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ABSTRACT

Background

Obesity is an important public health problem and rates have reached epidemic proportions in
many countries. South Africa has one of the highest rates of obesity in Africa, with about 38%
of the population (and about 44% of adults) estimated to be overweight or obese in 2013.
Caesarean section (CS) as a mode of child delivery has been reported to be associated with a
low bacterial richness that predisposes infants to being overweight or obese; this early life
deprivation is presumed to persist to adulthood. The aim of this study was to determine if mode
of delivery is a predictor of early adulthood overweight or obesity.

Methods

This was a retrospective analysis of data that was collected from a prospective cohort study
(Birth to Twenty Plus) established in 1990. A total of 889 young adults aged 21-24 years were
included in the analysis. Pearson’s chi-square and Kruskal-Wallis tests were used to assess
associations between covariates and BMI categories, and prevalence of overweight or obesity
among young adults, across mode of delivery categories. Multiple logistic regression models
were fitted to examine the association between mode of delivery and early adulthood
overweight or obesity.

Results

Of the 889 participants, 793 (89.2%) were delivered vaginally, 24 (2.7%) were delivered by
assisted VD, and 72 (8.1%) were delivered through CS. The numbers of overweight and obese
young adults were 175 (19.7%) and 106 (11.9%), respectively. Caesarean section was
significantly associated with obesity in young adults, after adjusting for potential confounders
(OR 1.99, 95% CI 1.00-3.94, p=0.049). However, no significant association was observed for
overweight + obese combined.

Conclusion

Caesarean section was statistically associated with early adulthood obesity but not overweight
+ obesity combined. Mothers and physicians should, however, reduce the use of CS as a
delivery procedure unless entirely required. This is due to the higher odds of obesity in later
life, the potential biological link between CS and obesity, and the statistically significant

associations reported.
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CHAPTER ONE: INTRODUCTION

This chapter comprises the background and literature review. The content is based on known
information about overweight, obesity and mode of delivery, the associations observed thereof,
and the variation in results from previous studies. The aim and objectives of the study are also

presented.

1.1. Background

The World Health Organization (WHO) describes overweight or obesity as a condition of
abnormal and excessive fat accumulation that can lead to adverse health effects (1, 2). These
health effects include type 2 diabetes, atherosclerosis, cardiovascular diseases, cancer, and

premature mortality, in adults and children (3-7).

Skin callipers (for skinfold thickness measurement), bioelectrical impedance (using tiny
electrical impulses to distinguish between lean and fatty tissues), hydrostatic weighing
(comparing outside water body weight to body weight while immersed in water), dual-energy
X-ray absorptiometry (for bone mass, fat mass, and lean body mass measurements), air-
displacement plethysmography (for body density measurement using the amount of displaced
air by the individual), are used to measure adiposity or fat composition, while magnetic
resonance imaging (MRI), ultrasound (US), and computed tomogragraphy (CT) measure

visceral and subcutatneous fat (8-10).

Body mass index (BMI), using a weighing scale and stadiometer to measure body weight and
standing height, is the most commonly used measure of adiposity or fat composition status (9).
This is because of the ease of taking the required measurements, and the availability of widely
accepted reference categories. However, BMI does not take into consideration bone structure,
fat distribution or bone mass, and is thus regarded as an imperfect measure (11, 12). Body Mass
Index is classified into categories of underweight, normal BMI, overweight and obese, defined

using the formula weight/height? (kg/m?) (13).

Adult BMI is relatively easy to measure. Body mass index in childhood is sex-specific and
differs across ages, and is therefore expressed as BMI-for-age (14). Using the WHO cut-offs,
underweight in adults is defined as a BMI <18.5 kg/m?; normal weight as a BMI 18.5-24.9



kg/m?; overweight as a BMI 25-29.9 kg/m?; and obesity as a BMI >30 kg/m? (15). The cut-off
points for BMI were calculated by The International Obesity Task Force (IOTF) for children
and adolescents (ages 2-18 years), for overweight and obesity by sex and age, using data from
six countries (Great Britain, Brazil, Hong Kong, Singapore, Netherlands and the United States
of America) (16). Although most are high-income countries except for Brazil (which is an

upper middle-income country) (17), the cut-offs are used universally (18).

Globally, increasing rates of overweight or obesity have been found in both children and adults.
In 2012, the rates of overweight or obesity were reported to have reached epidemic proportions
in several countries in children, with an estimated one out of every five young people being
overweight or obese (19). It was also estimated, globally, in 2014, that about 39% and 13% of
individuals aged 18 years and older were overweight and obese, respectively (20).

Increasing rates of overweight or obesity are also recorded in Africa, as that reported in 2010
was twice the rate in 1990 (21). The rate of overweight or obesity in South Africa was reported
to be among the highest in Africa in 2012 (2). About 38% of the South African population and
about 44% of adults were estimated to be overweight or obese in a published report on the
prevalence of overweight and obesity in children and adults globally, regionally and nationally
during the period 1980 to 2013 in The Lancet (22). In 2013, the sex-specific rates of overweight
and obesity in South Africa for adults were 69% and 39% for women and men, respectively,
while for children they were 26% and 19% for girls and boys, respectively (22).

There are several reasons for being overweight or obese; established associations include those
with diet (e.g. high energy/fat foods), physical activity (including sedentary behaviours), birth
weight, genes, and parity (23-25). Other associations have also been suggested, such as mode
of delivery at birth (14, 26).

Caesarean section (CS) and vaginal delivery (VD) are the two modes of child delivery. CS can
be either elective or emergency, while VD can be either assisted or normal (not assisted) (27).
The rates of CS differ across countries and health sector, but rates have been increasing,
particularly in high and middle-income countries (28). Based on a comparison of data from
1990-2014 for 150 countries, births by CS covered 18.6% of all births, ranging from 6% to
27%, in the least developed to more developed regions (29). In 2013, the CS rate was estimated
to be 24.2% in South Africa (30). The rates of CS for 2014, reported in the 2016 South African
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Health Review, were estimated to be 70.8% in the private sector, and 24.7% in the District
Health Information System (DHIS) data presented. The DHIS in South Africa uses routinely

collected health information to manage aggregated health service based information (31).

Although CSs are performed to prevent birth complications, profit-making can also be a motive
(28). The high insurance premium for South African gynaecologists might lead to physicians’
suggesting CS to cover such costs. Some countries, like Namibia and Brazil, have been reported
to have issues with doctors requesting bribes to perform the procedure (32, 33). These
unnecessary CSs have, however, been discouraged, and more efforts have been made to
investigate the associated risks which include maternal death, deprivation of resources from
other services in burdened and weak health systems, and child morbidities, e.g. disabilities and
obesity (28).

The intestines of CS-born infants have been reported to be colonised by microorganisms that
are different from those present in infants born by VD (27, 34-36). This is because infants
delivered by CS are exposed to the microorganisms on the skin of their mothers and in the
environment while those born by VD are exposed to the microorganisms in their mothers’
vaginal environment (27, 34-36). Studies have shown that exposure to the vaginal environment
(milieu) is possible if the CS procedure was done after a prolonged labour or after the fetal
membranes had ruptured (emergency CS) (37-39). This means that the intestines of infants
delivered through emergency CS might be colonised by the mothers’ vaginal microorganisms,
hence leading to possible differences in microbiota composition when compared to those
delivered through elective CS. Infants delivered through CS have also been reported to be

predisposed to allergic and immune disorders (14, 40-42).

Caesarean section delivered infants (especially infants delivered through elective CS) were
reported by Azad et al. (2013) to possess low bacterial richness or diversity when compared to
those delivered through VD. This supports findings from other studies that CS-born infants
harbour more Staphylococcus spp. (most of which are found on their mother's skin and mucous
membranes) and less diverse species of bacteria in their microbial colonisation (26, 43, 44).
The low microbial diversity in CS-born infants was suggested to lead to the lack of
representation of certain species of microorganisms that help in energy metabolism and

lowering serum total cholesterol such as specific strains of Bifidobacteria. The Bifidobacterium



spp. contribute to digestion and infant intestine development. Therefore, their absence has been

associated with high energy harvest from infant’s diet, leading to excessive weight gain (45).

A number of studies from upper-middle income countries such as Brazil and China, to high-
income countries such as Denmark, Canada, and the United States of America (USA), have
explored the association between mode of delivery and early and/or later life overweight or
obesity (14, 26, 39, 46-51). These are all countries outside Africa, and nothing is known in the
African context.

1.2. Literature review

A review of studies that have assessed the association between mode of delivery and early
adulthood overweight or obesity is presented in the following pages. Limited to human studies,
a literature search was conducted in PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) for
related studies, using PubMed Medical Subject Heading (MeSH) terms: ‘‘(Delivery OR

Caesarean) AND (Body Mass Index OR Obesity OR Overweight)”. A similar search, using
Google Scholar (https://scholar.google.com/), was carried out using the search strategy

“‘(cesarean OR caesarean OR cesarian OR caesarian) AND (Body Mass Index OR Obesity OR
Overweight) AND (Offspring) AND (Young Adult) AND (Adult)’’. There were no limits on
country, language, publication date, and study type. In addition, a manual search (https://
google.com/) of all relevant references cited in obtained articles or studies was conducted, as
well as related unpublished abstracts and reports. These searches were conducted until 22
December 2017.

In total, three systematic review and meta-analyses studies, investigating the association
between caesarean section and later life or adulthood overweight or obesity were found (46,
52, 53). Seven studies that were not included in previous systematic review and meta-analyses

studies were found, including studies that had just been recently published(26, 54-59).

1.2.1. Association between mode of delivery and overweight or obesity

Childhood overweight/obesity

Childhood overweight or obesity has been reported to be a risk factor for later-life overweight
or obesity (60). Several studies have investigated the association between mode of delivery and

overweight or obesity in children, including systematic reviews and meta-analyses. Li et al.
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(2013) conducted a systematic review and meta-analysis utilising results from nine studies
conducted in different countries (USA, Brazil, Netherlands, China, and Denmark). They found
a statistically significant association: the odds of being overweight/obese among CS-delivered
children (aged 3-8 years) were 32% higher than the odds of being overweight/obese among
vaginally delivered children of the same age-group (OR 1.32, 95% CI 1.15-1.51). The 95% ClI
indicated an effect range from 15% to 51% increased odds (52).

A second review was conducted by Kuhle et al. (2015), using results from 28 studies to estimate
the association between CS and being overweight, obese, and overweight or obese, in children
aged 2-18 years. The USA (n =5), Brazil (n =5) and China (n = 3) contributed to almost half
of the studies included in the review (61). A pooled estimate of results from six studies from
the review showed that CS-delivered children had a 16% increased risk of being overweight
when compared to those delivered through VD (RR 1.16, 95% CI 1.06-1.27). The 95% CI

indicated an effect range from 6% to 27% increased risk.

Using more studies than Li et al. (2013), Kuhle et al. (2015) found that children delivered
through CS had a 34% increased risk of obesity when compared to those delivered through VD
in the pooled RR from 19 studies (RR 1.34, 95% CI 1.18-1.51). The 95% CI indicated an effect
range from 18% to 51% increased risk. The increase in the number of studies included did not
seem to affect the effect size, as this is similar to the estimates from the previous study. Finally,
it was also reported by Kuhle et al. (2015) that, CS-delivered children had a 16% increased risk
of being overweight/obese when compared to those delivered through VD (RR 1.16, 95% CI
1.05-1.27). The 95% CI indicated an effect range from 5% to 27% increased risk (61).

Both reviews recorded statistically significant higher pooled effect estimates. However, a
recently published study by Vinding et al. (2017) of Danish children aged 6 months to 13 years,
reported statistically insignificant effect estimates between CS and increasing BMI in children
at 6 months, and decreasing BMI at age 5 years and 13 years (at age 6 months: B coefficient
0.16, 95% C1 -0.11-0.68; at age 5 years: B coefficient -0.03, 95% CI -0.27-0.21; at age 13 years:
B coefficient -0.03, 95% CI -0.87-0.82) (62). The 95% CI at age 5 indicated effect range from
0.11 reduction in BMI and 0.68 increase in BMI.



Early adulthood overweight/obesity

In a systematic review and meta-analysis by Darmasseelane et al. (2014), comprising studies
available before 31st March 2012, pooled ORs were estimated for the odds of being overweight
or obese based on mode of delivery. The odds of being overweight among CS-delivered adults
(aged 18 years and over from 12 studies) was 26% higher than the odds of being overweight
among adults vaginally delivered (OR 1.26, 95% CI 1.16-1.38) (46). The 95% CI indicated
effect range as high as 38% increased odds and as low as 16% increased odds. Also, the odds
of being obese among CS-delivered adults (aged 18 years and older from 11 studies) was 22%
higher than the odds of being obese among adults vaginally delivered (OR 1.22, 95% CI 1.05-
1.42). The 95% CI indicated effect range as high as 42% increased odds and as low as 5%

increased odds.

