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Introduction: Recent studies have mainly focused on the relationship between
probiotic supplementation and childhood obesity in infancy and school-age
periods, with a lack of research on preschool stage (3—7 years). This study aimed
to explore whether early childhood supplementation with probiotics (0—3 years)
could reduce the risk of overweight and obesity among preschoolers.

Methods: A cross-sectional survey was conducted in 2022 among preschoolers
from Longhua District, Shenzhen, China. Their mothers were asked to complete
a structured questionnaire regarding socio-demographic details and probiotic
supplementation of children during the first 0—3 years. Trained professionals
measured the children’s current weight and height. Childhood obesity was
defined as the body mass index (BMI) being at or above the cut-offs for age and
sex according to the BMI growth curves for Chinese children. Multinomial logistic
regression analysis was conducted to explore the relationship between probiotic
supplementation in children aged 0-3 years and preschool overweight and
obesity with controlling for potential confounders. Sex differences, gestational
age differences, and birth weight differences were analyzed.

Results: Among the 31,190 children included, 1,389 were classified as obese
and 4,337 as overweight. After controlling for potential confounding factors,
multinomiallogistic regression analysis suggested that probiotic supplementation
during the period of age 0-3 years was associated with a lower likelihood of
being overweight (AOR = 0.88, 95% CI = 0.82 ~ 0.95) or obesity (AOR = 0.82,
95% Cl = 0.72 ~ 0.93). Children who consumed a probiotic product containing
Bifidobacterium longum subsp. infantis RO033, Bifidobacterium bifidum R0071,
and Lactobacillus helveticus R0052 had a lower risk of being overweight
(AOR = 0.88,95% Cl = 0.80 ~ 0.96) or obese (AOR = 0.85,95% Cl = 0.73 ~ 0.98).
Further stratified analyses showed a significant association with a lower
likelihood of obesity only in girls (AOR = 0.70, 95% CI = 0.56 ~ 0.88), but no
significant association was observed in boys (AOR = 0.88, 95% Cl = 0.75 ~ 1.02).

Discussion: Probiotic supplementation in children aged 0-3years was
associated with a lower risk of overweight and obesity in preschool children,
with a potential gender difference. These findings highlight the potential role
of early probiotic supplementation in children for preventing overweight and
obesity.
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1 Introduction

Childhood obesity is a serious public health problem worldwide,
and its prevalence is increasing at an alarming rate. A recent report
indicated that the total number of overweight and obese children
below 5 years surpassed 39 million worldwide by 2020 (1). The
prevalence of obesity varied widely across countries and regions, and
the prevalence of obesity in Chinese children was estimated at 7.77%
(95% CI=7.11 ~ 8.45) (2). Childhood obesity is recognized as a
multifactorial metabolic disease (3). The complex interactions
between genetic, hormonal, and environmental processes are
associated with weight gain (4).

With the global prevalence of childhood obesity, new treatment
strategies are being developed. In addition to traditional treatment
options, such as dietary control and physical exercise (5), researchers
are also exploring the microbiome as a potential approach to treat
obesity (6). Among them, prebiotics and probiotics are promising
microbiome-based strategies for the prevention and management of
obesity in early childhood and the preschool years.

Prebiotics are substances that cannot be digested or absorbed by
the host but can promote the growth or activity of beneficial gut
microbiota (7). By selectively stimulating the growth of beneficial
bacteria such as Bifidobacterium and Lactobacillus, prebiotics help
improve the balance of the gut microbiota, thereby influencing its
composition and activity (8). They contribute to increasing the
abundance of beneficial microbes while inhibiting the growth of
harmful ones. Additionally, prebiotics can indirectly improve host
metabolic health by enhancing gut barrier function, strengthening
immune responses, and regulating intestinal pH (9, 10).

Probiotics are live microorganisms which when consumed are
capable of promoting the health of the host (11). Consumption of
over-the-counter probiotics has increased worldwide in recent years
(12), and the use of probiotics has become widespread among the
general public (13). In the commercial market, probiotic preparations
are available in various forms, such as capsules, suspensions, and
powders (14). These different formulations vary in terms of stability,
palatability, and their impact on bioavailability and compliance (15-
17). However, in population-level studies, detailed information on the
specific formulation types is often lacking, which limits the assessment
of dose-response relationships or formulation-specific effects.

Many studies have demonstrated the positive effects of some
probiotics on the health of infants and young children. For example,
randomized controlled trials showed that a probiotic supplement
(Bifidobacterium infantis R0033, Bifidobacterium bifidum R0071, and
Lactobacillus helveticus R0052) contributed to improving mucosal
immunity, digestive (18) and exhibit anti-inflammatory effects
function in infants (19). The effect of this probiotic combination on
preventing overweight and obesity in children is still unknown,
although many clinical trials in humans have provided evidence for the
use of other probiotics in the treatment of childhood obesity (20, 21).

