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ABSTRACT

Background: Gestational Diabetes Mellitus (GDM) is a sequence of serious unfavorable maternal and 
perinatal outcomes specially if uncontrolled. Although insulin is a standard therapy, Metformin can be used 
as an alternative medication to insulin. This study aimed to establish the efficacy, safety, and other 
metabolic effects of metformin in GDM due to limited studies in the local population.

Methods: This quasi experimental trial was conducted on pregnant female at 24 weeks of gestation and 
above, presenting to Ziauddin Hospital. A total of 361 patients who were diagnosed with GDM were 
enrolled. Patients were divided into three groups: diet control, metformin, and metformin with insulin. The Chi 
Square and ANOVA were used to compare the maternal and neonatal outcomes. Further post hoc analysis 
of significant parameters was done using Tukey HSD test.

Results: Weight gain in pregnancy and gestational age at delivery gives significant mean differences across 
three study groups (p=<0.01). In diet control group, weight was significantly gained as compare to metformin 
group. Similarly, the gestational age in diet control group was significantly higher as compare to metformin 
and metformin with insulin group (p=<0.01). The higher gestational age was found in patients treated with 
metformin as compared to metformin with insulin group (37.25±1.41).

Conclusion: Metformin alone as well as in combination with insulin, is a safe, effective treatment option and 
more acceptable to women with GDM. Metformin has shown to cause less weight gain during pregnancy 
with minimal risk of maternal and neonatal hypoglycemia.
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INTRODUCTION

Gestational Diabetes Mellitus (GDM) is a condition 
of carbohydrate intolerance associated with hyper-
glycemia of variable severity, which first develops or 
initially diagnosed in pregnancy that is not clearly 
overt diabetes1,2. Approximately 85-90% of diabetic 
cases in pregnant women are diagnosed as gesta-
tional diabetes mellitus and in 50% of women with 
polycystic ovary (PCO)3-5.

It has been noticed in women who are overweight 
before pregnancy with body mass index >25kg/ m2, 
family history of diabetes, gestational diabetes in 
previous pregnancy, previous large for date ormacro-

somicfetus>4.5 kg, suspected macrosomia, polyhy-
dramnios, high risk ethnicity i.e., south Asian countries 
like India, Pakistan, Bangladesh, Black Caribbean and 
Middle East2.

Other traditional risk factors are parity related to mater-
nal age, polycystic ovaries, multiple pregnancy, 
pregnancy induced hypertension, glycosuria, previous 
still birth, recurrent miscarriage, congenital anomalies 
and unexplained fetal death6. International Diabetes 
federation estimates that GDM affects approximately 
16%of pregnancies with an incidence of >200,000 cases 
per year6,7. The incidence of gestational diabetes 
mellitus varies widely, according to the characteristics of 
the studied population such as ethnicity, screening 



34 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2020, VOL. 9 (04) doi.org/10.36283/PJMD9-4/007

Efficacy and Safety of Metformin in Gestational Diabetes Mellitus

strategies and criteria used for diagnosis defined by 
each country6,8. The prevalence is increasing on the 
whole, mostly in low, middle income countries, related to 
the increment in the prevalence of obesity and type 2 
diabetes mellitus (T2DM) 9,10.

Insulin resistance usually diagnosed late at the end 
of second trimester (24-28 weeks gestation) and 
persists throughout the pregnancy due to gradually 
rising secretion offeto-placental hormones such as 
estrogen, progesterone, cortisol, growth hormone, 
prolactin, and particularly human placental lacto-
gen11-13. GDM occurs when pancreatic β-cell 
function is insufficient to overcome insulin resistance 
due to a limited ability of cells to increase insulin 
secretion specifically in obese women in whom 
insulin resistance already exist11,14.

It is associated with numerous short and long-term 
complications during pregnancy and higher risk of 
diabetes in both mother and off spring15,16. The most 
common complications are miscarriages, congenital 
malformation, preterm delivery, infections, polyhy-
dramnios, gestational hypertension, preeclampsia, as 
well as intrauterine death or growth retardation11,17.

