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Background: Since changes in the national guidance in 2011, prophylactic antibiotics for women
undergoing caesarean section are recommended prior to skin incision, rather than after the baby’s
umbilical cord has been clamped. Evidence from randomised controlled trials conducted outside the UK
has shown that this reduces maternal infectious morbidity; however, the prophylactic antibiotics also
cross the placenta, meaning that babies are exposed to them around the time of birth. Antibiotics are
known to affect the gut microbiota of the babies, but the long-term effects of exposure to high-dose
broad-spectrum antibiotics around the time of birth on allergy and immune-related diseases are unknown.

Objectives: We aimed to examine whether or not in-utero exposure to antibiotics immediately prior to
birth compared with no pre-incisional antibiotic exposure increases the risk of (1) asthma and (2) eczema
in children born by caesarean section.

Design: This was a controlled interrupted time series study.

Setting: The study took place in primary and secondary care.

Participants: Children born in the UK during 2006–18 delivered by caesarean section were compared
with a control cohort delivered vaginally.

Interventions: In-utero exposure to antibiotics immediately prior to birth.

Main outcome measures: Asthma and eczema in children in the first 5 years of life. Additional
secondary outcomes, including other allergy-related conditions, autoimmune diseases, infections, other
immune system-related diseases and neurodevelopmental conditions, were also assessed.
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Data sources: The Health Improvement Network (THIN) and the Clinical Practice Research Datalink
(CPRD) primary care databases and the Hospital Episode Statistics (HES) database. Previously
published linkage strategies were adapted to link anonymised data on mothers and babies in these
databases. Duplicate practices contributing to both THIN and the CPRD databases were removed to
create a THIN–CPRD data set.

Results: In the THIN–CPRD and HES data sets, records of 515,945 and 3,945,351 mother–baby
pairs were analysed, respectively. The risk of asthma was not significantly higher in children born by
caesarean section exposed to pre-incision antibiotics than in children whose mothers received post-
cord clamping antibiotics, with an incidence rate ratio of 0.91 (95% confidence interval 0.78 to 1.05)
for diagnosis of asthma in primary care and an incidence rate ratio of 1.05 (95% confidence interval
0.99 to 1.11) for asthma resulting in a hospital admission. We also did not find an increased risk of
eczema, with an incidence rate ratio of 0.98 (95% confidence interval 0.94 to1.03) and an incidence
rate ratio of 0.96 (95% confidence interval 0.71 to 1.29) for diagnosis in primary care and hospital
admissions, respectively.

Limitations: It was not possible to ascertain the exposure to pre-incision antibiotics at an individual
level. The maximum follow-up of children was 5 years.

Conclusions: There was no evidence that the policy change from post-cord clamping to pre-incision
prophylactic antibiotics for caesarean sections during 2006–18 had an impact on the incidence of
asthma and eczema in early childhood in the UK.

Future work: There is a need for further research to investigate if pre-incision antibiotics have any
impact on developing asthma and other allergy and immune-related conditions in older children.

Study registration: This study is registered as researchregistry3736.

Funding: This project was funded by the National Institute for Health and Care Research (NIHR)
Health Technology Assessment programme and will be published in full in Health Technology
Assessment; Vol. 26, No. 30. See the NIHR Journals Library website for further project information.
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Plain English summary

What was the question?

Women giving birth by caesarean section are at risk of developing infections (such as wound
infections) and are offered antibiotics at the time of their operation to reduce this risk. In 2011,
the national guidelines changed from recommending antibiotics after cord clamping to giving them
before the operation to further reduce the risk of maternal infection. During birth, the newborn gut
is colonised by microbes. Antibiotics given to the mother before caesarean section can reach the
baby through the placenta and disrupt the normal microbes that colonise the gut. These microbes are
believed to play a role in the development of the immune system and altering the normal development
of these microbes has been linked to children developing allergic conditions, such as asthma and
eczema. This study investigated whether or not giving antibiotics before the caesarean section had
a longer-term impact on children’s health.

What did we do?

We used routine NHS information already collected by hospitals and general practitioners about
women who gave birth in the UK between 2006 and 2018, and their children. We compared the risk
of asthma, eczema and other health conditions in the first 5 years after birth in children born by
caesarean section before and after the change in hospital policies. We also compared their health with
children born vaginally.

What did we find?

We found that there was no increased risk of asthma or eczema for children born by caesarean section
after the policy decision in 2011 to give the mother antibiotics before the operation.

What does this mean?

The study findings provide further evidence for the current recommendation to give preventative
antibiotics to women shortly before the caesarean section to reduce the overall risk of infections
after birth.
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Scientific summary

Background

In the UK, a caesarean section (CS) is a common surgical procedure, with around one-third of babies
being delivered this way. The risk of developing an infection in the post-partum period is considerably
higher following CS than vaginal delivery (VD). National Institute for Health and Care Excellence
(NICE) Clinical Guideline 132 on CS recommends offering prophylactic antibiotics to women
undergoing a CS to reduce the risk of post-partum infections (NICE. Caesarean Birth. NICE Guideline
NG192. London: NICE; 2021).

Before 2011, this clinical guideline recommended providing intravenous prophylactic antibiotics after
cord clamping to prevent the baby from being exposed to the maternal antibiotics. In 2011, the
recommendation was changed to offering antibiotics to women before skin incision. This change in
recommendation was based on evidence that earlier administration reduces the risk of maternal
infections, although most of the infections are mild and respond well to treatment.

Pre-operative antibiotics can cross the placenta, resulting in babies being exposed to them at the time
of birth. During birth, the intestines are colonised by microbes and there is a growing body of evidence
that intestinal microbe composition in infants plays a key role in the development of their immune system.
This intestinal microbiota can be altered by exposure to antibiotics, and disruptions to intestinal
microbiota are associated with susceptibility to asthma, eczema, allergies and other immune-related
diseases later in childhood.

This study aimed to examine the effect, if any, that changing national guidelines from recommending
prophylactic antibiotics after cord clamping to pre-incision antibiotics has had on the incidence of
allergic and other related health conditions in children born by CS.

Objectives

l To investigate if in-utero exposure to pre-incision antibiotics immediately prior to birth compared
with no pre-incisional antibiotic exposure increases the risk of (1) asthma and (2) eczema in children
born by CS.

l To investigate the effect of pre-incision antibiotics in children born by CS on (1) other allergic and
allergy-related diseases, (2) autoimmune diseases, (3) infections and inflammation, (4) other immune
system-related conditions, (5) neurodevelopmental conditions and (6) less specific measures of child
health (i.e. colic and failure to thrive).

l To investigate the effect of pre-incision antibiotics in children born by CS on health service use
(defined as overall consultation frequency in primary care and hospital admissions).

l To investigate if the effects of reducing post-partum maternal infectious morbidity, as shown in
randomised controlled trials outside the UK, can be replicated in the UK using routine health-care data.

Methods

A controlled interrupted time series study was undertaken using data from two routine primary care
databases, The Health Improvement Network (THIN) and the Clinical Practice Research Datalink
(CPRD), and one secondary care database, Hospital Episode Statistics (HES).
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Both THIN and the CPRD contain anonymised patient records from general practices across the UK.
Previously published algorithms were adapted to identify those general practices that were contributing
to both databases to ensure that the study database did not include duplicate records and to link mother
and baby records in THIN.

In the UK health-care system, hospital records relating to delivery and those relating to the baby are
separate clinical records and do not have linkage identifiers. This means that, in observational studies,
it is difficult to obtain the unique identifiers of children, attribute clinical variables of their delivery
to their identifiers and then map future health events back to these variables. Previously validated
deterministic and probabilistic linkage strategies were used to link mother and baby records in HES.

All live-born children between 2006 and 2018 were included in the study if their mode of delivery
could be determined and if their record could be linked with that of their mother in the databases.
The follow-up of children was until the age of 5 years.

The outcomes of the study were defined based on previous literature and refined following two
research engagement sessions with parents and parents-to-be from diverse backgrounds and a wider
public and clinician consultation. For outcomes recorded in primary care, the study data set containing
records of diagnoses in THIN and CPRD was used. For outcomes resulting in hospital admission, the
anonymised HES data set was analysed.

The timing of prophylactic antibiotic administration is not recorded in the above databases, and we
used information from our national survey of maternity care providers to determine the year when the
national guidance was adopted in each unit undertaking CSs.

We compared rates of diagnosis of asthma, eczema and other outcomes over the study period in
children delivered by CS. Outcomes were compared according to whether or not the mother of each
child received antibiotics before skin incision. In the primary analysis, for primary care data, national
policy uptake rates in the year of delivery were used as a basis for estimating the probability that each
mother had received pre-incisional antibiotics. For secondary care data, each hospital’s response
indicating the year of local policy implementation was used.

Children born vaginally were used as a comparator, as these children would have been subject to
all the same temporal changes as children delivered by CS, but would not have routinely received
prophylactic antibiotics at the time of birth. To investigate the validity of the study model, we also
examined changes over time in the case mix covariates to assess any differential changes over the
study period in relation to delivery mode.

Data were analysed using a Poisson regression model, with an offset for follow-up duration and
adjustment for calendar year of delivery, child’s year of life, their interaction, delivery type
(vaginal or caesarean) and the probability of exposure to pre-incision prophylactic antibiotics.

Results

The primary care data set included records of 515,945 mother–baby pairs [144,861 (28.1%) of which
were CS deliveries] and the main secondary care data set included records of 3,945,351 mother–baby
pairs [1,001,598 (25.4%) of which were CS deliveries] linked to the survey data on pre-incision antibiotics.

Pre-incision antibiotics were not associated with a significantly higher risk of asthma diagnosis in
children born by CS [incidence rate ratio (IRR) 0.91, 95% confidence interval (CI) 0.78 to 1.05] and
asthma resulting in hospital admission (IRR 1.05, 95% CI 0.99 to 1.11). There was also no evidence of
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increased risk of eczema (IRR 0.98, 95% CI 0.94 to 1.03), including for hospital admissions (IRR 0.96,
95% CI 0.71 to 1.29). The results of subgroup analyses by the type of CS (i.e. emergency or elective)
and by the type of antibiotic regimen administered (i.e. cefuroxime alone, cefuroxime and
metronidazole, co-amoxiclav alone) did not alter these findings.

There were no significantly increased risks associated with exposure to pre-incision antibiotics for
any of the other allergic and allergy-related conditions in this study, that is allergic rhinitis and
conjunctivitis (IRR 0.98, 95% CI 0.83 to 1.16), food allergy and intolerance (IRR 1.02, 95% CI 0.89 to
1.17), having two or more of the above allergic and allergy-related conditions (IRR 0.99, 95% CI 0.88
to 1.12), penicillin allergy (IRR 0.68, 95% CI 0.42 to 1.08), being at high risk of anaphylactic reaction
(IRR 0.81, 95% CI 0.60 to 1.09) and anaphylaxis (IRR 1.07, 95% CI 0.43 to 2.67 and IRR 1.01, 95% CI
0.82 to 1.25 based on diagnosis recorded in primary care and hospital admission, respectively).

We did not find evidence for significantly increased risk in relation to the change to pre-incision
antibiotic administration for any of the autoimmune diseases in this study, that is type 1 diabetes
diagnosis recorded in primary care (IRR 0.57, 95% CI 0.20 to 1.67) and hospital admissions (IRR 0.99,
95% CI 0.82 to 1.20), coeliac disease diagnosis recorded in primary care (IRR 0.54, 95% CI 0.21 to
1.39), hospital admissions for juvenile idiopathic arthritis (IRR 0.97, 95% CI 0.54 to 1.74), hospital
admissions for autoimmune (idiopathic) thrombocytopenic purpura (IRR 1.11, 95% CI 0.88 to 1.39)
and childhood vitiligo diagnosis recorded in primary care (IRR 1.13, 95% CI 0.36 to 3.52). The rates
of autoimmune conditions in children aged < 5 years, however, were low and there is a high level
of uncertainty around the estimates. The number of children with diagnoses of systemic sclerosis
and scleroderma, inflammatory myopathies, systemic lupus erythematosus and juvenile pernicious
(megaloblastic) anaemia were very small in this age group and meaningful risk estimates could not
be calculated.

There was a relative decrease in the risk of neonatal sepsis in children whose mothers gave birth after
the introduction of the pre-incision antibiotic policy, with an IRR of 0.75 (95% CI 0.65 to 0.87) for
early-onset sepsis and an IRR of 0.88 (95% CI 0.80 to 0.97) for late-onset neonatal sepsis. There was
no evidence of differential risk for hospital admissions for sepsis in older children (IRR 0.98, 95% CI
0.91 to 1.04), recording of wheeze in primary care (IRR 1.00, 95% CI 0.93 to 1.06), upper respiratory
tract infections (IRR 0.99, 95% CI 0.97 to 1.02), lower respiratory tract infections (IRR 1.04, 95% CI
0.99 to 1.10, for diagnoses in primary care and IRR 0.99, 95% CI 0.9 to 1.01, for hospital admissions),
bronchiolitis (IRR 1.05, 95% CI 0.98 to 1.12, for diagnoses in primary care and IRR 1.01, 95% CI 0.98
to 1.03, for hospital admissions), urinary tract infections (IRR 1.00, 95% CI 0.90 to 1.11, for diagnoses
in primary care and IRR 1.00, 95% CI 0.95 to 1.04) and gastroenteritis for diagnoses recorded in
primary care (IRR 1.03, 95% CI 0.97 to 1.10). The point estimate for gastroenteritis resulting in a
hospital admission (IRR 1.02, 95% CI 1.00 to 1.05) was lower than that for all gastroenteritis recorded
in primary care; however, because of the much larger size of the secondary data set, the CI was
narrower. There was also a very small relative increase in the likelihood of being prescribed antibiotics
in early childhood (IRR 1.03, 95% CI 1.00 to 1.06).

Changes in necrotising enterocolitis (IRR 1.16, 95% CI 0.95 to 1.42) and leukaemia (IRR 0.97,
95% CI 0.74 to 1.29) had considerable uncertainty. The number of children with a diagnosis of
neurodevelopmental conditions was also small in this study, resulting in estimates with a very wide
range of compatible values and, consequently, preventing us from drawing conclusions regarding
association with pre-incision antibiotics. The IRR for cerebral palsy was 1.65 (95% CI 0.79 to 3.45)
and the IRR for autism spectrum disorder was 1.14 (95% CI 0.77 to 1.67). For attention deficit
hyperactivity disorder, the IRR decreased from 2.53 (95% CI 1.05 to 6.12) in the main analysis
to 1.24 (95% CI 0.66 to 2.34) in the sensitivity analysis comparing years with > 50% uptake of
pre-incision antibiotics (2013–18) with years with very low uptake of pre-incision antibiotics.
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We also did not find a convincing increase in risk for colic (IRR 1.06, 95% CI 0.96 to 1.16) and failure
to thrive (IRR 1.08, 85% CI 0.87 to 1.34). There was a very small relative increase in the total number
of consultations recorded in primary care (IRR 1.02, 95% CI 1.01 to 1.02) and the risk of having a
hospital admission for any reason (IRR 1.01, 95% CI 1.01 to 1.02).

Pre-incision antibiotics were associated with a decreased risk of composite maternal infectious
morbidity in the unadjusted analysis in primary care (IRR 0.67, 95% CI 0.56 to 0.79), but not in
secondary care (IRR 0.98, 95% CI 0.94 to 1.02). In the analysis that controlled for rates in the VD
group (as overall rates of recorded maternal sepsis diagnoses in routine health-care records have
increased markedly over the study period), the composite risk estimate was significantly decreased
for maternal infectious morbidity recorded in both primary care (IRR 0.70, 95% CI 0.63 to 0.77) and
secondary care (IRR 0.84, 95% CI 0.81 to 0.87). These estimates are in line with the evidence from
randomised controlled trials and the evidence forming the NICE recommendation to give prophylactic
antibiotics for CS before skin incision. When controlling for rates in the VD group, we did not find
evidence of significantly reduced risk of urinary tract infections (IRR 1.01, 95% CI 0.87 to 1.17 in
primary care and IRR 1.04, 95% CI 0.96 to 1.13 in secondary care), but women who gave birth after
the pre-incision antibiotic policy was introduced were less likely to be prescribed antibiotics in primary
care in the post-partum period (IRR 0.89, 95% CI 0.85 to 0.92) and the length of hospital stay was also
slightly reduced (mean difference of –0.23 days, 95% CI –0.24 to –0.21 days).

Conclusions

Change in the recommendation to pre-incision antibiotics for CS, aiming to further reduce maternal
post-partum infectious mortality, was not associated with an increased risk of asthma, eczema and
other allergic and allergy-related conditions in young children. It may have reduced the relative risk
of neonatal sepsis, although these results should be interpreted with caution, as the study relied on
recording of diagnoses in routine health-care records, which have increased for neonatal sepsis over
time because of changing thresholds for prevention and treatment of suspected sepsis. There was no
convincing evidence for reduced or increased risk in autoimmune and other child health outcomes in
this study because of considerable uncertainty around the estimates, and further research in other
populations and older children may be warranted.

Study registration

This study is registered as researchregistry3736.
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Chapter 1 Background, aims and objectives

Background and rationale

In the UK, a caesarean section (CS) is a common surgical procedure, with around one-third of babies
being delivered this way.1–4 The risk of maternal post-partum infections is considerably higher following
CS than following vaginal delivery (VD).5 National Institute for Health and Care Excellence (NICE)
Guideline 192 on caesarean birth6 recommends offering women undergoing CS prophylactic antibiotics
that work against the organisms causing wound infections, endometritis and urinary tract infections to
reduce the risk of post-partum infections.

Before 2011, this NICE clinical guideline recommended giving intravenous prophylactic antibiotics
after cord clamping to prevent the baby from being exposed to the maternal antibiotics. In 2011,
the recommendation was changed to offering antibiotics to women before skin incision for CS.7

This change in recommendation was based on evidence that earlier administration reduces the risk of
maternal infections, although most of these infections are mild and tend to respond well to treatment.8

A Cochrane review9 on the timing of intravenous prophylactic antibiotics for preventing post-partum
infectious morbidity in women undergoing cs delivery included evidence from 10 randomised controlled
trials (including a total of 5041 women). The review showed a significant reduction in the risk of
combined post-partum infections [43%, 95% confidence interval (CI) 28% to 55%], wound infection
(41%, 95% CI 19% to 56%) and endometritis (46%, 95% CI 21% to 64%) in women receiving antibiotics
prior to cord clamping, compared with administering antibiotics after cord clamping.9

It is known, however, that these high-dose broad-spectrum pre-operative antibiotics cross the
placenta, with concentrations detectable within 20–30 minutes, resulting in babies being exposed to
the antibiotics at the time of birth.9,10 Although the Cochrane review found no evidence of neonatal
adverse effects,9 intrapartum antibiotics have been shown to significantly disrupt the intestinal
microbiota of babies.11 During birth, the gut is colonised by microbes12 and the mode of delivery is
known to significantly affect the composition of intestinal microbiota both in the neonatal period
and later in infancy.13 These microbiota appear to be key for intestinal immune tissue to differentiate
resident commensal bacteria from potential pathogens.14 In addition, there is a growing body of
evidence that intestinal microbe composition in infants plays a key role in the development of
their immune system, including regulation of response to different antigens and inflammation,
and disruptions to intestinal microbiota are associated with susceptibility to asthma, allergies and
other immune-related diseases later in childhood.15–22

A recent systematic review14 explored the association between intestinal microbiota and the
development of asthma, eczema and allergic sensitisation to food allergens in newborns and children.
The review found evidence that reduced bacterial diversity and a greater or reduced abundance of
particular bacteria was associated with the development of these health conditions. There is also an
association between reduced intestinal bacterial diversity in the first months of life and development
of allergic rhinitis.23

Some evidence also suggests that gut microbiota may have an influence on the development of
autoimmune diseases. For example, gut microbiota have been linked to the development of type 1
diabetes,24 coeliac disease25 and systemic connective tissue disorders.26,27 The evidence in this area is
acknowledged to be limited. It is, however, hypothesised that the mechanisms driving autoimmune
disease development are similar to those involved in the development of allergic diseases.28
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There is limited evidence that explores the link between the gut microbiome and infectious and
inflammatory disease and other immune system-related conditions. Intestinal microbiota are likely to
be involved in the development of necrotising enterocolitis and inflammatory bowel disease.29 It has
also been hypothesised that childhood acute lymphoblastic leukaemia development could have an
immune component driven by microbial exposures in early life.30

One study has shown an increased risk of cerebral palsy in children born to mothers who were given
antibiotics in spontaneous pre-term labour.31 There is also a small body of research evidence that
suggests associations between differences in gut microbiota and other neurodevelopmental conditions,
but there is a consensus that further longitudinal assessment of the role of the gut microbiome in
neurodevelopmental disorders is required.32,33

In the broader area of child health, there is a small amount of evidence looking at gut microbiota and
symptoms, such as colic, and general health measures, such as expected weight gain. Infants affected by
colic have been reported to have different levels of intestinal bacterial diversity from unaffected infants.34

Some types of gut bacteria appear to be associated with different growth patterns in babies.35

As antibiotic exposure around the time of birth leads to different gut microbiota patterns in newborns
and different microbiota patterns are associated with longer-term health conditions, the change in the
timing of when mothers receive prophylactic antibiotics presents a natural experiment. Babies born to
mothers who were provided antibiotics after cord clamping are exposed to no antibiotics. Those born
to mothers given pre-operative antibiotics are exposed to high-dose broad-spectrum antibiotics that
are likely to affect their gut microbiota.

