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Abstract

Childhood obesity is recognized as the most common chronic disease of childhood and adolescence, associ-
ated with metabolic disturbances and alterations in the gut microbiome. Research indicates that modulation 
of the gut microbiota may play a pivotal role in obesity management. This review summarizes current strategies 
for influencing the pediatric gut microbiome, including probiotics, prebiotics, synbiotics, chitosan, fecal micro- 
biota transplantation, metformin, dietary interventions and physical activity. The applied gut microbiome mod-
ifications contribute to an increase in beneficial bacterial populations while simultaneously reducing harmful 
bacterial populations. These changes enhance the production of short-chain fatty acids and decrease inflam-
mation, ultimately leading to improved metabolic outcomes and weight reduction in pediatric patients. Mod-
ulating the gut microbiome represents a promising approach for treating obesity, however, long-term studies  
involving large populations are needed to confirm the efficacy and safety of these interventions in children.
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Introduction

Childhood obesity is a serious health threat and is rec-
ognized as the most common chronic disease of childhood 
and adolescence. According to the 2025 UNICEF report, 
one in twenty children under the age of 5 (5%) and one 
in five children and/or adolescents aged 5–19 years (20%) 
worldwide live with overweight and a significant propor-
tion of them are obese [1]. Among the risk factors for 
obesity, the role of the gut microbiota is increasingly high-
lighted in the literature and its modification is considered 
a promising method for the treatment of pediatric obesity. 
In modulating the gut microbiome, the most widely stud-
ied interventions include probiotics, prebiotics, synbiot-
ics, postbiotics, fecal microbiota transplantation, diet and 
physical activity. According to the definition of the Inter-
national Scientific Association for Probiotics and Prebi-
otics, a probiotic is a live microorganism which, when ad-

ministered in adequate amounts, confers a health benefit 
on the host. A prebiotic, on the other hand, is a substrate 
that is selectively utilized by host microorganisms, con-
ferring a health benefit [2]. Prebiotics include carbohy-
drate-based products such as oligosaccharides and dietary 
fiber, as well as other compounds (for example conjugated 
linoleic acid, polyunsaturated fatty acids, phenolic com-
pounds) [3]. Certain dietary fiber components, such as 
inulin, fructooligosaccharides and galactooligosaccha-
rides (GOS), possess fermentative capacity and conse-
quently release short-chain fatty acids (SCFAs), which 
specifically stimulate the growth of beneficial microor-
ganisms, including Bifidobacterium and Lactobacillus [3]. 
Another definition concerns synbiotics, which are a mix-
ture of live microorganisms and a substrate selectively 
utilized by host microorganisms that confer a health ben-
efit on the host. Two types of synbiotics are distinguished: 
complementary and synergistic synbiotics. A complemen-
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tary synbiotic consists of a combination of a probiotic 
and a prebiotic. A synergistic synbiotic is one in which 
the substrate is specifically designed to be selectively 
utilized by the co-administered microorganisms [4]. 
The International Scientific Association for Probiotics and 
Prebiotics, in another document, further defined a postbi-
otic as a preparation of inanimate microorganisms and/or 
their components that confers a health benefit on the host. 
According to in vivo studies, molecules present in postbi-
otics, such as lactic acid and bacteriocins, may exert direct 
antimicrobial effects. Postbiotics may also indirectly mod-
ulate the microbiota, for example through the transport 
of lactic acid, which can be absorbed by certain microbiota 
components, leading to the production of molecules with 
beneficial functions, including SCFAs and butyrate [5]. 
Figure 1 presents a simplified overview of gut microbiota 
modification and its effects in childhood obesity [6].

Material and methods

To prepare this review, a comprehensive search of sci-
entific publications was conducted, including the most 
recent and up-to-date data on the topic, with the publi-
cation date limited to the past five years. The literature 
search strategy was carried out using the PubMed data-
base based on a combination of the following key words: 
childhood obesity, gut microbiota, intestinal microbiota, 
and microbiota. After screening the titles and abstracts, 
incomplete articles and those not directly related to 
the modification of the gut microbiome in children with 
obesity or overweight were excluded. The final analysis 
included 21 publications that met the inclusion criteria.

