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ABSTRACT 

Background: Gestational diabetes mellitus (GDM) is a prevalent complication of gestation, impacting up to 

sixteen percent of all pregnancies, contingent upon the criteria for diagnosis. 

Aim: To evaluate the efficacy of metformin versus insulin in managing GDM. 

Patients and methods: A comprehensive literature review has been performed in the following databases: 

PubMed, EMBASE, Cochrane Library, and Google Scholar. The search technique encompassed the terms: 

"gestational diabetes," "metformin," "insulin," "treatment," "randomized controlled trial," and "outcome." The 

search has been confined to papers published between January 2008 and December 2023. 

Results: Nine studies reported (NICU admissions) and all can be used. A significant heterogeneity has been 

identified. Therefore, a random-effect model has been utilized for analysis (I² = 49%, P-value equal 0.05). The 

combined mean difference and ninety five percent confidence intervals were 0.72 (0.56 to 0.93). The combined 

result exhibits a highly statistically significant distinction among groups regarding (NICU admissions) (Z = 

2.53, P-value equal 0.01). Seven studies reported (Neonatal hyperbilirubinemia) and all can be used. 

Insignificant heterogeneity has been detected. Therefore, a random-effect model was used for analysis (I² = 0%, 

P=0.53). The combined mean difference and ninety five percent confidence intervals were 0.96 (0.65 to 1.42). 

The combined result demonstrates no statistically significant variance among groups regarding (Neonatal 

hyperbilirubinemia) (Z-value equal 0.19, P-value equal 0.85). 

Conclusion: Metformin offers short-term benefits in treating gestational diabetes mellitus (GD), but long-term 

studies are needed to evaluate its safety and effectiveness. 

 

Keywords: Metformin, Insulin, GDM. 

 

INTRODUCTION 

Gestational diabetes mellitus (GDM) is a prevalent complication of gestation, impacting up to sixteen percent of 

all pregnancies, contingent upon diagnostic criteria (1).  

Gestational diabetes mellitus typically arises from an inability to adapt to heightened insulin resistance during 

late pregnancy, particularly in females with pre-existing risk factors. The risk factors encompass elevated pre-

pregnancy weight, high weight gain during gestation, a familial diabetes history, advanced age, and polycystic 

ovarian syndrome (2). 
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The implementation of the International Association of Diabetes in Pregnancy Study Groups (IADPSG) criteria 

for diagnosing hyperglycemia in pregnancy resulted in a significant rise in the occurrence of gestational diabetes 

mellitus. The IDF currently predicts that the occurrence of a history of G will stabilize over the next twenty-five 

years; nevertheless, these projections are constrained by different diagnostic criteria for gestational diabetes 

mellitus (3). 

Females with gestational diabetes mellitus have an elevated risk of negative outcomes, involving pre-

eclampsia, macrosomia, cesarean delivery, & stillbirth, due to inadequately managed blood glucose levels 

throughout pregnancy. Progeny of mothers with gestational diabetes mellitus exhibit an elevated risk of being 

large for gestational age (LGA), having birth traumas, and developing cardiometabolic diseases in later life (4).  

Moreover, new studies indicate that large for gestational age offspring exhibit early indicators of diminished 

insulin sensitivity & impaired insulin secretion in comparison to those with appropriate birth weight for 

gestational age (5).  

Consequently, attaining and sustaining normoglycemia throughout pregnancy is essential for both the mother 

and the fetus (6). 

Clinical trials & observational data indicate that the majority of females with gestational diabetes mellitus 

acquire normoglycemia by dietary and lifestyle modifications (7), (8). 

Consequently, the majority of professional guidelines concur that dietary and lifestyle modifications are the 

primary therapies (9), (10). 

When lifestyle adjustments alone fail to reach glycemic objectives, the initiation of pharmacotherapy is 

contemplated (11). 

