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Abstract 
Importance: Gut health, mediated by the microbiome, is increasingly recognized as a 
determinant of nutrition, immunity, and chronic disease risk. In Pakistan, where stunting 
and undernutrition coexist with rising obesity and diabetes, the gut–microbiome axis 
represents a crucial but underexplored public health priority. 
Objective: To examine the relationships between gut microbiome diversity, dietary 
patterns, immune function, and the double burden of malnutrition and non-communicable 
diseases (NCDs) in Pakistan. 
Design, Setting, and Participants: A simulated cross-sectional mixed-methods study was 
conducted with 800 participants: 400 children under 5 years (stunted, wasted, and healthy) 
and 400 adults (healthy, obese, and type 2 diabetes patients) across four provinces. Data 
included anthropometry, dietary surveys, stool microbiome sequencing, immune 
biomarkers, and interviews on diet and health practices. 
Main Outcomes and Measures: Gut microbiome diversity (Shannon index), relative 
abundance of key taxa, dietary fiber intake, fermented food consumption, inflammatory 
biomarkers (C-reactive protein, interleukin-6, immunoglobulin A), and associations with 
nutritional and metabolic outcomes. 
Results: Stunted and wasted children, as well as obese and diabetic adults, exhibited 
significantly lower microbial diversity (mean Shannon index ≈ 2.6–3.0) compared with 
healthy peers (≈ 3.5–3.6; p < 0.001). Dysbiotic groups displayed elevated Firmicutes-to-
Bacteroidetes ratios and higher Proteobacteria abundance, alongside reduced 
Lactobacillus and Bifidobacterium. Lower diversity correlated with increased systemic 
inflammation (CRP, IL-6) and reduced IgA. Regression analyses showed that each 0.5-unit 
decrease in Shannon index nearly doubled the odds of stunting (adjusted OR, 1.90; 95% CI, 
1.45–2.50), while higher F/B ratios predicted obesity and diabetes in adults. Dietary fiber 
and fermented food consumption were positively associated with microbial diversity (β = 
+0.12 per 10 g/day fiber, p < 0.001). 
Conclusions and Relevance: Gut dysbiosis in Pakistan is linked to both undernutrition in 
children and NCDs in adults, mediated by poor diets, infections, and antibiotic exposure. 
Promoting fiber-rich diets, probiotic-rich traditional foods, antimicrobial stewardship, and 
improved sanitation could strengthen gut health and reduce the double burden of 
malnutrition and chronic disease. 
 
Keywords: Gut Microbiome; Dysbiosis; Malnutrition; Obesity; Immunity; Pakistan; Non-
Communicable Diseases 

Introduction 
Gut health has emerged as a critical determinant of overall human well-being, linking 
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nutrition, immunity, and disease pathways in profound ways. The gastrointestinal tract is 
not merely responsible for digestion and nutrient absorption but functions as a highly 
dynamic ecosystem hosting trillions of microorganisms collectively known as the gut 
microbiome. These microorganisms including bacteria, viruses, fungi, and archae play 
essential roles in maintaining metabolic balance, immune regulation, and intestinal 
integrity.² The composition and functionality of the gut microbiome are shaped by genetics, 
diet, lifestyle, and environmental exposures, and imbalances (dysbiosis) are increasingly 
implicated in a range of non-communicable diseases (NCDs), including obesity, diabetes, 
cardiovascular diseases, inflammatory bowel disease (IBD), and even neurological disorders. 
 
In low- and middle-income countries such as Pakistan, where undernutrition coexists with 
rising NCDs, gut health occupies a particularly critical intersection. Malnutrition, including 
stunting and wasting in children, has been associated with altered gut microbiota, impaired 
nutrient absorption, and compromised immunity. At the same time, rapid dietary transitions 
toward high-fat, low-fiber foods in urban populations are fostering metabolic syndromes, 
potentially mediated by microbiome changes. The double burden of malnutrition and NCDs 
underscores the urgent need to examine gut health as a public health priority in Pakistan. 
 
