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Abstract

Background Taking oral antibiotics during childhood has been linked with an increased risk of childhood obesity. This
study assessed any potential association in number of courses of antibiotics taken between 2—3 and 4-5 years of age and
body mass trajectory up to age 5.

Methods The study was a secondary analysis of 8186 children and their parents from the infant cohort of the Irish National
Longitudinal Study of Children. Antibiotic use was measured by parental recall between ages 2—3 and 4-5. Longitudinal
models described the relationship between antibiotic exposure and body mass index (BMI) standard deviation scores and
binary outcomes, and examined interactions between covariates, which included socioeconomic status, diet assessed by food
frequency questionnaires and maternal BMI.

Results Any antibiotic usage between 2 and 3 years did not predict risk of overweight or obesity at age 5. Four or more
courses of antibiotics between 2 and 3 years were independently associated with obesity at age 5 (odds ratio 1.6, 95% con-
fidence interval 1.11-2.31). Effect size was modest (coefficient +0.09 body mass SD units, standard error 0.04, P=0.037).
Maternal BMI modified the relationship: >4 courses of antibiotics between 2 and 3 years were associated with a +0.12
body mass SD units increase in weight at age 5 among children of normal-weight mothers (P=0.035), but not in children
of overweight mothers.

Conclusions Number of antibiotic courses, rather than antibiotic use, may be an important factor in any link between early
antibiotic exposure and subsequent childhood obesity. Research is needed to confirm differential effects on babies of normal
versus overweight/obese mothers independent of socioeconomic factors.
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Introduction

Childhood obesity remains a major public health concern
in western countries, including Ireland. It is a strong pre-
dictor of adult obesity [1]. Obesity is now recognized as a
clinical condition [2] affecting all body systems and a major
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contributor to chronic diseases including type 2 diabetes
mellitus, cardiovascular disease and cancer morbidity and
mortality [3-5]. Quality of life may be severely impaired
as evidenced by psychological complications such as low
self-esteem and depression [6, 7]. Obesity is a multifactorial
condition and antibiotic consumption in childhood has been
suggested as a potential contributing factor.

Antibiotic prescribing is common in young children espe-
cially for respiratory infections. Experimental evidence has
shown that antibiotics disrupt the gut microbiota and these
changes could disrupt metabolic processes. It is, therefore,
plausible that agents modulating the microbiota, such as
antibiotics, may affect body weight [8, 9] and there is con-
cern that early childhood is a particularly vulnerable period
when such effects may have long-term consequences [10].

The degree of influence of antibiotics on metabolism
depends in theory on two determinants: (1) frequency of
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antibiotic exposure and (2) personal factors. While antibi-
otic dose is usually well defined, personal characteristics
and behaviors are highly variable and difficult to capture
(e.g., socioeconomic factors, diet, physical activity) [11].
Several epidemiological studies have suggested a positive
relationship between childhood antibiotic use and obesity
development [12—-18]. A recent meta-analysis has found that
azithromycin given to children with pulmonary disorders
results in weight gain [19]. In contrast to the studies above,
a large US cohort study by Gerber et al. found that antibi-
otic exposure during the first 6 months after birth was not
significantly associated with weight gain trajectories from
0 to 8 years of age [20].

Four systematic reviews have been done to date, with
variable findings. One concluded antibiotic exposure in
early life significantly increased risk of childhood obesity
[relative risk 1.21,95% confidence interval (CI) 1.13-1.30,
P <0.001] [21], while a second found no consistent and con-
clusive evidence of associations between early life antibiotic
use and later child body mass [22]. The other two reviews
focused on antibiotic exposure in infants (< 24 months) and
found that it was associated with a small increase in odds of
childhood overweight or obesity in some children [23, 24].

The number of courses of antibiotics required to result in
a lasting, meaningful impact on body mass has not yet been
determined. In addition, it is unclear if antibiotic exposure
during early childhood, post 24 months of age, is also dis-
ruptive to gut function. It is also unknown if the effect is sus-
tained or reversible over time or whether multiple exposures
during a particular period have a progressive effect. The aim
of our study was to investigate any association between anti-
biotic use in early childhood and the trajectory of obesity
from 9 months to 5 years in an Irish population, independent
of known risk factors for obesity.