The findings from Darmasseelane et al. (2014) support those of Li et al. (2013). The latter
reported 50% (95% CI 2%-20%) increased odds of obesity in adults (aged 19 years and over)
delivered through CS when compared to those vaginally delivered, using data from studies
available before July 2012 (52). The 95% CI indicated effect range as high as 20% increased
odds and as low as 2% increased odds. The studies included in the reviews were conducted
independently in different countries such as; Finland, England, Scotland, Sweden, Brazil,

Netherlands, China, India, and Denmark.

Another systematic review and meta-analysis by Sutharsan et al. (2015) supported the
statistically significant increased risk of overweight + obesity in participants aged 18 years and
older, with CS being associated with 28% increased risk of overweight or obesity. The 95% CI
indicated effect range as high as 34% increased odds and as low as 2% increased odds (RR 1.28,
95% CI 1.02-1.34). Included studies were those conducted in high and upper middle income
countries in North America, Europe, South America, and the Asia Pacific. The effect from
these meta-analyses discussed in the reviews, presented in this and previous paragraphs, shows
that the risk of obesity associated with CS can be high in different populations.

In addition to the studies from the past 5+ years included in the referenced systematic reviews
in the previous paragraphs, more studies in the last 5 years have also explored the association
between adulthood overweight or obesity and CS. Horta et al. (2013) reported that CS was
associated with increasing BMI in 3 208 young adults (Y As; aged 23 years) in Southern Brazil



(B coefficient 0.40, 95% CI 0.08-0.71), The 95% CI indicated effect range as high as 0.71

increase in BMI and as low as 0.08 increase in BMI (54).

Subsequently, Mesquita et al.’s (2013) study among 2 063 Brazilian YAs aged 23-25 years,
showed that, CS was associated within increased risk of peripheral and central adiposity (55).
The study concluded from effect estimates obtained for different adiposity measures (Waist
Circumference IRR 1.22, 95% CI 1.07-1.39; Waist-Height Ratio IRR 1.25, 95% CI 1.10-1.42;
Waist-Hip Ratio IRR 1.45, 95%CI 1.18-1.79; Tricipital Skinfold IRR 1.36, 95% CI 1.04-1.78;
and Subscapular Skinfold IRR 1.43, 95% CI 1.08-1.91). The 95% CI indicated effect range as
high as 79% increase in risk and as low as 4% increase in risk. Similarly, Bernardi et al. (2015)
found that CS was associated with increasing BMI among 2 063 Brazilian adults aged 23-25
years (B coefficient 0.12, 95% C10.01-0.03) in a cohort study (56). The 95% CI indicated effect

range from 0.01 increase in BMI and 0.03 increase in BMI.

A study conducted by Harvard scientists, among 8 486 Y As aged 20-28 years, followed up at
birth to 2013, reported that, compared to their siblings delivered by VD, participants delivered
through CS were 64% (95% CI 8% -148%) more likely to be obese, with the 95% CI indicating
effect range as high as 148% increased risk and as low as 8% increased risk. The same study
reported that adults delivered through CS had 15% the risk of obesity compared to those
vaginally delivered, with the 95% CI indicating effect range as high as 26% increased risk and
as low as 6% increased risk (RR 1.15, 95% CI 1.06-1.26) (26). Recently published study by
Barros et al. (2017) conducted in Brazil reported that for every one unit increase in CS, BMI
increases by 0.15, this was statistically significant with the 95% CI indicating effect range as
high as 0.23 increase in BMI and as low as 0.08 increase in BMI (B coefficient 0.15, 95% CI
0.08-0.23, n=1 794) (57). Another recently published study by Hansen et al. (2017), reported
that, the odds of overweight or obesity among 20 year old Danish YAs (n=695) delivered
through CS was 2.17 times the odds of overweight or obesity among their counterparts
delivered through VD (OR 2.17, 95%CI 1.10-4.27) (58). The 95% CI indicated effect range

as high 327% increase in odds and as low as 10% increase in odds.

Although, a number of studies have supported the association between CS and early adulthood
overweight or obesity, Mamun et al. (2013) reported conflicting findings. The investigators
reported that the odds of being overweight or obese among 2 625 Australian YAs delivered

through CS (aged 21 years) was 10% less than the odds of being overweight or obese among
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other YAs of the same age delivered vaginally, with the 95%Cls indicating effect range from
10% reduction in odds to 40% increase in odds (Overweight OR 0.90, 95% CI 0.60-1.20; Obese
OR 0.90, 95% C1 0.60-1.40) (59). The sample size for the study was as high as that of previous
studies, in this review, that have recorded significant associations.

1.2.2. Mode of delivery, early adulthood overweight or obesity, and other covariates

Studies examining the association between adulthood obesity and mode of delivery have varied
by design, setting and adjustment for potential confounders, which results in variation in effect
estimates and findings. Designs vary from case-control to cohort and cross-sectional analysis,
while the settings include populations from rural or urban regions, and across different age

groups. Some have included only males, while others have included both sexes.

Although lifestyle and behavioural characteristics, such as diet, physical activity, smoking
habit, and alcohol consumption have been observed to be associated with obesity, they have
been suggested to not be true confounders when estimating the association between mode of
delivery and later overweight or obesity (26). These covariates do not precede both exposure
and outcome and cannot, by definition, be considered as confounders; including them might
lead to biased results (26, 63, 64). Thus, maternal pre-pregnancy; and offspring’s early life
characteristics have been commonly identified as potential confounders. Nevertheless, a
number of covariates have been suggested to be associated with either mode of delivery or BMI
or both: participant’s sex, age at which BMI is measured, birth order, birth weight,
family/personal income, education, and ethnicity; and mothers’ age at delivery, ethnicity, pre-
pregnancy weight, gestational diabetes, smoking habit during pregnancy, previous CS, parity,
and education (26, 39, 47). The covariates are grouped into maternal characteristics and

individual characteristics (young adult and early life).

1.2.2.1. Maternal characteristics

Mothers’ level of education and age at child delivery have been reported to be associated with
CS and have also been adjusted for in most studies estimating the association between mode
of delivery and early or later life offspring’s overweight or obesity. Cesaroni et al. (2008)
reported that mothers with little education (primary or grade 6) were 24% more likely to
undergo CS, with the 95% CI indicating effect range as high as 37% increased odds and as low
as 12% increased odds (OR 1.24, 95% CI 1.12-1.37) (65).



Although, not statistically significant, having higher education (senior college and university)
was associated with decreasing CS rate. The 95% CI indicating effect range from 0.34
reduction in CS t0 0.19 increase in CS ( coefficient -0.08, 95% CI -0.34-0.19), in the estimates
presented in a study by Wang et al. (2016) (66). This supports Cesaroni et al. ’s. (2008) findings.
Increasing mothers’ age (35-39 years: OR 1.60, 95% CI 1.50-1.70; 40 and above: OR 2.00,
95% CI 1.80-2.30) was associated with CS in a study conducted by Cleary-Goldman et al.
(2005) (67). These findings are supported by those of Wang et al. (2016) who reported that
being over 34 years of age was associated with increasing CS rate (3 coefficient 0.75, 95% ClI
0.46-1.03) (66).

Maternal parity and smoking habit during pregnancy are commonly adjusted for in studies
assessing the association between mode of delivery and overweight or obesity, and have also
been reported to be associated with CS and/or offspring’s overweight or obesity (14, 26, 39,
47). The smoking habit of mothers during pregnancy, as well as any form of smoking in the
child’s household, have been reported to be associated with the child’s weight gain. There is,
however, lack of consistency in results when compared to other studies (39, 48, 68). Mothers
who smoke were reported to be 71% more likely to have sons who were overweight or obese
at 18 years of age, with 95% CI indicating effect range as high as 143% increased odds and as
low as 21% increased odds, (OR 1.71, 95% CI 1.21-2.43) in a study by Koupil and Toivanen
(2008) (69).

In addition, smoking during pregnancy was associated with 24% increased risk of having an
operative or instrumental delivery procedure, with 95% CI indicating effect range as high as
52% increased odds and as low as 1% increased odds, in a study by Lurie et al. (2014) (OR
1.24, 95% CI 1.01-1.52). Wang et al. (2016) reported that carrying a second pregnancy was
associated with increasing CS rate, which was as high as 1.06 increase in CS rate and as low
as 0.65 increase in CS rate(coefficient 0.85, 95% CI 0.65-1.06) (66). Parity was also associated
with offspring overweight or obesity in early adulthood in a study by Reynolds et al. (2010)
(70).

Maternal obesity or weight gain during pregnancy, and prepregnancy weight have been
suggested to be associated with CS and offspring’s overweight or obesity. Sebire et al. (2001)
reported that obesity during pregnancy was significantly associated with delivery by

emergency CS, with as high as 34% increased odds and as low as 25% increased odds (OR
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1.30, 95% C1 1.25-1.34) (71).Chu et al. ’s (2007) findings also provided evidence that maternal
obesity (OR 1.46, 95% CI 1.34-1.60) or overweight (OR 2.05, 95% CI 1.86-2.27) during
pregnancy was significantly associated with CS, with effect ranging from as low as 34%
increased odds to 127% increased odds (72).

A study by Yu et al. (2013) reported that maternal prepregnancy weight was significantly
associated with offspring’s (aged 2-18 years) overweight or obesity, with effect ranging from
as low as 77% increased odds to 249% increased odds (OR 3.06, 95% CI 2.68-3.49; and OR
1.95, 95% CI 1.77-2.13 respectively) (73). This supports a study by Li et al. (2005) that
reported increased odds of overweight in children (aged 2-14 years) delivered by mothers who
were overweight or obese, also with effect ranging from as high as 540% to as low as 80% (OR
4.10, 95% CI 2.60-6.40 and OR 2.50, 95% CI 1.80-3.60 respectively) (74).

Weight gain during pregnancy has been reported to confound the association between CS and
offspring’s overweight or obesity. Studies that have adjusted for weight gain during pregnancy,
or pre-pregnancy weight, have observed reduced point estimates. Flemming et al. (2013) and
Kuhle et al. (2015) reported mother’s pre-pregnancy weight as an important confounder when
estimating the association between mode of delivery and later overweight or obesity, with
>10% change in the point estimates after adjusting for it (i.e. from OR 1.49, 95% CI 1.10-2.00
to OR 1.20, 95% C1 0.87-1.65; and from RR 1.55, 95% CI 1.11-2.17 to RR 1.29, 95% CI 1.16-
1.44, in the two studies, respectively) (50, 61).

One of the possible reasons for the increasing rates of CS globally and in South Africa is the
reduction in vaginal birth after caesarean (VBAC) (75). Vaginal birth after caesarean has been
associated with a reduction in the need for blood transfusion, rate of postpartum fever, and
major maternal morbidities, but often women opt for an elective repeat CS (76). It was reported
by Yuan et al. (2016), using data from a prospective cohort from 1996 to 2012, that offspring
delivered via VBAC were 29% less likely to be obese than those delivered via repeat CS, with
effect range as high as 45% reduced risk of repeat CS and as low as 9% reduced risk of repeat
CS (RR 0.71, 95% CI 0.55-0.91) (26).

Another maternal factor that has been treated as a potential confounder is Gestational Diabetes
Mellitus (GDM). For years, it has been reported that GDM reflects a metabolically changed

intrauterine or fetal environment that is associated with a high birth weight which, in turn, is a
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predictor of later life overweight or obesity (77, 78). Although, not a statistically significant
odds with effect ranging from 32% reduction in risk of obesity to 231% increase in risk of
obesity, Koupil and Toivanen (2008) reported that GDM was associated with 50% increased
risk of obesity in 18 year old Swedish men (OR 1.50, 95% CI 0.68-3.31). This is of clinical

concern.

In addition, Gillman et al. (2003) found a statistically insignificantly increased risk of
overweight (>95" percentile) in 9-14 year old children delivered by mothers who had GDM,
with effect ranging from 20% reduction in risk of obesity to 70% increase in risk of obesity
(OR 1.20, 95% CI1 0.80-1.70) (79). This is also of clinical concern, as the risk of obesity while
adjusting for GDM should be explored with larger sample size to obtain ORs with more

precision.

1.2.2.2. Individual characteristics

e Sex and age

Sex and age have been commonly adjusted for or stratified by, in most studies assessing the
relationship between mode of delivery and later life and/or childhood obesity because of the
observed differences in obesity rates across age and sex groups (14, 26, 39, 47, 48, 50). A study
investigating the factors associated with the difference in sex-specific rates of overweight and
obesity among male and female children found that males and females differ with regard to
hormone biology, weight gain patterns, body composition, and ethnic, environmental, social
and genetic susceptibility (80). This might explain why sex-specific differences have been

observed in the rates of overweight and obesity.

