetes, past history of gestational diabetes and
systemic inflammatory disease were not included. Serum malondialdehyde levels of all subjects were
measured with ELISA technique. Data were analysed on SPSS-22. Numerical data were expressed as
Mean+SD and the comparison between two groups was done using independent samples #-test. The
Pearson’s correlation coefficient for association between numerical variables was assessed, and p<0.05
was regarded statistically significant. Results: GDM group had significantly higher mean serum MDA
level as compared to healthy pregnant women. Serum MDA had positive correlation with fasting
plasma glucose and glycosylated haemoglobin. Conclusion: A significantly high MDA in GDM along
with positive correlation with fasting glucose and glycosylated haemoglobin indicates the possible role

of oxidative stress in GDM.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as the
glucose intolerance that is first identified during second or
third trimester of pregnancy and is not overt diabetes.' Its
prevalence varies greatly in different areas with highest
prevalence in South Asian countries.” In addition to
geographic variance, its prevalence is also affected by
criterion used for diagnosis. Highest prevalence of
gestational diabetes is observed with International
Association for Diabetes and Pregnancy Study Group
(IADPSG) criteria of diagnosis and is equal to 34.9%.
Gestational diabetes mellitus is linked with adverse
pregnancy outcome as well as development of
complications in both mother and offspring. It increases
the risk of premature labour, pre-eclampsia and premature
operative delivery. Moreover, there are high chances of
macrosomia, hypoglycaemia and hyperbilirubinemia in
foetus in addition to risk of developing diabetes in future.*
Women with gestational diabetes are also at risk of
developing type-2 diabetes and cardiovascular problems.’

Pregnancy is associated with development of
insulin resistance secondary to secretion of placental
hormones. This insulin resistance is compensated by
increased beta cell activity. It is suspected that beta cell
dysfunction occurs during gestational diabetes due to
which they are unable to regulate insulin secretion.® A
number of factors like autoimmunity, gene mutation,

inflammation and oxidative stress play a role in its
causation. An abnormal inflammatory response especially
occurs in obese women and may be a consequence of
oxidative stress.’ Oxidative stress occurs as a result of
imbalance between pro-oxidant and antioxidant species.
The pro-oxidants are reactive oxygen species
(ROS) like hydrogen peroxide, hydroxyl radical and
superoxide anion. These ROS have damaging effects on
various cellular components and can cause destruction of
lipids, proteins and DNA, thus affecting their normal
physiological functions.” During pregnancy, placenta
produces a large number of reactive oxygen species. An
increased number of lipid peroxidation markers like
malondialdehyde, and 8-isoprostane are isolated from
placenta of patients of gestational diabetes. An
uncontrolled production of reactive oxygen species can
lead to exhaustion of antioxidant defence mechanism and
may cause cell injury and cell death.® The oxidative
damage can involve peripheral tissues like pancreatic beta
cells which are specifically susceptible to oxidative
damage due to lack of antioxidant defence mechanism,
thus resulting in increased apoptotic events and
suppression of transcription factors involved in
regeneration of beta cells. It also abolishes mitochondrial
activity and ultimately causes decreased production of
insulin. Oxidative stress also reduces the sensitivity of
peripheral tissues to insulin by disrupting the process of
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insulin signalling via decreasing tyrosine phosphorylation
of insulin receptor substrate proteins as well as decreased
expression of glucose transporters in muscle and adipose
tissue.” Malondialdehyde (MDA) is a reactive, toxic
aldehyde produced as a result of lipid peroxidation by
ROS and is frequently used as a reliable marker of
oxidative stress.'”

Few previous studies show positive association
between oxidative stress markers and development of
GDM. However, studies elucidating the role of oxidative
stress in gestational diabetes are scarce in our set up. To
fill this gap, we compared the level of oxidative stress in
normal pregnancy and in gestational diabetes by
measuring serum levels of MDA. Identifying the
association of oxidative stress and gestational diabetes
may help us take steps in the direction of prevention of
GDM development.

METHODOLOGY

This cross-sectional study was conducted at Army
Medical College and Pak Emirates Military Hospital,
Rawalpindi. The study was conducted over a period of
one year from 1% Aug 2019 to 31 Jul 2020. Formal
approval was obtained from ethical review board of the
institution. The sample size was estimated using WHO
calculator. Considering the estimated prevalence of
GDM in Pakistan as 3.5%'" and 95% confidence level, a
sample size of 60 was calculated. Subjects were selected
through non-probability convenient sampling after
informed consent. The subjects were divided into two
groups. Group I consisted of 30 healthy pregnant
women at 24 weeks onwards gestation with normal
glucose tolerance test (GTT). Group II consisted of 30
pregnant women at 24 weeks onwards gestation with
diagnosis of gestational diabetes mellitus. The diagnosis
of gestational diabetes was made after performing oral
GTT on basis of IADPSG criterion approved by
American Diabetes Association (ADA).> The women
with type-1 or type-2 diabetes, previous history of
gestational diabetes and systemic inflammatory disease
were excluded from study. The baseline demographic
data and relevant history and examination were recorded
for all subjects.

Blood samples of subjects were collected after
an 8 hour overnight fast. Oral GTT was performed.
After determining concentration of haemoglobin and
glycosylated ~ haemoglobin ~ (HbAlc),  HbAlc/
haemoglobin ratio was expressed as percentage (%
HbA1c). Serum malondialdehyde levels of the subjects
were determined using Enzyme Linked Immunosorbent
Assay (ELISA Kit Cat No. 10798-Glory Bios).

Data were analysed by using IBM SPSS-22.
The quantitative variables were expressed as Mean+SD.
For assessment of association of quantitative variables,
Pearson’s correlation was used and p<0.05 was taken as
significant.