Methods
Study design

The study is a secondary analysis of a subset of the infant
cohort of the Irish National Longitudinal Study of Children
consisting of 8186 children. Variables with information on
antibiotic exposure, body mass, socio-demographic vari-
ables and birthweight were extracted from the 9-month, 3-
and 5-year surveys.

Study design and data collection of Irish National
Longitudinal Study of Children

The Infant Cohort of the National Longitudinal Study of
Children, Growing Up in Ireland (GUI) has 8712 children
and their caregivers. Data collection for the GUI study

consisted of interviewer-administered questionnaires with
parents in their home. The detailed study design has been
published elsewhere [25]. The GUI study design was
approved by the Scientific and Policy Advisory Commit-
tee and Research Ethics Committee and the Office of the
Minister for Children and Youth Affairs in Ireland. Specific
ethical approval was not required for this study.

Study population

Seven infants were excluded from the original cohort as the
primary caregiver was not the biological parent; 519 were
excluded as they were missing birthweight measurement or
follow-up interview at either 3 or 5 years, resulting in a study
sample of 8186.

Antibiotic exposure assessment

Measures of antibiotic use were not available in the 9-month-
old data. The primary caregiver was asked at ages 3 and
5: “Has child received a course of antibiotics in the past
12 months?”” and “In total, how many courses of antibiotics
has child received in the past 12 months?”. No data were
collected on type of antibiotics used, doses or prescribing
indications; therefore, it was not possible to determine which
antibiotics may be driving any effect.

Antibiotic exposure variables used in the analysis were:
(1) use of any antibiotics as a binary yes/no covariate; (2)
use of antibiotics as a categorical covariate to consider
whether the number of courses of antibiotic exposure affects
outcome.

In the year prior to data collection, 5285 (64.6%) of
3-year olds had at least one course of antibiotics. 2434
(29.7%) had one antibiotic course, 1348 (16.5%) had two
antibiotic courses, 708 (8.6%) had three antibiotic courses
and 801 (9.8%) had >4 antibiotic courses (Table 1). 4589
(56.1%) of 5-year olds had had at least one antibiotic course
during the preceding year. 2322 (28.4%) had one course,
1130 (13.8%) had two courses, 555 (6.8%) had three courses
and 582 (7.1%) had >4 antibiotic courses (Table 1).

Body weight measurement

The child’s weight and height or length were measured at
9 months, 3 and 5 years. A Leicester portable height stick
was used to measure height. Weight was measured using a
Class III medically approved SECA 835 portable electronic
scales. Length was measured at 9 months using a SECA 210
measuring mat. Birthweight of the child was reported by the
mother at 9 months.

Body mass index (BMI) was calculated by dividing
the body weight (in kilograms) by the height (length if
<2 years) (in meters) squared (BMI=Weight/height2).
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Table 1 Cohort description of the National Longitudinal Study of Children in Ireland with data from interviews carried out at 9 months, 3 years
and 5 years of age

Variables 9 mon (n=_8186) 3y (n=8186) Sy (n=238186)

Gender, % (n)

