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ABSTRACT

Background. Birth by Caesarean section (CS) is associated with an increased risk
of childhood conditions such as allergic disorders (AD), diabetes, and obesity. These
conditions are hypothesized to arise because of an altered microbiome in the gut
following birth by CS as compared to vaginal birth, which may alter the development of
the immune system (1,2). Acute otitis media (OM) can affect up to 85% of children.
Several conditions may act as risk factors for OM including AD and obesity. Since CS
places children at an increased risk for both AD and obesity, and the CS rate in Canada is
approximately 27%, CS may constitute an important risk factor for OM in children.

Objectives. The primary objective of this study was to examine 1) the risk of
developing OM and 2) the number of OM episodes in children born by CS compared to
children born vaginally. The secondary objective was to examine the number of health
care visits with an AD diagnosis in the same cohort.

Methods. A retrospective cohort was developed by linking the Nova Scotia Atlee
Perinatal Database (NSAPD) with provincial administrative health databases (physician
billings and hospital discharge abstracts). This study used a population-based cohort of
children born to Nova Scotia residents between 1989 to 1993 followed through to 2014.
The main exposure (CS compared to vaginal birth) and potential perinatal confounders
(e.g., sex, birth weight, maternal pre-pregnancy weight) were derived from the NSAPD.
The outcomes OM and AD (defined as a diagnosis of asthma, allergic rhinitis, atopic
dermatitis or conjunctivitis) were determined by the International Classification of
Diseases codes from the administrative health databases. Cox proportional hazard models
were used to examine the risk of developing OM, and negative binomial regression
models were used to model the number of OM episodes and the number of physician
visits with an AD diagnosis. Models were incrementally adjusted for perinatal and
maternal confounders such as sex, gestational age, maternal age, maternal smoking
status, and maternal pre-pregnancy weight.

Results. A total of 8,172 (19.0%) children were born by CS, 92.6% had at least
one OM episode (median 5.0 episodes) and 72.1% had at least one physician visit with an
AD diagnosis (median 2.0 visits). Most children who ever had OM experienced their first
episode before age 1 year (59.6%). Overall, 23.5% of children had a follow-up that ended
before the study end date of December 31, 2014. Relative to children born vaginally,
children born by CS did not have an increased risk of developing OM (adjusted hazard
ratio [HR] 1.01, 95% confidence interval [CI] 0.98-1.03), but had a greater number of
episodes until age 21 years (incidence rate ratio [IRR] 1.06, 95% CI 1.04-1.09). Children
born by CS also had a greater number of physician visits with a diagnosis for AD (IRR
1.04, 95% CI 1.00-1.09).

Conclusion. The risk of developing OM was not significantly different between
children born by CS and those born vaginally; however, the number of OM episodes and
visits with a diagnosis for an AD was greater among children born by CS compared to
children born vaginally. The observed association may be in part explained through the
effect CS has on the gut microbiome and, consequently, development of the immune
system.
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CHAPTER 1: INTRODUCTION

A Caesarean section (CS) is a surgical procedure to deliver a newborn. It is
commonly performed throughout the world, but is associated with adverse maternal and
child outcomes (3,4). In children, long-term adverse outcomes associated with birth by
CS include obesity, asthma, and allergic disorders (AD) (5,6). It is hypothesized that
these conditions arise because of an altered microbiome in the infant gut following birth
by CS as compared to vaginal birth, which may alter the development of the immune
system and thereby contribute to the development of immune-related disorders (1,2).

Otitis media (OM) is a common ear infection of the middle ear that significantly
burdens both patients and society due to its extreme discomfort and high prevalence (7).
Long-term conditions associated with birth by CS, such as obesity and AD, have also
been associated with OM (8-10). Caesarean section may, therefore, be associated with
OM.

Previous studies examining the association between CS and OM are limited, and
to my knowledge only four exist. Three studies demonstrated a positive relationship, but
concluded that further research with a larger sample size is needed to clarify the
association (11-13). Only two studies have been published since 1994, and three study
samples were fairly small; therefore, a more recent approach with a population-based
sample 1s needed.

The primary objective of this study was to examine the association between birth
by CS and OM in childhood. To achieve this objective, data from a cohort of Nova
Scotian children born between 1989 and 1993 was used. Additionally, the association
between birth by CS and physician and hospital visits with an AD diagnosis was also

examined.



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW
2.1 CAESAREAN SECTION

Caesarean sections are potentially life-saving surgeries with the primary purpose
of delivering a newborn to avoid a risky or dangerous vaginal delivery. With the advent
of anesthesia in the 19" century, CS evolved from a desperate and dangerous attempt to
rescue a fetus from a dying mother and harmful delivery, to a proactive approach for a

safe delivery for both mother and child (3).

2.1.1 Descriptive Epidemiology of Caesarean Section

Currently, the average CS rate globally is 15%, but variation among and within
countries is high and rates may be as high as 60% in some countries (14,15). Higher CS
rates are predominantly observed in higher income countries, while lower rates
predominantly occur in lower income countries (16). The current recommendation by the
World Health Organization (WHO) is that CS rates of 10-15% are ideal (16,17). Recent
evidence shows that rates 15% or higher are not associated with reduced rates of maternal
and neonatal morbidity or mortality (14,16). The WHO defines underuse of CS as any
country or region with a rate of 10% or less, adequate use as rates from 10-15%, and
overuse as rates 15% or higher (16). Canada, along with half of all countries, overuse CS
(16).

Caesarean section rates in Canada were approximately 27% in 2010 —a 9%
increase from 18% since 1995 (18). In Nova Scotia, CS rates have also increased since
the late 1900s, and as of 2014 they accounted for 26% of all births in the province (18).

Since 2001, use of the Robson classification system for all deliveries has
enhanced epidemiological surveillance of CS trends, and it is widely used in Canada and
throughout the world. The 10-group Robson classification system of CS categorizes all
deliveries into mutually exclusive groups based on obstetric history and operative
indications (19). It offers a better understanding of group-specific rates and identification
of primary indicators for CS (18,19). In a five-province Canadian study, Kelly ez al. (18)
identified three groups as primary contributors to overall CS rates: term, singleton,
cephalic pregnancies in (i) nulliparous women with spontaneous labour, (ii) nulliparous

women with either induced labour or no labour, and (iii)) women with at least one
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previous CS. In addition, Allen ef al. (20) identified all nulliparous women with cephalic

presentation as a major contributor to CS, specifically in Nova Scotia.

2.1.2 Risk Factors for Caesarean Section

Delivery by CS in Western countries is most often the result of fetal or maternal
conditions, complications during labour, or personal preferences (21-23). In Canada,
non-cephalic presentation, dystocia, previous Caesarean delivery, and fetal distress are
the most common indications for CS (21). This section addresses the common risk factors
that predispose women to the need for a CS, rather than characteristics which contribute
to the rising rates of CS; nonetheless, it is possible for risk factors to contribute to rising
rates of CS. There exist a wide variety of risk factors for CS, some of which may
potentially confound the association between CS and OM. As such, identifying these risk
factors is an important step so that, in conjunction with a review of risk factors for OM,
they may be considered in this analysis.

Common maternal risk factors include weight status and previous CS. The risk
for CS increases with increasing maternal weight by 46% for overweight women (odds
ratio [OR] 1.46, 95% confidence interval [CI] 1.34-1.60), 105% for obese (OR 2.05, 95%
CI1.86-2.27), and 189% for severely obese women (OR 2.89, 95% CI 2.28-3.79) as
compared to normal weight women (24). Having a previous CS influences the mode of
delivery in subsequent deliveries. The percentage of Canadian women who underwent a
repeat CS — defined as women who undergo a CS with a history of a previous CS — was
82% in 2011-2012; this indicates that women with a previous CS either do not attempt a
vaginal delivery, or that many are less likely to complete a vaginal delivery despite
having attempted one (25).

Socioeconomic status (SES) and area of residence are also risk factors for CS.
Leeb et al. (26) found that Canadian women living in the lowest-income areas as
compared to women from the highest-income areas were more likely to have a CS
(24.9% and 23.3% for low- and high-income areas, respectively, p<0.05). Several
variables that may confound this association but which were not accounted for include
smoking behaviour, maternal weight, maternal age, and proximity to health care
facilities. A report by the Canadian Institute for Health Information (23) found that

women living in urban areas were slightly more likely to have a CS compared to women
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from rural areas (28.6% vs. 25.6%). The slightly higher rates of CS among urban women
may be attributed to older maternal age, higher rates of diabetes, reduced parity, and a
greater likelihood of the delivery being attended by an obstetrician or gynecologist
compared to their rural counterparts (23).

With regards to personal preferences, autonomous decision making is thought to
be a key factor in an individual’s decision to choose a CS as well as in the rising CS rates
in Canada (21). Fear of physical changes after birth, negative vaginal delivery
experiences, the media’s portrayal of vaginal deliveries, a decline in the number of
vaginal deliveries after repeat CS, and a positive attitude toward the surgical success and
outcomes of CS have all been identified as factors contributing to Canadian women’s
preference for CS (27-30). Additionally, both parents and health care professionals may
choose CS for its convenience and controlled timing (29).

Other maternal factors associated with CS include parity, maternal smoking
during pregnancy, and maternal age (22,25,31,32). Elective CS may also be performed to
avoid potentially dangerous situations, such as shoulder dystocia in women with infants
of large birth weight (33).

Fetal conditions are associated with both emergency and non-emergency CS (22).
The most common fetal conditions indicating a CS in Canada and Nova Scotia are non-
cephalic presentation, dystocia, and non-reassuring fetal heart rate (21). Dystocia occurs
once labour has begun; however, performing a CS due to fetal distress may begin before

or after the onset of labour.

2.1.3 Short and Long-Term Outcomes of Caesarean Section

Caesarean section is associated with various short- and long-term complications
and outcomes. Although CS may reduce immediate danger and resolve complications
during labour and delivery, it is associated with outcomes and complications of its own
for both mother and child. Short- and long-term complications may mediate the

relationship between CS and OM.

Maternal Outcomes Associated with CS
Among mothers, short-term complications of CS are more common compared to

long-term complications. Short-term complications such as wound infections,



hemorrhage, or venous thromboembolism are more common following planned CS for
low-risk pregnancies than vaginal deliveries (34). Results from one study, based on a
total of 286,565 deliveries and an average CS rate of 25.7%, indicated that all types of CS
increase the risk of severe adverse maternal outcomes including death, admission to
intensive care unit (ICU), blood transfusion, and hysterectomy (35).

Given that breastfeeding may be a mediating variable in the relationship between
CS and OM, it is important to highlight the effect mode of delivery has on breastfeeding
initiation and duration. In a meta-analysis, which compiled data from 33 countries and
over 550,000 subjects, rates of early breastfeeding were lower among women who had a
CS compared to a vaginal delivery (pooled OR 0.57, 95% CI 0.50-0.64) (36). Among
women who had a previous CS, those undergoing a vaginal birth after a CS were 47%
more likely to initiate breastfeeding (rate ratio [RR] 1.47, 95% CI 1.35-1.60) compared to
women who had a planned repeat CS (37).

Mode of delivery has been shown to be associated with the duration of
breastfeeding. In a Canadian study, Hobbs et a/. (38) found that women who delivered
via a planned CS were more likely to discontinue breastfeeding before 12 weeks
postpartum compared to those who delivered vaginally (OR 1.61, 95% CI 1.14-2.26).

Long-term complications are typically related to the reproductive health of
women and commonly occur in the case of subsequent deliveries and births following an
initial CS. Women having an elective repeat CS are shown to have higher rates of
hysterectomies than women who attempt vaginal birth after Caesarean (39). As the
number of repeat CS increases, the risk for placenta accreta, blood transfusion,
hysterectomy, cystotomy, bowel injury, ureteral injury, ileus, ICU admission, and longer

operative times increases (29).

Short-Term Infant Outcomes of CS

Adverse short-term outcomes of CS in the child include neonatal mortality,
neonatal respiratory problems, need for resuscitation, and admission to the neonatal
intensive care unit (NICU) (40-42).

Multiple studies have reported higher rates of neonatal mortality following
elective CS and emergency CS compared to planned vaginal delivery (40,43). Among

children born by primary elective CS without labour, risk of neonatal mortality was 1.7
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times higher (OR 1.69, 95% CI 1.35-2.11) than those born vaginally (43). Conversely,
rates of neonatal mortality are higher among women who have a vaginal delivery after a
CS compared to those who elect for a repeat CS without attempting labour (40); however,
these findings were not statistically significant. Typically, infant mortality is a result of
respiratory conditions, especially among preterm infants (41). This may be a concern for
infants born by CS because of the increased risk for respiratory conditions following birth
by CS (40—42). In addition to mortality, the risk for stillbirth, including unexplained
stillbirth, increases in subsequent pregnancies following an initial CS (44).

