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Abstract

Importance: Intrapartum antibiotics greatly reduce a newborn’s risk of group B streptococcal
infection (GBS) but may increase the risk of obesity during childhood due to disruption of
microbiome formation.

Objective: To examine the association between GBS intrapartum antibiotics and body mass
index (BMI) trajectory during the first 5 years after birth.

Design, Setting, and Participants: Retrospective cohort study in an integrated health care
system in Southern California of 223,431 singleton-birth infants with >12 months of follow-up
between 2007 and 2015.

Exposure: We compared children exposed to GBS intrapartum antibiotic prophylaxis (I1AP)
defined as administration of penicillin G, ampicillin, cefazolin, clindamycin or vancomycin >4
hours before delivery to those unexposed or exposed to any other type or duration of antibiotics
within 48 hours before delivery. Reference for vaginal delivery were unexposed children. Because
virtually all children born by Cesarean delivery are exposed, other antibiotics were used as
reference.

Main Outcome and Measure: BMI measured during routine visits between 0 and 5 years of
age was compared between exposure groups using non-linear multivariable models with B-spline
functions (knots 0.4, 1.2, and 2.7 years of age), stratified by delivery mode (vaginal or Cesarean),
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and adjusted for demographic, maternal and birth-related factors, breastfeeding and childhood
antibiotic exposure.

Results: The mean follow-up time was 4.94 (SD 2.71) years (1,103,569 person-years) with 13.4
(SD 5.3) BMI measures per child; 20.0% (31,263/156,381) of vaginal and 12.5% (8,366/67,050)
of Cesarean deliveries were exposed to GBS IAP. In vaginally delivered infants, GBS IAP, but
not other intrapartum antibiotics, were associated with increased BMI at age 5 (0.12 kg/m?, 95%
C1 0.07 to 0.16 kg/m?, £<0.001), compared to no antibiotics. In Cesarean deliveries, GBS IAP
was associated with increased BMI at age 5 (0.24 kg/m?2, 95% CI 0.14 to 0.34 kg/m?, P<0.001)
compared to other antibiotics. Breastfeeding did not modify these associations.

Conclusions and Relevance: With GBS IAP used in 1 in 3 U. S. hirths, the potential

increase in BMI on a population level, although small, is relevant. While this does not support
changing current practice, it is important to also pursue preventive strategies such as maternal GBS
immunization.

Keywords

Perinatal group B streptococcus disease; intrapartum antibiotic prophylaxis; childhood obesity;
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INTRODUCTION

Since the early 1990s, intrapartum antibiotic prophylaxis (IAP) to prevent the vertical
transmission of group B Strepfococcus (GBS) has resulted in an approximate 80% decline in
early-onset GBS sepsis, a leading cause of neonatal sepsis in the United States.> At the same
time, the proportion of infants exposed to intrapartum antibiotics increased from 12% in the
early 1990s to over 30% in 2014.24

Animal studies indicate that antibiotics at young age lead to long-term increases in body
weight by altering the intestinal microbiota.> GBS IAP is associated with a decreased
bacterial diversity of a newborn’s microbiome.®~11 Recent meta-analyses and systematic
reviews suggested a link between antibiotic use in early childhood and increased prevalence
of overweight and obesity.12:13 However, the effect of intrapartum exposure to antibiotics on
the risk of excess weight gain in offspring is unclear.

We examined the association between GBS IAP and body mass index (BMI) trajectory
during the first 5 years of life. Additionally, we investigated whether breastfeeding modified
the association.

PATIENTS AND METHODS
Study Setting and Design

Kaiser Permanente Southern California (KPSC) is a large, integrated health care

delivery organization that serves approximately 4.3 million members throughout Southern
California (~17% of the population) including approximately 40,000 births each year. The
membership is diverse and similar in socioeconomic characteristics to the region’s census
demographics.14 We conducted a retrospective cohort study among infants born to health
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plan members. The KPSC Institutional Review Board (IRB) approved the study and granted
a waiver for informed consent. A separate IRB review of the Centers for Disease Control
and Prevention (CDC) was not required because CDC staff was not engaged in human
subject research.

