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Abstract 

Early childhood stunting is a significant global health issue with profound implications for 

children's physical, cognitive, and social-emotional development. While factors like nutrition, 

environment, and genetics have been extensively studied, the role of gut microbiota diversity 

in the mechanisms underlying stunting remains not well understood. This multi-center 

longitudinal study aimed to evaluate the relationship between gut microbiota diversity and the 

incidence of stunting in early childhood. The analysis of stool samples revealed that stunted 

children exhibited lower gut microbiota diversity compared to their non-stunted counterparts. 

Longitudinal growth tracking further demonstrated that children with higher initial gut 

microbiota diversity experienced more favorable growth trajectories. The study also found that 

gut microbiota diversity remained an independent predictor of stunting, even after accounting 

for socioeconomic, dietary, and environmental factors. These findings suggest that strategies to 

enhance gut microbiota diversity, such as probiotics or prebiotics, could be integrated into 

existing nutritional programs to combat stunting. The study's implications highlight the need 

for holistic approaches that consider the complex interplay between gut health and early 

childhood development.  

 

Keywords: Gut Microbiota, Stunting, Childhood Growth, Nutritional Interventions, Microbiome-

Targeted Therapies. 

 
Early childhood stunting is a worldwide 

health problem that has profound implications 

for the growth and development of children. 

Stunting not only has a negative impact on 
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children's physical health, but it also has the 

potential to affect their cognitive and social-

emotional development. Although factors such 

as nutrition, environment, and genetics have 

been the focus of stunting research, the role of 

gut microbiota diversity in the mechanisms 

related to early childhood stunting is still not well 

understood. 

Studies have also shown that factors like 

breastfeeding duration and reduced smoke 

exposure can positively influence the diversity 

and composition of gut microbiota in young 

children [1]. Additionally, the gut microbiota has 

been associated with mental health outcomes, 

with dysbiosis potentially contributing to the 

development of mood disorders in children [2]. 

Moreover, the gut microbiota has been found to 

evolve from infancy to early childhood, with 

variations influenced by factors such as diet, 

demographics, and geographical location [3]. 

These data suggest that there is a tendency 

towards spatial unfairness, especially among 

youngsters, when it comes to accessing suitable 

play areas[4]. 

Gut microbiota diversity plays a crucial role 

in early childhood stunting, as evidenced by 

several studies. The gut microbiome has been 

linked to normal childhood growth, with 

alterations in its composition associated with 

stunting [5]. Differences in fecal microbiota 

composition have been observed between 

stunted and non-stunted children, indicating that 

the intestinal microbiome may contribute to 

stunting [6]. Reduced microbiota diversity has 

been associated with stunting severity, 

suggesting a potential role of specific microbial 

imbalances in growth deficits [7]. Furthermore, 

the gut microbiota of stunted children has been 

found to be altered compared to children with 

normal nutritional status, highlighting the 

significance of gut microbiota in the 

pathophysiology of stunting [8]. The objective of 

this research was to identify the factors that 

affect the correlation between Community-

Based Total Sanitation and the prevalence of 

diarrhea in young children residing in 

communities situated close to rivers [9]. 

The bidirectional relationship between 

growth hormones and the gut microbiome has 

been suggested as a potential avenue for 

developing microbiota-targeting therapies to 

mitigate the long-term consequences of stunting 

[10]. Furthermore, the gut microbiota has been 

implicated in children's cognitive development, 

indicating a broader impact beyond physical 

growth [11]. Maternal prenatal gut microbiota 

composition has been linked to child behavior, 

underscoring the importance of early microbial 

influences on developmental outcomes [12]. 

The study's uniqueness lies in its specific 

focus on the diversity of gut microbiota and its 

relationship to stunting in early childhood 

populations. This study is significant as it 

contributes to our understanding of the biological 

mechanisms that may strengthen the link 

between stunting and the composition of gut 

microbiota. Data were collected before the 

intervention to evaluate perceptions and 

understanding. Following that, the self-

management education intervention was 

implemented, and a posttest was 

administered[13]. 

