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ABSTRACT:

Gestational diabetes mellitus (GDM) is one of the
most commonand severe complications of
pregnancy, which is not only associated with
perinatal complications but also has a long-term
adverse effect on maternal and their offsprings. At
present, the treatment of GDM focuses on the
control of maternal blood glucose. Diabetes
mellitus is a chronic illness that requires continuing
medical care and ongoing patient self-management
education and support to prevent acute
complications and toreduce the long-term
complications. However, this has decreased
considerably with screening, antepartum fetal
surveillance and insulin therapy. However, recent
studies have suggested that certain oral
hypoglycemic agents (metformin and glyburide)
may be safe and be acceptable alternatives. There
are no serious safety concerns with metformin,
despite it crossing the placenta. Neonatal outcomes
are also comparable, with benefit of reductions in
neonatal hypoglycemia, maternal hypoglycemia
and weight gain, and improved treatment
satisfaction. Glibenclamide is more effective in
lowering blood glucose in women with gestational
diabetes, and with a lower treatment failure rate
than metformin .

KEY WORDS: Gestational diabetes mellitus,
Insulin therapy, Metformin, Glyburide,
Glibenclamide.

l. INTRODUCTION:

Gestational diabetes is defined as the onset
of glucose intoler-ance during the period of
pregnancy [1]. It is associated withdiabetes initially
recognized in pregnancy and usually resolves when

the pregnancy ends [2]. Gestational diabetesis a
major  public  health  problem  affecting
approximately15.1% of people globally with severe
implications on bothmaternal and neonatal
outcomes when left untreated [3-5].Research on
gestational diabetes suggests a longer-term riskof
developing Type Il diabetes in mothers compared
withthose without pregnancy-related blood glucose
problems[3]. Aside from the conventional effects of
diabetes, therehave been reports of long-term
postpartum diabetes inmothers mainly due to diet
and obesity [5]. The risk for gestational diabetes
has been linked to women with psychoticdisorders
during pregnancy and those using specific
antipsychotic agents as well [6, 7]. Despite the
effects on the mother, gestational diabetes is also
associated with adverse outcomesfor the baby
including neonatal hypoglycemia, jaundice,
andrespiratory distress syndrome with long-term
effects on theirhealth [5].

Gestational diabetes is managed with
conventional medications like insulin and oral
antidiabetics such as metformin, inaddition to diet
and exercise [5, 8]. Due to the risks of
adverseconsequences in pregnancy, management of
gestational diabetes requires adequate adherence to
these medications and regular clinical appointments
[9]. However, poor adherence has been reported
and reasons such as mistrust in the safety of
medications during pregnancy and fear of birth
defects havebeen implicated [10]. Poor adherence
to medications is common and is associated with
high morbidity and mortality rates, as well as
threats to high economic and logistical burden
onpublic health systems through poor maternal and
neonataloutcomes [11, 12].Previous research or
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reviews have however focused onthe role of diet
and weight management in gestational diabetes
[13] or on treatment strategies and guidelines ,
while arecent review, for example, has documented
only studiesrelating to a plant-based diet and their
impact on gestationaldiabetes [8].This scoping
review therefore aimed to provide an overview of
medication adherence in gestational diabetes to
informfuture research and provide direction to
healthcare professionals, patients, and
policymakers on how to increase adherence and
health outcomes.

Life Style Intervention :

Diet management and moderate exercise
are included in Lifestyle interventions. Lifestyle
interventions are safe Interventions that are
beneficial for a wide range of diseases, and
physical exercise as one of these lifestyle
interventions is important for reducing the risk of
Cardiovascular disease and T2DM.[14]

In a small-scale study (n=38), on the basis
of standard Prenatal care, women with GDM were
instructed to Engage in personalized, structured
aerobic and resistance Exercise for 50-55 minutes
twice a week until delivery (atLeast six weeks).[15]
The study found that in the intervention Group, the
average postprandial blood glucose levels were
Lower at the end of pregnancy and absence of
pregnancy Complications. However, there was no
significant improvement in weight gain in
pregnancy and neonatal body mass Index (BMI). It
suggested that structured aerobic and Resistance
exercise is safe and effective in improving
postPrandial blood glucose in patients with GDM.