Study population

We identified singleton infants born in KPSC hospitals between January 01, 2007 and
December 31, 2015 (n=302,732). We excluded infants whose mothers did not have at least
3 months continuous health plan enroliment before delivery (n=19,443), who did not remain
health plan members for 12 months after birth to allow follow-up (n=58,717) and those
born before 22 weeks of gestation (n=167). The analytical cohort for this study consisted

of 223,431 (74.8%) infants (eFigure 1).1% The population was a priori stratified by delivery
mode (vaginal or Cesarean section).

Antibiotic Exposure

Exposure to antibacterial agents (oral, intramuscular, or intravenous) was extracted from
maternal electronic medical records. We defined intrapartum as the time between maternal
admission and delivery. For mothers with longer or multiple inpatient stays before delivery,
we defined intrapartum as 48 hours before delivery to exclude stays for false labor or
maternal observation. The intrapartum exposure to antibiotics was calculated as time from
first administration to delivery and classified as: 1) no intrapartum exposure to antibiotics,
2) antibiotic prophylaxis for perinatal GBS disease (GBS IAP) defined as administration

of penicillin G, ampicillin, cefazolin, clindamycin and/or vancomycin for 24 hours before
delivery,18 or 3) any other type or duration of intrapartum antibiotic administration. Because
of universal Cesarean prophylaxis (typically intravenous cefazolin administered within 60
mins before delivery), all infants delivered via Cesarean section were exposed to intrapartum
antibiotics.

Follow-up for childhood body mass index

Body weight, measured by trained staff on calibrated scales at routine medical office visits
during the first five years of childhood, was obtained from electronic medical records.1’
Height was measured by calibrated stadiometer or horizontal length board on the same day.
After data entry by staff, weight and height were visualized in growth charts with previous
measurements to highlight data entry errors. In 2007 and 2008, the error rates in weight

and height data of children aged <2 and 2-5 years were 0.4% and 0.7%, respectively.18

To transform recumbent length into standing height, we subtracted 0.8 cm from recumbent
length in children under the age of 18 months.19 BMI was calculated as weight in kilograms
divided by the square of height in meters. Children were followed for a maximum of 5 years
through February 08, 2018. BMI was analyzed from birth until the first occurrence of one of
the following events: reaching 5 years of age, end of KPSC health care coverage, death, or
the end of follow-up.

Clin Infect Dis. Author manuscript; available in PMC 2024 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Koebnick et al.

Covariates

Page 4

Data regarding demographic, maternal, birth-related, and childhood factors were obtained
from validated research databases derived from health plan electronic medical records,
administrative records, and birth records (eTable 1).18:20-23 Covariates included antepartum
and postpartum exposure to antibacterial agents,18:20-23

Statistical Analysis

We compared clinical and demographic characteristics among intrapartum antibiotic
exposure groups using descriptive statistical methods including Pearson chi-square test for
categorical variables and analysis of variance (ANOVA), the Kruskal-Wallis, student’s T,

or the Wilcoxon rank sum tests. For summary tables, children at age 5 were categorized
based on the sex-specific BMI-for-age growth charts developed by the Centers for Disease
Control and Prevention (CDC) as underweight (BMI-for-age <5t percentile), normal weight
(BMI-for-age >5™ to <85™ percentile), overweight (BMI-for-age >85th to <95t percentile),
or obesity (BMI-for age =95th).24

Missing values in pre-pregnancy weight (n=28,420, 12.7%) and gestational weight gain
(n=22,372, 10.0%) were imputed by performing a single regression imputation adjusting for
race/ethnicity and parity (eTable 1).2°