In this study, we aimed to compare the outcomes for babies born by CS who were and who were not
exposed to antibiotics given to the mother at the time of birth. The primary outcomes of interest in
this study were asthma and eczema. These are the two most frequent allergy-related, doctor-diagnosed
conditions in childhood and are associated with changes in gut microbiota composition in infants.18,20

They are commonly seen in primary care and are well recorded.36,37 With a prevalence of 3% in children
aged 0–5 years, asthma is a relatively common health condition in childhood, with the largest numbers
of emergency hospital admissions for any long-term condition in young children in the UK.38,39 Although
deaths due to asthma in children are rare, they do occur, accounting for 1–2% of all asthma deaths.38,40

Eczema is a very common condition in childhood, with a prevalence of 18% of ‘ever diagnosed eczema’
in children aged 0–5 years reported in the UK.41 Eczema usually develops in very early childhood and
can affect a child’s sleep, their social and emotional development, and quality of life. It incurs significant
societal costs because of lost school days, lost working days for parents and costs to the NHS, including
prescription of topical corticosteroids.42

As the evidence regarding the role of microbiota in the development of diseases is evolving, we also
assessed whether or not in-utero exposure to broad-spectrum antibiotics immediately prior to birth
increases the risk of a range of other immune system-related health conditions in the first 5 years of
life in children born by CS.

Aims and objectives

Overall aim
The overall aim of the study was to examine the impact, if any, that the change in the national
recommendation from advising administering prophylactic antibiotics post-cord clamping to
administering antibiotics before skin incision has had on the risk of allergic and other related health
outcomes in children delivered by CS.
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Primary objectives
The main objective was to investigate if prophylactic antibiotic exposure of the fetus immediately
before birth (intervention) compared with no antibiotic exposure (comparator) increases the risk of
(1) asthma and (2) eczema (outcomes) in children delivered by CS (population).

Secondary objectives

l To investigate the impact of exposure to pre-incision antibiotics in children delivered by CS on
(1) other allergic and allergy-related health conditions, (2) autoimmune conditions, (3) infections and
inflammation, (4) other immune system-related health conditions, (5) neurodevelopmental health
conditions and (6) less specific child health measures (i.e. colic and failure to thrive).

l To investigate the impact of exposure to pre-incision antibiotics in children delivered by CS on
health service use (defined as overall primary care consultation frequency and hospital admissions).

l To investigate if the effects of reducing post-partum infections in mothers, as reported in
randomised controlled trials conducted outside the UK,9 can be replicated in the UK using routine
health-care records.
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Chapter 2 Methods

Study design and setting

The primary objective and first two secondary objectives were addressed by undertaking a controlled
interrupted time series study.43 It comprised a cohort of children born in the UK between 2006 and
2018 and their mothers, whose health-care records were included on a primary care database
[i.e. The Health Improvement Network (THIN) or the Clinical Practice Research Datalink (CPRD)]
or a secondary care database [Hospital Episode Statistics (HES)].

The interrupted time series component of the study compared rates of diagnosis of asthma, eczema
and other immune system-related diseases over the study period in children delivered by CS between
time periods when the mother of each child was likely to receive antibiotics before skin incision and
periods when it was likely that antibiotics would be administered after cord clamping.

Validity in this comparison of incidence rates is mostly threatened by temporal changes in the
diagnosis and recording of health conditions and different exposures that can have an impact on the
number of cases identified in routine data, rather than from case mix confounders, as indications for
CS and CS incidence have changed little over the study period. As an example, patterns of asthma
diagnosis have changed over time, which can, in part, be attributed to the revisions in the national
asthma management guidance44 and the potentially conflicting compliance and prevalence issues faced
in meeting asthma-specific Quality and Outcomes Framework (QOF) indicators introduced in 2004.45

Conducting an analysis dependent on adjustment for confounding factors was unlikely to succeed in
controlling for these changes, because (1) it is uncertain what all the drivers of all these changes have
been, (2) it is uncertain whether or not any covariates exist that accurately describe these changes
without substantial missing data and (3) there are challenges in specification of a functional form for the
relationship between these covariates and outcome. Instead, to account for such temporal changes, we
included children born by VD as a control group, as these children would have been subject to all the same
temporal changes as children delivered by CS, but would not have routinely received prophylactic antibiotics.
Figure 1 shows that, although the national uptake of pre-incision antibiotic policy has increased over the
study period, incidence rates of asthma decreased equally in children born by CS and those born by VD.

Our model first computed the ratio of the incidence of outcomes in those receiving CS compared with
VD in each year and age group. The incidence of some outcomes, including asthma, is known to differ by
delivery mode.46–48 It then compared these ratios between periods when mothers of children delivered
by CS would have received antibiotics before skin incision and periods when mothers of children
delivered by CS would have received antibiotics after cord clamping. This ‘ratio-of-ratios’ is an indicator
of how the incidence of disease has increased (if > 1) with pre-incision antibiotics, stayed the same
(if = 1) or decreased (if < 1), while adjusting for temporal changes through the matching of outcomes in
children born vaginally. Subject to the assumption that the model of the difference between CS and VD
rates is transferable across the time periods, differences between the observed and counterfactual CS
event rates were interpreted as likely to be caused by the change in practice.

In the primary analysis, for primary care data, national policy uptake rates in the year of delivery were
used as a basis for estimating a probability that each mother had received pre-incisional antibiotics
and, therefore, the analysis actually used this probability as the explanatory variable, rather than a
0–1 variable. For secondary care data, we used each hospital’s response indicating the year of local
policy implementation. This was obtained from our national survey of maternity care providers,
which provided a 0–1 variable.
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To address the final secondary objective, we compared the incidence of post-partum maternal infectious
morbidity post intervention with pre-intervention rates to investigate if the effects of reduced morbidity
that are shown in randomised controlled trials outside the UK9 that form the basis for the NICE guideline
change7 can be replicated in the UK using routine health-care data. This analysis has been carried out
for two reasons: (1) to measure the assumed impact using ‘real-world data’ to enable us to compare the
benefits of pre-incisional antibiotics on maternal outcomes against any potential harms for the child and
(2) to assure us that any lack of effect of the different prophylactic antibiotic policies was not due to
the quality of the routine data. We calculated the crude estimates and, because of the observed overall
changes in the incidence of different maternal post-partum infections recorded in routine data over time,
we also undertook controlled analysis adjusting for delivery mode.

Population and eligibility criteria

To be eligible for inclusion in the study, records of all live-born children needed to meet the
following criteria:

l The year of birth was between 2006 and 2018.
l It was possible to link the baby and their mother’s health-care record in primary care (THIN or

CPRD) databases or a secondary care (HES) database.
l The delivery mode (CS or VD) could be determined based on recording in primary (THIN or CPRD)

and/or secondary care (HES).

If children had missing delivery information, they were excluded. In the case of multiple births (such as
twins), one of the children was included randomly to ensure independence of observations.49

The duration of follow-up of children born between 2006 and 2014 was until the age of 5 years. The
follow-up of children born in 2015, 2016, 2017 and 2018 was limited to 4, 3, 2 and 1 years, respectively.

For primary care data, the exposure, outcomes and covariates were defined using the Read clinical
code classification system. In HES, International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) was used for clinical diagnoses and the Office of Population
Censuses and Surveys Classification of Surgical Operations and Procedures, 4th revision (OPCS-4)
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FIGURE 1 Illustration of the need to use VDs as the comparator group because of changing temporal patterns in
outcome events unrelated to routine exposure to pre-incision antibiotics, using asthma as an example. (Rates after 2014
are further reduced because of < 5 years of follow-up and much lower incidence of asthma in very young children.)
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for procedures. The code lists are available online at URL: https://github.com/NIHR-Pre-incision-
Antibiotics/ClinicalCodes (accessed 8 July 2021).

The process for Read code selection was as follows:

l Stage 1 – a list of key words and synonyms for each variable of interest was compiled.
l Stage 2 – the terms identified in stage 1 were used to search the description column of the Read

code dictionary/database to identify the main chapter and appropriate level 3 stem code in the
Read code dictionary.

l Stage 3 – stem codes were then used to identify other related Read codes, up to level 7, associated
with the main stem codes. These Read codes were then selected and stored.

l Stage 4 – where available, for each outcome of interest, online Read code repositories and
supplementary information from published articles that had used a similar set of Read codes were
identified. These were then compared with our selected set of Read codes and further useful codes
were added at this point.

l Stage 5 – with reference to the inclusion and exclusion criteria, the team identifying and selecting
Read codes allocated weights to each Read code as follows: (1) definite (the team were sure that
the Read code met the study inclusion criteria), (2) probable (the team felt that these codes could
meet the inclusion criteria but needed further discussion), and (3) excluded (the study team felt that
these codes definitely did not meet the inclusion criteria).

l Stage 6 – consensus was sought through consultation with study team researchers and public
contributors, general practitioners (GPs) or specialty field experts on the final list of codes to be
used, which were utilised for electronic data extraction.

Selection of ICD-10 and OPCS-4 codes to obtain admitted patient care data was generally
straightforward. The validity of each coding algorithm was checked through triangulation of a number
of sources. First, recently published studies based on routinely collected data were screened to check
for consensus in the research community as to how to code specific reasons for admission. Second,
checks of resources for clinical coders (the NHS coding clinic and the Terminology and Classifications
Service in NHS Digital) were carried out. Third, technical appendices of outputs produced by the NHS
and the Office for National Statistics were checked to see what coding definitions were used in
reporting by public bodies. Last, to check for the specificity of coding (i.e. the extent to which fourth
digits were commonly used or, if coding tended to default to ‘other’ or ‘not elsewhere classified’)
individual analyses of English admitted patient care data were undertaken.

The delivery mode is recorded well in hospital records.2 We used OPCS-4 procedure codes, which are
available for 98% of births in HES,50 to derive the mode of delivery and ICD-10 codes for the remaining
deliveries. Our estimates showed that the delivery mode is also accurately recorded in primary care
using Read codes (98% verified against hospital records). The recording, however, was incomplete (the
delivery mode was known for 50% and 69% of children in THIN and CPRD data sets, respectively, with
the higher proportion in CPRD due to the supplied data set being restricted to the records in the CPRD
pregnancy register). For THIN and CPRD records not linked to HES, we used the Read codes to identify
the mode of delivery, which increased the number of children in the sample.

Study outcomes

The primary outcomes in this study were the incidence of (1) asthma and (2) eczema. Asthma and
eczema outcomes in the THIN–CPRD data set were defined using lists of relevant Read codes, which
were created following the steps described above (see Population and eligibility criteria). Furthermore,
Read code lists for both asthma and eczema have been previously validated in primary care.51,52

Therefore, existing validated lists were used as the basis for the outcome definition in this study and
further codes were added following consultation with the wider research team, which included a GP
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and an allergy and immunology consultant. In line with the paper on the validation of eczema coding,51

in addition to a Read code for eczema diagnosis, at least two prescriptions on separate dates for any
eczema-related treatment were also required to reflect the chronic nature of the condition. In the HES
data set, asthma and eczema were defined if a ICD-10 code for asthma or eczema was used as the
main primary diagnosis for the hospital admission.

The main analysis for these outcomes was carried out separately in the primary care data set and the
secondary care (HES) data set (the latter analysis including only those hospitals for which the year of
antibiotic prescribing policy change was known).

We also explored the relationship between antibiotic exposure and asthma and eczema severity in
the primary care data set. Moderate/severe asthma was defined as having a Read code for asthma
diagnosis and a prescription code for a corticosteroid inhaler and either a leukotriene receptor
antagonist or a systemic steroid. As the severity of asthma is not reliably coded, a prescription for a
leukotriene receptor antagonist or a systemic steroid is indicative of asthma that is uncontrolled on
inhaled corticosteroids (i.e. moderate or severe asthma). Moderate/severe eczema was defined as
having a Read code for eczema diagnosis and at least two prescriptions on separate dates, with at least
one prescription for treating moderate or severe eczema (i.e. moderate, potent or very potent steroid,
topical calcineurin, systemic therapy or phototherapy), as described in the NICE guideline for eczema.53

Secondary outcomes are listed in Table 1. We excluded immune deficiencies from the outcome list,
as Read and ICD-10 codes did not allow us to differentiate between congenital and acquired
immunodeficiencies. We also did not include pelvic abscess as a separate outcome in the analysis of
secondary care data, as there was no specific ICD-10 code for this condition.

Covariates

To assess the validity of the model we used in controlling for temporal confounders, we explored
changes in the case mix covariates to identify any differential changes over time in relation to the
mode of birth. To identify relevant covariates, a literature review of reviews was conducted on the risk
factors for the primary study outcomes (i.e. asthma and eczema) and postnatal maternal infections.
MEDLINE and Google Scholar (Google Inc., Mountain View, CA, USA) were searched for articles
written in English that reported the effect of any risk factor for the conditions mentioned. Identified
covariates included maternal demographic characteristics,54 behaviour-related factors,54–58 pregnancy-
and labour-related factors,54,57 antibiotic prescribing during pregnancy,56,59,60 maternal long-term allergy-
related conditions,61–64 deprivation,54,55,58,65,66 child demographic and birth characteristics,54,55,58,59,62,64–67

breastfeeding,55,67 child health conditions55,61–65,67 and antibiotic prescribing in childhood55,60,67 (Table 2).

Data sources and mother–baby linkage

Electronic primary and secondary health-care records

THIN and CPRD
The Health Improvement Network and CPRD GOLD are two UK-wide primary care databases of
anonymised patient records from general practices that use the same computer software (Vision,
Cegedim Rx Ltd and In Practice Systems Ltd, London, UK), together covering over 10% of the UK
population.68 In addition, a significant proportion of patients (about 30% in THIN and 60% in CPRD) have
linked secondary care (HES) data. Both THIN and CPRD GOLD databases are broadly generalisable to
the UK population in terms of patient demographics and health condition prevalence.69,70 The University
of Birmingham (Birmingham, UK) holds a sublicence for the full THIN database. The CPRD GOLD data
set was acquired from the CPRD centre of the Medicines and Healthcare products Regulatory Agency
(MHRA) for use in this specific study.
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TABLE 1 The list of secondary outcomes

Outcome Corresponding secondary objective

Data set analysed

Primary
care

Secondary
carea

Health conditions and symptoms
in children

To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS

Other allergic and allergy-related
conditions

To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on other allergic and
allergy-related health conditionsFood allergy/intolerance ✓

Allergic rhinitis and conjunctivitis ✓

One or more allergy-related disease
(e.g. asthma, eczema, food allergy/
intolerance, allergic rhinitis and
conjunctivitis)

✓

Penicillin allergyb ✓

Anaphylaxisb ✓ ✓

High risk of anaphylactic reaction
(prescribing of automatic injection
devices containing adrenaline)b

✓

Autoimmune diseases To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on autoimmune
conditions

Type 1 diabetesb ✓ ✓

Coeliac diseaseb ✓ ✓

Juvenile idiopathic arthritisb ✓ ✓

Scleroderma/systemic sclerosisb ✓ ✓

Inflammatory myopathiesb ✓ ✓

Systemic lupus erythematosusb ✓ ✓

Autoimmune (idiopathic)
thrombocytopenic purpurab

✓ ✓

Juvenile pernicious
(megaloblastic) anaemiab

✓ ✓

Childhood vitiligob ✓

Infections and inflammation To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on infections and
inflammation

Neonatal sepsis (early and
late onset)

✓

Other sepsisb ✓

Wheeze ✓

Upper respiratory tract infectionsb ✓

Lower respiratory tract infectionsb ✓ ✓

Bronchiolitisb ✓ ✓

Gastroenteritisb ✓ ✓

Inflammatory bowel disease ✓ ✓

Urinary tract infectionsb ✓ ✓

Antibiotic prescribingb ✓

continued
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TABLE 1 The list of secondary outcomes (continued )

Outcome Corresponding secondary objective

Data set analysed

Primary
care

Secondary
carea

Other immune system-related conditions To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on other immune
system-related health conditions

Necrotising enterocolitis ✓

Leukaemiab ✓ ✓

Neurodevelopmental conditions To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on neurodevelopmental
health conditions

Cerebral palsy ✓

Autism spectrum disorderb ✓

ADHDb ✓

Less specific measures of child health To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on less-specific child
health measures

Colicb ✓

Failure to thriveb ✓

Health-care utilisation in children To investigate the impact of exposure
to pre-incision antibiotics in children
delivered by CS on utilisation of health
services (defined as overall primary
care consultation frequency and
hospital admissions)

Primary care consultationsb ✓

Hospital admissionsb ✓

Maternal outcomes (up to 6 weeks
post partum)

To investigate if the effects of reducing
post-partum infections in mothers, as
reported in randomised controlled trials
conducted outside the UK, can be
replicated in the UK using routine
health-care records

Composite infectious morbidity
(wound infection, endometritis/
endomyometritis, pelvic abscess,c

maternal sepsis, maternal deathd)

✓ ✓

Endometritis/endomyometritis ✓ ✓

Wound infection ✓ ✓

Urinary tract infection/cystitis/
pyelonephritis

✓ ✓

Sepsis ✓ ✓

Pelvic abscess ✓

Maternal deathb,e ✓

Antibiotic prescribingb ✓

Length of hospital stayb ✓

ADHD, attention deficit hyperactivity disorder.
a In secondary care, the main primary diagnosis was used, except for maternal outcomes, neonatal sepsis and

necrotising enterocolitis, for which any diagnosis mention in the hospital admission episode was included.
b These are exploratory outcomes where the existing evidence of an association between microbiota/early antibiotic

exposure and the outcome of interest was inconsistent or poor (e.g. because of a lack of longitudinal studies).
c Pelvic abscess was part of the composite infectious morbidity recorded in primary care.
d Only if there was also a record of a diagnosis of any of the health conditions included in the composite infectious

morbidity outcome.
e Information on the cause of death was not available and the deaths reported here include deaths if there was also a

diagnosis of any of the health conditions included in the composite infectious morbidity outcome in the maternal
record in the post-partum period.
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TABLE 2 The list of potential covariates and data sets used to analyse each variable

Covariate

Data set analysed

Primary
care

Secondary
care

National maternity
surveys

Maternal characteristic

Age at childbirth ✓ ✓

Ethnicity ✓ ✓

Smoking status ✓

BMI before pregnancy ✓

Parity ✓

Premature rupture of membranes ✓

Post-partum haemorrhage ✓

Manual placental removal/retained products of conception ✓

Antibiotic prescribing during pregnancy ✓

Asthma ✓

Eczema ✓

Allergic rhinitis and conjunctivitis ✓

Household characteristic

Deprivation score ✓ ✓

Child characteristic

Sex ✓ ✓

Ethnicity ✓ ✓

Gestational age ✓

Birthweight ✓

Agea ✓ ✓

Breastfeeding (first few days and 3 months) ✓

Asthmab ✓ ✓

Eczemab ✓ ✓

Allergic rhinitis and conjunctivitisb ✓

Food allergy/intoleranceb ✓

Upper respiratory tract infectionsb ✓

Lower respiratory tract infectionsb ✓ ✓

Bronchiolitisb ✓ ✓

Antibiotic prescribingb ✓

BMI, body mass index.
a Accounted for in person-years calculation.
b These variables were both outcomes and potential covariates for other outcomes in this study.
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Identification and removal of duplicate practices
The Health Improvement Network and CPRD GOLD databases have some overlap at practice level,
with 37% and 46% unique practices, respectively, reported previously.68 Our sample size calculations
showed that both primary care databases were required to provide sufficient power to answer the
research questions. We adapted a previously published algorithm to identify practices common to both
CPRD GOLD and THIN.71 Although the databases do not use the same identifiers for patients or
practices, the overlapping practices can be identified and removed reliably using practice-related
information, patient registration, demographic and medical record information.68,71

We extracted practice- and patient-level data to identify common/duplicate practices in THIN and
CPRD. The following practice-level data were extracted: (1) the number of males and females born
between 1905 and 1910, between 1910 and between 1915 and 1915 and 1920; (2) the number of
males and females newly diagnosed with type 2 diabetes in the year 2010; and (3) the total number
of patients who received at least one drug prescription in the year 2010. In total, this amounted to
nine practice-level variables that we extracted from the THIN database and the same variables were
provided to us on request from CPRD GOLD.

For patient-level data, we examined aggregated information from a sample of patients. To extract our
patient-level variables, we calculated an eligible time period where both THIN and corresponding
CPRD GOLD practices were contributing data to their respective data set. The eligible period was
defined as the time between the ‘latest’ and ‘earliest’ set of dates for each database as follows: latest
of (1) THIN Vision date, (2) THIN acceptable mortality reporting date, (3) THIN computerisation date
or (4) CPRD GOLD ‘up to standard’ date (a quality indicator); and the earliest of (1) THIN collection
date or (2) CPRD collection date. Defining the eligible time period was important, as the patient-level
data we extracted for deduplication can vary outside this period. For example, there might be patients
who were registered with THIN earlier, but were transferred out before the practice started contributing
data to CPRD GOLD. If such patient-level data were extracted from THIN, then we would not be able
to confirm their characteristics in CPRD GOLD, as their data were never present in it. Alternatively,
we might have found similar patient-level characteristics by chance in candidate practices that are
not duplicates.