Although the escalating insulin resistance observed during gestation in cases with gestational diabetes mellitus, 

insulin is a commonly approved and secure treatment option as it doesn't cross the placental barrier, thus 

protecting fetal well-being. Nonetheless, barriers to insulin therapy throughout gestation may include expense, 

accessibility, fear of injections and hypoglycemia, as well as personal preferences. In these cases, metformin 

may function as an alternative solution (12). 

Metformin is a medication that inhibits hepatic gluconeogenesis and enhances peripheral insulin sensitivity. A 

pivotal randomized controlled trial (RCT) conducted in 2008 (13) established that metformin didn't result in an 

increased incidence of perinatal problems. Significantly, about fifty percent of cases with gestational diabetes 

mellitus necessitated supplementary insulin therapy to achieve pregnancy objectives. Consequently, its 

application continues to be a topic of contention (14). The Society for Maternal-Fetal Medicine (SMFM) 

endorses the use of metformin for regulating blood glucose levels in gestational diabetes mellitus (GDM) (15); 

nonetheless, specific research has highlighted the need for caution and further investigation (16). 

This systematic review and meta-analysis examined the efficacy of metformin and insulin in managing 

gestational diabetes. 

 

Patients and methods 

A comprehensive literature review has been performed in the following databases: PubMed, EMBASE, 

Cochrane Library, and Google Scholar. The search technique encompassed the terms: "gestational diabetes," 

"metformin," "insulin," "treatment," "randomized controlled trial," and "outcome." The search has 

been confined to papers published between January 2008 and December 2023. 

 

Participants and Study Population 

The pooled analysis involved 2,855 pregnant women diagnosed with GDM. These participants have been 

separated into two groups based on the treatment modality: Metformin Group: Women treated with metformin, 

an oral hypoglycemic agent.Insulin Group: Women receiving insulin therapy as the standard care for GDM. 

Inclusion Criteria: Pregnant females diagnosed with gestational diabetes mellitus based on standardized 

criteria, such as the IADPSG  ,participants within a broad gestational age range, ensuring comprehensive 

analysis across different pregnancy stages and studies with complete data on maternal and neonatal outcomes. 

Exclusion Criteria: Women with pre-gestational DM (type 1 or type 2) ,participants with contraindications to 

metformin or insulin, such as renal dysfunction or hypersensitivity and Studies with incomplete datasets or poor 

methodological quality. 

 

Treatment Modalities and Interventions 

Metformin Group: Metformin was administered orally, starting with a low dose and titrated as needed to 

achieve optimal glycemic control. Its primary mechanism includes increasing sensitivity of peripheral insulin 

and reducing production of glucose by liver. 

Insulin Group: Participants received subcutaneous insulin injections. Doses were tailored based on individual 

glycemic profiles, with close monitoring to avoid adverse effects such as hypoglycemia. Insulin’s primary 

advantage lies in its inability to cross the placental barrier, ensuring fetal safety. 
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Combination Therapy: In cases where metformin alone was insufficient, additional insulin therapy was 

introduced. This dual approach was noted in approximately 50% of the metformin group in some studies. 

Outcome Measures: Maternal Outcomes: Glycemic Control: Achieving target fasting and postprandial blood 

glucose levels ,weight Gain: Maternal weight gain throughout gestation, a critical indicator of metabolic control, 

cesarean-Section (CS) Rates: Indications and frequencies of CS and adverse Effects: Hypoglycemia, 

gastrointestinal discomfort, and adherence challenges. 

Neonatal Outcomes: Gestational Age at Delivery: Evaluating the timing of delivery, birth Weight: Monitoring 

for large-for-gestational-age (LGA) babies or macrosomia, APGAR Scores: Assessing neonatal well-being at 1- 

and 5-minutes post-birth, NICU Admissions: Neonatal complications requiring intensive care & hypoglycemia 

and Hyperbilirubinemia: Metabolic disturbances in newborns. 

 

Data Extraction 
Two independent reviewers (AA & MM) utilized a standardized data extraction form to extract data. 

