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Abstract 

Background: Insulin resistance represents a pivotal metabolic disturbance preceding type 2 diabetes mellitus. Dietary protein source 

has emerged as a modifiable factor influencing glucose regulation and lipid metabolism. While plant-based proteins are increasingly 

promoted for cardiometabolic benefits, their direct comparative effect on insulin sensitivity relative to lean animal proteins remains 

underexplored. 

Objective: To evaluate whether a plant-based protein diet improves insulin sensitivity more effectively than a lean animal protein 

diet in adults at risk for type 2 diabetes. 

Methods: A 12-week randomized controlled trial was conducted among 100 adults aged 30–55 years with prediabetes in South 

Punjab. Participants were randomly assigned to an isocaloric diet emphasizing either plant-based protein or lean animal protein, 

with matched macronutrient distribution. The primary outcome was the change in insulin sensitivity assessed by HOMA-IR. 

Secondary outcomes included changes in fasting glucose, HbA1c, lipid profile, body weight, BMI, and waist circumference. Data 

were analyzed using SPSS version 26; between-group comparisons were performed using independent t-tests and repeated measures 

ANOVA. 

Results: Compared to the animal protein group, the plant-based group demonstrated a greater reduction in HOMA-IR (−0.7 vs. 

−0.2, p = 0.02) and fasting glucose (−9.2 mg/dL vs. −3.3 mg/dL, p = 0.01). Reductions in total cholesterol and LDL cholesterol 

were also significantly greater in the plant-based group (p ≤ 0.02 for both), which also showed a modest increase in HDL (p = 0.04). 

Body weight and waist circumference declined more markedly in the plant-based group (p ≤ 0.04). 

Conclusion: In adults with prediabetes, a plant-based protein diet led to superior improvements in insulin sensitivity, lipid 

metabolism, and adiposity reduction compared with an isocaloric lean animal protein diet. These findings support the role of plant-

based protein as an effective dietary strategy for mitigating insulin resistance and improving metabolic health. 

Keywords: Adiposity, Animal Proteins, Diet Therapy, Insulin Resistance, Lipid Metabolism, Plant Proteins, Prediabetes, 

Randomized Controlled Trial.  
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Introduction 

The prevalence of insulin resistance and type 2 diabetes has risen dramatically over the past few decades, emerging as one of the 

most pressing metabolic health challenges worldwide(1). As sedentary lifestyles and calorie-dense diets become increasingly 

common, the metabolic equilibrium that maintains glucose homeostasis has been disrupted in many populations(1). Central to this 

dysregulation is the body’s impaired ability to respond effectively to insulin, a condition that precedes and contributes to the onset 

of diabetes and its related complications. Among the modifiable determinants of insulin sensitivity, dietary composition plays a 

pivotal role, particularly the quality and source of dietary protein(2). While both plant-based and animal-based proteins serve as 

vital macronutrients, their differing amino acid profiles, fat content, and bioactive compounds suggest distinct physiological effects 

on metabolic health(3). 

Over recent years, the global dietary landscape has witnessed a growing shift towards plant-based nutrition, fueled by concerns 

related not only to health but also to sustainability and ethics(3). From a metabolic standpoint, plant-based diets have been associated 

with lower body fat, improved lipid profiles, and reduced risk of insulin resistance compared with omnivorous diets(4). This 

association is believed to stem from the lower saturated fat and higher fiber content of plant-based foods, as well as their abundance 

of antioxidants and anti-inflammatory phytochemicals(4). In contrast, even lean sources of animal protein, though nutritionally 

dense, may exert differing effects on insulin sensitivity through mechanisms linked to amino acid composition, lipid metabolism, 

and hormonal regulation(5). However, the scientific discourse remains divided on whether plant-based proteins hold a definitive 

advantage over animal-derived proteins when matched for caloric and macronutrient balance(6). 

Protein quality is determined not only by its amino acid spectrum but also by its metabolic impact(7). Animal proteins such as 

poultry, fish, and dairy are considered complete, containing all essential amino acids necessary for muscle synthesis and 

physiological maintenance(8). Yet, they often contain higher levels of branched-chain amino acids (BCAAs) that, while beneficial 

for muscle metabolism, have been implicated in promoting insulin resistance when consumed in excess(9). On the other hand, plant 

proteins, derived from sources like legumes, soy, grains, and nuts, tend to have a lower BCAA content and are accompanied by 

fibers, polyphenols, and unsaturated fats that may support improved insulin signaling(10). Moreover, plant-based proteins may 

influence gut microbiota composition in a manner conducive to metabolic health, an emerging area of interest linking diet to insulin 

sensitivity through microbial metabolites and inflammation control(11). 