For each THIN and CPRD GOLD practice pair, we used CPRD GOLD data and randomly selected
10 patients who were registered in the practice within the eligible period. We extracted their registration
date, year and month of birth, sex, family identification number, first three consultation types, consultation
dates and duration of consultations for matching. We created two new scores, (1) ‘patient point’ and
(2) ‘consultation point’, and set both to zero.We looked in the corresponding THIN practice to find patients
with the same information. If a patient was found in THIN with the same registration data, sex and date of
birth information, then the patient point was incremented by 1 and, for the same patient, we incremented
consultation points by 1 for each consultation information that was matched as equal in both databases.

After considering patient- and practice-level scores, we found 450 practices contributing to both THIN
and CPRD. Among the duplicate practices, we retained the practice (from THIN or CPRD GOLD) that
contributed the highest number of babies to the study.

Linkage of mothers and babies
Information on mothers and their babies can be linked in CPRD GOLD and THIN using the family
identification number, delivery codes, mother’s registered or estimated date of delivery, child’s birth month,
gestational age at delivery and, where available, the sex of the baby, with reported identification of the vast
majority of mother–child pairs.72,73

Clinical Practice Research Datalink GOLD data held by the CPRD centre of the MHRA include a
mother–baby link and, because of CPRD data minimisation requirements, we were given access to
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already linked mother–baby CPRD data. CPRD has linked mothers and children using several methods,
including delivery-related information, information indicating pregnancy and pre- and postnatal
information, which is explained in detail elsewhere.74

To link mothers and babies in the THIN–HES and THIN primary care database, for each mother and
for each delivery record she had within the study period, we looked in the associated database record
to see if there was a baby with the same family number as that of the mother and linked them to the
mother if the following conditions were true:

l The baby’s year and month of birth were the same as the mother’s year and month of delivery.
l The baby was registered with the practice within a year of birth.

In addition, after linkage, if the sex of the newborn was provided in the mother’s HES delivery record,
then we cross-checked it with that in the primary care data to ensure accuracy. In addition, where a
mother had more than one baby matching (e.g. twins), we randomly chose one baby.

We excluded delivery records and baby records that did not meet our matching criteria.

Defining index and exit date for patients in THIN and CPRD
For each of the records containing delivery information in HES, we checked if patient data existed in
the associated THIN/CPRD practice records. If found, for each mother–baby pair, we set the index date
as the date of delivery, defined as the OPCS-4 date or the hospital episode end date if the OPCS-4
date was missing. For mother and baby pairs for whom HES data did not exist, we assigned the date
of birth of the baby as the index date for the baby and the date of delivery for the mother. These two
dates can differ because only the month of birth is given in the baby’s records. At the same time,
delivery date may reflect the date the information was entered in primary care records, as opposed to
the true delivery date. We also defined the patient start date separately for the mother and baby as
the latest of the date the quality of data was verified, study start date (1 January 2006) or registration
date with the practice. For the mother, the day when they reached age 13 years was also included in
determining the patient start date. We also defined the patient end date separately for the mother and
baby, to determine the end of maximum follow-up for each patient, as the earliest of the death date,
the date the patient left the general practice, 31 December 2018 or the last practice data collection
date. If the patient was a mother, we added 6 weeks to the date of delivery in the list when calculating
the patient end date, as maternal outcomes were limited to the post-partum period. If the patient was
a baby, we included their date of birth plus 5 years in the list when calculating the patient end date.
Once we defined these three key dates (i.e. the index date, patient start date and patient end date),
we removed any patients whose start date was after their end date (e.g. error in recording of dates),
whose index date was not between the start and end dates (e.g. if the HES data had information
after the patient left the practice) or whose age at index date was not between 13 and 50 years
(mother only).

HES data covering the whole of England
A mother–baby linked database was created using anonymised HES data collected for all NHS hospital
admissions in England75 to allow the investigation of more severe outcomes of interest resulting in
hospital admissions.

We requested HES data from NHS Digital on all delivery events occurring in English hospitals from
financial years 2005/6 to 2017/18. We also asked for any admissions data relating to patients under
the age of 5 years with the same encrypted HES identifier as a baby delivered in any of these delivery
events and, for the mothers who underwent a delivery episode, any admissions either 1 month before
delivery or 6 weeks after the start of the delivery episode. The application process was protracted.
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We completed the application in August 2018, but received data for the financial years 2005/6 to 2016/17
in April 2019. A data update for 2017/18 and 2018/19 was received in March 2020, but because of the
project time restrictions, we were able to add only the latest admission data for the mother–baby pairs
that we had already linked in the database using records for 2005/6 to 2016/17.

There is no shared identifier in the UK to link maternal and baby records in HES. We adapted a
strategy that had already been validated by another recent study76 using deterministic and probabilistic
linkage algorithms, allowing linkage of up to 98% of baby and mother secondary care records in
England and still remaining nationally representative for the main birth characteristics (e.g. gestational
age, birthweight, sex and maternal age). The processing workflow is outlined below.

We identified all of the delivery episodes and the spells to which they belonged. Episodes in which
maternity care is delivered have a specific set of fields that contain critical data about the delivery
pathway, as well as the usual data set of diagnostic and procedure fields that occur in any other kind
of hospital admission episode. These are called the ‘maternity tail’ and include variables such as the
weight of the baby, the maternal age, the pregnancy term in weeks and other clinical details. There is
not an automatic linking field between babies and mothers in the anonymised data available in HES
and so a simple linkage allowing details of a birth to be linked to future admissions involving the child
is not possible. However, a baby born in hospital is technically admitted to the hospital and has an
admission episode, even if they require no clinical treatment. This episode should contain all of the
same data as the ‘maternity tail’ in the mother’s record. In practice, there are often a number of
missing data items in the mother’s record and, more often, in the baby’s record. It is possible, however,
to create an algorithm that evaluates the likelihood of a particular baby’s episode being linked to a
particular mother’s birth event. For example, if all of the maternity fields match, if the baby’s admission
date is the same day as the delivery and if the registered GP, the hospital and the postal district prefix
of the postcode of residence are the same, then the chance that this delivery did not relate to this
baby would be very low. If most of the data matched, but there were some missing items and no data
items that contradicted each other, then the chances of mismatch would also be very small. If there
was only one likely baby match, we could assume a deterministic linkage. The chances of an erroneous
match would increase a little with each missing pair of data items, and it is possible that a situation
could occur in which more than one baby could be matched to the birth episode could occur. In these
cases, we had to apply probabilistic matching based on a matching threshold.

The first major data manipulation task was identifying all of the delivery episodes that we were going
to match. This is not a straightforward task, as episodes that contain data relating to deliveries are
sometimes not specifically flagged as a delivery episode. In addition, some episodes that are clearly
flagged as delivery episodes do not contain all of the data needed to obtain a match. This is because
there can be a number of episodes in a spell in hospital that include a delivery and, despite coding
and clerking standards, some data that belong in one episode can be spread across more than one.
We identified any episode that met the criteria used by Harron et al.,76 namely that the episode should
contain a code indicating the delivery of a live infant, a procedure code for a delivery procedure or
have two or more ‘maternity tail’ fields that are completed with a valid (i.e. not null or system missing)
value. When these episodes had been identified, we used the unique spell identifier to extract all
episodes in each spell containing a delivery episode.

Cleaning was carried out to remove duplicate records, episode durations with implausible date ranges
and births where there was an implausible interval between two or more birth events. This happens
rarely and is usually because a mother is misidentified in the data set and is given the same NHS
identifier (ID) as someone else. If both these women had given birth within, for example, 6 weeks of
each other, then it appears that one woman has given birth twice, with an implausible duration
between the two deliveries. In these cases, records for both women were censored.
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Mother–baby linkage
The Harron et al.76 methodology was based on a complex synthetic data set where iterations of data
removal were undertaken in key mother and baby variables and probabilities of mismatches were
calculated given that different variable or combinations of variable were missing on one side or the
other of the match. Through this process, a series of probabilities for different matching scenarios were
calculated, as well as a series of weights to determine the likelihood of a valid match, given that a
specific variable was matched or not matched. The process was based on 1 year of data for 2012/13.
Data recording in HES was improving year on year in the period of our study. It is likely that the data
years before 2012/13 would have had more missingness than the Harron et al.76 data and the years
afterwards. As Harron et al.’s76 weights were calculated roughly in the middle of our period of study,
we felt that they could be applied reliably to our data. We decided that rather than replicating the
original synthetic data set creation, which would have been outside the resource capabilities of this
study as originally designed, we would repeat Harron et al.’s76 matching methods, but use the matching
weights published in their paper.76

During key stages in the work, we had clarification from Harron et al.76 on some of the aspects of their
method that were not covered in detail in the publication. The linkage was carried out in two stages.
Where data could be linked using a simple rules-based approach following the original study, we
followed the original authors in referring to this as deterministic linkage. Any delivery events that
could not be linked deterministically were linked probabilistically.

Deterministic (rules-based) linkage
Mother and baby records were treated as matching if records matched on general practice, maternal
age, birthweight, gestation, birth order and sex. The matching could allow for missing data, but not for
any contradictory data on either side of the match. If three or more of the variables matched exactly,
and no variables were mismatched, the match was assumed to be valid.

Probabilistic linkage
Any delivery records that were unmatched deterministically were compared with baby records on
21 separate variables. Each one had a positive match weight where there was a match and a negative
weight where there was a mismatch. These were applied to a matching matrix and the weights
summed to derive a total weight for each candidate pair. The weights were determined from
the synthetic data analysis produced by Harron et al.76 and were available in their published paper.
Their team also used the same threshold (a match score of 20) to decide whether or not the match
was probable.

Linkage to survey data
The final stage involved matching national survey data on hospital prophylactic antibiotic administration
policies (see National survey data for more details on the survey) to births. This involved identifying the
NHS organisation code for each site about which the respondent was answering. This was carried out
by cross-checking all of the hospital names with the NHS Coding and Classification Service records.
In addition, each site had to be checked to see whether or not its site code had changed during the
period of study; this happens when the trust responsible for the site changes. This also involved manual
searches on a database of successor and predecessor organisations held by the NHS Coding and
Classification Service. Not all deliveries were matched because not all sites replied to the questionnaire.
There were some cases where individual units did not collect their site codes with sufficient specificity.
This can happen when one trust manages a large number of smaller sites. There is a highly specific site
code capable of attributing activity to an individual site; however, some organisations do not use the
code appropriately, choosing to apply a more generic code with a trust prefix but no suffix (i.e. the part
of the codes that identifies the site specifically). We linked only those questionnaire data where a valid
and site-specific code was captured in HES and was the same as a site code attributed to a hospital that
had responded to the survey.
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National survey data

National survey of hospital prophylactic antibiotic administration policies
Information about which prophylactic antibiotics are given and the timing of their administration is not
available in HES. Therefore, we obtained the year when the policy to administer pre-incision antibiotics
was introduced in each hospital from a survey of maternity care providers.

A national survey of the clinical directors for UK maternity units was completed to investigate (1) to what
extent the recommendation in the NICE Clinical Guideline 1327 regarding the timing of prophylactic
antibiotic administration for CS has been adopted across the country, (2) when the updated national
guidance was implemented and (3) the types of pre-incision antibiotics used in practice.

The survey was developed using a secure, web-based software platform REDCap (Research Electronic
Data Capture) designed to support data capture for research studies (version 7, Vanderbilt University,
Nashville, TN, USA)77 and a link to the survey was sent to all clinical directors of maternity units in
2017, with follow-up of non-responders undertaken by e-mail, telephone and at national professional
conferences. During the follow-up, an option to complete the survey in Microsoft Word (Microsoft
Corporation, Redmond, WA, USA) was also offered. A copy of the survey questionnaire is included
in Report Supplementary Material 1. If the respondents did not specify the exact year of the policy
change, but had entered a free-text comment saying, for example, a year before which the policy was
changed (e.g. ‘before 2009’) then this year was used in the analysis as the year of the policy change.

National maternity care surveys
Information on breastfeeding in health-care data is incomplete and we, therefore, investigated the
trends in this case mix variable by the mode of delivery using data from the national maternity
surveys, with the survey methodology described in detail elsewhere.78,79 Briefly, the Care Quality
Commission undertook nationwide surveys of women who had a live birth and received care from NHS
trusts in 2007, 2010, 2013, 2015 and 2017 in England, asking about their experiences during labour
and birth, including the type of delivery and newborn feeding in the first few days after birth.79 Care
Quality Commission survey data were available from the UK Data Service.80 National surveys were
also carried out in 2006, 2010 and 2014 by the National Perinatal Epidemiology Unit (Oxford, UK)
using a random sample from live birth registrations in England. The questionnaires were posted to
women at 3 months after delivery and asked questions on antenatal and postnatal care and health,
including questions on the mode of delivery and infant feeding at the time of the survey (e.g. breast
milk only, both breast milk and formula milk, and formula milk only).78

Estimated sample size and statistical power

THIN–CPRD database sample size estimates
To estimate the number of CSs and VDs in primary care over our study period, we first calculated the
completeness of recording in THIN database using THIN data linked to secondary care records in
2010. This was extrapolated over all years in our study (2006–18), taking into consideration the
changes in the numbers of births nationally over time. We assumed that the overall size of the THIN
and CPRD databases, the proportions with linked secondary care data and the reported overlap
between THIN and CPRD databases remained constant over the study period. We also assumed that
86% of mothers and babies could be linked. The number of births we expected to have data on over
the study period was 777,389 (206,615 children born by CS and 570,774 children born by VD).

Our estimates of asthma incidence in 0- to 5-year-old children in the UK using the THIN database
matched the previously published figures.38 In 2014, the incidence ranged from 0.8 and 6.5 per
1000 person-years in those aged 0–1 and 1–2 years, respectively, to 12.1 and 11.4 in those aged 3–4 and
4–5 years, respectively. Based on our estimates of the incidence of asthma in each age group in each year
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from 2006 onwards, and assuming a 5% annual loss of follow-up due to patients changing their general
practice, Table 3 shows the estimated number of children available for follow-up depending on their year of
birth, and the number of new asthma cases in each of the study years by the mode of delivery.

HES database sample size estimates
Using the HES secondary care database available for England and assuming 95% linkage between
mothers and babies (the linkage estimate varied between 91% in the earlier years and 98% in 2012/13),76

we estimated that we would obtain data from 8,043,600 children with a known mode of delivery across
2006–18 (2,070,500 children born by CS and 5,973,100 born by VD).

TABLE 3 Estimated person-years of follow-up and the number of new asthma cases by the year of life in children born
by CS and VD during 2006–18, using the THIN–CPRD database (if the incidence of asthma was the same in all children
irrespective of the mode of delivery)

Birth yeara

Person-years of follow-up by year of life Asthma cases by year of life

1 2 3 4 5 1 2 3 4 5

Children born by CS

2006 14,448 13,725 13,038 12,386 11,766 70 214 230 254 183

2007 15,136 14,379 13,660 12,977 12,328 56 196 220 236 166

2008 15,308 14,542 13,814 13,123 12,466 38 169 201 207 140

2009 15,394 14,624 13,892 13,197 12,537 35 153 179 194 147

2010 15,781 14,991 14,241 13,528 12,851 31 140 160 184 157

2011 15,824 15,032 14,280 13,566 12,887 28 126 166 193 159

2012 16,254 15,441 14,668 13,934 13,237 26 116 175 206 166

2013 16,082 15,277 14,513 13,787 13,097 19 107 154 185 157

2014 15,996 15,196 14,436 13,714 13,028 12 99 134 166 149

2015 16,598 15,768 14,979 14,230 8 95 121 156

2016 16,598 15,768 14,979 5 88 106

2017 16,598 15,768 3 82

2018 16,598 3

Children born vaginally

2006 43,172 41,013 38,962 37,013 35,162 209 640 688 759 548

2007 44,462 42,238 40,126 38,119 36,213 163 576 646 692 486

2008 44,892 42,647 40,514 38,488 36,563 112 497 590 608 412

2009 44,720 42,484 40,359 38,341 36,423 101 445 520 564 427

2010 45,744 43,456 41,283 39,218 37,257 91 405 463 534 454

2011 45,580 43,301 41,135 39,078 37,124 82 364 477 555 459

2012 45,408 43,137 40,980 38,931 36,984 72 324 490 575 463

2013 43,344 41,176 39,117 37,161 35,302 51 288 415 500 423

2014 42,484 40,359 38,341 36,423 34,601 32 262 355 442 396

2015 42,742 40,604 38,573 36,644 21 245 312 402

2016 42,742 40,604 38,573 14 227 273

2017 42,742 40,604 9 211

2018 42,742 9

a The numbers in the year 2015 were applied to the later years.
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Annually, there are around 10,000 hospital admissions with asthma as the primary diagnosis in children
aged 0–4 years.81 Assuming a re-admission rate during the follow-up of 50% (our estimates using HES
indicate that, in the later years of the cohort, the proportion of children re-admitted was as low as
29–39%), we calculated the numbers of children who were admitted to hospital for the first time with
asthma as the primary diagnosis in each year of follow-up (Table 4).

TABLE 4 Estimated person-years of follow-up and the number of first-time hospital admissions for asthma by the year of
life in children born by CS and VD during 2006–18, using the THIN–CPRD database (if the incidence of asthma was the
same in all children irrespective of the mode of delivery)

Birth yeara

Person-years of follow-up by year of life Asthma cases by year of life

1 2 3 4 5 1 2 3 4 5

Children born by CS

2006 145,200 145,178 144,838 144,499 144,160 22 343 342 341 340

2007 151,800 151,777 151,422 151,067 150,713 23 358 357 357 356

2008 152,400 152,377 152,021 151,664 151,308 23 360 359 358 357

2009 153,700 153,677 153,317 152,958 152,599 23 363 362 361 360

2010 157,400 157,376 157,008 156,640 156,272 24 371 371 370 369

2011 158,800 158,776 158,405 158,033 157,662 24 375 374 373 372

2012 162,700 162,676 162,295 161,914 161,534 24 384 383 382 381

2013 160,700 160,681 160,321 159,961 159,602 19 360 359 358 358

2014 160,200 160,187 159,846 159,505 159,164 13 340 339 338 337

2015 166,900 166,887 166,531 166,176 13 354 353 352

2016 166,900 166,887 166,531 13 354 353

2017 166,900 166,887 13 354

2018 166,900 13

Children born by VD

2006 452,400 452,364 451,400 450,437 449,475 68 1059 1056 1054 1052

2007 465,400 465,363 464,371 463,380 462,391 70 1089 1087 1084 1082

2008 467,500 467,463 466,467 465,471 464,478 70 1094 1092 1089 1087

2009 466,000 465,963 464,970 463,978 462,987 70 1090 1088 1086 1083

2010 477,300 477,262 476,245 475,229 474,214 72 1117 1114 1112 1110

2011 476,600 476,600 476,600 476,600 476,600 71 1115 1115 1115 1115

2012 474,900 474,900 474,900 474,900 474,900 71 1111 1111 1111 1111

2013 453,700 453,700 453,700 453,700 453,700 54 1012 1012 1012 1012

2014 444,500 444,500 444,056 443,167 441,834 36 947 946 944 941

2015 448,700 448,664 447,708 446,753 36 956 954 952

2016 448,700 448,664 447,708 36 956 954

2017 448,700 448,664 36 956

2018 448,700 36

a The numbers in the year 2015 were applied to the later years.
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Estimates of statistical power
To estimate statistical power, and to assess the impact of misclassification of antibiotic exposure on
estimates of increase in risk with pre-incision prophylactic antibiotics for CS, we simulated the study
(1) based on our estimates using the THIN database regarding the number of children for whom
maternal data could be linked and the asthma diagnosis rates in each year group between 0 and
5 years, and (2) using HES data based on our estimates of children with linked maternal data and
rates of children newly hospitalised for asthma based on HES statistics.

In each simulation, we created a data set for the whole study, with 13 birth cohorts from 2006 to 2018
and follow-up included across the first 5 years of life (curtailed at the end of 2018). Each birth was
classified by the delivery mode and, for those children born by CS, whether or not prophylactic
antibiotics were administered prior to skin incision (generated randomly using a binomial random
number generator using an underlying probability identified in the national survey of hospital
prophylactic antibiotic administration policies during that year of birth).49

We randomly simulated outcome events according to the year-age event rates using a binomial
random number generator, with increased rates in all those born by CS and further increases in those
who had pre-incision antibiotics (Table 5). A ratio of incidence ratios of 1.20 was used for increased
risk of asthma with CS.47 Further increases (ratio of incidence ratios from 1.10 to 1.20, increasing in
steps of 0.02) were used for the increase with pre-incision antibiotics rather than antibiotics after
cord clamping.

Simulations were repeated 1000 times and statistical power estimated by noting the proportion of
simulations for which the lower limit of the 95% CI for the variable indicating if antibiotics were
administered prior to skin incision was greater than a ratio of incidence ratios of 1. We also assessed
attenuation bias created by misclassification.