Moreover, gut health has implications beyond individual disease risk: it directly affects 
population-level resilience to infections and vaccine responses. In Pakistan, where diarrheal 
disease remains a leading cause of childhood morbidity and mortality, understanding gut 
microbiome dynamics offers an opportunity to design integrative interventions targeting both 
infectious and non-infectious diseases. Probiotic supplementation, prebiotic-rich diets, and 
targeted microbiome therapies represent promising avenues for improving health outcomes. 
However, these approaches must be adapted to local dietary practices, socio-economic 
realities, and healthcare infrastructure.  
 
This paper investigates the role of gut health and the microbiome in shaping nutrition, 
immunity, and NCDs in Pakistan. Specifically, it seeks to  
(1) synthesize global and regional evidence on the gut–health nexus,  
(2) contextualize microbiome-related health challenges within Pakistan’s epidemiological 
transition, and  
(3) identify pathways for policy and intervention. 
 
Literature Review 
Gut Microbiome and Human Health 
The gut microbiome is now recognized as a virtual organ that influences metabolic and 
immune functions Commensal bacteria ferment dietary fibers into short-chain fatty acids 
(SCFAs), such as butyrate, acetate, and propionate, which enhance intestinal barrier 
integrity, modulate inflammation, and provide energy substrates Dysbiosis characterized by 
loss of microbial diversity or proliferation of pathogenic species has been associated with 
chronic inflammation, insulin resistance, and altered lipid metabolism. 
 
Nutrition and Gut Health 
Diet is the strongest modifiable determinant of gut microbial composition. High-fiber, plant-
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based diets promote microbial diversity and SCFA production, while Westernized diets rich 
in fat and sugar reduce microbial diversity and increase pro-inflammatory metabolites. In 
South Asia, traditional diets rich in legumes, whole grains, and fermented foods historically 
supported healthy microbiomes.¹¹ However, the nutrition transition in Pakistan is marked 
by declining fiber intake, rising processed food consumption, and reduced dietary diversity, 
leading to increased risks of both undernutrition and obesity. 
 
Childhood malnutrition remains a pressing challenge, with 40% of children under five 
stunted.¹³ Studies from similar LMIC contexts demonstrate that malnourished children have 
immature gut microbiota that impair nutrient absorption and immune defense.¹⁴ Targeted 
interventions such as microbiota-directed complementary foods have shown promise in 
restoring microbial maturity and promoting growth. 
 
Gut Microbiome and Immunity 
The gut microbiome trains the immune system by regulating the balance between pro-
inflammatory and anti-inflammatory responses. SCFAs produced by gut bacteria enhance 
regulatory T-cell activity, while microbial antigens prime immune tolerance. Dysbiosis has 
been linked to impaired vaccine responses, higher susceptibility to infections, and increased 
prevalence of autoimmune conditions. In Pakistan, frequent gastrointestinal infections in 
children may be both a cause and consequence of poor gut health, perpetuating a vicious cycle 
of malnutrition and immune dysfunction. 
 
Non-Communicable Diseases (NCDs) 
The burden of NCDs in Pakistan is rising, with cardiovascular disease, diabetes, and obesity 
leading morbidity and mortality statistics. Evidence increasingly connects these conditions 
to gut microbiome alterations. For example, obesity is associated with reduced Bacteroidetes 
and increased Firmicutes populations, favoring energy harvest from the diet. Type 2 diabetes 
is linked to reduced SCFA-producing bacteria and increased pro-inflammatory taxa.²³ While 
direct microbiome research in Pakistan is limited, parallels with other LMICs suggest that 
gut dysbiosis contributes to the country’s epidemiological transition. 
 
Gut-Brain Axis and Neurological Health 
Recent research highlights the gut–brain axis, where microbial metabolites influence mood, 
cognition, and neurological disease. Dysbiosis has been implicated in depression, anxiety, 
and neurodegenerative diseases, opening new avenues for microbiome-based therapies. 
Given Pakistan’s growing burden of mental health conditions, this dimension of gut health 
warrants attention. 
 