RESULTS

Thirty healthy pregnant women and thirty patients of
GDM were matched for age and gestational age. The
groups did not show a significant difference regarding
body mass index (BMI). The HbAlc levels of both
groups were found to have significant differences
(p=0.012). Serum MDA levels of GDM group were
significantly higher as compared to healthy pregnant
women. (Table-1). There was a significant positive
correlation of serum MDA with HbAlc and fasting
plasma glucose (FPG). (Table-2).

Table-1: FPG, HbAlc, serum MDA and BMI of the

subjects
Variable Control GDM p
FPG (mmol/L) 4.52+0.47 5.98+1.04 [<0.001
HbAlc (%) 5.3+0.59 5.8£1.05 <0.05
MDA (ng/mL) 424.0+£278.0 | 872.64+767.94 | <0.01
BMI (Kg/m") 27.34+1.56 | 27.46+1.94 0.9

Table-2: Correlation of serum MDA with HbAlc,
fasting plasma glucose

Parameter correlated r P
HbAlc 0.400 <0.001
Fasting plasma glucose 0.449 <0.001
*p is significant at <0.05
DISCUSSION

We conducted a study recruiting thirty healthy pregnant
women and thirty women with GDM and compared
serum MDA levels as marker of oxidative stress during
24-28 weeks of pregnancy. We found a significant
increase in serum MDA in GDM group in addition to
raised levels of HbAlc, fasting and postprandial plasma
glucose levels. Serum MDA levels also correlated
positively with HbAlc and fasting plasma glucose level.

Our results are in coherence with previously
conducted similar studies. Qin Z et al** conducted a
prospective study in China taking 130 GDM cases and
260 controls. They found a significant elevated mean
level of serum MDA in GDM group as compared to
healthy adults. They also found a positive correlation of
MDA with fasting plasma glucose but a significant
correlation was not found with HbAlc. The reason they
didn’t find a significant correlation with HbAlc may be
because they measured HbAlc in second trimester and
MDA in first trimester.

A study by Ayse Arsalan' also showed similar
results. In that study, 40 GDM patients and 37 healthy
controls were compared for assessment of degree of
oxidative stress and antioxidant mechanisms by
measuring serum MDA, glutathione peroxidase and
catalase levels at 24-28 weeks of gestation. They
observed a high mean serum MDA level along with low
glutathione peroxidase level in GDM group.

Zhang C et al'* carried a study on 93 patients
of GDM and 82 healthy pregnant women. They found a
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significantly increased serum MDA in GDM group
compared to control group.

Contrary to above researches, a study"
conducted on 200 subjects didn’t show a significant
difference regarding MDA between healthy pregnant
women and those with GDM, although it revealed a
high serum MDA in non-pregnant diabetic women
compared to non-pregnant healthy women. A study'®
conducted on 51 pregnant women revealed no
significant differences in serum MDA although it
showed a significant difference in salivary MDA.
Salivary MDA may be more sensitive than serum MDA
to measure oxidative stress level as more free radicals
are neutralized by plasma as compared to saliva.'®

Pregnancy is a state of oxidative stress
characterized by increased production of reactive
oxygen species (ROS). This is the result of enhanced
metabolism, increased consumption of oxygen and fatty
acid utilization. ROS cause damage to biomolecules
resulting in production of different by-products. One of
the damaging effects of ROS is peroxidation of lipid
molecules  which  results in  formation of
malondialdehyde.®

The damaging effects of this oxidative stress is
counterbalanced by increased production  of
antioxidants. Excess production of glucose in GDM
results in its auto-oxidation and increased production of
reactive oxygen species. Depletion of antioxidant
mechanisms in GDM further worsens the condition.'” A
previous study has shown increased oxidative stress
shown as elevated levels of MDA and thiobarbituric
acid reactive substances (TBARS) in GDM patients and
decreased levels of antioxidants such as glutathione
peroxidase and superoxide dismutase."® Another study
did not reveal a significant difference in antioxidant
levels in GDM despite increased levels of oxidative
stress markers.'’

Shang M et al”’ did a study on 68 pregnant
women and assessed the levels of a number of oxidative
stress markers as well as antioxidants in maternal, cord
and placental blood. They also compared these levels in
GDM patients diagnosed with different diagnostic
criteria. They found increased levels of oxidative stress
indicators like MDA, xanthine oxidase (XO) and 8-
isoprostane, and decreased levels of antioxidants such as
superoxide dismutase and total antioxidant capacity.

We found a positive correlation between MDA
and HbAlc as well as fasting plasma glucose which is
comparable to study of Shang et al”’. This supports the
hypothesis that hyperglycaemia and poor glycaemic
control are associated with higher degree of oxidative
stress.”’ Obesity as well as increased age results in
increased oxidative stress.”> Level of oxidative stress
varies with the gestational age and is usually at peak in
second trimester. In our study, GDM subjects were
matched with controls regarding age, gestational age

and BMI. The results of our study suggest the role of
oxidative stress in hyperglycaemia and development of
GDM. Measurement of oxidative stress markers like
serum MDA may be helpful in early identification of
gestational diabetes risk.

The limitations of our study include small
sample size and one time measurement of biochemical
markers. Moreover, it is a cross-sectional study
measuring the oxidative stress markers at the time of
diagnosis of GDM. Future prospective studies involving
a variety of oxidative stress markers along with
antioxidants are recommended to establish the link
between oxidative stress and development of GDM.

CONCLUSION

A significantly high serum MDA level in GDM patients
and a positive correlation between serum MDA and
maternal glycaemic levels suggest role of oxidative
stress in gestational diabetes. Identification of oxidative
stress early in pregnancy may be helpful in better
management of gestational diabetes.
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