Despite these potential advantages, plant-based diets are not without their limitations(12). They may provide lower levels of certain 

amino acids, such as lysine and methionine, and may have reduced digestibility compared to animal proteins(13). The challenge, 

therefore, lies in determining whether plant proteins can achieve comparable—or superior—metabolic outcomes when integrated 

into balanced dietary patterns. Current literature offers conflicting evidence(13). Some trials report improvements in insulin 

sensitivity and glycemic control with plant-based interventions, while others show no significant difference when compared to diets 

rich in lean animal protein. Such inconsistencies may arise from variations in study design, duration, participant characteristics, and 

protein sources(14). A rigorously controlled comparison focusing specifically on protein source, while holding other dietary factors 

constant, is therefore necessary to clarify the true metabolic impact of plant versus animal protein intake(15). 

Biologically, insulin sensitivity is influenced by intricate interactions among cellular pathways regulating glucose uptake, lipid 

oxidation, and inflammation(16). Dietary proteins modulate these processes through their effects on insulin signaling molecules, 

hepatic glucose output, and adipocyte function. Plant-derived proteins, rich in arginine and other insulin-sensitizing amino acids, 

may enhance nitric oxide production and vascular function, thereby improving insulin-mediated glucose disposal. Conversely, 

certain amino acids abundant in animal proteins, such as leucine, may activate the mTOR pathway, potentially contributing to insulin 

resistance when chronically overstimulated. Furthermore, plant-based proteins are often accompanied by non-nutritive compounds 

such as isoflavones and lignans that possess estrogenic and antioxidant activity, both of which may confer additional metabolic 

benefits(17). 

The growing burden of prediabetes and metabolic syndrome underscores the urgency of identifying dietary strategies that can 

effectively enhance insulin responsiveness before the onset of irreversible pancreatic dysfunction. Given that protein is a 

fundamental macronutrient in both plant- and animal-based diets, its differential metabolic effects merit systematic investigation. 

While previous studies have examined broader dietary patterns—such as vegetarian or Mediterranean diets—few have isolated the 

specific impact of protein source on insulin sensitivity in adults at risk for diabetes. This gap highlights the need for well-designed 

randomized controlled trials to distinguish the true contribution of protein origin to metabolic outcomes. 

The present study seeks to address this gap by directly comparing the effects of plant-based protein and lean animal protein diets on 

insulin sensitivity among adults at risk for type 2 diabetes. By controlling for caloric intake, physical activity, and overall 
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macronutrient balance, the research aims to determine whether plant-based protein confers superior metabolic benefits in enhancing 

insulin responsiveness. The objective of this investigation is to assess whether substitution of animal protein with plant-based 

alternatives results in measurable improvements in insulin sensitivity, thereby providing evidence-based guidance for dietary 

recommendations in metabolic health management. 

Methods 

This randomized controlled trial was conducted in South Punjab over a period of six months, which included a 12-week active 

intervention period, to evaluate the comparative effects of plant-based and lean animal protein diets on insulin sensitivity among 

adults at risk for type 2 diabetes. The study followed a parallel group design with equal allocation to the two intervention arms. 

Participants were recruited through local community health centers and public outreach programs using a combination of screening 

camps and digital advertisements. A total of 112 individuals were assessed for eligibility, of whom 100 met the inclusion criteria 

and were enrolled. Eligible participants were adults aged 30 to 55 years with a body mass index (BMI) between 25 and 35 kg/m² 

and either fasting plasma glucose levels ranging from 100 to 125 mg/dL or HbA1c between 5.7% and 6.4%, consistent with 

prediabetic criteria. Individuals with diagnosed diabetes, chronic kidney or liver disease, cardiovascular disorders, thyroid 

dysfunction, or those taking medications affecting glucose metabolism were excluded. Pregnant and lactating women, vegetarians, 

and individuals with food allergies to soy, legumes, dairy, or meat were also excluded to ensure uniformity in dietary compliance. 

All 100 enrolled participants completed the 12-week intervention and were included in the final analysis. 