Respiratory problems in newborns include a wide variety of conditions such as
transient tachypnea, respiratory distress syndrome, and persistent pulmonary
hypertension (40,41,45). The risk of developing respiratory problems is four times higher
following birth by CS compared to a vaginal delivery (40). Often, this increased risk is
observed following CS without the onset of labour (40,41,45). This observation is
frequently attributed to the fact that the pressure and experience of being delivered
through the birth canal initiates a variety of signals within the body that are collectively
responsible for the proper function of the respiratory and pulmonary systems (1,40). The
risk of requiring resuscitation, oxygen, bag-mask ventilation, or intubation is greater
following a repeat CS compared to a vaginal delivery after a previous CS (22,42).

In a Canadian cohort of children, birth by CS resulted in higher NICU admission
rates overall and a higher proportion of short-term (<24 hours) NICU admissions
compared to those born vaginally (46). This observation is most likely related to the

higher risk for respiratory problems in CS born infants.

Childhood Outcomes of CS

In addition to the adverse short-term outcomes, birth by CS is associated with
various adverse long-term outcomes in children. These include obesity, AD, asthma, and
other chronic and immune disorders.

Obesity. Evidence in current literature shows that birth by CS is associated with
obesity in childhood (5) and adulthood (47,48). A meta-analysis found a pooled RR of
1.34 (95% CI 1.18-1.51) for childhood obesity among those born by CS compared to
vaginal birth (5). When considering the association between CS and obesity, confounders

must be accounted for, including maternal pre-pregnancy weight, maternal age, race, and
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parity (5,47,49). Adjusting for confounding variables reduces the strength of the
association, but the association remains significant (5). A within-family analysis also
demonstrated that offspring born via CS were 64% more likely to be obese (OR 1.64,
95% CI 1.08-2.48) compared to a sibling born vaginally (47).

Allergic disorders. The association of birth by CS with long-term AD (allergic
rhinoconjunctivitis, asthma, atopic dermatitis, and food allergies) in children has been
examined in a number of studies (6,45,50,51). Asthma has been consistently found to be
associated with birth by CS, and to a lesser extent allergic rthinoconjunctivitis and atopic
dermatitis, but findings for food allergies are conflicting (6,45,50,51).

The odds of developing allergic rhinoconjunctivitis is increased by as much as
37% (OR 1.37,95% CI 1.14-1.63) among those born via CS (50). Among those born by
repeat CS, the risk for allergic rhinoconjunctivitis is increased by 78% (OR 1.78, 95% CI
1.34-2.37) compared to those born vaginally (50).

In a meta-analysis of 23 studies over ten countries, a 22% increase in the odds of
developing asthma among those born by CS as compared to those born vaginally was
observed (OR 1.22, 95% CI 1.14-1.29) (52). Roduit et al. (53) observed a further increase
in risk for asthma among children who had two allergic parents (OR 2.91, 1.20-7.05) or
one allergic parent (OR 1.86, 95% CI 1.12-3.09) compared to children with parents with
no allergies. While several other cohort studies and a meta-analysis have identified
positive associations (6,54—58), cohort studies in Korean have also identified non-
significant associations between birth by CS and asthma (59,60).

Studies examining the risk of developing atopic dermatitis following birth by CS
demonstrate a weak positive association as compared to a vaginal birth (6,58,61,62).

The risk of developing sensitization to food and other allergens is associated with
birth by CS. Results from a systematic review suggested that the risk is increased
specifically for IgE-mediated sensitization to food allergens, but that further evidence is
needed to support the association between birth by CS and objectively defined food
allergies (63).

Other conditions. Gastrointestinal disorders such as celiac disease or
gastroenteritis are also associated with birth by CS (57,64,65). Multiple studies have

found that the risk of developing celiac disease is increased among children born via CS



(65,66). Marild et al. (66), taking into account the type of CS, adjusted for maternal
celiac diseases, which is a risk factor for CS. They identified an increased risk only
among children born via elective CS (OR 1.15, 95% CI 1.04-1.26) and not emergency CS
(OR 1.02, 95% C10.92-1.13) (66). In contrast, Sevelsted et al. (57) found no association
between birth by CS and the development of celiac disease. Adjustments for confounding
variables varied between studies, which may have contributed to the contradictory
findings. The risk of being diagnosed with gastroenteritis is also increased among
children born via CS (OR 1.31, 95% CI 1.24-1.38) compared to those delivered vaginally
(56).

Though less common, the development of various skeletal and nervous tissue
diseases such as Legg-Calvé-Perthes Disease, juvenile arthritis, and systemic connective
tissue disorders are also increased among children born via CS (57,67).

The risk for developing type 1 diabetes is increased by 19% in offspring born by
CS compared to vaginal delivery (64). The association between birth by CS, particularly
pre-labour CS, and a general reduction in the number of immune cells and proteins
including leukocytes, natural killer cells, and pro-inflammatory cytokines may result in
many children suffering from altered immune function (67), which could predispose to a

variety of immune disorders.

2.2 OTITIS MEDIA

Otitis media, a middle ear infection, is a common childhood illness that poses a
great burden on individuals and society. Suppurative and non-suppurative OM
encompass the two main subtypes of OM, and they are characterised by the presence or
absence of pus formation, respectively (68). Otitis media infections vary widely, and
depending on the duration and frequency of individual episodes, patients may be
diagnosed with acute OM (AOM), chronic OM (COM), recurrent OM (ROM), or OM
with effusion (OME) (68,69). Acute OM is defined by the presence of middle ear
effusion, a history of acute onset of signs and symptoms, and middle-ear inflammation
(70). Recurrent OM is defined as the occurrence of three or more episodes of AOM in six
months, or four episodes in a year with at least one in the preceding six months (70).

Chronic OM, sometimes referred to as persistent OM, is defined as persistence of signs



and symptoms of middle ear infection during antimicrobial treatments or a relapse of
AOM within one month after completing antibiotic therapy (70). Lastly, OME is defined
as the presence of fluid in the ear with the absence of signs or symptoms of an acute
infection (70).

The pathogens responsible for OM can be either bacterial, viral, or both (69).
Common bacterial species responsible for OM infections include Streptococcus
pneumoniae, Moraxella catarrhalis, and Haemophilus influenzae (71). The most
common viruses include respiratory syncytial virus and rhinovirus, but it is possible for
all respiratory viruses to cause OM (71). Antibiotic treatment is recommended for more
serious cases, whereas other treatments are recommended for milder cases (69).

In a properly ventilated and unobstructed middle ear, mucocilliary clearance in
the Eustachian tube removes fluid away from the middle ear and provides proper
ventilation (69). Obstruction or dysfunction of the Eustachian tube due to an infection can
prevent the self-clearing mechanism and result in fluid status; colonization of this fluid
can then lead to OM (69).

Clinical diagnosis of OM is not governed by laboratory tests. Pneumatic
otoscopes, tympanometry, and acoustic reflectometry may be used in clinical diagnosis,
though appropriate use of these devices may not be employed by all family physicians
(7,69). Nonspecific symptoms, and the variety of clinical manifestations of OM present
an opportunity for under- or over-diagnosis (69). Of particular importance is the ability to
distinguish between AOM and OME; the latter is not an acute infection that can be
resolved with antibiotics, nor is there acute inflammation as with AOM. Different
manifestations of OM may promote either short or long-term complications in children

that can persist into adulthood.

2.2.1 Descriptive Epidemiology of Otitis Media

Within the first year of life, as many as 85% of children experience an acute
episode of OM and up to 20% will experience ROM (7,71). The likelihood of AOM
decreases with increasing age, with a noticeable drop after the age of five years; however,
ROM is more common with increasing age and can affect as many as 40% of children

older than one year (7,71). Otitis media is the second most common reason for family



physician visits, and is the primary reason for childhood use of antibiotics, surgery,
temporary hearing loss, and health care provider visits (7,9,71,72).

The introduction of antibiotics to treat OM has been moderately effective in
reducing the number of long-term complications (73,74). Antibiotic treatment is usually
recommended for children with more severe symptoms (69,75). Many milder cases of
AOM have been shown to resolve without antibiotics as they are often caused by viruses;
however, resolution occurs at a slower rate as compared to those taking antibiotics (69).
Additionally, antibiotic therapy does not provide immediate relief from pain, particularly
among younger children (7,69,75).

Antibiotic resistance has been observed empirically through the necessity for an
increase in antibiotic dosage to treat AOM (76); this is a concern for patients and society.
Prolonged illness duration resulting from reduced antibiotic effectiveness and the ease
with which antibiotic-resistant bacteria can spread in the population are problematic and
contribute to the rise of antibiotic resistance (76). In recent years, the “wait and see”
antibiotic prescription method, in which a prescription is not filled unless symptoms do
not improve after 48 hours, has been adapted by many practitioners to postpone antibiotic
consumption and prevent antibiotic overuse (77).

Since Streptococcus pneumoniae is the primary bacteria responsible for OM
infections, the pneumococcal vaccine has been evaluated for its ability to reduce OM
infections (78). The vaccine, in which several S pneumoniae serotypes are targeted, was
initially intended to prevent Invasive Pneumococcal Disease (79); however, it has been
effective in reducing OM rates in some studies, particularly resulting from serotypes
targeted by the vaccine (80). A recent systematic review has demonstrated that the 7-
valent pneumococcal conjugate vaccine (PCV-7) can reduce OM rates by an average of
19% (81). For all-cause OM, Eskola et al. (80) found a 6% reduction in the number of
OM episodes in a Finnish population of children following vaccination with the 7-valent
pneumococcal polysaccharide conjugate vaccine. The number of OM episodes was
further reduced by 34% for culture-confirmed pneumococcal episodes and 57% for
episodes caused by targeted serotypes in the vaccine (80). Among those who experienced
an OM episode, the frequency of OM episodes caused by bacteria not targeted in the

PCV-7 was increased among individuals who received the pneumococcal vaccine
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compared to those who did not (82). In Canada, the PCV-7 has been replaced with a 13-
valent pneumococcal conjugate vaccine, which targets additional pneumococcal
serotypes (79). Vaccination with the aforementioned vaccines reduces overall
pneumococcal nasopharyngeal carriage in children aged two years or less; this may
confer herd immunity due to reduced transmission of S pneumoniae (83).

In addition to pneumococcal vaccines, vaccination for influenza and measles,
mumps and rubella (MMR) has also been effective in reducing the number of OM
infections (84—86). In a systematic review by Norhayati ef al. (86), administration of the
influenza vaccine reduced the number of children who had at least on OM episode by 4%
(risk difference -0.04, 95% CI -0.07 to -0.02) among those who received any influenza
vaccine compared to those who did not or who received a placebo. Additionally, in a
model-based evaluation of the of clinical benefit of the MMR vaccine, Reinert et al. (84)
found that approximately 1.3 million diagnoses of OM were prevented in France from

1968 to 2003 as a result of MMR immunization.

2.2.2 Risk Factors for Otitis Media

Risk factors for AOM, COM, and ROM have been examined in numerous studies.
Very few risk factors exclusive to AOM exist, but those which are more frequently
attributed to AOM as compared to ROM or COM include air pollutants and maternal OM
episodes (10). Other risk factors are universal among OM categories including maternal
age, birth weight, exposure to second hand cigarette smoke, exposure to other children
either through day care or siblings, formula feeding, area of residence, and SES (10,87—
89). Here we will review these risk factors for OM with an in depth look at obesity and
AD:; these risk factors may act as confounding variables or mediators in the association
between CS and OM and should be considered for this analysis.

The similarity in risk factors between OM categories may be attributed to the
varying definitions of AOM, COM, and ROM in studies. Furthermore, from an
etiological perspective, similar risk factors for OM are to be expected given the
similarities between the types of OM and their respective functions in middle ear
inflammation. Among risk factors that overlap between OM categories, some variables
have a more pronounced effect on the risk of acquiring COM and ROM. Being male,

having multiple older siblings, and maternal age less than 20 years at time of birth
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predispose children to COM and ROM more so than AOM (88,90). Significant risk
factors for children with COM or ROM include AOM during the winter season, adenoid
hypertrophy, previous tube treatment for AOM, and increasing age (10,87-92).

