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Background: It has been hypothesized that antibiotic usage in early life could contribute to development of
overweight in childhood. Studies have seen association between antibiotic usage and overweight in child-
hood. We aimed to investigate the relationship between antibiotic exposure in infancy and development of
body mass index (BMI) and body composition.
Methods: A prospective mother�child cohort study of 738 pregnant women and their 700 children, Copenhagen
Prospective Studies on Asthma in Childhood2010 (COPSAC2010). Information on antibiotic exposure was collected
by interviews. Height/length and weight measureswere collected at age 1, 2, 3, 4, 5 and 6 years and body compo-
sition was determined by a dual-energy X-ray absorptiometry (DXA) scan at age 3.5 and 6 years.
Findings: 306 (46%) of the 661 children were exposed to antibiotics before 1 year of age. There were no
differences in BMI z-score development at age 1�6 years between children exposed to antibiotics com-
pared to unexposed: z-score difference, �0.06 (95%CI: �0.17;0.06), p = 0.33, and no sex-differences
(p-interaction = 0.48). Children exposed vs. not exposed to antibiotics had comparable fat percentage
at 6 years of age: log(mean difference), 0.60% (95%CI: �0.212 to 1.41), p = 0.15.
Interpretation: Children exposed to antibiotics had similar BMI, BMI z-score and body composition between 1
and 6 years of life compared to unexposed children. Our study does not support the hypothesis that antibiotic
exposure in infancy leads to development of obesity in the first 6 years of life.
Funding: The Lundbeck Foundation, The Ministry of Health, Danish Council for Strategic Research and The
Capital Region Research Foundation.
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1. Introduction

The prevalence of overweight and obesity in children and adoles-
cents has been increasing worldwide [1�3], but seems to have
reached a plateau in the recent years in Denmark [4]. This increase in
prevalence of overweight and obesity has happened over a relatively
short period and cannot be explained by genetic predisposition and
changing dietary habits alone [5]; hence, some of the explanation
could be found in other environmental exposures [6].

Antibiotics for treatment of infections are widely used in chil-
dren during their first years of life [7]. It has been hypothesized
that antibiotic usage in early life could be one of the environmen-
tal exposures contributing to development of overweight in child-
hood [8]. In support of this theory, it is known that antibiotics can
be used as growth promoters in livestock, however, the growth
promoting effect is poorly understood [8]. It is known that antibi-
otics can alter the gut microbiome [9,10] and recent research has
suggested that manipulation of the gut microbiota and it’s meta-
bolic pathways can affect host's adiposity and metabolism [11],
thereby linking the use of antibiotics with a potential for weight
gain.

Some studies in children have reported that antibiotics in the
early life was associated with a higher body mass index (BMI) later in
childhood, but some of these studies were based on questionnaires,
parent-reported antibiotic intake and outpatient prescriptions, with
the potential risk of bias and confounding [8,12�14].

The aim of this study was to analyze the association between anti-
biotic exposure before 1 year of age and development of BMI, BMI z-
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Research in context

Evidence before this study:

Antibiotics for treatment of bacterial infections are widely used
in children. Early usage of antibiotic has been suggested as a
cause of overweight and obesity in childhood, but findings are
ambiguous.
We searched PubMed for clinical trials and meta analyses on
this subject published in English, between 2014 until 2016,
using the search terms “Antibiotic usage”, “overweight/obe-
sity”, “growth” and “infant/child”. We searched the refer-
ence lists of the retrieved articles. We found no meta-
analysis on the topic.
We found that the earlier studies were predominantly based on
questionnaires, parent-reported antibiotic intake and outpatient pre-
scriptions, with the potential risk of bias and confounding. Addition-
ally, they had only few or no information on relevant confounders.

Added value of this study:

This study does not support earlier reports that use of antibiot-
ics within the first year of life leads to increased BMI or adipos-
ity later in childhood. There is no consistent evidence
supporting the role of clinical use of antibiotics in later develop-
ment of obesity.

Implications of all the available evidence:

There is not convincing evidence supporting the role of early
life antibiotics in development of obesity to change prescription
practice for this purpose. Furture studies including randomized
controlled trials should be performed to further explore this
question.
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score and body composition from 1 to 6 years in the Danish popula-
tion-based prospective mother�child cohort Copenhagen Prospec-
tive Studies on Asthma in Childhood2010 (COPSAC2010).
2. Methods

2.1. Study population

COPSAC2010 is an ongoing Danish mother�child cohort study
of 738 unselected pregnant women and their 700 children. They
are followed prospectively from pregnancy week 24 with 13 sub-
sequent scheduled clinic visits at pregnancy week 36, 1 week, 1,
3, 6, 12, 18, 24, 30, 36, 48, 60 and 72 months, together with acute
care visits [15,16]. In addition, parents kept a structured diary
with daily registrations of symptoms and medicine consumption
from birth.

Inclusion criteria were available anthropometrics data (weight
and length/height) at least at 1 and/or 6 years of age combined with
completed medical interviews (detailed information about antibiotic
usage), and a daily diary that was at least 90% fulfilled and validated
(detailed information about number of disease episodes). Children
not fulfilling these criteria were excluded.