We examined the association between intrapartum antibiotic exposure (None, GBS IAP,
Other) and longitudinal BMI using non-linear multivariable models stratified by delivery
mode. B-spline functions were fitted to allow for flexible modelling of BMI trajectories over
time and for varying fit by exposure group. Quadratic splines with 3 knots were selected
based on initial unadjusted plots and model fit. BMI trajectories over time were similar when
comparing the entire cohort, children with more than 4 BMI measurements or over at least
4 years (data not shown). For all models, we set spline knots at 0.4, 1.2, and 2.7 years

of age, based on best model fit but consistent with 2000 CDC growth charts.2* We used
marginal models with robust standard errors26 accounting for the repeated measures within
each child to determine the mean BMI at each time point and to calculate the difference

in mean population BMI between the intrapartum antibiotic exposure and the reference
category. We evaluated above models against unadjusted and fully adjusted mixed effect
regression models for each delivery method including a random effect to accommodate
within child correlation over time with comparable results; for the latter, missing outcome
data were handled through maximum likelihood estimation under the assumption of missing
at random. We adjusted for demographics, maternal and birth-related covariates (eTable 1;
referred to as ‘Birth Model’) and childhood covariates (referred to as ‘Full Model’). The
selection of adjustment variables was informed by the development of a directed acyclic
graph and the Bayesian information criterion.2” We also present comparisons of parameter
estimates for antibiotic exposure antepartum (trimester 1/2, trimester 3) and postpartum
(neonatal, lactation, childhood). Separate two-way interaction terms with exposure were
tested for breastfeeding, maternal pre-pregnancy weight class, maternal diabetes, maternal
hypertension, and chorioamnionitis. For meaningful figures of BMI trajectories, model
covariates were set at the population mean for continuous and mode for categorical
variables.
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To translate BMI differences into weight gain differences, we transformed predicted BMls
from the fully adjusted model into weight (kg) = predicted BMI * height in m? to determine
weight in kg at age 5 years. We used the mean height at baseline and age 5 for each exposure
category and delivery method from the unadjusted data. Confidence intervals (95% CI) were
constructed using the standard error of the difference.

We conducted several sensitivity analyses (see eTable 2) including: 1) restricting to healthy
term-born children,2%:21 2) limiting the GBS IAP antibiotics to children who received no
additional non-GBS agents, 3) creating antibiotic exposure groups that were homogenous
with regard to GBS colonization, and 4) excluding children exposed to antibiotics during
pregnancy. All statistical analyses were conducted using SAS version 9.4 (SAS Institute,
Inc., Cary, NC, USA) and R version 3.5.3.28

Cohort description

Of the 223,431 children included in this study, 70.0% were delivered vaginally and 30.0%
were delivered via Cesarean section (Table 1). The cohort contained 1,103,569 person-years,
with a mean follow-up time of 4.94 years (SD 2.71 years). A total of 122,708 (54.9%)
children completed follow-up to 5 years of age (eFigure 1). Children had an average of

13.4 (SD 5.3) BMI measures during follow-up. Among vaginal deliveries, 113,693 (72.7%)
were unexposed to antibiotics during the intrapartum period, 31,263 (20.0%) were exposed
to GBS IAP, and 11,425 (7.3%) were exposed to other intrapartum antibiotics. Among
Cesarean deliveries, 8,366 (12.5%) were exposed to GBS IAP, and 58,684 (87.5%) were
exposed to antibiotics of other type or duration including antibiotic prophylaxis to prevent
maternal post-Cesarean infection (eTable 3).

Infants born to mothers exposed to GBS IAP were more likely to be born preterm (£ <0.001
for vaginal and Cesarean section deliveries), born to a mother with diabetes (P < 0.001 for
vaginal, £=0.010 for CS), or of Black race (P <0.001 for both delivery methods) than were
infants exposed to no or other intrapartum antibiotics. They were also more likely to be
exposed to antibiotics antepartum for both delivery methods (£ <0.001 for both), during the
neonatal period for Cesarean section deliveries (< 0.001), and more likely to be on a state
subsidized health plan for vaginal deliveries (A< 0.001).

