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Abstract: 
Gestational diabetes mellitus (GDM) affects up to 14% of pregnancies and increases maternal and neonatal complications. Therefore, 
it is of interest to evaluate the structured lifestyle modification and dietary intervention among 120 high-risk pregnant women 
randomized into intervention and control groups. The intervention group showed a significantly lower GDM incidence than controls 
(13.3% vs. 28.3%; p=0.04). Significant improvements were observed in fasting and postprandial glucose, HbA1c, insulin resistance 
and gestational weight gain. Thus, data shows the intervention also reduced macrosomia, improved neonatal APGAR scores and 
supported better postpartum glycemic outcomes, supporting its integration into routine antenatal care. 
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Background: 

Gestational diabetes mellitus (GDM) is defined as any degree of 
glucose intolerance with onset or first recognition during 
pregnancy, at concentrations below the diagnostic threshold for 
overt diabetes mellitus. According to the International 
Association of the Diabetes and Pregnancy Study Groups 
(IADPSG) criteria, GDM is diagnosed when one or more of the 
following fasting plasma glucose thresholds are met: fasting ≥92 
mg/dL, 1-hour ≥180 mg/dL, or 2-hour ≥153 mg/dL on the 75 g 
oral glucose tolerance test [1]. The global prevalence of GDM has 
been estimated at approximately 14–16.5% of all pregnancies, 
representing nearly 18 million births annually and this figure 
continues to rise in parallel with increasing rates of obesity and 
sedentary lifestyles across populations [2]. The pathophysiology 
of GDM involves a dual mechanism: progressive insulin 
resistance driven by placental counter-regulatory hormones 
including oestrogen, progesterone, human placental lactogen, 
cortisol and tumour necrosis factor-alpha, superimposed on a 
pre-existing predisposition to impaired pancreatic beta-cell 
function [3]. During normal pregnancy, these hormones rise 
progressively from the second trimester onwards, 
physiologically challenging maternal insulin secretory capacity. 
When beta-cell compensation is insufficient to overcome this 
resistance, hyperglycaemia of GDM ensues. Obese pregnant 
women are particularly vulnerable, as excess adipose tissue 
promotes chronic low-grade inflammation with elevated pro-
inflammatory cytokines that further impair insulin receptor 
signalling and glucose uptake [4]. Modifiable risk factors for 
GDM are well-characterised and include excessive pre-
pregnancy body mass index (BMI), sedentary behaviour, high-
glycaemic and high-fat dietary patterns, advanced maternal age, 
ethnicity, polycystic ovarian syndrome and prior history of 

GDM or macrosomia [5]. These factors are of paramount clinical 
importance because they are amenable to intervention prior to 
and during early pregnancy. Several epidemiological and 
intervention studies have consistently demonstrated that high 
intake of refined carbohydrates, low dietary fibre and excessive 
saturated fat consumption in the periconceptional period are 
independently associated with elevated GDM risk, while dietary 
patterns rich in whole grains, legumes and polyunsaturated fatty 
acids are protective [6]. Dietary intervention represents one of 
the most extensively evaluated non-pharmacological strategies 
for GDM prevention and management. The Mediterranean 
dietary pattern, characterised by high intake of olive oil, 
vegetables, whole grains, legumes, nuts and fish, has been 
shown in randomised controlled trials and meta-analyses to 
significantly reduce GDM incidence by up to 44% compared to 
control diets, as well as reduce the risk of preeclampsia, preterm 
delivery and small-for-gestational-age neonates [7]. Similarly, 
the Dietary Approaches to Stop Hypertension (DASH) diet, 
which emphasises fruits, vegetables, low-fat dairy and restricted 
sodium and saturated fat intake, has demonstrated superior 
glycaemic control outcomes in pregnant women at risk of GDM, 
including significant reductions in fasting plasma glucose and 
insulin resistance [8]. Low-glycaemic index (LGI) diets, which 
prioritise foods that produce smaller and more sustained 
postprandial glucose excursions, have also demonstrated clinical 
efficacy in reducing 2-hour postprandial blood glucose, 
macrosomia rates and neonatal birth weight in women with 
GDM and in high-risk populations [9]. Dietary fibre, a key 
component of both Mediterranean and LGI dietary patterns, 
exerts its protective effects through multiple mechanisms 
including delayed gastric emptying, reduced rate of glucose 
absorption, improved insulin sensitivity and modulation of gut 
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microbiota composition, all of which contribute to attenuated 
postprandial hyperglycaemia [10]. Therefore it is of interest to 
evaluate the combined efficacy of a structured, trimester-specific 
low-glycaemic dietary counselling programme and supervised 
moderate physical activity regimen on GDM incidence, 
glycaemic parameters, gestational weight gain and maternal and 
neonatal outcomes in high-risk pregnant women attending a 
tertiary care antenatal unit in an urban setting.  
 