Microbiome modification

Butyrate and other short-chain fatty 
acids

Plant-based foods, particularly indigestible carbohy-
drates, are fermented by the gut microbiota to produce 
SCFAs, including butyrate, which exert anti-inflamma-
tory effects and protect against obesity. Therefore, low 
intake of dietary substrates for butyrate production and 
a reduced number of butyrate-producing bacteria may 
contribute to obesity. A study involving 54 children 
aged 5–17 years demonstrated that a 6-month supple-
mentation with sodium butyrate may reduce body mass 
index (BMI) and improve glucose metabolism and in-
flammatory status in children with obesity. Addition-
ally, butyrate reduced homeostatic model assessment – 
insulin resistance (HOMA-IR), fasting insulin levels 
and significantly lowered serum ghrelin – a hormone 
that stimulates appetite – in children with obesity [7]. 
On the other hand, some studies indicate that SCFAs 
serve as an important energy source and may promote 
weight gain by increasing gluconeogenesis and lipogen-
esis [8, 9]. An example is a study examining the associ-
ation between the abundance of specific taxa in the gut 
microbiome and SCFA levels with total and regional 
body fat distribution in children. The results showed that 
concentrations of simple/short-chain fatty acids (acetate, 
propionate and butyrate) were significantly positively 
correlated with BMI, total and regional adiposity and 
the fat-to-lean mass ratio. Moreover, no correlation was 
observed between the firmicutes/bacteroidetes ratio and 

Figure 1. Potential therapeutic role of gut microbiota modulation in pediatric obesity [6] 
BMI – body mass index, MD – Mediterranean diet, SCFAs – short-chain fatty acids

MD Probiotics 
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↓ Harmful bacteria (E. coli, Finnicutes/Firmicutes spp., etc.) 
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total or regional fat content. However, several operational 
taxonomic units (OTUs), such as Ruminococcus gnavus 
and Flavonifractor plautii, were negatively associated with 
obesity-related parameters, while two OTUs assigned to 
the genera Blautia and Romboutsia correlated positively 
with adiposity parameters [9]. Given these divergent 
findings, further research is necessary to clarify the role 
of SCFAs in obesity within the pediatric population.

Prebiotic – inulin

Dietary substrates for butyrate production include 
inulin supplementation, whose effect on the gut mi-
crobiome was investigated by Visuthranukul et al. [10].  
In the group of patients receiving inulin, an increase in 
butyrate-producing bacteria was observed, specifically 
Agathobacter, Subdoligranulum and Eubacterium copros-
tanoligenes. The change in the abundance of Eubacteri-
um coprostanoligenes was negatively correlated with high 
energy intake, and animal model studies additionally 
demonstrated a negative association with body weight 
and cholesterol levels. Furthermore, the change in Sub-
doligranulum abundance was negatively correlated with 
BMI Z-score [10]. As a consequence of the increased α 
diversity of the gut microbiota in patients supplemented 
with inulin, this prebiotic may serve as a therapeutic 
strategy aimed at restoring beneficial microorganisms 
and gut microbiome balance in children with obesity. 
Another study supporting the role of inulin demon-
strated its potential impact on the gut-brain axis and 
metabolic regulation in obesity through an increase in 
amino acids and biogenic amines in the inulin-supple-
mented group. Specifically, concentrations of tyrosine, 
putrescine and spermine showed significant increas-
es compared with baseline values in the inulin group.  
Tyrosine levels correlated positively with Lactobacillus 
but negatively with Alistipes. Additionally, putrescine 
levels correlated positively with Bacteroides and Fusobac-
terium, while spermine correlated with Bifidobacterium 
and Blautia. Putrescine, which demonstrated the great-
est increase among the polyamines in the inulin group, 
activates histamine receptors, participating in the reg-
ulation of appetite and satiety. Moreover, putrescine is 
converted into spermidine and spermine, which exert 
even stronger biological effects. Another amino acid 
that increased significantly was tyrosine – a dopamine 
precursor that plays a key role in appetite regulation 
and energy balance [11]. Additionally, concentrations 
of tryptophan, tyrosine, and spermine were negatively 
correlated with screen time, further highlighting 
the importance of physical activity [11]. These mecha-
nisms play an important role in obesity management.  
Another study evaluated the  effects of  inulin on 
the gut-muscle axis in children with obesity. The in vivo 
analysis showed a significant increase in IL-15 and 
the creatinine-to-cystatin C ratio in the inulin-supple-