Macrosomia (birth weight more than 4,000g or 
above the 90th percentile for gestational age) is an 
extra important fetal complication which is a risk 
factor for induction of labor, higher caesarean rate, 
instrumental delivery, shoulder dystocia, birthtrau-
ma, bone fracture, Erb’s palsy, birth asphyxia and 
perinatal death7,13,18,19. Risk of neonatal complica-
tions like hypoglycemia, hypocalcemia, polycythe-
mia, hyperbilirubinemia requiring phototherapy, 
idiopathic respiratory distress syndrome, still birth 
and neonatal death are increased because of the 
adverse metabolic effect of excessive transfer of 
glucose from mother to fetus during the third trimes-
ter19.

After birth majority of women become normoglyce-
mic, 10% of women with GDM were diagnosed as 
type 2 diabetes mellitus soon after delivery20. The 
main objective of treatment is to minimize the risk of 
fetal hyperinsulinemia and macrosomia in the 
current pregnancy by controlling maternal glucose 
level, reducing the risk of recurrence in further 
pregnancies and in future without pregnancy14,21.

After diagnosis the initial management of GDM typical-
ly involves self-glucose monitoring, nutritional counsel-
ing, and lifestyle modification. Pharmacotherapy 
should be considered after 1-2 weeks when normal 
glycemic control is not achieved by diet and exercise 
intervention18. In clinical practice insulin therapy had 
been considered as an optimal treatment option for 
women with GDM, which is uncontrolled by dietary 
intervention and lifestyle modification to prevent 
adverse pregnancy outcome22.

Metformin is a biguanide (oral hypoglycemic drug) 
that improve peripheral insulin resistance, decrease 
hepatic gluconeogenesis, intestinal glucose absorp-
tion, and plasma triglyceride concentration, where-
as enhances peripheral glucose utilization in the 
skeletal muscles and adipose tissue. It does not 
stimulate insulin production and not associated with 
risk of hypoglycemia23,24. It easily transfers through 
the placenta but it seems to be safe and no 
increased rate of congenital malformation or other 
adverse fetal outcome reported14.

Insulin therapy can be difficult for pregnant women 
due to multiple injection requirements, risk of hypogly-
cemia and weight gain. Recent trial has reported that 
tablet Metformin can be used as alternative to insulin 
and is an effective, economical, and convenient 
therapy for the treatment of GDM in reducing mater-
nal and perinatal morbidity24. The usual starting dose is 
500mg-1000mg/ day that can be increases gradually 
up to 2500 mg/ day in divided doses11. Metformin was 
easily tolerated by most of the women throughout 
pregnancy but few patients may tolerate despite 
minimum dose at initiation25. Therefore, the study 
aimed to establish the efficacy, safety, and other 
metabolic effects of metformin in GDM due to limited 
studies in the local population.

METHODS

All pregnant women above 20 years of age attend-
ing the antenatal clinic with singleton pregnancy 
beyond 24 weeks of gestation were included in the 
study. The samples were collected by consecutive 
sampling technique after approval from ERC of 
Ziauddin University (Ref. Code 0120415HMGYN). The 
calculated sample size was 300 in three groups 
Calculated from Gehan E tables at α 0.05 power 
0.80 and one sided (Ref. Leon Gordin). Patients 
were divided into three groups: diet control, 
metformin, and metformin with insulin. The women 
with BMI 20-30 kg/m2, previous history of GDM, 
macrosomia, still birth or intrauterine device (IUD) 
birth and those had family history of GDM were 
screened using a 50g glucose challenge test (GCT). 
If the result was high i.e., >140mg/dl, women were 
advised for oral glucose tolerance test (OGTT). 
GDM was diagnosed when at least one of the 
following three plasma glucose level was met or 
exceeded (fasting 92mg /dl, 1-hour 180mg/dl and 
2-hour 153mg/dl). Patients with systemic underlying 
disease, autoimmune, cholestasis, preeclampsia, 
intrauterine growth restriction (IUGR), major fetal 
malformation, Diabetes mellitus, twin pregnancy, 
previous caesarean section, and placenta previa 
were excluded from the study.