Vaginal delivery

We observed significant differences in BMI between the GBS AP and unexposed groups
(unadjusted A BMI at age 5 = 0.09 kg/m?, 95% CI 0.04 kg/m? to 0.13 kg/m?, £<0.001, Table
2, crude models, eFigure 2). BMI did not differ between the other intrapartum antibiotic

and unexposed groups. Adjustment for sociodemographic, maternal and delivery-related
factors (Birth Model — covariates up to delivery), breastfeeding, and exposure to antibiotics
during childhood (Full Model — covariates through childhood) slightly strengthened the
association between GBS AP and BMI starting after the age of 0.5 years (Full Model,
adjusted A BMI at age 5 = 0.12 kg/m?2, 95% CI 0.07 kg/m? to 0.16 kg/m?2, £<0.001, Figure
1a). No significant interactions between breastfeeding and other covariates with antibiotic
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exposure were observed, indicating that breastfeeding and other covariates did not modify
the association of antibiotic exposure and BMI.

Our results translated into a difference in attributable weight gain from birth to 5 years of
age of 0.32 kg (95% CI 0.31 kg to 0.33 kg, £ <0.001) for GBS IAP and 0.16 kg (95% CI
0.15 kg to 0.18 kg, £ <0.001) for other intrapartum antibiotics compared to no antibiotics
(Table 3).

In contrast, antepartum exposure to antibiotics was associated with an adjusted BMI of

0.01 kg/m?2 (95% CI 0.00 kg/m? to 0.02 kg/m?2, £=0.178) for the first or second trimester

of pregnancy and 0.04 kg/m? (95% CI 0.02 kg/m? to 0.06 kg/m?2, £<0.001) for the third
trimester of pregnancy (Figure 2a). The indirect antibiotic exposure during lactation with an
adjusted A BMI of 0.08 kg/m?2 (95% CI 0.06 kg/m? to 0.10 kg/m?2, £<0.001) during the first
3 months of life and of 0.04 kg/m?2 (95% CI 0.01 kg/m? to 0.06 kg/m?2, £<0.012) during

the first 3 to 6 months of life. Each 14-day antibiotic treatment episode during follow-up
was associated with an adjusted A BMI of 0.04 kg/m?2 (95% CI 0.03 kg/m? to 0.05 kg/m?, P
<0.001).

Cesarean delivery

Children delivered via Cesarean section had a significantly higher BMI if exposed to GBS
IAP compared to children exposed to other intrapartum antibiotics (unadjusted A BMI at
age 5 = 0.18 kg/m?, 95% CI 0.09 kg/m? to 0.28 kg/m?2, £<0.001, Table 2, crude analysis).
Further adjustment for covariates slightly strengthened the association between GBS IAP
and childhood BMI after the age of 0.7 years (Full Model adjusted A BMI at age 5 = 0.24
kg/m?2, 95% CI 0.14 kg/m? to 0.34 kg/m?, £<0.001, Figure 1b). No significant interactions
between breastfeeding and other covariates with antibiotic exposure were observed (P
>0.150).

This translated into a difference in attributable weight gain from birth to 5 years of age of
0.43 kg (95% C1 0.41 kg to 0.45 kg, £<0.001) for GBS IAP compared to other intrapartum
antibiotics (Table 3).

The association between GBS IAP and childhood BMI was stronger than the association
observed with exposure to antibiotics at other time points during pregnancy and childhood
(Figure 2b).

Sensitivity analyses

Restricting the cohort to healthy, term children slightly attenuated the association between
GBS IAP and childhood BMI for vaginally delivered children (sensitivity analyses 1, full
model adjusted A BMI at age 5 = 0.16 kg/m?2, 95% CI 0.15 kg/m? to 0.17 kg/m?, £<0.001,
eTable 4, 5 and eFigures 2 and 3) and children delivered by Cesarean section (full model
adjusted A BMI at age 5 = 0.23 kg/m?, 95% CI 0.21 kg/m? to 0.26 kg/m?, P<0.001).