The daily diary cards were filled from birth by parents monitoring
symptoms of illness and registering daycare absenteeism due to ill-
ness. The diary cards were reviewed with the family by the COPSAC
pediatricians at each visit to validate symptom definitions. For the
first 3 years of life the children were seen in the research clinic at age
1 week, 1 month, 3 months, 6 months and six-monthly hereafter.
Furthermore, we correlated the daily dairy card information with the
prescribed medication for the children.
2.2. Endpoints
2.2.1. Anthropometrics
Height/length and weight were measured without clothes by

trained research assistants. We used calibrated digital weight scales.
Length was measured until the age of 2 years with Kiddimetre, Raven
Equipment Ltd [17]. Height at later ages was measured with a stadi-
ometer: Harpenden. Holtain Ltd., Crymych, Dyfed, Wales, which was
calibrated yearly. BMI was calculated by weight in kilograms divided
by height squared in meters using BMI at 1, 2, 3, 4, 5 and 6 years as
outcomes. International Obesity Task Force (IOTF) cut-offs for BMI
were used to determine risk of overweight and obesity (above grade
zero) [18].
2.2.2. Dual-energy X-ray absorptiometry (DXA) scans
DXA scans were performed at 3.5 and 6 years of age as a whole-

body scan with Lunar iDXA, GE Healthcare, Fairfield, CT, USA. The
data from the DXA scans were examined and validated following rec-
ognized guidelines by experts in nuclear medicine, who were blind
to the study exposure and had no involvement in the following data
analyses [19]. DXA analyses were performed with enCoreTM soft-
ware, GE Healthcare Lunar � 2011, version 14.10.022. We used fat
percentage in the compartment total body less head (TBLH) as out-
come adjusted for sex and age at measurement [20]. Pediatric mea-
surement precision was not determined on-site. The acquisition and
analysis software provides a standard deviation for total body fat per-
centage of 0.4%. The acquisition and analysis software supports pedi-
atric whole-body scans. We did not calculate Z-scores based on a
reference population as we reported the absolute measurements and
based our analyses on these values. All DXA scans were performed on
the same scanner. Previous publications on the precision of fat per-
centage estimation using the Lunar iDXA scanner found coefficients
of variation (CV) between 0.9% and 1.0% by repeat scans on the same
day [21,22]. Even though this was found in an adult population, and
to our knowledge has not been studied in children of a similar age-
group to our study population, we have no reason to believe that the
CV in our study would be significantly different, at least at the age of
6 years. Consequently, although variability could result in type 2 sta-
tistical error we do not find this likely due to the very low CV. Regard-
ing measurement error (systematic bias) this would not influence the
results due to the cross-sectional study-design.
2.3. Antibiotic exposure

Detailed information on antibiotic exposure was obtained during
interviews with the participants at the scheduled clinical visits and
validated against the structured daily diary cards and The Danish
National Prescription Registry, which includes records on all drugs
collected at the pharmacy [23]. Antibiotic usage in this study was reg-
istered according to WHO’s ATC classification system and only sys-
temic administered antibiotics were used as determinants in our
analyses. Antibiotic usage was analyzed as a dichotomous variable
(yes/no) before the age of 1 year. In addition, we used antibiotic
courses as a continuous variable and in a subanalysis we stratified
the number of antibiotic courses into: 0, 1, 2, >2 to investigate any
potential cumulative effect of antibiotic exposure. We also divided
antibiotics into a group of narrow-spectrum antibiotics (penicillins
and ampicillin derivates) and a group of antibiotics which can be con-
sidered as more broad-spectrum antibiotics (macrolides, beta-lac-
tams with beta-lactamase inhibitor, cephalosporins, dicloxacillins,
aminoglycosides, trimethoprims and sulphonamides).
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2.4. Covariates

Information regarding sex, race, maternal age at birth, gestational
age in weeks, mode of delivery, older children in the home, furred
animals in the home, social circumstances, passive smoking, smoking
during pregnancy, gestational diabetes, antibiotics during pregnancy,
antibiotics at birth administered to the mother, maternal asthma sta-
tus and length of exclusive breastfeeding were gathered during the
clinic visits and validated against register data whenever possible.
Length of exclusively breastfeeding was calculated in days. When the
child’s diet was supplemented or replaced by continually use (>7
days) of infant formula or other foods, we considered exclusive
breastfeeding as terminated.

Information on maternal pre-pregnancy weight was collected
from the pregnancy records and maternal BMI was calculated using
the height measured at the COPSAC clinic.

Social circumstances were defined by the z-score of the first com-
ponent of a principal component analysis (PCA) on household
income, maternal age and maternal level of education at offspring
age 2 years (explained 55% of the variance) [24].

Birth length and weight were obtained at the first clinic visit one
week after birth by personal interview and validated against the Dan-
ish Medical Birth Registry. Birth weight for gestational age z-score
was derived from ultrasound based intrauterine growth curves [25].

Number of disease episodes (cold, tonsillitis, otitis media, pneu-
monia, fever, pseudocroup and/or gastrointestinal infection) were
obtained by the daily diary recordings, requiring that each episode
had to be separated with at least one day without any symptoms.

2.5. Statistical analyses

We analyzed the association between antibiotic exposure and the
cross-sectional assessments of BMI at age 6 years and body composi-
tion at age 3.5 and 6 years using generalized linear models adjusted
for all potential confounders associated with antibiotic exposure in
the first year of life (p<0.10). Estimates are presented as differences
in BMI and fat percentage for children exposed to antibiotics com-
pared to their unexposed peers among the entire study group and
stratified for sex.

The main analysis of BMI was BMI z-score tracking over time ana-
lyzed by a similarly adjusted mixed model taking account of repeated
measures, using WHO sex specific BMI z-scores obtained at every
scheduled visit from 1 to 6 years [26]. Z-scores were used since BMI
does not have a linear development [27]. This model included only
data from 1 to 6 years, since the exposure variable was de termined
from birth to 1 year of age.

Log-transformation was performed for fat percentage values to
achieve normality of the residuals prior to analysis; log transforma-
tion was chosen by a box cox transformation.

The mothers and children in this cohort participated in a single-
center, double-blind, placebo-controlled, parallel-group study with
fish oil and high dose vitamin D supplementation in third trimester
of pregnancy [16,28]. There were no interaction between the inter-
ventions and antibiotic exposure in first year of life (data not shown).