Most studies support the use of probiotics in the first year of early
childhood to intervene in the obesity process (22-24), but there is less
research supporting it in the following 2 years. The Developmental
Origins of Health and Disease (DOHaD) hypothesis (25) emphasizes
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the existence of a specific sensitive period of intrauterine or early
childhood development, and from the perspective of this hypothesis,
the first 1,000 days of life (from conception to 2 years of age after birth)
are considered to be the critical period. The first 1,000 days of life is
also a crucial period for the development of the gut microbiota, and it
is a window of opportunity for shaping a healthy gut microbiota.
Certain gut microorganisms, such as Bifidobacterium, Lactobacillus,
and Bacteroides, are widely recognized for their beneficial roles in
modulating host metabolism, immunity, and neurodevelopment (26—
29). In fecal samples from healthy individuals, the typical concentration
of these species ranges from 107 to 10" CFU/g, and maintaining an
appropriate abundance within this range is considered critical for their
functional efficacy (30-32). Disruption of this balance during early life
may increase the risk of metabolic disorders, including obesity.

Before the introduction of complementary foods (0-6 months of
age), due to relatively monotonous diet (mainly breast milk or formula
milk), the types and quantities of gut microbiota in infants are relatively
limited, with low diversity, and Bifidobacterium is the predominant
species. With the introduction of complementary foods (after 6 months
of age), the diversity of gut microbiota increases significantly, and the
microbiota structure becomes more complex and gradually approaches
that of adults. For example, studies have found that after the
introduction of complementary foods, more diverse species of the
genera Lactobacillus and Bacteroides appear in the intestine (33).
During this developmental stage, early alterations in the gut microbiota
may not only influence neurophysiological processes through the
bidirectional communication of the gut-brain axis, potentially
regulating the production and modulation of neurotransmitters within
the enteric nervous system and affecting children’s neurodevelopment
(34, 35), but also impact the development of childhood obesity by
modulating nutrient absorption and metabolism (36). As such, there
is a need to explore whether the period from 0 to 6 months is a sensitive
window for probiotic intervention, whether the period after 6 months
is more critical, or whether the timing of probiotic supplementation
within the first 3 years of life does not make a significant difference.
Moreover, while some studies have examined the differential effects of
probiotics on obesity prevention and treatment in adults of different
genders (37), there is a lack of research on the differences in children
of varying sex, gestational ages and birth weights.

The aim of this study was to investigate the relationship between
probiotic supplementation during the age of 0-3 years and preschool
overweight and obesity. We hypothesize that: (1) probiotic
supplementation during the age of 0-3 years is a protective factor
against preschool overweight and obesity; and (2) there were sex,
gestational age and birth weight differences in the protective effect of
probiotic supplementation against childhood overweight and obesity.

2 Methods
2.1 Study design and participants

A population-based survey was conducted in a total of 36,220
preschool children (3-7 years) from November until December
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2022 in 240 registered kindergartens in the Longhua District of
Shenzhen, China. The data used in this study are considered real-
world data (RWD), as they were obtained from a community-based
survey conducted in routine kindergarten settings. We excluded
children based on the following criteria: (1) a lack of information on
probiotic supplementation for ages 0-3; (2) missing or incorrect data
on height and weight; (3) children with severe physical illnesses and
mental disorders (Figure 1). After these exclusions, we ultimately
included 31,190 children in the final data analysis. Within this sample,
we utilized multiple imputation (MI) to estimate the missing data for
covariates among questionnaires that were missing information on at
least one selected covariate. The study was approved by the Ethic
Committee of the Maternal & Child Healthcare Hospital in Longhua
District, and the written informed consent was obtained from the
mothers of all the children involved in the study, in accordance with
the Declaration of Helsinki.

2.2 Data collection

The well-trained doctors in the kindergartens directed the mothers
to complete a self-administered structured questionnaire for collecting
the following information: (1) the socio-demographic characteristics
of the parents, including age at conception, education level, household
income and marital status; (2) parental-related information, including
smoking habits, alcohol consumption, and psychological state; (3)
pregnancy-related information, including the method of conception
(natural or assisted reproduction) and complications during the
pregnancy; (4) birth-related variables, including gestational age and
birth weight; (5) the child’s birth date and gender; (6) maternal recall

10.3389/fnut.2025.1597894

of feeding pattern (breastfeeding, bottle feeding and mixed feeding),
child nutritional status at 1-3 years old (general, poor-nourished or
well-nourished), child physical activity frequency at 1-3 years old (0,
1-3, 4-6, 7 days/week) and child sleep duration at 1-3 years old.

2.3 Probiotic supplementation
measurement

The mothers of children were asked the following questions
regarding the probiotic supplementation of children during ages
0-3 years: (1) “Was the child supplemented with probiotics during the
age of 0-3 years?” (Two response options: “No” or “Yes”); (2) “What
was the commencement time of probiotic intake for the child during
the ages of 0-3years” (Five response options: “Not taken,
“0-6 months,” “6-12 months,” “12-36 months,” “Not clear”); (3)
“What was the cumulative duration of probiotic intake for the child
during the age of 0-3 years”: (Six response options: “Not taken,” “Less
than 1 month,” “1-3 months,” “3-6 months,” “More than 6 months,”
“Not clear”); (4) “What was the main product of probiotics the child
primarily took during the ages of 0-3 years”: (Five response options:
“Not taken,” “Product A" “Product B,” “Other products,” “Not clear”).
The probiotic strains contained in each product are presented in
Supplementary Table S1.