In contrast to the main cohort, the association between exposure to antibiotics during the
neonatal period and childhood BMI was not significant. Sensitivity analysis limiting the
GBS IAP antibiotics to children who received no additional non-GBS agents, creating
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homogenous exposure groups with regard to GBS colonization, or excluding infants who
were exposed to antibiotics antepartum did not alter the results (eTable 4).

DISCUSSION

This is currently the largest study investigating the impact of intrapartum antibiotic exposure
as recommended for perinatal GBS disease prevention on childhood BMI. Exposure to GBS
IAP was associated with a higher BMI starting at 5 to 7 months of age, depending on the
delivery mode and translated at 5 years of age into an excess weight gain of 0.12 to 0.24
kg/m2. Our study was conducted in parallel with a retrospective cohort study in Philadelphia
(N =13,804) using the same exposure definition and a similar analysis approach.29 In that
study, GBS IAP was associated with an adjusted attributable difference in BMI gain from
birth to age 5 years of 0.24 kg (95% CI 0.04 kg to 0.44 kg) for vaginal deliveries and 0.60 kg
(95% CI 0.32 kg to 0.88 kg) for Cesarean deliveries.2®

Small changes in BMI at the individual level can have significant effects at the population
level 2031 Early childhood BMI trajectories are crucial factors in the development of adult
obesity from early youth. Several studies suggest that the majority of excess body weight

in children who develop obesity is often gained before age 5 or 6 years.32:33 A recent
modeling study also suggested that the chance a child with obesity at age 2 years resolves
their obesity decreases with every year that they have obesity,3# underscoring the importance
of preventing early excess weight gain.

Associations between antibiotic exposure in early childhood and childhood obesity have
received recent attention.12-13 Our findings suggest the association between GBS IAP and
childhood BMI was stronger than for other (primarily shorter) intrapartum exposures as well
as antepartum and postpartum antibiotic exposures. This may be consistent with hypotheses
that disruptions at the time of initial microbiome formation may have lasting effects.35-40

It is currently believed that an infant’s microbiome is seeded by selected maternal bacteria.*!
GBS colonization of the mother as well as GBS IAP are associated with a shift in
microbiome composition? and a decreased bacterial diversity in a newborn’s microbiome.6-
11,43 Rodent studies indicate that antibiotics at young age lead to long-term increases in
body weight by altering the intestinal microbiota in a way that may cross generations.>44
These downstream health consequences may be intensified when combined with other
factors associated with microbiome disruption such as Cesarean delivery911:45-48 and
formula feeding.%11 While results from our study showed stronger associations between
GBS IAP and childhood BMI in children born via Cesarean delivery, breastfeeding did

not alter the association. Our sensitivity analyses suggested that GBS colonization alone

was not an important factor in the association between antibiotic exposure and childhood
BMI. Prospective studies are necessary to examine if the early life disruption in an infant’s
microbiome caused by GBS IAP may lead to strong or sustained shifts in microbiome
composition or microbiome diversity and to understand how these may lead to an increase in
BM|.35_38
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Strengths of the study include medical record data from a large, community-based, average
risk population with a high screening rate for GBS colonization.? The study population

is generally reflective of Southern California and includes a high proportion of children
born to low income families.1# The cohort study design reduced the chance of possible

bias inherent in case-control and hospital-based studies. An extensive number of potential
covariates was available including demographics, maternal health, birth-related factors, and
childhood information with a high proportion of children who remained in the study for
over 4 years. Exposure to antibiotics antepartum, intrapartum, and postpartum was captured
comprehensively via electronic medical records, enabling adjustment for the contributions
of antibiotic exposure during pregnancy and childhood. Antibiotic exposure groups were
compared by delivery mode with unexposed infants from the same background population.
The study benefitted from the high frequency of BMI measures throughout childhood, a high
quality of weight and height measured due to rigorous training.1” The large sample size
enabled evaluation of the BMI trajectories with higher precision than previous studies and
allowed us to estimate continuous differences in BMI rather than risk of obesity as binary
outcome.