Birth weights greater than 4000 g are associated with an 18% increased risk of a
single OM episode (OR 1.18, 95% CI 1.12-1.24) and a 16% increased risk for ROM (OR
1.16, 95% CI 1.07-1.27); however, these ORs were not adjusted for mode of delivery
(88). Birth weights less than 2500 g show a weak protective yet non-significant effect
against an initial OM, and a non-significant weak association with ROM (88). Males
have a significantly higher risk for a single episode of OM (OR 1.23, 95% CI 1.19-1.27)
and ROM (OR 1.32, 95% CI 1.24-1.41, respectively) than females (88).

Parental factors including maternal age and smoking status are associated with the
risk of OM in children. Maternal age less than 20 years compared to all other ages
significantly increases the risk of having an initial OM episode (OR 1.34, 95% CI 1.20-
1.49) and ROM (OR 1.53, 95% CI 1.28-1.82) before the age of three years (88). The
increased risk of OM associated with smoke exposure is observed with pre- and post-
natal smoking exposure. In one study, children who received tympanostomy tubes to treat
OME and ROM were assessed for exposure to second hand smoke by cotinine urinalysis
which is a measure of tobacco smoke exposure (93). The results demonstrated that
second hand smoke exposure was associated with a 129% increased odds of having OM
(OR 2.29, 95% CI 1.08-4.85) (93). Maternal smoking during pregnancy resulted in 1.34
times the odds of developing AOM in children up to age six months compared to children
who were not exposed to smoke in utero (OR 1.34, 95% CI 1.06-1.68) (94). The
association between maternal smoking during pregnancy and the development of AOM
was observed in children until 12 months old (94).

The association between SES and OM varies among studies (71). While previous
studies have indicated that lower OM rates were associated with lower SES (95), Paradise
et al. (96) found that lower SES is an important risk factor for OM. Auinger et al. (95)
found that the prevalence of overall OM, early-onset OM (before 12 months old), and
repeat OM (three or more episodes) was higher among more affluent children. However,
they found that the greatest increase in prevalence of early-onset and repeat OM between

two samples measured six years apart was among those from a lower SES (95). This
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observation may in part be explained by an increased awareness or diagnosis of OM
among families of lower SES; this may be a delayed trend which was previously
observed among families of higher SES among whom there was an increased awareness
of OM and diagnosis as a result of parental pressure (95).

Maclntyre et al. (88) found that rural residence increases the risk of experiencing
an initial OM episode (OR 1.16, 95% CI 1.10-1.23) and ROM (OR 1.10, 95% CI 1.00-
1.21); however, they suggested this may be attributed to a higher number of children in

rural families.

2.2.3 Obesity and Otitis Media

In addition to the risk factors discussed above, obesity and being overweight have
been identified as significant risk factors for AOM, COM, and ROM (8,97,98). Sidell et
al. (98) observed an OR of 1.44 (95% CI 1.08-1.93) for AOM among obese children
relative to non-obese children. Kuhle ef al. (8) found that children with obesity had an
incidence RR (IRR) of 2.03 for contacts with a healthcare provider for OM (95% CI
1.66-2.49) compared to children of normal weight. Additionally, they found higher odds
of having ROM in obese children than normal weight children. The association was not,
however, as extreme for overweight children (8,97). In fact, Kim et al. (97) found that
among underweight, normal weight and overweight children, significantly fewer had OM
infections compared to children with obesity (44.4% vs 55.5%, respectively).

What remains unclear from the literature is the direction of the association
between obesity and OM. Early antibiotic use is associated with increased body mass
index in early and late childhood (99,100), so it is possible that OM leads to obesity
through the use of antibiotics early in life. The potential for OM to influence the
development of obesity has also been rationalized through altered taste due to nerve
damage to the chorda tympani nerve which results in a preference for sweet food
(97,101). In contrast, it is possible for obesity to precede OM through several
hypothesized mechanisms: obesity leads to increased cytokine levels that could affect
physiological changes in the middle ear; development of gastroesophageal reflux which
reaches the ear through the Eustachian tube; and systemic inflammation providing an

environment suited for OM infections (8,101).
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2.2.4. Allergic Disorders and Otitis Media

Allergic disorders, herein referring to a collection of disorders resulting from an
exaggerated immune response to antigens, are common disorders. Several studies have
identified AD, particularly allergic rhinitis and atopy, as risk factors for AOM, COM, and
ROM in children (9,10,102). One study has reported that as many as 89% of children
with OM have allergic rhinitis (102). Asthma also increases the risk of acquiring OM
(10).

The link between allergies and OM has frequently been attributed to inflammation
in and around the respiratory epithelium and the middle ear (9). The Eustachian tube
connects the middle ear to the various tissues in the respiratory tract. Adenoid tissue and
the surrounding respiratory epithelium is a potential site for allergic inflammation and
infection. Given the proximity of the respiratory epithelium to the Eustachian tube
opening, inflammation or infection in this area may lead to tube dysfunction, further
inflammation, or secondary infections (9,103,104). Several factors may cause
inflammation of the respiratory epithelium and surrounding tissue including allergens,
infectious pathogens causing upper respiratory tract infections, or adenoid hypertrophy
(103,104). Furthermore, inflammation may occur around the nasopharyngeal opening of
the Eustachian tube and progress towards the middle ear (103,104). Consequently,
inflammation of the upper airways or Eustachian tube may promote bacterial or viral

infections in the middle ear by impairing Eustachian tube function (69,105).

2.2.5 Outcomes of Otitis Media

Patients with OM are at risk of various short-term and long-term complications.
Fortunately, the introduction of antibiotics as a regular treatment for OM infections has
moderately reduced the rates of complications (73,74). Nonetheless, complications still
occur and include mastoiditis, facial paralysis, labyrinthitis, petrositis, intracranial
abscesses, external otitis, tympanic membrane perforation, lateral sinus thrombophlebitis,
and otitic hydrocephalus (71,74,106). If not treated promptly and properly, complications
such as these may in turn result in long-term complications most often related to hearing
and cognitive development (71,73,74).

Current literature indicates a positive association between OM and long-term

hearing loss (107-110). Other studies have indicated that the effect of surgery to treat
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OME on hearing loss is small and temporary (111,112). Reduced hearing diminishes after
nine months following surgery, and there is no difference in hearing 25 years after
surgery compared to age and gender matched individuals with normal hearing who did
not receive surgery (111,113).

Recurring OM may result in sleep apnea resulting from inflammation of the
adenoid and lymphadenoid tissue (8,114). This association stems from the obstruction of
the upper airways by the inflamed and enlarged adenoid tissues leading to obstructive
sleep apnea (114).

There exist multiple indirect complications resulting from insertion of
tympanostomy tubes to treat OM. A meta-analysis identified several common
consequences following tube insertion including transient otorrhea (occurring in up to
26% of patients following surgery), tympanosclerosis (32% of patients), and focal
atrophy (25% of patients) (115). Long-term tube insertion, compared to short-term, was
found to increase the relative risk of perforation by 3.5 (95% CI 1.5-7.1) and
cholesteatoma by 2.6 (95% CI 1.5-4.4) (115).

There are both direct and indirect physical and economic costs related to OM
infections including prescription medication, a caregiver’s time away from employment,
patient discomfort, long-term sequelae, and the use of health care services (71,116).
Additionally, the degree of burden of OM depends on the severity and persistence of OM

episodes.

2.3 ASSOCIATION BETWEEN CAESAREAN SECTION AND OTITIS MEDIA

The biological plausibility for the association between CS and OM is rooted in
two concepts: the relationship of both CS and OM with obesity and AD, and the hygiene
hypothesis.

2.3.1 Epidemiologic Evidence

As previously outlined, CS increases the risk of developing both childhood
obesity and AD, two risk factors for OM. Through these associations, CS and OM may
be indirectly linked (Figure 2.1).
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2.3.2 Biological Plausibility

From a biological perspective, the link between CS and OM may be explained in
part by the hygiene hypothesis.

The hygiene hypothesis states that a decreased exposure to allergens and bacteria
early in life may lead to an increased susceptibility to childhood diseases and allergies
because of altered immune system development (1,50,117). Intestinal colonization of a
newborn begins during birth and continues for some time after (1), but the initial bacteria
with which an infant is colonized vary depending on mode of birth. Initial colonization is
extremely relevant for microflora development into adulthood as the first species to
populate the gut can prevent the colonization of other species and can establish the
bacterial composition (118). During a vaginal delivery, bacteria established in the birth
canal such as Lactobacillus, Bacteroides, and Bifidobacteria are the predominant species
to colonize the newborn (1,119). In contrast, skin and surface bacteria such as
Staphylococcus, Clostridium, and Acinetobacter colonize infants born via CS (1,119).
The bacterial species acquired through vaginal delivery are considered beneficial for the
health of the host, whereas those acquired through CS may be pathogenic should an
opportunity arise for them to cause disease or illness (119). While exposure to allergens
and bacteria may prove effective for the development of the immune system and reducing
susceptibility to diseases according to the hygiene hypothesis, exposure to pathogenic
bacteria in certain environments may increase the risk of developing diseases or illnesses.

Intestinal bacteria offer an abundance of genes and proteins that provide humans
with a variety of metabolic, trophic, and protective functions (1,118). These include the
ability to digest and harvest energy from food sources, particularly carbohydrates, which
would otherwise be non-digestible to humans (118,120). Increased and decreased
percentages of Firmicutes and Bacteroides, respectively, have been shown to be
associated with both obesity and increased energy harvesting capabilities (121,122).
Additionally, children born by CS are known to have a greater proportion of Firmicutes
and a lower proportion of Bacteroides compared to children born vaginally (123,124),
suggesting that children born by CS have a microbiome with a greater energy harvesting
capability compared to children born vaginally. No study to date has followed children

from birth through childhood with the intent of examining the microbiome composition
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and its impact on childhood obesity, nor has a study demonstrated that the microbiome
composition remains constant throughout childhood; therefore, the mechanisms described
above are hypothetical and further research is needed to confirm this mechanism.

Immune development is particularly influenced by the interaction of intestinal
mucosal tissue with bacteria. This interaction improves systemic immune memory,
imparts protection from potentially pathogenic bacteria, and stimulates antibody
production (1,118). Thus, evidence suggests that a different composition of gut
microflora (e.g. resulting from a CS) can alter the development of a child’s immune
system and lead to the development of obesity or AD (1,2,8).

In summary, the altered development of the microbiome in children born via CS
increases the risk for developing obesity and AD in children, and obesity and AD in turn
are risk factors for OM. Therefore, CS may be associated with OM in children through

these two pathways.

—microbiome -cOB —
mOB |

|
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|

Figure 2.1 Potential association of maternal and childhood obesity and allergic
disorders with birth by Caesarean section and otitis media. Note: CS = Caesarean

section, OM = otitis media, mOB = maternal obesity, cOB = child obesity, microbiome
= child gut microbiome, AD = allergic disorder.

2.4 LITERATURE REVIEW OF EXISTING EVIDENCE

To my knowledge, only four studies have examined the association of CS with

OM. In 1986, Mansueti et al. (11) compared 141 children with tympanostomy tubes born
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at the Cannes Hospital, Cannes, France to children without tympanostomy tubes.
Information regarding OM infections and neonatal history was obtained from hospital
medical records. The neonatal conditions examined in this study were premature birth
(gestational age 36 weeks or less), birth via a forceps delivery, birth via CS, and children
who required resuscitation following birth. For the purpose of this literature review, |
calculated an OR using their data with the assumption that all children received
tympanostomy tubes as a treatment for at least one previous OM episode. I calculated a
123% increased odds for OM (OR 2.23, 95% CI 1.49-3.34) among the children born via
CS compared to those born vaginally.

In a second study published in 1993, Mansfield et al. (12) sought to determine if
birth by CS was a risk factor for the occurrence of OM. The rationale for this study is
rooted in the work of Poulson and Tos (125), who noted a significant difference in
tympanometry results among children born via CS compared to those born via vaginal
delivery, and Mansueti ef al. (11), whose work suggested that CS was a risk factor for
OM. The study was conducted in Greenville, North Carolina, United States of America,
and employed records from the Department of Pediatrics in the Faculty of Medicine at
East Carolina University and Pitt County Memorial Hospital. The cohort included 284
three-year-old children born vaginally or via CS in 1987. Otitis media was identified in
the medical records as a diagnosis from an otoscopic inspection of the tympanic
membrane. Additionally, for AOM, criteria included erythema, swelling, loss of normal
bony landmarks, and, if it was unclear whether the tympanic membrane was infected,
reduced mobility of the eardrum revealed by a pneumatic otoscope or tympanometry.
Diagnosis included suppurative and non-suppurative OM infections. Their results showed
statistically non-significant results for the association between birth by CS and OM (RR
1.12, 95% CI1 0.88-1.44).