Normality of data distribution was evaluated by histograms and a
significance level of 5% was used in all analyses. Analyses were per-
formed in SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

2.6. Ethics

The study was conducted in accordance with the guiding prin-
ciples of the Declaration of Helsinki and was approved by the Local
Ethics Committee (H-B-2008-093), and the Danish Data Protection
Agency (2015-41-3696). Both parents gave written informed con-
sent before enrolment. Data validation and quality control fol-
lowed the guidelines for good clinical practice. Data was collected
during visits to the clinical research unit and stored in a dedicated
online database.

3. Results

3.1. Baseline characteristics

700 children were included, of which 28 were excluded due to
pre-term birth and 11 due to incomplete records on antibiotic expo-
sure, leaving 661 eligible children for the current study. 306 (46%) of
the 661 included children were exposed to treatment with systemic
antibiotics before age 1 year. 168 (25%) of the 306 children were
treated once, 65 (10%) twice and 74 (11%) children were treated three
times or more. Of the prescribed courses, 512 (88%) were beta-
lactams (ampicillin derivates, penicillins, beta-lactams with beta-lac-
tamase inhibitor or dicloxacillins), 66 (11%) of the courses were mac-
rolides, aminoglycosides or cephalosporins, and 6 (1%) of the courses
were of other types.

Table 1 shows baseline characteristics of children exposed to anti-
biotics and their unexposed peers. Older children in the home, higher
maternal pre-pregnancy BMI, antibiotic usage during pregnancy, pas-
sive smoking, and disease episodes in the first year of life were all sig-
nificantly associated with exposure to antibiotics in the first year of
life (p<0.05) and were subsequently included in the final models as
potential confounders. Children exposed to antibiotics had lower
social circumstances. This was borderline significant (p<0.07) and
was also included in as a potential confounder. Furthermore, we
included exclusive breastfeeding duration as a confounder, because
of its known influence on growth in early childhood [29]. As
expected, the number of disease episodes in the first year of life was
significantly higher among children exposed vs. unexposed to antibi-
otics: mean no. episodes (SD), 8.2 (3.9) vs. 7.2 (4.0), p-value < 0.01.

3.2. Antibiotic exposure and BMI z-score development during childhood

The development of BMI z-score from age 1 year until age 6 years
in children exposed vs. unexposed to systemic antibiotics before age
1 year is illustrated in Fig. 1, showing no differences between the
groups, except at 2 years of age where the BMI z-score estimate is
lower for the exposed vs. not exposed children, this was the same
after adjustment for confounders (data not shown). In line with this,
the repeated measurement mixed model adjusted for the confound-
ers mentioned above, showed no difference in BMI z-score from 1
year to 6 years of age between children exposed vs. not exposed to
antibiotics: �0.06 (95% CI: �0.17; 0.06), p-value = 0.33. Sex-stratified
repeated measurements models also showed no difference in BMI z-
score between children exposed to antibiotic and their unexposed
peers: girls, �0.04 (95% CI: �0.21; 0.13), p-value = 0.62, and boys,
�0.08 (95% CI: �0.24; 0.08), p-value = 0.38, p-interaction = 0.48.

A post-hoc analysis of the 80 children, who were exposed to anti-
biotic before 6 months of age, revealed no difference in BMI z-score
development until to age 6 years between the exposed and unex-
posed peers (data not shown).

3.3. Number of antibiotic courses, type of antibiotics, BMI and BMI
z-score development

We subsequently examined a possible dose-response relationship
between number of antibiotic courses in the first year of life and BMI
z-score development. A repeated measurement analysis using num-
ber of antibiotic courses (0 (N = 355), 1 (N = 168), 2 (N = 65), >2
(N = 74)) as a categorical exposure variable showed no differences in
BMI z-score from 1 year to 6 year of age: �0.02 (95% CI: �0.08; 0.04),
p-value = 0.58. Furthermore, we analyzed the subpopulation of chil-
dren whom had broad spectrum antibiotics during the first year of
life. We found no difference between the children exposed to broad



Table 1
Baseline characteristics of the COPSAC2010 cohort according to antibiotic exposure in the first year of life.

Missing data Full cohort Exposed to antibiotic
before 1 year of age

Unexposed to antibiotic
before 1 year of age

P-value

Participants, N (%) � 700 (100%) 306 (46%) 355 (54%) �
Females (yes), N (%) � 340 (49%) 141 (46%) 182 (51%) 0.18y

Caucasian (yes), N (%) � 669 (96%) 295 (96%) 339 (96%) 0.55y

Birth weight for gestational age z-score,
units, mean (SD)

� 0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.46z

Gestational age in weeks (without preterm),
mean (SD)

� 40.1 (1.2) 40.0 (1.2) 40.1 (1.3) 0.37z

Age, mean (SD)
- 1 year data, +/- 3 months (days) 15 368.4 (15.8) 367.7 (15.0) 368.8 (16.0) 0.35z

- 6 years data, +/- 6 months (years) 54 6.0 (0.2) 6.0 (0.2) 6.0 (0.2) 0.93z

Delivery by cesarean section (yes), N (%) � 151 (22%) 65 (21%) 68 (19%) 0.51y

Older children in the home (yes), N (%) 10 395 (57%) 199 (65%) 186 (53%) <0.01y

Furred animals at home (yes at 1 years visit),*
N (%)

14 338 (49%) 144 (48%) 182 (52%) 0.30y

Disease episodes in first year of life, mean
(SD)

49 7.6 (3.9) 8.2 (3.9) 7.2 (4.0) <0.01z

Exclusive breastfeeding duration, mean (SD) 8 103.1 (60.0) 102.7 (61.8) 104.5 (57.3) 0.71z