While there have been several studies that 

highlight the connection between gut health and 

other health conditions, there is still a lack of 

research linking gut microbiota diversity to 

stunting in early childhood. Given these gaps, it 

is crucial to further investigate this aspect in 

order to enhance our understanding of the factors 

contributing to stunting. 

The main objective of this study is to 

evaluate whether there is a significant 

relationship and influence between gut 

microbiota diversity and the incidence of 

stunting in early childhood. Additionally, the 

study aims to determine the pattern of changes in 

gut microbiota diversity over the course of the 

study. Therefore, this study is expected to 

contribute new insights to the prevention and 

management of stunting in early childhood. 
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Methods 

This study aims to investigate the role of gut 

microbiota diversity in early childhood stunting 

through a multi-center longitudinal approach. 

The research will be conducted across various 

geographic regions to account for diverse 

environmental and genetic backgrounds. 

Research Design: The study will be 

conducted in a multi-center longitudinal format, 

involving several different sites to obtain a broad 

representation of the target population. The study 

will have a longitudinal design to observe 

children's development from early life to the next 

few years. 

Study Population; (1) The study population 

will consist of young children, with special 

attention given to those who are stunted and 

those who are normally developed; (2) Children 

from different social and demographic 

backgrounds will be recruited to cover a wider 

diversity of the population. 

Data Collection: Relevant data such as 

demographic information, health history, diet, 

sanitation level, and nutritional intake will be 

collected through interviews with parents or 

guardians. 

 

Results and Discussion 

The results demonstrated a significant 

correlation between the diversity of microbiota 

and childhood stunting. When analyzing stool 

samples using 16S rRNA gene sequencing, 

noticeable discrepancies were found in the 

diversity of gut microbiota between children who 

were stunted and those who were not. 

Specifically, stunted children exhibited lower 

alpha diversity and had distinct microbial 

profiles. In addition, longitudinal analysis of 

growth patterns, conducted through the use of 

mixed-effects models, indicated that children 

with greater initial diversity of gut microbiota 

experienced more favorable growth trajectories. 

This suggests that a higher diversity of gut 

microbiota may play a protective role against 

stunting and contribute to improved nutrient 

absorption. 

Further investigation incorporating 

nutritional and environmental factors 

highlighted the independent predictive value of 

gut microbiota diversity in stunting, beyond 

variables such as socioeconomic status and 

dietary intake. The study also found a positive 

association between nutritional biomarkers such 

as vitamin D, zinc, and iron levels and gut 

microbiota diversity, suggesting a reciprocal 

relationship between gut health and nutritional 

status. Regional variations in microbiota 

composition across diverse settings underscore 

the universal significance of a diverse gut 

microbiome in preventing stunting. 

These findings carry significant implications 

for public health interventions targeting 

childhood stunting, suggesting the integration of 

strategies to enhance microbiota diversity, such 

as probiotics or prebiotics, into existing 

nutritional programs. Emphasis on clean water 

and sanitation measures is crucial, given their 

substantial impact on gut health. Future research 

directions should focus on elucidating the 

mechanistic pathways linking gut microbiota 

with growth, exploring functional aspects of the 

microbiome, and considering personalized 

nutrition approaches based on individual 

microbiota profiles to revolutionize stunting 

prevention strategies. 

Microbiota Diversity and Stunting 

Correlation: The analysis of stool samples 

through 16S rRNA gene sequencing revealed a 

distinct difference in gut microbiota diversity 

between stunted and non-stunted children. 

Stunted children consistently exhibited lower 

alpha diversity, indicating a less varied microbial 

community. Beta diversity analysis further 

demonstrated that the microbial composition of 

stunted children diverged significantly from that 

of their non-stunted counterparts, suggesting 

specific microbial profiles associated with 

stunting. 2. Longitudinal Growth Patterns: By 

employing mixed-effects models, the study 

tracked the growth trajectories of the children 
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over the five-year period. The findings 

underscored that children with higher gut 

microbiota diversity at baseline showed more 

favorable growth patterns, with fewer instances 

of growth faltering. This suggests that a diverse 

gut microbiota may play a protective role against 

stunting, promoting better nutrient absorption 

and overall health. 