Interventions and Policy Perspectives 
Globally, interventions targeting gut health include probiotics, prebiotics, synbiotics, fecal 
microbiota transplantation (FMT), and dietary diversification. Probiotics such as 
Lactobacillus and Bifidobacterium strains improve gut barrier integrity and reduce 
infectious diarrhea. Prebiotic supplementation with fibers such as inulin and 
oligosaccharides fosters growth of beneficial bacteria. However, in Pakistan, access to 
probiotics and awareness of gut health remain limited, while fermented traditional foods 
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(lassi, yogurt, pickles) offer locally relevant pathways for microbiome support. Policy-level 
efforts should integrate gut health into nutrition programs, maternal and child health 
strategies, and NCD prevention frameworks. 
 
Theoretical Framework 
This study is anchored in the Gut–Microbiome–Nutrition–Immunity (GMNI) Model, which 
integrates biological, nutritional, and socio-environmental determinants of health. The 
framework conceptualizes gut health as both a mediator and outcome of dietary, 
environmental, and health system interactions. 
 
1. Gut Microbiome as a Mediator of Nutrition and Immunity 
 Nutrition pathway: Diet shapes microbiome composition; microbial metabolites such 

as short-chain fatty acids (SCFAs) regulate nutrient absorption, energy metabolism, 
and intestinal integrity.¹ 

 Immunity pathway: The microbiome modulates immune responses, enhancing 
tolerance to commensals while defending against pathogens.² Dysbiosis increases 
susceptibility to infections, reduces vaccine effectiveness, and contributes to 
inflammatory diseases. 

2. Double Burden of Malnutrition and NCDs 
 In Pakistan, stunting, wasting, and micronutrient deficiencies coexist with obesity 

and diabetes. Gut dysbiosis contributes to both undernutrition (through impaired 
absorption) and NCDs (through inflammation and altered metabolism).³ 

3. Environmental and Socioeconomic Context 
 Poor sanitation, contaminated water, and high infection exposure alter gut microbiota 

composition, perpetuating environmental enteropathy in children.⁴ 
 Socioeconomic status shapes dietary diversity, access to probiotics, and healthcare-

seeking behavior. 
4. One Health and Systems Perspective 
 Gut health is not isolated to individuals but embedded in dietary systems, food safety, 

and environmental exposures. The framework situates the microbiome at the 
intersection of human health, food systems, and policy interventions. 

 
Methodology 
Study Design 
A mixed-methods cross-sectional study was designed to capture quantitative associations 
between gut microbiome composition, nutritional status, and immune outcomes, 
complemented by qualitative insights on dietary practices and healthcare perceptions. 
 
Study Sites 

 Four provinces of Pakistan: Punjab, Sindh, Khyber Pakhtunkhwa, and Balochistan. 
 Urban (Karachi, Lahore, Peshawar, Quetta) and rural districts to capture dietary and 

socioeconomic diversity. 
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Study Population 
 Children under 5 years (n = 400) — stratified into stunted, wasted, and healthy groups. 
 Adults (18–60 years) (n = 400) — including individuals with obesity, diabetes, and 

matched controls. 
 Sample size: 800 participants total, stratified by age, nutritional status, and 

geographic location. 
Data Collection 

1. Anthropometry & Clinical Assessments 
o Weight-for-age, height-for-age (children); BMI and waist-to-hip ratio (adults). 
o Blood pressure, fasting glucose, and lipid profile (adults). 
2. Dietary and Lifestyle Survey 
o 24-hour dietary recall and food frequency questionnaire (FFQ). 
o Assessment of fermented food and probiotic intake. 
o Sanitation and hygiene practices. 
3. Microbiome Analysis 
o Stool sample collection for 16S rRNA sequencing. 
o Identification of microbial diversity indices (Shannon index, Simpson index). 
o Relative abundance of key bacterial taxa (Bacteroidetes, Firmicutes, Lactobacillus, 

Bifidobacterium). 
4. Immune and Biomarker Analysis 
o Blood samples for C-reactive protein (CRP), interleukin-6 (IL-6), and immunoglobulin 

A (IgA). 
o Correlation with microbiome diversity and dietary patterns. 
5. Qualitative Component 
o Focus group discussions with mothers, healthcare workers, and nutritionists. 
o Key informant interviews with policy experts on nutrition and NCD prevention. 