Maternal pre-pregnancy BMI, mean (SD) 84 24.5 (4.3) 25.1 (4.7) 24.1 (4.0) <0.01z

Social circumstances (PCA), mean (SD) � 0 (1.0) �0.08 (1.0) 0.06 (1.0) 0.07z

Passive smoking in first year of life (yes),
N (%)

11 375 (54%) 180 (59%) 177 (50%) 0.02y

Maternal smoking during pregnancy (yes),
N (%)

� 54 (8%) 22 (7%) 27 (8%) 0.84y

Gestational diabetes (yes), N (%) 3 16 (2%) 8 (2%) 8 (3%) 0.76y

Antibiotics during pregnancy (yes), N (%) � 253 (36%) 126 (41%) 114 (32%) 0.02y

Maternal antibiotics at birth (yes), N (%) � 223 (32%) 92 (30%) 106 (30%) 0.89y

Maternal asthma (yes), N (%) 4 187 (27%) 87 (29%) 86 (24%) 0.18y

Maternal age in years at birth, mean (SD) � 32.3 (4.4) 32.1 (4.5) 32.4 (4.3) 0.45z

* Yes =minimum of 30 days (per year) with furred animal(s).
y Chi-squared test.
z Student’s T-test.
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spectrum antibiotics in the first year of life vs. the unexposed chil-
dren: �0.07 (95% CI: �0.19; 0.05), p-value = 0.26. A cross-sectional
analysis of BMI at age 6 years showed that children exposed to antibi-
otics did not have a higher BMI compared to the unexposed group in
Fig. 1. Development of BMI z-score from age 1 year until age 6 years in children
exposed vs. unexposed to systemic antibiotics before age 1 year. Associations between
antibiotic exposure before 1 year of age and BMI z-score through childhood illustrated
by mean difference in BMI z-score for exposed children compared to children unex-
posed at each visit and 95% confidence intervals.
the unadjusted nor adjusted analysis: adjusted mean difference,
0.07 kg/m2 (95% CI: �0.16; 0.31), p-value = 0.55. In our dose�response
analysis we did not find any significant cumulative effect of antibiotic.
In our subanalysis we saw that children exposed to two courses had a
significantly higher BMI than the unexposed group: 0.44 kg/m2 (95%
CI: 0.01; 0.89) p-value = 0.04 in unadjusted analysis, however only
trend significant after confounder adjustment: 0.36 kg/m2 (95% CI:
�0.04; 0.75) p-value = 0.07. There was no association for children
exposed to three courses or more (data not shown). We saw no differ-
ence in the BMI at 6 years of age between those children who had
broad spectrum antibiotics in the first year of life and the children who
were not exposed to antibiotics (data not shown).

3.4. Antibiotic exposure and fat percentage

The mean age for the completion of the two DXA scans was 3.5 years
(SD: 0.34) and 6.2 years (SD: 0.24), where 467 (70.1%) and 500 (75.6%)
children had usable scan data, respectively. Children exposed to antibi-
otics did not show any differences in fat percentage at either 3.5 or
6 years of age compared to children not exposed to antibiotics: 3.5 years,
difference 0.85% (95% CI: �1.84 to 3.55), p-value = 0.53, and 6 years, dif-
ference 0.60% (95% CI: �0.212 to 1.41), p-value = 0.15 (Table 2). We did
not find any differences in our dose-response analysis either (data not
shown).

4. Discussion

This study showed no association between usage of antibiotics in
the first year of life and BMI z-score development until 6 years of age.
Furthermore, there was no difference in fat percentage determined
by DXA scans at age 3.5 or 6 years of age, which argues against a role
of early life antibiotic exposure on development of childhood obesity.

The present study uses data from the prospectively monitored
clinical mother�child cohort study COPSAC2010, where participants



Table 2
Association between antibiotic usage and fat percentage from DXA scans.

A: 31/2 years of age, B: 6 years of age.

Crude Adjusted*

Exposed Geometric Mean (SD) Unexposed Geometric Mean (SD) Estimate (95% CI)** P-value

A: Fat%
28.3 (4.4) 28.4 (4.5) 0.85 (�1.84 to 3.55) 0.53

On total body less head (n = 216) (n = 251)
B: Fat%
On total body less head 24.3 (1.2) 23.6 (1.2) 0.60(�0.21 to 1.41) 0.15

(n = 221) (n = 279)

* Adjusted for: age, sex, disease episodes 1. year of life, passive smoking 1. year of life, maternal BMI, antibiotic during pregnancy,
other child in house, birth weight for gestational age, exclusive breastfeeding and social circumstances.
** Logged values of fat percentage.
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were followed closely by trained research nurses and paediatricians.
A significant strength of the study is the repeated anthropometric
assessments collected at a single research unit with subsequent rigor-
ous data validation, where all data was double-checked against
source data.

Another advantage is the data on fat percentage measured by DXA
scans at two age-points, which is a reliable method for quantifying
body composition in children. It was performed by experienced labo-
ratory technicians, and all scan data was validated by experts in
nuclear medicine [17,30,31].

Additionally, our study utilizes very reliable, prospectively collected
data on antibiotic usage in early life, which was validated against the
structured daily diary cards and The National Prescription Registry. By
this procedure, we possibly have minimized recall bias and excluded
antibiotics from the analysis, which were prescribed but never filled,
and which were collected at the pharmacy, but never ingested.