Regarding whether lifestyle has a
preventive effect on Women at high risk of GDM,
in 2017, a prospective randomized trial in China
divided early pregnant women who Were
overweight or obese (BMI> 24 kg/m2) into
exercise Group (n=150) and control group (n=150)
until 37 weeks Of gestation, the results showed that
the incidence of GDM In the experimental group
who received cycling at least 30 Minutes three
times a week was significantly lower than That in
the control group[16] .The Finnish Gestational
Diabetes Prevention study (RADIEL) found that
pregnant Women with a high risk of GDM who
were prior to 20 Weeks of gestation (with a
previous history of GDM, BMI> 30 kg/m2 or both)
received personalized lifestyle interventions
(n=144), including appropriate exercise and diet
Interventions, the incidence of GDM was 13.9%,
while the Incidence of GDM in the control group

(received standard Prenatal care, n=125) was
21.6%. Besides, weight gain In pregnancy in the
intervention group was less. It indicated that
appropriate lifestyle intervention for patients With a
high risk of GDM is beneficial to reduce the
Incidence of GDM and reduce weight gain in
pregnancy.

Although the specific schemes of the
intervention Group were different in these studies,
personalized lifestyle Interventions benefited both
the improvement of blood Glucose in patients with
GDM and the prevention of Patients at high risk of
GDM. However, the GeliS study Showed that
recommendations for lifestyle changes did not
Significantly improve pregnancy weight gain and
the risk Of GDM in pregnant women with pre-
pregnancy BMI Between 18.5 and 40 kg/m2 .[17]
It is worth mentioning that These studies do not
clarify whether lifestyle intervention Has a
beneficial effect on the long term.

Methods :
Step 1. bibliographic research

The systematic review was performed
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [18]. The population of interest for this
systematic review included pregnant women over
18 years of age, diagnosed with GDM according to
national guidelines (depending on the study
location). The search equation was built around the
keywords “metformin (Glucophage)”,
“glibenclamide” and “pregnancy” and “gestational
diabetes”. The articles were collected from
November 2022 to July 2023 via the PubMed and
Google Scholar databases.

Step 2. selection of publications

The inclusion criteria were as follows:
publications that met the search equation, published
in French or English, between 1st January 2013 and
1st July 2023 in the form of randomized controlled
trials or meta-analyses. Were excluded articles not
available in full text, case reports and systemic
reviews. We also excluded articles whose content
was deemed irrelevant reading the abstract: studies
on pre-existing diabetes in pregnancy, studies on
polycystic ovary syndrome, evaluation of diabetes
prevention rather than treatment.

Step 3. Data synthesis

The included articles were analyzed from
the downloaded full texts. The main results were
transcribed in a synoptic table comparing the
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Results in terms of glycemic balance and maternal-
fetal effects between Metformin (Glucophage),
glibenclamide and insulin, which allowed the
Creation of synthesis presented in the Results
section Preterm Birth was defined as a delivery
before 37 gestational weeks.

Step 4. publications selection
A total of 2468 articles were retrieved . By
deleting duplicates, reading abstracts and full texts,

v

Identified references: n = 2468

PubMed n = 808
Google scholar n = 1660

Search equation submitted to databases:

“Metformin” or “Glibenclamide™ and
“Pregnancy” and “Gestational diabetes”™

v

abstract screening: n =45

Reference after duplicate removal:

Selected references after title and

45 randomized controlled trialsand meta-analyses
finally met the inclusion criteria. We specifically
excluded studies addressing the prevention rather
than the treatment of GDM, those investigating pre-
existing diabetes before pregnancy, those
evaluating the effect of oral antidiabetic agents on
polycystic ovary syndrome, and postpartum
studies.

Excluded references:
o Articles published before
2013 (n =748)
o Articles other than
% randomized control trials
and meta-analyses
(n=1522)
¢ Full article inaccessible or
language other than
English/French (n = 6)

Excluded references:
Articles whom main content was
about:
¢ Prevention and not
treatment of gestational
diabetes
¢ Type 2 diabetes and not
gestational diabetes
o Effect of treatment on
PCOS or obesity

¢ Postpartum study
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Oral Anti-Diabetic Agents :
Metformin :

