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Abstract
BACKGROUND 
This study aimed to identify characteristic gut genera in obese and normal-weight 
children (8-12 years old) using 16S rDNA sequencing. The research aimed to 
provide insights for mechanistic studies and prevention strategies for childhood 
obesity. Thirty normal-weight and thirty age- and sex-matched obese children 
were included. Questionnaires and body measurements were collected, and fecal 
samples underwent 16S rDNA sequencing. Significant differences in body mass 
index (BMI) and body-fat percentage were observed between the groups. Analysis 
of gut microbiota diversity revealed lower α-diversity in obese children. Di-
fferences in gut microbiota composition were found between the two groups. 
Prevotella and Firmicutes were more abundant in the obese group, while Bacteroides 
and Sanguibacteroides were more prevalent in the control group.

AIM 
To identify the characteristic gut genera in obese and normal-weight children (8-
12-year-old) using 16S rDNA sequencing, and provide a basis for subsequent 
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mechanistic studies and prevention strategies for childhood obesity.

METHODS 
Thirty each normal-weight, 1:1 matched for age and sex, and obese children, with an obese status from 2020 to 
2022, were included in the control and obese groups, respectively. Basic information was collected through 
questionnaires and body measurements were obtained from both obese and normal-weight children. Fecal samples 
were collected from both groups and subjected to 16S rDNA sequencing using an Illumina MiSeq sequencing 
platform for gut microbiota diversity analysis.

RESULTS 
Significant differences in BMI and body-fat percentage were observed between the two groups. The Ace and Chao1 
indices were significantly lower in the obese group than those in the control group, whereas differences were not 
significant in the Shannon and Simpson indices. Kruskal-Wallis tests indicated significant differences in 
unweighted and weighted UniFrac distances between the gut microbiota of normal-weight and obese children (P < 
0.01), suggesting substantial disparities in both the species and quantity of gut microbiota between the two groups. 
Prevotella, Firmicutes, Bacteroides, and Sanguibacteroides were more abundant in the obese and control groups, 
respectively. Heatmap results demonstrated significant differences in the gut microbiota composition between 
obese and normal-weight children.

CONCLUSION 
Obese children exhibited lower α-diversity in their gut microbiota than did the normal-weight children. Significant 
differences were observed in the composition of gut microbiota between obese and normal-weight children.

Key Words: Childhood obesity; Gut microbiota; 16S rDNA sequencing; Diversity analysis; Genus identification; Body mass 
index
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Core Tip: This study used 16S rDNA sequencing to identify characteristic gut genera in obese and normal-weight children. 
The findings revealed lower α-diversity in the gut microbiota of obese children compared to normal-weight children. 
Significant differences were observed in the composition of gut microbiota between the two groups, with Prevotella and 
Firmicutes being more abundant in the obese group, and Bacteroides and Sanguibacteroides more prevalent in the control 
group. These results provide insights into the potential role of gut microbiota in childhood obesity and may contribute to 
future mechanistic studies and prevention strategies.
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INTRODUCTION
Childhood obesity is a growing global health concern with an increasing prevalence worldwide. The World Health 
Organization defines childhood obesity as “a condition in which excess body fat negatively affects children’s health and 
well-being”. It is associated with various adverse health outcomes, including type 2 diabetes, cardiovascular diseases, and 
psychological disorders. The complex etiology of childhood obesity involves genetic, environmental, and behavioral 
factors. However, emerging evidence suggests that the gut microbiota, a community of microorganisms residing in the 
gastrointestinal tract, plays a significant role in the development of obesity. The human gut microbiota consists of trillions 
of microorganisms, including bacteria, viruses, fungi, and archaea, which interact with the host physiology, metabolism, 
and immune system. Recent advances in sequencing technologies, particularly 16S rRNA gene sequencing, have enabled 
researchers to comprehensively explore the composition and function of gut microbiota. Studies in adults have high-
lighted the association between alterations in the gut microbiota and obesity; however, research in pediatric populations 
is essential to understand the early-life factors contributing to obesity.