A third study published in 2015 examined the potential factors that may have
influenced the rising rates of AOM in Timisoara, Romania. Marosin ef al. (13),
retrospectively analyzed medical charts for 59 children with a diagnosis of AOM in the
2" Pediatrics Clinic in “Pius Brinzeu” Emergency County Hospital from January 1, 2012
to December 31, 2014. Results demonstrated that 66.1% (n=39) of children with a

diagnosis of AOM were born via CS whereas 33.9% (n=20) were born via vaginal
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delivery (13). However, these results were not compared to children who did not have
OM nor to the general population.

The fourth study, published in 2016 by Kervel-Hanquist et al. (126), assessed
various risk factors for early-onset OM in children six months old. The study included a
large cohort of 69,105 mothers and their children from the Danish National Birth Cohort
from 1996-2002. Mothers were interviewed and assessed for 37 factors a total of three
times: twice during the pregnancy at approximately 12 and 30 weeks, and once after
delivery when children were six months old (126). The final outcome was defined as
either no OM episode or at least one maternal-reported episode of OM in their child by
the age of six months (126). The authors reported an 11% increased risk of developing
OM in children six months old following birth by CS as compared to vaginal birth
(unadjusted OR 1.11, 95% CI 1.01-1.21); however, they did not find that mode of
delivery was significantly associated with early OM when included in an adjusted model
(126). They identified very low birth weight (OR 3.00, 95% CI 1.27-7.10), large birth
weight (OR 1.27, 95% CI 1.18-1.37), and gestational age at birth (OR 1.34, 95% CI 1.15-
1.57) as significant risk factors for early OM in six month old children (126).

Studies for which a risk estimate was reported may be subject to bias. Mansueti et
al. (11), from whose published data an OR of 2.23 (95% CI 1.49-3.34) could be
calculated, used as cases children who had tympanostomy tubes and were treated in the
Ear, Nose, and Throat (ENT) department at the Centre Hospitalier de Cannes.
Considering their sample included children who were previously treated for OM with
tube insertion and exclusively treated in the ENT department, there may be selection bias
by which children at a higher risk for OM were selected. Mansfield et al. (12) reported a
weak non-significant RR, that may also be biased away from the null due to selection
bias as their cohort included children treated in the Department of Pediatrics at Pitt
County Memorial Hospital but excluded children treated by general practitioners. The
study by Kervel-Hanquist et al. (126) relied on maternal reported episodes of OM for
their outcome, which may have underestimated the association since it is more likely that
mild cases of OM would have gone unnoticed or undiagnosed. The selected cohort from
these three studies could have resulted in an overestimation of the results due to the

selection of children with a higher risk of OM or recall bias by which only more severe
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episodes of OM were reported; in contrast, the selected cohort could have also resulted in
an underestimation of the association given that children with mild or moderate episodes
of OM may have been excluded from the studies.

Three of the four studies concluded that a larger, more comprehensive study
should be undertaken to support the hypothesis (11-13). The fourth study which
demonstrates a weak positive association only in the unadjusted model is limited by the
use of a self-reported outcome and assessment of OM episodes only until six months old.
As such, the present study provides a timely and unique opportunity to examine this
association due to the availability of data on many potential confounders and mediators,
the large sample size, and the ability to collect information on confounders that were

unaddressed in the previous studies.

2.5 OBJECTIVES

2.5.1 Primary Objective

The primary objective of the present study was to examine 1) the risk of
developing OM and 2) the number of OM episodes in children born by CS compared to
children born vaginally in a cohort of Nova Scotian children born between 1989 and

1993.

2.5.2 Secondary Objective
The secondary objective was to examine the number of health care visits with an
AD diagnosis in children born by CS compared to children born vaginally in a cohort of

Nova Scotian children born between 1989 and 1993.

2.6 STUDY RATIONALE

Given the high CS rates and associated long-term sequelae, and the individual and
societal burden of OM, this study can provide valuable information to add to the current
literature and to promote informed decisions about labour and delivery. Additionally, the
lack of epidemiological evidence for this association indicates a need for further research
into this topic.

The lack of epidemiological evidence limits our understanding of the risks

associated with CS and the risk factors for OM. Previous studies have had small sample
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sizes and were unable to account for a variety of potential confounding and mediating
variables. Findings from this study can further our current understanding of both the
benefits and the long-term risks associated with CS. While surgical delivery can be
beneficial when necessary, understanding the potential risks of performing unnecessary
CS may ease the burden on the health care system in the future and prevent unwanted
consequences.

Otitis media is associated with long-term health conditions including hearing loss,
hindered speech and language development, and tympanic membrane perforation
(8,71,114,115). The individual and societal burden of OM provides plenty of reason to
examine this association due to the extreme discomfort and high prevalence of the

disease.
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CHAPTER 3: METHODS

3.1 METHODS OVERVIEW

We assembled a retrospective cohort of children born between 1989 and 1993 to
mothers residing in Nova Scotia and followed them through to 2014. A second cohort of
children born between 2003 and 2007 was used to assess the stability of any associations
observed in the primary cohort. The cohort was identified and perinatal information was
derived from the Nova Scotia Atlee Perinatal Database (NSAPD) and provincial
administrative health data. Multiple regression analyses were used to assess the

association between mode of delivery and OM, and between mode of delivery and AD.

3.2 ELIGIBILITY CRITERIA

The cohort of children born from January 1, 1989 to December 31, 1993 excluded
twins and multiples, and children with major congenital anomalies. The cohort included
children born to mothers who were residents of Nova Scotia at the time of birth. This
study used a secondary dataset in which the above eligibility criteria were previously

determined.

3.3 DATA SOURCES

Nova Scotia Atlee Perinatal Database

The NSAPD collects data from all pregnancies resulting in births to infants >500g
or >20 weeks gestation to residents of Nova Scotia since 1988. The database contains
information regarding demographics, procedures, interventions, diagnoses, morbidity,
and mortality in the mother and infant. Data are collected on standard forms throughout
the pregnancy and in the healthcare facilities, and are entered by trained medical records
personnel at the time of discharge. In addition to health care centres with maternal
services, data on deliveries are collected in health care centres without designated
maternal services and in New Brunswick facilities frequented by Nova Scotians. The

NSAPD is maintained by the Reproductive Care Program of Nova Scotia.
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Physician Billing Database

The physician billing database contains all services rendered by a physician and
insured by the provincial medical insurance plan (Medical Services Insurance). The
dataset contains the date of the contact, the physician specialty, and diagnostic and
procedure codes. Data has been collected since 1997 and entered in the International

Classification of Diseases 9" edition (ICD-9) format.

Hospital Discharge Abstract Database

Data from the hospital discharge abstract encompasses the demographic and
clinical information for hospital discharges from 1989-2014. Between 1989 and 1994, the
data was collected provincially as the Admissions/Separations/Day Surgery Database;
since 1995, data has been collected through the Canadian Institute for Health Information
Discharge Abstract Database.

Diagnostic codes in the database were entered as ICD-9 between 1989-2000 and
ICD-10-CA between 2001-present. The database contains information regarding dates of
admission and discharge, patient demographics, attending physicians, procedures
performed, and diagnostic codes based on the 9™ and 10" ICD formats. Since 1995, the
dataset also contains information about in-hospital service transfers, specialty services,

and the complexity of individual cases.

Insured Patient Registry
The insured patient registry records data on all beneficiaries of Nova Scotia
healthcare services. It was used to determine if and when individuals within the cohort

left the province or died.

Linkage

The NSAPD was linked to the administrative health data through the children’s
health card numbers. Health card numbers are assigned to all individuals at birth and
remain associated with them throughout their life. The linkage was performed by Health
Data Nova Scotia using a “cross-walk” file supplied by Medical Services Insurance to
maintain anonymity of the individuals represented in the datafiles. Health Data Nova

Scotia has been entrusted with the administrative health data by the Nova Scotia
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Department of Health for research purposes and is responsible for maintaining

confidentiality and security of patient data.

3.4 VARIABLES

3.4.1 Exposure of Interest

The exposure is mode of delivery, categorized as vaginal delivery or CS. This
includes both planned and unplanned deliveries with or without complications or

assistance.

3.4.2 Outcomes

The primary outcome was OM, examined as 1) the time until first OM episode;
and 2) the number of OM episodes. An episode of OM was defined as a physician visit or
hospital stay with an ICD code for non-suppurative or suppurative OM (ICD-9: 381-382;
ICD-10-CA: H65-66). If one episode occurred within 30 days of another visit, it was not
considered a distinct episode (8). The ICD-9 diagnostic codes available between 1989
and 1997 in the physician billings database did not provide information on subtype of
OM, and thus the diagnostic information available in this study was limited to the top two
levels of the ICD codes for OM (i.e. suppurative and nonsuppurative). A diagnosis of
OM was disregarded if it occurred within the first 60 days of life due to physical
constraints and difficulties in examining the ear at such a young age (127). Individuals
whose only OM diagnosis was within the first 60 days were thereafter treated as never
having OM. Time until first OM episode was assessed from 60 days of age until
emigration out of Nova Scotia, death, age 21 years, or the end of the study period,
whichever occurred first.

Our secondary outcome was the number of health care visits with a diagnosis of
an AD. The AD included in this study were allergic rhinitis, atopic dermatitis,
conjunctivitis, and asthma. Diagnosis of specific conditions was based on the number of
ICD codes. Allergic rhinitis was defined with ICD-9: 477 and ICD-10: J30-31. Atopic
dermatitis was defined with ICD-9: 691.8 and ICD-10-CA: L20. Conjunctivitis was
defined with ICD-9: 372.0 and ICD-10-CA: H10.1-10.4. Asthma was defined with ICD-
9: 493 and ICD-10: J45. Data for the outcomes was collected from physician billing and
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hospital discharge abstract databases. As with OM, the number of health care visits was

assessed until the age of 21 years.

3.4.3 Potential Confounders and Mediating Variables

Information regarding confounding and mediating variables came from the
NSAPD. Maternal pre-pregnancy weight was a principal confounding variable in both
objectives. An infant’s birth weight was expressed as sex- and gestational age-specific
birth weight z-scores according to the Canadian reference population by Kramer et al.
(128), and they were categorized as small for gestational age (<10 percentile),
appropriate for gestational age (10" to 90™ percentile), or large for gestational age (>90™"
percentile). Any smoking reported during pregnancy was regarded as maternal smoking
during pregnancy. Socioeconomic status was represented by area level household income
quintile (derived from Census information linked with a resident’s postal code at birth)
(129). Rural residence (vs. urban residence) was determined by a ‘0’ as the first number
in the postal code at the time of birth. Other potential confounding variables included sex,
gestational age, parity (categorized as 0, 1, 2, and > 3), and maternal age (less than 20
years old, 20 years old or greater).

Breastfeeding was a mediating variable in this analysis. The NSAPD contains
information regarding the intent to breastfeed and breastfeeding initiation. Breastfeeding
at discharge was used as a proxy to assess whether infants were breastfed or not.

All variables used in the analyses were categorical. For ordinal variables, the
category which had the smallest or lowest value was used as the referent category (e.g.
the referent for birthweight was small for gestational age). All dichotomous variables

used ‘no’ as the referent category.

3.4.4 Justification For Covariates

A directed acyclic graph (DAG) was used to identify the confounding variables.
Directed acyclic graphs are graphical representations of causal relationships and can be
used to determine the minimum number of variables for an analysis (130). Known
associations identified in previous literature were used to create the causal pathways in
the graph. Following the removal of any mediating pathways, ten key confounders

remained (Figure 3.2). Other variables included in the analysis that are not shown in the
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DAG are child characteristics including sex and preterm birth, both of which are
associated with CS and OM (88,126,131-134). It is also worth noting the unavailability
of certain variables, e.g. childhood obesity, in the dataset. As such, other variables were

used to represent unavailable variables.

Sociodemographic

Y

Smoking

> Obesity

pprw 4 CS > AD >OM

| > BF T

Figure 3.1 Directed acyclic graph depicting the confounding variables and their
interactions with each other. Note: CS = Caesarean section, OM = otitis media,
Obesity = childhood obesity, BW = birth weight, PPW = maternal pre-pregnancy
weight, BF = breastfeeding, Smoking = smoking during pregnancy, AD = allergic
disorder.