Barros et al. (2012) conducted a sex-stratified analysis while assessing the association between
mode of delivery and obesity in 23-year-olds (81). The results showed that CS-born females
(although not statistically significant) had a 33% higher risk of obesity than males that were
born vaginally, with effect ranging from 6% reduction in risk to 89% increase in risk (PR 1.33,
95% C1 0.94-1.89). While CS was observed to be protective against obesity among males (PR
0.94, 95% C1 0.60-1.3), although this was not statistically significant, the effect range showed
CS to be 40% protective and 30% at risk. Nonetheless, Yuan et al. (2016) observed similar
associations between CS and obesity although, in this case, CS in both males and females was

observed to be significantly associated with an increased risk of obesity, which was higher by
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6% in males (RR 1.18, 95% CI 1.04-1.34) than in females (RR 1.12, 95% CI 0.99-1.27) aged
9-28 years (26).

Studies like those of Goldani et al. (2011) and Rooney et al. (2012) observed no difference in
the obesity rates between males and females, hence, there was no need for sex-stratified
analysis (39, 48). While there have been studies that have stratified by sex, some investigators
have also focused on a particular sex (male or female). Svensson et al. (2013) conducted a
study on 18-year old Danish males and reported that CS was significantly associated with being
obese but not with being overweight (obese: PR 1.35, 95% CI 1.14-1.60; overweight: PR 1.05,
95% C1 0.94-1.17), with the effect range in overweight participants from 6% protective to 17%
at risk (82).

Different studies have stratified by age category to examine the association between mode of
delivery and overweight or obesity or have adjusted for age in multivariable analysis. Most
studies, however, have conducted stratified analyses during sensitivity analyses to assess if
there is a difference in the observed estimates across age categories. One of the studies that
used stratified analysis by age group was that of Goldani et al. (2013) who conducted a study
in two different cities in Brazil in different age groups. One city comprised 10-11 year old
children while the other city comprised 7-9 year olds. There was a statistically significant
association between CS and obesity in the 10-11 year olds (OR 1.74, 95% CI 1.04-2.92) while
there was no statistically significant association in the 7-9 year olds, with effect range from
56% reduction in risk to 533% increase in risk (OR 1.66, 95% CI 0.44-6.33) (83). Although
the odds were similar between the age groups, the sample size might have contributed to the
lack of significance in the latter, as the 95% CI showed lack of precision of the OR.

More recently, Yuan et al. (2016) conducted an age-stratified analysis in the sensitivity analysis
to test if there was a difference in the association between CS and obesity across age categories
(26). They found no differences between the age groups (homogeneity test; p=0.130), as all
age groups showed increased risk of obesity with 95% CI showing some form of precision in
the ORs and adequate sample size: 9-12 years (RR1.23, 95% CI, 1.03-1.46), 13-18 years (RR
1.16, 95% CI 1.03-1.31), and 19-28 years (RR 1.10, 95% CI 0.98-1.24).
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e Early life and young adult characteristics

Early life characteristics (birth weight and duration of breastfeeding) and young
adultcharacteristics (smoking habit, physical activity, family/Y As income, education, alcohol
consumption, ethnicity, and diet) are covariates that have been suggested to be associated with
later life obesity and/or overweight (39, 47, 48, 84).

A 1 kg increment in birth weight was reported to be directly associated with later life risk of
being overweight or obese (OR 1.30, 95% CI 1.10-1.50) in a study conducted by Gillman et
al. (2003) on 9-14 year old children (79). Hirschler et al. (2008) also reported that high birth
weight (>4000 g) was associated with later life risk of being overweight (OR 2.48, 95% CI
1.62-3.81) in 9 year olds (85).

Breastfeeding has been observed to be associated with reduced risk of being overweight (BMI
>05% percentile) in 2-14 year old children when compared to those who were not breastfed
(breastfed 1-3 months: OR 0.70, 95% ClI, 0.50-1.00; breastfed > 4 months: OR 0.60, 95% ClI,
0.40-1.00) in a study by Li et al. (2005) (74). Mayer-Davis et al. (2006) reported similar
findings: 9-14 year old participants who were breastfed were observed to be less likely to be
overweight (BMI >95% percentile) than those that were never breastfed (<1 month: OR 1.36,
95% CI 1.02-1.82; 1-3 months: OR 0.97, 95% CI 0.77-1.22; 4-6 months: OR 0.78, 95% CI
0.62 - 0.97; 7-9 months: OR 0.78, 95% CI1 0.61-0.99; >9 months: OR 0.63, 95% CI1 0.50-0.78),

although some interval estimates were not statistically significant (86).

Smoking and alcohol intake have also been suggested to be associated with overweight or
obesity. Chhabra et al. (2011) reported that non-smokers were more likely to be overweight or
obese (OR 2.16, 95% CI 1.24-3.78) in a study conducted in India on participants aged 18 years
and over (87). However, Mathew et al. (2014) reported conflicting findings that not smoking
was associated with decreasing BMI (B coefficient -0.98, 95% CI 1.53-0.53) in 20 year olds
and older male non-smokers in South India (88). The association between alcohol intake and
BMI has been reported to be different in men and women. Men were recorded to consume
about three times more alcohol than women in the USA (mostly beer which is rich in
carbohydrates and hence a source of more energy than wine) (89, 90) and a systematic review
showed that men who consume beer are more likely to have increased abdominal adiposity;

the results were not consistent in women (91).
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Physical activity and diet have been investigated for their association with overweight or
obesity. Physical activity + improved nutrition was found to be significantly associated with
reducing BMI in 29 studies comprising participants aged 18 years or younger, with precision
in the beta coefficient (B coefficient —0.17, 95% CI —0.29-(—0.06)), in a systematic review and
meta-analysis by Lavelle et al. (2012) (92). Physical activity was also observed to be
significantly associated with reduced BMI in 11 other studies in the review and meta-analysis
by Lavelle et al. (2012), with precision in the beta coefficient (B coefficient —0.13, 95% ClI
—0.22-(—0.04)). Only physical activity and sedentary behaviours were strongly associated with
obesity in a study by Janseen et al. 2004, comprising 11-16 year old Canadian adolescents (93).
Increase in sugar intake was found to be associated with body weight increase in children and
adults from 68 studies, in a systematic review and meta-analysis by Morenga et al. (2013) (B
coefficient 0.75, 95%CI 0.30-1.19) (94). An earlier study in 21-54 year old African-American
women, by Boggs et al. (2011), reported that dietary patterns were associated with weight gain
(95).

Socioeconomic factors (income and education) have been examined for their association with
overweight or obesity. Dinsa et al. (2012) conducted a systematic review investigating the
association between obesity and socioeconomc status in middle income countries, and found
that both rich or wealthy women and men (69.0% in 16 studies and 70.0% in 23 studies, for
men and women, respectively) were more likely to be obese (96). In addition,they found no
difference between obesity rates in men with higher or lower education, while a negative
association was found in 13 out of 26 studies in women. Kahn and Williamson (1990) and
Monteiro et al. (2001) reported that income was related to a risk of obesity in men, while
education was not. However, in females, results were inconsistent in middle/high and low
income countries (97, 98). In middle income countries, income was associated with risk of

obesity while education was not a risk factor for either men or women (97).

An increased risk of obesity of about 58% was observed among CS-delivered YAs, with the
95% CI showing evidence of precision in the OR, after controlling for participants’ sex, birth
weight, individual income, individual smoking, individual education, individual physical
activity and maternal factors (such as smoking during pregnancy and education) in a study by
Goldani et al. (2011) (PR 1.58, 95% CIl 1.23-2.02) (39). Lifestyle and behavioural
characteristics were not considered as potential confounders in a study by Yuan et al. (2016)

but, upon adjustment for mothers’ age at delivery, height, previous caesarean delivery,
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ethnicity, gestational age at delivery, parity, year of birth, pre-pregnancy BMI, preeclampsia,
gestational diabetes, pre-pregnancy smoking, pregnancy-induced hypertension; and offspring’s
sex, and birth weight, the risk of obesity in CS-delivered participants reduced from 1.30 (95%
Cl1.21-1.41) to 1.15 (95% CI 1.06 - 1.26), with the 95% ClIs showing evidence of precision
in the RRs (26).

Unlike the previous studies described, upon adjustment for potential confounders (maternal
skin colour, age, smoking during pregnancy, height, prepregnancy weight, education, birth
order, type of payment for delivery, and offspring’s birth weight, schooling, smoking, alcohol
consumption, physical activity, and family income at birth), the crude and adjusted prevalence
ratios were very similar in individuals (aged 23 years old) delivered by CS (crude PR 1.10,
95% CI 0.89-1.37; adjusted PR 1.10, 95% CI 0.87-1.41) in a study by Barros et al. (2012) (81).
Although there was a non significant 10% increased risk of obesity in participants delivered
through CSin the adjusted analysis, the 95% CI showed effect range from 13% protective to
31% increased risk.

In summary, studies on the association between mode of delivery and adulthood overweight or
obesity have varied by design, setting and adjustment for potential confounders. Studies have
also focused on obesity rather than overweight. Nevertheless, CS was observed to be a risk
factor for obesity in most of the studies reviewed.

There is a need to now investigate these associations in an African context where the
association has not been explored due to a paucity of data. The rates of overweight or obesity
in South Africa are high, and the rate of CS has been reported to be as high as 70.8% in 2014

in the private health services.

The aim of this study was to determine if the mode of delivery is a predictor of early adulthood
overweight or obesity in an urban South African birth cohort, aged 21-24 years. The specific
objectives were to compare the early life, young adult and maternal characteristics by mode of
delivery and BMI categories; to estimate and compare the prevalence of overweight and obesity
by mode of delivery; and to examine the association between CS as a mode of delivery and
early adulthood overweight or obesity, while controlling for potential confounding factors.
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CHAPTER TWO: METHODS

This chapter describes the primary (birth) cohort from which the data for the study were
extracted, as well as the study design and participants of the study discussed in this report.
Additionally, the outcome and predictor measurements are described, the analysis and
management of data are discussed, and the steps taken to ensure quality control and reliability

of data are explained. Finally, the ethical considerations are addressed.

2.1. Birth to Twenty Plus cohort — primary study

The Birth to Twenty Plus (Bt20+; formerly Birth to Ten) cohort is a prospective ongoing South
African birth cohort that was established in Soweto-Johannesburg, Gauteng in 1990 (Figure 1).
Soweto is a South Western Township of Johannesburg but was formerly a separate
municipality (99). Soweto’s population is predominantly black, and the white population
comprises 9.2% of the birth cohort. This is similar to the proportion of whites in South Africa,
and hence, the cohort is representative of the ethnicity distribution in the South African

population (100).

ZIMBABWE

MOZAMBIQUE

BOTSWANA

NAMIBIA

MPUMALANGA

NORTHERN CAPE

BIRTH TO TWENTY
WESTERN CAPE Soweto Johannesburg, Gauteng

Figure 1: Location of the study site0V)

The birth cohort was created to monitor the health, educational development and growth of
urban children. The cohort participants were singleton children of mothers who were recruited
from antenatal clinics and had an expected delivery date from 23 April to 8 June 1990. Birth

within the enrollment period and continued residence of the mother and child in the study area
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were the criteria for inclusion. Consent to participate in the study was provided by the mothers
at enrolment; all subsequent data collection also required consent to be signed. Figure 1 shows
the study’s published 10 data collection waves (100). However, further information on the
cohort and attrition has been previously published (100, 102).
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1730 | 2080 [E——- 2100 1858
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Established contact
Total = 3273 Data collected

Year(s) of data collection

Figure 2: Follow-up over 10 data collection periods

Information on demographic, socioeconomic, lifestyle, education, household and well-being
were the common themes at data collection time points. Infants’ date of birth, mode of delivery,
birth weight, sex, ethnicity, and mothers’ gestational age, and age at delivery were copied from
the official birth notification forms that were completed by personnel in charge of delivery and
sent for compilation at the local authority (103). Thereafter, information was collected by
means of questionnaires administered through contacts with parents or caregivers, telephone
and field visits, while newsletters and birthday cards were used to maintain contact with
participants between data collection time points. Trained research assistants were responsible
for the measurements of adult weight and height. Participants were asked to wear light clothing
and remove their shoes to avoid measurement bias. A digital scale and wall mounted
stadiometer were used to measure weight and standing height, to the nearest 0.1 kg and 0.1 cm,
respectively. (104).

2.2. Study design
This was a retrospective analysis of data that was collected from a prospective cohort study
(Birth to Twenty Plus) established in 1990, i.e. secondary data analysis.
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2.3. Study population and sampling

The study population comprised 3 273 YAs aged 21 years or older in the Bt20+ cohort. A total
of 889 YAs aged 21-24 years were included as study participants. The inclusion criteria were
the availability of data on weight, height and mode of delivery. The only 25 year old participant
remaining after exclusion of participants, based on the above criteria, was excluded from these

analyses.

2.4. Power computation and sample size estimation

The two sample proportion test in Stata 14 was used to compute the power of the study, to
check if the study was adequately powered to answer the research question. The individual
proportions of overweight, obese, and overweight + obese participants were computed for each
mode of delivery with 95% confidence interval and 80% power.