mented group compared with the maltodextrin placebo. 
In an in vitro study investigating inflammatory and anti- 
inflammatory gene expression, significant reductions in 
TNF, IL-6, IL-1β and iNOS expression were observed, 
along with significant increases in the anti-inflammatory 
genes FIZZ-1 and TGF-β in cultures treated with Bifido-
bacterium combined with inulin. Inulin supplementation 
significantly stimulated muscle-building biomarkers, 
corresponding to increased lean body mass in children 
with obesity. This effect results from the anti-inflamma-
tory metabolites produced by Bifidobacterium during in-
ulin digestion, which support muscle mass development 
through the gut-muscle axis [12].

Prebiotic – resistant dextrin

A study investigated the effect of a fruit-vegetable 
preparation enriched with resistant dextrin (RD) derived 
from potato starch on selected health indicators in over-
weight children. The intervention involved administer-
ing the fruit-vegetable preparation enriched with RD for  
6 months to participants aged 6–10 years. The study group 
consisted of 42 children who received the RD-enriched 
preparation (10 g/day), while the control group, compris-
ing 41 children, was given a fruit-vegetable preparation 
enriched with glucose. Participants were instructed to 
consume two packages of the preparation daily (100 g 
each, containing 5 g of RD), one in the morning and one in 
the evening. Administration of the fruit-vegetable prepa-
ration enriched with RD from potato starch increased 
the concentrations of lactic acid and SCFAs (formic, ace-
tic, propionic, and butyric acids, except for valeric acid), 
while simultaneously decreasing the levels of branched-
chain fatty acids (isobutyric and isovaleric acids) in over-
weight children. It also positively influenced the durability 
of the outcomes obtained during supplementation (for  
at least 3 months after discontinuation). A similar effect on 
the evaluated health markers was observed with the prepa-
ration without RD, although its effects were shorter-lasting 
and did not persist for 3 months after supplementation in 
overweight children. In addition, the inclusion of RD from 
potato starch in the fruit-vegetable preparation had a pos-
itive effect on fecal enzyme activity in overweight children 
and resulted in prolonged enhancement of α-glucosidase 
and α-galactosidase activity (3 months after the last in-
take), contributing to carbohydrate digestion [13]. 
The findings support the widespread use of these prepa-
rations in children with overweight or obesity.

Probiotics

A study was conducted to assess the effects of two  
Bifidobacterium breve strains on children and adoles-
cents with obesity over an 8-week period. The selection of  
B. breve strains was based on their anti-inflammato-
ry properties, ability to colonize the human intestine 
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and protect the integrity of the intestinal epithelium, 
stimulate immune responses and compete with patho-
gens, including certain Escherichia coli strains. Eligi-
ble participants were 6–18 years old, diagnosed with 
obesity, with a HOMA-IR index > 2.5 or insulin levels 
> 15 μU/ml, and a pubertal stage ≥ 2. One group re-
ceived supplementation with probiotic sachets con-
taining B. breve B632 and B. breve BR03, while the oth-
er group received a  placebo containing the  same 
excipients but without Bifidobacterium strains [14]. 
Additionally, all participants received training on 
the Mediterranean diet (MD) and daily physical activity. 
Following the intervention, improvements in metabolic 
parameters, weight reduction and a decrease in Escherichia 
coli counts were observed in all participants. The re-
searchers further noted that B. breve supplementation was 
positively associated with fasting insulin sensitivity and 
insulin response after oral glucose tolerance test. This rep-
resents one of the main goals in obesity management to 
maintain a healthy phenotype and reduce cardiovascular 
risk. It was shown that the overall abundance of SCFAs in 
stool remained stable, while levels of acetic acid and pen-
tyl acetate increased in the placebo group, in contrast to 
the probiotic group [14]. The intervention was safe, well 
tolerated and effective, indicating the need for further 
studies on larger populations to confirm these findings.

