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ABSTRACT

Background: Gestational diabetes mellitus (GDM) is a common pregnancy complication associated with adverse maternal and
neonatal outcomes. Insulin is the standard pharmacological treatment, but its limitations prompt the need for effective oral
alternatives. Metformin, an insulin sensitizer, has gained attention for its potential to provide comparable glycemic control with
added benefits in terms of patient compliance, cost, and safety.

Objective: To compare the efficacy of metformin and insulin in reducing fasting blood glucose levels in pregnant women
diagnosed with GDM.

Methods: This randomized controlled trial was conducted in the Department of Obstetrics and Gynecology, Saidu Group of
Teaching Hospital, Swat. A total of 260 women diagnosed with GDM at 24-33 weeks of gestation were randomized into two
equal groups. Group A received oral metformin (500 mg BD, titrated to 1500 mg/day), and Group B received regular plus NPH
insulin in BD dosing. The primary outcome was the mean reduction in fasting blood sugar (FBS) after two months of treatment.
Data were analyzed using SPSS v22.0, with independent t-tests applied to compare outcomes.

Results: Both groups showed significant reductions in FBS from baseline. Group A (metformin) had a mean pre-treatment FBS
of 152.6 mg/dl and post-treatment FBS of 106.4 mg/dl, while Group B (insulin) had 153.1 mg/dl and 108.8 mg/dl, respectively.
The mean reduction in FBS was slightly higher in the metformin group (46.2 mg/dl vs. 44.3 mg/dl), though the difference was
not statistically significant (p > 0.05). No major adverse events were reported.

Conclusion: Metformin demonstrated comparable efficacy to insulin in managing fasting blood glucose levels in GDM, making
it a viable and patient-friendly alternative, especially in resource-limited settings.

Keywords: Blood Glucose, Gestational Diabetes, Insulin, Metformin, Pregnancy, Randomized Controlled Trial, Treatment
Outcome.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a form of glucose intolerance that is first recognized during pregnancy, typically between 24 and
28 weeks of gestation, and is diagnosed through an oral glucose tolerance test (OGTT) (1). Pregnancy itself induces physiological insulin
resistance, rendering it a diabetogenic state. In recent decades, GDM has emerged as a significant global public health concern due to
its rising prevalence, driven largely by changes in dietary habits, increasing maternal age, sedentary lifestyles, and the growing incidence
of obesity and type 2 diabetes (2). According to data from the International Diabetes Federation (IDF), the global prevalence of
hyperglycemia in pregnancy was estimated at 15.8%, with GDM alone accounting for approximately 12.8% (3). These statistics
underscore the substantial burden posed by GDM on maternal and fetal health outcomes. The implications of GDM extend beyond
pregnancy. Women diagnosed with GDM face heightened risks of pregnancy complications, including abortion, preterm labor,
pregnancy-induced hypertension, polyhydramnios, and adverse fetal outcomes such as macrosomia, congenital anomalies, and sudden
intrauterine demise (4,5). Long-term consequences are also well-documented, with both mother and child at increased risk of developing
type 2 diabetes mellitus later in life if glycemic control is not adequately maintained. Evidence suggests that maintaining optimal blood
glucose levels during pregnancy significantly reduces perinatal morbidity and enhances maternal well-being (6,7). Therefore, effective
glycemic management in GDM is of critical clinical importance.

Insulin is conventionally regarded as the first-line pharmacologic treatment for GDM. It effectively lowers blood glucose but presents
several practical challenges, such as the requirement for multiple daily injections, risk of hypoglycemia, excessive maternal weight gain,
and increased treatment costs, all of which can affect patient compliance (8). In contrast, metformin, an oral antidiabetic agent, has
emerged as a potential alternative due to its ability to enhance insulin sensitivity in hepatic and peripheral tissues, while minimizing the
side effects commonly associated with insulin therapy (9). Some comparative studies have shown promising results; for instance, one
trial reported that metformin achieved a mean reduction in fasting blood glucose of 89.84+6.1 mg/dl, compared to 87.3+£8.1 mg/dl with
insulin, suggesting comparable efficacy (10-12). Despite global interest in the use of metformin for GDM, there remains a significant
knowledge gap at the national level in countries such as Pakistan, where no formal clinical guidelines exist for the management of GDM.
Moreover, there is a lack of locally generated data to inform evidence-based practice. This creates an urgent need to explore and validate
the clinical effectiveness of alternative therapeutic options that are cost-effective, more acceptable to patients, and easier to administer.
To address this gap, the present study is designed to evaluate and compare the efficacy of metformin and insulin in reducing fasting
blood glucose levels in pregnant women diagnosed with GDM. By assessing the mean reduction in glucose levels, this research aims to
determine whether metformin is a viable and effective alternative to insulin, potentially expanding treatment options for GDM and
improving patient outcomes in resource-limited settings.

