



Review Article
Red Meat Consumption and Metabolic Diseases in LMICs: Risks, Mechanisms and the Mediterranean Diet as a Solution
Abstract
Background
Metabolic diseases, including obesity, type 2 diabetes (T2D), and cardiovascular diseases (CVDs), are rising globally, with low- and middle-income countries (LMICs) experiencing a disproportionate increase. This increase is partially due to dietary shifts, particularly increased red meat consumption, contributing to these trends through processes such as gut microbiome dysbiosis, carcinogenesis, metabolic chronic inflammation and insulin resistance. While high-income countries (HICs) have implemented dietary guidelines to mitigate risks, LMICs often lack such policies and public awareness.
Objective
This review examines the metabolic health impacts of red meat consumption, contrasts them with the Mediterranean diet, and explores the implications of dietary and fiscal policy guidelines promoting healthy and sustainable diets for LMICs.
Main Findings
Excessive red meat consumption, particularly processed varieties, is associated with obesity, insulin resistance, and increased cardiovascular risk through mechanisms such as gut microbiota alterations, trimethylamine-N-oxide (TMAO) production, and epigenetic modifications. In contrast, the Mediterranean diet-rich in plant-based foods, healthy fats, and lean proteins offers protective benefits against metabolic diseases. Implementing this dietary approach in LMICs is crucial to curb the rising burden of metabolic diseases. However, economic constraints, cultural dietary habits, and food accessibility challenges hinder its widespread adoption. Policy interventions, including public education, dietary guidelines, and subsidies for healthier food options, are essential for promoting sustainable dietary shifts despite these barriers.
Conclusion
Addressing the rising burden of metabolic diseases in LMICs requires a multi-faceted approach: reducing red meat intake, promoting the Mediterranean diet, and implementing evidence-based policies. Future research should focus on culturally tailored dietary interventions and the role of precision nutrition in mitigating metabolic health disparities in LMICs.
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1.0 Introduction
Metabolic diseases, including obesity, type 2 diabetes, and cardiovascular diseases (CVDs), have emerged as major public health challenges worldwide, with particularly concerning trends in low- and middle-income countries (LMICs). While genetic predisposition plays a role, dietary consumption is a primary modifiable factor influencing the prevalence of these metabolic disorders (Li et al., 2021; Seth et al., 2020). Among dietary contributors, red and processed meat consumption has been implicated in metabolic disease progression through mechanisms such as increased oxidative stress, chronic inflammation, insulin resistance, and dyslipidemia (Pan et al., 2012; Schwingshackl et al., 2021).
Obesity, a key risk factor for metabolic diseases, is defined as excessive fat accumulation resulting from an increase in adipocyte size or number. The World Health Organization (WHO) categorizes obesity as a body mass index (BMI) exceeding 30 kg/m², while overweight is defined as a BMI above 25 kg/m² (Organization, 2022). Beyond excess weight, obesity is closely associated with comorbidities such as insulin resistance, hypertension, chronic low-grade inflammation, dyslipidemia, non-alcoholic fatty liver disease (NAFLD), certain cancers, and osteoarthritis (Khodayari et al., 2022; Shiraseb et al., 2022). In 2022, the WHO reported that obesity cases had quadrupled since 1990, with one in every eight people worldwide living with obesity. An estimated 2.5 billion adults (43% of those aged 18 and older) were overweight, while 890 million (16%) were obese. The issue extends to younger populations, with 43 million children under five and 390 million children and adolescents (ages 5 to 19) classified as overweight or obese. Previously it was considered a concern for high-income countries, obesity is now increasingly prevalent in LMICs. The prevalence of overweight children under five in Africa has risen by nearly 23% from 2000 to 2022 (Alkhatib & Obita, 2024).  In Kenya, for instance, 27% of the population were overweight or obese in 2022 (Wanjau et al., 2024). By 2035, the WHO projects that half of the global population will be overweight, with the largest increases expected in LMICs where public awareness and healthcare infrastructure remain insufficient. It is estimated that  African women obesity cases will increase from 18% to 31% while that of children from 5% to 14 % in LMICs by the year 2035 (Mussa et al., 2025)
Multiple factors contribute to rising obesity rates, including genetic susceptibility, environmental influences, and lifestyle behaviors. Specific genetic variants such as single nucleotide polymorphisms (SNPs) and haplotypes have been linked to obesity risk (Gill et al., 2019; Rana et al., 2021). However, lifestyle choices—especially diet—remain the dominant driver of obesity worldwide (Trang & Grant, 2023). LMICs have witnessed a rapid dietary transition, characterized by increased consumption of calorie-dense, processed foods and a decline in traditional diets, largely due to globalization and urbanization (Wang et al., 2025).The adoption of Westernized dietary patterns, rich in red and processed meats, has been linked to excessive weight gain and related comorbidities. In addition to BMI, waist circumference measurements exceeding 80 cm in women and 94 cm in men serve as diagnostic criteria for central obesity, a strong predictor of metabolic disease risk (Chudek et al., 2021).
This review aims to elucidate the deleterious effects of red and processed meat consumption on metabolic diseases such as obesity, type 2 diabetes, and CVDs. Additionally, it highlights the potential of the Mediterranean diet as a dietary intervention for mitigating metabolic disease risks in LMICs. The Mediterranean diet, characterized by high intake of fruits, vegetables, whole grains, legumes, nuts, and olive oil, alongside moderate fish and poultry consumption, has been associated with anti-inflammatory and cardiometabolic benefits (Scaglione et al., 2025). By shifting dietary patterns in LMICs towards a Mediterranean-style diet, significant public health gains could be achieved in combating the rising burden of metabolic diseases (Forray et al., 2025).
1.1 Methods
This review employed a comprehensive approach to examine the association between red and processed meat consumption, metabolic diseases, and the protective effects of the Mediterranean diet. A systematic search of the literature was conducted using the following databases: PubMed, Scopus, and Google Scholar. The search strategy included a combination of MeSH terms and keywords related to red meat, processed meat, metabolic diseases, and the Mediterranean diet. The full search strategy for PubMed is provided in Table 1. The same search strategy was employed for the other databases. Studies published in English between 2019 and 2025, and recorded positive association of red meat and or processed meat intake and any of the metabolic diseases at 95% confidence level were included, with a focus on human populations and dietary interventions. The identified literature was synthesized thematically to address the review’s key questions.
Table 1. Search Strategy for PubMed (Medline)
	Concept
	Search Terms