Approximately 3.9 × 1013 bacteria in the human body, with the majority residing in the intestines, where approximately 
1011 bacteria are found per gram of wet feces[1]. Studies have identified nearly 10 million non-redundant genes in the 
human intestinal tract, which is 150 times the size of the human genome, leading to the use of the term “human second 
genome” to describe the human intestinal microbiota. Therefore, human intestinal microbiota constitutes a unique 
ecological system with distinct microenvironments. The metabolic capacity of the gut microbiota far exceeds that of 
human cells and plays crucial roles in human health, including digestion, nutrition, metabolism, and immunity. 
Imbalances in the intestinal microbiota are associated with various diseases, including obesity and underweight status. A 
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causal relationship exists between disruptions in the gut microbiota and obesity or underweight conditions. Multiple 
animal experiments have demonstrated the role of the host gut microbiota in energy acquisition and storage, potentially 
leading to obesity or underweight conditions. For instance, germ-free mice fed a high-fat diet exhibited lower weight gain 
than conventionally fed mice fed the same diet[2]. Germ-free mice transplanted with fecal microbiota from obese 
individuals exhibit obesity symptoms[3], whereas mice colonized with microbiota from malnourished children show 
symptoms of poor development and are underweight[4]. Numerous studies have indicated alterations in the composition 
and diversity of the gut microbiota in obese adults compared to those with normal weight[5,6]. However, inconsistencies 
exist regarding changes in the Firmicutes/Bacteroidetes ratio in the gut microbiota of obese individuals compared to those 
with normal weight[7].

Multiple studies have found that the composition, quantity, and proportion of gut microbiota in obese children 
undergo changes. Abdallah et al[8] reported that when comparing the gut microbiota of obese children to that of a control 
group, there were more bacteria from the phylum Firmicutes and fewer from the phylum Bacteroidetes. However, after 
controlling for dietary factors, when body weight decreased, the abundance of these two bacterial phyla was reversed. 
This suggests that the changes in the ratio of Bacteroidetes to Firmicutes in the gut are associated with childhood obesity. 
Kalliomäki et al[9] conducted a prospective study of 7-year-old children with an increased body mass index (BMI) and 
found that, compared to age-matched children with a normal BMI, children with a higher BMI had a reduced abundance 
of Bifidobacteria and an increased abundance of Enterobacteriaceae in their gut microbiota. Gao et al[10] discovered that, 
compared to school-aged children with normal weight, school-aged obese children had a decreased abundance of 
Bifidobacteria and an increased abundance of Escherichia coli in their feces. This resulted in a lower ratio between the two 
bacterial groups. These findings suggest a correlation between childhood obesity and an imbalance in the gut microbiota. 
Bifidobacteria are typical representatives of beneficial probiotics in the gut, whereas Escherichia coli can serve as a repres-
entative of pathogenic bacteria. An increased abundance of Escherichia coli is considered an important warning sign of the 
gut microbiota structure shifting towards a less favorable state for overall health. Both Bifidobacteria and Escherichia coli are 
commonly found in childhood gut microbiota, and their ratio can be used to assess the condition of the gut microbiota 
structure.

In obesity, there is an increase in taxa within the Bacteroidales order, such as Lactobacillus spp., Bifidobacterium spp., 
Bacteroides spp., and Enterococcus spp., as well as an elevated ratio of Firmicutes to Bacteroidetes and Enterobacteriaceae, 
while taxa within the Clostridia class, including Clostridium leptum and Enterobacter spp., are decreased[11-13]. Numerous 
studies suggest that an increased Firmicutes to Bacteroidetes ratio at the phylum level is a notable feature of the gut 
microbiota in individuals with obesity. Families such as Christensenellaceae and orders like Methanobacteriales, as well as 
genera including Lactobacillus, Bifidobacteria, and Akkermansia, are commonly regarded as probiotics, and their relative 
abundance typically correlates negatively with obesity. The gut microbiota regulates obesity by modulating energy 
absorption, central appetite, fat storage, chronic inflammation, and circadian rhythms[14]. The composition of the gut 
microbiota profoundly influences nutrient acquisition and energy regulation in the body, thus playing a pivotal role in 
the onset and progression of obesity and associated conditions[15,16]. Notably, the microbiota composition varies 
between infants and adults, as well as between obese and lean individuals. For instance, calorie-restricted diets can 
reduce the Firmicutes to Bacteroidetes ratio in the gut, while vegetarian diets have been found to increase Bacteroidetes and 
decrease Firmicutes, Bifidobacterium spp., Escherichia coli, Enterobacteriaceae, and Clostridia[17]. Consequently, targeting the 
gut microbiota presents a promising therapeutic avenue for addressing obesity[18].