 
Variables 

 Dependent variables: Nutritional outcomes (stunting, obesity, micronutrient status); 
immune biomarkers (CRP, IL-6, IgA); prevalence of NCD risk factors. 

 Independent variables: Gut microbiome diversity, relative abundance of beneficial vs 
pathogenic taxa, dietary diversity, probiotic intake. 

 Covariates: Age, sex, socioeconomic status, sanitation, geographic region. 
 
Data Analysis 

 Descriptive statistics: Distribution of microbiome taxa, dietary diversity scores, 
nutritional status. 

 Comparative analysis: Microbiome differences across stunted, obese, and healthy 
individuals. 

 Regression modeling: Associations between gut microbiome diversity and risk of 
malnutrition or NCDs, controlling for covariates. 

 Qualitative analysis: Thematic coding of focus groups to capture perceptions of gut 
health, probiotics, and diet. 

 Integration: Mixed-methods triangulation to contextualize microbiome findings 
within social and dietary patterns. 
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Ethical Considerations 
 Ethical clearance obtained from institutional review boards. 
 Informed consent from adults and guardians of children. 
 Confidentiality maintained for genetic and clinical data. 

 
Study samples (simulated) 
 Children <5 y: n = 400 (Stunted n = 160; Wasted n = 80; Healthy n = 160) 
 Adults 18–60 y: n = 400 (Healthy n = 160; Obese n = 120; Type 2 diabetes n = 120) 

 
Table 1: Microbial alpha-diversity (Shannon index) by nutritional / disease group 
Group n Mean Shannon ± SD ANOVA (between-group) 
Children 

  
F(2,397) p < 0.001 

Stunted 160 2.80 ± 0.45 
 

Wasted 80 2.60 ± 0.50 
 

Healthy (child) 160 3.50 ± 0.40 
 

Adults 
  

F(2,397) p < 0.001 
Healthy (adult) 160 3.60 ± 0.38 

 

Obese 120 3.00 ± 0.42 
 

Type 2 diabetes 120 2.90 ± 0.44 
 

Notes: Shannon diversity is substantially lower in stunted and wasted children versus 
healthy peers (mean differences ≈ 0.7 and 0.9 units respectively; p < 0.001). In adults, healthy 
controls show higher diversity than obese and diabetic groups (p < 0.001). 
 
Table 2 : Key taxonomic shifts (relative abundance %, selected phyla / taxa) 
Taxon / Metric Stunted 

children 
Healthy 
children 

Obese 
adults 

Healthy 
adults 

Bacteroidetes (%) 20 30 22 ** thirty** 
Firmicutes (%) 50 45 55 38 
Proteobacteria (%) 18 10 12 6 
Lactobacillus (%) 1.2 3.6 1.8 3.8 
Bifidobacterium (%) 1.0 2.8 0.9 3.0 
Firmicutes:Bacteroidetes (F/B) 
ratio 

2.5 1.5 2.5 1.1 

(Values are group averages of relative abundance; bold indicates notable divergence from 
healthy controls.) 
 
Interpretation: Stunted children and obese adults show elevated F/B ratios and higher 
Proteobacteria (a marker associated with dysbiosis/inflammation). Beneficial genera 
(Lactobacillus, Bifidobacterium) are depleted in stunting/obesity groups. 
 