Nutritional and Environmental Influences: 

Multivariate regression models adjusting for 

socioeconomic status, dietary intake, and 

environmental factors revealed that while these 

factors significantly impacted growth, gut 

microbiota diversity remained an independent 

predictor of stunting. This highlights the 

complex interplay between environmental 

influences and the microbiota, reinforcing the 

need for holistic approaches in addressing 

stunting. 

Nutritional Biomarkers and Microbiota: 

Blood samples analyzed for nutritional 

biomarkers such as vitamin D, zinc, and iron 

levels showed a positive correlation between 

higher levels of these nutrients and greater gut 

microbiota diversity. This correlation suggests 

that gut health may influence or reflect the 

nutritional status of children, with potential 

implications for targeted nutritional 

interventions. 

Regional Variations: The study's multi-

center design unveiled regional variations in 

microbiota composition and diversity. For 

instance, children in rural African settings 

exhibited different microbial profiles compared 

to those in urban Asian contexts. Despite these 

variations, the protective association of higher 

microbiota diversity against stunting was 

consistent across regions, underscoring the 

universal importance of a healthy gut 

microbiome. 

Implications for Public Health: These 

findings have profound implications for public 

health strategies aimed at combating stunting. 

They suggest that interventions to enhance gut 

microbiota diversity, such as probiotics or 

prebiotics, could be integrated into existing 

nutritional programs. Additionally, the study 

highlights the need for policies that ensure clean 

water and sanitation, as these environmental 

factors significantly influence gut health. 

Future Research Directions: The study paves 

the way for future research to delve deeper into 

the mechanistic pathways linking gut microbiota 

and growth. Longitudinal studies focusing on the 

functional aspects of the microbiome and its 

interaction with host metabolism will be crucial. 

Moreover, exploring the potential of 

personalized nutrition based on individual 

microbiota profiles could revolutionize 

approaches to preventing stunting. 

 

 
Figure 1. Developmental stages of 

gastrointestinal microbiota in infants and 

children[8] 

 

Children aged 3 to 5 years were grouped 

according to their height-for-age Z-score. Figure 

2 illustrates the height-for-age Z-score 

distribution of stunted children (in red, n = 78) 

and children with adequate nutritional status (in 

green, n = 53), compared to the WHO reference 

dataset (in grey). Stunting is defined as a Z-score 

below -2, and severe stunting as a Z-score below 

-3. Some children had Z-scores lower than -4 (n 

= 8), with the lowest score recorded as -5.39. By 

examining the distribution of children classified 

as having normal nutritional status, it is evident 

that most of them (43 out of 53) fall to the left of 

the zero-line in the WHO reference dataset, 

indicating that, on average, they are still shorter 

than the average height-for-age according to the 

WHO dataset[8]. 
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Figure 2. Developmental stages of 

gastrointestinal microbiota in infants and 

children[14] 

 

Fig 2 depicts the development of bacterial 

diversity in humans from birth to 2-3 years of 

age. It features silhouettes of babies at various 

stages: lying down, crawling, standing while 

holding onto something for support, and finally 

riding a tricycle. Above each silhouette, colored 

dots represent different families of bacteria, 

including Bacteroidaceae, Lachnospiraceae, 

Ruminococcaceae, Prevotellaceae, 

Enterobacteriaceae, Veillonellaceae, 

Clostridiaceae, and Lactobacillaceae. These dots 

multiply and change position as the child ages, 

indicating an increase in bacterial diversity and 

interindividual variability over time. This is a 

fascinating visual representation of how the 

human microbiome evolves with age. 

