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Background: Obesity is an epidemic that must arouse our attention. The purpose of this research is to
investigate the relationship between antibiotic use during pregnancy and childhood obesity in 5-year-old
Chinese children.

Methods: A total of 132 5-year-old children born in our hospital from January 2014 to January 2016 were
included. The children’s genders, nationalities, chronic diseases, and other factors were collected as adjusted
covariates. We also collected the pre-pregnancy body mass indexes (BMIs) of pregnant women, diagnosis
of diabetes mellitus or gestational diabetes mellitus (GDM), maternal smoking, mode of delivery (cesarean
section and vaginal delivery), and weight gain during pregnancy, which may affect childhood obesity. A linear
mixed effect regression model was used to test the correlation between antibiotic use during pregnancy
and the BMI of 5-year-old children, and a logistic mixed effect regression model was used to evaluate the
correlation between antibiotic use during pregnancy and obesity outcome.

Results: When adjusted for the child’s gender, birth weight, cesarean section, chronic diseases, maternal
smoking during pregnancy, pre-pregnancy BMI, diagnosis of diabetes or GDM, mode of delivery (cesarean
section and vaginal delivery), and weight gain during pregnancy (Model 3), antibiotic use during pregnancy
was positively correlated with the BMI of 5-year-old children (B=0.01, 95% CI: 0.01-0.03, P=0.04).
Antibiotic use during pregnancy increased the risk of obesity by 4% in 5-year-old children (OR =1.04, 95%
CI: 1.01-1.16, P=0.02).

Conclusions: The use of antibiotics during pregnancy is positively correlated with the risk of obesity in
5-year-old children.
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Introduction

Obesity is an important public health problem affecting
33.7% of adults and 14.0% of children worldwide, which
requires an urgent solution (1,2). Previous studies have
found that several factors in the fetal period play a decisive
role in obesity (3). For example, pre-pregnancy body mass
index (BMI), weight gain during pregnancy, smoking, and
cesarean section delivery are independently correlated with
the increased risk of childhood obesity (4-8).

Recent studies have identified potential effects of early
antibiotic exposure in childhood on the metabolism and
growth of children (9). The relationship between the use of
antibiotics during pregnancy and childhood obesity has also
received attention and discussion. In a retrospective cohort
study by Popovic et al. (9), a higher risk of childhood obesity
at 3 years of age was observed if the mother took antibiotics
during pregnancy. However, this was only because antibiotic
use during pregnancy was associated with antibiotic use
earlier in childhood (10). Moreover, a mediating effect of
maternal weight on childhood obesity was revealed. In
another cohort study of Danish schoolchildren, Mueller
et al. reported a higher adjusted prevalence of obesity
among children aged 7-16 years with prenatal exposure to
antibiotics (11).

Given that the conclusions of previous studies exhibited
a certain variability, and most of them were conducted in
European and American populations resulting in a certain
population bias, the present study aims to explore the
correlation between the use of antibiotics during pregnancy
and childhood obesity in 5-year-old Chinese children.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-220).

Methods
Objects

A total of 132 5-year-old children born in our hospital
from January 2014 to January 2016 were enrolled in our
study. The inclusion criteria were as follows: (I) availability
of complete birth records; (II) availability of complete
medication records of the mother during pregnancy as well
as relevant information during pregnancy; (III) children
aged 5 years or above; and (IV) complete records of the
children’s height and weight at 5 years of age. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
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in 2013). The study was approved by the Ethics Committee
of Haikou Hospital of the Maternal and Child Health (No.:
2013HNO063) and informed consent was taken from all the
patients.

Data collection

Information on the use of antibiotics by the mother
during pregnancy were collected. Antibiotic use during
pregnancy was defined as an outpatient prescription of
antibiotics by a pregnant woman at 9 months (273 days)
before the child’s birth. At the same time, according to
the dosage of antibiotics, antibiotic use was divided into
0-4+, narrow spectrum antibiotics (amoxicillin, penicillin,
dicloxacillin, etc.), and broad-spectrum antibiotics (such as
the amoxicillin/clavulanate group).

The obesity status in 5-year-old children was the primary
outcome of this study. We defined childhood obesity as
age- and sex-specific BMI > that of 85% of the population.
Gender, ethnicity, chronic disease, and other factors of
children were collected as the covariates of correction.
We also collected data on maternal pre-pregnancy BMI,
diagnosis of diabetes or gestational diabetes mellitus (GDM),
maternal smoking, mode of delivery (cesarean section vs.
vaginal delivery), and weight gain during pregnancy, which
may contribute to childhood obesity.