	Red and Processed Meat
	("Red Meat"[Mesh] OR "Meat"[Mesh] OR "Processed Meat"[Title/Abstract] OR "Red Meat Consumption"[Title/Abstract] OR "Meat Products"[Title/Abstract] OR "Meat Consumption"[Title/Abstract])

	Metabolic Diseases
	("Obesity"[Mesh] OR "Metabolic Diseases"[Mesh] OR "Diabetes Mellitus, Type 2"[Mesh] OR "Cardiovascular Diseases"[Mesh] OR "Insulin Resistance"[Mesh] OR "Dyslipidemias"[Mesh] OR "Inflammation"[Mesh] OR "Metabolic Syndrome"[Title/Abstract] OR "Type 2 Diabetes"[Title/Abstract] OR "Cardiovascular Disease"[Title/Abstract] OR "Chronic Inflammation"[Title/Abstract])

	Mediterranean Diet
	("Mediterranean Diet"[Mesh] OR "Diet, Mediterranean"[Title/Abstract] OR "Healthy Diet"[Title/Abstract] OR "Dietary Patterns"[Title/Abstract] OR "Nutritional Interventions"[Title/Abstract] OR "Healthy Eating"[Title/Abstract] OR "Dietary Habits"[Title/Abstract] OR "Nutritional Therapy"[Title/Abstract])