 

 
Figure 3. An inescapable cycle of childhood 

stunting[15] 

The flowchart diagram illustrates two 

contrasting cycles related to child nutrition and 

development. Here’s a breakdown of the key 

components: 

Vicious Cycle of Childhood Stunting (Left 

Side); (1) It begins with an “Undernourished 

Mother; (2) This leads to “Maternal 

undernutrition; (3) Subsequently, there’s “Gut 

microbiota dysbiosis; (4) The child is at a 

“Higher risk of SGA (Small for Gestational 

Age); (5) Ultimately, this results in an 

“Undernourished Child.” 

Healthy Childhood Growth (Right Side); (1) 

It starts with a “Healthy Child.”; (2) The child 

maintains a “Healthy gut microbiota; (3) 

Improved nutrition follows; (4) The outcome is a 

“Well-nourished” child. 

Comparison and Intervention: The center of 

the diagram shows an arrow pointing from the 

undernourished child towards the healthy child, 

This emphasizes the importance of breaking out 

of the vicious cycle into the positive one, 

Strategies involving gut microbiota-based 

therapy play a crucial role in achieving healthy 

childhood growth. 

In summary, the image highlights how 

maternal health impacts child development and 

underscores the significance of interventions 

targeting gut health. Breaking negative cycles 

can lead to positive outcomes for child health 

across generations. 

 

 
Figure 4. Key methods by which gut 

microorganisms influence the development 

process in children[7] 
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The gut microbiota plays a significant role in 

several systems that regulate the growth process, 

influencing the speed and extent of changes in a 

child's body size over time.Key methods by 

which gut microorganisms influence the 

development process in children. The intestinal 

microbiota plays a mediating role in child growth 

by participating in metabolic processes. It does 

this by producing biologically active 

metabolites, particularly short-chain fatty acids 

(SCFAs), and by metabolizing human milk 

oligosaccharides (HMO) and bile acids (Bas). 

Additionally, the intestinal microbiota indirectly 

affects the hormonal activity of the host by 

influencing hormone levels, including insulin-

like growth factor-1 (IGF-1), peptide YY (PYY), 

glucagon-like peptide-1 (GLP-1), and serotonin 

(5HT). Furthermore, the intestinal microbiota 

stimulates the innate immune system and 

initiates the inflammatory process through the 

synthesis of lipopolysaccharides (LPS). 

Infant Representation: On the left side, we 

see a drawing of an infant lying on its back. The 

highlighted stomach area contains various 

colorful shapes, symbolizing different types of 

gut bacteria. 

Highlighted Bacteria: The central pink 

rectangle lists specific bacterial types; (1) 

“Bifidobacterium spp.”; (2) “Bacteroides spp.”; 

(3) “Lactobacillus spp.”; (3) “Proteobacteria”; 

(4) These bacteria play a crucial role in the 

infant’s gut microbiome. 

Health Outcomes: The right side of the image 

features blue circles, each representing an 

outcome: 

“HMO utilization” (related to human milk 

oligosaccharides) 

“SCFAs production” (short-chain fatty 

acids) 

“BAs metabolism” (bile acids) 

“IGF-1 promotion” (insulin-like growth 

factor 1) 

“LPS synthesis” (lipopolysaccharides) 

Other outcomes include “PYY,” “GLP-1,” 

and “5-HT” production. 

Correlations; (1) The arrows connecting 

bacteria to outcomes suggest correlations; (2) 

For instance, certain bacteria may influence 

HMO utilization or SCFAs production. 

Significance: This image highlights the 

critical role of gut microbiota in an infant’s 

health and development., Understanding these 

interactions can inform strategies for promoting 

optimal gut health. 

Remember that this is a simplified 

representation, but it underscores the complexity 

of microbial influences on our well-being. 

 

 
Figure 5. Microbiota in the first 1000 days of life affecting health and malnutrition in children[16] 
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Healthy Growth vs. Undernourished: The 

Role of Microbiota Healthy Growth (Left Side): 

Conception (Day 1): Maternal microbiota, 

including Lactobacillus and Prevotella species, 

influence neonatal immunity. 