2.4 Measurement and definition of obesity

At Longhua Maternal and Child Health Hospital, trained nurses
conducted standardized measurements of each child’s height and

Mother-child dyads enrolled
Beyond the age range
(N=36,220) —>
(N=213)
Missing child height and
> Excluded > weight
(N=769)
Missing probiotic
L_,| supplementation status
(N=489)
Final analytic sample
(N=31,190)
v v \ v
Underweight Normal Overweight Obesity
(N=3,559) (N=25,464) (N=4,337) (N=1,389)
FIGURE 1
Flow chart of the analytic sample selection process
Frontiers in Nutrition 03 frontiersin.org


https://doi.org/10.3389/fnut.2025.1597894
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Zhang et al.

weight. The weight was measured using a portable electronic scale
with a precision of 0.01 kg, placed on a flat surface. Each preschooler
was required to stand in the center of the scale, bareheaded,
barefoot, and dressed in light, form-fitting clothing. Measurements
were recorded once the scale readings stabilized, with values
rounded to the nearest 0.1 kg. Height was measured using a human
column altimeter, with a fractional precision of 0.1 cm. The
altimeter was positioned vertically against a wall on a horizontal
floor. Each child was instructed to stand barefoot and bareheaded
on the base, with heels together, feet at a 60-degree angle, chest
straight, stomach tucked, and eyes directed forward. Nurses then
recorded the height by adjusting the slider to the apex of the child’s
head, ensuring the measurement was taken at the highest point of
the skull.

Body mass index (BMI) was calculated by dividing weight in
kilograms by the square of height in meters (kg/m?). Childhood
overweight and obesity were defined as a BMI > the relevant cut-offs
for age and sex, and childhood underweight was defined as a
BMI < the cut-offs for age and sex according to the BMI growth
curves for Chinese children (Table 1). These curves are the
standardized growth curve for BMI in children under 7 years of age
in China, developed using the LMS method by the Capital Institute
of Pediatrics (38). The fundamental assumption of the LMS method
is that, after a Box-Cox power transformation, the data at each age
follow a normal distribution (39). The method summarizes the data
using three smooth age-specific curves: L (lambda), M (mu), and S
(sigma). The M and S curves represent the median and the
coefficient of variation of BMI at each age, while the L curve
accounts for the significant age-dependent skewness in the
distribution of BMI.

2.5 Potential confounding variables

According to previous literature (40-48), and based upon the
feasibility of data collection, a range of potential confounders that
could impact a child’s BMI were controlled for. These included the
child’s gender and age, gestational age, birth weight, maternal age at
conception and pre-pregnancy BMI, parental education level and
marital status, household income, the child’s feeding pattern, physical
activity frequency and electronic screen usage.

10.3389/fnut.2025.1597894

2.6 Statistical analysis

Descriptive analyses were stratified by child weight status.
Categorical variables were presented as frequencies and percentages.
Differences within groups were tested using the Chi-squared test for
categorical variables. The detailed Chi-squared test results are
provided in Supplementary Table S2.

Multinomial logistic regression models were used to evaluate the
association of probiotic supplementation status with childhood
overweight and obesity statuses after adjusting for the potential
confounding variables. The dependent variable was a categorical
variable of body weight: normal weight (reference = 0), overweight
(case = 1) and obese (case = 2). Probiotic supplementation status
includes: (1) whether or not the probiotic was supplemented; (2) when
supplementation was initiated; (3) the cumulative duration of
supplementation; (4) the primary strains. All regression models were
adjusted for the potential confounding variables with adjusted OR
(AOR) and 95% CI calculated. Simplified binary logistic regression
model is presented in Supplementary Tables S2, S3. To assess the
impact of geographic factors on the study results, we included
kindergarten as a random effect and performed Bayesian multinomial
logistic regression, as presented in Supplementary Table 54.
Additionally, we conducted stratified analyses by sex, gestational age
and birth weight to evaluate potential difference in the effect of
whether probiotics have been consumed on childhood obesity. For
each stratification variable (sex, gestational age, and birth weight),
we conducted multiple comparisons and applied the Bonferroni
correction to adjust the significance level.

All statistical analyses were performed using R version 4.2.3 (R
Foundation for Statistical Computing, Vienna, Austria). All two-sided
p-values < 0.05 were considered statistically significant.

3 Results

3.1 Descriptive statistics stratified
according to child weight status

Table 2 presents the characteristics of the study participants
stratified by different child weight status. Compared to normal weight
children, obese children are more likely to be boys (70.6% vs. 50.5%),

TABLE 1 BMI cut-off points for underweight, overweight and obesity in children aged 3-7 years (kg/m?).

Age (years) Boys Girls
Underweight Overweight Obesity Underweight Overweight Obesity
35 13.8 16.6 17.9 13.5 16.8 18.2
4.0 13.6 16.5 17.8 134 16.7 18.1
45 135 16.4 17.8 13.3 16.6 18.1
5.0 134 16.5 17.9 13.2 16.6 18.2
5.5 13.4 16.6 18.1 13.1 16.7 18.3
6.0 134 16.8 18.4 13.0 16.7 18.4
6.5 133 17.0 18.8 13.0 16.8 18.6
7.0 13.4 17.2 19.2 12.9 16.9 18.8
Frontiers in Nutrition 04 frontiersin.org
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to be born prematurely (7.6% vs. 7.1%), to be macrosomia (4.9% vs.
2.2%), to have mothers with older pregnancies (11.9% vs. 9.9%), and
to have mothers with larger pre-pregnancy BMI (15.7% vs. 9.0%).