	Filters
	("Humans"[Mesh] AND "English"[Language] AND ("2000/01/01"[Date - Publication] : "2025/12/31"[Date - Publication]))


1.2 Red Meat Consumption and Metabolic Diseases
Red meat consumption has been linked to an increased risk of metabolic diseases, including obesity, type 2 diabetes (T2D), cardiovascular diseases (CVDs), and certain cancers (Pan et al., 2022)This has been demonstrated by a large number of  studies, that consistently link high intake of red meat with elevated risk for these diseases (Daneshzad et al., 2021; Hu et al., 2024).  However, a few systemic reviews have recorded limited impact of high red meat consumption on certain glycemic and inflammatory biomakers, pointing to lifestyle and genetic complexities (Chu et al., 2025; Ghosn et al., 2025; Giosue et al., 2022; Pouzou & Zagmutt 2024). Whereas these associations are well documented in high-income countries (HICs), their implications in low- and middle-income countries (LMICs) remain underexplored. The growing urbanization and dietary shifts in LMICs have led to increased red meat intake, increasing risks of metabolic disease burdens in these regions (Xie et al., 2025)
1.3 Red Meat Consumption Trends in LMICs
Recent dietary surveys indicate a sharp rise in red meat consumption in LMICs, particularly in urban areas. In Sub-Saharan Africa, per capita meat consumption has increased by 22% over the past two decades (FAO, 2021). In South Asia, while traditional diets remain plant-based, economic growth has led to a steady rise in meat intake, particularly in urban populations (Popkin et al., 2020). This dietary shift is driven by economic growth, globalization, and changing lifestyle patterns. However, disparities remain, with rural populations consuming significantly less red meat than urban counterparts.
1.4 Comparative Risk Analysis: LMICs vs. HICs
The metabolic disease burden associated with red meat consumption varies across regions due to differences in lifestyle, healthcare access, and genetic predispositions. Table 2 below summarizes key risk differences between LMICs and HICs.
Table 2: Regional Differences in Metabolic Disease Risks Associated with Red Meat Consumption
	Factor
	LMICs
	HICs
	References

	Red Meat Intake
	Increasing, particularly in urban areas
	High but stable or declining
	FAO (2021), Popkin et al. (2020)

	Obesity Prevalence
	Rising due to dietary shifts and urbanization
	High, but interventions in place
	(Casari et al., 2022), (Obita & Alkhatib, 2023)

	T2D Incidence
	Rapidly increasing, especially in Asia and Africa
	High but managed with healthcare access
	(Abdul-Samed et al., 2025),(Blasco-Blasco et al., 2020)

	CVD Risk
	Exacerbated by limited healthcare infrastructure
	Managed through preventive measures
	(Aderinto & Olatunji, 2023; Wei et al., 2021)

	Healthcare Access
	Limited access to diagnostics and treatment
	Advanced healthcare systems with better disease management
	WHO (2022)