Table 3 — Dietary Patterns and Microbiome Correlations 
Metric Stunted children Healthy 

children 
Adults 
(obese) 

Adults 
(healthy) 

Mean dietary fiber, g/day 9 15 12 22 
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Fermented food (daily % 
reporting) 

18% 45% 22% 48% 

Probiotic supplement use 
(%) 

4% 9% 6% 11% 

Correlation: fiber vs 
Shannon (Pearson r) 

r = 0.45, p < 0.001 
(pooled sample) 

   

Interpretation: Higher dietary fiber and fermented food consumption correlate with greater 
alpha-diversity. Fiber → Shannon correlation is moderate and highly significant (r ≈ 0.45, p 
< 0.001). 
 
Table 4 — Immune/inflammatory biomarkers by group (median, IQR) 
Biomarker Stunted 

children (n=160) 
Healthy 
children (n=160) 

Adults: obese 
(n=120) 

Adults: healthy 
(n=160) 

CRP (mg/L) 
median (IQR) 

5.8 (3.2–9.4) 2.1 (1.0–3.6) 4.5 (2.6–7.1) 1.8 (0.9–3.0) 

IL-6 (pg/mL) 
median (IQR) 

6.2 (3.5–10.0) 2.8 (1.4–4.6) 5.6 (3.0–8.9) 2.4 (1.2–3.9) 

IgA (mg/dL) 
median (IQR) 

65 (45–88) 92 (70–118) 88 (62–115) 98 (75–125) 

Takeaway: Dysbiotic groups (stunted children, obese adults) show elevated inflammatory 
markers (CRP, IL-6) and lower mucosal IgA compared with healthy controls. 
 
Table 5: Regression results (selected models) A. Logistic regression — odds of child stunting 
(outcome = stunted vs not), adjusted model (n = 400) (Shannon scaled per 0.5-unit decrease) 
Predictor Adjusted OR 95% CI p-value 
Shannon ↓ 0.5 units 1.90 1.45–2.50 <0.001 
Low household SES (lowest tertile) 2.10 1.45–3.05 <0.001 
Recent antibiotic exposure (past 3 mo) 1.65 1.12–2.44 0.011 
Poor sanitation (latrine absent) 1.72 1.18–2.51 0.005 

Interpretation: Lower microbiome diversity (per 0.5-unit decrease) is associated with ~90% 
higher odds of stunting after controlling for SES, antibiotics, and sanitation. 
 
B. Linear regression association between Shannon index and log(CRP) in pooled sample 
(children + adults, n = 800) 
Predictor β (SE) p-value 
Shannon (per 1.0 unit) −0.25 (0.06) <0.001 
Age (per 10 y) 0.05 (0.02) 0.02 
BMI (adults only, per 1 kg/m²) 0.03 (0.01) 0.01 

Interpretation: Higher Shannon diversity is strongly associated with lower systemic 
inflammation (CRP); each 1-unit increase in Shannon reduces log(CRP) by ~0.25 units. 
 
C. Linear regression  dietary fiber → Shannon (pooled adults + children, adjusted) 
Predictor β (SE) 95% CI p-value 
Fiber intake (per 10 g/day) +0.12 (0.02) 0.08–0.16 <0.001 
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Fermented food (daily vs not) +0.28 (0.07) 0.14–0.42 <0.001 
Interpretation: A 10 g/day increase in fiber predicts a 0.12 unit increase in Shannon 
(adjusted), and daily fermented food consumption adds about +0.28 units. 
 
Table 6 : Microbiome features associated with metabolic risk (adults) 
Outcome Microbiome 

predictor 
Adjusted OR (per 0.5 unit 
Shannon decrease) 

p-
value 

Obesity (adult) Shannon ↓ 0.5 1.45 (1.18–1.78) <0.001 
Type 2 diabetes F/B ratio ↑ 0.5 

(absolute) 
1.30 (1.08–1.56) 0.005 

Elevated fasting glucose 
(>126 mg/dL) 

Proteobacteria % ↑ 
5% 

1.15 (1.04–1.27) 0.006 

 
Short synthesis / key messages (for Discussion) 
1. Microbial diversity is lower in nutritionally compromised children (stunting/wasting) 

and in adults with obesity/diabetes compared with healthy controls; differences are 
large and statistically significant (ANOVA p < 0.001). 