This study aimed to investigate changes in gut microbiota composition in children with obesity using 16S rRNA gene 
sequencing technology. Understanding the relationship between childhood obesity and alterations in gut microbiota can 
shed light on potential therapeutic interventions and preventive strategies. Moreover, it may offer insights into the role of 
gut microbiota in childhood obesity-related metabolic disturbances.

MATERIALS AND METHODS
Study design
This study employed a prospective cohort design to investigate the relationship between childhood obesity and the 
composition of the gut microbiota. Data collection will span a two-year period, allowing for the observation of long-term 
microbiota dynamics. A total of 60 children, aged 8 to 12 years, were recruited, and stratified into two age- and sex-
matched groups: The obese group (defined as having a BMI percentile greater than or equal to the 95th percentile) and the 
normal-weight group.

Subject recruitment and data collection
The inclusion criteria for the obese group were based on BMI percentile, while the normal-weight group was selected to 
match for age and sex. Comprehensive baseline data, including age, sex, and lifestyle information, were collected from all 
participants. Clinical parameters, such as height, weight, waist circumference, and other relevant measurements were 
recorded. Stool samples will be collected using standardized procedures and immediately stored at -80 °C to preserve 
microbial DNA integrity.

Sample processing and DNA extraction
Total microbial DNA was extracted from the fecal samples using a high-efficiency soil DNA extraction kit. The extraction 
procedure strictly followed the instructions provided in the manual. The extracted DNA was stored at -80 °C for future 
use.
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Table 1 Basic indicators of obese and normal-weight children

Indicator Control (n = 30) Obese group (n = 30) P value

Age (yr) 10.67 ± 1.36 10.29 ± 1.84 > 0.05

Height (cm) 116.82 ± 1.97 118.27 ± 1.25 > 0.05

Weight (kg) 23.90 ± 0.82 33.89 ± 0.17 < 0.05

Body mass index 18.96 ± 0.19 24.35 ± 0.79 < 0.05

Percentage of body fat (%) 16.49 ± 0.81 23.74 ± 0.63 < 0.05

Application of 16S rRNA gene sequencing technology
Forty microliters of DNA from each sample were used for high-throughput sequencing on an Illumina MiSeq platform. 
Paired-end sequencing of the V3-V4 region of bacterial 16S rRNA was performed. The concentration and purity of DNA 
samples were evaluated using a UV spectrophotometry and agarose gel electrophoresis, respectively. Samples with DNA 
quantities greater than 500 ng were considered as qualified. The qualified samples were subjected to PCR amplification of 
the 16S rRNA gene V4 region using forward primer 347F (5’-CCT ACG GRR BGC ASC AGK VRV GAA T-3’) and reverse 
primer 806R (5’-GGA CTA CNV GGG TWT CTA ATC C-3’). PCR products were verified for specificity through agarose 
gel electrophoresis, and the purified PCR products were sequenced using an Illumina MiSeq M300 sequencer (Illumina 
Inc., United States) for paired-end 250 bp sequencing.

Bioinformatics analysis
Raw sequencing data were filtered using VSEARCH software to remove low-quality fragments. The PCR products were 
assembled, and duplicate, tag, and primer sequences were removed to obtain the optimized sequences. Operational 
taxonomic units (OTUs) were clustered with 97% sequence similarity. Representative sequences and corresponding 
taxonomic information for each OTU were extracted using the QIIME software. Alpha diversity indices, namely Ace, 
Chao1, Shannon, and Simpson indices, were calculated using R software to assess the diversity and richness of the gut 
microbiota within each sample. Beta diversity, which describes the diversity between samples, was analyzed using 
various tools, including R, QIIME, and Mothur software, considering OTU abundance, bacterial alpha diversity, beta 
diversity, and taxonomic composition at different taxonomic levels.