A total sample size of 100 participants (50 per group) was calculated using a power analysis with 80% statistical power and a 5% 

level of significance, assuming a medium effect size based on prior studies. After baseline assessments, participants were randomly 

assigned using a computer-generated sequence to either the plant-based protein group or the lean animal protein group. Both diets 

were designed to be isocaloric, providing 20% of total energy from protein, 30% from fat, and 50% from carbohydrates. The plant-

based diet emphasized protein sources such as soy, lentils, beans, chickpeas, quinoa, and nuts, while the animal protein diet included 

lean poultry, fish, egg whites, and low-fat dairy products. All participants received individualized meal plans, with weekly dietitian 

follow-ups to ensure adherence. 

The primary outcome was insulin sensitivity, assessed using the Homeostatic Model Assessment for Insulin Resistance (HOMA-

IR), derived from fasting plasma glucose and insulin concentrations. Secondary outcomes included changes in fasting glucose, 

HbA1c, lipid profile (total cholesterol, LDL, HDL, triglycerides), and anthropometric measures (body weight, BMI, and waist 

circumference). Blood samples were collected after a 10–12 hour overnight fast at baseline and post-intervention. Plasma glucose 

was analyzed using the glucose oxidase-peroxidase method, while serum insulin was measured via chemiluminescent immunoassay. 

Lipid parameters were assessed using enzymatic colorimetric methods. 

Dietary adherence was monitored through 3-day food diaries and 24-hour recall interviews conducted every two weeks. Physical 

activity levels were maintained at baseline and monitored using standardized activity logs. All biochemical analyses were performed 

in a certified clinical laboratory, with analysts blinded to group assignment. 

Data were analyzed using SPSS version 26. Descriptive statistics summarized baseline characteristics, and normality was confirmed 

using the Shapiro–Wilk test. Between-group comparisons of continuous variables were made using independent sample t-tests, and 

categorical data were compared using chi-square tests. Within-group changes were analyzed using paired sample t-tests. Repeated 

measures ANOVA was employed to assess time-by-group interactions for all outcomes. Statistical significance was set at p < 0.05 

for all analyses. 

This methodological framework ensured standardized dietary administration, accurate biochemical assessment, and reliable 

statistical interpretation to compare the effects of the two dietary protein sources on insulin sensitivity. 

 

Results 

A total of 100 participants completed the 12-week intervention, with equal numbers in the plant-based and lean animal protein 

groups. Baseline demographic characteristics were comparable between groups, as shown in Table 1. The mean age of participants 

was 42.7 ± 6.5 years, and 47% were male. There were no significant differences at baseline in BMI, fasting glucose, or HOMA-IR, 

indicating well-matched groups at the start of the trial. 

Following the intervention, both groups demonstrated improvements in glycemic parameters, but changes were more pronounced 

in the plant-based protein group. As shown in Table 2, fasting glucose decreased from 110.4 ± 8.2 to 101.2 ± 7.5 mg/dL in the plant-

based group compared to a smaller reduction from 109.8 ± 8.5 to 106.5 ± 7.9 mg/dL in the animal protein group (p = 0.01). Fasting 
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insulin levels declined significantly in the plant-based group (12.8 ± 2.9 to 9.6 ± 2.1 µIU/mL, p < 0.01), resulting in a greater 

reduction in HOMA-IR (mean change –0.7) than in the animal protein group (mean change –0.2, p = 0.02). HbA1c levels also 

improved modestly, showing a reduction from 5.9% to 5.6% in the plant-based diet and from 5.8% to 5.7% in the animal protein 

group (p = 0.04). 

Lipid profile outcomes, summarized in Table 3, revealed significant between-group differences favoring the plant-based protein 

intervention. Total cholesterol declined by 12.2 mg/dL and LDL cholesterol by 12.1 mg/dL in the plant-based group, compared to 

smaller reductions of 4.2 mg/dL and 4.2 mg/dL respectively in the animal protein group (p = 0.02 and p = 0.01). HDL cholesterol 

showed a mild but significant increase in the plant-based group (44.5 ± 5.3 to 47.8 ± 5.6 mg/dL, p = 0.04), while triglycerides 

decreased by 13.4 mg/dL versus 4.6 mg/dL in the animal group (p = 0.03). 

Anthropometric results (Table 4) demonstrated consistent trends with metabolic improvements. Body weight decreased by 2.7 ± 1.1 

kg in the plant-based group versus 1.3 ± 0.9 kg in the animal protein group (p = 0.04). BMI declined slightly in both groups, though 

between-group differences did not reach statistical significance (p = 0.06). Waist circumference showed a greater reduction among 

plant-based participants (–3.6 cm vs. –1.9 cm; p = 0.03), aligning with improved insulin sensitivity markers. 