1.5 Mechanisms Linking Red Meat to Metabolic Diseases
1.5.1 Trimethylamine-N-Oxide (TMAO) Pathway
TMAO, a metabolite derived from red meat consumption, has been implicated in increased cardiovascular risk. Studies show that gut microbiota-mediated conversion of dietary carnitine and choline into TMAO promotes atherosclerosis (Canyelles et al., 2023). In LMICs, dietary patterns rich in processed red meat may contribute to higher TMAO levels, exacerbating CVD risks with worse outcomes especially in populations with limited healthcare access.
1.5.2 Gut Microbiota Dysbiosis
Red meat consumption alters gut microbiota composition, promoting pro-inflammatory species that contribute to metabolic dysfunction. Studies suggest that LMIC populations, particularly those transitioning from traditional diets to Westernized diets, experience greater microbial shifts, increasing their susceptibility to obesity and insulin resistance (Elechi et al., 2023).
1.5.3 Epigenetic Modifications
Emerging evidence suggests that red meat consumption can induce epigenetic changes that influence metabolic disease susceptibility. DNA methylation and histone modifications in genes related to inflammation and lipid metabolism have been observed in populations consuming high amounts of processed meats (Shiraseb et al., 2022). In LMICs, where genetic predispositions may differ, further research is needed to assess the long-term epigenetic effects.
2.0 The Mediterranean Diet as a Solution: Mechanisms and Benefits for Metabolic Health
The Mediterranean Diet (MD) is a well-established nutritional approach linked to improved metabolic health and reduced risks of obesity, type 2 diabetes (T2D), and cardiovascular diseases (CVDs) (AlAufi et al., 2022a). Unlike the high red meat consumption associated with metabolic disease risks, the MD emphasizes plant-based foods, healthy fats, and lean proteins, providing protective effects against metabolic disorders. While extensively studied in high-income countries (HICs), adapting the MD to low- and middle-income countries (LMICs) is crucial in addressing the rising burden of metabolic diseases in these regions (Al-Jawaldeh, Hammerich, et al., 2020).
2.1 Adaptations of the Mediterranean Diet in LMICs
Although the MD originates from the Mediterranean region, its principles can be adapted to LMICs by emphasizing locally available foods. Key adaptations include: Use of Indigenous Grains and Legumes by substituting whole grains such as quinoa, millet, and teff, which are widely available in Africa and South Asia, for traditional Mediterranean grains like bulgur and farro. Promoting the use of locally sourced healthy fats, such as avocado, groundnut, and coconut oil, as alternatives to olive oil (Mannucci et al., 2023). While incorporating legumes, nuts, and seeds like chickpeas, lentils, and groundnuts instead of reliance on expensive fish and poultry (Schmidt & Oliveira, 2023). Minimizing processed foods by encouraging fresh foods over ultra-processed alternatives that are becoming prevalent in urban LMIC settings (Choudhury et al., 2025). These adaptations allow LMIC populations to reap the benefits of the MD while maintaining cultural and economic feasibility.
2.2 Comparative Mechanisms: Red Meat vs. Mediterranean Diet
Table 3 summarizes the contrasting mechanisms through which red meat consumption and the MD influence metabolic health:
Table 3: Contrasting Mechanisms of Red Meat Consumption and the Mediterranean Diet on Metabolic Health
	Mechanism
	Red Meat Consumption
	Mediterranean Diet

	Inflammation
	Increases inflammatory markers (CRP, IL-6, TNF-α) due to high SFA content (Shiraseb et al., 2022a)
	Reduces inflammation through high polyphenol and omega-3 content (Kosmalski et al., 2022)

	Gut Microbiota
	Promotes dysbiosis and increases pro-inflammatory bacteria (Snelson et al., 2019)
	Encourages beneficial bacteria, enhancing SCFA production (Randeni et al., 2024)

	TMAO Pathway
	Increases TMAO levels, contributing to atherosclerosis (Buffa et al., 2022)
	Reduces TMAO production through lower choline and carnitine intake (Deniz & Baş, 2025)

	Epigenetic Effects
	Promotes DNA methylation patterns linked to metabolic dysfunction (Clemente-Suárez et al., 2023)
	Supports favorable epigenetic modifications that reduce disease risk (Martín Barraza & Bars-Cortina, 2024)

	Lipid Metabolism
	Raises LDL cholesterol and triglycerides (Asadi et al., 2020)
	Improves lipid profile by increasing HDL cholesterol and reducing LDL cholesterol and triglycerides (Austin et al., 2024)

	Insulin Sensitivity
	Impairs insulin function and increases T2D risk (Sanders et al., 2023)
	Improves glucose metabolism and insulin sensitivity (Tricò et al., 2021)