3.2 Probiotic supplementation of children
with different body weight

The probiotic supplementation of children with different body
weight is shown in Table 3. The results indicate that for the combine
weight statuses 24,435 (78.3%) children consumed probiotics within
the first 3 years of their life, while 6,755 (21.7%) children did not.
Regarding the initiation time of probiotic supplementation, 7,678
(24.6%) children taken probiotics within the 12-36 months,
constituting the highest proportion among all age groups. Concerning
the cumulative duration of probiotic consumption, 8,496 (27.2%)
children had a cumulative intake duration of less than 1 month, which
represented the highest frequency across all duration categories.
Obese children were more likely not to take probiotics than normal
weight children (25.1% vs. 21.2%).

3.3 Relationship of probiotic
supplementation with overweight and
obesity among preschoolers

Table 4 shows the results of multinomial logistic regressions of
associations between probiotic supplementation status with children
overweight and obesity. After adjusting for potential confounders, the
that
supplementation during ages 0-3 years was associated with a lower
risk of overweight (AOR = 0.88, 95% CI = 0.82 ~ 0.95) and obesity
(AOR =0.82,95% CI = 0.72 ~ 0.93) compared to children without
probiotic supplementation.

multinomial logistic regressions showed probiotic

Compared to children without probiotic supplementation, those
taking probiotics when 6-12months (AOR=0.88, 95%
CI =0.80 ~ 0.97) or 12-36 months (AOR = 0.82,95% CI = 0.75 ~ 0.91)
had lower odds of being overweight; while children taking probiotics
when 0-6 months (AOR=0.76, 95% CI=0.64~0.92) or
12-36 months (AOR = 0.80, 95% CI = 0.68 ~ 0.93) had lower odds of
being obesity.

In comparison to children without probiotic supplementation,
those who cumulatively took probiotics for less than 1 month
(AOR =0.82, 95% CI = 0.75 ~ 0.90) had a significantly lower odds of
being overweight as a preschooler; while children who consumed
probiotics for less than 1 month (AOR = 0.80, 95% CI = 0.68 ~ 0.93),
1-3 months (AOR =0.78, 95% CI = 0.65 ~ 0.94), and 3-6 months
(AOR =0.79, 95% CI = 0.63 ~ 0.98) respectively had lower odds of
being obesity.

Compared to the children without probiotic supplementation,
children who consumed product A or other probiotic products had
lower odds of being overweight or obese, while those who took
product B exhibited no significant reduction in the risk of being
overweight (AOR = 0.91, 95% CI = 0.81 ~ 1.01) or obese (AOR = 0.84,
95% CI = 0.70 ~ 1.01) as a preschooler.

Table 5 shows the association of probiotic supplementation with
childhood obesity stratified by sex, gestational age and birth weight.
The results indicated that probiotic supplementation during ages
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0-3 years was associated with lower odds of being overweight in boys
(AOR =0.88,95% CI = 0.80 ~ 0.97, p < 0.025) with a non-significant
trend in girls (AOR = 0.89, 95% CI = 0.79 ~ 1.00, p > 0.025), although
the effect sizes were similar for both sexes. In contrast, boys who took
probiotic supplements showed a non-significant trend for a reduced
risk of obesity (AOR = 0.88, 95% CI = 0.75 ~ 1.02, p > 0.025), while
girls taking probiotic supplements were significantly less likely to
be obese as preschoolers (AOR=0.70, 95% CI=0.56~0.88,
p<0.025).

Probiotic supplementation was associated with a lower risk of
both overweight (AOR = 0.88, 95% CI = 0.81 ~ 0.96, p < 0.025) or
obesity (AOR =0.82, 95% CI = 0.72 ~ 0.94, p < 0.025) only in full-
term children. Similarly, probiotic supplementation was associated
with a lower risk of overweight (AOR = 0.89, 95% CI = 0.82 ~ 0.96,
p < 0.0083) and obesity (AOR=0.82, 95% CI=0.71~0.93,
P <0.0083) only in the normal birth weight group. Nonetheless, these
findings should be interpreted with caution due to the limited
sample size.

4 Discussion

To the best of our knowledge, this is the first study examining the
effects of probiotic supplementation during the ages of 0-3 years on
overweight and obesity in Chinese preschoolers. Our study identified
a significant association between probiotic supplementation in
children aged 0-3 years and a lower prevalence of both overweight
and obesity in preschoolers. Children who consumed a probiotic
product containing B. longum subsp. infantis R0033, B. bifidum R0071,
and L. helveticus R0052 had a lower risk of being overweight or obese.
Additionally, we observed a gender difference in the protective effect
of probiotic supplementation against childhood obesity, with girls
showing the lower risk of obesity compared to boys. Concurrently,
exploratory research indicated a potentially stronger association
between probiotic supplementation and reduced obesity risk among
children born full-term or with normal birth weight, though these
preliminary findings warrant further validation in adequately
powered studies.