Methodology: 

This study was a prospective, open-label, randomised controlled 
trial conducted at a tertiary care antenatal unit over 18 months. 
Ethical approval was obtained from the Institutional Ethics 
Committee and written informed consent was obtained from all 
participants prior to enrolment. Pregnant women aged 18–40 
years at 8–12 weeks of gestation with one or more risk factors for 
GDM were eligible for inclusion. Risk factors considered were 
pre-pregnancy BMI ≥25 kg/m², first-degree family history of 
T2DM, prior history of GDM or macrosomia and polycystic 
ovarian syndrome. Exclusion criteria included pre-existing 
diabetes mellitus, multiple gestation, severe systemic illness 
(renal, hepatic, or cardiac disease), use of corticosteroids or 
metformin at enrolment and inability to follow dietary or 
physical activity recommendations. A total of 120 women 
meeting eligibility criteria were enrolled and randomised in a 1:1 
ratio to an intervention group (n=60) or a control group (n=60) 
using computer-generated block randomization with sealed 
opaque envelopes. Women in the intervention group received a 
structured, trimester-specific dietary counselling programme 
delivered by a registered clinical dietitian at enrolment and at 
four-weekly intervals until 28 weeks of gestation. The dietary 
prescription was based on a low-glycaemic index framework 
incorporating moderate energy restriction, high dietary fibre 
(≥25 g/day), reduced intake of refined carbohydrates and 
saturated fats and increased consumption of whole grains, 
legumes, non-starchy vegetables, lean protein and healthy fats 
consistent with a modified Mediterranean dietary pattern. Total 
caloric intake was individualized based on pre-pregnancy BMI 
and trimester, targeting weight gain within Institute of 
Medicine-recommended ranges. In addition, intervention group 
participants received a supervised physical activity programme 
comprising 30 minutes of moderate-intensity aerobic exercise 
(brisk walking or stationary cycling) at least five days per week, 
supplemented by two sessions of light resistance training 
weekly, monitored via self-maintained activity logs validated at 
each follow-up visit. Women in the control group received 
standard antenatal dietary and physical activity advice as per 
routine care. All participants underwent a 75 g oral glucose 
tolerance test (OGTT) at 24–28 weeks of gestation for GDM 
diagnosis using IADPSG criteria (fasting plasma glucose ≥92 
mg/dL, 1-hour ≥180 mg/dL, or 2-hour ≥153 mg/dL). The 
primary outcome was GDM incidence at 24–28 weeks. 
Secondary outcomes included fasting plasma glucose (FPG), 2-
hour postprandial blood glucose (2h-PPBG), HbA1c, 
homeostatic model assessment of insulin resistance (HOMA-IR), 
total gestational weight gain, dietary adherence scores, physical 

activity compliance and maternal and neonatal outcomes at 
delivery. Dietary adherence was assessed using a validated 24-
hour dietary recall and food frequency questionnaire scored on a 
10-point scale. Physical activity compliance was defined as 
achieving ≥150 minutes of moderate-intensity activity per week. 
Statistical analysis was performed using SPSS version 26.0. 
Continuous variables were expressed as mean ± standard 
deviation and compared using the independent samples t-test. 
Categorical variables were compared using the chi-square test. 
Binary logistic regression computed odds ratios with 95% 
confidence intervals. A p-value of <0.05 was considered 
statistically significant. 
 
Results: 

A total of 120 participants were enrolled and randomised; 60 in 
the intervention group and 60 in the control group. All 120 
participants completed the study with no losses to follow-up. 
Both groups were well matched at baseline with respect to age, 
pre-pregnancy BMI, parity, family history of T2DM, baseline 
FPG, HbA1c and gestational age at enrolment, with no 
statistically significant differences observed between the groups 
(Table 1). The primary outcome of GDM incidence was 
significantly lower in the intervention group (13.3%, n=8) 
compared to the control group (28.3%, n=17), representing a 
relative risk reduction of 53% (p=0.04). Fasting plasma glucose, 
2-hour postprandial blood glucose and HbA1c at 24–28 weeks 
were all significantly lower in the intervention group. HOMA-IR 
was also markedly improved and the proportion requiring 
insulin therapy was significantly lower (Table 2). Intervention 
group participants demonstrated significantly better lifestyle 
adherence. Total gestational weight gain was lower (11.2 ± 2.6 kg 
vs. 14.3 ± 3.1 kg; p<0.001), excessive GWG rates were more than 
halved and physical activity compliance and dietary adherence 
scores were markedly superior, with significantly higher fibre 
intake and lower daily caloric intake compared to controls 
(Table 3). With respect to maternal and neonatal outcomes, the 
intervention group demonstrated a significantly lower rate of 
macrosomia (6.7% vs. 20.0%; p=0.03), significantly higher 
neonatal APGAR scores at 5 minutes and a significantly lower 
rate of postpartum FPG >100 mg/dL (10.0% vs. 25.0%; p=0.03). 
Trends toward lower rates of preeclampsia, caesarean section, 
preterm delivery and neonatal hypoglycaemia were observed 
but did not reach statistical significance (Table 4). 
 