Metformin is a  biguanide oral
hypoglycemic ~ drug, which can  reduce
gluconeogenesis and increase insulin
sensitivity.[19]1t is widely used in T2DM.With
regards to the effects of metformin on mothers
during pregnancy, a study compared the efficacy of
metformin (initial dose of 500mg at noon,
maximum dose of 1500mg in three doses) and
insulin (insulin detemir at night and insulin as part
before meals) in the treatment of GDM
(n=286).[20] The results showed that metformin
and insulin were equally effective in controlling
maternal blood glucose. A recently published
prospective, multi-centre, international, randomized
controlled clinical trial (MiTy) included a total of
502 women with T2DM in pregnancy who were
given placebo (n=249) or metformin (n=253) 1000
mg twice a day on the basis of insulin treatment,
the study found that compared with the placebo
group, women in the metformin group had better
glycaemic control and less weight gain.[21]
Besides, in 2016, a meta-analysis included 1712
patients with GDM from eight randomized
controlled trials, and the study found that most
patients in the metformin group had their blood
glucose well controlled, and their total weight gain
reduced.[22]

The incidence of preeclampsia and
caesarean section was similar in the metformin
group compared with the insulin group. With
regards to the effects of metformin on postpartum
or long-term outcomes in patients with GDM, a
follow-up study compared the effects on maternal
weight and postpartum glucose tolerance in women
diagnosed GDM who needed medication treatment
to achieve the target value of blood glucose
including metformin group (n=110) and insulin
group (n=107) with patients who needed only diet
(n=128).[23]The results showed that there was no
significant difference in weight gain, oral glucose
tolerance test (OGTT) glucose values, and
glycosylated hemoglobin Alc (HbAlc) between
metformin group and insulin group and diet-only
group in 6-8 weeks or one year postpartum.
However, the risk of impaired glucose tolerance or
diabetes in the diet-only group was lower than that
in the metformin group and insulin group. Another
randomized controlled study confirmed that women
with a history of GDM had a higher risk of
developing diabetes than women without a history
of GDM.[24]Moreover, metformin has been found

to be effective in slowing down the progression of
diabetes.

Metformin can penetrate the placenta, so
it is worried about whether it will affect the fetus or
new born. B. Zhu et al found that metformin
treatment of GDM reduced neonatal hypoglycemia
and neonatal at intensive care unit (NICU)
admissions, did not increase the risk of preterm
delivery, and no other severe adverse reactions
wereobserved.[21]A clinical trial found that
adverse neonatal outcomes including neonatal
hypoglycemia, NICU, gestational age <37 weeks at
birth, birth trauma, term birth, Apgar score at 5 min
<7, birth weight were not significantly improved in
women with GDM treated with metformin
compared with insulin treatment.[19] However, the
MiTy study found that the metformin group was
beneficial to neonatal adiposity compared with the
placebo group, but it increased the proportion of
infants who were small-for-gestational-age
infants.[20]Metformin was similar to insulin in
controlling blood glucose, and no obvious adverse
pregnancy outcomes were observed. However, the
associated potential and the long-term effects
caused by metformin on generations need to be
further evaluated.

Glyburide :

Glyburide is a sulfonylurea oral anti-
diabetic agent. The American College of
Obstetricians and  Gynaecologists  considers
glyburide as the first-line drug for blood glucose
control.1

In 2015, a randomized placebo-controlled
trial divided women with mild GDM who received
dietary therapy (at least two abnormal values in a 3-
hour 100g OGTT and fasting plasma glucose less
than 105 mg/dl between 24 and 30 weeks of
pregnancy) into two groups: glyburide group (n =
189) and placebo group (n = 186).[24] The results
revealed that on the basis of dietary therapy, the
addition of glyburide significantly improved
maternal blood glucose control, but no benefits
were found to improve birth weight and pregnancy
outcomes compared with the placebo group.

In addition, a French multicentre non-
inferiority study compared glyburide (initial dose
2.5 mg/d, maximum dose 20 mg/d) and insulin
(rapid-acting analogues 1 to 3 times before meals
and basal insulin at bedtime as needed) on perinatal
complications in patients with GDM (n=809).[25]
The study found that the proportion of well-
controlled fasting plasma glucose in the glyburide
group (71.7%) was higher than that in the insulin
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group (63.2%); however, a composite criterion
includes macrosomia, neonatal hypoglycemia, and
hyperbilirubinemia in glyburide group is 4.2%
higher than that in insulin group, suggesting that
glyburide is beneficial to blood glucose control, but
may have adverse effects on new-borns. Post hoc
analysis showed that the proportion of neonatal
hypoglycemia in the glyburide group was higher
than that in the insulin group. Ancillary analysis of
the above study showed that 41.1% of women with
GDM treated with glyburide had at least one
episode hypoglycemia, compared with 9.1% in the
insulin group. It is worth mentioning that the
proportion of severe maternal hypoglycemia in the
glyburide group decreased during the course of the
trial.[26] Therefore, pregnant women receiving
glyburide should closely monitor glucose of
pregnant women and new-borns to reduce the
occurrence of hypoglycemic events, whether it is
maternal hypoglycemia or neonatal hypoglycemia.
To sum up, glyburide is beneficial to maternal
blood glucose control, but it is not considered the
first choice because of the increased risk of
perinatal complications.