TABLE 5 The number of births, years of follow-up and expected events in each simulation

Variable THIN–CPRD database, n HES database, n

CS births 206,615 2,070,500

Post-cord clamping antibiotics 111,508 1,115,670

Pre-incision antibiotics 95,107 954,830

VD births 570,774 5,973,100

Total births 777,389 8,043,600

CS person-years of follow-up 792,265 8,661,832

Post-cord clamping antibiotics 501,401 5,524,890

Pre-incision antibiotics 290,864 3,136,942

VD person-years of follow-up 2,215,405 25,339,526

Total person-years of follow-up 3,007,670 34,001,358

New events in children born by CS 7173 15,333

Post-cord clamping antibiotics 5324 10,454

Pre-incision antibiotics 1849 4880

New events in children born by VD 20,378 44,906

Total events 27,551 60,240

Average event rate per 1000 person-years 9.2 1.8
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The model that was fitted to analyse the simulation data included a trend term for the probability of
receiving antibiotics before skin incision, where the value for 2006–9 = 0, 2010 = 0.2, 2011 = 0.4,
2012 = 0.6, 2013 = 0.8 and 2014–18 = 1 (with a zero value for those who were born by VD). Although
in the analysis we used values obtained from the national survey on hospital prophylactic antibiotic
administration policies, as the simulations used the national survey to allocate women to a treatment,
we would have overestimated power if we had used exactly the same function in the analysis model.

For outcomes in primary care, we estimated that we would have 80% power of detecting a ratio of
incidence ratios of 1.16 and > 90% power of detecting ratio of incidence ratios of 1.18, being able to
estimate them with a maximum of 15% underestimation from misclassification.

For outcomes recorded in secondary care, in the full HES data set, we estimated that we would have
> 80% power to detect a ratio of incidence ratios of 1.10 and 90% power to detect a ratio of incidence
ratios of 1.12, with similar underestimation rates due to misclassification.

This relates to detecting an increase of seven additional new cases of asthma per 1000 children aged
0–4 years or an increase of 4% (1400/35,000) of all new asthma cases in 0- to 4-year-olds annually
in the UK. This also relates to detecting an increase of one additional new case of asthma requiring
hospital admission per 1000 children aged 0–4 years or an increase of 3% (200/7000) of all newly
hospitalised asthma cases in 0- to 4-year-olds annually.

We also estimated that this study would be adequately powered to detect differences in some of the
other outcomes of interest, as their incidence is higher than asthma incidence in children, including:

l GP-diagnosed eczema (with incidence rates of 2.5 and 6.6 per 1000 person-years reported in
children aged 0–1 and 1–2 years, respectively36,37)

l maternal post partum infectious morbidity, including caesarean wound infection (with the incidence
ranging from 1.4 to 8.2 per 100 births82).

Statistical methods and analyses

The statistical analysis methods for this project can be broken down into the methods used to analyse
the primary care data set (THIN–CPRD) and the methods used to analyse the secondary care data set
(HES). We describe these methods separately for each data set.

Primary care data (THIN–CPRD)

Summarising data in primary care
The primary outcomes (of asthma and eczema) are summarised in the THIN–CPRD data set using
the number of children diagnosed with asthma or eczema and the length of time at risk. Each child is
classified as either diagnosed with the outcome or not, using the methods of diagnosing asthma and
eczema described earlier (see Study outcomes). For each outcome, the length of time at risk is calculated
as the time from birth to the earliest of the child’s fifth birthday, the date the child is lost to follow-up
(e.g. the child moves practice or the practice is not included in THIN–CPRD), the study end date
(31 December 2018) or the date at which the child is diagnosed with the outcome.We present the rate
of the outcome per 1000 person-years, which is calculated as the ratio of the number of events and the
exposure time multiplied by 1000. We do not present results stratified by prophylactic antibiotic status,
as this was not possible (see Analysis methods used).

All dichotomous secondary outcomes are summarised in the same way as the primary outcomes.
Secondary outcomes that are of a count form, such as the number of primary care consultations in
the first 12 months, are summarised using the total number of events and the length of time at risk.
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The length of time at risk is calculated as the time from birth to the earliest of the date the child is
lost to follow-up or the date at which the outcome-specific length of time has passed (e.g. 12 months).
The rate of the outcome is presented per 1000 person-years.

Maternal outcomes are summarised using the total number of events and the percentage of total
births to which this corresponds. All maternal outcomes in primary care were dichotomous. For the
composite maternal infectious morbidity, we categorised mothers as having either ‘none’ or ‘one or
more’ of the individual composite outcomes (i.e. wound infection, endometritis/endomyometritis,
sepsis and pelvic abscess) recorded in primary care data. Results are presented stratified by delivery
mode (VD or CS).

Analysis methods used
To analyse the primary outcomes (asthma and eczema), we calculated for each child’s year of life
whether or not a diagnosis of the outcome was made and the exposure time for that particular year
of life. For example, a child diagnosed with asthma aged 18 months would have zero events and
12 months’ exposure during their first year of life, and one event and 6 months’ exposure during their
second year of life. This allowed us to explore cases by year of birth and year of life. To estimate the
impact of antibiotic timing (pre-incision or post-cord clamping prophylactic antibiotics), we fitted a
Poisson regression model to the data, with an offset for exposure time and robust standard errors to
allow for misspecification. The model included terms for year of birth and age (year of life), and their
interaction. Two further terms were also included in the model: (1) mode of birth (CS or VD’) to allow
for differential risk of the outcome in those receiving CS compared with VD’ and (2) antibiotic timing’
to allow for differential risk in those receiving pre-incision rather than post-cord clamping prophylactic
antibiotics. For all CS births, as the exact timing of antibiotic provision was not known, we used the
probability of antibiotic use before skin incision derived from the national survey. This coefficient
provides an estimate of the effect of the policy change in antibiotic timing, adjusting for misclassification.
As the policy change was applicable for CS births only, all VD births were classified as pre-policy change.
We present the incidence rate ratio (IRR) and the 95% CI for the antibiotic timing variable, comparing
the rate of events in those given prophylactic antibiotics pre incision with the rate of events in those
given prophylactic antibiotics post cord clamping.

All dichotomous secondary outcomes are analysed in the same manner as the primary outcomes.
For outcomes with a small number of events (< 200), we present the summary statistics only. For count
outcomes, a Poisson model without robust standard errors was fitted to the data. All other terms in
the model were the same as those used for the primary outcomes.

Sensitivity analyses
To assess the robustness of the results, we conducted several sensitivity analyses. Sensitivity analyses
were performed for the two co-primary outcomes (asthma and eczema). Some secondary outcomes
were included in the sensitivity analyses to check the robustness of the primary analysis, particularly
where results suggested a significant association with the timing of antibiotic provision and the
association was unexpected.

In the primary care data set, we conducted the following sensitivity analyses:

l outcome definition
l definition of timing of the prophylactic antibiotic policy change
l data recording quality
l random effect.

The rationale for these sensitivity analyses and the statistical methods used for each of them are
described in more detail below.
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Outcome definition
The main outcome definition for asthma in primary care was based on relevant Read codes and the
main definition of eczema was based on relevant Read codes in combination with two eczema-related
prescriptions on separate dates, as described earlier. We considered the impact of prophylactic
antibiotic timing on severity of asthma and eczema based on prescribing of medications indicative of
moderate or severe asthma and eczema. In addition, we also considered several alternative definitions
of asthma and eczema, including:

l asthma diagnosed in children aged 3–5 years (as it is more difficult to distinguish asthma from other
more common diagnoses, such as bronchiolitis, in very young children)

l asthma definition based on Read codes used in the QOF
l eczema diagnosis based on Read codes in children aged 1–5 years and at least two prescriptions

within 90 days before or 365 days after the eczema Read code record
l eczema diagnosis based on Read codes only.

Definition of timing of the prophylactic antibiotic policy change
For the primary analysis, we used a probability that the prophylactic antibiotics were given pre incision
using data from the national survey. To test the sensitivity of this method, we restricted the data set
to the births from 2006 to 2010 and from 2013 to 2018. This was carried out to compare births in
the years before the change in the NICE guidelines (i.e. 2006–10) with the years in which > 50% of
hospitals had introduced the policy (i.e. 2013–18). Children born by CS were dichotomised as having
prophylactic antibiotics post cord clamping (children born 2006–10) or prophylactic antibiotics pre
incision (children born 2013–18). A Poisson model was fitted to the data, with an offset for exposure
time and robust standard errors. The model included terms for year of birth, year of life, their
interaction, delivery mode (CS or VD) and antibiotic timing (pre incision or post cord clamping).

Data recording quality
To evaluate the impact of data recording quality, we restricted the data set to THIN–CPRD records
linked to secondary care records. It was expected that these records would be the most accurate
source for mode of delivery. A Poisson model was fitted to the data in the same manner as the
primary analysis.

Random effect
Our primary analysis assumes that all observations are independent. As the outcomes are based on
Read codes that have been entered onto an electronic medical health system at the general practice,
it is possible that observations from children within the same general practice are correlated in some
way (both because of access to the same general practice and also because they are likely to share
socioeconomic similarities). To explore the possibility of non-independence of observations, we
explored whether or not the results were robust to the inclusion of a random effect for general
practice. This allows observations within a general practice to be correlated. To this end, a mixed-
effects Poisson model was fitted to the data, with an offset for exposure time and robust standard
errors and a random effect for general practice. Fixed effects were included for year of birth, year of
life, their interaction, mode of birth (CS or VD) and antibiotic timing (i.e. probability of pre-incision
prophylactic antibiotics).

Subgroup analyses
Children born by elective CS are likely to be exposed to antibiotics in utero for longer than children
born by emergency CS. To assess whether or not the impact of the antibiotic policy change is
different in elective CS and emergency CS, we categorised each birth as being elective CS, emergency
CS or VD. A Poisson model was fitted to the data, with an offset for exposure time and robust
standard errors. Fixed effects were included for year of birth and year of life, and their interaction.
There were also terms for mode of delivery (i.e. emergency CS, elective CS or VD) and antibiotic timing
(i.e. probability of pre-incision prophylactic antibiotics), and an interaction between them. We report the
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IRR for antibiotic timing in the emergency CS and elective CS groups, and the p-value for the interaction
between them. This p-value indicates the strength of evidence of a differential effect of antibiotic timing
based on CS type.

Secondary care data (HES)

Summarising data in secondary care
The primary outcomes (asthma and eczema) are summarised in the HES database using the number
of children admitted to hospital at least once and the length of time at risk. For each outcome, an
admission is indicated by ICD-10 codes, as described earlier (see Study outcomes). Children are
categorised as having ‘no admission’ or as having ‘one or more admissions’. The length of time at risk
is calculated as the time from birth to the earliest of the child’s fifth birthday or the study end date of
31 March 2019. We present the rate of the outcome per 1000 person-years, which is calculated as the
ratio of the number of events and the exposure time multiplied by 1000.

Most dichotomous secondary outcomes are summarised in the same way, where we present the
number of children admitted at least once, the total follow-up time and the outcome rate per
1000 person-years. For secondary outcomes with short exposure time (such as neonatal sepsis),
we present the outcome rate per 1000 births.

Dichotomous maternal outcomes are summarised in the HES data set using the number of events
and the percentage of total events to which this corresponds. One continuous maternal outcome
(i.e. hospital length of stay) was not normally distributed and so the median and interquartile range
are presented. All maternal outcomes are summarised stratified by delivery mode (VD or CS).

Analysis methods used
To analyse the primary outcomes (asthma and eczema), for each child we calculated whether or not
they had been admitted to hospital admission for the primary reason of asthma or eczema and their
exposure time. Owing to data limitations, we did not have the date of admission and so could not
look at cases by year of life. We did, however, examine cases by year of birth. To estimate the impact
of antibiotic timing (pre-incision or post-cord clamping prophylactic antibiotics), a Poisson model
was fitted to the data, with an offset for exposure time and robust standard errors to allow for
misspecification. The model included terms for year of birth, mode of birth (CS or VD) and antibiotic
timing. Data were not available on the antibiotic timing (pre incision or post cord clamping) for
individual births, but data on the hospital policy for each year were known. It was assumed that
prophylactic antibiotics for each CS were administered in accordance with the hospital’s policy for that
particular year. Antibiotic timing was categorised as before policy change, year of policy change and
after policy change. As the policy change was applicable to CS births only, all VD births were classified
as ‘before policy change’. The comparison between children born after the policy change and those
born before the policy provides an estimate of the effect of the policy change in antibiotic timing.
This comparison did not include those children born in the year of policy change, as their exposure to
prophylactic antibiotics is not known. We present the IRR and 95% CI for the antibiotic timing variable,
comparing the rate of events in those given prophylactic antibiotics pre incision with the rate of events
in those given prophylactic antibiotics post cord clamping.

All dichotomous secondary outcomes are analysed in the same manner as the primary outcomes.
For outcomes with a small number of events (< 200), we present the summary statistics only. For
continuous outcomes (i.e. maternal length of stay), we fitted a linear regression model, with fixed
effects for year of birth, mode of birth (CS or VD) and antibiotic timing. We present the difference in
mean length of stay between those children born by CS with pre-incision prophylactic antibiotics and
those children born by CS with post-cord clamping prophylactic antibiotics.
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Sensitivity analyses
To assess the robustness of the results, we conducted several sensitivity analyses. Sensitivity analyses
were performed for the two co-primary outcomes (asthma and eczema). Some secondary outcomes
were included in the sensitivity analyses to check for the robustness of the primary analysis.

In the secondary care data set (HES), we conducted the following sensitivity analyses:

l definition of timing of the prophylactic antibiotic policy change
l random effect
l exploratory discordant sibling analysis.

Definition of timing of the prophylactic antibiotic policy change
The primary analysis of the secondary care data set is limited to hospitals that responded to the
national survey, as we required information on whether or not the antibiotic policy was changed and
the year in which the change was made. As not all hospitals responded to the survey, we wanted to
explore the sensitivity of the results to the timing of antibiotic policy change. To this end, we estimated
the probability of pre-incision prophylactic antibiotics based on calendar year. These probabilities were
calculated using responses to the national survey from England hospitals, as HES includes data from
hospitals in England only. A Poisson model was fitted to the data, with an offset for exposure time and
robust standard errors. Fixed effects were included for year of birth, mode of birth (CS or VD) and
antibiotic timing (probability of pre-incision prophylactic antibiotics).

Random effect
Our primary analysis assumes that observations are independent. However, it is possible that
observations from children born from the same hospital are correlated in some way, perhaps because of
sociodemographic and health-care access similarities. To explore the possibility of non-independence of
observations, we explored whether or not the results were robust to the inclusion of a random effect for
hospital. This allows observations from children born within the same hospital to be correlated. To this
end, a mixed-effects Poisson model was fitted to the data, with an offset for exposure time and robust
standard errors, and a random effect for hospital. Fixed effects were included for year of birth, mode of
birth (CS or VD) and antibiotic timing (pre incision or post cord clamping).

Discordant sibling analysis
In an attempt to control further for family-related genetic and environmental factors, we employed a
discordant sibling analysis. For this, we created a subset of data in which women gave birth at least
twice using the same mode of birth (VD or CS) during the study, including before and after the change
in antibiotic policy. A Poisson model was fitted to the data in the same manner as the primary analysis
of the secondary care data.

Subgroup analyses
In the secondary care data set, we performed two subgroup analyses: (1) CS type analysis (i.e. elective
or emergency) and (2) antibiotic regiment analysis (i.e. cefuroxime only, cefuroxime and metronidazole,
and co-amoxiclav only).

Caesarean section type
To assess whether or not the impact of the antibiotic policy change differs between elective CS and
emergency CS, we categorised each birth as being elective CS, emergency CS or VD. A Poisson model
was fitted to the data, with an offset for exposure time and robust standard errors. Fixed effects
were included for mode of delivery (emergency CS, elective CS or VD) and antibiotic timing (using
probability of antibiotic policy change), and an interaction between them. Adjustments were included
for year of birth. We report the IRR for antibiotic timing in the emergency and elective CS groups,
and the p-value for the interaction between them.
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Antibiotic regimen
Different antibiotic regimens may have a differential effect on longer-term child health. Based on
the national survey, the most common antibiotics used were co-amoxiclav alone, cefuroxime alone,
and cefuroxime and metronidazole. We restricted the analysis to hospitals that used the same
antibiotics before and after the policy change. A Poisson model was fitted to the data, with an
offset for exposure time and robust standard errors. Fixed effects were included for year of birth,
mode of delivery (CS of VD) and antibiotic timing (pre incision or post cord clamping). We fitted a
model separately for each antibiotic type (co-amoxiclav alone, cefuroxime alone, cefuroxime and
metronidazole). We report the IRR for antibiotic timing separately for each antibiotic type. This
exploratory subgroup analysis was undertaken for primary outcomes (asthma and eczema) and
necrotising enterocolitis because of the previously reported increased risk of this condition in babies
born to mothers who were exposed to co-amoxiclav.83

Analysis was carried out using Stata® MP version 16 (StataCorp LP, College Station, TX, USA).

Research Ethics Committee approval

The Ethics Review Committee of the University of Birmingham provided the ethics approval required
for this study (reference number ERN_17-1675).

The NHS South-East Multi-Centre Research Ethics Committee approved the use of the THIN database,
subject to independent scientific review to help ensure appropriate analysis and interpretation of the
data.84 The Independent Scientific Ethical Advisory Committee – Scientific Review Committee Panel of
the data provider IQVIA (Durham, NC, USA) approved the use of the THIN and HES-linked data in this
study (reference number 18THIN047).

The CPRD data set has ethics approval from a National Research Ethics Service Committee for
observational research using anonymised data.85 For this study, the use of CPRD has been approved
by the Independent Scientific Advisory Committee for MHRA Database Research (reference number
18_181AR2).

The use of the HES database is exempt from NHS Research Ethics Committee approval because it
involves the analysis of an existing data set of non-identifiable data. The standard NHS Digital data
approval process was followed to obtain approval for the use of HES data.86 The Health Research
Authority confirmed that Health Research Authority approval was not required for this research,
as it involved linking anonymised patient data from established databases for this study only.

Changes to the protocol

There were no changes to the protocol.

Patient and public involvement

Aims
There were two main aims of patient and public involvement (PPI) in this project. First, we involved
women to ensure that we included outcomes that are important for parents and children. We explored
with parents and parents-to-be which health conditions, particularly allergy- and immune system-related
conditions and maternal infections after birth, are most important to them and, therefore, which health
conditions the study should ideally investigate (assuming that information for these conditions is well
recorded in routine medical practice). Second, our public involvement activities helped ensure that key
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messages from the research about the timing of prophylactic antibiotic administration in CS were
communicated to relevant audiences in ways that were clear and accessible. We report our PPI here
using the format recommended by the Guidance for Reporting Involvement of Patients and the Public
Short Form (GRIPP2-SF).87

Methods
The chief investigator (DS) provided leadership for all public involvement in the project and was
the first point of contact for public contributors and researchers on all matters relating to public
involvement. Two women (RH and MS) were recruited to be involved in the study. Ruth Hewston is
a volunteer with the National Childbirth Trust (London, UK) and has experience of involvement in
a range of maternity projects. Magdalena Skrybant had a CS in 2013 and has an interest in maternity
research. Both Magdalena Skrybant and Ruth Hewston were invited to attend all Project Management
Group meetings. Materials were sent in advance of meetings and Ruth Hewston and Magdalena Skrybant
could contact Dana Šumilo at any point to discuss the project. Both Magdalena Skrybant and Ruth Hewston
were invited to contribute to all reports and they are acknowledged as co-authors to publications.
Public contributors were also offered an honorarium for their involvement.

We also recruited an independent public contributor to our Project Steering Group (MC). MC was
recruited through the Royal College of Obstetricians and Gynaecologists (RCOG) (London, UK)
Women’s Voices Involvement Panel. Maria Clark was invited to attend all meetings, received paperwork
in advance and could contact Dana Šumilo to discuss the study.

To gain wider public perspectives, public involvement sessions took place as part of the ‘Yoga for Bump’
sessions, which were facilitated by National Institute for Health and Care Research (NIHR) Collaborations
for Leadership in Applied Health Research and Care and funded through a Wellcome Trust (London, UK)
Engagement Fund. These sessions were free for women to attend and included an informal chat with
a midwife, a research engagement session and then a pregnancy yoga session. The sessions were held
in June 2018 in two different community locations in the West Midlands (Hall Green and Perry Barr)
and at two different times of the day, which helped maximise the diversity of the contributors. Eight
mothers or mothers-to-be took part in the sessions. They came from a variety of backgrounds, and
included women from ethnic minority communities, an often under-represented group in research.
The researcher (DS) and a PPI advisor (MS) of the project explained the background of this research
and the research questions. This was followed by the discussion, in relation to this study, of which
health conditions are most important to women and how the findings of the study can be shared.

We also obtained perspectives from women from the RCOG Women’s Voices Involvement Panel who
responded to the wider clinician and public consultation survey in July 2018. A link to the online
survey was also sent to the British Intrapartum Care Society (London, UK), the British Maternal &
Fetal Medicine Society (London, UK) and the British Association of Perinatal Medicine (Bristol, UK).
In the survey, respondents were asked to select up to three conditions from each group of health
conditions that we were interested in for inclusion as study outcomes (the survey questionnaire is
included in Report Supplementary Material 2). Twenty-nine respondents (22 clinicians and seven parents)
completed the survey.