2.3 Mediterranean Diet and Public Health Implications in LMICs
Given the increasing burden of metabolic diseases in LMICs, promoting MD principles can have significant public health benefits such as reducing Non-Communicable Diseases (NCDs) by mitigating the rise in obesity, diabetes, and cardiovascular diseases (AlAufi et al., 2022b). In addition, it improves Food Security and Nutrition by utilizing locally available, nutrient-dense foods within the MD framework by addressing both over nutrition and undernutrition (Al-Jawaldeh, Almamary, et al., 2020). Enhancing indigenous food production aligned with MD principles can boost local economies and reduce reliance on costly imports (Amelework et al., 2021).
2.4 Comparative Analysis: Red Meat vs. the Mediterranean Diet
The health effects of red meat consumption differ significantly from those of the Mediterranean diet. The Mediterranean diet, rich in plant-based foods, healthy fats, and moderate amounts of fish and poultry, has been associated with reduced inflammation, improved lipid profiles, and lower risk of metabolic diseases (Scaglione et al., 2025:Thomas et al., 2023). Table 4 below provides a direct comparison between the two dietary patterns:
Table 4: Comparative Analysis of Red Meat Consumption and the Mediterranean Diet
	Factor
	Red Meat Consumption
	Mediterranean Diet (MD)
	References

	Macronutrient Profile
	High in saturated fats and proteins
	High in unsaturated fats, fiber, and antioxidants
	(Al-Shaar et al., 2020; Barbouti & Goulas, 2021)

	Impact on Metabolic Health
	Associated with obesity, T2D, and CVD risk
	Protective against obesity, T2D, and CVD
	(García‐Gavilán et al., 2022; Saad, 2023)

	Inflammatory Response
	Promotes systemic inflammation due to heme iron, TMAO, and AGEs
	Anti-inflammatory properties due to polyphenols and omega-3s
	 (Shiraseb et al., 2022b), (Kupczyk et al., 2025)

	Gut Microbiota Effects
	Alters gut microbiota, favoring pro-inflammatory cytokines
	Promotes a diverse, beneficial gut microbiome
	(Wood et al., 2023 ;Ghosh et al., 2020)

	Cardiovascular Risk
	Increases LDL cholesterol, hypertension, and arterial stiffness
	Reduces LDL, improves HDL, and supports vascular health
	(Grao-Cruces et al., 2021; Sun et al., 2022)

	Cancer Risk
	Linked to colorectal and other cancers via nitrosamines and HCAs
	Lower cancer risk due to high intake of antioxidants and fiber
	(Singh et al., 2022; Surya, 2020)

	Sustainability & Accessibility
	Resource-intensive, contributes to environmental degradation
	More sustainable with plant-based and marine food sources
	(Sievert et al., 2020; Petkoska & Trajkovska-Broach, 2021)

	Adoption in LMICs
	Increasing due to urbanization and income rise
	Requires cultural adaptation but feasible with local substitutes
	Popkin et al., 2020; FAO, 2021