Table 1: Baseline Characteristics of study participants (n=120) Parameter 

  Intervention  
Group 
(n=60) 

Control  
Group 
(n=60) 

p-
value 

Mean Age (years) 27.4 ± 4.1 27.9 ± 3.8 0.48 
Pre-pregnancy BMI (kg/m²) 27.6 ± 3.2 27.9 ± 3.5 0.61 
Primigravida (%) 61.70% 58.30% 0.7 
Family history of T2DM (%) 36.70% 38.30% 0.85 
Baseline FPG (mg/dL) 88.3 ± 6.5 87.9 ± 6.2 0.72 
Baseline HbA1c (%) 5.4 ± 0.3 5.4 ± 0.3 0.9 
Gestational age at enrolment 
(weeks) 

10.2 ± 1.3 10.4 ± 1.4 0.4 

 *Statistically significant at p<0.05; T2DM: Type 2 Diabetes Mellitus; BMI: Body Mass 
Index; FPG: Fasting Plasma Glucose; HbA1c: Glycated Haemoglobin 
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Table 2: Primary outcomes – GDM incidence and glycaemic parameters at 24–28 
Weeks 

Outcome Intervention  
Group (n=60) 

Control  
Group (n=60) 

p-value 

GDM Incidence (%) 13.30% 28.30% 0.04* 
FPG at 24–28 weeks (mg/dL) 89.6 ± 7.1 97.4 ± 9.3 0.001* 
2h-PPBG (mg/dL) 126.4 ± 14.2 142.8 ± 18.6 <0.001* 
HbA1c at 28 weeks (%) 5.5 ± 0.4 5.9 ± 0.5 0.002* 
HOMA-IR 1.9 ± 0.6 2.7 ± 0.8 <0.001* 
Insulin requirement (%) 5.00% 18.30% 0.02* 

 *Statistically significant at p<0.05; GDM: Gestational Diabetes Mellitus; FPG: Fasting 
Plasma Glucose; 2h-PPBG: 2-hour Postprandial Blood Glucose; HOMA-IR: Homeostatic 
Model Assessment of Insulin Resistance 
 
Table 3: Gestational weight gain, physical activity compliance and dietary 
parameters 

Parameter Intervention  
Group 

Control  
Group 

p-value 

Total GWG (kg) 11.2 ± 2.6 14.3 ± 3.1 <0.001* 
Excessive GWG (%) 18.30% 38.30% 0.01* 
PA compliance ≥150 min/week (%) 76.70% 31.70% <0.001* 
Dietary adherence score (0–10) 7.8 ± 1.2 4.6 ± 1.6 <0.001* 
Daily caloric intake (kcal) 1940 ± 210 2270 ± 280 <0.001* 
Fibre intake (g/day) 28.4 ± 5.1 18.6 ± 4.9 <0.001* 

 *Statistically significant at p<0.05; GWG: Gestational Weight Gain; PA: Physical Activity 
 
Table 4: Maternal and neonatal outcomes at delivery 

Outcome Intervention  
Group 

Control  
Group 

p-value 

Preeclampsia (%) 5.00% 13.30% 0.07 
Caesarean section (%) 21.70% 35.00% 0.09 
Preterm delivery (%) 5.00% 10.00% 0.24 
Macrosomia – birth weight >4000 g (%) 6.70% 20.00% 0.03* 
Neonatal hypoglycaemia (%) 3.30% 11.70% 0.07 
APGAR score at 5 min (mean) 8.8 ± 0.6 8.4 ± 0.8 0.04* 
Postpartum FPG >100 mg/dL (%) 10.00% 25.00% 0.03* 

 *Statistically significant at p<0.05; FPG: Fasting Plasma Glucose; APGAR: Appearance, 
Pulse, Grimace, Activity, Respiration 

 
Discussion: 