Male 50.7 (4147)
Female 49.3 (4039)
Ethnicity, % (n)
Irish or any other white background 94.5 (7731)
Asian or Asian Irish 2.1(174)
Black or Black Irish 2.9 (240)
Other, including mixed background 0.5 (39)
Birth weight (g), % (n)
<3000 16.7 (1356)
3000-4000 67.7 (5480)
> 4000 15.6 (1262)
Breastfeeding, % (n)
Yes 61.8 (5060)
No 38.2 (3125)
Chronic illness child, % (n)
No 97.0 (7940) 85.3 (6982) 83.1 (6809)
Yes 3.0 (246) 14.7 (1204) 16.8 (1376)
Maternal BMI, % (n)
Non-overweight 60.8 (4977) 53.3 (4363) 54.6 (4327)
Overweight/obese 39.2 (3209) 46.7 (3823) 43.8 (3592)
Maternal education, % (1)
Degree or higher 38.1 (3120) 41.3 (3379) 39.8 (3255)
Technical/diploma 33.8 (2768) 37.2 (3044) 42.3 (3460)
Leaving cert 18.2 (1489) 13.6 (1112) 11.5 (940)
Up to lower secondary 9.9 (809) 7.9 (647) 6.5 (531)
Social class, % (n)
Professional 19.7 (1609) 18.5 (1511) 18.3 (1501)
Managerial and technical 32.9 (2697) 33.1 (2711) 33.8 (2764)
Non-manual 16.4 (1344) 16.8 (1373) 16.6 (1357)
Skilled manual 13 (1067) 13.7 1123) 12.2 (1083)
Semi-skilled and unskilled 8.4 (685) 9.2 (756) 9.4 (772)
Validly no social class 9.1 (746) 8.1 (661) 7.8 (642)
All others gainfully occupied/unknown 0.5 (38) 0.6 (51) 0.8 (67)
Maternal smoking, % (n)
Never 77.4 (6334) 74.9 (6097) 77.0 (6227)
Occasionally 7.1 (585) 8.8 (714) 8.9 (715)
Daily 15.5 (1266) 16.3 (1326) 14.1 (1140)
Free GP access, % (n)
No 73.8 (6043) 65.4 (5356) 59.8 (4892)
Yes 26.2 (2136) 34.6 (2828) 40.2 (3294)
Number of courses of antibiotics in the preceding y, % (n)
0 35.4 (2901) 43.9 (3592)
1 29.7 (2434) 28.4(2322)
2 16.5 (1348) 13.8(1130)
3 8.6 (708) 6.8 (555)
4+ 9.8 (801) 7.1 (582)
Child’s weight, % (n)
Normal 72.2 (5912) 68.1 (5580) 83.8 (6863)
Overweight 17.3 (1413) 19.2 (1572) 10.5 (853)
Obese 10.5 (861) 12.7 (1034) 5.7 (470)

BMI body mass index, GP general practitioner
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Standard deviation (SD) scores of BMI (BMI SD scores)
were calculated for the sample based on the UK-WHO data-
set using “LmsGrowth”, a Microsoft Excel add-in designed
for use with growth chart references which provide age- and
gender-specific cut offs [26]. Based on BMI SD scores, a
sample population can be classified as underweight, normal,
overweight and obese depending on how much they deviate
from the population norm. The following BMI percentile
cuts offs were applied: > 91st percentile for overweight and
> 98th percentile for obesity.

The study outcome measurements were: (1) body mass as
a logistic variable (obese- vs non-obese-dependent variable);
(2) BMI SD score as a longitudinal linear dependent variable
(longitudinal BMI SD score as a linear dependent variable)
at 3 years and 5 years of age.

Prevalence of overweight was 20.4% (1748) at 5 years,
with girls more likely to be overweight compared to boys
[girls: 22.6% (957); boys: 18.2% (791)] (Table 1).

Covariate assessment

The following were included as potential confounders/effect
modifiers in the analyses and were extracted from the sur-
veys as described below.

Gender of study child, birthweight, gestational age and
length of time of breastfeeding was recorded at 9 months.

Information on study child’s diet, physical activity and
health was obtained from age-5 questionnaire. A validated
food frequency questionnaire measured in-depth dietary
pattern data [27]. An estimate of the study child’s daily cal-
orie consumption was calculated from the food frequency
information using the calories content from typical age-
adjusted children’s portion sizes [28] and nutrient values
based on the McCance and Widdowson Food Composition
Tables [29].

Other questionnaire data extracted at the age-5 survey
included: socio-demographic information (social class,
mother’s age, maternal education, free general practitioner
access, household income, household type, ethnicity), life-
style characteristics [cigarette smoking, creche (daycare)
attendance] and measured maternal height and weight.

Table 1 summarizes the demographic and socioeconomic
details. Half of the cohort, 50.7% (4147) were males. The
majority of the sample was “Irish or any other white back-
ground” (94.5%, n=7731).

Data analysis
A cross-sectional description of the cohort was prepared

from data collected at 9 months, 3 and 5 years of age. Lon-
gitudinal mixed models examined the relationship between

antibiotic exposure and the repeated measures of BMI over
time. Differences between exposed and unexposed subjects
were tested at each of the three time points, with random
effects used for subjects to account for individual patterns of
weight change. Analyses were carried out using the “lme4”
package in R [30].