Discrepancies have been resolved via discussion or consultation with a 3rd reviewer (SS). The extracted data 

involved research features, demographics of cases, treatment details, and consequences. 

 

Quality Evaluation 

The quality of the involved research has been evaluated utilizing the Cochrane Risk of Bias Tool for randomized 

controlled trials and the Newcastle-Ottawa Scale for observational research. Research has been categorized as 

having low, moderate, or high risk of bias. 

 

Statistical analysis 

All data analysis was conducted utilizing Review Manager version 5.4.1. Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2014. We computed the odds ratio with a ninety-five percent confidence 

interval (CI for binary outcomes. We computed the mean variance with a ninety-five percent confidence interval 

for continuous outcomes. To determine the overall effect and estimate with a ninety five percent confidence 

interval, we utilized a fixed-effect model utilizing the Mantel-Haenszel method in the absence of heterogeneity 

among researches. A random-effects model utilizing the DerSimonian and Laird approach has been selected. 

The heterogeneity among research has been assessed utilizing the Q statistic & I² test, which quantify the 

variability percentage in the effect estimates. A P value of less than 0.05 has been deemed significant. 

 

RESULTS 

A total of 14 studies have been selected for the current analysis, including a total of 2855patient. The 

publication year ranged from 2008 to 2023. 3 studies were conducted in Egypt, 3 studies were conducted in 

Finland, 2 studies were conducted in Pakistan, 2 studies were conducted in Australia and 1 study was conducted 

in each of the following: India, Iraq, Iran and Brazil. Demographic data of involved studies are exhibited in 

Table 1. 

 

Table 1 

Author, year year country Study period Study design Sample Size 

   from to  Metformin 

group 

Insulin 

group 

Total 

Dr.Shashi L. Kabra,(17) 2023 India 2021 2022 comparative 

prospective 

observational 

study 

40 40 80 

Kristiina Tertti1, Ulla 

Ekblad1, (18) 

2008 Finland 2003 2006 retrospective 

study 

45 45 90 

Esam Awad Abd El-

Aziz, (17) 

2023 Egypt 2019 2021 randomized 

controlled study 

94 100 194 

Hisham Adel Abo Elez, 

(18) 

2019 Egypt 2016 2018  58 58 116 

TAYYIBA WASIM, 

(19) 

2019 Pakistan 2016 2017 randomized 

control study 

137 141 278 

Sally R. Eid,(20) 2018 Egypt 2016 2017 prospective 

randomized 

study 

113 116 229 

AHLAM NASIR 2020 Iraq 2017 2020 randomized 60 60 120 
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ABOUD AL HAYANI, 

M.D, (21) 

controlled trial 

Mikael S. Huhtala1, 

Kristiina Tertti, (22) 

2020 Finland   randomized trial 110 107 217 

Shirin Niromanesh, (23) 2012 Iran   randomized 

controlled trial 

80 80 160 

Jahan Ara Hassan, (24) 2012 Pakistan 2008 2010 randomized 

clinical trial 

75 75 150 

HELEN L. BARRETT, 

BSC, MBBS, 

FRACP,(25) 

2013 Australia   prospective, 

randomized, and 

multicenter trial 

236 242 478 

HELEN L. BARRETT, 

BSC, MBBS, FRACP, 

(26) 

2013 Australia    219 213 432 

Cristiane 

Pava˜oSpaulonci, 

MD,(27) 

2013 Brazil   Randomized trial 47 47 94 

K. Tertti1, U. Ekblad, 

(8) 

2012 Finland   randomized 

study 

110 107 217 

 

 

Table 2. Patient's characteristics 

The mean participants’ age in studied groups was 29.23 ranging from 21 to 37 years, and Gestational age 

(weeks) was reported in 11 studies with mean of 27.1 as shown in Table 2. 