For overweight participants (n=175), 19.9% and 18.1% were delivered through normal vaginal
delivery (NVD) and CS, respectively. This resulted in 0.30 or 30% study power and an
estimated sample size of 3 358. For obese participants (n=106), 11.1% and 19.4% were
delivered through NVD and CS, respectively. This resulted in 1.00 or 100% study power and
an estimated sample size of 177. Finally, for overweight + obese participants (n=106 + 175),
31.0% and 37.5% were delivered through normal vaginal delivery (NVD) and CS, respectively.
This resulted in 0.98 or 98% study power and an estimated sample size of 439. These individual
estimated sample sizes for each outcome category were compared to the overall study sample
of 889.

2.5. Data management and statistical analysis

2.5.1. Data management

All data on mode of delivery, weight and height of Y As in the birth cohort and other covariates
were requested and obtained from the gatekeeper of the primary data. Stata® IC 14 (StataCorp
LP College Station, TX) was used for data cleaning which was done by checking for duplicates,
missing data or completeness, disparities, and values outside the normal range. Continuous
variables were tested for normality using histogram, normal probability plots, and skewness-
kurtosis test. Unique identification numbers were assigned to all of the participants in the final
dataset. Variables were renamed, new variables were generated, values were labelled and/or
recoded where necessary, and dates in string format were transformed to Stata recognisable

dates.
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Mode of delivery (predictor) data was coded for normal VD, forceps, vacuum, and CS. There
was no record as to whether a CS was an emergency or elective procedure. Forceps and vacuum
were recoded as assisted VD, while normal VD and CS remained categories under mode of
delivery, resulting in three categories (normal VD, assisted VD, and CS).

Weight and height of the participants were used to compute the BMI. Using the WHO BMI
cut-offs, underweight was defined as a BMI <18.5 kg/m?; normal weight was defined as BMI
18.5-24.9 kg/m?; overweight was defined as BMI 25-29.9 kg/m?, and obesity was defined as a
BMI >30 kg/m? Thus, four categories of BMI were coded (underweight, normal BMI,

overweight, and obese).

The covariates were YA characteristics (sex, ethnicity, age at visit, education, alcohol
consumption and cigarette smoking), and early life and maternal characteristics (participants’
birth weight, breastfeeding duration; and mother’s parity, gestational age, age at participants’
delivery, and educational level at delivery). These variables were chosen after reviewing
covariates included in similar studies with this current study and previously published literature
on the factors associated with obesity and mode of delivery. Mothers’ parity, gestational age,
age at participants’ birth; YAs’ birth weight, and breastfeeding duration at infancy were not
normally distributed (skewness-kurtosis test; p=0.000). Birth weight was also corrected for
gestational age and sex by using the INTERGROWTH-21*% calculator to compare the variables
with international standard and generate centiles (105, 106). These were, thereafter, grouped
into weight centile categories of small for gestational age (<10" centile), appropriate for

gestational age (>10" - <90'" centile) and large for gestational age (>90" centile).

The YA’s age at data collection was calculated from date of birth and date of visit for that data
collection period. Variables such as participants’ sex, and alcohol consumption; and mother’s
age at delivery, parity, gestational age, and breastfeeding duration during infancy, were not re-
categorized. Variables such as participants’ ethnicity, grade 12 completion, birth weight,
number of cigarettes smoked daily, and mother’s level of education at participant’s delivery
were recoded. Due to the small numbers of Coloureds and Indians in the final dataset, both
categories were collapsed into a new category, ‘others’, with 87 observations. The number of
cigarettes smoked daily was recoded as ‘smoker’ or ‘non-smoker’. Finally, four standardized

categories of birth weight were created (Table 1).
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Table 1: Variables selected from the primary dataset and created for secondary data analysis

Variable used/created for
secondary data analysis

Variable name Variable as provided in

primary dataset

Category Code  Category Code
Dependent variable
Young adult weight (kg) Continuous Continuous
Young adult height (m) Continuous Continuous
Body mass index (kg/m?) - Underweight (<18.5) 0
Normal BMI (18.5 - 24.9) 1
Overweight (25 - 29.9) 2
Obese (=30) 3
Independent variable
Young adult characteristic
Age at data collection (years)  21-25 21-24
Mode of delivery Normal VD 1 Normal VD 0
Forceps 2 } Assisted VD 1
Vacuum 3
CS 4 CS 2
Sex Male 1 Male 0
Female 2 Female 1
Ethnicity White 1
Black 2 Black 0
Coloured 3 ]_
Indian 4 Others 1
Birth weight (kg) Continuous LBW (<2.5) 0
‘normal’ (2.5 - 4.0) 1
Macrosomia (>4.0) 2
Birth weight corrected for sex - SGA (<101 0
and gestational age (centile) AGA (>10" - <90 1
LGA (>90t") 2
Education Grade 5 or lower 17 Below grade 12 0
Grade 6 2
Grade 7 3
Grade 8 4
Grade 9 5
Grade 10 6
Grade 11 7 -
Grade 12 8 Grade 12 or higher 1
Alcohol habit No 0 No 0
Yes 1 Yes 1
Number of cigarettes smoked  Continuous No 0
daily (smoking habit) Yes 1
Maternal Characteristic
Parity Continuous Continuous
Breastfeeding duration Continuous Continuous
(months)
Gestational age (weeks) Continuous Continuous
Education at YA’s birth No formal education 1 No Post-school education 0
<Std 3 2
Std 4-5 3
Std 6-8 4
Std 9-10 5
Post-school training 6 Post-school education 1
Age at YA’s birth (years) Continuous Continuous

YA - young adult, Std - standard, LBW- low birth weight, SGA - small for gestational age, AGA - appropriate

for gestational age, LGA - large for gestational age
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Schafer et al. (1999) suggested that observations with a 5% or lower missing rate are not likely
to lead to biased analysis, while Bennett et al. (2001) maintained that those with more than
10% missing are likely to lead to biased analysis (107, 108). Although these are not the
established cutoffs for missing data in covariates to be included in the analysis, an ‘unknown’
category was created for covariates with missing observations <10% to reduce the loss of

statistical power and for the purpose of analysis.

2.5.2. Statistical analysis

To examine if participants included in the study were different from those in the primary cohort,
categorical (comparing proportions) and continuous (comparing median values) socio-
demographic variables were compared between the primary cohort and study participants.
Normality of continuous covariates was tested using skewness-kurtosis test (p values in section
2.5.1), histogram and normal probability plots. P values were computed using Pearson’s Chi-

square and Wilcoxon rank-sum tests, where appropriate.

To compare the early life, young adult and maternal characteristics of the participants by mode
of delivery and BMI, proportions were calculated for all categories. Variables included in the
analysis were participants’ sex, ethnicity, alcohol consumption, cigarette smoking status,
education, birth weight, birth weight centile, and duration of breastfeeding during infancy; and

mother’s age and educational level at delivery, parity, and gestational age.

The number of observations (n) and percentages (%) were reported for categorical variables,
while means and standard deviations, or medians and interquartile ranges (IQR) were reported
for continuous variables, depending on whether the variable was normally or not normally
distributed. P values were computed using the Kruskal-Wallis test, Pearson’s Chi-square test,

and Fisher’s exact test, where appropriate.

To compare overweight and obesity by mode of delivery, medians and interquartile ranges
were first reported for BMI across mode of delivery categories. Subsequently, prevalence of
overweight and obesity were calculated as proportions, for each mode of delivery category.
Since the power (30%) obtained for the overweight group was insufficient to answer the
research question, the overweight category was not treated as a separate group in this and

subsequent analyses. The 95% confidence interval (95% CI) was computed for each
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proportion, using the proportion estimator in Stata. In addition, p values were computed using

the Kruskal-Wallis test. The analyses were stratified by sex.

To examine the association between mode of delivery and early adulthood overweight or
obesity, binary logistic regression and linear regression models were explored. First, the
response variable (BMI) was treated as categorical variable. Binary logistic regression models
were computed for categories of BMI, the odds ratios (OR) and 95% Cls were calculated for
all models. Hence, three models were obtained from the outcome categories created:

o For the first model (Model 1), unadjusted and adjusted (multiple or multivariable)
logistic regression models were conducted to estimate the association between mode of
delivery and BMI categories; non-obese YAs (underweight + normal BMI +
overweight) were compared to obese YAs across mode of delivery categories, using
non-obese YAs as reference.

o The second model (Model 1) estimated the association between mode of delivery and
BMI categories using unadjusted and adjusted multiple logistic regression models.
Non-overweight or obese YAs (underweight + normal BMI) were compared to
overweight or obese (overweight + obese) YAs, across mode of delivery categories,
using non-overweight or obese YAs as reference category.

o To further assess the association between mode of delivery and BMI categories,
underweight Y As were compared to non-underweight YAs (normal BMI + over weight

+ obese), using the latter as reference category.

All adjusted models controlling for potential confounders included early life and maternal
characteristics of YAs, based on their effect on the OR of the primary predictor (caesarean
section); i.e. variables that changed the OR were included). Thus, covariates such as YAs’ sex
and birth weight, and mothers’ parity and education at YS’s birth were included in the adjusted
models. Although lifestyle and behavioural characteristics, such as diet, physical activity,
smoking, and alcohol consumption have been observed to be associated with obesity, they have
been suggested to not be true confounders when estimating the association between mode of
delivery and later overweight or obesity (26). Thus, potential confounders were restricted to

early life and maternal characteristics.

Second, for the linear model, variables adjusted for in the multiple logistic regression models

were included in the adjusted multiple linear regression model. However, before interpreting
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the results, residuals were used to check the model assumptions. Therefore, regression
diagnostic tests, checking the following linear regression model assumptions, were conducted:

I. Linearity; by plotting the residuals against the fitted values, using a scatter plot.

ii. Homogeneity of variance; using the Cook-Weisberg test for heteroskedasticity.

iii. Normality; using histogram, normal probability plots, and skewness-kurtosis test.
Ladder of powers (showing ladder - skewness-kurtosis estimates, gladder -
histogram, and gladder - normal probability plots) were used to identify the best
version for transformation.

iv. Outliers; using histogram of residuals to identify large residuals outside the -2 and
+2 “yardstick” for Studentized residuals assumed to come from a standard normal
distribution.

V. Omitted variables; using Ramsey’s test to indentify some non-linearity or the need

for an extra explanatory variable.

Adjusted and unadjusted estimates were presented for all models (ORs and P coefficients for
binary and linear models, respectively). Variables included in the adjusted analyses were those
that changed the effect estimate (OR) of the primary predictor (caesarean section). The ORs,

p values, and 95% Cls were calculated for all models.

The Spearman correlations test and the variance inflation factor were used to check for
correlation and collinearity between variables in the models, respectively. However, because
the covariates were used to control for confounders, variables with high VIF (>4.0), but that
were not collinear with the main exposure (mode of delivery categories) or correlated with each
other, remained in the model. The Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC) were used to test which model was better adjusted model; the

model with the lowest AIC and BIC was most preferred.

To detect confounding, variables that changed the ORs by 10% or more were identified as
possible confounders. Interaction terms were also included in the model to test for effect
modification, using the Wald’s post estimation test to identify heterogeneity in the interaction

term.
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2.5.3. Sensitivity analysis

Sensitivity analyses were conducted to determine if results and conclusions held up under
different scenarios. Overweight and obesity rates in assisted VD and normal VD were
combined and compared to those of CS-delivered participants. A model adjusting for lifestyle
and behavioural characteristics, in addition to the potential confounders, in the main analysis,
was computed. Finally, models adjusting for only early life factors, as well as, that adjusting
for YAs’ birth weight as a continuous covariate and YAs’ breastfeeding duration at infancy
(non, less than 6 months, and more than 6 months); mother’s parity (1 and >2 and more), and
mothers’ age (15-19 years, 20-34 years, and >35 years) at YASs birth as categorical covariates

were computed in subsequent analyses.

2.6. Ethical considerations

Ethical approval was obtained from the Human Research Ethics Committee of the University
of the Witwatersrand for this study (certificate number M161184) (Appendix 1). Anonymised
data required for the study, and a data sharing agreement, were received from the gatekeeper
of the primary study. This was done to ensure confidentiality and to limit access to the data

(only the investigator and supervisors had access to the dataset).
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CHAPTER THREE: RESULTS

This chapter describes the results obtained from the analysis for each study objective. Findings

from the descriptive, sensitivity, unadjusted and adjusted analyses are also reported.

3.1. Description of study participants

Figure 3 shows the study population and selection of final study participants. Of the 3 273
participants in the cohort, 49.1% (n=1 607) were excluded due to missing data on mode of
delivery. Of the remaining 1 666, 44.7% were excluded due to missing data on BMI. A total of
889 21-24 year old YAs were included in the analysis after all exclusion criteria were applied.
Of these, 793 (89.2%) were delivered vaginally, 24 (2.7%) were delivered by assisted VD, and
72 (8.1%) were delivered through CS. Most of the YAs had normal BMIs 513 (57.7%), while
175 (19.7%) and 106 (11.9%) were overweight and obese, respectively.