In our study, probiotic supplement between 0 and 3 years of age
was associated with a lower risk of overweight and obesity in
preschool-aged children. These findings are supported by several
experimental studies that have investigated the potential mechanisms
underlying the role of probiotics in pediatric weight management. For
instance, a double-blind, randomized, placebo-controlled trial
conducted in China found that a 12-week supplementation with a
multi-strain probiotic formula (Lactobacillus salivarius AP-32,
Lactobacillus rhamnosus bv-77, and Bifidobacterium animalis subsp.
lactis CP-9) improved gut microbiota composition, elevated high-
density lipoprotein (HDL) and adiponectin levels, and reduced BMI,
total cholesterol, low-density lipoprotein (LDL), leptin, and tumor
necrosis factor-alpha (TNF-a) levels in obese children, suggesting a
beneficial effect on lipid metabolism and inflammation (49). Similarly,
a randomized controlled trial from Thailand reported improvements
in adiposity indices, inflammation, and gut microbiota diversity
among children who received Lactobacillus paracasei HII01 and
B. animalis subsp. lactis supplements (50).

Our research found that probiotic supplementation initiated at
different ages between 0 and 3 years was associated with a lower
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TABLE 2 Descriptive statistics stratified according to child weight status.

Characteristics Total number Normal weight Overweight (n, %) Obesity (n, %) p-value?
(n, %)
Gender <0.001
Male 16,504 12,864 (50.5) 2,660 (61.3) 980 (70.6)
Female 14,686 12,600 (49.5) 1,677 (38.7) 409 (29.4)
Age (years) 0.006
3~4 7,540 6,238 (24.5) 988 (22.8) 314 (22.6)
4~5 10,096 8,145 (32.0) 1,504 (34.7) 447 (32.2)
5~6 9,944 8,107 (31.8) 1,379 (31.8) 458 (33.0)
6~7 3,610 2,974 (11.7) 466 (10.7) 170 (12.2)
Gestational age (weeks) 0.261
<37 2,246 1805 (7.1) 336 (7.7) 105 (7.6)
>37 28,944 23,659 (92.9) 4,001 (92.3) 1,284 (92.4)
Child birth weight (g) <0.001
<2,500 2,129 1781 (7.0) 260 (6.0) 88(6.3)
2,500 ~ 4,000 28,254 23,118 (90.8) 3,903 (90.0) 1,233 (88.8)
>4,000 807 565 (2.2) 174 (4.0) 68 (4.9)
Maternal age at conception (years) 0.003
<35 28,005 22,934 (90.1) 3,847 (88.7) 1,224 (88.1)
>35 3,185 2,530 (9.9) 490 (11.3) 165 (11.9)
Maternal pre-pregnancy BMI (kg/m?) <0.001
<18.5 6,092 5,247 (20.6) 675 (15.6) 170 (12.2)
185 ~23.9 22,008 17,916 (70.4) 3,091 (71.3) 1,001 (72.1)
>24 3,090 2,301 (9.0) 571 (13.2) 218 (15.7)
Maternal education level 0.008
<Middle school 3,494 2,782 (10.9) 527 (12.2) 185 (13.3)
High school 5,362 4,356 (17.1) 751 (17.3) 255 (18.4)
College 21,081 17,314 (68.0) 2,870 (66.2) 897 (64.6)
>Postgraduate 1,253 1,012 (4.0) 189 (4.4) 52(3.7)
Paternal education level <0.001
<Middle school 3,134 2,511 (9.9) 447 (10.3) 176 (12.7)
High school 5,551 4,424 (17.4) 847 (19.5) 280 (20.2)
College 20,634 17,018 (66.8) 2,770 (63.9) 846 (60.9)
>Postgraduate 1871 1,511 (5.9) 273 (6.3) 87 (6.3)
Household income (RMB/month) 0.848
<10,000 4,680 3,804 (14.9) 652 (15.0) 224 (16.1)
10,001 ~ 20,000 9,705 7,928 (31.1) 1,347 (31.1) 430 (31.0)
20,001 ~ 30,000 6,615 5,379 (21.1) 939 (21.7) 297 (21.4)
>30,000 10,190 8,353 (32.8) 1,399 (32.3) 438 (31.5)
Feeding pattern 0.985
Breastfeeding 17,432 14,243 (55.9) 2,410 (55.6) 779 (56.1)
Bottle feeding 3,248 2,642 (10.4) 464 (10.7) 142 (10.2)
Mixed feeding 10,394 8,485 (33.3) 1,445 (33.3) 464 (33.4)
Not clear 116 94 (0.4) 18 (0.4) 4(0.3)
(Continued)
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TABLE 2 (Continued)
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Characteristics Total number Normal weight Overweight (n, %) Obesity (n, %) p-value?
(n, %)
Child physical activity frequency (days/week) 0.902
0 81 64 (0.3) 12 (0.3) 5(0.4)
1~2 6,764 5,542 (21.8) 939 (21.6) 283 (20.4)
3~6 10,536 8,591 (33.7) 1,464 (33.8) 481 (34.6)
7 13,809 11,267 (44.2) 1922 (44.3) 620 (44.6)
Electronic screen usage (minutes/day) 0.007
0 7,572 6,223 (24.4) 994 (22.9) 355 (25.6)
1~30 14,679 12,009 (47.2) 2063 (47.6) 607 (43.7)
31 ~60 6,692 5,452 (21.4) 932 (21.5) 308 (22.2)
>60 2,247 1780 (7.0) 348 (8.0) 119 (8.6)

“P-values were obtained using the Chi-squared test.