Women with high blood sugar levels and those who 
were not controlled on diet and exercise within 1-2 
weeks, metformin started from 500mg twice a day 
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and gradually increased in divided doses as tolerat-
ed until glycemic target was achieved. If blood 
glucose levels were remaining high than we used 
cut off values, 1-2 weeks after therapy or at any 
time with maximum doses of metformin, insulin was 
adjusted as additional treatment along with diet 
and exercise advice.

Self-sugar records or laboratory investigation during 
antenatal visits, monitored blood glucose control 
initially. It was also done after admission for delivery 
till discharge. A mean value of 3-4 readings of each 
fasting and random blood sugar was taken. Mater-
nal weight gain was recorded at each visit and 
serial monitoring of the fetal abdominal circumfer-
ence (AC) on ultrasound every 4 weeks assessed 
fetal growth. Any maternal complications like 
hypoglycemia, weight gain, caesarean section or 
prenatal complications like preterm delivery, prena-
tal mortality (still birth, IUD), macrosomia, shoulder 
dystocia, respiratory distress syndrome, hypoglyce-
mia as mentioned above and were documented 
on performa.

IBM SPSS version 23.0 was used for data collection 
and analysis, mean and standard deviation were 
noted for all base line characteristics quantitative 
maternal and neonatal parameters like maternal 
age, parity, Body Mass Index (BMI), weight gain, 

Fasting Blood Sugar (FBS), Random Blood Sugar 
(RBS), birth weight, gestational age, and Apgar 
Scores at first and fifth minute. Count and percent-
ages were reported for all qualitative maternal and 
neonatal outcomes. One-way ANOVA was used to 
compare the means of quantitative maternal and 
neonatal outcomes across diet control, metformin, 
and metformin with insulin groups, further post hoc 
analysis of significant parameters was done using 
Tukey HSD test. Pearson Chi Square test was applied 
to observe the association of qualitative maternal 
and neonatal outcomes with treatment group, 
p-values less than 0.05 were considered significant. 

RESULTS

In the current study (Table 1) showed the enrollment 
of total 361 patients, having mean maternal age 
28.86±4.94 years, the median of parity was 1.00, BMI 
was 25.48±.02 kg/m2, average weight gain in 
pregnancy was 4.73±3.16 kg and FBS was found 
96.38±25.19. Whereas, RBS was found 124.42±20.68, 
weight of babies at birth was 3.05±0.53 kg, the gesta-
tional age of samples was 37.38±1.5 weeks, and 
Apgar scores at first minute was 6.79±1.14 and at 
fifth minute it was 8.53±1.03. This study required 
49.6% pharmacological intervention (Figure 1) with 
metformin and 9.7% required additional insulin to 
target the standard sugar levels. 
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Figure 1: Sample classification in gestational diabetes mellitus (GDM) patients. 
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The mean comparison of quantitative maternal 
and neonatal outcomes (Table 1) across three 
study group, age, parity, BMI, FBS, RBS, birth weight, 
and Apgar scores at 1st and 5th minutes were 
found same on average across all three study 
groups. However, GCT, OGTT (1hour, 2hour), weight 
gain in pregnancy and gestational age gives 
significant mean differences across three study 
groups. The post hoc analysis (Table 1) gives the 

evidence that, in diet control group weight was 
significantly gain as compare to   metformin   group. 
Similarly, gestational   age in diet control group was 
significantly higher as compare to metformin and 
metformin with insulin group. The gestational age 
was also found significantly higher in metformin 
group as compare to metformin with insulin 
patients.