Four sets of longitudinal mixed models were developed
using both outcome measurements: (1) obese vs non-obese;
(2) longitudinal BMI SD score. The analyses compared body
mass trajectory to four different antibiotic exposures: (1)
any antibiotic use from 2 to 3 years; (2) number of courses
of antibiotics taken between 2 and 3 years; (3) number of
courses of antibiotics taken between 4 and 5 years and (4)
cumulative antibiotic exposure from 2 to 3 years and 4 to
5 years. The final stage of the analysis involved fitting mod-
els with interaction terms (antibiotic use: gender) and strati-
fied longitudinal mixed modeling by gender, having been
breastfed, maternal BMI and maternal smoking to examine
any interaction between covariates.

The results reported coefficients, standard errors and P
values for linear multilevel models or odds ratios (ORs) and
95% ClIs for binomial multilevel models. Statistically sig-
nificant P values were attained at a =0.05. We plotted the
mixed model results for number of courses of antibiotics
used at 2-3 years and body mass trajectory from 9 months to
5 years (coefficients and 95% Cls using coefplot2) to quickly
visualize the point estimates and measures of uncertainty of
the fitted statistical models [31].

Results

Longitudinal analysis of the association
between any antibiotic exposure (yes or no)

and body mass across early childhood (9 months
to 5 years)

In an unadjusted cross-sectional model, any antibiotic
use at age 3 was statistically associated with a substantial
increase in BMI SD scores [coefficient +0.08 BMI SD
units, standard error (SE) 0.03, P=0.001]. In the logistic
mixed model using categories obese vs non-obese as the
outcome, any antibiotic use was not associated with being
obese during early childhood, adjusting for other known
predictors (OR 1.07, 95% CI1 0.75-1.52) (Table 2). Being
obese was independently significantly associated with
four predictors: Black or Black Irish ethnicity (OR 3.44,
95% CI 1.25-9.47), higher birthweight (OR 1.95, 95% CI
1.46-2.61), lower maternal education (OR 2.52, 95% CI
1.34-4.72) and maternal BMI of >25 (OR 1.43, 95% CI
1.02-2.61).
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Table 2 Longitudinal mixed models of the association between the number of courses of antibiotics use at 2-3 years and/or 4-5 years and body
mass trajectory from 9 months to 5 years adjusting for known confounders®

Outcome variable BMI SD-score

Obese vs non-obese

Coefficient SE P value OR 95% CI (lower limit)  95% CI
(upper
limit)

Exposure 1: use of “any” antibiotics between 2 and 3 y

No Reference 1.00

Yes 0.03 0.02 0.263 1.07 0.75 1.52
Exposure 2: number of courses of antibiotics between age 2 and 3 y

0 Reference 1.00

1 0.01 0.03 0.646 0.88 0.61 1.27

2 0.03 0.03 0.423 0.95 0.66 1.38

3 0.02 0.04 0.710 1.16 0.80 1.69

>4 0.09 0.04 0.037* 1.60 1.11 2.31%*
Exposure 3: number of courses of antibiotics between age 4 and 5 y

0 Reference 1.00

1 0.05 0.03 0.093 1.15 0.80 1.64

2 0.05 0.04 0.203 1.04 0.65 1.67

3 0.03 0.05 0.593 1.16 0.63 2.16

>4 0.05 0.05 0.372 1.37 0.74 2.53
Exposure 4: number of courses of antibiotics between age 2-3 and 4-5 y

0 Reference 1.00

1 0.07 0.02 <0.001* 1.05 0.79 1.41

2 0.13 0.02 <0.001* 1.13 0.79 1.62

3 0.14 0.03 <0.001* 1.36 0.85 2.17

>4 0.12 0.03 <0.001* 1.63 1.01 2.62%

BMI body mass index, SD standard deviation, SE standard error, OR odds ratio, CI confidence interval. *P <0.05. *Adjusted for gender, attend-
ing creche, being breastfed, food energy intake (kcal), level of exercise, having a chronic illness, maternal BMI, birthweight of child, social class

of household, maternal smoking, maternal education and ethnicity

Longitudinal analysis of the association
between number of courses of antibiotics and body
mass across early childhood (9 months to 5 years)

In the logistic mixed model, using >4 courses of antibiot-
ics during the 12-month period from 2 to 3 years was sig-
nificantly associated with being obese during early child-
hood, adjusting for other known predictors (OR 1.60, 95%
CI 1.11-2.31) (Table 2). In the multivariable model, being
obese was not associated with a higher calorific diet (OR
1.71, 95% CI 0.79-3.69) or having chronic illness (OR
1.22,95% CI1 0.77-1.94) (Supplementary Table 1).