METHODS

This study was conducted as a randomized controlled trial at the Department of Obstetrics and Gynecology, Saidu Group of Teaching
Hospital, Saidu Sharif, Swat. The study duration was a minimum of six months following the approval of the research synopsis by the
hospital’s Institutional Review Board (IRB). Ethical clearance was obtained from the hospital’s ethical committee prior to
commencement of the study, and written informed consent was obtained from all participants after thoroughly explaining the study
purpose, procedures, potential risks, and benefits, in accordance with the principles of medical ethics and data confidentiality.
Participants were recruited through non-probability consecutive sampling from the outpatient department. The sample size was
calculated using the WHO sample size calculator, considering a 95% confidence level, 80% power, and 10% absolute precision, based
on previous data showing a reduction in fasting blood glucose of 89.8+6.1 mg/dl in the metformin group and 87.3+8.1 mg/dl in the
insulin group (8). A total of 260 patients were enrolled, with 130 patients in each arm of the study. Eligibility criteria included pregnant
women aged 18—40 years with a diagnosis of gestational diabetes mellitus (GDM) based on a 75g, 2-hour oral glucose tolerance test
(OGTT) performed between 24 and 33 weeks of gestation. Only singleton pregnancies were included, regardless of parity. Exclusion
criteria included any prior diagnosis of diabetes mellitus before pregnancy, any known contraindications to metformin use (such as
hepatic or renal failure), and any history of severe hypersensitivity reactions to either of the study drugs.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 936



goal:(ngl\.?/llgleei 3: Metformin vs Insulin in GDM Management + * INSIGHTS-JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

Demographic and baseline clinical data including age, gestational age, residence, profession, educational level, socioeconomic status,
and parity were recorded using a structured proforma. Participants were randomly assigned into two groups using computer-generated
blocked randomization. Allocation concealment and blinding were maintained by ensuring that the care providers and outcome assessors
were unaware of group assignments. Group A received oral metformin, initiated at 500 mg twice daily and titrated up to a maximum of
1500 mg/day as needed to achieve glycemic targets. Group B received a combination of regular and NPH insulin in divided doses,
aiming for a fasting blood glucose level of less than 126 mg/dl in both groups (13-15). Fasting blood glucose was measured at baseline
and repeated after two months of intervention. Data analysis was performed using SPSS version 22.0. Quantitative variables such as
age, gestational age, and fasting blood glucose levels (pre- and post-treatment) were analyzed using means and standard deviations. The
Shapiro—Wilk test was used to assess the normality of data distribution. For non-normally distributed variables, median and interquartile
ranges (IQR) were reported. Comparison of mean reduction in fasting glucose levels between the two groups was carried out using an
independent samples t-test, with a p-value of <0.05 considered statistically significant. Categorical variables such as residence,
profession, education level, socioeconomic status, and parity were expressed as frequencies and percentages. To control for potential
effect modifiers, stratification was performed based on these variables, followed by post-stratification application of independent t-tests.

RESULTS

A total of 260 pregnant women diagnosed with gestational diabetes mellitus (GDM) were enrolled and equally randomized into two
groups: Group A (Metformin) and Group B (Insulin). Both groups were comparable in terms of baseline demographic and clinical
characteristics. The mean age in Group A was 29.4 + 4.8 years and 29.1 + 5.0 years in Group B. The average gestational age at enrollment
was 27.2 + 2.5 weeks in the metformin group and 27.4 = 2.7 weeks in the insulin group. BMI was nearly similar between the two groups,
with values of 28.7 + 2.1 kg/m? and 28.9 £ 2.3 kg/m? respectively. Socioeconomic distribution revealed a predominance of middle-
income participants in both groups (47% in Group A vs. 49% in Group B), with lower-income participants comprising 40% and 38%
respectively. Professionally, the majority were housewives (72% in Group A and 75% in Group B), while working women represented
a smaller portion. Rural residence was slightly more common in both groups (56% vs. 52%). Educational background showed that
middle education level was most frequent, followed by primary and higher education in both arms. In terms of glycemic outcomes, the
mean pre-treatment fasting blood sugar (FBS) in Group A (Metformin) was 152.6 mg/dl, while in Group B (Insulin), it was 153.1 mg/dl,
indicating a comparable baseline glycemic profile. After two months of treatment, the mean post-treatment FBS in the metformin group
was reduced to 106.4 mg/dl, whereas it was 108.8 mg/dl in the insulin group. This reflected a mean reduction in fasting blood glucose
levels of 46.2 mg/dl in the metformin group and 44.3 mg/dl in the insulin group. Independent t-test analysis revealed that the reduction
in FBS was statistically significant in both groups compared to their respective baseline values (p < 0.05). However, the difference in
mean reduction between the two groups was not statistically significant (p > 0.05), suggesting comparable efficacy of metformin and
insulin in controlling fasting blood glucose levels in GDM patients. Stratification analysis based on potential effect modifiers such as
age, gestational age, socioeconomic status, and residence did not reveal any significant interaction or deviation from the main outcome,
supporting the robustness of the findings. No major adverse events were reported during the intervention period in either group. These
findings indicate that metformin achieved similar glycemic control as insulin in women with GDM over the two-month treatment period
and may represent an effective, patient-friendly alternative for managing blood glucose in this population.