The findings of this randomised controlled trial confirm that a 
structured programme of combined dietary intervention and 
supervised physical activity significantly reduces the incidence 
of GDM among high-risk pregnant women, with parallel 
improvements in glycaemic parameters, insulin resistance, 
gestational weight gain and key maternal and neonatal 
outcomes. These results are concordant with and extend existing 
evidence from recent PubMed-indexed literature. Sweeting et al. 
(2024) [11] in a landmark Lancet review reported that 
approximately 14% of pregnancies globally are affected by 
GDM, with rising incidence driven by increasing obesity rates 
and sedentary lifestyles and emphasised the necessity of 
modifiable lifestyle factors as preventive targets. The 53% 
relative risk reduction in our intervention cohort directly 
underscores this preventive potential and supports the call for 
systematic lifestyle screening in antenatal care. Zakaria et al. 
(2023) [12] systematically reviewed evidence on lifestyle 
interventions for GDM prevention, concluding that dietary and 
physical activity interventions independently and collectively 
reduce GDM risk, supporting a minimum of 150 minutes of 
moderate aerobic exercise per week alongside dietary 
modification. These parameters were incorporated into our 
intervention design and were associated with significantly lower 
GDM incidence, directly validating their recommended targets 

in a real-world antenatal setting. Kouiti et al. (2022) [13] 
conducted an umbrella review of 35 systematic reviews and 
meta-analyses examining dietary and physical activity 
interventions for GDM prevention, concluding that both 
modalities independently exert protective effects. Our study 
reinforces these findings, with intervention group participants 
demonstrating high physical activity compliance and dietary 
adherence achieving the lowest rates of GDM, macrosomia and 
postpartum dysglycaemia, consistent with the additive 
protective effect of combined lifestyle modification. Zhang et al. 
(2024) [14] conducted a Bayesian network meta-analysis of 
dietary and exercise interventions for GDM, finding that the 
DASH diet significantly reduced fasting plasma glucose by 11.52 
mg/dL and the low-GI diet significantly reduced 2-hour 
postprandial glucose, while resistance exercise reduced insulin 
requirements by 67%. Our intervention, which combined 
elements of both Mediterranean and low-GI dietary frameworks 
with aerobic and resistance training, produced significant 
improvements in both FPG and 2h-PPBG as well as a reduction 
in insulin requirements, corroborating the mechanistic benefits 
of the composite lifestyle approach. Fan et al. (2025) [15] in a 
systematic review and meta-analysis reported that adherence to 
a high-fibre diet was associated with a 78% reduction in GDM 
risk (OR: 0.22; 95% CI: 0.11–0.42) and that Mediterranean and 
DASH diet adherence were associated with 40% and 64% 
reductions in GDM risk, respectively, alongside lower rates of 
excessive gestational weight gain. Our study's significant 
improvement in dietary fibre intake (28.4 vs. 18.6 g/day; 
p<0.001) in the intervention group, combined with the 
substantially lower GDM incidence and excessive GWG rates, is 
directly consistent with these findings and provides prospective 
RCT-level evidence supporting these mechanistic pathways. 
Vlachos et al. (2024) [16] conducted a systematic review and 
meta-analysis demonstrating that adherence to the 
Mediterranean dietary pattern in RCTs significantly reduced 
GDM incidence (OR: 0.56; 95% CI: 0.34–0.93) as well as rates of 
preeclampsia, preterm delivery and small-for-gestational-age 
neonates. Our intervention group, which received 
Mediterranean-aligned dietary counselling, similarly 
demonstrated significant reductions in GDM incidence and 
macrosomia rates and favourable trends in preeclampsia and 
preterm delivery, reinforcing the translatability of the 
Mediterranean dietary approach to antenatal populations in 
India. Lin et al. (2020) [17] demonstrated in a cohort of high-risk 
Chinese pregnant women that a multi-component lifestyle 
intervention reduced GDM incidence by 39% and decreased 
gestational weight gain, though maternal and neonatal outcomes 
were not significantly improved. Our study achieved a 
comparable relative risk reduction of 53% alongside significant 
improvement in macrosomia and postpartum glycaemic status, 
possibly reflecting the greater intensity of individualized dietary 
counselling and supervised physical activity supervision in our 
protocol, as well as the higher baseline risk profile of our cohort. 
Di et al. (2025) [18] evaluated the comparative efficacy of the 
DASH diet, low-GI diet and low-carbohydrate diet in managing 
GDM through a network meta-analysis, finding that the DASH 
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diet significantly reduced fasting plasma glucose and insulin 
requirements while the low-GI diet significantly reduced 
postprandial hyperglycaemia. These observations are precisely 
concordant with the significant improvements in both FPG and 
2h-PPBG documented in our intervention group, reinforcing the 
clinical utility of dietary strategies that simultaneously address 
fasting and postprandial glycaemic control. Collectively, these 
eight lines of evidence converge to firmly support the integration 
of structured, individualized lifestyle modification into routine 
antenatal care for high-risk pregnant women. 
 
Conclusion: 
Lifestyle modification reduced gestational diabetes incidence in 
high-risk pregnant women. Dietary counselling and supervised 
physical activity improved maternal and perinatal outcomes. 
Early implementation of these measures may strengthen 
gestational diabetes prevention.  
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