Author, year Age (year) Gestational age (weeks) 

Metformin group Insulin group Metformin group Insulin group 

mean SD total mean SD total mean SD total mean SD total 

Dr.Shashi L. Kabra, 

(17) 

26.98 4.2 40 28.9 4.8 40       

Kristiina Tertti1, Ulla 

Ekblad1,(18) 

32.8 5 45 32.7 4.7 45 24.8 5.5 45 24.3 5.7 45 

Esam Awad Abd El-

Aziz, (17) 

30.34 4.23 94 29.54 3.92 100 23.66 1.91 94 24.16 1.98 100 

Hisham Adel Abo 

Elez,(18) 

30.4 12.8 58 30.6 12.5 58 28.9 1.1 58 29 1.1 58 

TAYYIBA WASIM, 

(19) 

29.5 4.8 137 29.7 4.8 141 28.9 2.9 137 28.6 3.1 141 

Sally R. Eid,(20) 31.6 3.6 113 30.4 3.5 116 27.4 3.9 113 28.1 3.1 116 

AHLAM NASIR 

ABOUD AL HAYANI, 

M.D, (21) 

30.09 4.1 60 29.97 4.13 60 30.6 2.02 60 30.4 1.32 60 

Mikael S. Huhtala1, 

Kristiina Tertti,(22) 

31.9 5.01 110 32 5.47 107       

Shirin Niromanesh,(23) 30.7 5.5 80 31.8 5.1 80 28.7 3.7 80 28.6 3.6 80 

Jahan Ara Hassan, (24) 30.29 3.06 75 30.88 3.6 75 29.53 1.33 75 29.2 1.48 75 

Cristiane 

Pava˜oSpaulonci, MD, 

(27) 

31.93 6.02 47 32.76 4.66 47 30.4 3.71 47 30.63 3.35 47 

K. Tertti1, U. Ekblad, 

(8) 

31.9 5 110 32.1 5.4 107 30.3 2 110 30.4 1.8 107 

 

GA at delivery 
10 studies reported (GA at delivery) and all can be used. An insignificant heterogeneity has been identified. 

Therefore, a random-effect model has been utilized for analysis (I² = 5%, P-value equal 0.40). The combined 

mean difference & ninety five percent confidence interval was -0.08 (-0.20 - 0.03). The combined result 

demonstrates no statistically significant difference between groups regarding (GA at delivery) (Z-value equal 

1.48, P-value equal 0.14). 
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Figure 1. Forest plot of GA at deliveryshows statistically insignificant distinction among Metformin & Insulin 

groups. 

 

Indication for CS 

11 studies reported (indication for CS) and all can be used. A no significant heterogeneity was detected. 

Therefore, a random-effect model was used for analysis (I² = 4%, P=0.41). Thecombined mean distinction and 

95% CI was 0.76 (0.62 to 0.94). The combined resultdemonstrates statistically significant difference between 

groups regarding (indication for CS) (Z = 2.56, P =0.01). 

 

 
Figure 2. Forest plot of indication for CS exhibits statistically significant distinction among Metformin & 

Insulin groups. 

 

Weight gain (kg) 

7 studies reported (weight gain) and all can be used. A significant heterogeneity has been identified. Therefore, a 

random-effect model has been utilized for analysis (I² = 77%, P-value equal 0.0002). The combined mean 

difference & 95% CI was -2.19 (-2.46 to 1.93). The combined result demonstrates highly statistically significant 

difference between groups regarding (weight gain) (Z = 15.98, P-value ≤0.001). 

 

 
Figure 3. Forest plot of weight gain exhibits highly statistically significant distinction among Metformin & 

Insulin groups. 

 

APGAR Score 5 min 

Nine studies reported (APGAR Score 5 min) and all can be used. A significant heterogeneity was detected. 

Therefore, a random-effect model was used for analysis (I² = 91%, P≤0.001). The combined mean difference 

and 95% CI was -0.07 (-0.14 to 0.00). The combined result demonstrates no statistically significant difference 

between groups regarding (APGAR Score 5 min) (Z = 1.89, P =0.06). 
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Figure 4. Forest plot of APGAR Score 5 min demonstrates statistically insignificant distinction among 

Metformin & Insulin groups. 