TABLE 3 Probiotic supplementation stratified by child weight status.

Probiotic Total number = Normal weight ~ Overweight (n, %) Obesity (n, %) p-value?
supplementation (n, %)
Whether taking <0.001
No 6,755 5,394 (21.2) 1,013 (23.4) 348 (25.1)
Yes 24,435 20,070 (78.8) 3,324 (76.6) 1,041 (74.9)
Initiation time (months) <0.001
No 6,755 5,394 (21.2) 1,013 (23.4) 348 (25.1)
0-6 5,037 4,120 (16.2) 722 (16.6) 195 (14.0)
6-12 7,607 6,239 (24.5) 1,025 (23.6) 343 (24.7)
12-36 7,678 6,360 (25.0) 991 (22.8) 327 (23.5)
Not clear 4,113 3,351 (13.2) 586 (13.5) 176 (12.7)
Cumulative duration (months) <0.001
No 6,755 5,394 (21.2) 1,013 (23.4) 348 (25.1)
<1 8,496 7,067 (27.8) 1,079 (24.9) 350 (25.2)
1-3 4,697 3,843 (15.1) 660 (15.2) 194 (14.0)
3.6 2,704 2,216 (8.7) 377 (8.7) 111 (8.0)
>6 4,021 3,277 (12.9) 566 (13.1) 178 (12.8)
Not clear 4,517 3,667 (14.4) 642 (14.8) 208 (15.0)
Probiotic product 0.003
No 6,755 5,394 (21.2) 1,013 (23.4) 348 (25.1)
Product A 8,701 7,127 (28.0) 1,183 (27.3) 391 (28.1)
Product B 4,695 3,853 (15.1) 644 (14.8) 198 (14.3)
Other strains 3,535 2,932 (11.5) 465 (10.7) 138 (9.9)
Not clear 7,504 6,158 (24.2) 1,032 (23.8) 314 (22.6)

“P-values were obtained using the Chi-squared test.

prevalence of overweight and obesity in children. However, some
results were not statistically significant. For example, probiotic
supplementation initiated between 0 and 6 months was not
significantly associated with a lower prevalence of overweight, while
supplementation between 6 and 12 months was not significantly
associated with a lower prevalence of obesity. Nevertheless, their
effect sizes were similar to those observed at other initiation ages.

Frontiers in Nutrition

Early probiotic intervention helps regulate the gut microbiota and
may reduce the occurrence of obesity by influencing metabolism,
the immune system, and energy balance (26). Our findings
suggested that probiotic supplementation initiated at different ages
between 0 and 3 years was associated with a lower prevalence of
overweight and obesity in preschool children, with no evident
sensitive period.
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TABLE 4 Associations between probiotic supplementation and children overweight and obesity.

Probiotic Overweight (vs. Normal weight) Obesity (vs. Normal weight)
supplementation AOR (95% CI)* p-value AOR (95% CI)* p-value
Whether taking

No ref ref

Yes 0.88 (0.82, 0.95) 0.002 0.82 (0.72, 0.93) 0.002
Initiation time (months)

No ref ref

0-6 0.95 (0.85, 1.05) 0.306 0.76 (0.64, 0.92) 0.004
6-12 0.88 (0.80, 0.97) 0.007 0.87 (0.74, 1.02) 0.075
12-36 0.82 (0.75, 0.91) <0.001 0.80 (0.68, 0.93) 0.005
Not clear 0.93 (0.84, 1.05) 0.234 0.82 (0.68, 0.99) 0.042
Cumulative duration (months)

No ref ref

<1 0.82 (0.75, 0.90) <0.001 0.80 (0.68, 0.93) 0.004
1-3 0.91 (0.82, 1.01) 0.079 0.78 (0.65, 0.94) 0.009
3-6 0.91 (0.80, 1.03) 0.134 0.79 (0.63, 0.98) 0.033
>6 0.91 (0.81, 1.02) 0.088 0.84 (0.69, 1.01) 0.063
Not clear 0.94 (0.84, 1.04) 0.227 0.89 (0.74, 1.06) 0.183
Probiotic product

No ref ref

Product A 0.88 (0.80, 0.96) 0.005 0.85 (0.73, 0.98) 0.028
Product B 0.91 (0.81, 1.01) 0.079 0.84 (0.70, 1.01) 0.057
Other products 0.85 (0.75, 0.96) 0.008 0.75 (0.61, 0.92) 0.006
Not clear 0.89 (0.81, 0.98) 0.018 0.80 (0.69, 0.94) 0.007

*Adjusted for children’s gender and age, gestational age birth weight, maternal age at conception and pre-pregnancy BMI, parental education level and marital status, household income, the

child’s feeding pattern, physical activity frequency and electronic screen usage in models. Ref; reference.

Additionally, we found that probiotic supplementation,
particularly when the cumulative duration was less than 1 month for
overweight and within 6 months for obesity, was associated with a
lower prevalence of these conditions. From a certain perspective, this
may be because the duration required to reduce the risk of overweight
is shorter than that required to reduce the risk of obesity. Individuals
with overweight exhibit better metabolic adaptability and behavioral
plasticity compared to those with obesity, which may allow for a
shorter intervention period to achieve beneficial effects (51). However,
this also raises an important question worth considering and
discussing: why would a shorter duration be more effective than a
longer one? One possible explanation is that the sample sizes in the
longer-duration groups may be smaller, resulting in insufficient
statistical power to detect the effect size and significance. Future
studies with larger sample sizes are needed to further investigate
this finding.