3273 participants

Excluded participants

with missing mode of
delivery (n=1607)

1666 participants =
Excluded participants

with missing body
o mass index (n=744)
892 participants
Excluded participants
with BMI =0 (n=1)
891 participants —
] Excluded participants
with missing date of
visit (n=1)

it
SOt parHcimi Excluded the only 25

year old participants

(n=1)
889 participants
Vaginal delivery =793 Underweight = 95
Assisted vaginal delivery = 24 Normal BMI =513
Caesarean section = 72 Overweight = 175
Obese = 106

Figure 3: Flowchart showing the study population and selection of study participants

To examine the differences in the primary dataset and study participants, Tables 2 and 3
compare the variables in both cohorts. Histogram and normal probability plots of continuous

variables are presented in Appendix 2. There were significant differences in the distribution of
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certain characteristics between the primary cohort and study participants, with regards to the
Y As’ ethinicity, breastfeeding duration at infancy, and smoking, as well as mothers’ education,
gestational age, and age at Y As birth (P<0.05). Some of the individual distributions across the
categories of these covariates followed similar trends between the primary cohort and study
participants, although pvalues shows differences statistically (P<0.05). This is because the
higher proportions of Blacks (YA) and non-smokers (YA) observed in both groups were
under/overestimated among study participants. There were also higher proprotions of mothers
with no post school education in both groups, although the rate was over estimated among the
study participants.

Table 2: Comparison between primary cohort and study participants (categorical variables)

Primary cohort Study participants

N=3273 N=889

Variables n % n % P value

Young adult sex 0.511
Male 1594 48.7 444 49.9
Female 1679 51.3 445 50.1

Young adult ethnicity 0.000
Black 2568 78.5 803 90.3
Others 705 21.5 87 9.7

Young adult mode of delivery 0.473
NVD 1470 44.9 793 89.2
AVD 39 1.2 24 2.7
CS 157 4.8 72 8.1

Unknown 1607 49.9 -

Young adult smoking 0.000
Non smoker 2640 80.7 530 59.6
Smoker 633 19.3 359 40.4

Young adult alcohol 0.845
No drinking 1004 30.7 560 63.0
Yes drinking 482 14.7 264 29.7

Unknown 1787 54.6 65 7.3

Young adult education 0.895
<gradel2 625 16.8 349 39.3
Completed grade 12 960 29.3 531 59.7

Unknown 1688 51.6 10 1.1

Mothers’ education 0.004
No post school 2604 79.6 792 92.2
Yes post school 328 10.0 67 7.8

Unknown 341 10.4 30 3.4

NVD — normal vaginal delivery, AVD - assisted vaginal delivery, CS - caesarean section
P values approaching or <0.05 shows a difference between the cohorts; Pearson’s Chi-square
Missing observations were excluded from the inferential statistics i.e. P value estimation
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Nevertheless, no differences were observed in covariates such as YAs sex, mode of delivery,
education, alcohol intake, body mass index, birth weight; and mothers’ parity between the
primary cohort and study participants (P>0.05). There were higher proportions of female YAs,
as well as those delivered through NVD, that had completed grade 12, and higher proprtions
of alcohol users in both groups. In addition, the median YAs BMI, birth weight; and mothers’

parity at YA delivery were similar in both groups

Table 3: Comparison between primary cohort and study participants (continuous variables)

Primary cohort Study participants
. N=3273 N=889
Variables Med IOR Med IOR P value
Young adults BMI (kg/m?) 221 19.7-261 222 199-26.3 0.570
Unknown n(%) 1728(52.8) -
Mothers gestational age (weeks) 38.0 38.0-400 380 38.0-39.0 0.000
Unknown n(%) 102(3.1) -
Young adults birth weight 3.1 28— 34 3.1 28— 34 0.711
Unknown n(%) 6(0.2) 1(0.1)
Mothers’ parity at YA birth 2.0 1.0- 3.0 2.0 1.0- 3.0 0.147
Young adult breastfeeding duration at 35 0.0-17.0 8.0 1.0-20.0 0.000
infancy (months)
Mothers’ age at YA delivery (years) 25.0 21.0-30.0 24.0 20.0-30.0 0.002
Unknown n(%) 2(0.1) -

YA - young adult, Med - median, IQR - interquartile range
P values approaching or <0.05 shows a difference between the cohorts; Wilcoxon rank-sum test
Missing observations were excluded from the inferential statistics i.e. P value estimation

3.2. Sociodemographic and mode of delivery

Participants’ characteristics by mode of delivery is shown in Tables 4 and 5. Table 4 shows
that there were no significant differences in YAs’ sex, alcohol habit, smoking habit, education,
birth weight for gestational age; and mothers’ education at YAs birth, across the mode of
delivery groups (p>0.05). However, YAs’ ethnicity and birth weight were statistically
associated with mode of delivery (p<0.05), indicating differences in the covariates across mode
of delivery categories. Across all the mode of delivery categories, there were higher proportions

of Blacks, but they were more likely to have been delivered through normal vaginal delivery.

There were higher proportions of YAs who had ‘normal’ birth weight, across all the mode of
delivery categories although they were more likely to have been delivered through normal
vaginal delivery than through CS or AVD. Similarly, among YAs delivered through CS, there
were higher proportions of Blacks and those who had ‘normal’ birth weight.

27



Table 4: Socio-demographic characteristics of the study participants by mode of delivery

Mode of delivery

Total Normal vaginal Assisted vaginal Caesarean P value
delivery delivery section
N=889 n=793 n=24 n=72
n % n % n % n %
Young adult characteristic
Sex 0.890
Male 444 49.9 398 50.2 11 45.8 35 48.6
Female 445 50.1 395 49.8 13 54.2 37 51.4
Ethnicity 0.000
Black 803 90.3 727 91.7 17 70.8 59 81.9
Others 87 9.7 66 8.3 7 29.2 13 18.1
Alcohol intake 0.617
No drinking 560 63.0 231 29.1 8 33.3 25 34.7
Yes drinking 264 29.7 502 63.3 16 66.7 42 58.3
Unknown 65 7.3 60 7.6 0 - 5 6.9
Smoking 0.479
Non smoker 530 59.6 472 59.5 12 50.0 47 59.5
smoker 359 40.4 321 40.5 12 50.0 26 40.5
Education 0.304
<grade 12 349 39.3 305 38.5 12 50.0 32 44.4
Completed grade 12 531 59.7 479 60.4 11 45.8 40 55.6
Unknown 10 1.1 9 1.1 1 4.2 0 -
Early and maternal
Characteristic
Mother’s post-school education 0.187f
No post school 792 92.2 709 89.4 23 95.8 59 81.9
Yes post school 67 7.8 59 7.4 0 0.0 8 111
Unknown 30 3.4 25 3.2 1 4.2 5 6.9
Young adult Birth weight (kg) 0.018f
LBW (<2.5) 74 8.3 63 7.9 4 16.7 7 9.7
‘normal’ (2.5 - 4.0) 798 89.8 718 90.5 20 83.3 60 83.3
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Mode of delivery

Total Normal vaginal Assisted vaginal Caesarean P value
delivery delivery section
N=889 n=793 n=24 n=72
n % n % n % n %
Macrosomia (>4) 16 18 11 14 0 - 5 6.9
Unknown 1 0.1 1 0.1 0 - 0 -
Young adult Birth weight (centile)
SGA (<10™) 79 8.9 68 8.6 5 20.8 6 83 0.139f
AGA (>10"-<90™) 680 76.5 610 76.9 18 75.0 53 72.2
LGA (>90t) 129 14.5 114 14.4 1 4.2 14 194
Unknown 1 0.1 1 0.1 0 - 0 -

Others - Indians and Coloured, LBW- low birth weight, SGA - small for gestational age, AGA - appropriate for gestational age, LGA - large for gestational age
P values <0.05 were considered statistically significant; Pearson’s Chi-square or Fisher’s exact (f)

Table 5: Maternal characteristics (continuous) of the study participants by mode of delivery

Mode of delivery

Total Normal vaginal  Assisted vaginal Caesarean P value
delivery delivery section
N=889 n=793 n=24 n=72
Med IQR Med IQR Med IQR Med IQR

Gestational age (weeks) 380 380-39.0 38.0 38.0-39.0 38.0 38.0-40.0 38.0 37.5-39.0 0.074
At YA birth
Parity at YA birth 2.0 1.0- 3.0 20 1.0- 3.0 1.0 1.0- 30 20 1.0- 3.0 0.136
YA Breastfeeding duration at infancy 8.0 1.0-20.0 9.0 1.0-20.0 6.5 25-24.0 6.0 0.6-18.0 0.489
(months)
Age at YA birth (years) 240| 20.0-30.0 240 20.0-30.0 23.5 19.0-30.0 255 21.0-30.0 0.541

Med - median, IQR- interquartile range
P values <0.05 were considered statistically significant; Kruskal Wallis
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Table 5 shows maternal characteristics (continuous covariates) by mode of delivery. There
were no differences in the average YAs’ breastfeeding durations at infancy; and mothers’ parity
and age at YAs birth, across the modes of delivery (p>0.05). However, there was a marginally
(>0.05 - <1.0) significant difference in the average mothers’ gestational age at Y As birth across
mode of delivery categories. Although, the median values were similar across the mode of
delivery groups, the interquartile ranges were different. The smallest range was found among

CS - delivered YAs, while the widest range was found among Y As delivered through AVD.

3.3. Bivariate analysis - body mass index

Tables 6 and 7 present the comparison of participants in each BMI category by their socio-
demographic characteristics. As seen in Table 6, there were no significant differences in YAs’
alcohol habits, birth weights, birth weights for gestational age; and mothers’ education at Y As
birth, across the body mass index categories. Factors that were significantly associated with
BMI were YAs’ sex, ethnicity, education, and smoking habit (p<0.05), indicating differences

between the covariates across BMI categories.

For YA sex, the proportion of males was higher among underweight Y As, while the proportion
of females was higher among obese YAs. Subsequently, there were higher proportions of

females than males among overweight and obese YAs.

For YA ethnicity, the proportions of Coloureds and Indians were higher among underweight
YAs, while the proportion of Blacks was higher among overweight YAs. As a result, there
were higher proportions of Blacks than Coloured and Indians among overweight and obese
YAs.

For YA smoking habit, the proportion of non-smokers was higher among overweight YAs,
while the proportion of smokers was higher among underweight YAs. However, there were
higher proportions of smokers than non-smokers among overweight and obese YAs.

For YA education, the proportion of those that had lower than grade 12 education was higher
among underweight Y As, while the proportion of those who had completed grade 12 education
was higher among overweight YAs. Thus, there were higher proportions of those who had
completed grade 12 education than those who had not completed grade 12 education among

overweight and obese Y As.
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Table 6: Body mass index categories of study participants by socio-demographic characteristics

Body Mass Index categories

Total Underweight Normal BMI Overweight Obese P value
N=889 n=95 n=513 n=175 n=106
n % n % n % n % n %
Young adult characteristic
Sex <0.001
Male 444 499 64 67.4 312 60.8 55 314 13 12.3
Female 445 50.1 32 32.6 201 39.2 120 68.6 93 87.7
Ethnicity 0.039
Black 803 90.3 78 82.1 468 91.2 161 92.0 96 90.6
Others 87 9.7 18 17.9 45 8.8 14 8.0 10 9.4
Alcohol intake 0.527
No drinking 560 63.0 23 24.2 165 32.2 46 26.3 30 28.3
Yes drinking 264  29.7 58 61.1 321 62.6 115 65.7 66 62.6
Unknown 65 7.3 14 14.7 27 5.3 14 8.0 10 9.4
Smoking <0.001
Non smoker 530 59.6 46 48.4 285 55.6 124 70.9 75 70.8
Smoker 359 404 49 51.6 228 44.4 51 29.1 31 29.3
Education <0.001
<grade 12 349  39.3 51 53.7 213 41.5 49 28.0 36 34.0
Completed grade 12 531 59.7 44 45.3 293 57.1 125 71.4 69 65.1
Unknown 10 1.1 1.1 10.0 7 1.4 1 0.6 1 0.9
Early and maternal characteristic
Mothers’ post-school 0.756
education
No post school 792 92.2 88 92.6 456 92.6 154 88.0 93 87.7
Yes post school 67 7.8 5 5.3 38 5.3 15 8.6 9 8.5
Unknown 30 3.4 2 2.1 19 2.0 6 3.4 4 3.8
Birth weight (kg) 0.550
LBW (<2.5) 74 8.3 7 7.4 43 8.4 19 10.9 5 4.7
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Body Mass Index categories