Table 1: Demographic Characteristics

Characteristic Group A (Metformin) Group B (Insulin)
Age (years) 29.4+48 29.1+£5.0
Gestational Age (weeks) 272+2.5 274+2.7
BMI (kg/m?) 28.7+2.1 28.9+2.3

Socioeconomic Status

Lower 40% 38%
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Characteristic Group A (Metformin) Group B (Insulin)
Middle 47% 49%
Upper 13% 13%
Profession

Working 28% 25%
Housewife 72% 75%
Residence

Rural 56% 52%
Urban 44% 48%
Education

Primary 30% 33%
Middle 42% 40%
Higher 28% 27%

Table 2: Fasting Blood Sugar Comparison

Measurement Group A (Metformin) Group B (Insulin)
Pre-treatment FBS (mg/dl) 152.6 153.1
Post-treatment FBS (mg/dl) 106.4 108.8

Table 3: Reduction in Fasting Blood Sugar and Statistical Significance

Group Mean Reduction in FBS (mg/dl) p-value
Metformin 46.2 0.04
Insulin 443 0.05

Table 4: Stratification Analysis Based on Effect Modifiers

Stratified Variable Effect on Outcome

Age No significant difference
Gestational Age No significant difference
Socioeconomic Status No significant difference
Residence No significant difference
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DISCUSSION

The findings of this randomized controlled trial demonstrated that metformin is comparable to insulin in achieving glycemic control
among pregnant women diagnosed with gestational diabetes mellitus (GDM). A statistically significant reduction in fasting blood
glucose levels was observed in both groups, with a slightly higher reduction in the metformin group, though the difference between
groups was not statistically significant. These outcomes align with an expanding body of literature supporting the non-inferiority of
metformin to insulin in managing GDM. Several recent studies have reported similar results, affirming that metformin achieves glycemic
control effectively without increasing the risk of adverse maternal or neonatal outcomes (16,17). For instance, a randomized clinical
trial showed that, metformin provided comparable glycemic control to insulin but with additional benefits such as reduced maternal
weight gain and lower neonatal birth weight (18). Similarly, a study found that metformin led to fewer hypoglycemic episodes, less
maternal weight gain, and a reduced rate of cesarean deliveries, without increasing risks for the neonate (19). These findings are
significant in clinical settings, especially in low-resource contexts where the cost, storage, and administration challenges associated with
insulin pose barriers to effective diabetes management. Metformin, as an oral agent, offers a more affordable and patient-friendly
alternative, particularly for women reluctant or unable to adhere to insulin injection regimens. The favorable outcomes observed in the
present study, coupled with those reported by others, support the growing international trend toward considering metformin as a first-
line pharmacological agent after diet and exercise fail in GDM management (20).

Beyond efficacy, safety is a critical consideration in pharmacologic treatment during pregnancy. Metformin has been associated with a
lower incidence of neonatal hypoglycemia and NICU admissions compared to insulin, without increasing the risk of macrosomia or
preterm birth (21). These advantages are clinically relevant, particularly when considering the broader implications of maternal
hyperglycemia on neonatal health. However, it is essential to acknowledge that metformin may not be suitable for all patients. Some
women, particularly those diagnosed with GDM at earlier gestational ages or those with higher BMI, may require supplemental insulin
to maintain target glucose levels. The DECIDE study protocol notes that up to one-third of women initially managed with metformin
may require insulin augmentation depending on baseline risk factors (22). The strengths of the current study include its rand omized
controlled design, clearly defined inclusion and exclusion criteria, and consistent monitoring of fasting blood glucose as a primary
outcome. The use of block randomization and blinding between outcome assessors and treatment providers minimized bias and improved
the reliability of results. Furthermore, the study’s focus on a local population adds valuable insight to a setting where national guidelines
are lacking, and metformin remains underutilized.

Nevertheless, several limitations must be considered. The study’s duration was limited to two months, which may not fully capture long-
term maternal and neonatal outcomes. Postprandial glucose control, HbAlc levels, maternal weight gain, and birth weights were not
assessed, limiting comprehensive evaluation. Additionally, the non-probability consecutive sampling method, although pragmatic, may
have introduced selection bias. The absence of long-term neonatal follow-up, including metabolic parameters in infants, restricts
conclusions about the intergenerational impact of treatment choice. Future research should aim to expand upon these findings by
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including long-term follow-up of offspring, exploring the role of metformin in various subgroups (e.g., early GDM diagnosis, high
BMI), and conducting multicenter trials to increase generalizability (23). Incorporating maternal satisfaction and quality-of-life
assessments may also provide a more patient-centered evaluation of treatment modalities. In conclusion, the present study adds to the
growing consensus that metformin is a safe, effective, and well-tolerated alternative to insulin for the management of GDM in
appropriately selected patients. Its use can reduce the burden of care and improve treatment adherence, particularly in resource-
constrained environments, without compromising maternal or neonatal outcomes.

CONCLUSION

This study concluded that metformin is as effective as insulin in achieving glycemic control among women with gestational diabetes
mellitus, with the added advantages of ease of administration, lower cost, and better patient compliance. Given its comparable efficacy
and safety profile, metformin represents a practical, patient-friendly alternative to insulin, particularly in low-resource settings where
injectable therapies may be less feasible.
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