We had information on a broad range of potential cofounders,
which were collected at personal interviews with the families and
validated against register data. This allowed for robust adjustments
for potential confounders such as sex, child weight for gestational
age, pre-pregnancy BMI, antibiotics usage during pregnancy, social
circumstances and passive smoking [32,33]. Furthermore, we had
unique data on number of disease episodes captured in daily diary
cards with closed response categories (yes/no) filled out by the
parents and was reflective of use of antibiotics, the use of diary cards
were well validated in our earlier cohort [34]. To our knowledge this
measure for the load of infectious diseases and antibiotic exposure in
early childhood is unparalleled.

One limitation of this study is the relative low number of partici-
pants, compared to previous questionnaire based studies [8,35]. This
particularly resulted in a loss of statistical power in our dose�response
and sex stratified analyses. Another limitation is the lacking informa-
tion on weight gain in the mothers during pregnancy and hence we
could not adjust our analyses for this potential confounder.

We chose to analyze differences in BMI estimates and not over-
weight or obesity, since we only had 31 children in risk of overweight
or obesity at age 6 years estimated by the International Obesity Task
Force (IOTF) grades [18].

Several studies have reported associations between antibiotic expo-
sure in infancy and growth measures in childhood, but most of these
were based on questionnaires or health care records with large differ-
ences in antibiotic information, age of anthropometric measurements,
and confounder adjustment, and the overall results have been ambigu-
ous [8,13,35�38]. Also animals studies have demonstrated that antibi-
otics have the ability to perturb the microbiota especially in infancy
leading to long-term health consequences [39,40]. In humans; one
study reported an association between antibiotic exposure in the first 6
months of life and increased BMI at age 10�38 months, but they did
not find a significant association of exposure to antibiotics at <6
months with child overweight or obesity at 7 years [8]. Another study,
however, reported an association between antibiotic exposure before
6 months of age and risk of overweight at 7 years of age, but only
among children born by normal weight mothers, whereas an opposite
association was observed among children born by overweight mothers
[37]. Two other studies showed association between antibiotic expo-
sure in infancy and risk of overweight or increased BMI, but only in
boys [14,38]. Two recent studies proposed that the association with
increased BMI was mainly found after broad-spectrum antibiotic treat-
ment: The first study showed a correlation between antibiotic exposure
before 6 months of age and BMI at age 2 years, which was more pro-
nounced if the prescribed antibiotic was a macrolide [12]. The second
study showed that having �4 courses of antibiotics increased the risk
of obesity at 2�5 years of age, this effect was present if the prescribed
antibiotics were broad-spectrum, which accounted for more than 20%
of the courses, but there were no significant association if the pre-
scribed antibiotics were narrow-spectrum [35]. In our dose-response
analysis we do not see any cumulative effect of antibiotics. We saw
that 2 courses were borderline significant for a higher BMI, but for three
courses or more there was no association with BMI, so we interpret this
as a spurious finding.

It is known that there is a higher use of both antibiotics in general
and especially of broad-spectrum antibiotics in particular in the United
States compared to Denmark [41,42]. Murphy et al. observed that chil-
dren exposed to antibiotics within the first year of life ranged from
22% to 76% across 18 countries. Only three other countries had a lower
prevalence of exposure to antibiotics compared to our cohort from
Denmark [14]. This is reflected in the low prevalence of broad-spec-
trum antibiotic use of 11% (macrolides, aminoglycosides and cephalo-
sporins) in our cohort. In a sub-analysis comparing the children who
had broad spectrum antibiotics in the first ear of life with those with-
out antibiotics we did not see a difference in BMI between 1 and
6 years of age. Our data do not support the hypothesis that broad spec-
trum antibiotic in early life increases BMI later in life.

Recently, two studies reported negative findings in line with ours:
One study showed that children exposed to antibiotics in their first
6 months of life did not have a different growth in early childhood
compared to those not exposed [43]. Similarly, another study did not
find any impact of early antibiotic usage and changes in fat percent-
age at 3.5, 7 or 11 years of age [44].

There are several possible explanations for the observed differen-
ces. Most studies lack to our belief sufficient confounder adjustment.
We found that antibiotic use was associated with older children in
the home, maternal pre-pregnancy BMI, passive smoking, disease
episodes in the first year of life, antibiotic use during pregnancy, and
social circumstances. This could imply that antibiotic use early in life
is a proxy for socio-economic status, and thereby some of the previ-
ous observations could be explained by the relationship between dif-
ferences in socio-economics and childhood growth [45,46]. A very
important known confounder is maternal BMI that is associated with
overweight in the offspring [33] and this confounder is lacking in
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many studies [12,14,35,44]. Our results are strengthened by the iden-
tification of several possible confounders, which have not been incor-
porated in previous reports. This strengthens the conclusions drawn
from our results.

Our study, conducted in a prospective cohort does not support
that exposure to antibiotics in early life increases BMI or fat percent-
age later in childhood. Future studies should focus on subpopulations
receiving broad-spectrum antibiotics or repetitive doses of antibiotics
in infancy and include the burden of disease episodes as a covariate.
Furthermore, the hypothesis that antibiotic exposure in infancy
causes persistent changes in the children’s gut microbiome should be
further explored.

This study does not support earlier reports that use of antibiotics
within the first year of life leads to increased BMI or adiposity later in
childhood. There is no consistent evidence supporting the role of antibi-
otics in later development of obesity. Therefore, the authors suggest
that the hypothesis of antibiotic usage in infancy as a causative factor
for later obesity should not be taken into consideration, when deciding
whether to treat with antibiotics or not in a clinical setting.
Contributors’ statement page

Drs. Sejersen and Vinding drafted the initial manuscript, and
reviewed and revised the manuscript.

Prof. Bisgaard is the guarantor of the study, from conception and
design to conduct of the study and acquisition of data and contrib-
uted considerably to the analyses, interpretation of the data and also
reviewed and revised the manuscript.