Statistical analysis

SAS 9.4 software (North Carolina State University, USA)
was used for statistical analysis. Categorical variables
were presented as the number of cases (percentage),
and continuous variables were presented as the mean =
standard deviation or median (interquartile interval). We
used a linear mixed effect regression model to examine the
association between antibiotic use during pregnancy and
BMI in 5-year-old children, and a logistic mixed effect
regression model to evaluate the association between
antibiotic use during pregnancy and obesity outcomes.

Results
Buasic data of the objects

A total of 132 children were enrolled. Of these, girls
accounted for 51.5%, and the mean birth weight was
3.3+0.6 kg. Caesarean section accounted for 9.8%; those with
chronic diseases accounted for 3.0%; 4.5% of the children’s
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mothers smoked during pregnancy; 45.4% of mothers had
a BMI >25 kg/m’ before pregnancy; 22.0% of mothers
had diabetes or GDM; and the proportion of antibiotic use
during pregnancy was 25.8%, as shown in Table 1.

Correlation between the use of antibiotics during
pregnancy and the BMI of 5-year-old children

Multiple linear regression analysis indicated that antibiotic
use during pregnancy was positively associated with BMI at

Table 1 Basic characteristics of the study objects

Characteristics Number (N=132)

Mothers
Smoking during pregnancy (n, %) 6 (4.5)
BMI before pregnancy =25 kg/m? (n, %) 62 (45.4)
Weight gain during pregnancy (kg) 12.7+3.1
Diabetes mellitus or gestational diabetes 29 (22.0)
mellitus (n, %)
Antibiotic use during pregnancy (n, %) 34 (25.8)
0 28 (21.2)
1 2(1.5)
2 2(1.5)
3 1(0.8)
4+ 1(0.8)
Narrow-spectrum antibiotics (n, %) 14 (10.6)
Broad-spectrum antibiotics (n, %) 20 (21.2)
Children
Girl (n, %) 68 (51.5)
Birth weight (kg) 3.3+0.6
Caesarean section (n, %) 13(9.9)
Chronic disease (n, %) 4 (3.0)

BMI, body mass index.
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5 years of age [B=0.03, 95% confidence interval (CI): 0.02—
0.06, P=0.02] without any adjustment (Model 1). Even after
adjustment for the child’s gender, birth weight, cesarean
section delivery, and chronic disease (Model 2), this positive
association persisted ($=0.02, 95% CI: 0.01-0.04, P=0.03).
After further adjustment for maternal smoking during
pregnancy, pre-pregnancy BMI, diagnosis of diabetes
mellitus or GDM, method of delivery (cesarean section wvs.
vaginal delivery), and gestational weight gain (Model 3), this
positive association remained (B=0.01, 95% CI: 0.01-0.03,
P=0.04) as shown in Table 2.

Correlation between antibiotic use during pregnancy and
obesity in S-year-old children

Logistic regression analysis demonstrated that when
unadjusted (Model 1), antibiotic use during pregnancy
increased the risk of obesity by 17% in 5-year-old children
(OR =1.17, 95% CI: 1.11-1.36, P=0.003). When adjusted
for the child’s gender, birth weight, cesarean section, and
chronic disease (Model 2), antibiotic use during pregnancy
increased the risk of obesity by 14% in 5-year-old children
(OR =1.14, 95% CI: 1.10-1.31, P=0.007). When further
adjusted for maternal smoking during pregnancy, pre-
pregnancy BMI, diagnosis of diabetes or GDM, method
of delivery (cesarean section vs. vaginal delivery), and
gestational weight gain (Model 3), antibiotic use during
pregnancy increased the risk of obesity by 4% in 5-year-old
children (OR =1.04, 95% CI: 1.01-1.16, P=0.02), as shown
in Table 3.

Subgroup analysis of the association between antibiotic use
during pregnancy and obesity in 5-year-old children

Adequately adjusted for the child’s gender, birth weight,
cesarean section, chronic disease, maternal smoking
during pregnancy, pre-pregnancy BMI, diabetes or GDM
diagnosis, delivery method (cesarean section vs. vaginal
delivery), and gestational weight gain, stratified analysis

Table 2 Correlation between the use of antibiotics during pregnancy and BMI of 5-year-old children

Models B 95% Cl P value
Model 1 0.03 0.02-0.06 0.02
Model 2 0.02 0.01-0.04 0.03
Model 3 0.01 0.01-0.03 0.04

BMI, body mass index.
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Table 3 Correlation between antibiotic use during pregnancy and obesity in 5-year-old children