Both Magdalena Skrybant and Ruth Hewston contributed to the writing of this report, including Patient
and public involvement and the Plain English summary.

Results
Patient and public involvement, including the public involvement sessions and the wider survey, helped us
to confirm that we should look at a wide range of outcomes, including neurodevelopmental conditions.
From the proposed outcome list in the online survey, there were no outcomes that were not selected
by the respondents, apart from septic thrombophlebitis, which we excluded from the final outcome list.
Our public involvement sessions also confirmed that we should consider the severity of outcomes.
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Patient and public involvement also helped us to identify other information mothers-to-be wanted
explained in relation to the study, including how antibiotics work, what antibiotics are recommended,
the difference between intrapartum antibiotics and antibiotics during pregnancy, and what impact
antibiotics may have depending on when they are provided. PPI also confirmed the importance of
balancing the risks and benefits to the mother and baby when communicating the study findings.

Discussion and conclusions
Patient and public involvement helped us to confirm the finding from our initial PPI while developing
this research proposal that a broad range of outcomes should be investigated. PPI engagement
sessions informed the development of the wider consultation through the online survey and the final
outcome list. PPI also confirmed the importance of capturing and interpreting the data, taking into
account the severity of health conditions, which was addressed in this study by assessing the health
conditions in both primary care and hospital data. Furthermore, PPI strengthened the importance of
comparing the impact on children with the impact on mothers and helped us to better understand
what relevant information women need to know when communicating the results of the study.

Reflections
The study benefited from having two very experienced public contributors as full members of the
Project Management Group since the inception of this research and also a very experienced
independent public contributor as a member of the Project Steering Group.

Wider PPI activities were useful in confirming that the outcomes we were planning to investigate
were relevant to parents and parents-to-be and in identifying additional outcomes of interest. Public
involvement sessions were also useful in identifying what contextual information needs to be provided
when communicating the findings to the wider public. The 30-minute duration of the public involvement
sessions was sufficient for addressing the main objectives of this PPI. Given the complexity of the
research topic and uncertainty around the potential impact the antibiotics may have, it was initially
difficult for women to comment on the outcomes that were important to them. It was very helpful to
have an experienced PPI advisor facilitating public involvement sessions, maximising the benefit gained
from the sessions.
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Chapter 3 Results

THIN–HES-linked and THIN primary care data sets descriptions

During the study period, 219,390 deliveries were identified in the THIN–HES-linked data set.
We excluded 32,808 delivery records, as they did not have a baby with the same family number as
the mother. We then matched a baby for each of the remaining 186,582 deliveries. We excluded
a further 72,807 records, either because they were linked to more than one potential mother or
because the baby was not registered within the first year from birth. This left us with a total of
113,775 valid deliveries linked to a baby identified in the THIN–HES-linked data set.

In the THIN primary care data set, we looked for incident deliveries (VD or CS) from 1 January 2006 to
31 December 2018 in women aged 13–50 years at the time of delivery who were already registered
with the practice. We found a total of 441,540 delivery records in the database, of which 54,939 were
excluded, as there was no baby born in the same month and year of delivery with the same family
number as the mother. We further excluded 135,318 records of babies who were either linked
to more than one potential mother or not registered within a year from birth. This left a total of
251,283 mother–baby pairs identified using Read codes in the THIN primary care database. Finally,
we extracted information from records of the babies who had ‘born by vaginal delivery’ or ‘born by
caesarean section’ Read codes from the THIN primary care database and found 46,593 records. All
of these babies, however, were already present in our linked primary care data set derived from the
delivery codes noted in the mother’s medical record and, therefore, did not add any new babies that
could be linked to a mother.

Combined, there were a total of 365,058 mother–baby pairs from THIN–HES-linked and THIN primary
care data sets. A total of 57,317 of these pairs were identified in both the THIN primary care and
THIN–HES-linked databases (i.e. duplicates) and, therefore, we removed those records from the THIN
primary care database. This left us with a final total of 307,741 unique mother–baby pairs from the
THIN primary care and THIN–HES-linked databases (Figure 2).

CPRD–HES-linked and CPRD primary care data sets descriptions

The CPRD mother–child-linked database contained 646,967 mother–baby pairs in total. When
examining CPRD data, our main goal was to identify linked mothers and babies who had a recorded
mode of delivery (VD/CS).

We used the same criteria to define patient start date and patient end date for the CPRD database
as we did for THIN. There were 444,823 mother–baby pairs in the CPRD–HES-linked data set. To
retain only the valid mother–baby pairs in the CPRD–HES-linked data, we excluded (1) 11,172 records
because information on babies was not present in the primary care practice data and (2) 171,269 records
because either the mother or baby did not meet the study inclusion criteria (78,229 babies were
excluded because they were not registered within 1 year from date of birth, 61,553 mothers were
excluded because their delivery date was not in between the patient start date and the patient end
date or their age at delivery did not match study inclusion criteria, and 31,487 mother–baby pairs
were excluded because both the mother and the baby did not meet the study inclusion criteria).
This left us with 262,382 mother–baby pairs that had an OPCS-4 or ICD-10 delivery code identifying
the mode of delivery and met our study inclusion criteria (as explained in Chapter 2).
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In the CPRD primary care data set, there were 452,353 mother–baby pairs, from which we excluded
121,598 records as they did not meet the study inclusion criteria, leaving us with 330,755 mother–
baby pairs with a recorded mode of delivery in the CPRD primary care database.

In total, we had 593,137 mother–baby pairs from both CPRD data sets, of which we excluded 183,230
duplicates (valid mother–baby pairs found independently in both the CPRD primary care and CPRD–HES
data sets), removing them from the CPRD primary care data set. This left us with 409,907 valid mother–
baby pairs across the two CPRD data sets (Figure 3).

Excluded
(n = 182,441)

• Babies not present in
    practice, n = 11,172
• Baby/mother did not
    meet study criteria,
    n = 171,269 

Mother–baby
pairs in CPRD–HES

(n = 444,823)

Mother–baby pairs in
CPRD primary care

(n = 452,353)

Eligible mother–baby
pairs in CPRD-HES

(n = 262,382)

Eligible mother–baby pairs
in CPRD primary care

(n = 330,755)

Valid baby–mother pairs
from all CPRD data sets

(n = 593,137)

All valid mother–baby pairs by
combining all CPRD data sets

(n = 409,907)

Excluded from CPRD primary care
data set as these babies were

already present in CPRD–HES
(n = 183,230)

Excluded records as
baby/mother did not
meet study criteria

(n = 121,598)

FIGURE 3 Study population selection in CPRD data sets.
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data set as these babies were already

present in THIN–HES
(n = 57,317)

FIGURE 2 Study population selection, including mother–baby data linkage in THIN data sets.
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Final THIN–CPRD data set description

Across all data sets, we identified 717,648 valid deliveries. We then excluded 201,703 (28.1%)
duplicates (163,408 from THIN data sets and 38,295 from the CPRD data sets). This resulted in a
final total of 515,945 mother–baby pairs for inclusion in our analysis [144,333 (28.0%) from THIN
data sets combined and 371,612 (72.0%) from CPRD data sets combined] (Figure 4).

Out of the total of 515,945 births, 144,861 (28.1%) were births by CS and the remaining 371,084
(71.9%) were by VD. The number of actual linked mother–baby pairs is smaller than the estimate in
our sample size justification. This was mainly because we used THIN data from the year 2010 to derive
our estimates and, since 2010, many practices have left the Vision system and in turn the number of
practices contributing to THIN and CPRD GOLD has substantially reduced over the years, resulting
in decreasing numbers of deliveries in the THIN–CPRD data set in the more recent years (Figure 5).
At the time of producing our sample size estimates, we overlooked this phenomenon and did not
account for it and, hence, ended up with an overestimate of the number of deliveries in this combined
data set.

Valid mother–baby pairs
by combining all THIN data sets

(n = 307,741)

Valid mother–baby pairs
by combining all CPRD data sets

(n = 409,907)

Valid mother–baby pairs in all data sets
before removing duplicate practices

(n = 717,648)

Mother–baby pairs
(n = 515,945)

Duplicate mother–baby pairs removed
(n = 201,703)

• From THIN, n = 163,408
• From CPRD, n = 38,295

• THIN-HES, n = 113,775
• THIN primary care, n = 193,966

• THIN data sets, n = 144,333
• CPRD data sets, n = 371,612

• CPRD-HES, n = 262,382
• CPRD primary care, n = 147,525

FIGURE 4 Flow diagram of the final THIN–CPRD data set.
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FIGURE 5 The number of births by delivery mode and year in the final THIN–CPRD data set.
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Overall, 57.2% (295,079/515,945) of the births in the final THIN–CPRD data set were from
THIN–HES- or CPRD–HES-linked data sets (Figure 6). The proportion of births from HES-linked data
sets decreased over the years, with the majority of births from 2015 coming from primary care
databases, and HES-linked data were not available after the beginning of 2018. As the recording of
delivery mode is less complete in primary care, the decrease of births from HES-linked data sets
explains the larger proportions of CS births in the later years of the study in the final THIN–CPRD
data set. Over one-quarter [26.0% (76,819/295,079)] of births identified in HES-linked data sets were
delivered by CS.

HES data set description

The derivation of the HES analysis set covering the whole of England, which was produced from the
matching of delivery episodes and baby records, is summarised in Figure 7.

After randomly selecting one baby in cases of multiple births from 7,222,967 successfully matched
mother–baby pairs, the mother-baby-linked HES data set covering the whole of England included
7,147,884 mother–baby pairs, of which 25.4% (1,813,799/7,147,884) were CS births. The data set
linked to the responses to the national survey of hospital prophylactic antibiotic administration policies
contained records of 3,945,351 mother–baby pairs (with one baby in the data set in cases of multiple
births), 25.4% (n = 1,001,598) of which were CS births. Figure 8 shows the absolute numbers of CS and
VD births over time in the full HES data set and the HES data set linked to the survey data. The sharp
drop in the number in the final year is because it includes births only until the end of March 2017.

Results of the national survey of hospital prophylactic antibiotic
administration policies

An overall survey response rate of 75.7% (143/189) was achieved.

The vast majority of hospitals [95.8% (137/143)] reported that their unit’s policy was to provide
antibiotic prophylaxis before skin incision and five (or fewer) hospitals had this policy for either
pre-labour or in-labour CS only.
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FIGURE 6 The number of births by delivery mode and year from the THIN–CPRD data set, with linked HES data used
for sensitivity analysis.
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Of the hospitals with a pre-incision antibiotic policy, 86.9% (119/137) indicated in which year they
had implemented this policy change. The increase in the proportion of hospitals with a pre-incision
antibiotics policy was gradual (Figure 9) and there was relatively little variation between different
countries in the UK and regions within England (Appendix 1). No hospitals reported that they had
implemented a pre-incision antibiotic policy before 2008. By 2013, over half of all hospitals had a
policy to administer antibiotic prophylaxis before skin incision.

All of the hospitals that responded to the question about the type of prophylactic antibiotics currently
administered used broad-spectrum antibiotics. The most common regimens were co-amoxiclav (40.6%,
54/133), cefuroxime (29.3%, 39/133) and cefuroxime together with metronidazole (26.3%, 35/133).

Of the 125 hospitals that had changed the practice to pre-incision antibiotics and responded to
whether or not they used the same antibiotics before the policy change, 72.0% (90/125) had not
changed their antibiotic regimen. The vast majority (≥ 95%) of those hospitals that had changed
antibiotics after implementing pre-incision antibiotic policy had previously used co-amoxiclav.

Clindamycin was the most commonly used prophylactic antibiotic for women with a penicillin allergy
(71.4%, 95/133), either administered on its own (53.4%, 71/133) or used along with gentamicin (12.8%,
17/133). Other regimens included gentamicin and teicoplanin and/or metronidazole in 12.8% (17/133)
of hospitals. Metronidazole was used on its own or along with other antibiotics (such as cefuroxime or
cefaclor) in 7.5% (10/133) of hospitals and teicoplanin alone was administered in 6.0% (8/133) of hospitals.

Uncensored delivery spells
used for matching

(n = 7,508,647)

Excluded spells

• Implausible interval, n = 8404
• Implausible spell end date, n = 1338
• Invalid spell end date, n = 162
• Contradictory recording of delivery
    method in different episodes within
    spells, n = 13,575
• No discernible delivery method,
    n = 69,381

Spells containing a delivery
episode of one or more

live-born babies between
1 April 2005 and 31 March 2017

(n = 7,601,507)

Successfully matched
mother–baby pairs

(n = 7,222,967)

• Deterministically linked, n = 5,036,104
• Probabilistically linked, n = 2,186,863
    (from 7,134,390 delivery spells)

Of which, all birth records which link to a valid
site code of a unit which responded to the

national survey on the timing of prophylactic
antibiotics and specif ied a policy change date

(n = 3,995,381)

Of which, babies delivered by CS, with
one randomly selected baby in cases of

multiple births
(n = 1,001,598)

FIGURE 7 Flow diagram for derivation of the mother–baby-linked HES data set covering the whole of England and
linkage to the national survey of the hospital prophylactic antibiotic administration policies.
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FIGURE 8 The number of births by delivery mode and year in (a) the HES data set covering the whole of England; and
(b) the HES data set linked to the data from the national survey of hospital prophylactic antibiotic administration policies
used in the main analysis.
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FIGURE 9 Cumulative percentage of hospitals over time with policies to administer antibiotic prophylaxis before skin
incision for women undergoing CS in the whole of the UK and England separately.
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Of the 123 hospitals that had changed their practice to pre-incision antibiotics and responded to whether
or not they had used the same antibiotics before the policy change for women with penicillin allergy,
91.1% (112/123) used the same antibiotic regimen.

Eight hospitals with pre-incision antibiotic policies had conducted audits from 2014 onwards regarding
the proportion of women given prophylactic antibiotics before skin incision, and reported that
70–100% of women had received pre-incision antibiotics.

Results of covariate analysis

Covariate analysis graphs are included in Appendix 2. There were no marked differential changes over
time between the CS and VD groups in terms of maternal, household and child characteristics.

Primary outcome results

Main analysis

Outcomes recorded in primary care
Table 6 shows the numbers of children with a first-time diagnosis of asthma and eczema, the total
years of follow-up and the overall rate per 1000 person-years (note that these rates are not directly
comparable to the rates in the total 0- to 4-year-old population, as rates differ by age and the
maximum age to which the children born in 2015, 2016, 2017 and 2018 were followed up to was
4 years, 3 years, 2 years and 1 year, respectively). As the rates of outcomes are compared according to
the probability that each mother had received pre-incision antibiotics based on the year of delivery and
the national uptake of the pre-incision antibiotic policy for CS in that year, it is not possible to present
this information in a table by exposure group. Therefore, we have plotted the rates of outcomes by
delivery mode, year of birth and age in Appendix 3.

There was a 9% decrease in diagnosis of asthma in children exposed to pre-incision antibiotics
compared with those with no such exposure (IRR 0.91, 95% CI 0.78 to 1.05). There was a 2% decrease
in diagnosis of eczema in children with pre-incisional antibiotics compared with those with no such
exposure (IRR 0.98, 95% CI 0.94 to 1.03). Together, these show that there was not enough evidence
of an association between timing of prophylactic antibiotics administration and asthma and eczema
diagnoses. The minimum increase in risk we estimated that we would be able to detect during our
power calculations was not within the width of the CIs.

TABLE 6 Impact of pre-incision vs. post-cord clamping antibiotics on primary outcomes in the primary care
(THIN–CPRD) database

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-clamping antibioticsa

(based on national policy uptake, %)

IRR 95% CI p-value

Asthma 16,540 (1,670,173) 9.90 0.91 0.78 to 1.05 0.18

Eczema 102,888 (1,430,708) 71.91 0.98 0.94 to 1.03 0.46

a After adjustment for age of child, year of delivery and mode of birth. The model incorporates a probability that each
mother received pre-incisional antibiotics based on national policy uptake rates in the year of delivery.
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As part of the analysis model, a term was included to allow for delivery mode (CS or VD). For each
study outcome, we have calculated an IRR comparing CS with VD to ascertain the difference in risk
based on delivery mode (see Appendix 4).

Outcomes recorded in secondary care
Table 7 shows the numbers of children with a first-time hospital admission for asthma and eczema,
the total years of follow-up (calculated assuming a follow-up of 5 years for children born before 2015
and follow-up of 4 years, 3 years, 2 years and 1 year for the children born in 2015, 2016, 2017 and
2018, respectively) and the overall rate per 1000 person-years. Pre-incision antibiotics were not
associated with statistically significant increases in the risk of a childhood asthma or eczema resulting
in hospital admission.

There was a 5% increase in first-time hospital admissions for asthma in children exposed to pre-incision
antibiotics compared with those with no such exposure (IRR 1.05, 95% CI 0.99 to 1.11). There was a
4% decrease in first-time hospital admissions for eczema in children exposed to pre-incision antibiotics
compared with those with no such exposure (IRR 0.96, 95% CI 0.71 to 1.29). Together, these findings
show that there was not enough evidence of an association between timing of prophylactic antibiotics
administration and asthma and eczema resulting in hospital admission, although, owing to a small
number of hospital admissions, the CIs for eczema were very wide.

Sensitivity analyses
The results of sensitivity analyses for asthma diagnosis in primary care (Table 8) were fairly similar to
the results of the main analysis, with generally slightly lower IRRs than in the main analysis, including
for moderate and severe asthma, based on prescribing information. We performed several additional
sensitivity analyses for asthma outcome definition and these IRRs were also similar to the IRRs
reported in the main analysis.

The sensitivity analysis of HES data for more severe asthma resulting in hospital admission produced
very similar results to the main analysis, with no indication of significantly increased or reduced risk
with introduction of pre-incision antibiotics (Table 9).

The results of sensitivity analyses for eczema were similar to the main results, suggesting no significant
impact of pre-incision antibiotics on the risk of eczema, including for moderate and severe eczema,
defined based on prescribing information (Table 10) and admission to hospital (Table 11).

A Poisson model has the potential for overdispersion, although we included robust standard errors to
allow for the misspecification of the variance. A comparison of the results from the Poisson model and
the results from a negative binomial model (with the same covariates) showed very similar results.

TABLE 7 Impact of pre-incision vs. post-cord clamping antibiotics on primary outcomes in the secondary care (HES) database

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-clamping antibioticsa

(based on the year of policy change in each hospital)

IRR 95% CI p-value

Asthma 30,274 (18,137,690) 1.67 1.05 0.99 to 1.11 0.12

Eczema 1154 (18,137,690) 0.06 0.96 0.71 to 1.29 0.77

a After adjustment for year of delivery and mode of birth. The model includes data from only those hospitals for
which the year of antibiotic prescribing policy change is known.
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Secondary outcome results

Outcomes in children

Outcomes recorded in primary care
We found no evidence of a significant risk difference for any of the other allergic, allergy-related,
autoimmune diseases, infections and less specific measures of child health (i.e. colic and failure to thrive)
recorded in primary care in relation to the timing of prophylactic antibiotic administration (Table 12).

TABLE 8 Impact of pre-incision vs. post-cord clamping antibiotics on asthma in the primary care (THIN–CPRD) database
(sensitivity analyses)

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-
clamping antibioticsa

IRR 95% CI

Sensitivity to population changes

Asthma (2006–10 vs. 2013–18)b,c 13,488 (1,339,371) 10.07 0.91 0.82 to 1.00

Asthma (HES-linked primary care data set)b,d 9494 (933,557) 10.17 0.89 0.72 to 1.10

Sensitivity to model changes

Asthma (random effect for general practice)b 16,540 (1,670,173) 9.90 0.89 0.77 to 1.03

Sensitivity to outcome definition

Asthma (age ≥ 3 years)b 12,125 (1,687,601) 7.18 0.86 0.70 to 1.05

Asthma (QOF Read codes)e 12,512 (1,677,394) 7.46 0.94 0.79 to 1.11

Moderate/severe asthmab,f 13,895 (1,676,660) 8.29 0.84 0.72 to 0.99

Moderate/severe asthmae,f 10,987 (1,681,617) 6.53 0.89 0.74 to 1.07

a After adjustment for age of child, year of delivery and mode of birth.
b Asthma defined based on Read codes used in the primary analysis.
c Comparing years with > 50% uptake of pre-incision antibiotics (2013–18) with years with very low uptake of

pre-incision antibiotics (2006–10).
d Sensitivity analysis evaluating the impact of data recording quality.
e Defined using a conservative list of Read codes for asthma diagnosis adapted from the QOF.
f Defined as having a Read code for asthma, a prescription for a corticosteroid inhaler and a prescription for a

leikotriene receptor antagonists/systemic steroid).