The comparison of qualitative maternal and 
neonatal parameters (Table 2) across three study 
groups, results showed that, metformin with insulin 
group have 17.1% associated risk factors, metformin 
group has 8.4% cases of pre-ruptured of 
membrane/preterm, 48.6% elective sections 
delivery (Figure 2) were done in metformin with 
insulin group. Only 0.7% maternal complications 
were recorded from metformin group, however 

there was no significant association of these 
parameters with treatment. In addition, results 
showed that 48.6% Neonatal Care Unit (NCU) 
babies obtained metformin with insulin group and 
28.6% neonatal complications were recorded from 
Metformin with insulin patient, and NCU and 
neonatal complication gives significant association 
with treatment.

Table 1: Comparison of maternal and neonatal parameters among three groups.

Maternal Parameters Diet Control
(n=181)

Metformin
(n=143)

Metformin
+Insulin(n=35)

p-Value

Mean S.D Mean S.D Mean S.D

Age (Years) 27.98 4.82 29.23 4.94 30.06 5.15 0.058

Parity (Median, Range) 1.00 8.00 1.00 4.00 1.00 5.00 0.20

Body Mass Index (kg/m2) 25.11 3.00 25.84 3.08 26.08 2.85 0.17

Weight gain (Kg) 6 4 4 2 4 2 <0.01*

Glucose Challenge Test (mg/dl) 165.69 23.07 178.98 28.96 205.57 61.62 <0.01*

Oral Glucose Tolerance Test (OGTT)  94.59 11.90 101.98 22.48 100.07 13.21 0.089

OGTT Fasting 1 hour 174.69 27.58 197.19 27.60 195.73 20.96 <0.0 1*

OGTT Fasting 2 Hour 150.06 25.50 166.08 26.94 173.56 33.06 <0.01*

Fasting Blood Sugar    92.34 19.36 97.90 27.02 109.67 37.25 0.07

Random Blood Sugar   121.81 20.82 123.90 18.86 137.73 23.36 0.06

Neonatal Birth Weight (kg) 3.04 .52 3.08 0.53 3.03 0.69 0.81

Gestational Age (weeks) 37.67 1.39 37.25 1.41 36.43 1.90 <0.01*

Apgar Score 1 min 6.75 1.27 6.83 0.97 6.89 1.11 0.71

Apgar Score 5 min 8.55 1.08 8.49 1.09 8.63 0.55 0.75

*p<0.05 was considered significant using one-way ANOVA.

Efficacy and Safety of Metformin in Gestational Diabetes Mellitus
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Table 2: Comparison of maternal and neonatal parameters after treatment.

Characteristics p-Value

Diet Control
(n=181)

Metformin
(n=143)

Metformin
+Insulin
(n=35)

n % n % n %

Associated Risk Factors 28 0.0815.5 36 25.2 6 17.1

Pre-ruptured of Membrane/ Preterm 0.9013 7.2 12 8.4 3 8.6

Maternal Complication 0.098 4.4 1 0.7 2 5.7

Neonatal Care Unit <0.01*43 23.8 57 39.9 17 48.6

Neonatal Complication 0.04*23 12.7 19 13.3 10 28.6

*p<0.05 was considered significant using Pearson Chi Square test.

The analysis of logistic regression model (Table 3) 
was applied to estimate the risk for treatment with 
Metformin. The binary logistic regression model 
suggested patients with higher GCT more likely to 
be treated with Metformin as compared to diet 
control samples, oral glucose tolerance test fasting 
1-hour and 2-hours also gives positive association 
with treatment group; samples with NCU were 
found 2.28 times more likely for treatment 

Metformin. Neonatal complication also gives 
positive association with treatment group however, 
it was found statistically insignificant. The model also 
suggested, weight gain and gestational age 
(weeks) gives negative association with treatment 
group, samples with an increase in weight and 
gestational age will be at lower risk to treated with 
Metformin and found statistically significant (<0.05).
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Figure 2: Mode of delivery in gestational diabetes mellitus (GDM) patients.
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DISCUSSION

Metformin reduces the total weight gain of women 
with GDM. In our study, total weight gain was signifi-
cantly less in metformin treated group as compared 
to diet and in metformin supplemental insulin group. 
Different scientist has been noticed that weight 
gain in insulin group was significantly higher than 
metformin group17,16. In this study metformin showed 
a higher average gestation age at delivery as 
compared to insulin added group. Jiang et al. 
reported the average gestational age at delivery 
were significantly lower in the metformin as 
compared to insulin group4.