There are relatively many studies on
metformin and glyburide in GDM compared with
other oral antidiabetic agents; metformin and
glyburide have the advantages of easy
management, low cost, and high patients’
compliance.[27]Few  studies have compared
metformin with glyburide in the treatment of GDM.
A prospective randomized controlled study used
glyburide (n=53) and metformin (n=51) as first-line
treatment in GDM women between 13 and 33
weeks of gestation.[29] Treatment failures included
poor blood glucose control or adverse reactions,
adding or replacing another drug as second-line
treatment, and insulin as third-line treatment. The
study found that the success rate of metformin
group was higher than that of glyburide group after
second-line treatment (87% vs 50%); the glyburide
group was more likely to end up receiving insulin
treatment than the metformin group (17% vs 4%);
mean daily blood glucose and obstetric and
neonatal outcomes were similar in both groups. It is
worth mentioning that the proportion of adverse
reactions caused by glyburide (hypoglycemic) is
slightly  higher than that of metformin
(gastrointestinal discomfort), although there was no
statistical significance. It is suggested that
metformin may have more advantages than
glyburide in the treatment of GDM. Nevertheless,
the sample size of above clinical trial is small, and
large-scale studies are needed to confirm the

results.Based on the above studies, clinical trials
have found that regardless of whether metformin or
glyburide is used to treat GDM, there will
eventually be different proportions of pregnant
women who need insulin treatment in order to
achieve the target blood glucose
values.[21,22,23,25,]

The treatment of mild GDM with
glyburide on the basis of dietary therapy did not
reduce the use of insulin. However, another
prospective randomized controlled trial, using
insulin as a third-line treatment, found that the
combination of glyburide and metformin
significantly reduced insulin use.[28] Since oral
anti-diabetic agents seem to be more acceptable
than insulin, which can be reflected in the results of
Brian M. Casey et al25 insulin can be used as
second-or third-line therapy for GDM who prefer
oral hypoglycemic drugs. Although no FDA
approval for oral hypoglycemic agents, more and
more studies on oral hypoglycemic agents used in
patients with GDM have shown that metformin or
glyburide can provide good glycaemic control.
However, they also have different safety issues.
Therefore, when using oral hypoglycemic agents to
treat pregnant women, they should be informed of
the possible risks due to oral hypoglycemic agents
that can penetrate the placenta. The long-term
effect of oral hypoglycemic agents used in pregnant
women on the offspring still needs numerous
studies to verify .

Complications :
Fetal effects
Spontaneous abortion:

Early miscarriage is associated with poor
Glycemic control. Up to 25 percent of diabetic
gravidas have an early Pregnancy loss. Those
whose HbAlc concentrations were >12 percent Or
whose preprandial glucose concentrations were
persistently >120 Mg/dL had an elevated risk.

Malformations :

The incidence of major malformations in
women With type 1 diabetes is at least doubled and
approximates 11 percent. Cardiovascular
malformations accounted for more than half of the
Anomalies. The risk of an isolated cardiac defect
was fivefold higher In women with type 1 diabetes.
The caudal regression sequence is a Rare
malformation frequently associated with maternal
diabetes. Three interrelated molecular chain
reactions have been linked to Congenital
malformations. They are
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A. Alterations in cellular lipid metabolism,

B. Excess production of toxic superoxide Major Congenital Anomalies in 36,345 Neonates
radicals, Born to Women With Diabetes between 2004 and
C. Activation of programmed cell death. 2011

Type 1 DM Type 2 DM DM
Organ system

n=482 n=4166 n=31,700
Total 55 454 22203
Cardiac 38 272 1129
Muscaloskeletal 1 31 231
Urinary 3 28 260
CNS 1 13 64
Gl 1 30 164
Other 11 80 355

Abbreviations: CNS, central nervous system; DM, diabetes mellitus; GDM,
gestational diabetes; GI, gastrointestinal

