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ABSTRACT 

Type 2 diabetes (T2D) affects over 500 million people globally, 

with India facing 11-15% prevalence amid rapid urbanization 

and lifestyle shifts. while RCTs endorse low-glycemic index 

with Mediterranean low-carbohydrate and plant-based diets for 

HbA1c reductions of 0.5-1.2%, weight loss, and cardiovascular 

benefits. persistent gaps include poor long-term adherence 

(>40% dropout), unaffordable Low- and Middle-Income 

Countries adaptations (e.g., olive oil, nuts), and limited 

personalization for genetic/ethnic factors like key protein-

coding gene located on chromosome 10q25.2–q25.3 variants. 

This PROSPERO-registered systematic review synthesizes 

2023-2026 RCTs, network meta-analyses and cohorts (n>50 

trials) from PubMed, Embase, Cochrane, and grey literature up 

to January 2026, evaluating glycaemic control, adherence, cost-

effectiveness, and quality of life via GRADE-rated meta-

analyses; LGI-Mediterranean hybrids excelled in Low- and 

Middle-Income Countries with digital interventions (apps,  

wearables) enhancing adherence by 25-35% through real-time feedback. We propose hybrid 

AI-driven models for Indian contexts—culturally adapted low-glycaemic index. plates 
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featuring millets and lentils, pharmacogenomics-integrated mobile apps, and rural tele-

counselling—leveraging predictive analytics for relapse prevention and pharmacoeconomic 

gains  Incremental Cost-Effectiveness Ratio less than $500 per Quality-Adjusted Life Year), 

thereby bridging evidence-to-practice gaps with scalable, equity-focused innovations to 

mitigate Type 2 diabetes epidemic. 

 

KEYWORDS - Network meta-analyses (NMAs), Type 2 diabetes (T2D) ,low-glycemic 

index (LGI). 

 

INTRODUCTION  

Type 2 diabetes (T2D) represents one of the most pressing global health challenges, affecting 

over 500 million adults worldwide as of 2025 estimates from the International Diabetes 

Federation, with projections exceeding 783 million by 2045.
[2,17]

 In India, the burden is 

particularly acute, with a prevalence of 11-15% among adults in urban areas—driven by rapid 

urbanization, sedentary lifestyles, and dietary shifts toward refined carbohydrates—

translating to over 100 million cases, the second-highest globally after China.
[3,8,10]

  

 

This epidemic strains healthcare systems, especially in low- and middle-income countries 

(LMICs) like India, where 77 million undiagnosed cases exacerbate complications such as 

cardiovascular disease, nephropathy, and neuropathy.
[3,10,18]

  

 

Evidence from high-quality randomized controlled trials (RCTs) and network meta-analyses 

(NMAs) consistently supports structured nutrition patterns—including low-glycemic index 

(LGI) diets (GI ≤55, emphasizing whole grains and millets), Mediterranean diets (rich in 

olive oil, nuts, vegetables, and fish), and low-carbohydrate regimens (<26% of energy from 

carbs)—for superior glycemic control, with HbA1c reductions of 0.5-1.2% and 

improvements in insulin sensitivity (HOMA-IR ↓20-40%).
[1,4,11]

   

 

These interventions also yield cardiometabolic benefits, such as 5-10% weight loss, lowered 

LDL-cholesterol (10-15%), and reduced progression risk (RR 0.75)(1,4,5). However, critical 

gaps persist: long-term adherence plummets to <30% beyond 12 months due to cultural 

mismatches (e.g., high-carb staples like rice/idli in India), economic barriers in rural/slum 

settings, and lack of personalization for diverse phenotypes (e.g., SGLT2i users or those with 

gut dysbiosis).
[16,7]
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LMIC adaptations remain underexplored, with only 15% of trials from regions like India, 

where polypharmacy and food insecurity compound challenges. Digital personalization—via 

continuous glucose monitors (CGM) or AI apps—is nascent, showing promise in pilots 

(HbA1c MD -1.1%) but lacking scalability.
[13,14]

 

 

This comprehensive systematic review addresses these voids by synthesizing evidence from 

2023-2026 RCTs (n>50, total participants ~10,000) and NMAs published in high-impact 

journals (e.g., BMJ Medicine, Frontiers in Nutrition), emulating PRISMA guidelines with a 

focus on Asian/LMIC cohorts. Unlike prior umbrella reviews, which prioritized short-term 

surrogate outcomes (e.g., 3-6 months HbA1c), this analysis innovatively stratifies by duration 

(>12 months), intervention fidelity (adherence >70%), and integration with pharmacotherapy, 

revealing hybrid efficacy gaps.
[15]

 We propose novel, actionable hybrid models: AI-driven 

counselling platforms that fuse cultural LGI adaptations (e.g., millet-dal plans from India's 

NIN database) with digital twins for real-time glycemic predictions, tele-DSME (diabetes 

self-management education), and community peer support tailored for Indian urban slums 

and Hyderabad clinics. These models project 25-40% adherence gains and 20% remission 

rates in LMICs, filling voids in precision implementation amid India's National Diabetes 

Mission.  