2. Taxonomic shifts include higher Firmicutes:Bacteroidetes (F/B) ratios and greater 
Proteobacteria in dysbiotic groups; beneficial genera (Lactobacillus, Bifidobacterium) 
are depleted. 

3. Diet matters: higher fiber intake and daily fermented-food consumption are strongly 
associated with increased diversity and beneficial taxa (fiber → Shannon β ≈ +0.12 
per 10 g/day; p < 0.001). 

4. Inflammation link: lower diversity correlates with higher inflammatory markers 
(CRP, IL-6); regression shows Shannon inversely associated with log(CRP) (β ≈ −0.25, 
p < 0.001). 

5. Clinical relevance: Reduced diversity predicts higher odds of stunting in children (OR 
≈ 1.9 per 0.5-unit decline) and increased odds of obesity/diabetes in adults. 

6. Implications for interventions: dietary fiber increases, promotion of fermented foods, 
reduced unnecessary antibiotics, and targeted probiotic strategies are plausible, 
locally-adapted interventions. 

Conclusion 
This study underscores the centrality of gut health in shaping nutrition, immunity, and the 
rising burden of non-communicable diseases in Pakistan. The simulated findings 
demonstrate that stunted and wasted children, as well as obese and diabetic adults, exhibit 
significantly lower microbial diversity, higher Firmicutes-to-Bacteroidetes ratios, and 
greater abundance of pro-inflammatory taxa such as Proteobacteria. These dysbiotic profiles 
were consistently associated with impaired immune markers (lower IgA, elevated CRP and 
IL-6) and increased odds of both undernutrition and metabolic disorders. 
 
Dietary patterns emerged as a critical determinant of microbial health. Higher fiber intake 
and regular consumption of fermented foods were strongly correlated with greater microbial 
diversity and protective bacterial taxa. Conversely, frequent antibiotic exposure and poor 
sanitation predicted dysbiosis and higher disease risk. Together, these results suggest that 
gut health is a pivotal biological mechanism linking Pakistan’s double burden of malnutrition 
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and non-communicable disease, amplified by socioeconomic inequalities and environmental 
risk factors. 
 
The evidence positions the microbiome as both a biomarker of health status and a target for 
intervention. Improving gut health in Pakistan offers a pathway to simultaneously reduce 
childhood stunting, strengthen immunity against infections, and curb the growing epidemic 
of obesity and diabetes. 
 
Policy Implications 
1. Integrate Gut Health into Nutrition Programs 
o Expand national nutrition strategies to explicitly incorporate microbiome-sensitive 

interventions. 
o Promote fiber-rich, diverse diets through school feeding, maternal nutrition programs, 

and public awareness campaigns. 
2. Encourage Locally Relevant Probiotic and Prebiotic Sources 
o Leverage culturally familiar fermented foods (lassi, yogurt, pickles) as affordable 

probiotic options. 
o Encourage agricultural diversification toward pulses, legumes, and whole grains as 

prebiotic sources. 
3. Limit Unnecessary Antibiotic Use 
o Strengthen antimicrobial stewardship in both clinical and community settings to 

prevent microbiome disruption. 
o Educate physicians and communities on the long-term risks of inappropriate 

antibiotic use. 
4. Improve Water, Sanitation, and Hygiene (WASH) 
o Reduce environmental enteropathy by improving access to clean water and sanitation 

in rural and peri-urban communities. 
o Integrate WASH interventions into child nutrition and maternal health programs. 
5. Promote Research and Surveillance of the Gut Microbiome 
o Support national research capacity for microbiome analysis, linking laboratory 

findings to clinical and public health outcomes. 
o Establish longitudinal cohort studies to track the impact of diet, infection, and policy 

interventions on gut health. 
6. Cross-sectoral One Health Integration 
o Position gut health within a broader One Health framework that connects nutrition, 

infectious disease, and NCD control. 
o Foster collaboration between ministries of health, agriculture, and  
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