Data analysis methods
Diversity analyses, including alpha diversity (e.g., Shannon diversity index) and beta diversity (e.g., Bray-Curtis distance 
matrix), were performed using QIIME 2 and R packages. The resulting data were used for species annotation and classi-
fication to generate the OTU or ASV tables. Differential abundance analysis was conducted using statistical tools such as 
DESeq2 or LEfSe to identify significant differences in microbial communities between the obese and normal-weight 
groups. Functional prediction of the gut microbiota can be achieved using PICRUSt or other relevant tools. Correlation 
analysis was performed using Pearson or Spearman correlation methods to explore the associations between microbial 
composition and clinical parameters.

RESULTS
Basic information
To investigate the differences in gastrointestinal microbiota between obese and normal-weight children, 30 samples each 
from healthy children and obese children were collected from the hospital. BMI, which is widely used to measure obesity, 
continues to be a practical tool for large-scale population studies and clinical screening. Specific information regarding 
the children is presented in Table 1, which shows the differences in BMI values and body fat content between the two 
groups of children.

Intestinal microbiota analysis
In the control group of healthy children, there were 1791 OTUs, with 61 unique OTUs. In contrast, the obese group 
contained 1759 OTUs, with 29 unique OTUs (Figure 1A). Comparatively, the richness of OTUs in the obese children 
group decreased at various taxonomic levels compared to that in the control group. Alpha diversity analysis of the gut 
microbiota in the study subjects showed that, in comparison to the control group, obese children had lower Ace and 
Chao1 indices, while the differences in the Shannon and Simpson indices were not statistically significant (Figure 1B).

The relative abundances of the top five genera in the gut microbiota of the control group (normal-weight children) and 
obese group were analyzed. These data highlight the significant differences in the gut microbiota composition between 
the control and obese groups. In the control group, Bacteroides and Faecalibacterium had higher relative abundances, 
whereas Prevotella and Firmicutes were more abundant in the obese group (Table 2). These differences indicate distinct 
compositional variances in the gut microbiota of obese children compared with normal-weight children, possibly related 
to the development of obesity and its associated metabolic disorders.
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Figure 1 Basic analysis of gut microbiota. A: Venn diagram illustrating the richness of operational taxonomic units in children; B: Alpha diversity analysis of 
gut microbiota in the control group and obese group children; C and D: Beta diversity distance comparison. aP < 0.001.

The overall structure of the gut microbiota in normal-weight and obese children was analyzed based on two different 
beta diversity metrics: Unweighted UniFrac and Weighted UniFrac (Figure 1C and D). UniFrac distances were calculated 
based on the evolutionary tree of each OTU, reflecting differences in the gut microbiota between samples based on their 
evolutionary relationships. Unweighted UniFrac distances consider only the presence or absence of OTUs in the microbial 
community, without considering their abundance. In contrast, weighted UniFrac distances incorporate OTU abundance 
into the calculations. Kruskal-Wallis tests revealed significant differences (P < 0.01) in Unweighted UniFrac and Weighted 
UniFrac distances between the gut microbiota of normal-weight and obese children, indicating significant variations in 
both the species and quantity of gut microbiota between these two groups.

Trends in gut microbiota changes in obese and normal-weight children
There were significant differences in the gut microbiota between the obese and normal-weight children. The results 
indicate that in obese children, the relative abundance of Firmicutes bacteria increases, while Bacteroidetes bacteria 
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Table 2 Top 5 genera in the gut microbiota of control and obese group children

Control group Obese group
Bacteroides Prevotella

Sanguibacteroides Firmicutes

Faecalibacterium Bacteroides

Pseudoramibacter Peptoclostridium

Plesiomonas Faecalibacterium

decrease, leading to an elevated Firmicutes/Bacteroidetes ratio. Additionally, there was an increase in Clostridia (involved 
in cellulose breakdown), a decrease in beneficial probiotics such as Bifidobacteria and Lactobacilli, and a reduction in 
butyrate-producing bacteria, which are responsible for producing beneficial short-chain fatty acids (SCFAs), in obese 
children. In cases of metabolic syndrome, there is an increase in the Enterobacteriaceae family. Conversely, Akkermansia 
muciniphila, a bacterium usually beneficial for gut health, decreased in obese children (Figure 2). These observations 
highlight the potential role of the gut microbiota in the development of obesity. However, further research is required to 
explore the specific impact of these changes on health.