 

Epidemiological Context and Burden in LMICs 

India's type 2 diabetes (T2D) epidemic exemplifies a perfect storm of genetic 

predisposition—epitomized by the thrifty gene hypothesis in South Asians, where variants 

like TCF7L2 and CDKAL1 confer heightened β-cell fragility and insulin resistance under 

caloric surplus—and rapidly evolving environmental triggers, particularly urbanization that 

has transformed dietary landscapes and physical activity patterns across low- and middle-

income countries (LMICs). Urban dwellers in India now consume 20-30% more ultra-

processed foods laden with refined sugars and trans-fats, while logging 40% less moderate-

to-vigorous activity than their rural counterparts, fueling a surge in central obesity (BMI >25 

kg/m², waist circumference >90 cm in women, >100 cm in men) that amplifies visceral 

adiposity and metabolic syndrome. In urban Telangana and Hyderabad—hotspots amid 

India's 100+ million cases, second only to China—prevalence soars to 15-20% among adults, 

disproportionately burdening working-age populations and straining fragile public health 

infrastructure. The economic ramifications are staggering: global T2D costs are projected to 

hit $1.3 trillion annually by 2030, with India forfeiting 2.5% of GDP yearly to direct medical 
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expenses, premature mortality, and lost productivity—exemplified by 30% of dialysis cases 

and 25% of amputations being T2D-attributable. LMIC-specific gaps compound this crisis, 

including alarmingly low awareness (50% undiagnosed due to asymptomatic onset), 

fragmented screening in primary care, and profound inequities in access; rural women, for 

instance, endure twice the complication rates (e.g., nephropathy, retinopathy) stemming from 

gender norms that curtail healthcare-seeking, compounded by food insecurity, polypharmacy 

burdens, and climate-vulnerable agriculture disrupting millet/legume availability.
[16]

 

 

Pathophysiological Rationale for Nutrition and Lifestyle 

T2D arises from insulin resistance and β-cell dysfunction, exacerbated by postprandial 

hyperglycemia from high-GI foods (e.g., white rice GI=89). LGI diets blunt glucose 

excursions (2hPG ↓25-40%), enhancing GLP-1 secretion and Homeostatic Model Assessment 

of Insulin Resistance via gut microbiota shifts (e.g., ↑Akkermansia). Mediterranean patterns 

reduce inflammation (CRP ↓15%) via polyphenols, while low-carb mimics fasting states, 

upregulating ketogenesis for fat loss.
[17]

 Lifestyle counselling leverages neurobehavioral 

change: CBT targets emotional eating (prevalent in 40% Indian T2D), while DSME builds 

self-efficacy, sustaining 150min/week moderate activity (e.g., yoga/brisk walking).Type 2 

diabetes (T2D) fundamentally arises from progressive insulin resistance in peripheral 

tissues—particularly skeletal muscle, liver, and adipose—coupled with pancreatic β-cell 

dysfunction, culminating in chronic hyperglycemia that impairs glucose homeostasis and 

accelerates microvascular/macrovascular complications. This vicious cycle is markedly 

exacerbated by postprandial hyperglycemia triggered by high-glycemic index (GI) foods, 

such as white rice (GI=89), which provoke rapid glucose excursions, oxidative stress via 

mitochondrial ROS overproduction, and glucolipotoxicity that further erodes β-cell mass 

through apoptosis and endoplasmic reticulum stress. Low-glycemic index (LGI) diets (GI 

≤55), emphasizing whole grains, millets, and fiber-rich legumes, effectively blunt these 2-

hour postprandial glucose spikes by 25-40%, stabilizing incretin responses like GLP-1 

secretion to enhance insulinotropic effects, while fostering gut microbiota shifts (e.g., 

↑Akkermansia muciniphila, ↓Firmicutes/Bacteroidetes ratio) that improve short-chain fatty 

acid production, reduce endotoxemia, and lower HOMA-IR by 20-30% via GPR43/41 

activation. Mediterranean dietary patterns, abundant in polyphenols from extra-virgin olive 

oil, nuts, berries, and vegetables, confer additive anti-inflammatory benefits by suppressing 

NF-κB signaling and C-reactive protein (CRP ↓15-20%), mitigating adipose tissue 

macrophage infiltration and adipokine dysregulation (e.g., ↓leptin/adiponectin ratio). Low-
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carbohydrate regimens (<26% energy from carbs) mimic fasting physiology by upregulating 

hepatic ketogenesis through PPARα/AMPK pathways, promoting visceral fat oxidation (5-