The comparative analysis through repeated measures ANOVA confirmed a significant time-by-group interaction for fasting glucose 

(F = 5.21, p = 0.02), HOMA-IR (F = 6.14, p = 0.01), and total cholesterol (F = 4.89, p = 0.03), suggesting a stronger metabolic 

improvement in response to the plant-based protein intervention. 

Collectively, the data indicated that while both dietary patterns positively influenced metabolic health, the plant-based protein diet 

yielded greater improvements in insulin sensitivity, lipid metabolism, and central adiposity over the 12-week study period. 

Table 1. Baseline Demographic Characteristics 

Variable Plant-Based Group (n=50) Animal Protein Group 

(n=50) 

p-value 

Age (years) 42.3 ± 6.7 43.1 ± 6.4 0.54 

Male (%) 48% 46% 0.82 

BMI (kg/m²) 29.2 ± 3.1 28.9 ± 2.9 0.63 

Baseline Fasting Glucose 

(mg/dL) 

110.4 ± 8.2 109.8 ± 8.5 0.74 

Baseline HOMA-IR 3.1 ± 0.6 3.0 ± 0.5 0.59 

 

Table 2. Changes in Insulin Sensitivity and Glucose Parameters 

Variable Plant-Based 

(Baseline) 

Plant-Based (12 

weeks) 

Animal Protein 

(Baseline) 

Animal Protein 

(12 weeks) 

p-value (between 

groups) 

Fasting Glucose 

(mg/dL) 

110.4 101.2 109.8 106.5 0.01 

Fasting Insulin 

(µIU/mL) 

12.8 9.6 12.5 11.1 0.03 

HOMA-IR 3.1 2.4 3.0 2.8 0.02 

HbA1c (%) 5.9 5.6 5.8 5.7 0.04 

 

Table 3. Lipid Profile Changes 

Variable Plant-Based 

(Baseline) 

Plant-Based (12 

weeks) 

Animal Protein 

(Baseline) 

Animal Protein (12 

weeks) 

p-value (between 

groups) 

Total Cholesterol 

(mg/dL) 

192.3 180.1 191.6 187.4 0.02 

LDL (mg/dL) 122.4 110.3 121.8 117.6 0.01 

HDL (mg/dL) 44.5 47.8 43.9 45.1 0.04 

Triglycerides 

(mg/dL) 

152.1 138.7 150.9 146.3 0.03 
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Table 4. Anthropometric Outcomes 

Variable Plant-Based 

(Baseline) 

Plant-Based (12 

weeks) 

Animal Protein 

(Baseline) 

Animal Protein 

(12 weeks) 

p-value (between 

groups) 

Body Weight (kg) 78.6 75.9 78.1 76.8 0.04 

BMI (kg/m²) 29.2 28.3 28.9 28.4 0.06 

Waist 

Circumference 

(cm)  

96.8 93.2 96.4 94.5 0.03 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 1 Mean Reduction in HOMA-IR After 12 Weeks 
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Figure 2 Reduction in Total Cholesterol After 12 Weeks 
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Discussion 

The findings of this randomized controlled trial demonstrated that a plant-based protein diet produced greater improvements in 

insulin sensitivity, lipid profile, and central adiposity compared to a diet rich in lean animal protein among adults at risk for type 2 

diabetes(18). These results strengthen the emerging evidence suggesting that plant-derived proteins exert more favorable metabolic 

effects than animal proteins when incorporated into an isocaloric and balanced nutritional plan(19). The observed improvements in 

fasting glucose, fasting insulin, and HOMA-IR values within the plant-based group indicate enhanced peripheral insulin action and 

reduced hepatic glucose output, both of which are critical mechanisms in delaying the transition from prediabetes to overt diabetes. 

The superior metabolic performance of plant-based protein may be attributed to several interrelated nutritional and biochemical 

mechanisms(20). Plant proteins are typically accompanied by dietary fibers, unsaturated fatty acids, antioxidants, and bioactive 

phytochemicals that collectively modulate glucose metabolism and inflammation(21). The improvement in insulin sensitivity seen 

in the plant-based group likely reflects these synergistic effects. Moreover, the lower content of branched-chain amino acids in plant 

proteins compared with animal proteins may have mitigated chronic activation of the mTOR pathway, a process often implicated in 

insulin resistance. Additionally, higher arginine content in plant proteins could have enhanced nitric oxide production and endothelial 

function, further facilitating glucose uptake in peripheral tissues(22). 

The improvement in lipid parameters within the plant-based group highlights another important dimension of metabolic benefit(22). 