Synbiotics

In another study, the effects of Lacticaseibacillus pa-
racasei K56, xylooligosaccharide (XOS), GOS, polydex-
trose (PD), and their synbiotic combinations (XOS + 
K56, GOS + K56, and PD + K56) on the gut microbi-
ota of children with obesity were analyzed using an in 
vitro fermentation model. Stool samples from 14 children 
with obesity were collected for in vitro fermentation, 
and the effects of different treatments on gas produc-
tion and short-chain fatty acid synthesis were assessed. 
The study demonstrated that the prebiotics GOS and XOS 
promoted the abundance of Bifidobacterium, and com-
bining these prebiotics with L. paracasei K56 increased 
the abundance of Limosilactobacillus while decreasing 
Escherichia/Shigella, thereby increasing acetic acid pro-
duction and reducing propionic and butyric acids, as well 
as CO₂, H₂, CH₄, and H₂S levels in the gut [15]. Similar 
results were obtained in studies investigating the impact 
of fructooligosaccharides on gut microbiome compo-
sition and metabolite production in children with obe-
sity [16]. Acetic acid produced by the gut microbiota 
enters the circulation and crosses the blood-brain bar-
rier, thereby influencing appetite and promoting weight 
loss. Although in vitro experiments may not fully rep-
licate in vivo conditions, this study exemplifies the po-
tential for personalized synbiotic programs, including 
K56-based prebiotics, to improve pediatric obesity [15]. 
Other researchers demonstrated that consumption of var-

ious fermented dairy products containing Lacticaseibacil-
lus casei Shirota with inulin or fructans by children aged 
6–10 modulates gut microbiome diversity. As a result, 
the lipid profile improved, specifically with an increase in 
high-density lipoprotein (HDL) cholesterol. Additionally, 
molecular-level changes were observed, including de-
creased expression of FFAR2 and ANGPTL4, increased 
expression of FFAR3 and elevated levels of propionate and 
butyrate [17]. These findings represent another promising 
therapeutic approach for managing overweight and obe-
sity in children.

Chitosan

Another substance studied was chitosan, a poly-
saccharide produced from crustacean shells or fun-
gal cell walls through deacetylation. As a potential-
ly indigestible oligosaccharide for the host, it can be 
metabolized by the gut microbiota and influence its 
composition. A study was conducted to evaluate the ef-
fect of chitosan on gut microbiome changes in ad-
olescents with overweight or obesity. The 12-week 
analysis included 61 participants, of whom 31 were in 
the intervention group receiving 3 g/day of chitosan, and 
30 were in the placebo group, receiving maltodextrin. 
The study demonstrated a significant decrease in BMI 
Z-score in the chitosan group compared with the placebo 
group. Additionally, a significant reduction in Firmicutes 
populations and a significant increase in Bacteroidetes and 
Akkermansia populations were observed in adolescents 
consuming chitosan [18]. The firmicutes/bacteroidetes ra-
tio also significantly decreased in the intervention group. 
These findings support the use of chitosan as an adjunct for 
modulating the gut microbiome and promoting weight loss 
in adolescents with overweight or obesity.