Apart from these trends, some gut microbiota showed no significant differences between the obese and normal-weight 
children. These relatively stable microbiota included Ruminococcus, Faecalibacterium, Blautia, Dorea, Collinsella, Fusobac-
terium, Parabacteroides, Veillonella, Haemophilus, Oscillospira, Enterococcus, and Alistipes. Although some of these may exhibit 
minor changes in different studies, the magnitude of these changes is typically small, making them difficult to confirm. 
This stability emphasizes the complexity of gut microbiota, with different bacterial groups showing individual variations 
that are likely influenced by factors such as lifestyle and dietary habits. Therefore, when studying the microbiota of obese 
children, it is crucial to comprehensively consider this diversity to gain a more holistic understanding of the relationship 
between the gut microbiota and obesity development.

DISCUSSION
The results of this study revealed significant differences in the gut microbiota of obese and normal-weight children. The 
gut microbiota of obese children exhibits multifaceted changes that may play a crucial role in the development of obesity 
and related metabolic disorders. First, we observed an increase in the relative abundance of Firmicutes and a decrease in 
Bacteroidetes in obese children, leading to an elevated Firmicutes/Bacteroidetes ratio. This alteration is commonly associated 
with obesity, suggesting that energy metabolism in obese children may be influenced by gut microbiota[19]. Increased 
abundance of Firmicutes is typically linked to more efficient energy absorption from food, potentially contributing to 
energy intake and storage in obese children[20]. Second, the proliferation of Clostridia bacteria may accelerate cellulose 
breakdown, further enhancing energy absorption in obese children. Conversely, the reduction in beneficial bacteria, such 
as Bifidobacteria and Lactobacilli, as well as a decrease in butyrate-producing bacteria, could weaken the intestinal barrier 
function, disrupt the immune system, and increase chronic inflammation. These factors may create favorable conditions 
for the development of obesity and its related metabolic disorders[21-23]. Additionally, with the progression of metabolic 
syndrome, there was a significant increase in Enterobacteriaceae family, further elevating the risk of chronic inflammation
[24-26]. Simultaneously, Akkermansia muciniphila, a bacterium that is usually beneficial for intestinal health, decreases in 
obese children. This reduction may lead to mucosal layer damage and exacerbation of intestinal inflammation. However, 
it is worth noting that some gut microbiota showed no significant differences between the obese and normal-weight 
children. This stability emphasizes the complexity of gut microbiota, suggesting that individuals may react differently to 
obesity. Such variations may be influenced by various factors, including individual lifestyle and dietary habits.

The prevalence of overweightness and obesity in children and adolescents is becoming an increasingly serious public 
health concern. Childhood overweight and obesity are caused by multiple factors including genetic background, diet, and 
lifestyle. Furthermore, the gut microbiota and its metabolites play crucial roles in the progression of childhood 
overweight and obesity. Alpha diversity plays a significant role in the study of gut microbiota in obese children. Alpha 
diversity primarily reflects the abundance and diversity of the microbial species within an individual. According to 
studies conducted both domestically and abroad, the alpha diversity of the gut microbiota in obese adults is typically 
low, which has been widely confirmed[27]. Similarly, in the present study, we observed that the ACE and Chao1 indices 
(used to estimate the total number of species in a community) were significantly lower in obese children than those in 
normal-weight children, particularly in obese boys, where the Chao1 index exhibited a more significant decrease. 
However, consistent with some research findings[28], differences in the Shannon and Simpson indices between the obese 
and control groups were not significant.