Total Underweight Normal BMI Overweight Obese P value
N=889 n=95 n=513 n=175 n=106

n % n % n % n % n %
‘normal’ (2.5-4.0) 798 89.8 87 11.0 461 89.9 152 86.9 98 925
Macrosomia (> 4) 16 1.8 1 1.1 8 1.6 4 2.3 3 2.8
Unknown 1 0.1 - 1 0.19 0 - 0 -

Birth weight (centile) 0.739

SGA (<10™) 79 8.9 11 11.6 43 8.4 19 10.9 6 5.7
AGA (>10"-<90"™) 680 76.5 76 79.0 393 76.6 130 74.3 82 77.4
LGA (>90') 129 145 9 9.5 76 14.8 26 14.9 18 17.0
Unknown 1 0.1 0 - 1 0.19 0 - 0 -

Others - Indians and Coloured, BMI - body mass index, LBW - low birth weight, SGA - small for gestational age, AGA - appropriate for gestational age,

LGA - large for gestational age,

P values <0.05 were considered statistically significant; Pearson’s Chi-square test or Fisher’s exact (f)

Table 7: Body mass index categories of study participants by maternal characteristics (continuous)

Body Mass Index (BMI) Category

Total Underweight Normal BMI Overweight Obese P value
n=95 n=513 n=175 n=106
Med IQR Med IQR Med IQR Med IQR Med IQR

Gestational age 38.0 38.0-39.0 380 38.0-39.0 380 38.0-38.0 38.0 38.0-39.0 38.0 37.0-40.0 0.772
(weeks) at YA birth
Age at YA birth 24.0 20.0-30.0 25.0 21.5-30.0 24.0 20.0-29.0 24.0 20.0-30.0 255 21.0-31.0 0.280
(years)
Parity at YA birth 2.0 1.0- 3.0 20 1.0- 3.0 2.0 1.0-3.0 20 1.0- 3.0 2.0 1.0- 3.0 0.019
Breastfeeding 8.0 1.0-20.0 40 20-19.0 8.0  0.7-20.0 9.0 1.0-190 118 2.0-19.0 0.675

duration at infancy
(months)

Med - median, IQR- interquartile range, BMI - body mass index
P values <0.05 were considered statistically significant; Kruskal Wallis
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As shown in Table 7, although the median and IQR for mothers’ parity at YA’s birth was
similar across BMI categories, the p value indicates a significant difference in the average
mothers’ parity at YA’s birth across the BMI categories (p=0.019). The difference might be
due to the differences in the minimum and maximum parity across BMI categories (Min:Max
- underweight 1:9; normal BMI 1:10; overweight 1:8, obese 1:6). There were no differences in
the average YA’s breastfeeding duration at infancy; and mothers’ gestational age and age at

Y As birth, across the body mass index categories (p>0.05).

3.4. Overweight and obesity

Table 8 shows the crude and sex-stratified prevalence of overweight or obesity, and obesity
only, in each mode of delivery. There was no separate category for overweight participants as
the power computation in section 2.4 indicated low power of the data for the overweight group
(30%). In addition, overweight precedes obesity, and combining both categories gives a broad
view on later life increase in BMI. The data for the combination of overweight + obese was

adequate for making an inference, with 98% power

Among the overweight or obese participants, both the crude and sex-stratified analyses did not,
however, provide enough evidence of differences in proportions of overweight or obesity
across the mode of delivery categories (p=0.587, p=0.204 and 0.706 for overall, males and
females, respectively).

For the obese participants, the crude and sex-stratified prevalence of obesity in each mode of
delivery were also presented. In the crude analysis, obesity was more prevalent in those
delivered through CS; the difference observed across the modes of delivery was statistically
significant (p=0.042). Although no statistically significant difference in the prevalence across
the modes of delivery in either males or females (p=0.190 and 0.132, respectively), was

observed.
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Table 8: Prevalence of overweight/obesity in each mode of delivery among study participants, by sex

Overweight/obese Obese

N n % 95% CI P value n % 95% CI P value

Overall 0.587 0.042
Normal VD 793 246 31.0 279-343 88 11.1 9.1-135
Assisted VD 24 8 33.3 17.6-53.9 4 16.7 6.4-37.0
CS 72 27 375 27.1-49.2 14 194 11.9-30.2
Total 889 281 31.6 28.6-34.7 106 11.9 99-14.2

Male 0.204 0.190
Normal VD 398 59 148 11.7-18.7 9 2.3 1.2-43
Assisted VD 11 1 9.1 13-440 1 9.1 1.3-44.0
CS 35 8 229 11.8-395 3 8.6 2.8-235
Total 444 68 153 12.3-19.0 13 2.9 1.7-5.0

Female 0.706 0.133
Normal VD 395 187 473 425-52.3 79 20.0 16.3-24.2
Assisted VD 13 7 53.8 28.1-77.7 3 23.1 7.6-522
CS 37 19 514 35.6-66.8 11 29.7 16.8 - 46.2
Total 445 213 479 43.1-49.38 93 17.4-24.9

CI - confidence interval, VD - vaginal delivery, CS - caesarean section
P values <0.05 were considered statistically significant; Kruskal Wallis
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Table 9 shows the crude and sex-stratified average BMI for each mode of delivery. There were
no statistically significant differences between the overall BMI, and female average BMI,

across the mode of delivery categories (p=0.135 and 0.861, respectively).

Nonetheless, there was a statistically significant difference between the average BMI across
the mode of delivery categories among male Y As (p=0.018). The male average BMI was higher
among YAs delivered through CS (median= 21.8) although this average falls in the normal
BMI classification.

Table 9: Body mass index of study participants by mode of delivery

Body Mass Index

N Med IQR P value
Overall 0.135
Normal VD 793 22.1 19.8 - 26.1
Assisted VD 24 21.6 19.0-27.4
CS 72 23.3 20.7 —23.3
Total 889 22.2 19.9 - 26.3
Male 0.018
Normal VD 398 20.8 19.3-23.3
Assisted VD 11 20.6 19.0-22.2
CS 35 21.8 20.3-24.8
Total 444 20.8 19.4 - 23.3
Female
Normal VD 395 24.6 21.0-28.9 0.861
Assisted VD 13 25.6 19.0 - 28.0
CS 37 25.2 21.4-30.0
Total 445 24.2 21.0-29.0

Med - median, IQR- interquartile range, BMI - body mass index
CI - confidence interval, VD - vaginal delivery, CS - caesarean section
P values <0.05 were considered statistically significant; Kruskal Wallis

3.5. Association between mode of delivery and early adulthood overweight/obesity
Tables 11 and 12 shows the ORs and 95% Cls obtained from the unadjusted and adjusted
logistic regression models; and the unadjusted and adjusted linear regression models,

estimating the association between mode of delivery and BMI categories/BMI respectively.

Body mass index categories and mode of delivery
Body mass index was treated as a categorical outcome. Table 12 shows the ORs and 95% Cls
obtained from the unadjusted and adjusted logistic regression models, estimating the

association between mode of delivery and BMI categories.
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Model 1 compared non-obese YAs (underweight + normal BMI + overweight) to obese YAs,
across mode of delivery categories, using non-obese YAs as reference. In the unadjusted
analysis, the odds of obesity in CS-delivered YAs was 1.93 times the odds of obesity among
YAs delivered through NVD. The observed difference was statistically significant (p=0.039)
with 95% CI indicating effect range from 4% to 261% increased odds. The overall model was

only marginally significant (p=0.092).

In the adjusted analysis, after including YAs sex and birth weight; mothers’ parity and
education at YA’s birth (based on their effect on the unadjusted OR), the odds of obesity among
CS-delivered YAs was increased by 6% from the unadjusted odds, which was statistically
significant. However, the 95% CI indicated that the effect range was 0% to as high as 264%
increased odds.

The adjusted model showed overwhelming evidence of differences in the covariates fitted in
the model, with P<0.0001. The model previously adjusted for mothers’ age at YA’s birth which
resulted in collinearity and significant correlation with mothers’ parity at YA’s birth (appendix
2), and the latter was kept in the model. This is because mothers’ parity was statistically
associated with the BMI categories in the bivariate analysis in Table 7. In addition, birth weight,
rather than gestational age or birth weight corrected for gestational age, was used because birth
weight was more likely to be associated with BMI in previous studies.

Table 10: Association between mode of delivery and early adulthood overweight/obesity
(categorical)

Unadjusted (N=889)2 Adjusted(N=888)°

Variable Mode of delivery OR 95%CIl P value OR 95%CI P value
Model 1  Normal VD 1.00 reference 1.00 reference

0.0922 Assisted VD 160 0.54-4.80 0.400 1.69 0.50-5.69 0.395
<0.0001®* CS 193 1.04-3.61 0.039 199 1.00-3.94 0.049
Model 2  Normal VD 1.00 reference 1.00 reference

0.5201%  Assisted VD 1.11 0.47-2.63 0.810 1.11 0.46-2.66 0.824
<0.0001®* CS 133 0.81-2.20 0.259 127 0.73-2.20 0.400
Model 3  Normal VD 1.00 reference 1.00 reference

0.5242 Assisted VD 1.67 0.56-5.00 0.362 185 0.56-6.14 0.315
<0.0007® CS 0.76 0.32-1.80 0.529 091 0.36-2.28 0.842

OR - odds ratio, CI - confidence interval, VD - vaginal delivery, CS - caesarean section
a — unadjusted model, b —adjusted model
Model b - adjusted for young adults’ sex and birth weight; mothers” parity and education at young adult’s birth.
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Model 2 compared non-overweight or obese Y As (underweight + normal BMI) to overweight
or obese (overweight + obese) Y As, across mode of delivery categories, using non-overweight
or obese YAs as reference. In both unadjusted and adjusted analyses, the odds of being
overweight or obese observed among CS-delivered YAs was not statistically significant
(p=0.259 and 0.400, respectively). The odds of being overweight or obese among YAs
delivered through CS was 1.33 times the odds of being overweight or obese among YAs
delivered NVD in the unadjusted analysis. The 95% CI showed effect range from 19%
protective (reduction in odds) to 120% harmful (increased odds). The overall model was not
significant (p=0.520).

The covariates adjusted for in model 1b were adjusted for in model 2b. The odds of being
overweight or obese among YAs delivered through CS was 1.27 times the odds of being
overweight or obese among YAs delivered NVD. The 95% CI showed effect range from 27%
reduction in odds to 120% increased odds. The adjusted model showed an overwhelming

evidence of differences in the covariates fitted in the model with P<0.0001.

To further explore the association between BMI and later life overweight or obesity, model 3
compared non-underweight YAs (normal BMI + overweight + obese) to underweight YAs
across mode of delivery categories, using non-underweight YAs as the reference. In both
unadjusted and adjusted analyses, the lower odds of being underweight observed among CS
delivered Y As was not statistically significant (p=0.529 and 0.842, respectively). The odds of
being underweight among Y As delivered through CS was 0.24 times less than the odds of being
underweight among YAs delivered NVD in the unadjusted model. This was not statistically
significant (p=0.529) and the 95% CI showed effect range from 68% reduction in odds to 80%

increased odds. The overall model was not significant (p=0.520).

Model 3b included covariates that were adjusted for in model 1b and 2b. The odds of being
underweight among YAs delivered through CS was 0.09 times less than the odds of being
underweight among YAs delivered NVD. The 95% CI showed effect range from 64%
reduction in odds to 128% increased odds. The model showed an overwhelming evidence of

differences in the covariates fitted in the model with P<0.0001.
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Body mass index and mode of delivery

Body mass index was also treated as a continuous outcome variable. From Table 12, the
unadjusted analysis shows an overall model p value that explains the model fit, suggesting that
there is no difference between the mode of delivery and BMI (p=0.340), as all the coefficients
are equal to zero. The R? value (0.0024) shows a < 1% variability in BMI that can be explained
by mode of delivery. Therefore, the B coefficients is not an accurate interpretation of the

investigated association.

The adjusted model included covariates controlled for as possible confounders in the multiple
logistic regression (main analysis). Hence, covariates such as YA’s sex and birth weight;
mothers’ parity, and education at YA’s birth that changed the effect estimate of the primary
predictor (caesarean section; B coefficients) were adjusted for in the analysis. The model
previously adjusted for mothers’ age at Y As birth, this resulted in collinearity with mothers’
parity at YAs birth, and the latter was left in the model. This is because the parity was
statistically associated with BMI in the bivariate analysis in Table 7 and the AIC and BIC of
the model values were lower (see appendix 2), when mothers’ age at Y As birth was removed.
The adjusted model showed more increase in model fit (p=0.000), the independent variables
explained about 15% of the variability in BMI. Although, the linear model assumptions are to

be met before the results are inferred.

The plotting of residuals against the fitted values, using a scatter plot, provided graphical
evidence of non-constant variance (Figure 4), this was supported by Cook-Weisberg test for
heteroscedasticity, that showed a very strong evidence of non-constant variance (het-test chi-
square=114.03, P=0.000). The -2 and +2 “yardstick” for Studentized residuals, assumed to
come from a standard normal distribution, also showed a number of outliers, as well as those

observed in the histogram residual plot.