In this study, the probiotic strains contained in product A and
product B (Supplementary Table S1) have been suggested to associate
with a reduced risk of obesity and overweight in previous research.
For example, the metabolic by-products of B. bifidum R0071 are
positively correlated with the number of viable bacteria reaching
colonic fermentation, which positively influences the development of
the infant gut microbiota (52). What's more, B. longum subsp. infantis
R0033 and B. bifidum RO0071 can specifically metabolize
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oligosaccharides with different structures in breast milk (53). Studies
have shown that R0071 can hydrolyze human milk oligosaccharides
outside the cells with the help of cell wall-anchored secreted
glycosidases. This hydrolysis process releases monosaccharides and
disaccharides, which are then taken up by the cells for metabolism and
growth. In contrast, R0033 mainly metabolizes human milk
oligosaccharides (HMOs) intracellularly. In in vitro experiments,
when R0071 and R0033 are co-cultured, the overall number of cell
proliferations increases significantly, and the two form a cross-feeding
relationship. In addition, the degradation products of HMOs released
by R0071 during the metabolism of HMOs can also provide the
nutrients required for the growth of other strains, thus promoting
their growth. R0071 can form a mutually beneficial symbiotic
relationship with other bacterial communities, through the sharing of
metabolites in the microbial community, jointly maintaining the
stability and balance of the gut microbial ecosystem. L. helveticus
R0052 has been shown to improve weight gain and other obesity
markers (54). Probiotic supplementation with L. rhamnosus HN0O01
during pregnancy has been found to reduce the likelihood of
overweight in the children of overweight or obese women at
24 months of age (21). Another study reported that daily intake of
80 mL of probiotic yogurt containing B. animalis subsp. lactis HN019
led to a reduction in BMI (55). However, our study found that,
compared to children without probiotic supplementation, children
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TABLE 5 Associations between probiotic supplementation and children overweight and obesity: stratified by sex, gestational age and birth weight.

Stratification factors Probiotic Overweight (vs. Normal weight) Obesity (vs. Normal weight)
supplementation AOR (95%Cl)*  p-value®  AOR(95%Cl*  p-value®

Sex status
Boys

No ref

Yes 0.88 (0.80, 0.97) 0.013 0.88 (0.75, 1.02) 0.090
Girls

No ref

Yes 0.89 (0.79, 1.00) 0.054 0.70 (0.56, 0.88) 0.002
Gestational age (weeks)
<37

No ref

Yes 0.89 (0.66, 1.19) 0416 0.75 (0.46, 1.21) 0.242
>37

No ref

Yes 0.88 (0.81, 0.96) 0.002 0.82 (0.72, 0.94) 0.003
Birth weight (g)
<2,500

No ref

Yes 0.66 (0.48, 0.90) 0.010 0.63 (0.38, 1.05) 0.075
2,500-4,000

No ref

Yes 0.89 (0.82, 0.96) 0.004 0.82 (0.71, 0.93) 0.003
>4,000

No ref

Yes 1.32(0.87,1.99) 0.198 1.10 (0.59, 2.05) 0.762

*Adjusted for children’s gender (removed when gender stratification) and age, gestational age (removed when gestational age stratification), birth weight (removed when birth weight
stratification), maternal age at conception and pre-pregnancy BMI, parental education level and marital status, household income, the child’s feeding pattern, physical activity frequency and
electronic screen usage in models. "The p-values were adjusted using the Bonferroni correction, with the significance level for the sex and gestational age stratifications set at 0.025 and the

significance level for the birth weight stratification set at 0.0083. ref, reference.

who consumed product A or other probiotic products had a lower
prevalence of overweight or obesity, while those who took product B
showed no significant difference in prevalence. This suggests that
different combinations of probiotic strains may be associated with
varying outcomes in childhood overweight and obesity. Future clinical
trials could compare the associations of different probiotic
formulations with these outcomes.

We found that the association between probiotics and obesity was
not equally strong between boys and girls. Compared to boys,
probiotic supplementation in children aged 0-3 years was more
commonly associated with a lower prevalence of obesity in preschool
girls. Previous studies have also explored the relationship between
probiotics and obesity, revealing gender differences. In a double-blind,
placebo-controlled randomized trial, the female participants in the
probiotic group experienced a significantly weight loss than those in
the placebo group (p = 0.02), while the male participants in both
groups showed similar results (p =0.53) (37). Further research
revealed that treatment with L. rhamnosus CGMCC1.3724 combined
with a calorie-restricted diet resulted in significantly higher weight
loss in obese females compared to obese males (56). Gender
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differences in various characteristics may be potential factors
influencing this relationship. First, a study in rats suggested that genes
related to appetite regulation, such as proopiomelanocortin,
neuropeptide Y, leptin receptor, and agouti-related protein, were
expressed differently between males and females (57). Second, there
are sex-based differences in the composition of the gut microbiota
between males and females, which are, to some extent, a result of the
effects of sex hormones (58). Further research is needed to explain the
gender-specific responses to probiotic supplementation in children
and the mechanisms behind these gender differences.