Fecal microbiota transplantation 

Another method considered in the literature for treat-
ing obesity is fecal microbiota transplantation (FMT). 
Transplantation of gut microbiota from lean donors did 
not affect body weight in adolescents with obesity. How-
ever, a reduction in the android-to-gynoid fat ratio was 
observed, particularly in females, 6 weeks after FMT, 
which persisted for at least 26 weeks [19]. After a single 
FMT procedure, researchers demonstrated a sustained 
change in gut microbiota composition for up to 12- weeks, 
accompanied by increased microbial diversity in females 
6 weeks post-FMT. Post hoc analyses among participants 
with metabolic syndrome at baseline revealed transient 
improvements in glucose metabolism and insulin sen-
sitivity after 6 weeks, as well as resolution of metabolic 
syndrome in most participants 26 weeks after FMT [19]. 
Participants from this study were subsequently followed 
for 4 years, providing additional insights. Similar to 
the initial findings, no difference in BMI was observed 
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between groups after accounting for sex, age, diet, and 
physical activity. Nevertheless, clinical improvements in 
body composition and metabolic health were noted in 
FMT recipients compared with the placebo group. These 
improvements included reduced waist circumference, 
lower total body fat, decreased severity of metabolic syn-
drome and systemic inflammation and increased HDL 
cholesterol levels [20]. 

Metformin

One of the complications associated with obesity is 
type 2 diabetes. Metformin is well-known as an anti-
hyperglycemic drug and as a medication that supports 
weight reduction [21]. The effect of metformin on the gut 
microbiome has been studied in the literature. However, 
data on children with obesity but without diabetes are 
limited. The first study analyzing the gut microbiota in 
children with obesity after metformin treatment was 
conducted by Pastor-Villaescusa et al. [22]. The research-
ers observed an interesting, although not statistically 
significant, change in Actinobacteria abundance, which 
increased 4.6–8.1% in the placebo group, compared 
with metformin, where Actinobacteria abundance de-
creased 3.8–2.6%. Additionally, a significant increase in 
the abundance of Bacillus species of 2.5–5.7% was ob-
served in the placebo group, whereas in the metformin 
group, Bacillus abundance slightly decreased by 1.5–0.8%. 
In obesity, both Actinobacteria and Bacillus abundance 
generally increase [22]. Metformin may slightly attenu-
ate the growth of these bacteria in children with obesity. 
However, further studies with long-term follow-up and 
larger sample sizes are required.

Antibiotics

Very interesting data regarding the protective role 
of the microbiota against environmental factors pro-
moting obesity in children comes from a study con-
ducted by Shelton et al. [23]. The researchers developed 
a mouse model in which young (3-week-old) mice were 
exposed to either a low-fat diet or a high-fat diet (HF) 
with or without low-dose penicillin (LDP) treatment. 
After 5 weeks, mice exposed to the HF diet and LDP 
gained significantly more weight and had increased vis-
ceral fat compared with mice fed only the HF diet, de-
spite equal food intake. Subsequently, for an additional 
5 weeks, mice were fed only the HF diet to determine 
whether metabolic dysfunction persisted after discon-
tinuation of antibiotic treatment. The results were con-
sistent with the first 5 weeks: mice initially exposed to 
HF + LDP, even after cessation of LDP for 5 weeks, con-
tinued to gain more weight and had higher visceral fat 
than mice maintained on the HF diet for 10 weeks [23]. 
This study demonstrated that a metabolite produced by 
Lactobacillus, phenylacetic acid (PLA), protects against 

metabolic disturbances induced by early exposure to an-
tibiotics (penicillins being the most commonly used) and 
a HF diet. Phenylacetic acid increases the amount of per-
oxisome proliferator-activated receptor γ in small intesti-
nal epithelial cells. Notably, despite the recovery of Lacto-
bacillus levels in mice where penicillin was discontinued 
after 5 weeks, their weight gain persisted. This indicates 
that even short-term microbiota disturbances can lead to 
long-lasting metabolic changes. Similarly, decreases in Bi-
fidobacteriaceae and Peptostreptococcaceae were observed, 
suggesting that multiple bacterial species may contribute 
to PLA production in the small intestine. Furthermore, 
PLA is present in the feces of infants, indicating that this 
metabolite activates protective pathways in the small in-
testinal epithelium, preventing antibiotic-associated obe-
sity during early life in humans [23].