3.5 DATA MANAGEMENT

In total, the longitudinal dataset had approximately 5 million observations
spanning over 48,790 children. Every participant had multiple observations, each of
which corresponded to an individual diagnosis. Many variables, primarily relating to
birth and shortly thereafter, were constant in all observations per individual. Variables
relating to a diagnosis were specific to that observation and were not constant in all
observations per individual. Following all data management, the longitudinal dataset was

collapsed to one observation per individual by creating new variables to summarize
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information obtained from the longitudinal format (e.g. each individual’s number of visits
for OM).

From the initial 48,790 births in the cohort, 1,340 were removed due to missing or
implausible birth weight and gestational age information. An additional 4,451 could not
be linked to administrative health data which resulted in a dataset of 42,999 children. An
additional two individuals were removed from the dataset as their length of follow-up
was one day. The final dataset had 42,997 children. The elimination process is
summarized in Figure 3.2.

Maternal height was not recorded prior to 2003; therefore, I used weight
categories that approximated standard BMI categories (neither overweight or obese [<25
kg/m?], overweight [25 to <30 kg/m?], and obese [>30 kg/m?]) from maternal weight
using a regression model based on data from 77,297 mothers for whom height and weight
were recorded in the NSAPD from 2003-2015. The sensitivity of these weight-based
categories was between 89 and 96%, and the specificity was between 90 and 95%.
Weight status was then reduced from four to three categories by combining women
classified as underweight and normal weight into one category.

Maternal age and gestational age were converted into the categorical variables
young (<20 or >20 years at time of delivery) and preterm (preterm, <37 weeks; term, >37
weeks), respectively. Marital status was reduced to two categories: 1) married or
common-law, or 2) single, widowed, divorced or separated. All other variables were
recorded as categorical variables.

We applied the same data management and variable creation process to the
second cohort. An additional variable was created in the original dataset to calculate the
number of OM episodes before the age of 7 years, which is the maximum age in the
second cohort. Prior to appending the two datasets, the cohort variable was created to

determine in which cohort the individuals belonged.
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48,790 births from the Atlee

| 1,340 removed due to implausible
birthweight and gestational age information
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47,450
d 4,451 could not be linked to administrative
data
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» 2 had follow up of zero days
42,‘_;-397

Figure 3.2 Process for elimination of children from the Nova Scotia Atlee
Perinatal Database born between 1989 and 1993.

3.5.1 Missing Data

Missing values for the following confounding variables were imputed using the
hot deck method: smoking status during the pregnancy, mother’s single status, area level
household income quintile, parity, pre-pregnancy weight status, and breastfeeding. Hot
deck imputation replaces missing values with recorded values from other individuals
(donors) based on similar indicator variables (135). The selection of indicator variables
differed for each variable being replaced, and they were chosen based on previously
known risk factors and associations, and chi-square tests for significant differences. Each
indicator variable was recorded in the NSAPD at or around time of birth; therefore, each
indicator variable is identical in all observations per individual. As such, the hot deck
imputation was conducted based on one line per individual. Summary statistics
comparing means and standard deviations before and after imputation were conducted for
each variable. The same procedures were repeated to replace missing data from the

secondary cohort.
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3.6 STATISTICAL ANALYSIS

3.6.1 Descriptive Statistics

Demographic and clinical characteristics of the cohort were summarized overall,
by exposure status, and by outcome status. Results are presented as means or proportions,
as applicable. Chi-squared tests and t-tests were used to compare proportions and means

of variables with mode of delivery and outcome status.

3.6.2 Primary Objective: Otitis Media — Risk

To address the first part of the primary research objective, a Cox proportional
hazards model was used to compare the risk of having an OM episode between children
born by CS and children born vaginally. For all children who did not have an OM
episode, they were followed until the end of their health care insurance coverage
(indicating death or emigration) or the end of the study period, December 31, 2014,
whichever came first.

Each of the ten covariates were individually included in the Cox proportional
hazards model to assess hazard ratios (HR) with 95% CI. The ten covariates were added
to the model incrementally: sex, preterm birth, parity, maternal age, maternal smoking
during pregnancy, area level household income, area of residence (Model 1), maternal
pre-pregnancy weight status (Model 2), and birth weight for gestational age (Model 3). In
a fourth model, the effect of breastfeeding as a mediating variable was assessed by
adding it to Model 3. Hazard ratios and 95% CI were reported for each of the four
models.

Kaplan Meier curves were generated to visually present the survival function for
the time until first OM episode. The graph was used as an initial assessment of the
proportionality of the Cox proportional hazards model. Visual inspection of the log plot
and comparison of the HR before and after 7 years were also used to assess

proportionality.

3.6.3 Primary Objective: Otitis Media — Number of Episodes
To address the second part of the primary research objective, negative binomial

regression was used to examine the association between birth by CS and the number of
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OM episodes per individual until the age of 21 years. Children who had a follow-up less
than 21 years were excluded from the analysis. The negative binomial distribution is
frequently used to analyze health care utilization data as it provides a better fit than
Poisson regression in the presence of overdispersion (136). If overdispersion is not
modeled, then the variance of inference parameters will be underestimated.

Estimates are presented as IRR with 95% CI. Models were incrementally adjusted

for the ten confounders as previously described in Section 3.6.2.

3.6.4 Sensitivity Analysis

To determine whether the association between CS and OM changed over time, a
sensitivity analysis was conducted using a second dataset, which collected information
about births from January 1, 2003 to December 31, 2007. The Cox proportional hazards
model and negative binomial regression were repeated using the appended dataset to test
an interaction term between CS and cohort. The interaction term was assessed by the
significance of the product term between mode of delivery and cohort. Seven years is the
maximum age all children in both cohorts would have been; therefore, the analyses were
conducted until the age of 7 years. Children who had less than 7 years of follow-up were

excluded from the negative binomial regression analysis.

3.6.5 Three-Level Exposure

To further explore the impact of mode of delivery on the risk and rate of OM
episodes, a three-level exposure variable, delivery, was created: vaginal delivery, CS
before the second stage of labour, and CS in the second stage of labour. The delivery
variable was used in the models from objective one in place of the binary mode of
delivery variable. The analyses excluded children who were born by CS at an unknown
stage of labour (n=410). The negative binomial regression did not include children who

had less than 21 years of follow-up.

3.6.6 Secondary Objective: Allergic Disorders
For the analyses addressing the secondary objective, negative binomial
regression was used to assess the relationship between birth by CS and the number of

visits with an AD diagnosis until the age of 21 years. The model was incrementally
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adjusted for sex, preterm birth, parity, maternal age, maternal smoking during pregnancy,
area level household income, area of residence, maternal pre-pregnancy weight status,

and birth weight for gestational age as previously described. Children who had a follow-

up less than 21 years were excluded from the analysis.

3.7 POWER CALCULATION

The sample size was the number of children born to mothers who were residents
of Nova Scotia at the time of birth from 1989-1993. Given the fixed sample size of
approximately 40,000 children, 0=0.05, and a CS rate of 20%, the power available to
detect a statistically significant association between CS and OM was estimated. With
79% power, the minimally detectable RR is 1.02 assuming 70% of children born
vaginally will have an episode of OM. According to the matrix of power described
below, at least 99% power is available to detect differences in rates of OM with a
minimum RR of 1.06 (Table 3.1). Due to the high number of elective repeat CS, and a
growing number of women choosing elective CS, an increased risk of OM in children
and youth attributed to CS will only be clinically important if the risk is large enough to

dissuade women from having a non-medically indicated CS (21,23).

Table 3.1 Matrix of available power to detect rate ratios with varying otitis media rates
in children born vaginally with a Caesarean section rate of 20%.

Rate Ratio
Rate in Unexposed 1.02 1.04 1.06 1.08
0.40 0.36 0.83 0.99 1.0
0.50 0.48 0.94 1.0 1.0
0.60 0.62 0.99 1.0 1.0
0.70 0.79 1.0 1.0 1.0
0.80 0.94 1.0 1.0 1.0
0.90 1.0 1.0 1.0 1.0

3.8 STATISTICAL SOFTWARE

All statistical analyses were performed using Stata SE v13 (Stata Corp., College
Station, TX, US).
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3.9 ETHICS APPROVAL

This study was approved by the IWK Health Centre Research Ethics Board (File
#1015756), the Health Data Nova Scotia Data Access Committee, and the Joint Data

Access Committee.
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CHAPTER 4: RESULTS
4.1 COHORT CHARACTERISTICS

The final dataset had a total of 42,997 children. Characteristics of the cohort are
summarized by mode of delivery and OM outcome status and presented as proportions
and counts by mode of delivery in Table 4.1 and OM outcome status in Table 4.2.

Roughly 18% of mothers were either single, widowed, divorced, or separated, and
7% of mothers were less than 20 years old at the time of delivery. Approximately 70% of
mothers were classified as neither overweight or obese; overweight and obese mothers
each accounted for 15% of the mothers in this cohort. Area level household income status
was evenly distributed among the lowest four quintiles with roughly 20%; the highest
quintile consisted of only 16% of mothers. Additionally, area of residence was
comparable between groups with 42% of the population living in rural areas.

Almost 30% of mothers smoked during the pregnancy. Many women (47%)
experienced excessive weight gain during the pregnancy according to the Institute of
Medicine guidelines (137), but only 3% had gestational diabetes. Many children in this
cohort (44%) were firstborns or an only child. The proportion of women falling into a
parity category decreased as the parity number increased.

Most children had an appropriate birth weight for gestational age; small and large
birth weights each accounted for roughly 10% of the cohort. Only 5% of children in the

cohort were born prematurely.

4.1.1 Maternal Characteristics

Several variables were significantly different by mode of delivery including
maternal age less than 20 years at time of birth, pre-pregnancy weight status, marital
status, and maternal asthma. Neither area level household income status nor rural area of
residence differed significantly by mode of delivery (Table 4.1). Weight status, marital
status, and area level household income were significantly different by outcome status of
the child, whereas maternal age less than 20 years, maternal asthma, and rural residence

did not differ by outcome status (Table 4.2).
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4.1.2 Pregnancy Characteristics

Pregnancy-related variables that were significantly different by mode of delivery
include gestational diabetes, pregnancy weight gain, parity, and breastfeeding initiation
(Table 4.1). Smoking during pregnancy, pregnancy weight gain, and parity were
significantly different by outcome status of ever or never having OM. Gestational

diabetes and breastfeeding initiation did not differ by outcome status (Table 4.2).

4.1.3 Child Characteristics

A total of 8,172 (19.0%) children were born by CS in this study. The proportion
of males born by CS was significantly higher than those born by vaginal delivery;
additionally, birthweight for gestational age and preterm birth were also significantly
different by mode of delivery (Table 4.1). In contrast, only male sex was significantly

different by outcome status (Table 4.2).
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Table 4.1 Maternal, pregnancy and child characteristics overall and by delivery status of

the child expressed as percent and frequencies.

Total Caesarean Vaginal P-value'
Section Delivery
Children 42,997 8,172 34,827
Maternal Characteristics
Age <20 years 69 (2944) 43 (347 75 (2,597) <0.001
Weight status

Not overweight, not obese 69.5 (29,894) 63.5 (5,186) 71.0 (24,708) <0.001

Overweight 16.0 (6,881) 16.3 (1,330) 159 (5,551)

Obese 14.5 (6,222) 20.3 (1,656) 13.1 (4,566)
Marital status (single) 18.4 (7,903) 16.6 (1,357) 18.8 (6,546) <0.001
Maternal asthma 32 (1,372) 3.8 (308) 3.1 (1,064) <0.001
Area level household income

Q1 20.5 (8,810) 19.6 (1,604) 20.7 (7,2006) 0.166

Q2 22.0 (9,474) 22.7 (1,860) 219 (7,614)

Q3 212 (9,097) 214 (1,751) 21.1 (7,346)

Q4 20.3 (8,745) 20.2 (1,653) 20.4 (7,092)

Q5 16.0 (6,871) 16.0 (1,304) 16.0 (5,567)

Rural residence 41.9 (18,005) 41.3 (3,372) 42.0 (14,633) 0.213
Pregnancy Characteristics

Smoked during pregnancy 29.7 (12,766) 29.5 (2,411) 29.7 (10,355) 0.681
Gestational diabetes 2.6 (1,099) 39 (320) 2.2 (779) <0.001
Pregnancy weight gain'?