Due to the limited sample size of preterm, low birth weight, and
high birth weight children, our preliminary exploratory analysis
suggested that probiotic supplementation may only be associated with
a lower risk of overweight or obesity among children who are full-
term or of normal birth weight. Compared to full-term infants,
preterm infants may have abnormal microbiota, with delayed
development of the gut microbiota, which may affect the effectiveness
of probiotics (59, 60). Regarding birth weight, low birth weight
children are often at higher metabolic and growth risks, such as
catch-up growth (61), and probiotics may reduce the incidence of
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overweight and obesity by modulating the gut microbiota and
promoting healthy growth and development. In high birth weight
children, probiotic supplementation failed to significantly reduce the
risk of overweight or obesity. This may be related to the metabolic
characteristics of high birth weight children themselves and other
growth and metabolic problems they may face (3, 62), which suggests
that different intervention strategies are needed to prevent obesity in
such children. Future studies with larger sample sizes are needed to
enable the interpretation of these findings.

Our findings are also consistent with the biomedical mechanisms
by which probiotics influence obesity. From the very first moment of
life, a newborn’s body begins to interact with a variety of
with
immunomodulatory, anti-inflammatory, nutritional and anti-

microorganisms.  Probiotics are microbial agents
microbial effects (63), and are thought to improve gut health by
promoting the growth of beneficial microorganisms. Probiotics are
able to reduce intestinal endotoxin levels by stabilizing the
permeability of the intestinal barrier and attenuating low-grade
inflammatory states (64). Additionally, probiotics may promote
non-obesogenic changes in the intestinal environment by altering the
fermentation process of dietary polysaccharides, which in turn affects
energy harvesting and fat deposition in the host (65). During critical
periods of life, probiotic interventions may protect individuals from
premature weight gain through both immunomodulatory pathways
and energy harvesting mechanisms (66, 67), and this effect is usually
limited to the first few years of life, when the gut microbial
composition and immune response are still being formed. More
mechanisms of probiotics on obesity remain to be elucidated.

Although our study primarily focused on epidemiological
associations, we fully acknowledge that early-life probiotic
supplementation may influence the development of overweight and
obesity through epigenetic regulatory mechanisms (68). For example,
Bifidobacterium lactis LMG P-28149 and L. rhamnosus LMG S-28148
have been shown to increase the abundance of Firmicutes and
Bacteroidetes in the gut microbiota, upregulate the expression of
peroxisome proliferator-activated receptor gamma (PPARy) and
lipoprotein lipase, and ameliorate obesity in murine models (69). In
addition, prenatal supplementation with specific probiotics may
reduce the risk of childhood obesity and excessive weight gain by
decreasing DNA methylation levels of key genes such as fat mass and
obesity-associated gene (FTO), melanocortin 4 receptor (MC4R),
insulin-like growth factor binding protein 1 (IGFBP1), and
methionine sulfoxide reductase A (MSRA) (70). In future research,
integrating epigenetic data will be crucial to better elucidate the
underlying biological mechanisms of our statistical findings.

The findings of this study should be interpreted in light of the
following limitations. First, all participants were recruited from
Longhua District of Shenzhen, which may lead to selection bias and
limit the generalizability of our results, as the use methods of
probiotics and strains may vary across different regions. Second, the
data on probiotic supplementation for children aged 0-3 years was
subjectively recalled by the mothers, which may result in recall bias
and social desirability bias. Third, due to the proprietary nature of
probiotic product formulations in the consumer market, we were
unable to identify the probiotic strains used in products other than
product A and product B. Fourth, unfortunately, due to the lack of
standardized dosage measurement guidelines in the survey, we were
unable to collect precise information on the dosage of probiotics
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taken by children aged 0-3 years, which may limit our ability to
assess the relationship between probiotic use in early childhood and
overweight or obesity in preschool children. Fifth, despite including
a range of covariates, there were still unmeasured potential
confounding variables, such as paternal obesity, parental and
children’s diet, etc., that may influence the findings. Sixth, in this
cross-sectional study, we did not collect data on whether children
aged 0-3 years were overweight or obese, which might limit any
conclusions on the causal relationship between probiotic
supplementation in early childhood and overweight/obesity in
preschool children. Therefore, prospective birth cohort studies are
needed to determine their causal relationship. Seventh, we did not
measure biological indicators such as inflammatory markers and
obesity-related biomarkers, which could provide mechanistic insight
into the association between early-life exposures and childhood
overweight or obesity. The absence of such data is primarily due to
logistical and financial constraints in this large-scale, community-
based survey. Future studies with biomarker data collection are
warranted to validate and extend our findings.

5 Conclusion

In summary, probiotic supplementation in children aged 0-3 years
was associated with a lower risk of overweight and obesity in preschool
children, with a potential gender difference. Supplementation at any
time during this early life period appeared to be beneficial in reducing
the likelihood of developing overweight or obesity. These findings
suggest a possible protective role of early probiotic use, underscoring
the need for further longitudinal and experimental studies to confirm
its preventive potential. Nevertheless, the interpretation of dose-
specific effects is limited by the lack of detailed data on individual
probiotic components, highlighting the need for more targeted
research in this area.
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