Diet

A study was conducted to evaluate the effects of  
a 10-week, high-fiber dietary intervention during the 
summer months, targeting low-income caregiver- 
child dyads. The intervention resulted in improved overall 
diet quality, increased consumption of whole-grain prod-
ucts, reduced energy intake, and enhanced fecal excre-
tion of the microbial metabolite lithocholic acid (LCA) 
in the lifestyle intervention group compared with the con-
trol group. Moreover, despite no changes in dietary 
cholesterol intake, the intervention increased choles-
terol excretion in caregivers. Among children in the high- 
fiber diet group, excretion of total conjugated bile acids 
was increased. The analyzed microbiomes were highly 
personalized, strongly correlated within dyads and 
modified by the lifestyle intervention. Taxa associated 
with overall diet quality, whole-grain intake, and LCA 
excretion were identified, including well-known fi-
ber-degrading bacteria such as Subdoligranulum and bile 
acid-metabolizing organisms such as Bifidobacterium, 
through differential microbiome composition model-
ing. Importantly, associations between the microbiota 
and blood pressure, a cardiovascular risk marker asso-
ciated with obesity, were shared within caregiver-child 
pairs, suggesting similar responses to the lifestyle in-
tervention. A key aspect of this study was the inclusion 
of family members, who most often shop, prepare meals, 
and shape and control children’s eating behaviors [24]. 
Other researchers have investigated different types 
of diets, such as a calorie-restricted diet for treating 
obesity in children. Results showed that this diet en-
abled weight loss without affecting muscle nutritional 
status, which is particularly important for school-
aged children with obesity who are still growing and 
developing. Furthermore, the  intervention altered 
the gut microbiota of obese children by promoting 
beneficial gut microorganisms, especially Bifidobac-
terium and Blautia, which are capable of produc-
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ing SCFAs and thereby improving metabolism [25]. 
The effects of the MD on gut microbiota and the immune 
system have also been studied. The Mediterranean diet, 
rich in polyunsaturated fatty acids, dietary fiber, poly-
phenols, vitamins, and trace elements, can mitigate in-
flammation and gut microbiome dysbiosis by achieving 
a proper Th17/Treg balance in the host and ensuring high 
microbial diversity [26].

Physical activity

Another important factor influencing the  gut 
microbiota, alongside diet, is physical activity. Re-
searchers analyzed the effects of a 6-week training 
program combined with dietary restriction on cen-
tral hemodynamics in relation to altered gut micro-
biota in adolescents with obesity. The study included  
24 participants aged 9–16 years, who followed a calo-
rie-restricted but nutritionally complete diet. Additional-
ly, they performed an intensive exercise program lasting 
5 hours per day, 6 days a week, with sessions sched-
uled at 8:00–9:30, 10:00– 11:30 and 15:00–17:00 [27]. 
The study found that the average number of observed gut 
bacterial species significantly increased after the interven-
tion. Exercise and diet significantly improved central he-
modynamic parameters, including subendocardial viabil-
ity ratio and resting heart rate, which were correlated with 
changes in the gut microbiota of adolescents with obesi-
ty. Results showed that the abundance of Lactobacillales, 
Bacilli, Streptococcaceae, Streptococcus and Veillonella, all 
belonging to the phylum Firmicutes, was significantly re-
duced after the intervention. Another study demonstrated 
an association between the abundance of Lactobacillus, 
Streptococcus, and Veillonella and coronary artery disease 
in obese patients [27]. Therefore, exercise and diet can 
modulate gut microbiota diversity and abundance, which 
may be utilized in the treatment of patients with cardio-
vascular disease and obesity.

Conclusions

Childhood obesity is associated with changes in 
the gut microbiome. This article presents various strat-
egies for modulating the gut microbiota. Probiotics, pre-
biotics, synbiotics, fecal microbiota transplantation, met-
formin, dietary interventions and physical activity were 
discussed. These approaches show promising results in 
the management of obesity in children. However, further 
long-term studies with larger sample sizes are needed to 
definitively confirm their role in gut microbiota modula-
tion in pediatric populations.
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