Inadequate 19.6 (7,044) 16.1 (1,111) 204 (5,933) <0.001

Adequate 334 (11,981) 29.6 (2,039) 343 (9,942)

Excessive 47.1 (16,902) 54.3 (3,748) 45.3 (13,154)

Parity

1 44.1 (18,965) 48.4 (3,956) 43.1 (15,009) <0.001

2 35.6 (15,314) 34.1 (2,787) 36.0 (12,527)

3 14.5 (6,226) 13.3 (1,084) 14.8 (5,142)

4+ 5.8 (2,492) 42 (345 6.2 (2,147)
Breastfeeding initiation 54.4 (23,373) 49.7 (4,060) 55.5 (19,313) <0.001
Child Characteristics
Birth weight for gestational age

Small 10.5 (4,515) 12.1 (986) 10.1 (3,529) <0.001

Appropriate 77.8 (33,446) 723 (5,907) 79.1 (27,539)

Large 11.7 (5,036) 15.7 (1,279) 10.8 (3,757)
Preterm birth 53 (2,275) 9.1 (744) 44 (1,531) <0.001
Male sex 50.7 (21,797) 52.6 (4,296) 50.3 (17,501) <0.001

TP-values are from Chi-squared tests.
""Pregnancy weight gain categories are defined according to institute of Medicine

guidelines. Missing values for weight gain were not imputed resulting in fewer

observations, n=34,927.
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Table 4.2 Maternal, pregnancy and child characteristics overall and by otitis media
status of the child expressed as percent and frequencies.

Total Never had OM Ever had OM  P-value'
Children 42,997 3,193 39,806
Maternal Characteristics
Age <20 years 6.9 (2,944) 7.5 (240) 6.8 (2,704) 0.117
Weight status
Not overweight, not obese 69.5 (28,894) 71.6 (2,285) 694 (27,609) 0.025
Overweight 16.0 (6,881) 152  (484) 16.1 (6,397)
Obese 145 (6,222) 132  (422) 14.6 (5,800)
Marital status (single) 18.4 (7,903) 214  (683) 18.1 (7,220) <0.001
Maternal asthma 32 (1,372) 2.7 (85 3.2 (1,287) 0.055
Area level household income
Q1 20.5 (8,810) 24.1  (769) 20.2 (8,041) <0.001
Q2 22.0 (9,474) 227 (723) 22.0 (8,751)
Q3 21.2 (9,097) 194  (620) 21.3 (8477)
Q4 20.3 (8,745) 19.1 (610) 20.4 (8,135)
Q5 16.0 (6,871) 147 (469) 16.1 (6,402)
Rural residence 41.9 (18,005) 40.7 (1,300) 42.0 (16,705) 0.177
Pregnancy Characteristics
Smoked during pregnancy 29.7 (12,766) 31.3 (1,000) 29.6 (11,766) 0.034
Gestational diabetes 2.6 (1,099) 2.9 93) 2.5 (1,006) 0.182
Pregnancy weight gain'®
Inadequate 19.6 (7,044) 228 (600) 19.4 (6,444) <0.001
Adequate 33.4 (11,981) 33.6  (882) 33.3 (11,099)
Excessive 47.1 (16,902) 43.6 (1,147) 47.3 (15,755)
Parity
1 44.1 (18,965) 39.3 (1,255) 44.5 (17,710) <0.001
2 35.6 (15,314) 36.2 (1,156) 35.6 (14,158)
3 145 (6,226) 16.5 (525) 14.3 (5,701)
4+ 5.8 (2,492) 80 (255 5.6 (2,237)
Breastfeeding initiation 544 (23,373) 54.6 (1,743) 543 (21,630) 0.757
Child Characteristics
Birth weight for gestational age
Small 10.5 (4,515) 108 (344) 10.5 (4,171) 0.400
Appropriate 77.8 (33,446) 782 (2,496) 77.8 (30,950)
Large 11.7 (5,036) 11.0 (351) 11.8 (4,685)
Preterm 5.3 (2,275) 49 (157) 53 (2,118) 0.331
Male sex 50.7 (21,797) 49.1 (1,567) 50.8 (20,230)  0.062

TP-values are from Chi-squared tests.
""Pregnancy weight gain categories are defined according to institute of Medicine

guidelines. Missing values for weight gain were not imputed resulting in fewer

observations, n=34,927.
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4.1.4 Outcome Characteristics

A total of 96.6% (41,540) of children had either OM, AD, or both. Among those
who had at least one OM episode or AD diagnosis, 68.4% had at least one OM episode
and AD diagnosis, 24.1% had at least one OM episode and no AD diagnosis, and 4.1%
had no OM episode and at least one AD diagnosis. The remaining 3.4% had neither an
OM episode nor an AD diagnosis.

Time Until First Otitis Media Episode

Among those who ever had OM, the median time until first OM episode was 287
days with a range of 8,956 days (approximately 24 years and 6 months; interquartile
range [IQR] 163-598 days) (Table 4.3; Figure 4.1). For those born by CS, the median and
range was 291 days and 8,665 days (approximately 23 years 9 months; IQR 166-604
days), respectively; those born vaginally had a median and range of 286 days and 8,956
days (approximately 24 years and 6 months; IQR 162-596 days), respectively.

Overall, 23.5% (10,125) of the cohort had a follow-up that ended before the study
end date of December 31, 2014. Among children who did not experience an OM episode,
35.2% (1,123/3,191) had a follow-up that ended before the study period end date.

Table 4.3 Proportion of children with first otitis media episode by age.

Age (years) Proportion

<1 59.6
1 19.9
2 7.4
3 4.5
4 2.8

=5 5.8
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Figure 4.1 Age at first otitis media episode by mode of delivery.

Number of Otitis Media Episodes

A total of 39,806 children (92.6%) had at least one OM episode, with some
children experiencing as many as 64 episodes (IQR 2-9) (Figure 4.2). Among those who
ever had OM, 32,203 (80.9%) children were born vaginally and 7,603 (19.1%) children
were born by CS. The median number of OM episodes was 5 overall and by vaginal or

CS delivery. The median number of visits per episode was 5.

38



Vaginal Delivery Caesarean Section

10

o T T T T T T T T T T

0 20 40 60 0 20 40 60

Number of otitis media episodes

Figure 4.2 Proportion of children with the number of otitis media episodes by mode of
delivery between 60 days old to 21 years.

Allergic Disorders

For the secondary outcome, 72.1% (30,993) of children had at least one visit with
an AD diagnosis with some experiencing more than 150 visits (IQR 1-7) (Table 4.4;
Figure 4.3). Among those who had at least one visit with an AD diagnosis, 24,984
(80.6%) children were born vaginally and 6,009 (19.4%) children were born by CS. The
median number of visits with an AD diagnosis was 2 overall and by delivery status.

We further examined the proportion that each of the four AD contributed towards
all primary AD diagnoses (Figure 4.4). Asthma contributed the greatest percentage
towards all primary diagnoses accounting for 74.8% of diagnoses. Atopic dermatitis and
allergic rhinitis contributed a small percentage with 17.0% and 7.8%, respectively.
Conjunctivitis was responsible for less than 0.5% of AD diagnoses. Given that these are
primary diagnoses, these percentages do not include secondary and tertiary diagnoses and

therefore do not address multiple diagnoses within one visit.

39



Table 4.4 Proportion and frequency of the number of visits with an allergic disorder
diagnosis.
Number of Visits Proportion Frequency

(%) (n= 42,997)

0 28.2 12,136

1 19.7 8,467

2 12.5 5,384

3 8.1 3,463

4 5.5 2,380

>5 26.0 11,167
Vaginal Delivery Caesarean Section
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The number of allergic disorder diagnoses
Figure 4.3 Proportion of children with the number of allergic disorder diagnoses for
asthma, allergic rhinitis, atopic dermatitis or conjunctivitis by mode of delivery
between 60 days old to age 21 years.
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Figure 4.4 Percent each of the four allergic disorder types contributes towards all
primary allergic disorder diagnoses.

4.1.5 Missing Values

In this cohort, 17.2% (7,407) of children had at least one missing value in the six
variables that were imputed (i.e. smoking status during the pregnancy, mother’s marital
status, area level household income quintile, parity, pre-pregnancy weight status, and
breastfeeding). Overall, 15.5% (6,667) of children had one missing value, 1.6% (706) had
two missing values, 0.1% (33) had three missing values, and one individual had four
missing values. The proportion of children with missing values that were imputed for
each of the six variables is as follows: smoking status during the pregnancy, 5.1%;
mother’s marital status, 2.6%; area level household income quintile, 1.4%; parity, <0.1%;

pre-pregnancy weight status, 9.2%; and breastfeeding, 0.7%.
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4.2 MAIN RESULTS

4.2.1 Primary Objective: Otitis Media — Risk

The results from part one of the first objective are summarized in Table 4.5. The
unadjusted model showed a non-significant HR of 1.01 (95% CI 0.99-1.04) for the risk of
having an OM episode among those born by CS compared to those born vaginally. The
addition of confounding variables to the model had no effect on the HR.

To test the proportionality assumption, the Kaplan-Meier survival estimate curves
were examined for overlapping curves. Given the proximity of the curves to one another,
the presence of overlap could not be determined conclusively (Figure 4.5). Therefore, an
analysis stratified by time (60 days-7 years, >7 years) was conducted and showed non-
significant results for both time periods. The HR for the risk of having an OM episode
was 0.98 (95% CI 0.96-1.01, n=39,170) before 7 years old and 1.02 (95% CI 0.87-1.19,
n=3,787) after 7 years. A comparison of the log plots demonstrated curves that were
approximately parallel (Figure 4.6). Lastly, the proportionality assumption was checked
using time-dependent covariates. Results showed that out of the nine confounding
variables, only birth weight category was non-significant over time demonstrating that

the proportionality assumption was met.

Table 4.5 Hazard ratios with 95% confidence intervals for the relationship between birth
by Caesarean section and the risk of having an otitis media episode (n=42,959).

Adjustments* Hazard Ratio 95% Confidence
Interval

Unadjusted 1.01 0.99-1.04

Model 1 1.01 0.99-1.04

Model 2 1.01 0.98-1.03

Model 3 1.01 0.98-1.03

Model 3 plus breastfeeding 1.01 0.98-1.03

*Model 1 was adjusted for sex, preterm birth, area level household income, parity,
maternal smoking during the pregnancy, rural residence at time of birth, and maternal age
less than 20. Model 2 was adjusted for variables in Model 1 plus maternal weight status.
Model 3 was adjusted for variables in Model 2 plus birth weight for gestational age.
Model 3 plus breastfeeding was adjusted for the potential mediator breastfeeding.
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Figure 4.5 Kaplan-Meier curve for the risk of having an otitis media episode,
stratified by mode of delivery.
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Figure 4.6 Log plot of the survival probability for the risk of having an otitis media
episode by mode of delivery.
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4.2.2 Primary Objective: Otitis Media — Number of Episodes

Results addressing part two of the first objective, which aimed to determine the
association between mode of delivery and the number of OM episodes, are reported in
Table 4.6. Before adjusting for potential confounders, the rate of OM episodes was 8%
higher for children born by CS than children born vaginally (IRR 1.08, 95% CI 1.06-
1.11). After adjusting for all potential confounders (Model 3), the estimated difference
between the groups was attenuated (IRR 1.06, 95% CI 1.04-1.09).

A total of 6,579 children were excluded from the analysis due to follow-up times
less than 21 years. Performing the analysis with all children, rather than excluding those
who did not have complete follow-up times, produced results with no or negligible

differences.

Table 4.6 Incidence rate ratios with 95% confidence intervals for the relationship
between birth by Caesarean section and the number of otitis media episodes (n=36,418).

Adjustments® Incidence Rate 95% Confidence
Ratio Intervals

Unadjusted 1.08 1.06-1.11

Model 1 1.07 1.04-1.09

Model 2 1.06 1.03-1.08

Model 3 1.06 1.04-1.09

Model 3 plus breastfeeding 1.06 1.03-1.08

*Model 1 was adjusted for sex, preterm birth, area level household income, parity,
maternal smoking during the pregnancy, rural residence at time of birth, and maternal age
less than 20. Model 2 was adjusted for variables in Model 1 plus maternal weight status.
Model 3 was adjusted for variables in Model 2 plus birth weight for gestational age.
Model 3 plus breastfeeding was adjusted for the potential mediator breastfeeding.
4.2.3 Sensitivity Analysis

The results from the sensitivity analysis using fully adjusted models are reported
in Table 4.7. For the interaction between mode of delivery and cohort, the interaction
term in the fully adjusted Cox proportional hazards model was statistically significant
with a HR of 1.10 (95% CI 1.06-1.14), whereas the interaction in the negative binomial
regression model was not statistically significant (IRR 1.01, 95% CI 0.98-1.05).