TABLE 9 Impact of pre-incision vs. post-cord clamping antibiotics on asthma in the secondary care (HES) database
(sensitivity analyses)

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-
clamping antibioticsa

IRR 95% CI

Asthma [based on national policy uptake (%)
in England]b

56,748 (33,094,684) 1.71 1.04 0.97 to 1.11

Asthma (random effect for hospital) 30,274 (18,137,690) 1.67 1.03 0.97 to 1.10

Asthma (discordant sibling analysis) 3756 (2,183,199) 1.72 0.97 0.83 to 1.13

a After adjustment for year of delivery and mode of birth.
b Analysis of the full HES data set using the estimated probability of introduction of pre-incisional antibiotics

according to calendar year.

DOI: 10.3310/ZYZC8514 Health Technology Assessment 2022 Vol. 26 No. 30

Copyright © 2022 Šumilo et al. This work was produced by Šumilo et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

37



The absolute numbers of children with autoimmune and neurodevelopmental diseases were small in this
data set, resulting in a high level of uncertainty around the estimates. Given that multiple tests were
undertaken and many of the included outcomes were exploratory because of a poor evidence base for
an association between microbiota, early antibiotic exposure and these outcomes, a higher degree of
caution is required when considering these results where the strength of the association is not high.

TABLE 10 Impact of pre-incision vs. post-cord clamping antibiotics on eczema in the primary care (THIN–CPRD)
database (sensitivity analyses)

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-
clamping antibioticsa

IRR 95% CI

Sensitivity to population changes

Eczema (2006–10 vs. 2013–18)b,c 81,704 (1,149,270) 71.10 0.99 0.96 to 1.02

Eczema (HES-linked primary care data set)b,d 61,328 (793,746) 77.26 0.96 0.90 to 1.02

Sensitivity to model changes

Eczema (random effect for general practice)b 102,888 (1,430,708) 71.91 0.99 0.95 to 1.04

Sensitivity to outcome definition

Eczema (age ≥ 1 year)b,e 46,663 (1,597,254) 29.21 1.02 0.94 to 1.10

Eczemaf 121,938 (1,367,826) 89.15 0.98 0.94 to 1.02

Moderate/severe eczemab,g 44,380 (1,565,679) 28.35 0.96 0.90 to 1.04

a After adjustment for age of child, year of delivery and mode of birth.
b Eczema defined based on Read codes and two prescriptions on separate dates, as used in primary analysis.
c Comparing years with > 50% uptake of pre-incision antibiotics (2013–18) with years with very low uptake of

pre-incision antibiotics (2006–10).
d Sensitivity analysis evaluating the impact of data recording quality.
e Definition further restricted to children aged ≥ 1 year with at least two prescriptions within the 90 days before or

365 days after the first eczema Read code record.
f Defined using eczema Read codes only.
g Defined as having a Read code for eczema and two prescriptions on separate dates, with at least one prescription

for moderate/severe eczema (i.e. a moderate topical steroid/potent topical steroid/very potent steroid/topical
calcineurin/systemic therapy/phototherapy), as per the NICE guideline for eczema 2007.53

TABLE 11 Impact of pre-incision vs. post-cord clamping antibiotics on eczema in the secondary care (HES) database
(sensitivity analyses)

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-
clamping antibioticsa

IRR 95% CI

Eczema [based on national policy uptake (%)
in England]b

2004 (33,094,684) 0.06 0.78 0.58 to 1.06

Eczema (random effect for hospital) 1154 (18,137,690) 0.06 0.95 0.69 to 1.31

Eczema (discordant sibling analysis)c 124 (2,183,199) 0.06

a After adjustment for year of delivery and mode of birth.
b Analysis of the full HES data set using the estimated probability of introduction of pre-incisional antibiotics

according to calendar year.
c Too few cases (< 200) to fit the model.
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TABLE 12 Impact of pre-incision vs. post-clamping antibiotics on secondary outcomes in children in the primary care
(THIN–CPRD) database

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-clamping
antibioticsa (based on national
policy uptake, %)

IRR 95% CI p-value

Other allergic and allergy-related conditions

Food allergy/intolerance 8609 (1,680,729) 5.12 1.02 0.89 to 1.17 0.76

Allergic rhinitis and conjunctivitis 10,511 (1,680,973) 6.25 0.98 0.83 to 1.16 0.81

More than one allergy-related
disease

20,146 (1,634,317) 12.33 0.99 0.88 to 1.12 0.85

Penicillin allergyb 1020 (1,698,282) 0.60 0.68 0.42 to 1.08 0.10

Anaphylaxisb 253 (1,700,221) 0.15 1.07 0.43 to 2.63 0.89

High risk of anaphylactic reactionb 2365 (1,696,513) 1.39 0.81 0.60 to 1.09 0.17

Autoimmune diseases

Type 1 diabetesb 251 (1,700,377) 0.15 0.57 0.20 to 1.67 0.30

Coeliac diseaseb 285 (1,700,259) 0.17 0.54 0.21 to 1.39 0.20

Juvenile idiopathic arthritisb,c 115 (1,700,555) 0.07

Scleroderma/systemic sclerosisb,c ≤ 5 (1,700,760) 0.00

Inflammatory myopathiesb,c 16 (1,700,750) 0.01

Systemic lupus erythematosusb,c ≤ 5 (1,700,754) 0.00

Autoimmune (idiopathic)
thrombocytopenic purpurab,c

164 (1,700,430) 0.10

Juvenile pernicious
(megaloblastic) anaemiab,c

9 (1,700,741) 0.01

Childhood vitiligob 206 (1,700,390) 0.12 1.13 0.36 to 3.52 0.84

Infections and inflammation

Wheeze 49,079 (1,576,600) 31.13 1.00 0.93 to 1.06 0.87

Upper respiratory tract infectionsb 314,783 (823,002) 382.48 0.99 0.97 to 1.02 0.47

Lower respiratory tract infections
(excluding bronchiolitis)b

81,784 (1,495,270) 54.70 1.04 0.99 to 1.10 0.14

Bronchiolitisb 33,133 (1,604,809) 20.65 1.05 0.98 to 1.12 0.20

Gastroenteritisb 56,403 (1,550,710) 36.37 1.03 0.97 to 1.10 0.37

Inflammatory bowel diseasec 10 (1,700,743) 0.01

Urinary tract infectionb 24,416 (1,655,549) 14.75 1.00 0.90 to 1.11 0.99

Antibiotic prescribingb 336,893 (783,562) 429.95 1.03 1.00 to 1.06 0.02

Other immune system-related conditions

Leukaemiab,c 116 (1,700,571) 0.07

Neurodevelopmental conditions

Cerebral palsy 375 (1,699,874) 0.22 1.65 0.79 to 3.45 0.18

Autism spectrum disorderb 2021 (1,698,425) 1.19 1.14 0.77 to 1.67 0.52

ADHDb 436 (1,700,183) 0.26 2.53 1.05 to 6.12 0.04
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Some of the autoimmune conditions and immune system-related diseases were extremely rare in
children aged < 5 years [i.e. juvenile idiopathic arthritis, systemic sclerosis and scleroderma, inflammatory
myopathies, systemic lupus erythematosus, autoimmune (idiopathic) thrombocytopenic purpura, juvenile
pernicious (megaloblastic) anaemia, inflammatory bowel disease and leukaemia], preventing any
meaningful calculation of risk.

We observed a very small (3%) increase in the likelihood of being prescribed antibiotics in early
childhood (IRR 1.03, 95% CI 1.00 to 1.06), which was statistically significant because of the overall very
high rates of antibiotic prescribing in young children. Similarly, there was a very small (2%) relative
increase in the total number of consultations for any reason recorded in primary care (IRR 1.02, 95% CI
1.01 to 1.02).

Outcomes recorded in secondary care
We did not find evidence of a significant increase in the relative risk associated with pre-incision
antibiotics for any of the following more severe secondary outcomes of interest resulting in a hospital
admission [i.e. anaphylaxis, type 1 diabetes, juvenile idiopathic arthritis, autoimmune (idiopathic)
thrombocytopenic purpura, lower respiratory tract infections and bronchiolitis, urinary tract infection,
necrotising enterocolitis and leukaemia] (Table 13). The numbers of children with a diagnosis of coeliac
disease, systemic sclerosis and scleroderma, inflammatory myopathies, systemic lupus erythematosus,
juvenile pernicious (megaloblastic) anaemia and inflammatory bowel disease were very small in the
study population and we could not estimate IRRs for these outcomes in secondary care. There was a
very small (2%) increase in the risk of being admitted to hospital for gastroenteritis (IRR 1.02, 95% CI
1.00 to 1.05) and a very small (1%) relative increase in the risk of having a hospital admission for any
reason (IRR 1.01, 95% CI 1.01 to 1.02). These outcomes were exploratory and, although the differences
in risk were statistically significant, they may not be clinically significant.

Having a pre-incision antibiotics policy was associated with a 25% relative reduction in early-onset
neonatal sepsis (IRR 0.75, 95% CI 0.65 to 0.87) and a 12% reduction in late-onset sepsis (IRR 0.88,
95% CI 0.80 to 0.97), although the overall recorded incidence of neonatal sepsis has increased over the
study period both in children born by CS and in those born by VD (see Appendix 3).

TABLE 12 Impact of pre-incision vs. post-clamping antibiotics on secondary outcomes in children in the primary care
(THIN–CPRD) database (continued )

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-clamping
antibioticsa (based on national
policy uptake, %)

IRR 95% CI p-value

Less-specific measures of child health

Colicb 20,949 (1,633,464) 12.82 1.06 0.96 to 1.16 0.26

Failure to thriveb 4018 (1,688,880) 2.38 1.08 0.87 to 1.34 0.47

Health-care utilisation in children

Consultations recorded in
primary care (in the first
12 months)b

6,688,462 (513,518) 13,024.80 1.02 1.01 to 1.02 < 0.001

ADHD, attention deficit hyperactivity disorder.
a After adjustment for age of child, year of delivery and mode of birth. The model incorporates a probability that each

mother received pre-incisional antibiotics based on national policy uptake rates in the year of delivery.
b Exploratory outcomes.
c Too few cases (< 200) in the THIN–CPRD data set to fit the model.
Adapted with permission from Šumilo et al.88 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 13 Impact of pre-incision vs. post-clamping antibiotics on secondary outcomes in children in the secondary care
(HES) database

Outcome

Total number
(follow-up time
in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-clamping
antibioticsa (based on the year
of policy change in each hospital)

IRR 95% CI p-value

Other allergic and allergy-related conditions

Anaphylaxisb 1665 (18,137,690) 0.09 1.01 0.82 to 1.25 0.91

Autoimmune diseases

Type 1 diabetesb 2445 (18,137,690) 0.13 0.99 0.82 to 1.20 0.94

Coeliac diseaseb,c 178 (18,137,690) 0.01

Juvenile idiopathic arthritisb 297 (18,137,690) 0.02 0.97 0.54 to 1.74 0.92

Scleroderma/systemic
sclerosisb,c

≤ 5 (18,137,690) 0.00

Inflammatory myopathiesb,c 26 (18,137,690) 0.00

Systemic lupus
erythematosusb,c

≤ 5 (18,137,690) 0.00

Autoimmune (idiopathic)
thrombocytopenic purpurab

1506 (18,137,690) 0.08 1.11 0.88 to 1.39 0.37

Juvenile pernicious
(megaloblastic) anaemiab,c

≤ 5 (18,137,690) 0.00

Infections and inflammation

Early-onset neonatal sepsis
(within 3 days of birth)d

3336 (3,945,351) 0.85 0.75 0.65 to 0.87 < 0.001

Late-onset neonatal sepsis
(between 4 and 28 days
after birth)d

7226 (3,945,351) 1.83 0.88 0.80 to 0.97 0.008

Other sepsis (from 29 days
after birth)b

15,182 (17,835,240) 0.85 0.98 0.91 to 1.04 0.48

Lower respiratory tract
infections (excluding
bronchiolitis)b

128,399 (18,137,690) 7.08 0.99 0.96 to 1.01 0.19

Bronchiolitisb 153,411 (18,137,690) 8.46 1.01 0.98 to 1.03 0.64

Gastroenteritisb 145,293 (18,137,690) 8.01 1.02 1.00 to 1.05 < 0.001

Inflammatory bowel diseasec 87 (18,137,690) 0.00

Urinary tract infectionb 41,676 (18,137,690) 2.30 1.00 0.95 to 1.04 0.86

Other immune system-related conditions

Necrotising enterocolitisd 1178 (3,945,351) 0.30 1.16 0.95 to 1.42 0.16

Leukaemiab 1094 (18,137,690) 0.06 0.97 0.74 to 1.29 0.86

Health-care utilisation in children

Any hospital admissionb 1,459,776 (18,137,690) 80.48 1.01 1.01 to 1.02 < 0.001

a After adjustment for year of delivery and mode of birth. The model includes data from only those hospitals for
which the year of antibiotic prescribing policy change is known.

b Exploratory outcomes.
c Too few cases (< 200 in HES data set) to fit the model.
d Owing to these conditions occurring in the neonatal period, rates were calculated per 1000 births.
Adapted with permission from Šumilo et al.88 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Maternal outcomes
Table 14 shows the overall numbers and percentages of women who developed maternal infections
during the study period by delivery mode, the uncontrolled risk estimates comparing pre-incision
antibiotics with antibiotics administered after cord clamping and the estimates adjusting for rates in
the VD comparator group, as there were changes in the recorded incidence of different maternal
post-partum infection indicators in routine data over the time (see Appendix 3).

We found a significant negative association between giving antibiotics before skin incision and the
composite outcome of maternal infectious morbidity, with a relative reduction in infectious morbidity
of 33% in the uncontrolled analysis in primary care (IRR 0.67, 95% CI 0.56 to 0.79) and 30% in the
analysis controlling for infection rates in the VD group (IRR 0.70, 95% CI 0.63 to 0.77). The overall
rates of maternal sepsis recorded in routine health-care records increased substantially over the
study period (see Appendix 3). The observed reduction in the risk of the maternal infectious morbidity
outcome was principally due to the marked decrease in wound infections in the CS group recorded
in primary care over the study period, and differences in endometritis and maternal sepsis in the
adjusted analyses were not statistically significant. In the controlled analysis, there was also no
evidence of a significantly reduced risk of urinary tract infections. Pre-incision antibiotic policy was
associated with a 6% (IRR 0.94, 95% CI 0.85 to 1.03) and an 11% reduction (IRR 0.89, 95% CI 0.85 to 0.92)
in women being prescribed antibiotics in the post-natal period in primary care in the uncontrolled analysis
and analysis adjusted for delivery mode, respectively.

Table 15 shows results for maternal infectious morbidity recorded in hospital data. Diagnoses were
recorded after delivery, during the birth episode or as a new hospital admission in the post-partum
period and, therefore, the incidence (apart for maternal sepsis) is lower than that in the primary
care records.

TABLE 14 Impact of pre-incision vs. post-clamping antibiotics on maternal outcomes in the primary care (THIN–CPRD)
database

Outcome

Delivery mode, n (%)a
Pre-incision vs. post-clamping antibiotics (based on national
policy uptake, %)

CS VD IRRb 95% CI p-value IRRc 95% CI p-value

Composite infectious
morbidityd

12,466 (8.61) 5303 (1.43) 0.67 0.56 to 0.79 < 0.001 0.70 0.63 to 0.77 < 0.001

Endometritis/
endomyometritis

617 (0.43) 1269 (0.34) 0.63 0.26 to 1.53 0.31 0.98 0.72 to 1.33 0.88

Wound infection 11,717 (8.09) 3800 (1.02) 0.64 0.53 to 0.77 < 0.001 0.62 0.55 to 0.69 < 0.001

Urinary tract
infection/cystitis/
pyelonephritis

2551 (1.76) 4935 (1.33) 0.64 0.43 to 0.97 0.04 1.01 0.87 to 1.17 0.93

Sepsis 212 (0.15) 254 (0.07) 11.55 3.66 to 34.41 < 0.001 1.40 0.85 to 2.31 0.19

Pelvic abscesse ≤ 5 (0.00) 7 (0.00)

Antibiotic prescribing 39,000 (26.92) 59,138 (15.94) 0.94 0.85 to 1.03 0.17 0.89 0.85 to 0.92 < 0.001

a These numbers and percentages describe the overall frequency of outcomes in CS and VD groups and do not
include a comparison of pre-incision vs. post-cord clamping antibiotics.

b After adjustment for year of delivery.
c After adjustment for year of delivery and delivery mode.
d Composite infectious morbidity includes wound infection, endometritis/endomyometritis, sepsis and pelvic abscess.
e Too few cases to fit the model.
Adapted with permission from Šumilo et al.88 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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The relative risk for the composite maternal infectious morbidity outcome was significantly reduced
in the analysis adjusted for delivery mode only, showing a 16% reduction associated with pre-incision
antibiotic policy (IRR 0.84, 95% CI 0.81 to 0.87). For individual outcomes, the risk of wound infection
recorded in secondary care was reduced by 16% in the adjusted analysis (IRR 0.84, 95% CI 0.81 to
0.87); however, the risk of maternal sepsis was still increased, even after adjusting for increasing rates
of maternal sepsis in women who delivered vaginally in the same locations where CSs were performed.
After adjusting for delivery mode, there was no significant association between urinary tract infections
and giving antibiotics before skin incision. The length of hospital stay was slightly reduced in the
analysis adjusted for delivery mode.

Additional sensitivity analyses
The effect sizes in the sensitivity analyses for all childhood outcomes with unexpected statistically significant
findings in primary care were reduced, compared with the main analysis (Table 16). Sensitivity analyses
suggest a high degree of imprecision in the estimate of the risk of attention deficit hyperactivity disorder
(ADHD) in relation to exposure to pre-incision antibiotics. Given the poor existing evidence base on whether
or not antibiotics or microbiota changes are clearly associated with ADHD, these results may be spurious.

Overall, the results of the sensitivity analyses in HES data were similar to the results of the main analysis.
They confirm the reduced risk for early-onset neonatal sepsis; however, there was more uncertainty
around the estimates for late-onset sepsis. The associations between pre-incision antibiotics and hospital
admission for gastroenteritis, as well as admission to hospital for any reason, remained statistically
significant, although the size of the increased risk remains very small (Table 17).

TABLE 15 Impact of pre-incision vs. post-clamping antibiotics on maternal outcomes in secondary care (HES) database

Outcome

Delivery mode
Pre-incision vs. post-clamping antibiotics (based on the year of
policy change in each hospital)

CS VD IRRa 95% CI p-value IRRb 95% CI p-value

Composite infectious
morbidity, n (%)c,d

18,934 (1.89) 9112 (0.31) 0.98 0.94 to 1.02 0.31 0.84 0.81 to 0.87 < 0.001

Endometritis/
endomyometritis,
n (%)c,e

41 (0.00) 40 (0.00)

Wound infection, n (%)c 16,185 (1.62) 6701 (0.23) 0.94 0.90 to 0.98 0.006 0.84 0.81 to 0.87 < 0.001

Urinary tract
infection/cystitis/
pyelonephritis, n (%)c

3148 (0.31) 5526 (0.19) 1.14 1.03 to 1.26 0.01 1.04 0.96 to 1.14 0.32

Sepsis, n (%)c 2878 (0.29) 2389 (0.08) 1.22 1.09 to 1.36 < 0.001 1.15 1.05 to 1.26 0.003

Maternal deaths,
n (%)c,e,f

≤ 5 (0.00) ≤ 5 (0.00)

Length of stay in
days, median (IQR)

3 (2–4) 1 (1–2) –0.004g
–0.02 to 0.01 0.66 –0.23g

–0.24 to –0.21 < 0.001

IQR, interquartile range.
a After adjustment for year of delivery.
b After adjustment for year of delivery and delivery mode.
c These numbers and percentages describe the overall frequency of outcomes in CS and VD groups and do not

include a comparison of pre-incision vs. post-cord clamping antibiotics.
d Composite infectious morbidity consists of wound infection, endometritis/endomyometritis and sepsis.
e There were too few cases to fit the model.
f The HES data set did not contain information on the cause of death. The deaths reported here include deaths if

there was also a diagnosis of any of the health conditions included in the composite infectious morbidity outcome in
the maternal record in the post-partum period.

g Mean difference.
Adapted with permission from Šumilo et al.88 This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 16 Sensitivity analyses for secondary outcomes recorded in primary care, with unexpected findings in the
main analysis

Outcome
Total n (follow-up
time in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-
clamping antibioticsa

IRR 95% CI

Antibiotic prescribing

2006–10 vs. 2013–18b 268,872 (629,840) 426.89 1.01 1.00 to 1.03

HES-linked primary care data only 192,224 (443,140) 433.78 1.02 0.98 to 1.06

Random effect for general practice 336,893 (783,562) 429.95 1.03 1.00 to 1.05

ADHDc

2006–10 vs. 2013–18b 344 (1,364,177) 0.25 1.24 0.66 to 2.34

HES-linked primary care data only 237 (950,702) 0.25 2.42 0.61 to 9.58

Consultations recorded in primary care (12 months)c

2006–10 vs. 2013–18b 5,319,832 (414,034) 12,848.79 1.01 1.01 to 1.02

HES-linked primary care data only 3,850,551 (295,070) 13,049.62 1.02 1.01 to 1.03

a After adjustment for age of child, year of delivery and mode of birth.
b Comparing years with > 50% uptake of pre-incision antibiotics (2013–18) with years with very low uptake of

pre-incision antibiotics (2006–10).
c Random-effect model for general practice for this outcome did not converge and so no results were obtained.