Drs. Stokholm, Chawes, Krakauer and Bønnelykke have provided
important intellectual input and contributed considerably to the
analyses, interpretation of the data and also reviewed and revised
the manuscript.

All authors approved the final manuscript as submitted and agree
to be accountable for all aspects of the work.
Governance

We are aware of and comply with recognized codes of good
research practice, including the Danish Code of Conduct for Research
Integrity. We comply with national and international rules on the
safety and rights of patients and healthy subjects, including Good
Clinical Practice (GCP) as defined in the EU's Directive on Good Clini-
cal Practice, the International Conference on Harmonisation's (ICH)
good clinical practice guidelines and the Helsinki Declaration. We fol-
low national and international rules on the processing of personal
data, including the Danish Act on Processing of Personal Data and the
practice of the Danish Data Inspectorate.
Acknowledgments

We express our deepest gratitude to the children and families of the
COPSAC2010 cohort study for all their support and commitment. We
acknowledge and appreciate the unique efforts of the COPSAC research
team. We are grateful for the big amount of time and work that the
Department of Clinical Physiology and Nuclear Medicine in Gentofte
have provided to conduct all the DXA scans on the children. We
acknowledge the funders for their financial support, the funders did not
have any role in paper design, data collection, data analysis, interpreta-
tion and/or writing of the paper. All funding received by COPSAC is listed
on www.copsac.com. The Lundbeck Foundation (Grant no. R16-A1694);
The Ministry of Health (Grant no. 903516); Danish Council for Strategic
Research (Grant no. 0603-00280B) and The Capital Region Research
Foundation have provided core support to the COPSAC research centre.
Declaration of Competing Interest

The authors have nothing to disclose.
Financial disclosure

The authors have no financial relationships relevant to this article
to disclose.
Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.eclinm.2019.10.020.
References

[1] Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health crisis, com-
mon sense cure. The Lancet 2002;360:473–82. doi: 10.1016/S0140-6736(02)
09678-2.

[2] Matthiessen J, Velsing Groth M, Fagt S, Biltoft-Jensen A, Stockmarr A, Andersen JS,
et al. Prevalence and trends in overweight and obesity among children and ado-
lescents in Denmark. Scand J Public Health 2008;36:153–60. doi: 10.1177/
1403494807085185.

[3] Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N Engl J
Med 2017. doi: 10.1056/NEJMoa1614362.

[4] Morgen CS, Rokholm B, Brixval CS, Andersen CS, Andersen LG, Rasmussen M, et al.
Trends in prevalence of overweight and obesity in Danish infants, children and
adolescents—Are we still on a plateau? PLoS ONE 2013;8:e69860. doi: 10.1371/
journal.pone.0069860.

[5] Deckelbaum RJ, Williams CL. Childhood obesity: the health issue. Obes Res
2001;9:239S–43S. doi: 10.1038/oby.2001.125.

[6] Hill J, Melanson E. Overview of the determinants of overweight and obesity: cur-
rent evidence and research issues. Med Sci Sports Exerc 1999;31.

[7] Hufnagel M, Versporten A, Bielicki J, Drapier N, Sharland M, Goossens H, et al.
High rates of prescribing antimicrobials for prophylaxis in children and neonates:
results from the antibiotic resistance and prescribing in European children point
prevalence survey. J Pediatr Infect Dis Soc. https://doi.org/10.1093/jpids/piy019.

[8] Trasande L, Blustein J, Liu M, Corwin E, Cox LM, Blaser MJ. Infant antibiotic expo-
sures and early-life body mass. Int J Obes 2012;37:16–23. doi: 10.1038/
ijo.2012.132.

[9] Dethlefsen L, Relman DA. Incomplete recovery and individualized responses of
the human distal gut microbiota to repeated antibiotic perturbation. Proc Natl
Acad Sci USA 2011;108(Suppl 1):4554–61. doi: 10.1073/pnas.1000087107.

[10] P�erez-Cobas AE, Gosalbes MJ, Friedrichs A, Knecht H, Artacho A, Eismann K, et al.
Gut microbiota disturbance during antibiotic therapy: a multi-omic approach.
Gut 2013;62:1591–601. doi: 10.1136/gutjnl-2012-303184.

[11] Sanmiguel C, Gupta A, Mayer EA. Gut microbiome and obesity: a plausible expla-
nation for obesity. Curr Obes Rep 2015;4:250–61. doi: 10.1007/s13679-015-
0152-0.

[12] Saari A, Virta LJ, Sankilampi U, Dunkel L, Saxen H. Antibiotic exposure in infancy
and risk of being overweight in the first 24 months of life. Pediatrics
2015;135:617–26. doi: 10.1542/peds.2014-3407.

[13] Mbakwa CA, Scheres L, Penders J, Mommers M, Thijs C, Arts ICW. Early life antibi-
otic exposure and weight development in children. J Pediatr 2016;176:105–13
e2. doi: 10.1016/j.jpeds.2016.06.015.

[14] Murphy R, Stewart AW, Braithwaite I, Beasley R, Hancox RJ, Mitchell EA. Antibi-
otic treatment during infancy and increased body mass index in boys: an interna-
tional cross-sectional study. Int J Obes 2014;38:1115–9. doi: 10.1038/
ijo.2013.218.

[15] Stokholm J, Schjørring S, Eskildsen C, Pedersen L, Bischoff A, Følsgaard N, et al.
Antibiotic use during pregnancy alters the commensal vaginal microbiota. Clin
Microbiol Infect 2013. doi: 10.1111/1469-0691.12411.

[16] Bisgaard H, Vissing NH, Carson CG, Bischoff AL, Følsgaard NV, Kreiner-Møller E,
et al. Deep phenotyping of the unselected COPSAC2010 birth cohort study. Clin
Exp Allergy J Br Soc Allergy Clin Immunol 2013;43:1384–94. doi: 10.1111/
cea.12213.