Models OR 95% Cl P value
Model 1 117 1.11-1.36 0.003
Model 2 1.14 1.10-1.31 0.007
Model 3 1.04 1.01-1.16 0.02
Table 4 Subgroup analysis of the association between antibiotic use during pregnancy and obesity in 5-year-old children
Variables OR 95% ClI P value
Antibiotic dose
1 1.01 0.01-1.32 0.06
2 1.02 1.01-1.03 0.03
3 1.03 1.01-1.05 0.02
4+ 1.05 1.02-1.08 0.01
Types of antibiotics
Narrow-spectrum antibiotics 1.16 0.02-1.29 0.14
Broad-spectrum antibiotics 1.21 1.13-1.42 0.001

(by antibiotic dose and type) found that there was no
significant association between an antibiotic dose (level 1)
and the risk of obesity in 5-year-old children (OR =1.01,
95% CI: 0.01-1.32, P=0.06); an antibiotic dose (level 2) was
associated with a 2% increased risk of obesity at age 5 (OR
=1.02, 95% CI: 1.01-1.03, P=0.03); an antibiotic dose (level
3) increased the risk of obesity at age 5 by 3% (OR =1.03,
95% CI: 1.01-1.05, P=0.02); and an antibiotic dose (level
of 4+) was associated with a 5% increased risk of obesity
at age 5 (OR =1.05, 95% CI: 1.02-1.08, P=0.01). There
was no significant association between narrow-spectrum
antibiotics and the risk of obesity in 5-year-old children (OR
=1.16, 95% CI: 0.02-1.29, P=0.14), while broad-spectrum
antibiotics increased the risk of obesity by 21% at age 5 (OR
=1.21,95% CI: 1.13-1.42, P=0.001), as shown in Table 4.

Discussion

The present study demonstrated a significant positive
association between antibiotic use during pregnancy and the
risk of obesity in children aged 5 years. After fully adjusting
the possible influencing factors of both the mother and child
on the obesity of 5-year-old children, this study still found
that the risk of obesity in 5-year-old children increased
with higher doses of antibiotics used during pregnancy.

© Translational Pediatrics. All rights reserved.

Furthermore, the use of broad-spectrum antibiotics was
more significantly associated with an increased risk of
obesity in 5-year-old children.

Consistent with previous studies, we also observed a
potential association between maternal antibiotics during
pregnancy and later childhood obesity. A study by Mor ez al.
of 436 mothers and infants showed that antibiotics exposure
in the second and third trimesters of pregnancy increased
the risk of obesity by 84% in children aged 7 years (12). It
has also been reported that the use of antibiotics by mothers
during pregnancy is significantly positively correlated with
the risk of childhood obesity (OR =1.29, 95% CI: 1.03-1.62,
P=0.01) (13). A recent study of 303 mothers and infants
showed that exposure to antibiotics during pregnancy
resulted in a small increase in infants’ BMI during follow-
up 2 years after birth (14).

Mothers often need to receive antibiotic treatment
during pregnancy, and the most common indication is
urinary tract infection, which is often quickly and effectively
treated (15). Research into the potential mechanism
of changes in the intestinal microbiome or epigenetic
programming (16-18) suggests that the use of antibiotics
during pregnancy may have an innate influence on the
intestinal microbiome of children, thereby mediating the
occurrence of obesity in later childhood. This may explain
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why the use of broad-spectrum antibiotics was associated
with a greater risk of obesity at 5 years of age compared to
narrow-spectrum antibiotics in the present study, as broad-
spectrum antibiotics have a wider antibacterial spectrum
and have a greater impact on the child’s intestinal flora.
In addition, it has been found that neonatal blood with
mothers infected during pregnancy is rich in antibodies (19).
These children have been born with strong innate immunity
and are not prone to stunting due to low immunity in
childhood.

In this study, the use of antibiotics during pregnancy was
found to be correlated with obesity in 5-year-old children,
which may be helpful to better analyze the rising incidence
and pathogenesis of obesity in children. Additionally, our
study discovered this correlation in the Chinese population
for the first time, which carries a certain suggestive effect
on the use of antibiotics during pregnancy in the future.
Considering the risk of using antibiotics during pregnancy
for offspring’s obesity, pregnant women should be instructed
to avoid using antibiotics as much as possible during
pregnancy. For patients who have already used antibiotics,
the intestinal flora of the offspring should be closely
monitored after birth, probiotics should be supplemented
in a planned way, physical exercise should be strengthened,
and the intestinal flora should be checked regularly.
However, this study also has some limitations that should
be noted. Firstly, the use of antibiotics included in this
study was established using only the prescription records of
outpatients. The use of antibiotics by pregnant women in
out-of-hospital pharmacies or other hospitals was not fully
understood, which may mean that our analysis is biased to
some extent. Secondly, the sample size of this study was
small, and thus, the research conclusions need to be verified
in future studies with a larger sample sizes.

In conclusion, the present study identified a significant
positive association between antibiotic use during pregnancy
and the risk of obesity in 5-year-old children.
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