TABLE 17 Sensitivity analyses for secondary outcomes recorded in secondary care, with unexpected findings in the
main analysis

Outcome
Total n (follow-up
time in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-
clamping antibioticsa

IRR 95% CI

Early-onset neonatal sepsisc

Based on national policy uptake (%)
in Englandb

12,629 (7,147,884) 1.77 0.76 0.68 to 0.85

Random effect for hospital 7226 (3,945,351) 1.83 0.86 0.77 to 0.97

Late-onset neonatal sepsisc

Based on national policy uptake (%)
in Englandb

6075 (7,147,884) 0.85 0.68 0.58 to 0.81

Random effect for hospital 3336 (3,945,351) 0.85 0.82 0.57 to 1.17

Gastroenteritisd

Based on national policy uptake (%)
in Englandb

249,521 (33,094,684) 7.54 1.08 1.05 to 1.11

Any hospital admissiond

Based on national policy uptake (%)
in Englandb

2,572,391 (33,094,684) 77.73 1.02 1.01 to 1.02

a After adjustment for year of delivery and mode of birth.
b Analysis of the full HES data set using the estimated probability of introduction of pre-incision antibiotics according

to calendar year.
c Owing to these conditions occurring in the neonatal period, rates were calculated per 1000 births.
d Random-effect model for hospital for this outcome did not converge and so no results were obtained.
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Results of subgroup analyses

Type of caesarean section
The results of subgroup analyses comparing the effect of pre-incision antibiotics with post-cord
clamping antibiotics in emergency and elective CS on asthma and eczema, adjusted for rates of VD,
were similar to the main results (Tables 18 and 19). Although uncertainty was larger around the
estimates, the results do not suggest an increased risk associated with a change from post-cord
clamping to pre-incision antibiotics in either elective or emergency CS.

Antibiotic regimen
Table 20 shows results of analyses restricted to hospitals that were administering the same antibiotic
regimen before and after policy change regarding the timing of prophylactic antibiotics. No particular
antibiotic regimen was associated with a higher risk of being admitted to hospital because of asthma.
Hospital admissions due to eczema were very rare and more evidence would be required to confirm
if there may be a clinically significant decrease in the risk of eczema associated with pre-incision
administration of co-amoxiclav. Overall, there was no evidence that a particular antibiotic regimen
was associated with a different risk of necrotising enterocolitis when comparing pre-incision and
post-clamping antibiotics.
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TABLE 18 Impact of pre-incision vs. post-cord clamping antibiotics on child outcomes by emergency and elective CS in the primary care (THIN–CPRD) database

Outcome

Pre-incision vs. post-cord clamping antibioticsa (based on national policy uptake, %)

Emergency CS Elective CS

p-value
interaction

Total n (follow-up
time in person-years)

Overall rate per
1000 person-years IRR 95% CI p-value

Total n (follow-up
time in person-years)

Overall rate per
1000 person-years IRR 95% CI p-value

Asthma 2256 (210,139) 10.74 1.05 0.86 to 1.27 0.65 1786 (179,873) 9.93 0.86 0.69 to 1.07 0.16 0.15

Eczema 14,564 (176,401) 82.56 1.03 0.97 to 1.09 0.38 10,428 (155,825) 66.92 0.98 0.92 to 1.05 0.58 0.28

a After adjustment for age of child, year of delivery and mode of birth (VD). The model incorporates a probability that each mother received pre-incisional antibiotics based on
national policy uptake rates in the year of delivery.

TABLE 19 Impact of pre-incision vs. post-cord clamping antibiotics on child outcomes by emergency and elective CS in the secondary care (HES) database

Outcome

Pre-incision vs. post-cord clamping antibioticsa (based on the year of policy change in each hospital)

Emergency CS Elective CS

p-value
interaction

Total n (follow-up
time in person-years)

Overall rate per
1000 person-years IRR 95% CI p-value

Total n (follow-up
time in person-years)

Overall rate per
1000 person-years IRR 95% CI p-value

Asthma 4984 (2,675,442) 1.86 1.05 0.98 to 1.13 0.17 3104 (1,897,257) 1.64 1.04 0.96 to 1.14 0.34 0.90

Eczema 175 (2,675,442) 0.07 0.87 0.60 to 1.26 0.47 106 (1,897,257) 0.06 1.15 0.73 to 1.80 0.55 0.34

a After adjustment for year of delivery, follow-up time and mode of birth (VD). The model is based on the year of prophylactic antibiotic policy change in each hospital.
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TABLE 20 Impact of pre-incision vs. post-cord clamping antibiotics on child outcomes in units administering different
antibiotic regimens in the secondary care (HES) database

Outcome
Total n (follow-up
time in person-years)

Overall rate per
1000 person-years

Pre-incision vs. post-clamping
antibioticsa (based on the
year of policy change in
each hospital)

IRR 95% CI p-value

Asthma

Cefuroxime alone 5697 (3,555,311) 1.60 0.88 0.77 to 1.01 0.08

Cefuroxime and metronidazole 5236 (2,951,897) 1.77 1.04 0.91 to 1.19 0.59

Co-amoxiclav alone 10,477 (6,013,240) 1.74 1.08 0.98 to 1.19 0.13

Eczema

Cefuroxime alone 253 (3,555,311) 0.07 1.36 0.75 to 2.46 0.30

Cefuroxime and metronidazoleb 171 (2,951,897) 0.06

Co-amoxiclav alone 447 (6,013,240) 0.07 0.55 0.32 to 0.97 0.04

Necrotising enterocolitisc

Cefuroxime alone 213 (771,945) 0.28 1.38 0.83 to 2.28 0.22

Cefuroxime and metronidazole 232 (639,624) 0.36 1.22 0.76 to 1.95 0.41

Co-amoxiclav alone 347 (1,310,208) 0.26 1.32 0.92 to 1.89 0.13

a After adjustment for year of delivery, follow-up time and mode of birth.
b Too few cases (< 200) to fit the model.
c Owing to this occurring in the neonatal period, rates were calculated per 1000 births.
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Chapter 4 Discussion and implications

This large population-wide study of routine primary and secondary health-care records did not find
evidence of an increased risk of asthma and eczema (including severe asthma and eczema, and

other allergic and allergy-related conditions) in children aged < 5 years in relation to the change in the
guidelines recommending administration of antibiotics before skin incision in CSs.

There is also no convincing evidence that pre-incision antibiotics are associated with significant risk
of development of autoimmune and other conditions investigated in this study, including infections,
necrotising enterocolitis, leukaemia, neurodevelopmental conditions, colic and failure to thrive. Most of
these outcomes in our study were purely exploratory, as there was insufficient evidence regarding the
role of microbiota in the development of these conditions. Many of these health conditions are rare
in young children, resulting in large uncertainty around the estimates. Our study was not sufficiently
powered to detect clinically important differences in the rarer outcomes.

We found a statistically significant reduction in neonatal sepsis similar to the relative reduction in the
point estimate found in a systematic review of randomised controlled trials, although the review’s
results were not statistically significant.89 The results confirm previous findings89 that antibiotics before
skin incision do not increase the risk of neonatal sepsis, but the observed relative reduction in the
risk associated with pre-incision antibiotics in babies born by CS, which was estimated by controlling
for the risk of sepsis in babies born by VD, should be interpreted with caution in this study. The
overall incidence of neonatal sepsis diagnoses recorded in routine health-care data has increased over
the years. Clinically diagnosed neonatal sepsis often has no organism isolated from blood culture.90

The diagnosis of neonatal sepsis in our study is likely to be culture-confirmed sepsis, in which case the
receipt of antibiotics immediately prior to birth may result in an increase in the likelihood of being
culture negative, even if the baby develops signs of neonatal sepsis (i.e. it may be an artefact of the
antibiotics rather than an actual decrease in the relative risk of disease).

The very small (ranging from 1% to 3%) relative increases in the number of consultations recorded in
primary care, the increased likelihood of children exposed to pre-incision antibiotics being prescribed
antibiotics in early childhood, the increased likelihood of hospital admission for gastroenteritis and
ever being admitted to hospital for any reason that where observed in this study are all common
events and, therefore, produce statistically significant differences. Residual confounding and bias may
explain these differences; however, even if they are real, they are very small and unlikely to be
clinically important.

In this research, we obtained risk estimates for > 50 outcomes across primary and secondary care
data sets; however, because of multiple comparisons, some of the statistically significant differences
we observed may have occurred by chance. Some of the health conditions, such as ADHD, may show
symptoms in early childhood, but are most commonly diagnosed later in life, with the incidence being
the highest in school-aged children.91 Therefore, the numbers of children born by CS with a new
diagnosis of ADHD in primary care were very small in each year during our study, resulting in
large variations in the incidence between the years. More evidence would be required to confirm
or refute this finding before any conclusion of an association can be made. Previous research has
shown conflicting results regarding exposure to antibiotics in early life and ADHD. For example,
recent population-based Canadian and Danish studies92,93 did not observe a significant association
between antibiotic exposure in the first years of life and ADHD, particularly in sibling-controlled
analysis that adjusted for familial confounding factors. However, a large Finnish study94 suggested
an association between exposure to antibiotics in early life and ADHD that may not be fully explained
by familial confounding.
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Our study did not identify a significant association between necrotising enterocolitis and pre-incision
antibiotics for CS, including co-amoxiclav. There was some degree of uncertainty around the estimates,
and they do not exclude the possibility of an increased risk. There was a slight increase in the overall
incidence of necrotising enterocolitis over the study period, as recorded in the routine secondary care
records. In this study, we assessed the overall association only and did not examine the risk in any
specific subgroups of pregnancies and babies previously reported to be at higher risk of necrotising
enterocolitis.83,95

The relative reduction in the composite outcome of maternal infectious morbidity in the post-partum
period associated with pre-incision antibiotics in CS that we observed in this study is comparable to
the reduced risks previously reported in randomised controlled trials.9,89 We found an overall increase
in maternal sepsis recorded in health-care records, which may be due to an increase in diagnosis,
prevention and treatment of sepsis over the study period. The relative increase in the CS group may,
therefore, be an artefact, as any operation increases the suspicion of sepsis, leading to an increased
rate of diagnosis. Evidence from randomised controlled trials shows that prophylactic antibiotics
significantly reduce serious infectious complications compared with no antibiotic prophylaxis for CS.96

In this study, we investigated the impact of the timing of prophylactic antibiotics in CS deliveries.
Babies born by CS have a different composition of gut microbiota after birth and are more likely to
be colonised by opportunistic pathogenic bacteria than babies born by VD.13 Therefore, the impact of
antibiotic prophylaxis around the time of birth in babies born by VD may be different.

The strengths of this study include using data from large population-based mother–baby linked data
sets and examining the impact of pre-incision antibiotic policy on a wide range of allergy, immune
system and other related outcomes. It also assessed the impact on the severity of outcomes by
examining the risk of health conditions recorded in primary care and health conditions resulting in a
hospital admission. The study employed a strong design, using VD as a comparison group to control for
any temporal changes (e.g. changes in diagnoses and recording in medical records) over time, which
could not be achieved by simple adjustment for confounding factors. We also undertook a number
of sensitivity analyses to assess the robustness of our findings, including the impact of missing data,
and the results were similar to those of the main analyses.

The study also has several limitations that need to be taken into account when interpreting the
findings. This was an observational study that used routinely collected health-care data, and validated
case definitions for different health conditions in electronic medical records, where such exist, have
mostly been derived from populations that include older age groups.51,52,97 Making diagnoses for some
conditions in early childhood can be difficult and rely on symptoms (e.g. asthma objective tests can
be performed in children aged ≥ 5 years only).44,98 Some health conditions we investigated in this
study were very rare in young children and our study was not sufficiently powered to detect clinically
significant differences in risks for these outcomes. The timing of prophylactic antibiotic administration
was not recorded in routine health-care records and, therefore, we were not able to ascertain
exposure to pre-incision antibiotics at an individual level. It is also possible that there is residual
confounding that was not fully accounted for by using VD as a comparator group. Finally, the results
may not be generalisable to settings where different prophylactic antibiotic regimens are used.

Implications for practice and research recommendations

The overall findings from this study provide further evidence for the currently prevailing practice in
the UK of giving prophylactic antibiotics before skin incision to help reduce the risk of maternal
infections in the post-partum period.

DISCUSSION AND IMPLICATIONS
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Some of the secondary health outcomes we investigated in this study were exploratory because of a
lack of or inconclusive evidence regarding an association between newborn microbiota, early exposure
to antibiotics and children’s development. Many of the health conditions were also very rare in young
children, resulting in large uncertainty around the estimates. We suggest undertaking a further study
using routinely collected health-care data in other countries where there was no change in the timing
of prophylactic antibiotic administration to assess if there have also been changes in the risk over
time of developing these health conditions, particularly ADHD and gastroenteritis, irrespective of the
exposure to prophylactic antibiotics around the time of birth. The current study includes health-care
records until 2018, but it could also be repeated in the future to capture outcomes of interest in
children aged > 5 years.

Other research is ongoing in the UK using the Born in Bradford birth cohort, allowing the ascertainment
of antibiotic exposure at an individual level. The original Born in Bradford cohort included 13,776 children,
and the majority of these children were born before the recommendation to give antibiotics pre incision.99

This may limit the ability of this study to assess the risk for most of the outcomes of interest investigated
in this research.
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Patient data

This work uses data provided by patients and collected by the NHS as part of their care and support.
Using patient data is vital to improve health and care for everyone. There is huge potential to
make better use of information from people’s patient records, to understand more about disease,
develop new treatments, monitor safety, and plan NHS services. Patient data should be kept
safe and secure, to protect everyone’s privacy, and it’s important that there are safeguards to make
sure that it is stored and used responsibly. Everyone should be able to find out about how patient
data are used. #datasaveslives You can find out more about the background to this citation here:
https://understandingpatientdata.org.uk/data-citation.
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Appendix 1 Uptake of pre-incision
antibiotics policy for caesarean section
across England and the UK
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FIGURE 10 Cumulative percentage of hospitals with policies to administer antibiotic prophylaxis before skin incision for
women undergoing CS over time and in different countries in the UK.
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FIGURE 11 Cumulative percentage of hospitals with policies to administer antibiotic prophylaxis before skin incision for
women undergoing CS over time and in different regions in England.
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Appendix 2 Covariate graphs

Maternal and household characteristics
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FIGURE 12 Proportion of delivery mode in the THIN–CPRD data set over time and across different maternal age groups
at childbirth: (a) < 20 years; (b) 20–29 years; (c) 30–39 years; and (d) ≥ 40 years. (continued )
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FIGURE 12 Proportion of delivery mode in the THIN–CPRD data set over time and across different maternal age groups
at childbirth: (a) < 20 years; (b) 20–29 years; (c) 30–39 years; and (d) ≥ 40 years.
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FIGURE 13 Proportion of delivery mode in the HES data set over time and by maternal age groups at childbirth:
(a) < 20 years; (b) 20–29 years; (c) 30–39 years; and (d) ≥ 40 years. (continued )
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FIGURE 13 Proportion of delivery mode in the HES data set over time and by maternal age groups at childbirth:
(a) < 20 years; (b) 20–29 years; (c) 30–39 years; and (d) ≥ 40 years.
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FIGURE 14 Proportion of delivery mode in the THIN–CPRD data set over time and by maternal ethnicity: (a) black;
(b) missing; (c) mixed; (d) other; (e) South Asian; and (f) white. (continued )
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FIGURE 14 Proportion of delivery mode in the THIN–CPRD data set over time and by maternal ethnicity: (a) black;
(b) missing; (c) mixed; (d) other; (e) South Asian; and (f) white. (continued )
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FIGURE 14 Proportion of delivery mode in the THIN–CPRD data set over time and by maternal ethnicity: (a) black;
(b) missing; (c) mixed; (d) other; (e) South Asian; and (f) white.
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FIGURE 15 Proportion of delivery mode in the HES data set over time and by maternal ethnicity: (a) black; (b) missing;
(c) mixed; (d) other; (e) South Asian; and (f) white. (continued )
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FIGURE 15 Proportion of delivery mode in the HES data set over time and by maternal ethnicity: (a) black; (b) missing;
(c) mixed; (d) other; (e) South Asian; and (f) white.
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FIGURE 16 Proportion of delivery mode in the THIN–CPRD data set over time and by maternal smoking status before
delivery: (a) discontinued; (b) missing; (c) no; and (d) yes. (continued )
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FIGURE 16 Proportion of delivery mode in the THIN–CPRD data set over time and by maternal smoking status before
delivery: (a) discontinued; (b) missing; (c) no; and (d) yes.
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FIGURE 17 Proportion of delivery mode in the THIN–CPRD data set over time and by different maternal body mass
index groups (latest measurement was 9 months before delivery): (a) 0–18.5 kg/m2; (b) 18.5–25 kg/m2; (c) 25–30 kg/m2;
(d) 30–34 kg/m2; (e) ≥ 35 kg/m2; and (f) missing. (continued )
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FIGURE 17 Proportion of delivery mode in the THIN–CPRD data set over time and by different maternal body mass
index groups (latest measurement was 9 months before delivery): (a) 0–18.5 kg/m2; (b) 18.5–25 kg/m2; (c) 25–30 kg/m2;
(d) 30–34 kg/m2; (e) ≥ 35 kg/m2; and (f) missing.
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FIGURE 18 Proportion of delivery mode in the HES data set over time and by parity: (a) 0; (b) 1; (c) ≥ 2; and (d) missing.
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FIGURE 18 Proportion of delivery mode in the HES data set over time and by parity: (a) 0; (b) 1; (c) ≥ 2; and (d) missing.
(continued )
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FIGURE 18 Proportion of delivery mode in the HES data set over time and by parity: (a) 0; (b) 1; (c) ≥ 2; and (d) missing.
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FIGURE 19 Proportion of delivery mode in the HES data set with premature rupture of membranes over time.
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FIGURE 20 Proportion of delivery mode in the HES data set with post-partum haemorrhage over time.
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FIGURE 21 Proportion of delivery mode in the HES data set with manual placental removal/retained products of
conception over time.
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FIGURE 22 Proportion of women by delivery mode in the THIN–CPRD data set who were prescribed antibiotics during
pregnancy over time.
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FIGURE 23 Proportion of women by delivery mode in the THIN–CPRD data set over time and with a record of
(a) asthma; (b) eczema; and (c) allergic rhinitis and conjunctivitis. (continued )
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FIGURE 23 Proportion of women by delivery mode in the THIN–CPRD data set over time and with a record of
(a) asthma; (b) eczema; and (c) allergic rhinitis and conjunctivitis.
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FIGURE 24 Proportion of delivery mode in the THIN–CPRD data set over time and living in different areas of deprivation
(as measured by Townsend score, with 1 being most affluent and 5 being most deprived): (a) Townsend score of 1;
(b) Townsend score of 2; (c) Townsend score of 3; (d) Townsend score of 4; (e) Townsend score of 5; and (f) missing.
(continued )
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FIGURE 24 Proportion of delivery mode in the THIN–CPRD data set over time and living in different areas of deprivation
(as measured by Townsend score, with 1 being most affluent and 5 being most deprived): (a) Townsend score of 1;
(b) Townsend score of 2; (c) Townsend score of 3; (d) Townsend score of 4; (e) Townsend score of 5; and (f) missing.
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FIGURE 25 Proportion of delivery mode in the HES data set over time and living in different areas of deprivation
(as measured by Index of Multiple Deprivation 2015 score, with the lowest score being most affluent and the highest
score being most deprived): (a) 0–0.2; (b) 0.2–0.4; (c) 0.4–0.6; (d) 0.6–0.8; (e) 0.8–1; and (f) missing. (continued )
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FIGURE 25 Proportion of delivery mode in the HES data set over time and living in different areas of deprivation
(as measured by Index of Multiple Deprivation 2015 score, with the lowest score being most affluent and the highest
score being most deprived): (a) 0–0.2; (b) 0.2–0.4; (c) 0.4–0.6; (d) 0.6–0.8; (e) 0.8–1; and (f) missing. (continued )
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FIGURE 25 Proportion of delivery mode in the HES data set over time and living in different areas of deprivation
(as measured by Index of Multiple Deprivation 2015 score, with the lowest score being most affluent and the highest
score being most deprived): (a) 0–0.2; (b) 0.2–0.4; (c) 0.4–0.6; (d) 0.6–0.8; (e) 0.8–1; and (f) missing.
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(a)

FIGURE 26 Proportion of boys in CS and VD births over time in (a) the THIN–CPRD data set and (b) the HES data set.
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FIGURE 26 Proportion of boys in CS and VD births over time in (a) the THIN–CPRD data set and (b) the HES data set.
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(a)

FIGURE 27 Proportion of delivery mode in the THIN–CPRD data set over time and by child’s ethnicity: (a) black;
(b) missing; (c) mixed; (d) other; (e) South Asian; and (f) white. (continued )
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FIGURE 27 Proportion of delivery mode in the THIN–CPRD data set over time and by child’s ethnicity: (a) black;
(b) missing; (c) mixed; (d) other; (e) South Asian; and (f) white. (continued )
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FIGURE 27 Proportion of delivery mode in the THIN–CPRD data set over time and by child’s ethnicity: (a) black;
(b) missing; (c) mixed; (d) other; (e) South Asian; and (f) white.
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FIGURE 28 Proportion of delivery mode in the HES data set over time and by child’s ethnicity: (a) black; (b) missing;
(c) mixed; (d) other; (e) South Asian; and (f) white. (continued )
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FIGURE 28 Proportion of delivery mode in the HES data set over time and by child’s ethnicity: (a) black; (b) missing;
(c) mixed; (d) other; (e) South Asian; and (f) white.
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FIGURE 29 Proportion of delivery mode in the HES data set over time and by gestational age: (a) < 32 weeks;
(b) 32–36 weeks; (c) ≥ 37 weeks; and (d) missing. (continued )
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FIGURE 29 Proportion of delivery mode in the HES data set over time and by gestational age: (a) < 32 weeks;
(b) 32–36 weeks; (c) ≥ 37 weeks; and (d) missing.
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FIGURE 30 Proportion of delivery mode in the HES data set over time and by the child’s birthweight: (a) < 2500 g;
(b) 2500–3999 g; (c) ≥ 4000 g; and (d) missing. (continued )
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FIGURE 30 Proportion of delivery mode in the HES data set over time and by the child’s birthweight: (a) < 2500 g;
(b) 2500–3999 g; (c) ≥ 4000 g; and (d) missing.
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FIGURE 31 Proportion of women feeding their babies with breast milk only in the few days after birth by delivery mode
(data source: Care Quality Commission’s Maternity Surveys in 2007, 2010, 2013 and 2017).79
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FIGURE 32 Proportion of women feeding their babies with breast milk only at 3 months of age by delivery mode
(data source: National Perinatal Epidemiology Unit maternity surveys in 2006, 2010 and 201478).
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Appendix 3 Rates of outcomes of interest
in the study population over time and by
delivery mode

In this appendix, we present graphs displaying the rates of different outcomes in the study population
over time. In each graph, we present the rates separately for delivery mode (CS or VD). In the

primary care data set, individual graphs are presented for each year of life. No CIs have been included
on these graphs; however, to aid the interpretation of the precision of these rates, we provide some
example CIs for the rate of the outcome (per 1000 person-years) for a series of event rates based on
the numbers of events and follow-up time found in primary care data (Table 21) and secondary care
data (Table 22).