When considering results from the first 7 years of life, the Cox proportional

hazards model for those born between 2003 and 2007 showed a higher HR as compared

to those born between 1989-1993; the negative binomial regression showed similar IRR
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between the two birth cohorts, but those born in the second cohort between 2003 and
2007 had a higher IRR (Table 4.7). The HR and IRR from the first 7 years were
calculated from the combined dataset as it considered the distribution of covariates from
both cohorts. There were 39,364 children in the second birth cohort which yielded a total
of 82,361 children in the combined cohort; however, 6,040 children were excluded from
the negative binomial regression model due to follow-up times less than 7 years, which

resulted in 76,321 children for the analysis.

Table 4.7 Hazard ratios (95% confidence intervals) for the relationship between birth by
Caesarean section and the risk for having an otitis media episode and incidence rate ratios

(95% confidence intervals) for the number of otitis media episodes in children born
between 1989-1993 and 2003-2007.

HR (95% CI) IRR (95% CI)

Interaction term 1.10 (1.06-1.14) 1.01 (0.98-1.05)
Birth cohort 1989-1993  0.98 (0.95-1.00) 1.04 (1.02-1.06)
Birth cohort 2003-2007  1.07 (1.05-1.10) 1.06 (1.03-1.08)

4.2.4 Three-Level Exposure

The three-level used data for 42,587 children born from 1989-1993; 81.0% were
born vaginally, 14.5% were born by CS before the second stage of labour, and 3.5% were
born by CS during the second stage of labour.

As reported in Table 4.8, children born in any individual category of CS defined
by the stage of labour in which surgery was done (i.e. before second stage or during
second stage) were not at a higher risk of developing OM than children born vaginally in
the fully adjusted Cox proportional hazards model (n=42,550). The fully adjusted
negative binomial regression model (n=36,066) demonstrated that compared to a vaginal
delivery and CS in the second stage of labour, children delivered by CS before the second
stage of labour had the highest OM episode rate with an IRR of 1.06 (95% CI 1.03-1.09).
Birth by CS in the second stage of labour was not statistically significant in the fully

adjusted model.
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Table 4.8 Incidence rate ratios for the relationship between mode of delivery and the risk
for having otitis media and the number of otitis media episodes.

Adjustments*  Vaginal CS before the CS in the
delivery second stage of second stage of
labour labour
Risk of OM, Unadjusted 1.00 1.02 (0.99-1.05)  0.98 (0.93-1.04)
HR (95% CI) Model 1 1.00 1.02 (0.99-1.05)  0.99 (0.94-1.05)
(n=42,550) Model 2 1.00 1.01 (0.99-1.04)  0.99 (0.94-1.04)
Model 3 1.00 1.01 (0.99-1.04)  0.99 (0.93-1.04)
Number of OM  Unadjusted 1.00 1.08 (1.05-1.11)  1.08 (1.03-1.14)
episodes, IRR  Model 1 1.00 1.07 (1.04-1.10)  1.05 (1.00-1.11)F
(95% CI) Model 2 1.00 1.06 (1.03-1.09)  1.04 (0.99-1.10)
(n=36,066) Model 3 1.00 1.06 (1.03-1.09)  1.05 (0.99-1.10)

*Model 1 was adjusted for sex, preterm birth, area level household income, parity,
maternal smoking during the pregnancy, rural residence at time of birth, and maternal age
less than 20. Model 2 was adjusted for variables in Model 1 plus maternal weight status.
Model 3 was adjusted for variables in Model 2 plus birth weight for gestational age.
Model 3 plus breastfeeding was adjusted for the potential mediator breastfeeding.

"Statistically non-significant

4.2.5 Secondary Objective: Allergic Disorders

The second objective was to determine the association between mode of delivery

and the number of visits with an AD diagnosis; results are reported in Table 4.9. The

unadjusted model showed an 8% increase in rate (IRR 1.08, 95% CI 1.04-1.12) for

diagnoses of AD among those born by CS compared to those born vaginally. The

increased rate remained significant for the four adjusted models; the model adjusting for
all confounding variables showed a 5% (IRR 1.05, 95% CI 1.00-1.09) increase in rate for
those born by CS compared to those born vaginally.

The analysis excluded 6,579 children whose follow-up time was less than 21

years. Performing the analysis using all children, as opposed to only including children

who had a follow-up time to the age of 21 years, resulted in IRRs that were slightly

attenuated in the fully adjusted model.
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Table 4.9 Incidence rate ratios for the relationship between birth by Caesarean section
and the number of visits with an allergic disorder diagnosis (n=36,418).

Adjustments* Incidence Rate 95% Confidence
Ratio Interval

Unadjusted 1.08 1.04-1.12

Model 1 1.05 1.01-1.09

Model 2 1.04 1.00-1.097

Model 3 1.05 1.00-1.09"

Model 3 plus breastfeeding 1.04 1.00-1.09777

*Model 1 was adjusted for sex, preterm birth, area level household income, parity,
maternal smoking during the pregnancy, rural residence at time of birth, and maternal age
less than 20. Model 2 was adjusted for variables in Model 1 plus maternal weight status.
Model 3 was adjusted for variables in Model 2 plus birth weight for gestational age.
Model 3 plus breastfeeding was adjusted for the potential mediator breastfeeding.
*Confidence interval 1.004-1.087

""Confidence interval 1.004-1.087

""fConfidence interval 1.003-1.086
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CHAPTER 5: DISCUSSION

The aim of this study was to determine whether mode of delivery was, first,
associated with OM, and, second, associated with AD in Nova Scotia children. Results
demonstrated no increased risk for acquiring OM, but did show an increased rate of OM
episodes among children born by CS compared to children born by a vaginal delivery.
Additionally, an increased rate of physician and hospital visits with an AD diagnosis

among those born by CS than a vaginal delivery was observed.
5.1 MAIN RESULTS

5.1.1 Primary Objective: Otitis Media

The risk of acquiring OM did not differ by mode of delivery in this study, but the
number of OM episodes was higher among those born by CS compared to those born
vaginally. To my knowledge only four studies have examined the association between
mode of delivery, three of which looked at the risk or odds of having OM, but none have
examined the association between mode of delivery and the rate of OM episodes. Out of
the three studies, only Mansueti et al. (11) showed a statistically significant association
between birth by CS and OM (OR 2.23, 95% CI 1.49-3.34) as compared to birth by
vaginal delivery (12,126). The findings from the present study are in line with those from
previous studies, but they show a non-significant risk estimate closer to the null. The
interpretation of these results in the context of the current literature should be done with
caution as all studies used different methods and outcome measures.

It is particularly important to interpret the results of part two in the context of the
results from part one. Given that the overall risk for OM is the same by mode of delivery,
it is possible that children born by CS have earlier episodes that are more severe (e.g.
AOM compared to OME) compared to children born vaginally, which could then
predispose these children to ROM (89,138). The risk for ROM increases by 6% for every
month decrease in age at which a child experiences their first AOM before age two years
(138). Since the data in this study do not provide information about the type of OM, it is
possible that children born by CS experienced AOM earlier than children born vaginally.

The biological mechanism behind these findings may be partially explained by

the hygiene hypothesis and the intestinal microflora’s influence on the development of

48



the immune system. Specifically, the bacteria acquired from a vaginal delivery may
provide superior adaptability of the immune system in contrast to bacteria acquired by CS
(124). If such an advantage exists, the prolonged effects on the immune system could
extend throughout childhood and continue to provide an immunological advantage
among vaginally born children compared to CS born children. That is to say, once a child
has their first OM infection, children born by a vaginal delivery are better equipped and
immunologically prepared for future infections thereby explaining the slight increase in
rate of OM episodes among CS born children. This explanation is further strengthened by
the results from the three-level exposure analysis in this study, which showed that only
those born before the second stage of labour had a significant increase in the number of
OM episodes.

It is also possible that the presence of co-conditions fosters an environment
suitable for recurring OM episodes. Obesity, an outcome of birth by CS and a known risk
factor for OM, is one such condition (5,8). As a result of obesity, increased cytokine
levels could affect physiological changes in the middle ear; and further inflammation and
adenoid hypertrophy in and around the middle ear could provide a suitable environment
for further infections (8,101). Adenoid or tonsillar hypertrophy may also be a
consequence of infection or immune system dysfunction (103,139). These structures are
important defense mechanisms against microbes in the respiratory tract and are
consequently a site for bacterial colonization (103,139). Such persistent infections may
lead to tissue hypertrophy and subsequent Eustachian tube dysfunction or OM (103,139).

Most studies examining OM treat it as a binary outcome (having or not having
OM); only few studies examine the number of OM episodes that children experience. The
results from this study show a high median number of episodes per child. A study by
Liese et al. (140) identified that among children who ever had OM in their sample
population, only 2% (21 of 1038) had more than three episodes, with even fewer
experiencing more than four episodes in the first five years of life. Dubé et al. (116)
found that 8% (42 children) of their study population experienced three or more AOM
episodes within the preceding 12 months with a mean of 2.2 and a maximum of 10
episodes. Te Molder et al. (141) found that, in the first four years of life, some children

experienced as many as 12 episodes. In comparison to the current literature, the present
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study identifies a high median number of episodes per child with a substantially larger
range (up to 64 episodes). It is important to note the length of follow-up in this study was
longer than other studies, which may partly explain the seemingly high number of
episodes. Nonetheless, because of the high number of OM episodes observed, it is likely
that misdiagnoses or ICD coding inaccuracies for OM exist.

Similarly, the proportion of children in this study who experienced one or more
episodes of OM is higher compared to previous studies (12,116,126,140-142), though
some studies have reported rates upward of 80% (69,142). The number of children with
OM recorded in the administrative data may overestimate the true number of children
with OM. Diagnoses were based on ICD codes indicating a health care visit in which OM
was investigated, but this does not necessarily mean that the child had OM. It is possible
that a child who was diagnosed with OM had a symptomatically similar illness, such as
an upper respiratory tract infection or an infection in the ear canal, or that a child was

ruled out after he or she presented with symptoms suggestive of OM.

5.1.2 Sensitivity Analysis

When comparing the association between birth by CS and OM between cohorts,
results for the risk of developing OM were statistically significant in the fully adjusted
Cox proportional hazards model, which indicated that the risk depends on cohort
membership. Specifically, the effect of mode of delivery on the risk of developing OM
among children in the second cohort is 1.10 times that of the observed increased risk in
the first cohort. In the context of these results, it is important to note that the birth cohort
born from 1989-1993 did not have a significant increased risk; however, the birth cohort
born from 2003-2007 did.

In the fully adjusted negative binomial regression models, the interaction between
mode of delivery and cohort membership was not statistically significant thereby
indicating that the observed association between mode of delivery and rate of OM

episodes did not change between the cohorts.

5.1.3 Three-Level Exposure
In the present study, children born by CS before the second stage of labour had a
higher rate of OM episodes as compared to children born vaginally. Children born by CS
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during the second stage of labour did not have a significant increase in risk or rate of OM
compared to those born vaginally.

This study subdivided mode of delivery into vaginal delivery, CS before the
second stage of labour, and CS during the second stage of labour. Further subdividing
mode of delivery based on stage of labour at time of CS can offer a greater insight into
the mechanism of the observed relationships; however, results did not show any
differences between the risk and rate of OM between children born by CS at either stage
relative to children born vaginally. Studies previously examining the relationship
between mode of delivery and OM have exclusively considered a vaginal delivery versus
a CS, without consideration of other obstetric factors such as the impact of stage of
labour before CS or the use of instruments during delivery. One meta-analysis, by Huang
et al. (54), examined the association between elective CS, emergency CS, spontaneous
vaginal delivery, and instrumental vaginal delivery with the odds of asthma. In the study,
an elective CS was defined as a planned CS performed on women before the onset of
labour for maternal or fetal indications; emergency CS was performed generally after the
onset of labour for various emergency obstetric indications (54). In contrast to the present
study, which showed that the association between birth by CS before the second stage of
labour and the risk for OM was not statistically significant, Huang et al. found that,
compared to children born vaginally, children born by elective CS had an increased risk
for developing asthma, but children born by emergency CS did not (54). Ultimately, they
used a different outcome and results should not be directly compared to results from the
present study.