30 4
25
§ 15.8
= 15-
a 11.7
10 -
3/19
5 - 2117
0 . 9 < Ll
<6 6-69 7-7.9 28
The frequency of major congenital There is 10 fold increases in the incidence of
malformations in newborns of women with central nervous system malformations in infants of
progestational diabetes stratified by hemoglobin diabetic mother including anencephaly,
Alc levels at first prenatal visit. Most common holoprosencephaly, open spina bifida,
malformations are in cardiovascular system. It microcephaly, encephalocele, and
includes transposition of great vessels, ventricular meningomyelocele. Gastrointestinal system
and atrial septal defects, hypoplasia of left malformations including trachea oesophageal
ventricle, situs inversus, aortic anomalies and fistula, bowel atresia, imperforate anus is also
complex cardiac anomalies. The ratio of cardiac increased in diabetic gestation Genitourinary
anomalies is fivefold higher in diabetic. Caudal system anomalies including absent kidneys
agenesis/ caudal regression are highly suggestive of (leading to potter syndrome) polycystic kidneys,
diabetic fetopathy. It is a rare malformation but double ureter are also common in diabetes
diagnosed up to 400 times more frequently in complicating pregnancy

diabetic pregnancies and is nearly pathognomonic.
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Rationale for use in pregnancy :
Efficacy in pregnancy :

A systematic review which included three
RCTs (478 Participants; one trial was from India,
which included 10 patients in glyburide group and
13 patients in insulin Group) on comparison of
glyburide with insulin found No differences in
glycemic control including fasting Blood glucose
or 2-hour post-prandial glucose.[29]] One RCT
found significantly lower fasting blood glucose
And 2-hour post-prandial glucose in insulin group
as ancompared to glyburide group.[30]] A recent
prospective comparative study from India, which
compared 32 patients each in glyburide and insulin
group has found no significant difference in
glycemic control.[31]

RCTs comparing metformin versus glyburide in
GDM :

Pubmed search revealed three RCTs
comparing metformin versus glyburide in GDM,
two were from same group of investigators (Silva
et al.).[32,34] The larger of them is mentioned
below. Silva et al. evaluated the perinatal impact of
metformin and glyburide in the treatment of
GDM.[32] They studied 200 pregnant women with
GDM who required adjunctive therapy to diet and
physical activity. Patients were randomized to use
metformin (n = 104) or glyburide (n = 96). They
found signify cantly lower weight gain in
metformin group. There was no significant
difference in the percentage of cesarean deliveries,
gestational age at delivery, number of newborns
LGA, neonatal hypoglycemia, admission to
intensive care unit, and perinatal death between the
two groups.

There was significant difference in birth
weight of neonate (lower in metformin group) and
neonatal blood glucose levels at the 1st hour after
birth (lower in glyburide group).Moore et al.
compared the effi cacy of metformin with glyburide
for glycemic control in gestational
diabetes.[34]Patients with gestational diabetes who
did not achieve glycemic control on diet were
randomly assigned to metformin (n = 75) or
glyburide (n = 74) as single agents[33]. In the
patients who achieved adequate glycemic control,
the mean fasting and 2-hour post-prandial blood
glucose levels were not statistically different
between the two groups. However, 26 patients in
the metformin group (34.7%) and 12 patients in the
glyburide group (16.2%) did not achieve adequate
glycemic control and required insulin therapy
(significant difference). The incidence of maternal

hypoglycemia and pre-eclampsia was not different
between the two groups. Caesarean deliveries were
significantly higher with metformin. The meanbirth
weight of babies in the metformin group was
significantly smaller than the mean birth weight of
babies in the glyburide group. Other neonatal
outcomes (LGA; neonatal hypoglycemia; NICU
admission and shoulder dystocia) did not differ
between the two groups.

1. CONCLUSION

Global health continues to be seriously
impacted by GDM, the most common metabolic
condition during Pregnancy. Characterized by
elevated blood sugar levels during pregnancy, it
demands our attention and deeper understanding
due to its significant impact on the health of
expectant mothers and their Children. This review
shed light on the immediate and long-term
consequences of GDM on pregnhant Women. Short-
term consequences encompass a higher likelihood
of gestational hypertension, cesareanSections, and
other  perinatal  complications. Long-term
implications involve an increased risk of
developing Type 2 diabetes postpartum,
highlighting  the importance of continued
monitoring and care for women who have
experienced GDM. Furthermore, GDM’s influence
on offspring is a matter of critical concern. This
Review underscores that children of GDM-affected
mothers face a higher risk of developing conditions
such as obesity, hypertension, and insulin
resistance, which can persist into adulthood.
Understanding these Intergenerational health
implications is vital for proactive prevention and
management .
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