TABLE 21 Example CIs for the outcome rates found in primary care (THIN–CPRD) data

Number
of events

Follow-up time
(person-years)

Rate per 1000
person-years

CI for rate per 1000
person-years

2 11,868 0.17 0.02 to 0.61

71 11,850 5.99 4.68 to 7.56

1189 11,329 104.95 99.07 to 111.09

5583 9254 603.34 587.61 to 619.37

TABLE 22 Example CIs for the outcome rates found in secondary care (HES) data

Number
of events

Follow-up time
(person-years)

Rate per 1000
person-years

CI for rate per 1000
person-years

235 764,195 0.31 0.27 to 0.35

1865 764,195 2.44 2.33 to 2.55

4864 149,522 32.53 31.62 to 33.46

53,595 764,195 70.1 69.54 to 70.72
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Outcomes in the THIN–CPRD data set
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FIGURE 33 Incidence rate of asthma per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 33 Incidence rate of asthma per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 34 Incidence rate of eczema per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 34 Incidence rate of eczema per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 35 Incidence rate of allergic rhinitis and conjunctivitis per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 35 Incidence rate of allergic rhinitis and conjunctivitis per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 36 Incidence rate of food allergy and intolerance per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 36 Incidence rate of food allergy and intolerance per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 37 Incidence rate of having two or more allergy-related conditions (e.g. asthma, eczema, food allergy/
intolerance, allergic rhinitis and conjunctivitis) per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 37 Incidence rate of having two or more allergy-related conditions (e.g. asthma, eczema, food allergy/
intolerance, allergic rhinitis and conjunctivitis) per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 38 Incidence rate of penicillin allergy per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 38 Incidence rate of penicillin allergy per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 39 Incidence rate of anaphylaxis per 1000 person-years in children born by CS and VD by age and year of birth
in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 39 Incidence rate of anaphylaxis per 1000 person-years in children born by CS and VD by age and year of birth
in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 40 Incidence rate of high risk of anaphylactic reaction (prescribing of automatic injection devices containing
adrenaline) per 1000 person-years in children born by CS and VD by age and year of birth in the THIN–CPRD data set.
Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 40 Incidence rate of high risk of anaphylactic reaction (prescribing of automatic injection devices containing
adrenaline) per 1000 person-years in children born by CS and VD by age and year of birth in the THIN–CPRD data set.
Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 41 Incidence rate of type 1 diabetes per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 41 Incidence rate of type 1 diabetes per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 42 Incidence rate of coeliac disease per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 42 Incidence rate of coeliac disease per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 43 Incidence rate of childhood vitiligo per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 43 Incidence rate of childhood vitiligo per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 44 Incidence rate of wheeze per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 44 Incidence rate of wheeze per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 45 Incidence rate of upper respiratory tract infections per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 45 Incidence rate of upper respiratory tract infections per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 46 Incidence rate of lower respiratory tract infections per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 46 Incidence rate of lower respiratory tract infections per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 47 Incidence rate of bronchiolitis per 1000 person-years in children born by CS and VD by age and year of birth
in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 47 Incidence rate of bronchiolitis per 1000 person-years in children born by CS and VD by age and year of birth
in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 48 Incidence rate of gastroenteritis per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 48 Incidence rate of gastroenteritis per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 49 Incidence rate of urinary tract infection per 1000 person-years in children born by CS and VD by age and
year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 49 Incidence rate of urinary tract infection per 1000 person-years in children born by CS and VD by age and
year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 50 Incidence rate of first-time antibiotic prescription per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 50 Incidence rate of first-time antibiotic prescription per 1000 person-years in children born by CS and VD by age
and year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 51 Incidence rate of cerebral palsy per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 51 Incidence rate of cerebral palsy per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 52 Incidence rate of autism spectrum disorder per 1000 person-years in children born by CS and VD by age and
year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 52 Incidence rate of autism spectrum disorder per 1000 person-years in children born by CS and VD by age and
year of birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 53 Incidence rate of ADHD per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 53 Incidence rate of ADHD per 1000 person-years in children born by CS and VD by age and year of birth in
the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 54 Incidence rate of colic per 1000 person-years in children born by CS and VD by age and year of birth in the
THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 54 Incidence rate of colic per 1000 person-years in children born by CS and VD by age and year of birth in the
THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 55 Incidence rate of failure to thrive per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years. (continued )
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FIGURE 55 Incidence rate of failure to thrive per 1000 person-years in children born by CS and VD by age and year of
birth in the THIN–CPRD data set. Age (a) 0 years; (b) 1 year; (c) 2 years; (d) 3 years; and (e) 4 years.
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FIGURE 56 Incidence rate of primary care consultations in the first 12 months of life per 1000 person-years in children
born by CS and VD by age and year of birth in the THIN–CPRD data set.
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FIGURE 57 Incidence of maternal composite infectious morbidity (e.g. wound infection, endometritis/endomyometritis,
pelvic abscess and maternal sepsis) per 1000 births by CS and VD by year of delivery in the THIN–CPRD data set.
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FIGURE 58 Incidence of wound infection per 1000 births by CS and VD by year of delivery in the THIN–CPRD data set.
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FIGURE 59 Incidence of endometritis/endomyometritis per 1000 births by CS and VD by year of delivery in the
THIN–CPRD data set.
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FIGURE 60 Incidence rate of maternal sepsis per 1000 births by CS and VD by year of delivery in the THIN–CPRD data set.
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FIGURE 61 Incidence rate of maternal urinary tract infection per 1000 births by CS and VD by year of delivery in the
THIN–CPRD data set.
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Outcomes in the HES data set

As HES captures all hospital admissions in England, all children were assumed to be followed up until
age 5 years if they were born before 2015. For the birth years of 2015, 2016 and 2017, children were
followed up to age 4, 3 and 2 years, respectively, and, therefore, for these years the incidence rate
reflects the incidence of the outcome of interest in these age groups.
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FIGURE 62 Incidence of antibiotic prescribing in the post partum period per 1000 births by CS and VD by year of
delivery in the THIN–CPRD data set.
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FIGURE 63 Incidence rate of asthma per 1000 person-years in children born by CS and VD by year of birth in the HES
data set.
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FIGURE 64 Incidence rate of eczema per 1000 person-years in children born by CS and VD by year of birth in the HES
data set.
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FIGURE 65 Incidence rate of anaphylaxis per 1000 person-years in children born by CS and VD by year of birth in the
HES data set.
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FIGURE 66 Incidence rate of type 1 diabetes per 1000 person-years in children born by CS and VD by year of birth in
the HES data set.
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FIGURE 67 Incidence rate of juvenile idiopathic arthritis per 1000 person-years in children born by CS and VD by year
of birth in the HES data set.
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FIGURE 68 Incidence rate of autoimmune (idiopathic) thrombocytopenic purpura per 1000 person-years in children born
by CS and VD by year of birth in the HES data set.
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FIGURE 69 Incidence of late-onset neonatal sepsis per 1000 births in children born by CS and VD by year of birth in the
HES data set.
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FIGURE 70 Incidence of early-onset neonatal sepsis per 1000 births in children born by CS and VD by year of birth in
the HES data set.
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FIGURE 71 Incidence rate of other sepsis in children (developed after the neonatal period of 28 days after birth) per
1000 person-years in children born by CS and VD by year of birth in the HES data set.
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FIGURE 72 Incidence rate of lower respiratory tract infections per 1000 person-years in children born by CS and VD by
year of birth in the HES data set.
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FIGURE 73 Incidence rate of bronchiolitis per 1000 person-years in children born by CS and VD by year of birth in the
HES data set.
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FIGURE 74 Incidence rate of gastroenteritis per 1000 person-years in children born by CS and VD by year of birth in
the HES data set.
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FIGURE 75 Incidence rate of urinary tract infections per 1000 person-years in children born by CS and VD by year of
birth in the HES data set.
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FIGURE 76 Incidence of necrotising enterocolitis per 1000 births in children born by CS and VD by year of birth in the
HES data set.
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FIGURE 77 Incidence rate of leukaemia per 1000 person-years in children born by CS and VD by year of birth in the
HES data set.
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FIGURE 78 Incidence rate of first-time hospital admission per 1000 person-years in children born by CS and VD by year
of birth in HES data set.
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FIGURE 79 Incidence of maternal composite infectious morbidity (e.g. wound infection, endometritis/endomyometritis
and maternal sepsis) per 1000 births by CS and VD by year of delivery in HES data set.
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FIGURE 80 Incidence of wound infection per 1000 births by CS and VD by year of delivery in HES data set.
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FIGURE 81 Incidence of maternal sepsis per 1000 births by CS and VD by year of delivery in HES data set.
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FIGURE 82 Incidence of maternal urinary tract infection per 1000 births by CS and VD by year of delivery in HES data set.
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Appendix 4 Risk of different study
outcomes by delivery mode

Primary outcomes

Outcomes in children recorded in primary care

Outcomes in children recorded in secondary care

TABLE 23 Risk of developing primary outcomes in children born by CS compared with children born by VD in the
primary care (THIN–CPRD) database

Outcome

CS vs. VDa

IRR 95% CI p-value

Asthma 1.10 1.06 to 1.15 < 0.001

Eczema 1.04 1.02 to 1.05 < 0.001

a After adjustment for age of child, year of delivery and timing of antibiotics used in the main analysis
(where applicable).

TABLE 24 Risk of developing primary outcomes in children born by CS compared with children born by VD in the
secondary care (HES) database

Outcome

CS vs. VDa

IRR 95% CI p-value

Asthma 1.09 1.05 to 1.12 < 0.001

Eczema 0.95 0.81 to 1.12 0.56

a After adjustment for year of delivery, mode of birth and timing of antibiotics used in the main analysis (where
applicable). The model includes data from only those hospitals for which the year of antibiotic prescribing policy
change is known.
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Secondary outcomes

Outcomes in children recorded in primary care

TABLE 25 Risk of developing secondary outcomes in children born by CS compared with children born by VD in the
primary care (THIN–CPRD) database

Outcome

CS vs. VDa

IRR 95% CI p-value

Other allergic and allergy-related conditions

Food allergy/intolerance 1.11 1.03 to 1.18 0.004

Allergic rhinitis and conjunctivitis 1.07 1.02 to 1.13 0.01

One or more allergy-related disease 1.10 1.06 to 1.15 < 0.001

Penicillin allergyb 1.12 0.93 to 1.34 0.22

Anaphylaxisb 0.87 0.59 to 1.29 0.49

High risk of anaphylactic reactionb 1.21 1.07 to 1.36 0.002

Autoimmune diseases

Type 1 diabetesb 1.12 0.78 to 1.60 0.55

Coeliac diseaseb 1.24 0.88 to 1.75 0.22

Childhood vitiligob 0.97 0.65 to 1.46 0.89

Infections and inflammation

Wheeze 1.10 1.07 to 1.13 < 0.001

Upper respiratory tract infectionsb 1.04 1.03 to 1.05 < 0.001

Lower respiratory tract infections (excluding bronchiolitis)b 1.07 1.05 to 1.10 < 0.001

Bronchiolitisb 1.12 1.08 to 1.16 < 0.001

Gastroenteritisb 1.04 1.02 to 1.07 < 0.001

Urinary tract infectionb 1.04 1.00 to 1.08 0.03

Antibiotic prescribingb 1.05 1.04 to 1.06 < 0.001

Other immune system-related conditions

Leukaemiab 1.13 0.67 to 1.92 0.65

Neurodevelopmental conditions

Cerebral palsy 2.27 1.74 to 2.95 < 0.001

Autism spectrum disorderb 1.26 1.10 to 1.44 0.001

ADHDb 0.79 0.60 to 1.05 0.10

Less-specific measures of child health

Colicb 1.10 1.05 to 1.15 < 0.001

Failure to thriveb 1.06 0.96 to 1.16 0.24

Health-care utilisation in children

Consultations recorded in primary care (12 months)b 1.08 1.077 to 1.082 < 0.001

a After adjustment for age of child, year of delivery and timing of antibiotics used in the main analysis
(where applicable).

b Exploratory outcomes.
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Outcomes in children recorded in secondary care

TABLE 26 Risk of developing secondary outcomes in children born by CS compared with children born by VD in the
secondary care (HES) database

Outcome

CS vs. VDa

IRR 95% CI p-value

Other allergic and allergy-related conditions

Anaphylaxisb 1.15 1.004 to 1.32 0.04

Autoimmune diseases

Type 1 diabetesb 1.13 1.02 to 1.26 0.02

Coeliac diseaseb 0.95 0.62 to 1.46 0.82

Juvenile idiopathic arthritisb 1.02 0.75 to 1.38 0.91

Autoimmune (idiopathic) thrombocytopenic purpurab 1.08 0.94 to 1.24 0.28

Infections and inflammation

Early-onset neonatal sepsis 1.21 1.13 to 1.29 < 0.001

Late-onset neonatal sepsis 1.31 1.19 to 1.44 < 0.001

Other sepsisb 1.23 1.17 to 1.29 < 0.001

Lower respiratory tract infections (excluding bronchiolitis)b 1.22 1.20 to 1.24 < 0.001

Bronchiolitisb 1.19 1.17 to 1.21 < 0.001

Gastroenteritisb 0.70 0.37 to 1.33 0.28

Urinary tract infectionb 1.07 1.04 to 1.10 < 0.001

Other immune system-related conditions

Necrotising enterocolitis 2.95 2.57 to 3.38 < 0.001

Leukaemiab 1.09 0.93 to 1.28 0.31

Health-care utilisation in children

Any hospital admissionb 1.07 1.06 to 1.07 < 0.001

a After adjustment for year of delivery, mode of birth and timing of antibiotics used in the main analysis (where
applicable). The model includes data from only those hospitals for which the year of antibiotic prescribing policy
change is known.

b Exploratory outcomes.
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Maternal outcomes

TABLE 27 Risk of developing maternal outcomes in the primary care (THIN–CPRD) database by delivery mode

Outcome

Group, n (%) CS vs. VDa

CS VD IRR 95% CI p-value

Composite infectious morbidity 12,466 (8.61) 5303 (1.43) 6.82 6.52 to 7.14 < 0.001

Endometritis/endomyometritis 617 (0.43) 1269 (0.34) 1.27 1.11 to 1.45 < 0.001

Wound infection 11,717 (8.09) 3800 (1.02) 9.72 9.22 to 10.24 < 0.001

Urinary tract infection/cystitis/pyelonephritis 2551 (1.76) 4935 (1.33) 1.34 1.25 to 1.43 < 0.001

Sepsis 212 (0.15) 254 (0.07) 1.67 1.20 to 2.32 0.002

Pelvic abscessb ≤ 5 (0.00) 7 (0.00)

Antibiotic prescribing 39,000 (26.92) 59,138 (15.94) 1.88 1.85 to 1.92 < 0.001

a After adjustment for year of delivery and timing of antibiotics used in the main analysis (where applicable).
b Too few cases to fit the model.

TABLE 28 Risk of developing maternal outcomes in the secondary care (HES) database by delivery mode

Outcome CS VD

CS vs. VDa

IRR 95% CI p-value

Composite infectious morbidity, n (%)b 18,934 (1.9) 9112 (0.3) 6.49 6.31 to 6.68 < 0.001

Endometritis/endomyometritis, n (%)c 41 (0.004) 40 (0.001)

Wound infection, n (%) 16,185 (1.62) 6701 (0.23) 7.56 7.32 to 7.81 < 0.001

Urinary tract infection/cystitis/pyelonephritis,
n (%)

3148 (0.31) 5526 (0.19) 1.62 1.53 to 1.71 < 0.001

Sepsis, n (%) 2878 (0.3) 2389 (0.1) 3.08 2.84 to 3.34 < 0.001

Maternal deaths, n (%)c ≤ 5 (0.00) ≤ 5 (0.00)

Length of stay in days, median (IQR) 3 (2 to 4) 1 (1 to 2) 1.75d 1.74 to 1.75 < 0.001

IQR, interquartile range.
a After adjustment for year of delivery, follow-up time and timing of antibiotics used in the main analysis (where

applicable). The model includes data from only those hospitals for which the year of antibiotic prescribing policy
change is known.

b Composite infectious morbidity consists of wound infection, endometritis/endomyometritis and sepsis.
c Too few cases to fit the model.
d Mean difference.
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TABLE 29 Risk of developing child outcomes in the secondary care (HES) database in CS vs. VD in hospitals with
different antibiotic regimens for CS

Outcome

CS vs. VDa

IRR 95% CI p-value

Asthma

Cefuroxime alone 1.09 1.02 to 1.16 0.02

Cefuroxime plus metronidazole 1.05 0.98 to 1.13 0.19

Co-amoxiclav alone 1.11 1.06 to 1.17 < 0.001

Eczema

Cefuroxime alone 0.72 0.49 to 1.05 0.09

Cefuroxime plus metronidazole 0.94 0.59 to 1.49 0.78

Co-amoxiclav alone 1.15 0.91 to 1.46 0.25

Necrotising enterocolitis

Cefuroxime alone 1.99 1.25 to 3.15 0.003

Cefuroxime plus metronidazole 2.50 1.61 to 3.90 < 0.001

Co-amoxiclav alone 3.57 2.45 to 5.21 < 0.001

a After adjustment for year of delivery and timing of antibiotics used in the main analysis (where applicable). The
model includes data from only those hospitals for which the year of antibiotic prescribing policy change is known.
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Subgroup analyses

TABLE 31 Risk of developing child outcomes by emergency and elective CS vs. VD in the secondary care (HES) database

Primary
outcome

CS vs. VDa

Emergency CS Elective CS

n (follow-up time
in person-years)

Rate per 1000
person-years IRR 95% CI p-value

n (follow-up time
in person-years)

Rate per 1000
person-years IRR 95% CI p-value

Asthma 4984 (2,675,442) 1.86 1.13 1.09 to 1.17 < 0.001 3104 (1,897,257) 1.64 1.02 0.97 to 1.06 0.45

Eczema 175 (2,675,442) 0.07 1.06 0.88 to 1.28 0.55 106 (1,897,257) 0.06 0.79 0.61 to 1.02 0.07

a After adjustment for year of delivery and timing of antibiotics used in the main analysis (where applicable). The model includes data from only hospitals for which the year of
antibiotic prescribing policy change is know.

TABLE 30 Risk of developing child outcomes by emergency and elective CS vs. VD in the primary care (THIN–CPRD) database

Primary
outcome

CS vs. VDa

Emergency CS Elective CS

n (follow-up time
in person-years)

Rate per 1000
person-years IRR 95% CI p-value

n (follow-up time
in person-years)

Rate per 1000
person-years IRR 95% CI p-value

Asthma 2256 (210,139) 10.74 1.11 1.05 to 1.17 < 0.001 1786 (179,873) 9.93 1.06 1.00 to 1.13 0.06

Eczema 14,564 (176,401) 82.56 1.13 1.11 to 1.16 < 0.001 10,428 (155,825) 66.92 0.95 0.93 to 0.99 < 0.001

a After adjustment for age of child, year of delivery and timing of antibiotics used in the main analysis (where applicable).
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