2.5 Challenges in Implementing Dietary Changes in LMICs
While the Mediterranean diet offers numerous health benefits, adopting it in LMICs poses several challenges which include; economic constraints where many LMICs populations cannot afford Mediterranean diet staples such as olive oil, nuts, and fish (Okai-Mensah et al., 2025). Although data on economic cost of MD diets is scarce in LMICs, a few countries are beginning to undertake longitudinal studies evaluating cost of MD diets having identified cost as an important prohibitive factor for most populations. In Kenya, a study by Matet et al., 2025, assessing MD-based nutritional shortfall revealed a clear socio-economic disparity of up to 5% in Reference Diet Deprivation (ReDD) index, between rural and urban household. In some communities, especially pastoral communities, traditional dietary preferences often favor meat-based dishes over plant-based alternatives (Modlinska et al., 2020) pointing to population specific barriers, that must be overcome for MD diet to be adopted in such areas. In addition, there is an increasing limited availability of fresh fruits, vegetables, and whole grains in LMICs, further hindering adherence to healthier dietary patterns (Kaur, 2023). Moreover, inadequate education on the health benefits of dietary changes limits widespread adoption of Mediterranean diet (Duarte et al., 2024)
2.6 Opportunities for Dietary Transition in LMICs
Despite the challenges of implementing MD diets in LMICs, several opportunities promoting healthier eating habits such as substituting olive oil with locally available healthy fats of avocado or peanut oil can make the diets more accessible (Mannucci et al., 2023). Nutrition education programs led by the government can increase awareness of healthy dietary choices (Al-Jawaldeh et al., 2023). Regulating processed food industries and subsidizing healthier food options may facilitate dietary transitions (Popkin et al., 2021). Additionally, encouraging small-scale farming of MD diet based local food can enhance access to healthier food sources (Korpelainen, 2023).
Transitioning LMIC populations toward healthier diets requires a multi-pronged strategy encompassing economic incentives, cultural adaptation, and strong policy support. While the Mediterranean diet provides an optimal model, modifications are necessary to align with regional resources and eating habits (Woodside et al., 2022). Future research should prioritize identifying effective, locally appropriate interventions to facilitate the adoption of healthier dietary patterns in these settings.
3.0 Conclusion
The rising prevalence of metabolic diseases, particularly in LMICs, underscores the urgent need for dietary interventions. High consumption of red and processed meats is consistently linked to adverse metabolic health outcomes, while the Mediterranean diet offers protective effects against obesity, type 2 diabetes, and cardiovascular diseases. As dietary patterns in LMICs shift due to urbanization and economic growth, sustainable and culturally appropriate modifications are essential. Policymakers must focus on reducing red meat consumption, increasing access to plant-based diets, and enhancing public awareness of nutrition’s role in metabolic health. Future research should prioritize cost-effective and region-specific strategies to promote dietary shifts while ensuring food security and cultural acceptability.
3.1 Future Research Directions
To strengthen evidence-based interventions and improve dietary policies, future research should focus on:
1. Longitudinal Studies in LMICs – Investigating the long-term health effects of dietary transitions, particularly the impact of increased red meat consumption on metabolic diseases across diverse populations.
2. Nutrigenomics and Precision Nutrition – Examining genetic and epigenetic factors that influence metabolic responses to red meat and the Mediterranean diet in various ethnic and regional groups.
3. Gut Microbiome and Diet Interactions – Exploring how dietary components affect gut microbiota composition and its role in metabolic health, particularly in LMIC populations.
4. Culturally Adapted Dietary Interventions – Assessing how elements of the Mediterranean diet can be integrated into traditional LMIC diets to enhance accessibility, acceptance, and sustainability.
5. Economic and Policy Impact Studies – Evaluating the cost-effectiveness of dietary modifications and their potential to reduce healthcare expenditures while improving population health in LMICs.
3.2 Limitations and Future Directions
This review primarily relies on observational studies, which, while informative, cannot establish direct causation between red meat consumption, the Mediterranean diet, and metabolic diseases. Additionally, much of the existing literature originates from high-income countries (HICs), limiting its generalizability to LMICs, where dietary patterns, economic constraints, and healthcare access differ significantly. Further research is needed to explore region-specific dietary impacts, particularly through clinical trials and long-term cohort studies in LMIC populations.
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Highlights
· Rising Metabolic Disease Burden in LMICs: Increased red meat consumption is contributing to obesity, type 2 diabetes, and cardiovascular diseases in low- and middle-income countries (LMICs).
· Red Meat vs. Mediterranean Diet: While red meat is linked to metabolic risks, the Mediterranean diet offers protective effects against chronic diseases.
· Mechanistic Insights: Trimethylamine-N-oxide (TMAO) production, gut microbiota changes, and epigenetic modifications mediate red meat’s impact on metabolic health.
· Policy Interventions: Reducing red meat intake, promoting Mediterranean diet principles, and implementing targeted public health policies are essential strategies.
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– Cardiovascular Diseases
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– Non-Communicable Diseases
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– Prostate-Specific Antigen
T2D 


– Type 2 Diabetes
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