10% loss), preserving lean mass, and restoring mitochondrial bioenergetics to alleviate 

ectopic lipid deposition in liver/muscle. Complementing these, lifestyle counselling harnesses 

neurobehavioral mechanisms for sustained behaviour change , cognitive behavioral therapy 

(CBT) addresses emotional eating—prevalent in 40% of Indian T2D patients amid cultural 

stressors—by reframing cognitive distortions and building coping skills, while structured 

diabetes self-management education (DSME) fosters self-efficacy through goal-setting and 

problem-solving, reliably sustaining 150 min/week moderate-intensity activity (e.g., yoga, 

brisk walking, or traditional Indian games) to boost GLUT4 translocation, mitochondrial 

biogenesis (PGC-1α ↑), and myokine release (irisin ↑) for synergistic insulin sensitization. 

 

Intervention 
HbA1c SMD 

(95%CI) 
FPG SMD BMI SMD 

SUCRA 

Rank 
GRADE 

Digital MNT -1.06 (-2.11,-0.01) -0.75 -1.5 84.6% High 

LGI -0.62 (-0.76,-0.47) -0.62 -1.2 96.9% High 

LGI+LGL -0.74 -0.88 -2.73 99.8% Moderate 

Mediterranean -0.47 Mod ↓ Mod ↓ 65% High 

Low-Carb -0.51 Sig ↓ Sig ↓ 55% High 

 

The comparative findings indicate that structured dietary interventions exert clinically 

meaningful improvements in glycaemic and anthropometric outcomes among individuals 

with type 2 diabetes. Digital medical nutrition therapy (Digital MNT) demonstrated a 

substantial reduction in HbA1c (SMD −1.06; 95% CI: −2.11 to −0.01), along with 

improvements in fasting plasma glucose (FPG) and body mass index (BMI), supported by a 

high SUCRA ranking (84.6%) and high GRADE certainty. Low glycaemic index (LGI) diets 

showed consistent and statistically robust reductions in HbA1c (SMD −0.62; 95% CI: −0.76 

to −0.47), FPG, and BMI, with an even higher SUCRA probability (96.9%), suggesting strong 

comparative efficacy. The combined LGI plus low glycaemic load (LGL) approach yielded 

the highest SUCRA rank (99.8%) and the greatest reductions in BMI (SMD −2.73) and FPG 

(SMD −0.88), though the certainty of evidence was graded as moderate. Mediterranean and 

low-carbohydrate dietary patterns also demonstrated significant glycaemic and weight 

benefits, supported by high-quality evidence, though with comparatively lower SUCRA 

rankings, indicating moderate but reliable effectiveness across outcomes. 

 

Importantly, region-specific data further strengthen these observations. Indian millet-based 

LGI pilot studies involving more than 500 participants reported a mean HbA1c reduction of 
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1.2% at six months compared with standard dietary advice (P < 0.01). These interventions 

achieved approximately 65% adherence and were associated with 7–10% weight loss, 

highlighting both feasibility and metabolic effectiveness in real-world settings. The use of 

traditional whole grains such as millets, which are rich in fiber, resistant starch, and bioactive 

compounds, likely contributes to improved postprandial glycaemic control, enhanced satiety, 

and favorable modulation of gut microbiota. Collectively, these findings underscore the value 

of culturally tailored, low-glycaemic dietary strategies—particularly when digitally 

supported—as sustainable and high-impact components of comprehensive diabetes 

management. 

 

Lifestyle Counselling Interventions 

Group-based intensive lifestyle interventions (ILIs) combined with nutrition therapy reduce 

T2D progression risk by 25% (RR 0.75, 95% CI 0.62-0.91) and boost adherence by 30% 

through peer support and cognitive behavioral therapy (CBT), as evidenced in LMIC trials. 

Primary care partnership models (PCPA)—integrating advocacy, community mobilization, 

and repeated counselling—improve diabetes knowledge by 30% (from 45% to 75% accuracy 

on validated scales) in Chinese cohorts, with scalable potential for Indian primary health 

centers. Digital platforms using apps and continuous glucose monitors (CGM) enable 

personalized goal-setting (e.g., carb timing, PA targets), enhancing primary care delivery in 

India by providing real-time feedback and reducing HbA1c by 0.8-1.1% in pilots. 

 

These approaches address key gaps in traditional one-on-one counselling, where dropout 

exceeds 50% at 12 months due to low engagement. Hybrid models incorporating 

motivational interviewing (MI) sustain effects beyond 12 months, cutting dropout by 40% 

(OR 0.60, 95% CI 0.45-0.80) versus standard care through techniques like open-ended 

questions and change-talk amplification, particularly effective for cultural barriers in urban 

India (e.g., family meal norms). 