Limitations include the possibility of residual confounding inherent to the observational
design, including the possibility of differential distribution of unmeasured or incompletely
measured confounders. Assessment of the duration of intrapartum antibiotic exposure from
electronic medical records may have resulted in reduced capture of women who received
GBS IAP due to underestimation of the antibiotic exposure duration.

Conclusions

Exposure of infants to GBS IAP compared to no intrapartum antibiotics was associated
with a small but statistically significant and sustained increase in BMI starting at a very
early age. On an individual level, the benefit from GBS intrapartum antibiotic prophylaxis
to decrease the risk of neonatal sepsis may outweigh the potential risk of weight gain later.
On a population level, the potential increase in body weight may be more relevant as GBS
IAP isused in 1 in 3 U. S. births. While the potential effects do not support changing
current practice, it is important to also pursue preventive strategies such as maternal GBS
immunization.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question

Do children exposed to intrapartum antibiotics for the prevention of group B
streptococcal (GBS) infection have a higher body-mass index (BMI) than unexposed
children?

Findings

In this population-based study of 223,431 singleton-births, children exposed to GBS
intrapartum antibiotic prophylaxis had a higher BMI at 5 years of age compared to
unexposed children, after controlling for key covariates including maternal BMI and
breastfeeding. The increase was more pronounced in children delivered via Cesarean
section (0.24 kg/m?) than in those delivered vaginally (0.12 kg/m?).

Meaning

GBS intrapartum antibiotic prophylaxis was associated with a small but statistically
significant and sustained increase in BMI starting at a very early age.
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Figure 1:

Adjusted body mass index (BMI), delta BMI, and their 95% Cls for children unexposed

to intrapartum antibiotics (None), children exposed to intrapartum antibiotic prophylaxis as
recommended for the prevention of perinatal group B streptococcal disease (GBS) and any
other type or duration of intrapartum antibiotic administration (Other) stratified by delivery

mode

Covariate adjustments included demographics, maternal and birth-related factors included
infant sex, gestational age at birth, birth weight, infant’s race/ethnicity (White, Black,
Hispanic, Asian or Pacific Islander, other or unknown), year of birth, medical center

of birth, maternal education, parity, maternal diabetes, maternal pre-pregnancy BMI,
maternal gestational weight gain, maternal smoking during pregnancy, antepartum antibiotic
exposure, neonatal antibiotic exposure, any breastfeeding, indirect antibiotic exposure
during breastfeeding, and childhood antibiotic exposure.
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Figure 2:

Comparison of adjusted excess BMI at 5 years of age associated with exposure to antibiotics
during antepartum, intrapartum and postpartum periods

*A BMI attributable to neonatal antibiotics is no longer significant when excluding children
with low or high birth weight and/or complex care conditions (Vaginal delivery: —0.05
kg/m?2, 95% CI —0.11 kg/m? to 0.01 kg/m2, £=0.090; Cesarean delivery: 0.02 kg/m?2, 95%
Cl -0.04 kg/m? to 0.09 kg/m?2, P=0.499; see eFigure 3).

#Indirect antibiotic exposure through breastfeeding by a mother using antibiotics during the
first 3 months after birth. The estimate for childhood exposure is per 14-day episode of
antibiotic use.

Covariates adjusted for included demographics, maternal and birth-related factors included
infant sex, gestational age at birth, birth weight, infant’s race/ethnicity (White, Black,
Hispanic, Asian or Pacific Islander, other or unknown), year of birth, medical center
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of birth, maternal education, parity, maternal diabetes, maternal pre-pregnancy BMI,
maternal gestational weight gain, maternal smoking during pregnancy, antepartum antibiotic
exposure, neonatal antibiotic exposure, any breastfeeding, indirect antibiotic exposure
during breastfeeding, and childhood antibiotic exposure.

The reference point reflects a population mean BMI at age 5 of 15.97 (SD 0.018) kg/m?

for vaginally delivered children unexposed to intrapartum antibiotics (None) and 16.09 (SD
0.028) kg/m? for children delivered by Cesarean section and exposed to other intrapartum
antibiotics (Other).
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