[17] Pedersen L, Lauritzen L, Brasholt M, Buhl T, Bisgaard H. Polyunsaturated fatty acid
content of mother’s milk is associated with childhood body composition. Pediatr
Res 2012;72:631–6. doi: 10.1038/pr.2012.127.

[18] Cole TJ. Establishing a standard definition for child overweight and obesity world-
wide: international survey. BMJ 2000;320 1240�1240. doi: 10.1136/
bmj.320.7244.1240.

[19] National health and nutrition examination survey (NHANES). Body composition
procedures manual. 2013.

[20] Pietrobelli A, Formica C, Wang Z, Heymsfield SB. Dual-energy X-ray absorptiome-
try body composition model: review of physical concepts. Am J Physiol
1996;271:E941–51.

[21] Kaminsky LA, Ozemek C, Williams KL, Byun W. Precision of total and regional
body fat estimates from dual-energy X-ray absorptiometer measurements. J Nutr
Health Aging 2014;18:591–4. doi: 10.1007/s12603-014-0012-8.

http://www.copsac.com
https://doi.org/10.1016/j.eclinm.2019.10.020
https://doi.org/10.1016/S0140-6736(02)09678-2
https://doi.org/10.1016/S0140-6736(02)09678-2
https://doi.org/10.1177/1403494807085185
https://doi.org/10.1177/1403494807085185
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1371/journal.pone.0069860
https://doi.org/10.1371/journal.pone.0069860
https://doi.org/10.1038/oby.2001.125
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0006
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0006
https://doi.org/10.1093/jpids/piy019
https://doi.org/10.1038/ijo.2012.132
https://doi.org/10.1038/ijo.2012.132
https://doi.org/10.1073/pnas.1000087107
https://doi.org/10.1136/gutjnl-2012-303184
https://doi.org/10.1007/s13679-015-0152-0
https://doi.org/10.1007/s13679-015-0152-0
https://doi.org/10.1542/peds.2014-3407
https://doi.org/10.1016/j.jpeds.2016.06.015
https://doi.org/10.1038/ijo.2013.218
https://doi.org/10.1038/ijo.2013.218
https://doi.org/10.1111/1469-0691.12411
https://doi.org/10.1111/cea.12213
https://doi.org/10.1111/cea.12213
https://doi.org/10.1038/pr.2012.127
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0018
https://doi.org/10.1007/s12603-014-0012-8


T.S. Sejersen et al. / EClinicalMedicine 17 (2019) 100209 7
[22] Rothney MP, Martin F-P, Xia Y, Beaumont M, Davis C, Ergun D, et al. Precision of GE
lunar iDXA for themeasurement of total and regional body composition in nonobese
adults. J Clin Densitom 2012;15:399–404. doi: 10.1016/j.jocd.2012.02.009.

[23] Stokholm J, Schjørring S, Pedersen L, Bischoff AL, Følsgaard N, Carson CG, et al.
Prevalence and predictors of antibiotic administration during pregnancy and
birth. PLoS ONE 2013;8:e82932. doi: 10.1371/journal.pone.0082932.

[24] Vinding RK, Sejersen TS, Chawes BL, Bønnelykke K, Buhl T, Bisgaard H, et al. Cesar-
ean delivery and body mass index at 6 months and into childhood. Pediatrics
2017;139:e20164066. doi: 10.1542/peds.2016-4066.

[25] Mar�s�al K, Persson P-H, Larsen T, Lilja H, Selbing A, Sultan B. Intrauterine growth
curves based on ultrasonically estimated foetal weights. Acta Paediatr
1996;85:843–8. doi: 10.1111/j.1651-2227.1996.tb14164.x.

[26] de Onis M, Garza C, Victora CG, Onyango AW, Frongillo EA, Martines J. The WHO
multicentre growth reference study: planning, study design, and methodology.
Food Nutr Bull 2004;25:S15–26.

[27] Willers SM, Brunekreef B, Smit HA, van der Beek EM, Gehring U, de Jongste C,
et al. BMI development of normal weight and overweight children in the PIAMA
study. PLoS ONE 2012;7. doi: 10.1371/journal.pone.0039517.

[28] Chawes BL, Bønnelykke K, Stokholm J, Vissing NH, Bjarnad�ottir E, Schoos A-MM,
et al. Effect of vitamin D3 supplementation during pregnancy on risk of persistent
wheeze in the offspring: a randomized clinical trial. JAMA 2016;315:353–61. doi:
10.1001/jama.2015.18318.

[29] Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration of breastfeeding
and risk of overweight: a meta-analysis. Am J Epidemiol 2005;162:397–403. doi:
10.1093/aje/kwi222.

[30] Koo WWK. Body composition measurements during infancy. Ann N Y Acad Sci
2000;904:383–92. doi: 10.1111/j.1749-6632.2000.tb06487.x.

[31] Kiebzak GM, Leamy LJ, Pierson LM, Nord RH, Zhang ZY. Measurement precision of
body composition variables using the lunar DPX-l densitometer. J Clin Densitom
2000;3:35–41.

[32] Bammann K, Peplies J, De Henauw S, Hunsberger M, Molnar D, Moreno LA, et al.
Early life course risk factors for childhood obesity: the idefics case-control study.
PLoS ONE 2014;9. doi: 10.1371/journal.pone.0086914.

[33] Sørensen TI, Ajslev TA, €Angquist L, Morgen CS, Ciuchi IG, Davey Smith G. Compari-
son of associations of maternal peri-pregnancy and paternal anthropometrics
with child anthropometrics from birth through age 7 y assessed in the Danish
national birth cohort. Am J Clin Nutr 2016. doi: 10.3945/ajcn.115.129171.