Huang et al. suggested that the difference in risk for asthma between elective
versus emergency CS could be explained by smaller gestational age and birthweight of
children born by elective CS compared to those born vaginally (54). Additionally, they
observed an overall increased risk for asthma among children born by CS compared to
children born vaginally and suggested that this observation could be explained by lack of
contact with the vaginal flora (54). Likewise, the findings from this study can also be
interpreted in relation to the gut microbiome hypothesis. During a CS in the second stage
of labour, the child is close in proximity and may come into contact with the birth canal

and, consequently, the beneficial bacteria that are passed on to a child during a vaginal
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delivery (143,144). In contrast, delivery by CS before the second stage of labour would
reduce or eliminate contact with the vaginal flora. Limited exposure to bacteria is still
possible during a CS before the second stage of labour as a result of, for example,
membrane rupture or transmission of bacteria through the placenta via the bloodstream
(145,146). Although no difference between the risk and rate of OM was observed
between children born by CS before the second stage of labour in contrast to children
born by CS during the second stage of labour, the difference between birth by CS and
vaginal delivery is still apparent in the three-level analysis. Nonetheless, the observed 6%
increased rate of OM episodes among children born by CS prior to the second stage of
labour could potentially be influenced by the lack of exposure to the vaginal flora during
delivery.

As previously mentioned, the observations from this analysis further support the
importance of intestinal colonization as a plausible mechanism for the increased number
of OM episodes among children born by CS compared to children born vaginally.
Because only children born before the second stage of labour experienced a significant
increase in the number of OM episodes, as compared to those born during the second
stage and those born vaginally, the findings from the three-level exposure analysis can
suggest only that the increased number of OM episodes can be attributed to the variation
of bacterial colonization between birth by CS and birth by a vaginally delivery; it does
not provide insight into the differences of colonization between birth during specific
stages of labour. Nonetheless, because the risk for OM is not significantly different
between the three categories of delivery, this supports the possibility that the bacterial
colonization and its role in immune development and long-term immune function is the

source of increased number of OM episodes.

5.1.4 Secondary Objective: Allergic Disorders

As compared to children born vaginally, children born by CS were found to have
an increased rate of visits with an AD diagnosis defined as having asthma, atopic
dermatitis, allergic rhinitis, or conjunctivitis.

The literature on the association between mode of delivery and AD is conflicting.
While some studies have found an increased risk for AD, few have considered the four

disorders in the present study as a single outcome. Rather, many studies have looked at
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the association between mode of delivery on AD outcomes individually. Overall,
however, the increased rate of AD diagnoses identified in the present study is in line with
many previous studies which examined either one or multiple of the four AD included in
the definition for AD used in this study (50,53-59,147,148). As with the first objective, it
is important to note that many studies did not examine the rate of visits with an AD
diagnosis, but rather the risk for AD. The present study did not examine the risk for AD
as there is, to the best of my knowledge, currently no definition for having AD based on
administrative health data.

Although the outcome in this study was AD, it is important to understand what
contributes to such a definition. In this study, asthma was responsible for 75% of primary
AD diagnoses, followed by atopic dermatitis and allergic rhinitis. Conjunctivitis
contributed a negligible amount to primary AD diagnoses. It should be noted that results
from this study are for the aggregate outcome of having any of the four AD; the findings
do not mean that each individual diagnosis will have the same increased rate as the
overall definition of AD.

One study, by Renz-Polster et al. (50), examined the association between mode of
delivery and the development of multiple AD as a single outcome. Their definition of AD
included diagnoses for allergic rhinoconjunctivitis, atopic dermatitis, and asthma. They
found an increased risk for AD among children born by CS compared to children born
vaginally (50). Compared to the present study, their results demonstrated a similar but
more pronounced association with an OR of 1.23 (95% CI 1.06-1.43) (50).

Several studies have looked at asthma as a single outcome. Asthma, which is the
most prevalent of the four disorders in this study, has previously been found to be
positively associated with CS (50,53-58,147), though others did not find significant
associations (59,60).

To a lesser extent, results regarding the association between mode of delivery and
atopic dermatitis have varied (50,58,60—62,149). To my knowledge, only one study has
found a statistically significant positive association (59).

Findings are even less consistent for allergic rhinitis and rhinoconjunctivitis.
Several studies have identified an increased risk for allergic rhinitis or allergic

rhinoconjunctivitis following birth by CS compared to vaginal delivery (50,60,61,147—
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149). Only two studies reported a statistically significant 37% (OR 1.37, 95% CI 1.14-
1.63) and 60% (OR 1.60, 95% CI 1.01-2.55) increase in odds for allergic
rhinoconjunctivitis and allergic rhinitis, respectively (50,148); however, the latter study
found that the increase in odds was only significant among children whose parents had a
history of asthma (148).

Many authors of studies in which an association between mode of delivery and
asthma was observed turned to the hygiene hypothesis as a possible explanation whereby
the altered or delayed intestinal bacterial colonization predisposes children to AD (52—
56,58—60). Others have suggested that CS is a risk factor for respiratory problems, which
in turn predispose children to asthma (52,147). The increased risk of asthma after CS has
also been attributed to environmental factors and their interaction with the genetic
makeup of children (53,56,148). Authors who identified associations between mode of
delivery and other AD have also turned to the hygiene hypothesis and a lack of growth
factors and regulatory cytokines following birth by CS (50,60,147,148).

5.2 HEALTH CARE COSTS

Given that the results demonstrated a weak association, it is worthwhile to
examine the impact on health care and resource utilization. To determine the financial
impact of the OM episodes, the difference in mean cost of physician visits for OM over a
child’s first 21 years of life between those born by CS and those born vaginally was
calculated using 2014-dollar value (150). Results showed that during childhood life,
children born by CS experienced 0.4 more OM episodes than children born vaginally,
and, on average, an additional $23.17 was spent per child born by CS than per child born
by vaginal delivery. While this finding is statistically significant, it is negligible from a
public health perspective. The additional cost attributed to OM among those born by CS
equated to $176,162 in the entire cohort, which is less than 1% of the total cost of all OM
episodes. Nonetheless, the total cost of OM attributed to the entire cohort, whether born
vaginally or by CS, was approximately $17.7 million, highlighting the large burden all

OM episodes have on the health care system.
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5.3 STUDY STRENGTHS AND LIMITATIONS

5.3.1 Strengths

The present study is the first of its kind to examine the relationship between mode
of delivery and the risk and rate of OM. Two major strengths to this study are the large,
longitudinal, population-based sample and the scope of the available data. The size of this
cohort is substantially larger than previous studies (11-13), and it provided sufficient
power to detect at least a clinically meaningful difference in OM episode rates. The study
followed the cohort for up to 25 years of age thereby providing an opportunity to
examine the effect of mode of delivery on OM infections over childhood, adolescence,
and young adulthood.

The second strength of this study is the quality and amount of data used. All data
sources were prospectively collected thereby avoiding recall bias. The broad scope of
available data for potentially confounding variables enabled adjustments to be made for
several key variables, primarily maternal pre-pregnancy weight status, which has not
been done in previous studies.

The generalizability of this study to similar provinces or territories is another
strength. As this is the first study examining the relationship between CS and OM in a
Canadian cohort, it can provide relevant information about the risks for OM and
consequences of CS in the Nova Scotia population. Furthermore, given the similarity of
Canada’s health care system between provinces as compared to other countries, these
findings can be generalized to other similar Canadian populations; nonetheless, health

care and demographic differences exist between provinces and territories (18).

5.3.2 Limitations
Limitations with the design of the study relate primarily to the measurement of
OM diagnosis and the inability to adjust for all potentially confounding variables.
Three limitations relating to the measurement of OM exist: (1) access to health
care providers, (2) the accuracy of a clinical diagnosis of OM in children, and (3) the
accuracy by which OM was coded. Regarding the first limitation of family access to
health care providers, lack of a family physician or not seeking care for OM and

concomitant diseases limits the opportunity to be diagnosed and would have resulted in
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an underestimation of the results. Moreover, certain variables (e.g. rurality or SES) may
have influenced both access to a family physician and the mode of delivery; this may
have provided an opportunity for differential misclassification between exposed and
unexposed children (23). However, this may have only influenced mild cases as mild
cases are capable of resolving without treatment and more severe cases would have been
more likely to seek care (69).

The second limitation addresses the issue that OM is frequently misdiagnosed,
underdiagnosed, or overdiagnosed in children. Asher ef al. (151) concluded that AOM is
frequently misdiagnosed, particularly for simpler cases. They concluded that 38% of their
sample — children with confirmed AOM by tympanocentesis— were initially improperly
diagnosed with ailments unrelated to OM including infection, fever, and respiratory,
gastrointestinal and other illnesses. The potential for misdiagnosis in this study would
have resulted in an underestimation of association (i.e. bias towards the null). Conversely,
overdiagnosis can occur when children present with symptoms similar to those of an OM
infection.

Lastly, misclassification of OM based on ICD coding inaccuracy is likely given
the unusually high median number of OM episodes per child. To my knowledge, no
information is available about the accuracy of OM ICD coding; however, the accuracy of
ICD coding for any condition depends on several factors that can originate from the
patient, clinician, or medical records personnel (152). Misclassification because of these
factors was likely nondifferential between exposed and unexposed children because the
mode of delivery would have been unrelated to symptoms, diagnosis, or diagnostic
coding of OM. It would likely, however, lead to an underestimation of the associations
investigated in this study.

The aforementioned limitations regarding diagnosing OM can also be applied to
AD. Furthermore, a major limitation specific to AD in this study is the inability to
diagnose a child with AD based on the administrative health data thereby making it
impossible to assess the risk of developing AD following birth by CS.

A final limitation is the inability to adjust for all potential confounders associated
with mode of delivery and OM. Specifically, the inability to measure certain confounding

or mediating variables such as maternal education or childhood obesity, respectively.
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Understanding all the potential confounders is currently not possible because the

biological mechanism relating to this relationship has yet to be determined.

5.4 IMPACT AND FUTURE RESEARCH

The clinical and public health relevance and impact of the findings from this
study are minimal given that the rate of OM episodes and rate of the number of visits
with an AD diagnosis only increased by a small amount. With regards to labour and
delivery, the small observed increase in OM and AD rates should not influence the
decision to have a CS. This study can enhance clinical understanding of the risk factors
for OM and consequences of CS. Specifically, interpretation of the results suggests that
birth by CS may exacerbate the severity of or frequency of OM episodes and the number
of AD diagnoses as compared to birth by a vaginal delivery.

Otitis media is a key target for proper antimicrobial stewardship (153,154). The
findings from this study can further support the endeavor towards antimicrobial
stewardship and provide information about who is most burdened by OM and who may
benefit the most from antibiotic administration.

The number of concerns that have arisen about CS for both mother and baby
demonstrate a need for a greater understanding about potential consequences. Evidence
suggests that rates exceeding 10-15% do not improve maternal and newborn outcomes,
but rather increase maternal morbidity and the risk for complications in subsequent
pregnancies (15,17). There are also multiple short- and long-term complications and
health outcomes for mother and child following a CS, including AD, obesity, asthma, and
type 1 diabetes (1,2,5,15). Increasing awareness of these adverse health outcomes and
complications of CS may ultimately reduce the number of unnecessary CS.

The present study has shown that the rate of OM episodes is increased among
children born by CS which may be a result of increased severity of an initial OM
infection or the presence of co-conditions that favour OM recurrence. Future research
should be undertaken to further understand the association between mode of delivery and
the risk and severity of OM. Future studies should examine the influence of co-conditions

and other factors such as type 1 diabetes, asthma, allergic disorders, child obesity,
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physiological anomalies, and antibiotic use by mother and child on the risk and rate of
OM.

Additionally, future research could expand on the impact of various obstetric
factors, such as stage of labour before CS. In addition to increasing the rate of OM, birth
by CS before the second stage of labour may also increase the risk or rate of other health
care concerns such as the development of AD or obesity. It could be worthwhile to
examine these associations to understand the importance of the transmission of bacteria

from mother to child during birth.
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CHAPTER 6: CONCLUSION

This study is the first large, population-based, longitudinal study to examine the
relationship between mode of delivery and OM as well as the relationship between mode
of delivery and physician visits coded with AD diagnoses in children. Otitis media poses
a great burden on individuals and society, and 93% of children in this cohort experienced
at least one episode. Similarly, 72% of children in this cohort experienced at least one
physician visit for AD. The risk for having OM did not differ between children born by
CS compared to children born vaginally; however, children born by CS did experience a
greater number of OM episodes. Likewise, the number of visits with an AD diagnosis is
higher among children born by CS compared to children born vaginally. Possible
explanations for these observations are presented, but future research is needed to gain a
greater understanding of the relationship between mode of delivery and OM. Particularly,
future studies should consider the types of OM and the impact of co-conditions. The
findings from the present study can increase overall awareness of health outcomes and
complications following birth by CS and provide greater understanding of risk factors for
OM. Birth by CS was shown to be a relatively weak risk factor for OM in comparison to
others (e.g., second-hand smoke exposure); nonetheless, it is still important to understand

all evidence such that informed decisions can be made.
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