 

NICU admissions 

Nine studies reported (NICU admissions) and all can be used. A significant heterogeneity has been identified. 

Therefore, a random-effect model was used for analysis (I² = 49%, P-value equal 0.05). The combined mean 

difference & 95% CI was 0.72 (0.56 - 0.93). The combined result demonstrates highly statistically significant 

difference between groups regarding (NICU admissions) (Z = 2.53, P =0.01). 

 

Figure 5. Forest plot of NICU admissions exhibits statistically significant difference among Metformin & 

Insulin groups. 

 

Hypoglycemia  

Nine studies reported (hypoglycemia) and all can be used. A significant heterogeneity has been identified. 

Therefore, a random-effect model was used for analysis (I² = 59%, P-value equal 0.01). The combined mean 

difference & 95% CI was 0.43 (0.32 to 0.59). The combined result demonstrates highly statistically significant 

difference between groups regarding (hypoglycemia) (Z = 5.35, P-value ≤0.001). 

 

 
Figure 6. Forest plot of hypoglycemia exhibits highly statistically significant distinction among Metformin & 

Insulin groups. 

 

Birth weight  
8 studies reported (Birth weight) and all can be used. A significant heterogeneity has been identified. Therefore, 

a random-effect model has been utilized for analysis (I² = 100%, P-value ≤0.001). The combined mean 
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difference & 95% CI was 294.08 (248.67 to 339.49). The combined result demonstrates highly statistically 

significant difference between groups regarding (Birth weight) (Z-value equal 12.69, P-value ≤0.001). 

 

 
Figure 7. Forest plot of Birth weight exhibits highly statistically significant variation among Metformin & 

Insulin groups. 

 

Neonatal hyperbilirubinemia  
7 studies reported (Neonatal hyperbilirubinemia) and all can be used. An insignificant heterogeneity has been 

detected. Therefore, a random-effect model has been utilized for analysis (I² = 0%, P=0.53). The combined 

mean difference and ninety five percent confidence interval was 0.96 (0.65 to 1.42). The combined result 

exhibits statistically insignificant distinction among groups regarding (Neonatal hyperbilirubinemia) (Z-value 

equal 0.19, P-value equal 0.85). 

 

 
Figure 8. Forest plot of Neonatal hyperbilirubinemia exhibits statistically insignificant distinction among 

Metformin & Insulin groups. 

 

Macrosomia baby  

6 studies reported (Macrosomia baby) and all can be used. A slight significant heterogeneity has been 

discovered. Therefore, a random-impact model has been utilized for analysis (I² = 56%, P-value equal 0.05). 

The combined mean difference & 95% CI were 0.60 (0.36 - 0.99). The combined result demonstrates slight 

statistically significant difference between groups regarding (Macrosomia baby) (Z-value equal 1.98, P-value 

equal 0.05). 

 

 
Figure 9. Forest plot of Macrosomia baby exhibits slight statistically significant distinction among Metformin & 

Insulin groups. 

 

DISCUSSION 

This meta-analysis indicated that cases with gestational diabetes mellitus managed with insulin exhibited a 

greater incidence of cesarean deliveries, neonatal intensive care unit admissions, weight gain, hypoglycemia, 
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and macrosomia in comparison to those treated with metformin. A statistically insignificant variance has 

been seen among groups concerning the APGAR Score at five minutes and newborn hyperbilirubinemia. Our 

findings indicated that metformin has been related to improved maternal glycemic management and 

significantly fewer newborn problems than insulin in gestational diabetes mellitus cases. 

Eid et al. (20) evaluated the hazards and advantages of metformin and insulin concerning short-term results in 

females with gestational diabetes needing pharmacological intervention in Egypt. Their findings indicated that 

females using metformin may achieve superior outcomes in several aspects compared to those receiving insulin, 

with no significant adverse effects noted in their neonates. Metformin may significantly lower neonatal 

hypoglycemia, birth weight, and duration of hospitalization.  