[34] Vissing NH, Jensen SM, Bisgaard H. Validity of information on atopic disease and
other illness in young children reported by parents in a prospective birth cohort
study. BMC Med Res Methodol 2012;12:160. doi: 10.1186/1471-2288-12-160.
[35] Bailey L, Forrest CB, Zhang P, Richards TM, Livshits A, DeRusso PA. Association of
antibiotics in infancy with early childhood obesity. JAMA Pediatr 2014. doi:
10.1001/jamapediatrics.2014.1539.

[36] Murphy R, Stewart AW, Braithwaite I, Beasley R, Hancox RJ, Mitchell EA. Antibi-
otic treatment during infancy and increased body mass index in boys: an inter-
national cross-sectional study. Int J Obes 2014;38:1115–9. doi: 10.1038/
ijo.2013.218.

[37] Ajslev TA, Andersen CS, Gamborg M, Sørensen TIA, Jess T. Childhood overweight
after establishment of the gut microbiota: the role of delivery mode, pre-preg-
nancy weight and early administration of antibiotics. Int J Obes 2011;35:522–9.
doi: 10.1038/ijo.2011.27.

[38] Azad MB, Bridgman SL, Becker AB, Kozyrskyj AL. Infant antibiotic exposure and
the development of childhood overweight and central adiposity. Int J Obes
2014;38:1290–8. doi: 10.1038/ijo.2014.119.

[39] Cox LM, Yamanishi S, Sohn J, Alekseyenko AV, Leung JM, Cho I, et al. Altering the intes-
tinal microbiota during a critical developmental window has lasting metabolic conse-
quences. Cell 2014;158:705–21. doi: 10.1016/j.cell.2014.05.052.

[40] Cho I, Yamanishi S, Cox L, Meth�e BA, Zavadil J, Li K, et al. Antibiotics in early life
alter the murine colonic microbiome and adiposity. Nature 2012;488:621–6. doi:
10.1038/nature11400.

[41] Lee GC, Reveles KR, Attridge RT, Lawson KA, Mansi IA, Lewis JS, et al. Outpatient
antibiotic prescribing in the United States: 2000 to 2010. BMC Med 2014;12:96.
doi: 10.1186/1741-7015-12-96.

[42] Danish Integrated Antimicrobial Resistance Monitoring and Research Pro-
gram DANMAP 2017 - Use of antimicrobial agents and occurrence of antimi-
crobial resistance in bacteria from food animals, food and humans in
Denmark. 2017.

[43] Gerber JS, Bryan M, Ross RK, Daymont C, Parks EP, Localio AR, et al. Antibiotic
exposure during the first 6 months of life and weight gain during childhood.
JAMA 2016;315:1258. doi: 10.1001/jama.2016.2395.

[44] Murphy R, Thompson JM, Mitchell EA, The ABC Study Group. . Early antibiotic
exposure and body mass index in children born small for gestational age. Acta
Paediatr 2013;102:e434–5. doi: 10.1111/apa.12307.

[45] Demment MM, Haas JD, Olson CM. Changes in family income status and the
development of overweight and obesity from 2 to 15 years: a longitudinal study.
BMC Public Health 2014;14:417. doi: 10.1186/1471-2458-14-417.

[46] Raum E, K€upper-Nybelen J, Lamerz A, Hebebrand J, Herpertz-Dahlmann B, Brenner H.
Tobacco smoke exposure before, during, and after pregnancy and risk of overweight
at age 6. Obesity 2011;19:2411–7. doi: 10.1038/oby.2011.129.

https://doi.org/10.1016/j.jocd.2012.02.009
https://doi.org/10.1371/journal.pone.0082932
https://doi.org/10.1542/peds.2016-4066
https://doi.org/10.1111/j.1651-2227.1996.tb14164.x
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0024
https://doi.org/10.1371/journal.pone.0039517
https://doi.org/10.1001/jama.2015.18318
https://doi.org/10.1093/aje/kwi222
https://doi.org/10.1111/j.1749-6632.2000.tb06487.x
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30208-1/sbref0029
https://doi.org/10.1371/journal.pone.0086914
https://doi.org/10.3945/ajcn.115.129171
https://doi.org/10.1186/1471-2288-12-160
https://doi.org/10.1001/jamapediatrics.2014.1539
https://doi.org/10.1038/ijo.2013.218
https://doi.org/10.1038/ijo.2013.218
https://doi.org/10.1038/ijo.2011.27
https://doi.org/10.1038/ijo.2014.119
https://doi.org/10.1016/j.cell.2014.05.052
https://doi.org/10.1038/nature11400
https://doi.org/10.1186/1741-7015-12-96
https://doi.org/10.1001/jama.2016.2395
https://doi.org/10.1111/apa.12307
https://doi.org/10.1186/1471-2458-14-417
https://doi.org/10.1038/oby.2011.129

	Antibiotic exposure in infancy and development of BMI and body composition in childhood
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Endpoints
	2.2.1. Anthropometrics
	2.2.2. Dual-energy X-ray absorptiometry (DXA) scans

	2.3. Antibiotic exposure
	2.4. Covariates
	2.5. Statistical analyses
	2.6. Ethics

	3. Results
	3.1. Baseline characteristics
	3.2. Antibiotic exposure and BMI z-score development during childhood
	3.3. Number of antibiotic courses, type of antibiotics, BMI and BMI z-score development
	3.4. Antibiotic exposure and fat percentage

	4. Discussion
	Contributors´ statement page
	Governance
	Acknowledgments
	Declaration of Competing Interest
	Financial disclosure

	Supplementary materials
	References