Increased BMI SD score was moderately associated
with taking >4 courses of antibiotics during the 12-month
period from 2 to 3 years, adjusting for other known predic-
tors (coefficient +0.09 BMI SD units, SE 0.04, P=0.037)
(Table 2); (unadjusted univariate model: coefficient +0.24
BMI SD units, SE 0.04, P <0.001).

In contrast, taking >4 courses of antibiotics during
the 12-month period from 4 to 5 years was not signifi-
cantly associated with being obese during early childhood,
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adjusting for other known predictors (OR 1.60, 95% CI
1.11-2.31) (Table 2).

Cumulative exposure >4 courses of antibiotics expo-
sures from age 2 to 3 and age 4 to 5 showed the strongest
association with increased risk of obesity at age 5 (coef-
ficient +0.12, P <0.001), having adjusted for other known
confounders (Table 2). In the multivariable model, no asso-
ciation was found between being obese and having with a
higher calorific diet (OR 1.59, 95% CI 0.60—4.23) or having
chronic illness (OR 1.05, 95% CI 0.59-1.89) (Supplemen-
tary Table 2).

Interaction effects of covariates

In a longitudinal mixed model fitted with a gender by anti-
biotic use interaction term as well as the covariates above,
there was no statistically significant interaction found (gen-
der: 4 + courses of antibiotics interaction term: coefficient
—0.109 BMI SD units, P=0.303; 4 + courses of antibiot-
ics: coefficient 0.18 BMI SD units, P =0.029). In the mod-
els stratified by gender, there was no evidence that gender
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modified the association between antibiotic use and obesity
(4 + courses of antibiotics: coefficient 0.06 BMI SD units,
P=0.329).

In the models stratified by breastfeeding, there was a non-
statistically significant trend of increasing BMI SD-score
with increasing antibiotic use among those infants whose
were breastfed (4 + courses of antibiotics: coefficient 0.12
BMI SD units, P=0.090).

There was a non-statistically significant trend of increas-
ing BMI SD score with increasing antibiotic exposure
among those infants whose parents did not smoke and had
taken four or more courses of antibiotics (4 + courses of
antibiotics: coefficient 0.09 BMI SD units, P=0.054).

There was no evidence of having a chronic illness modi-
fied the association between antibiotic use and obesity in
the stratified models (4 4+ courses & having a chronic ill-
ness: P=0.153; 4 + courses and not having a chronic illness:
P=0.128).

In a longitudinal mixed model fitted with a maternal
weight category by antibiotic use interaction term as well
as the covariates above, there was no statistically significant
interaction found (gender: 4 + courses of antibiotics inter-
action term: coefficient —0.030 BMI SD units, P=0.774;
4 + courses of antibiotics: coefficient 0.13 BMI SD units,
P=0.082). When the interaction between maternal weight
and the antibiotic—obesity association was examined in
stratified analysis, interaction between maternal weight,
antibiotic exposure and obesity was observed. Children of
normal-weight mothers exposed to >4 courses of antibiotics
between 2 and 3 years showed an increase of +0.12 BMI
SD units (P=0.035) compared to children of overweight and
obese mothers (coefficient +0.06, P=0.367).

Discussion

In this study, we set out to examine any effect of antibiotic
use after the age of 2 years on BMI in childhood in an Irish
longitudinal cohort study. Our results demonstrated that the
only high levels of antibiotic use of >4 courses of antibiot-
ics between 2 and 3 years were associated with an increased
body mass trajectory from 9 months to 5 years. Pooled data
from two study waves strengthened the association. No asso-
ciation was detected at less than four courses or in cross-
sectional analysis of antibiotic exposure between ages 4 and
5. These findings highlight the importance of frequency of
antibiotic use and age at administration in the detection of
antibiotic-related weight changes. This would suggest that
repeated antibiotic exposure may impair recovery of micro-
biota and metabolic functioning in young children and that
microbiota recovery is possible with less frequent antibiotic
exposure.