Normality of BMI was tested, using histogram, normal probability plots and skewness-kurtosis
test, these provided evidences of non-normal distribution (p=<0.0001). Ladder of powers
(showing ladder - skewness-kurtosis estimates, gladder - histogram, and gladder - normal
probability plots- see Appendix 3) did not provide any suitable transformation for BMI.
However, the gladder provided a graphical evidence of normality in BMI in the inverse and
1/square root of BMI forms. Thus, the BMI was transformed to these forms, but there was still

38



no evidence of constant variance (het-test chi-square=31.73, P=0.000; and het-test chi-

square=47.03, P=0.000 for inverse and 1/square root of BMI forms, respectively).
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Figure 4: Residual values plotted against the fitted values of body mass index
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In addition, the Ramsey’s RESET test did not show any evidence of omitted variables in the
model (p=0.940).

Table 11: Association between mode of delivery and early adulthood overweight/obesity
(linear)

Unadjusted (N=889) Adjusted(N=889)
Variable Mode of delivery  p Coef 95%ClI Pvalue p Coef 95%CIl  Pvalue
Model 1 Normal VD 1.00 reference 1.00 reference
0.3460°  Assisted VD -0.19 -2.44-2.06 0.870 -0.21 -2.30-1.88 0.843
<0.0001° CS 098 -0.36-2.31 0.151 0.73 -0.53-1.98 0.255

B coef - beta coefficient, CI - confidence interval, VD - vaginal delivery, CS - caesarean section

a — p value for unadjusted model, b — p value for adjusted model

Model 0 - unadjusted model. R?= 0.0024, adj R?= 0.0001

Model 1 - adjusted for young adults sex, and birth weight; mothers’ parity, age, and education at young adult’s
birth. R?=0.1481, adj R?=0.1397

After exploring BMI as a continuous outcome variable and failing to meet the linear model
assumptions, as a suitable transformation for BMI, did not solve the issue of non-constant
variance. The results from the multiple logistic regression model are considered more reliable
for the association that was explored.

3.6. Association between mode of delivery and early adulthood overweight or obesity,
stratified by sex and birth weight

To determine if sex and birth weight modified the association between mode of delivery and
early adulthood overweight or obesity, post-estimation (Wald) tests were conducted. The test
showed no significant interactions between mode of delivery and birth weight, as well as
between mode of delivery and sex (p>0.05). Furthermore, the same test was carried out to
investigate differences between obesity rates across sex and birth weight categories and this

was statistically significant (p=<0.0001 and p=0.0267, respectively).

Tables 13 shows the birth weight and sex-stratified ORs and 95% Cls of the adjusted logistic
regression models, estimating the association mode of delivery and BMI categories. The
models adjusted for covariates included in the models in Table 12. The association was
explored by using overweight + obese and obese only as outcome categories, using non

overweight or obese and non obese, repectively.
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In the model for males, the odds of being overweight or obese among Y As delivered through
CS was 59% higher than the odds of being overweight or obese among Y As delivered through
normal vaginal delivery. This was not statistically significant (p=0.280) and the 95% CI
showed effect range from 32% reduction in odds to 271% increased odds. In addition, the odds
of being obese among Y As delivered through CS was 4.27 times the odds of being obese among
YAs delivered through NVD. This was statistically significant (p=0.042), however, the 95%
Cl showed a low precision of the OR, and an effect range from 5% to 1633% increased odds.

For females, the odds was of being overweight or obese among Y As delivered through CS was
17% higher than the odds of being overweight or obese among YAs delivered via normal
vaginal delivery. This was not statistically significant (p=0.645) and the 95% CI showed effect
range from 41% reduction in odds to 271% increased odds. Additionally, the odds of obesity
in CS delivered YAs was 77% higher than the odds of obesity among Y As delivered through
normal VD. This was not statistically significant (p=0.149) and the 95% CI showed effect range
from 18% reduction in odds to 285% increased odds.

In the model including only participants who had birth weight <3.1 kg, the odds of being
overweight or obese among YAs delivered through CS was 1% higher than the odds of being
overweight or obese among YAs delivered via normal vaginal delivery. The association was
not statistically significant (p=0.987) and the 95% CI showed effect range from 57% reduction
in odds to 131% increased odds. Also, the odds of obesity in CS delivered Y As was 41% higher
than the odds of obesity among Y As delivered through normal VD. This was not statistically
significant (p=0.542) and the 95% CI showed effect range from 53% reduction in odds to 325%
increased odds.

In the model including only participants who had birth weight >3.1 kg, the odds of being
overweight or obese among YAs delivered through CS was 1.64 times the odds of being
overweight or obese among YAs delivered via normal vaginal delivery. The association was
not statistically significant (p=0.183) and the 95% CI showed effect range from 61% reduction
in odds to 241% increased odds. In addition, the odds of obesity in CS-delivered YAs was 2.74
times the odds of obesity among YAs delivered through normal VD. This was statistically
significant (p=0.036), however, the 95% CI showed a low precision of the OR and indicated

an effect range of 7% to 701% increased odds.
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Table 12: The association between mode of delivery and early adulthood overweight/obesity,
stratified by sex and birth weight (using normal BMI as reference)

Overweight/obese Obese

Variable no/Nt % OR 95%ClI Pvalue | no/Nt % OR 95%CI P value
Main analysis
Normal VD 246/793 31.0 1.00 reference 88/793 11.1  1.00 reference
Assisted VD 8/24 333 111 0.46 — 2.66 0.824 4/24 16.7 1.69 0.50 - 5.69 0.395
CS 27/72 375 1.27 0.73-2.20 0.400 14/72 194 1.99 1.00 - 3.94 0.049
Male
Normal VD 59/398 14.8 1.00 reference 9/398 23 1.00 reference
Assisted VD 1/11 9.1 059 0.07 -5.15 0.637 1/11 9.1 470 0.44-50.68 0.203
Cs 8/35 229 159 0.68 -3.71 0.280 3/35 8.6 4.27 1.05-17.33 0.042
Female
Normal VD 187/395 47.3 1.00 reference 79/395 20.0 1.00 reference
Assisted VD 7/13 53.8 1.34 0.44 — 4.08 0.610 3/13 23.1 1.28 0.34 -4.81 0.717
CS 19/37 514 1.17 0.59 - 2.32 0.645 11/37 29.7 1.77 0.82 - 3.85 0.149
Birth weight (<3.1kg)
Normal VD 127/420 30.2 1.00 reference 46/420 11.0 1.00 reference
Assisted VD 1/10 10.0 0.30 0.04-2.28 0.235 0/10 - - - -
Cs 10/30 333 0.99 0.43-231 0.987 5/30 16.7 141 0.47 -4.25 0.542
Birth weight (>3.1kg)
Normal VD 119/372 32.0 1.00 reference 42/372 11.3 1.00 reference
Assisted VD 7/14 50.0 1.73 0.55-5.49 0.353 4/14 28.6 2.29 0.53-9.89 0.267

17/42 405 1.64 0.79 - 3.41 0.183 9/42 21.4 2.74 1.07 -7.01 0.036

OR - odds ratio, CI - confidence interval, VD - vaginal delivery, CS - caesarean section.

no— number of participants with outcome(s) in row group

Nt — total number of participants in row group

Adjusted for young adults’ sex and birth weight; mothers’ parity and education at young adult’s birth in all models.

3.7. Sensitivity analysis

To determine if results obtained in the main analysis held up under different scenarios, a series
of sensitivity analyses was conducted (Table 14). These analyses explored the association
between mode of delivery and early adulthood overweight and obesity, using models for
overweight or obese and obese (outcomes), while also investigating the possibility of hidden
confounding or over/under adjustment. Non-overweight or obese (underweight + normal BMI)
and non-obese (underweight + normal BMI + overweight) were used as reference categories

for each model, respectively.

Firstly, multiple logistic regression models that combined those delivered through assisted VD
and normal VD was computed. The odds of being overweight or obese in YAs delivered
through CS was 1.26 times the odds of being overweight or obese in YAs delivered through
assisted and normal VD. This was not statistically significant (p=0.405) and the 95% CI
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showed effect range from 26% reduction in odds to 119% increased odds. In addition, the odds
of being obese in YAs delivered through CS was 1.95 times the odds of being obese in YAs
delivered through assisted and normal VVD. This was statistically significant (p=0.054) and the
95% CI showed effect range from 0% to 287% increased odds

Again, multiple logistic regression models controlling for lifestyle and behavioural
characteristics (Y As’ breastfeeding duration during infancy, smoking habit, and alcohol intake)
+ covariates adjusted for in the main analysis (YAs’ sex and birth weight; mothers’ parity and
education at young adult’s birth), were computed. The odds of being overweight or obese in
YAs delivered through CS was 1.28 times the odds of being overweight or obese in YAs
delivered through normal VD. This was not statistically significant (p=0.385) and the 95% CI
showed effect range from 26% reduction in odds to 125% increased odds. Additionally, the
odds of being obese in YAs delivered through CS was 1.80 times the odds of being obese in
Y As delivered through normal VVD. This was statistically significant (p=0.053) and the 95% ClI
showed effect range from 0% to 265% increased odds.

Furthermore, multiple logistic regression models controlling for early life factors only (young
adults’ sex, birth weight and breastfeeding duration at infancy; mothers’ parity, gestational age,
age and education at young adult’s birth) as potential confounders, regardless of their effect on
the effect estimate of the primary predictor (mode of delivery) were computed. The odds of
being overweight or obese in YAs delivered through CS was 1.29 times the odds of being
overweight or obese in YAs delivered through normal VD. This was not statistically significant
(p=0.331) and the 95% CI showed effect range from 23% reduction in odds to 114% increased
odds. In addition, the odds of being obese in YAs delivered through CS was 1.80 times the
odds of being obese in Y As delivered through normal VVD. This was not statistically significant
(only marginally; p=0.077) and the 95% CI showed effect range from 6% reduction in odds to
246% increased odds.

Finally, multiple logistic regression models treating YAs’ birth weight as a continuous
covariate and Y As’ breastfeeding duration at infancy; mother’s parity and age at YA’s birth as
categorical covariates, were computed. The model adjusted for these variables in those form +
other variables added in the main analysis (i.e. YAs sex). The odds of being overweight or
obese in YAs delivered through CS was 1.31 times the odds of being overweight or obese in

Y As delivered through normal VVD. This was not statistically significant (p=0.340) and the 95%
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ClI showed effect range from 25% reduction in odds to 126% increased odds. In addition, the

odds of being obese in YAs delivered through CS was 1.98 times the odds of being obese in
Y As delivered through normal VD. This was statistically significant (p=0.049) and the 95% ClI

showed effect range from 0% to 291% increased odds.

Table 13: Sensitivity analysis: examining the association between mode of delivery and early
adulthood overweight or obesity under different scenarios

Overweight or obese Obese
OR 95% CI P value OR 95% CI P value
Main analysis
Normal VD 1.00 reference 1.00 reference
Assisted VD 1.11 0.46 — 2.66 0.824 1.69 0.50-5.69 0.395
CS 1.27 0.73-2.20 0.400 199 1.00-3.94 0.049
Combined normal and
assisted vaginal delivery
VD (normal and assisted) 1.00 reference 1.00 reference
CS 1.26 0.73-2.19 0.405 1.95 0.99-3.87 0.054
Controlling for confounders
Lifestyle and behavioural
characteristics + main analysis
Normal VD 1.00 reference 1.00 reference
Assisted VD 1.17 0.49 -2.76 0.722 1.95 0.54-5.93 0.337
CS 1.28 0.73-2.25 0.385 1.80 0.99 -3.65 0.053
Early life factors only
Normal VD 1.00 reference 1.00 reference
Assisted VD 1.14 0.48 — 2.66 0.771 1.73 0.61-4.93 0.304
CS 1.29 0.77-2.14 0.331 1.80 0.94-3.46 0.077
Covariates linear/categorical
Normal VD 1.00 reference 1.00 reference
Assisted VD 1.10 0.47 —2.58 0.818 1.63 0.49-5.40 0.424
CS 1.31 0.75 - 2.26 0.340 1.98 1.00-3.91 0.049

OR - odds ratio, CI - confidence interval, VD - vaginal delivery, CS - caesarean section

Adjustment for confounders

i Combined normal and assisted vaginal delivery - adjusted for young adults’ sex and birth weight;

mothers’ parity, age, gestational age, and education at young adult’s birth.

ii. Covariates linear/categorical — adjusted for young adults’ birth weight (continuous), breastfeeding
duration at infancy (categorical); mother’s parity and age at YAs birth (categorical) + other covariates in

main analysis.

iii. Lifestyle and behavioural characteristics — adjusted for young adults’ breastfeeding duration during
infancy, smoking habit, and alcohol intake + other covariates in main analysis.
iv. Early life factors only - adjusted for young adults’ sex, birth weight and breastfeeding duration at

infancy; mothers’ parity, gestational age, age and education at young adult’s birth.
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CHAPTER FOUR: DISCUSSION

This chapter is a discussion about the interpretation of the results, while reviewing previously
published literature on the association between mode of delivery and overweight or obesity.
The strengths and limitations of the study are discussed. The chapter ends with

recommendations and a conclusion.