The significant reductions in total and LDL cholesterol, alongside a modest rise in HDL levels, indicate a shift toward a more 

favorable lipid profile, consistent with reduced cardiometabolic risk. The decrease in triglycerides was also noteworthy, suggesting 

improved lipid oxidation and reduced hepatic fat accumulation. These outcomes reinforce the concept that plant-derived proteins, 

when integrated into an energy-controlled diet, can positively influence both glucose and lipid metabolism. While the lean animal 

protein group also exhibited modest improvements, the magnitude of change was smaller, suggesting that even lean animal sources 

may not entirely mitigate the metabolic consequences associated with their amino acid and fatty acid compositions. 

The reductions in body weight and waist circumference further support the role of plant-based diets in improving overall metabolic 

health. The observed decrease in central adiposity is particularly relevant, as visceral fat is closely linked to insulin resistance and 

systemic inflammation. The greater reduction in waist circumference in the plant-based group may be partially explained by higher 

satiety levels and better energy regulation associated with fiber-rich plant foods. Although both groups were provided isocaloric 

meal plans, the higher fiber density of the plant-based diet may have contributed to lower overall energy absorption, leading to 

modest weight reduction. 

These findings align with previous observations that plant-centered dietary patterns such as vegetarian, vegan, or Mediterranean 

diets are associated with improved glycemic control and reduced diabetes risk. However, the present study adds specificity by 

isolating protein source as a controlled dietary variable rather than comparing entirely different dietary patterns. By doing so, it 

provides a clearer understanding of the independent role of protein origin in modulating insulin sensitivity. The results also suggest 

that even in the absence of full vegetarianism, partial substitution of animal protein with plant-derived alternatives may yield 

measurable metabolic benefits within a relatively short timeframe. 

The strengths of this study include its randomized design, well-defined inclusion criteria, and controlled dietary interventions that 

minimized confounding variables. Both diets were isocaloric and matched for macronutrient distribution, ensuring that observed 

differences arose primarily from protein source rather than caloric imbalance or overall diet composition. The use of validated 

biochemical tools such as HOMA-IR and standardized assays enhanced the reliability of the outcomes. Additionally, the study’s 

focus on individuals at risk for type 2 diabetes provided a relevant clinical perspective, as this population stands to benefit most 

from targeted nutritional interventions. 

Nevertheless, certain limitations must be acknowledged. The study duration of twelve weeks, though sufficient to capture short-

term metabolic changes, may not reflect long-term sustainability or outcomes. Dietary adherence relied on self-reported records and 

periodic dietary recalls, which, despite regular monitoring, may have introduced reporting bias. The exclusion of vegetarians and 

individuals with chronic illnesses limits the generalizability of the findings to broader populations. Moreover, while biochemical 

measures were robust, the study did not include molecular or microbiome analyses that could have provided deeper mechanistic 

insight into the observed differences. Future studies should integrate such analyses to explore pathways involving gut microbiota, 

inflammatory mediators, and metabolomics to elucidate the biological underpinnings of protein-source effects. 

It is also important to recognize that plant-based proteins can vary widely in amino acid composition and digestibility. The outcomes 

observed here may not apply uniformly across all plant protein sources, as differences exist between soy-based, legume-based, and 
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mixed plant proteins. Similarly, although lean animal protein sources were used to minimize saturated fat intake, subtle differences 

in preparation or bioavailability could have influenced the results. Future trials incorporating longer follow-up, crossover designs, 

and more diverse populations would enhance the strength and external validity of these findings. 

In conclusion, the study demonstrated that plant-based protein consumption led to superior improvements in insulin sensitivity, lipid 

regulation, and adiposity reduction compared with lean animal protein in adults at risk for type 2 diabetes. These findings emphasize 

the potential of plant-based protein as a strategic dietary component in metabolic disease prevention. While both protein sources 

contributed positively to metabolic health, the greater efficacy of plant-derived proteins supports a growing shift toward 

incorporating more plant-based foods within balanced dietary frameworks for cardiometabolic risk reduction. 

Conclusion 

The study concluded that a plant-based protein diet significantly improved insulin sensitivity, lipid profile, and central adiposity 

compared to a lean animal protein diet in adults at risk for type 2 diabetes. These findings highlight the metabolic advantages of 

plant-derived proteins and support their inclusion as a core component of dietary strategies for diabetes prevention and metabolic 

health improvement. Incorporating plant-based proteins into daily nutrition may offer a practical, sustainable, and effective approach 

to reducing the burden of insulin resistance and related cardiometabolic risks. 
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