Our findings demonstrated a modest effect size of weight
increase following antibiotic exposure. Translated into
weight increments for the average 5 years old, a +0.09
SD unit increase in body mass corresponds to a 250-g
increase in weight. A comparable effect size was demon-
strated by Schwartz et al. [32] (1 course: +0.01 BMI SD
units, P =0.009; 4-6 courses: +0.05 BMI SD units, P
value=0.012). Any effect of antibiotics on weight is unlikely
to have significant impact at an individual level. However,
the impact at a population level may be more significant.

Three studies found no or inconsistent risk of obesity with
antibiotic use during childhood [20, 33, 34]. The differences
in findings across studies are likely due, in part, to differ-
ences in the age of participants and intervals between anti-
biotic use and weight measurements, including self-report
of child’s weight measurements [33, 34] and cross-sectional
designs [34]. Furthermore, it has been suggested that gut
microbiota may be less susceptible to alteration by antibiot-
ics as it matures between birth and age 3 [35]. As we have
no information available on antibiotic use prior to 2 years of
age, it is also possible that the high antibiotic use observed
in early childhood may be a persistent pattern from infancy
that has biased our results.

The finding that children of normal-weight mothers
exposed to >4 courses of antibiotics between 2 and 3 years
had an increased risk of obesity at age 5 compared to chil-
dren of mothers with a BMI > 25 was similar to two stud-
ies [14, 33]. One hypothesis is that normal and overweight
mothers have different gut microbial composition that is
passed on to infants during delivery, predisposing the former
to greater microbiota disruption with antibiotics [33, 36, 37].
Another possibility is that risk factors for obesity associated
with maternal obesity may mask any relationship between
antibiotics and obesity [38].

Obesity is a multifactorial condition. Many factors such
as duration of breastfeeding, exercise, and health status have
been shown to contribute to the risk of developing obesity.
While these covariates did not appear to be statistically asso-
ciated with changes in the antibiotic—obesity relationship in
the population, it may suggest that antibiotics contribute to
the risk of obesity via different biological mechanisms and/
or the antibiotic—obesity relationship does not follow typical
socioeconomic patterning of health issues.

The main strength of the GUI cohort is that repeated
objective measurements of weight and height were collected
from study child and mother. Prior studies of antibiotic use
and BMI were often limited by lack of follow-up weight
measurements. Another advantage GUI is the wide range of
available information on confounding social and environ-
mental variables collected.

Notwithstanding these strengths, our study has some
significant limitations. The study survey instruments were
not specifically designed for this study; therefore, some
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desirable pieces of information on antibiotic use such as
type, dose and prescribing indication were not available.
The GUI study did not record antibiotic usage at 9 months.
Recall bias limits the maternal report of antibiotic use,
chronic illness diagnosis, length of time breastfed and
accuracy of reported smoking behaviours.

In addition, BMI SD scores were the only measures
available that would allow comparison between ages, as
no alternative measure of obesity is available for chil-
dren under 2 years of age [39, 40]. Using age-adjusted
SD score removes some of the within-person variation in
body mass and its use in longitudinal studies has been
criticized because of this [41]. Also, it should be noted
that the reference charts used in obesity studies change the
rate of obesity detected across studies, with the UK-WHO
reference charts used here giving higher rates of obesity
compared with other cut-offs.

The persistent though modest association between high
levels of antibiotic use and obesity, independent of predic-
tors such as birthweight and maternal weight, is unlikely
to be spurious. Additional studies addressing the biologi-
cal mechanism behind the effect of antibiotic exposure and
subsequent obesity would be a logical next step for research,
including examination of the changes in bacterial gut profile
associated with different types and doses of antibiotics. For
clinical practice, deployment of new approaches in relation
to prescribing practices based on the risk of obesity would
be premature as there is insufficient evidence to infer that
antibiotics cause obesity or are unsafe for children.

In conclusion, we found that high levels of antibiotic
exposure of >4 courses of antibiotics between ages 2 and
3 were associated with obesity at age 5. Given the incon-
sistency of the effect between age 2-3 and age 4-5, it is
likely the association is more complex than postulated in
studies to date. The impact of antibiotics on metabolic
function was evident after repeated courses of treatment
suggesting that recovery is possible with less frequent
antibiotic exposure. Given the current epidemic of child-
hood obesity and widespread use of antibiotics, further
research is needed with a focus on detailed information
on the types of antibiotics taken and biological sampling
of gut bacteria before and after antibiotic use.
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