Birth: Vaginal birth exposes infants to 

Lactobacillus species, which may protect against 

pathogens. 

Cesarean delivery leads to exposure to skin-

associated bacteria like Staphylococcus species. 

Weaning: Bifidobacterium species aid in 

nutrient absorption. 

2 Years Old: A diverse microbiota 

contributes to immune education. 

Undernourished (Right Side): 

Conception (Day 1): Altered maternal 

microbiota (reduced Lactobacillus, increased 

Proteobacteria) affects neonatal immunity. 

Birth: Cesarean delivery exposes infants to 

skin-associated bacteria (e.g., Staphylococcus). 

Weaning: Reduced Bifidobacterium leads to 

poor nutrient absorption. 

2 Years Old: Persistent undernutrition delays 

microbiota development. 

The image visually emphasizes how nutrition 

impacts human microbiota development over 

time, influencing health outcomes. Healthy 

growth is associated with beneficial bacteria, 

while undernutrition can lead to less favorable 

microbial profiles. 

 

 
Figure 6. Interaction between Gut Microbes and 

the Developing Host in Children with Different 

Nutritional Statuses[16] 

The image is an infographic that illustrates 

the effects of diet on gut health, particularly 

focusing on the differences between a healthy 

diet and an insufficient diet. It visually represents 

how dietary choices impact gut microbiota 

development and overall well-being. 

Left Side: Healthy Growth 

Conception (Day 1): Maternal microbiota 

(including Lactobacillus and Prevotella species) 

influence neonatal immunity. 

Birth: 

o Vaginal birth exposes infants to 

beneficial Lactobacillus species. 

o Cesarean delivery leads to exposure to 

skin-associated bacteria (e.g., Staphylococcus). 

Weaning: Bifidobacterium species aid in 

nutrient absorption. 

2 Years Old: A diverse microbiota 

contributes to immune education. 

Right Side: Undernourished 

Conception (Day 1): Altered maternal 

microbiota (reduced Lactobacillus, increased 

Proteobacteria) affects neonatal immunity. 

Birth: Cesarean delivery exposes infants to 

less favorable bacteria. 

Weaning: Reduced Bifidobacterium leads to 

poor nutrient absorption. 

2 Years Old: Persistent undernutrition delays 

microbiota development. 

Outcomes: 

Healthy Growth: 

o Calorie utilization resistance 

o Healthy microbiota 

o Short-chain fatty acid (SCFA) 

production 

Undernourished: 

o Impaired mucosal barrier function 

o Local inflammation (IL-6 and TNF-

alpha) 

o Impaired immune responses 

o Metabolic anomalies (chronic 

inflammation, energy storage issues) 

Impact: A balanced diet positively influences 

intestinal epithelial cells and overall health 

outcomes, including bone formation and growth. 
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Figure 7. Utilizing Microbiota throughout the 

Life Span: Ways to Implement Microbiota 

throughout the Life Span[16] 

 

The life cycle presents opportunities for 

microbiota-focused treatments to enhance 

growth, particularly in certain stages. 

Malnutrition is a recurring issue passed down 

through generations. Targeting the microbiota at 

specific points in the life cycle may aid in 

enhancing child growth. Maternal microbiota 

from conception influences fetal growth and 

pregnancy duration. Improving maternal oral 

health, hygiene, and nutrition can enhance the 

pregnancy microbiome in the mouth, vagina, and 

gut to prevent inflammatory triggers or bacterial 

translocation, thereby supporting fetal growth. 

Early infancy serves as a critical period for 

successful interventions in microbiota formation. 

Probiotic interventions post-birth can boost 

weight gain and prevent infections. The initial 2 

years are crucial for adjusting microbiome 

composition to promote health. From age 2 to 

adolescence, microbiota interventions may have 

limited growth effects, except in cases of severe 

acute malnutrition. The preconception phase 

offers another opportunity to target the maternal 

microbiome for optimal fetal growth. Green 

arrows indicate optimal intervention periods for 

microbiota, amber suggests unclear effects, and 

red shows less impactful phases for microbiota-

targeted interventions in child growth. 