Alterations in the gut microbiota reveal an imbalance in the ecosystem in obese children. Our results demonstrated 
significant differences in the gut microbiota composition between obese and normal-weight children. In obese children, 
there was an increase in the relative abundances of Firmicutes and Clostridia, whereas those of Bacteroidetes, Bifidobacteria, 
and Lactobacilli decreased. These changes could stem from various factors; for instance, obese children often undergo 
more antibiotic treatments in early life, which may have a lasting impact on the composition of their gut microbiota[29]. 



Li XM et al. Childhood obesity and gut microbiota

WJG https://www.wjgnet.com 2255 April 28, 2024 Volume 30 Issue 16

Figure 2 Comparative heat map of gut microbial communities in obese and normal-weight children.

These alterations may lead to mucosal barrier dysfunction in the intestines of obese children, including the S100 calcium-
binding proteins S100A8 and S100A9[30]. Simultaneously, the abnormal production and absorption of specific 
metabolites such as SCFAs and bile acids can affect energy metabolism and weight control[19]. The gut microbiota and its 
metabolites differ significantly between obese and normal-weight individuals. The reduced abundance of various 
Akkermansia species that metabolize glutamate is associated with a higher risk of obesity. Additionally, the gut microbiota 
of obese adolescents exhibits enhanced carbohydrate oxidation capabilities[31]. Changes in the gut microbiota have been 
linked to childhood obesity and non-alcoholic fatty liver disease. The biosynthesis of SCFAs, amino acids, and lipopoly-
saccharides is negatively correlated with insulin resistance (IR), whereas peptidoglycan biosynthesis pathways are 
positively correlated with IR[32]. Therefore, studying alterations in the gut microbiota of obese children is of great 
significance.

The study revealed significant differences between obese and normal-weight children, including higher BMI and body-
fat percentage in obese children. While the Ace and Chao1 indices indicated lower species richness in the obese group, 
the Shannon and Simpson indices showed no significant diversity differences. Moreover, Kruskal-Wallis tests highlighted 
significant dissimilarities in both unweighted and weighted UniFrac distances between the gut microbiota of normal-
weight and obese children (P < 0.01). Prevotella and Firmicutes were more abundant in obese children, while Bacteroides 
and Sanguibacteroides were prevalent in normal-weight children, as evidenced by heatmap results. These findings suggest 
distinct microbial profiles associated with obesity in children, implicating the potential for targeted interventions to 
modulate gut microbiota composition and inform individualized treatment strategies for childhood obesity. Longitudinal 
monitoring of gut microbiota alongside BMI changes may offer insights into intervention effectiveness and guide 
adjustments to treatment plans over time. Although the study made some important findings in comparing the gut 
microbiota of obese and normal-weight children, there are several limitations. Firstly, the sample size of the study was 
relatively small, including only 30 obese children and 30 normal-weight children, which may limit the generalizability 
and statistical significance of the results. Secondly, the study only utilized 16S rDNA sequencing technology for microbial 
composition analysis, which may restrict the understanding of microbial functions and metabolic activities. Additionally, 
the study did not comprehensively control for children’s dietary habits, lifestyles, and environmental factors, which could 
influence the composition and abundance of the gut microbiota. Furthermore, the study did not explore the causal 
relationship between gut microbiota and childhood obesity, making it unclear whether changes in gut microbiota are the 
cause or the result of obesity. Therefore, future research needs larger sample sizes, more in-depth methods, and compre-
hensive controls to validate and expand these findings, thus enhancing our understanding of the relationship between 
childhood obesity and gut microbiota.

CONCLUSION
In summary, our study revealed the diversity and complexity of the gut microbiota in obese children. These microbial 
changes may affect energy metabolism, the immune system, and intestinal barrier function in obese children, providing 
new insights into the development of obesity and related metabolic diseases. However, further research is needed to 



Li XM et al. Childhood obesity and gut microbiota

WJG https://www.wjgnet.com 2256 April 28, 2024 Volume 30 Issue 16

elucidate the specific relationship between these changes and the pathological processes related to obesity, and whether 
they can serve as targets for intervention strategies.
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