In 2019, Wasim et al. (19) conducted a comparative analysis of maternal and fetal outcomes associated with 

metformin and insulin in pregnant females diagnosed with GDM. It was disclosed that Metformin 

administration during pregnancy correlated with improved maternal glycemic regulation. The medication is well 

tolerated by cases exhibiting high compliance. Metformin treatment in cases with gestational diabetes mellitus 

resulted in fewer newborn problems, including macrosomia, hypoglycemia, and neonatal intensive care 

unit admissions, compared to insulin. 

Nanda et al. (28) showed that neonates born to women in the insulin group exhibited a significantly greater 

frequency of hypoglycemia than those in the metformin group (fifteen percent versus. zero percent).  Neonates 

born to moms in the insulin group exhibited a significantly greater frequency of hyperbilirubinemia than those 

in the metformin group fifteen percent vs. 2.5 percent).  It has been noted that ten percent of neonates born to 

moms in the insulin group required neonatal intensive care unit care for twenty-four hours to one week, while 

7.5 percent necessitated admission for more than one week. This was markedly greater compared to neonates 

born to moms in the metformin group, since ninety-five percent of these infants were in the neonatal intensive 

care unit for a total of twenty-four hours; one case had been admitted for twenty-four hours to one week, and 

another for over one week. 

Kitwitee and colleagues (29) reported that metformin positively influences newborn hypoglycemia and neonatal 

intensive care unit admissions, with effects consistent with our results. Nevertheless, they discovered that 

metformin didn't diminish the incidence of preeclampsia, cesarean birth, or macrosomia, which contrasts 

significantly with our results. A significant finding from their research is that fourteen to sixty-four of cases on 

metformin still necessitated insulin supplementation, highlighting that although metformin gives benefits, 

doctors must be vigilant in monitoring the concentration of glucose and providing insulin as needed. 

The 2019 review by Guo et al. (30) produced results that were partially consistent with our results. Similarly, 

metformin significantly diminished the possibility of pre-eclampsia, neonatal intensive care unit admission, and 

newborn hypoglycemia. Nevertheless, outcomes like cesarean birth and large for gestational age contradict our 

findings. They emphasized that although metformin demonstrates effectiveness, there remains a critical need to 

assess the long-term effects on the offspring of GDM cases administered this medication, signifying a want for 

additional research. A subsequent investigation by Sheng et al. (31) confirmed the beneficial effects of 

metformin, concentrating primarily on short-term neonatal results. Metformin decreased the probability of 

neonatal intensive care unit admission, macrosomia, and newborn hypoglycemia. Nonetheless, the LGA results 

diverged from our findings.  

Conversely, Hamid et al. (32) indicated that insignificant variations have been observed among the 

examined groups regarding neonatal outcomes, including neonatal hypoglycemia, macrosomia, a 5-minute 

APGAR score below seven, admission to the neonatal intensive care unit, respiratory distress syndrome, or the 

necessity for phototherapy. Picon-Cesar et al. (33) similarly found no distinctions among groups for perinatal 

outcomes, including neonatal intensive care unit stay, neonatalhypoglycemia, respiratory distress syndrome, and 

jaundice necessitating phototherapy. In summary, although metformin demonstrates potential for the short-term 

management of gestational diabetes mellitus, subsequent research should focus on examining its long-term 

effects. 

 

CONCLUSION 

This meta-analysis indicated that metformin could have advantageous effects relative to treatment with insulin, 

decreasing the risk of specific maternal and newborn outcomes in cases with gestational diabetes mellitus. 

Metformin is both safe and effective, and it is evidently attractive than insulin for the short-term treatment of 

females with gestational diabetes. However, long-term research with bigger sample sizes are necessary to assess 

the safety of metformin prior to its widespread usage. 
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