The present study showed the same result as other 
studies in those no significant risk of preterm birth was 
found among three groups, in contrast to the MIG trial 
by Rowan et al., reported that the preterm birth to be 
more in women treating with metformin16. 
The cesarean section results of diet, metformin and 
plus insulin groups were in accordance to the other 
studies by Rowan, Tertti, and Ainuddin in Pakistan 
14,16,27. The rate of cesarean section found higher 
mainly due to other obstetrical indication or a high-risk 
pregnancy.

Metformin was well accepted and tolerated by 
GDM patients selected in this study. Only 0.01% 
women required dose limitation because of gastro-
intestinal upset, compared to 2% in MiGTrial and 5% 
in the trial by Gandhi et al23. In our study we 
observed only 9.7% of patients in the metformin 
group eventually needing additional insulin to 
target normoglycemia. The study by Rowen et al. 
had the highest number of patients required 
additional insulin 46% in compared to the study 
other studies that found 10%), 14% and 18%14,16,22. In 
our observation the rate of macrosomia (birth 
weight more than 4 kg) was equal among three 

groups. 2.8% in diet, 2.2% in metformin group and no 
significant differences were observed. Newborns of 
the additional insulin group had extremely higher 
mean birth weights than metformin group24.

In addition to this, we observed that NCU admission 
were higher in insulin added groups as compared to 
diet and metformin group. Similarly, in another study 
they found NCU admission higher 48.6% in supple-
mental insulin, 39.9% in metformin and 23.8% in diet 
group 25. The authors reported less episodes of 
neonatal hypoglycemic in infants of women in the 
metformin than in the insulin group26. The current 
study also revealed that other neonatal outcomes 
including IUD, macrosomia did not differ significant-
ly between these groups. Thus, neonatal hyperbiliru-
binemia, respiratory distress, hypoglycemia and 
IUGR are same in diet and metformin group than 
additional insulin provided group27. 

CONCLUSION

Metformin, alone as well as in combination with insulin, 
is a safe, effective treatment option and more accept-
able to women with gestational diabetes mellitus. 
However, metformin treatment in gestational diabe-
tes has shown to cause less total maternal weight gain 
during pregnancy with minimal risk of maternal and 
neonatal hypoglycemia. For that reason, it is economi-
cal, acceptable oral therapy with good compliance. 
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Table 3: Effect of metformin treatment on maternal and neonatal parameters using binary logistic 
regression model.

Efficacy and Safety of Metformin in Gestational Diabetes Mellitus

Parameters Odds Ratio
(OR)

95% C.I for OR p-Value

Glucose Challenge Test (mg/dl) 1.02 (1.0 – 1.03) <0.01*

Oral Glucose Tolerance Test Fasting
(mg/dl) 1-Hour

1.03 (1.01 – 1.05) <0.01*

Oral Glucose Tolerance Test Fasting
(mg/dl) 2-Hour 1.04 (1.01 – 1.04) <0.01*

Weight Gain(kg) 0.74 (0.61 – 0.88) <0.01*

Gestational Age (weeks) 0.75 (0.64 – 0.88) <0.01*

Neon atal Care Unit 2.28 (1.45 – 3.59) <0.01*

Neonatal Complication 1.33 (0.74 – 2.41) 0.33

Dependent variable: treatment (Metformin, Metformin+ Insulin), *p<0.05 was considered statistically significant for odds ratio.
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