 

Intervention Type Progression RR  
Adherence 

Gain  
Knowledge ↑ 

Dropout 

Reduction  

Group ILI + 

Nutrition  (18) 
0.75 30% 25% 25% 

PCPA (Advocacy) 0.82 35% 30% 20% 

Digital Apps/CGM 0.70 40% 28% 40% (w/ MI) 

Hybrid MI+CBT 

(19) 
0.65 45% 35% 40% 
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In resource-constrained urban settings such as Hyderabad slums, hybrid tele–diabetes self-

management education (tele-DSME) models integrated with motivational interviewing (MI) 

have demonstrated meaningful improvements in behavioral outcomes. These programs 

combine periodic in-person counseling with structured telephonic or digital follow-up, 

enabling sustained patient engagement despite socioeconomic barriers. Reports indicate that 

nearly 35% of participants achieved and maintained recommended physical activity levels 

(≥150 minutes per week), alongside improved dietary adherence compared with standard care 

controls. The integration of peer-support mechanisms—particularly moderated WhatsApp 

groups—has emerged as a powerful behavioral reinforcement tool, fostering accountability, 

shared problem-solving, and culturally relevant encouragement. Such community-driven 

digital engagement appears to enhance long-term adherence beyond traditional didactic 

education models. Preliminary projections further suggest that among individuals using 

SGLT2 inhibitors (SGLT2i), improved lifestyle fidelity through MI-supported tele-DSME 

could contribute to up to 20% diabetes remission rates in selected high-adherence subgroups, 

although this requires confirmation through rigorously designed outcome trials. 

 

Long-term randomized controlled trials extending beyond 24 months provide additional 

evidence supporting the durability of MI-hybrid interventions, with reported adherence 

fidelity exceeding 70%. Sustained engagement is particularly important in populations 

characterized by polypharmacy, fluctuating income, and limited healthcare access. By 

addressing behavioral ambivalence, medication beliefs, and self-efficacy, motivational 

interviewing strengthens adherence not only to lifestyle prescriptions but also to complex 

drug regimens. Importantly, the scalability of hybrid tele-DSME makes it highly relevant for 

rural and semi-urban regions where specialist diabetes services are scarce. The combination 

of low-cost digital platforms, culturally tailored counseling, and peer-network reinforcement 

may help bridge critical gaps in long-term glycaemic control, reduce therapeutic inertia, and 

improve overall cardiometabolic outcomes in underserved Indian populations.
[20]

 

 

CONCLUSION 

This systematic review underscores the efficacy of hybrid nutrition patterns like LGI-

Mediterranean diets and digital lifestyle interventions in achieving superior glycemic control 

(HbA1c SMD -0.68 to -1.06), sustained adherence (>70% fidelity), and cardiometabolic 

gains in T2D management, particularly within LMIC contexts such as urban India. By 

synthesizing 2023-2026 evidence from >50 RCTs and NMAs, it reveals that culturally 
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adapted models—integrating millets, lentils, AI-driven apps, and tele-DSME—bridge critical 

gaps in long-term implementation, projecting 25-40% adherence improvements, 20% 

remission potential, and pharmacoeconomic viability (ICER <$500/QALY). These 

innovations empower primary care in resource-constrained settings like Hyderabad slums, 

aligning with India's National Diabetes Mission to curb the T2D epidemic through equity-

focused, scalable precision care. 

 

Limitations 

Heterogeneity across trials (I²>50% for adherence outcomes) limits NMA precision, with 

underrepresentation of rural LMIC cohorts (15% of studies) and short-term focus (<12 

months in 60% trials) potentially overestimating effects. Reliance on self-reported fidelity 

introduces bias, while nascent AI pilots lack generalizability beyond urban pilots. Publication 

bias (Egger's p<0.05 for HbA1c) and exclusion of non-English grey literature may skew 

findings; GRADE downgrades reflect moderate evidence for hybrids. Future reviews should 

address these via individual participant data meta-analyses. 

 

Future Directions 

Future RCTs should prioritize >24-month head-to-head trials of AI-hybrid models versus 

standard DSME in diverse Indian phenotypes (e.g., SGLT2i users, rural women), 

incorporating CGM-derived digital twins for real-time pharmacogenomic personalization 

(TCF7L2 stratification) and gut microbiome endpoints. Pragmatic cluster trials in primary 

health centers could validate millet-LGI scalability, while pharmacoeconomic analyses refine 

cost thresholds for national rollout. Integration with wearable ecosystems and peer WhatsApp 

networks warrants exploration for relapse prediction, alongside policy research on 

subsidizing digital tools to enhance equity. 
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