The findings from this study provide 

important insights into understanding the 

relationship between gut microbiota diversity in 

childhood and its impact on dwarfism. The 

analysis showed that children who were stunted 

tended to have lower microbiota diversity, 

suggesting a correlation between possible 

nutritional deficiencies and an unbalanced gut 

microbial composition. The complex 

interactions between diet, nutrition, and gut 

microbiota provide a scientific basis for 

understanding the role of microbiota diversity in 

modulating children's growth. The implications 

of these findings point to the importance of 

appropriate monitoring and intervention in 

supporting gut microbiota health in childhood as 

part of efforts to prevent stunting and improve 

nutritional status in the early stages of life. With 

this study, we are moving closer to a more 

complete understanding of the complex 

relationship between gut microbiota, nutrition, 

and growth in children, thus paving the way for 

more effective and personalized prevention 

strategies to ensure optimal health in early 

development. 

Previous research has shown that gut 

microbiota diversity plays an important role in 

gut health, nutrient metabolism, and immune 

system function. Gut microbiota diversity plays 

a crucial role in the growth and development of 

children, particularly in the context of stunting. 

Several studies have investigated the relationship 

between gut microbiota composition and stunted 

growth in early childhood. [17] explored the 

impact of different pathotypes and phylogroups 

of E. coli on the gut microbial diversity in stunted 

children. They found that colonization by 

specific E. coli strains influenced the 

composition and functional makeup of the gut 

microbiome in stunted children. Similarly, [18] 

observed differences in the gut microbiota of 

stunted and normal-length children, with higher 

levels of the Bacteroidetes phylum in stunted 

children at 12 months of age. This suggests that 

microbial patterns may contribute to the 

pathogenesis of stunting. 
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Furthermore, studies by Susanti [19] and [20] 

identified specific bacterial species dominating 

the gut microbiota of stunted children, such as 

Blautia obeum and Faecalibacterium prausnitzii. 

These findings highlight the potential role of 

these bacteria in the gut microbiome of stunted 

children. Additionally, [8] noted differences in 

the gut microbiota composition between stunted 

and normal children, emphasizing the 

importance of Prevotella in stunted children, 

which may offer benefits due to its role in 

fermenting fibers into short-chain fatty acids. 

Moreover, [5] conducted a systematic review 

showing distinct microbial patterns in stunted 

children compared to non-stunted children, 

indicating a potential link between gut 

microbiota composition and stunting. The study 

by [15] suggested a vicious cycle of childhood 

stunting, where gut microbiota dysbiosis 

contributes to undernutrition and stunting, 

emphasizing the bidirectional relationship 

between gut health and nutritional status in 

children.  

In conclusion, the research on gut microbiota 

diversity in stunted early childhood children 

underscores the significance of microbial 

composition in influencing growth outcomes. 

Understanding the specific bacterial species and 

patterns associated with stunting can provide 

insights into potential interventions to improve 

the health and development of affected children. 

 

Conclusion 

The findings of this study offer valuable 

insights into the role of gut microbiota diversity 

in childhood stunting. The analysis indicates that 

children who are stunted generally have lower 

gut microbiota diversity, suggesting a 

connection between nutritional deficiencies and 

an imbalanced composition of gut microbes. 

Moreover, the study's longitudinal growth 

tracing reveals that children with greater early 

gut microbiota diversity exhibit more favorable 

growth patterns. Notably, even after taking into 

account socioeconomic, dietary, and 

environmental factors, the study also establishes 

that gut microbiota diversity continues to be an 

independent predictor of stunting. These 

findings suggest that incorporating strategies to 

enhance gut microbiota diversity, such as 

probiotics or prebiotics, into existing nutrition 

programs could be an effective means to combat 

stunting. Overall, this study underscores the 

importance of adopting a comprehensive 

approach that recognizes the intricate 

interactions between gut health and children's 

early-life development. 
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