Certain characteristics such as YAs’ ethnicity, smoking habit, breast feeding duration; mothers’
education, gestational age, and age at young adults’ birth were statistically different between
the primary cohort and study participants. The differences observed between the groups were
as a result of the under/overestimation of these characteristics, proportionally. Nevertheless,
YAs’ sex, mode of delivery (primary predictor), education, alcohol habit, body mass index
(outcome), birth weight; and mothers’ parity were all similar across the primary cohort and

study participants.

There were slightly more females than males in this study (1:0.998). This is not representative
of the South African population; over the last few decades, Statistics South Africa has reported
more male than female births (1: 1.01) (109).

The proportion of participants of low birth weight was 8.3%. This is lower than the 9.0% in
2006 and 13.0% in 2014 reported in the 2009 Statistics on Children in South Africa and the
2016 South African Early Childhood Review, respectively (110, 111). Likewise, the prevalence
of macrosomia was low in our study. The 1.8% macrosomia prevalence was, however, similar
to the 1.7% estimate of the South African Department of Health reported by Macaulay et al.
(2014), although, this rate has not been verified to be representative of the South African
population (112). These estimates are lower when compared to other African countries, such
as Nigeria, Algeria, and Uganda, which have reported (from 2004 to 2005) higher macrosomia
rates, i.e. 7.5%, 14.5%, and 8.4% respectively (113). Most countries have also overlooked
estimating prevalence for macrosomia and large for gestational age, rather concentrating on
statistics for low birth weight and small for gestational age. And, hence, leading to limited data

for comparison.

Most of our study participants, as in the Bt20+ cohort, were delivered through normal vaginal

delivery, resulting in a low prevalence of CS. The current surge of CS was not captured in our

45



study; the 8.1% prevalence of CS in this study is much lower than the rates reported by the
South African Health Review in 2016: around 71% in the private sector, and 25% from the
DHIS data in 2014 (31). This low rate might be due to the difficulty of the investigators of the
Bt20+ cohort to recruit mothers in private health facilities, where CS rates are higher (about
31% in 1990) than in public health facilities, as reported by Richter et al. (2007) and Matshidize
et al. (1998) (100, 114).

We compared the young adults’ BMI categories and modes of delivery by their maternal, young
adult, and early life characteristics; described BMI, overweight/obesity and obesity across the
modes of delivery, by sex; and examined the relationship between mode of delivery and early
adulthood overweight or obesity. Our results show that: (i) there were significant differences
between young adults’ sex, ethnicity, education, smoking habit; and mothers’ parity at YAs
birth across BMI categories, while young adults’ ethnicity and birth weight were different
across mode of delivery categories (ii) body mass index in male YAs and obesity rates in all
YAs, differ across the modes of delivery (iii) CS was significantly associated with increased
odds of obesity but not in overweight + obese combined.

Our comparison of BMI and mode of delivery categories by maternal, young adult and early
life characteristics contributes to knowledge from previous studies (79, 87, 88, 91) in that it
identifies some of the factors that have been reported to be associated with obesity. The results
of our quantitative analysis are supported by other studies, including those that have drawn

their conclusions from inferential analysis (i.e. using risk estimates such as PR, RR, OR, IRR).

From our study, females were more likely to be obese. Although, Barros et al. (2012) also
found this higher risk in females, a number of studies have continued to observe significantly
higher odds in males (26, 81, 82). We treated smoking habit as dichotomised and we did not
explore the frequency or duration of smoking, which might have further explained the
association between overweight or obesity and smoking duration/frequency. However, we
observed that non-smokers were more likely to be overweight or obese. Chhabra et al. also
found a higher risk in non-smokers, but a later study in 2014 by Mathew et al., reported that

not smoking was associated with decreasing BMI.

Young adults who had completed grade 12 (high school or secondary school) in our study were

more likely to be overweight or obese than those who had not completed grade 12 Goldani et
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al. (2011) also recorded that young adults who had eight or more years of schooling were more
likely to be obese than those who had less than eight years of schooling (39). However,
education was not a risk factor of obesity, in either men or women, in a study by Monteiro et
al. (2001) (97).

From a statistical viewpoint, our study showed that CS as a mode of delivery was associated
with obesity at early adulthood. This is similar to findings from studies by several studies
outside Africa and also in line with a recent commentary by Kuhle et al. (2017) (115), which
supports the association. Studies that have found significant association between CS and YA
obesity include; those conducted by Goldani et al. (2011), Horta et al. (2013), Mesquita et al.’s
(2013), and Bernardi et al. (2015), as well as recently published studies by Yuan et al. (2016),
Barros (2017), and Hansen et al. (2017) and systematic review and meta-analyses by
Darmasseelane et al. (2014) and Li et al. (2013) (26, 46, 54, 57, 58, 116, 117).

When disaggregated by YAs sex, due to the differences in obesity rates between sexes in the
regression analysis. Caesarean section was statistically associated with an increased odds of
obesity in males but not in females. The confidence interval was wide, indicating a low
precision in OR, due to the small sample size, as the only three male participants were obese.
However, we found a higher odds of obesity (>2 fold) as a result of births through CS in males
than in females. This statistically significant increased odds of obesity in males supports Yuan
et al.s (2016) findings - they also found a statistically significant association in only males but
concluded that there was no difference in the observed risk in either males and females (26).
In contrast, Barros et al. (2012) showed that, among CS-delivered young adults, females had a
higher risk of being obese than males, but the prevalence ratios were not statistically significant
(47). Thus, the results of sex-stratified analyses are inconsistent. The variation in findings
might be explained by the differences in environment or study area, as the previous studies

were in countries outside Africa and were in populations that might not be comparable.

Similarly, we stratified by YAs mean birth weight, since differences in obesity rates were
observed between birth weight categories during our regression analysis, and using the birth
weight categories as they are, in the descriptive analyses, resulted in lack of converging of the
model computed, as a result of the small sample size. We observed differences in the results
among the obese participants in the two categories created. Among the CS-delivered

participants, birth weight >3.1 kg was statistically associated with an increased odds of being
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obese, while the increased odds among those <3.1 kg was not statistically significant, although
the odds was indicative of clinical concern. In addition, the increased odds observed among
those with a birth weight >3.1 kg was about two-fold higher than those with birth weight <3.1
kg, supporting the hypothesis that higher birth weight is associated with later life obesity (79).

The precision of the birth weight stratified analysis results was low, probably due to the small
sample size. The mean birth weight of the participants (3.1 kg), which was used for
stratification in our study, was the same as that of the Bt20+ cohort participants born in 1990.
However, it was lower than birth weights reported in later years: a 3.2 kg mean birth weight
was reported in Gauteng, South Africa, in 1998 by Pieter et al. (118), and a mean of 3.5 kg was
reported in the previous study in Boston, USA (14). The results from our study on the
association between mode of delivery and early adulthood overweight or obesity by birth

weight are applicable to the participants in the primary cohort.

The odds ratios obtained in our study were higher than those reported in previous studies (26,
39, 46, 48). This might be as a result of the exclusion of lifestyle and behavioral characteristics
of the young adults in our analysis based on the reports from sources such as Yuan et al. (2016),
Frisell et al. (2012), and Braback et al. (2013) that they are not true confounders (26, 63, 64).
Although adjusting for these characteristics in our sensitivity analyses didn’t seem to
immensely reduce our odds ratio or affect the significance level.

Although some previous studies on the association between CS and overweight or obesity
included lifestyle and behavioural characteristics of participants as potential confounders, most
studies have focused more on maternal and early life characteristics or identified factors a
priori. Such studies are those by Barros et al. (2012), Horta et al. (2013), Mesquita et al.’s
(2013), and Goldani et al. (2013), as well as recently published studies by Yuan et al. (2016),
Barros (2017), and Hansen et al. (2017). This makes their findings valuable and comparable
to ours (26, 47).

Additionally, most of these studies also adjusted for maternal characteristics that have been
reported to confound the association between mode of delivery and early adulthood obesity,
hence resulting in lower effects in these studies. Furthermore, in addition to considering

maternal and early life characteristics as potential confounders in our study, adjustment was
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also based on whether the covariates had an effect on the OR of the primary predictor

(caesarean section) being explored.

The sensitivity analyses conducted to test if the findings from our main adjusted analysis held
under different scenarios, and also check for possible hidden confounding or under/over
adjustment showed that, statistically, there was an association between CS as a mode of
delivery, and overweight or obesity in majority of analyses explored. The level of significance
became only marginal when all early life and maternal characteristics, regardless of their
collinearity or correlation with other variables and effect on the primary predictor were adjusted
for. However, changing the form of these variables from linear to categorical and from

categorical to linear, did not seem to change the result from that of the main analysis.

4.1. Strengths

Since this was an analysis of a longitudinal study and the data, especially the main outcome
(overweight or obesity) and primary predictor (caesarean section) were representative of the
primary cohort, the first strength was the ability to estimate associations between caesarean
section and overweight and obesity which can be generalizable to young adults in the cohort
and predominantly black study site (Soweto). The study was also able to demonstrate
temporality, as the exposure (CS) preceded the outcome (overweight or obesity in early
adulthood). Additional strengths of the study are the availability of information on important

early life factors of young adults and prospectively collected data in the primary cohort.

4.2. Limitations

This study had a number of limitations. First, the exposure and outcome assessments could not
be controlled, as the study depended on the accuracy of the data collected in the Bt20+ cohort.
Second, the problem of missing data in the cohort could not be solved by retrieving or checking
for information from original files or contacting study participants, as the data received from
the gatekeeper were anonymised.

Coloureds and Indians were underrepresented and there were no Whites, thus, results are not
generalizable to the entire South African population. The presumed underlying cause of later
life overweight or obesity is the deprivation of CS-born infants of microorganisms essential for

regulating digestion, such as Bifidobacterium spp. We could, however, not examine this
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potential mechanism underlying the association at birth, or its persistence to adulthood due to

lack of data on participants’ microbiota after birth or other biological mediators.

The number of women that gave birth through CS was small (n=73). Consequently, the 95%
Cls were wide, indicating low precision of the ORs. Although combining the overweight +
obese categories gave a broader view of later life effect of CS on BMI than using the
overweight category only, estimating the association between CS as a mode of delivery and
overweight in YAs could have been informative. However, this could not be done as there was

low power for the data to detect an association in the overweight group.

There was also no information on whether CS was elective or emergency (for the purpose of
differentiation), as differences in intestine microbiota composition might arise due to prolonged
delivery or ruptured fetal membranes (as discussed in Section 1.1) and the reasons for not using
CS as a delivery procedure were not captured in the database used for our study. Similarly,
there was a lack of data on key pre-pregnancy information and some potential confounders
(discussed in Chapter 1), e.g. mothers’ pre-pregnancy BMI (height and weight); presence of
gestational diabetes, preeclampsia, or pregnancy-induced hypertension; smoking habits;
information about previous CS; and family income at birth, all of which have been reported to
potentially confound the associations investigated in this study. The absence of these variables
might have resulted in residual confounding, leading to higher point estimates than those

observed in previous studies.

Finally, since the participants from our study were delivered between mid-autumn and early
winter in South Africa, they might not be representative of all children that are delivered in

other seasons of the year with respect to later life overweight or obesity (119).

4.3. Conclusion and recommendations

Caesarean section as a mode of delivery was statistically associated with obesity in this study.
Further studies are required in South Africa, and Africa in general, using routinely collected
data that provides useful linking of maternity data with other subsequent databases. This would
provide larger sample sizes and minimize cost while investigating the association across body
mass index categories and exploring the underlying mechanisms. Birth weight and sex-

stratified analyses, taking potential interaction with mode of delivery and differences in

50



overweight or obesity rates into account should be further explored. This is because mean birth
weights differ across populations and the results for sex-stratified analysis did not support those
of previous studies. Mothers and physicians should reduce the use of CS as a delivery
procedure unless entirely required, due to the higher odds of obesity in later life in this study,
the potential biological link between CS and obesity, and statistically significant associations

previously reported.
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APPENDIX 2: Test for normality

¢ Young adults’ birthweight
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e Young adults’ breastfeeding duration at infancy
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e Mother’s parity at YAS birth
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APPENDIX 3: Tests for collinearity and correlation between parity and
mother’s age at young adult’s birth

Collinearity
. vif, uncentered
Variable VIF 1/VIF
mod
1 1.03 0.966865
2 1.13 0.887581
1.gender 1.96 0.509676
parity 6.64 0.150576
mom_age_ at~1 8.73 0.114591
bweightcat
0 1.10 0.912575
2 1.04 0.958841
mothersedu3
1 1.10 0.910247
99 1.05 0.953250
Mean VIF 2.64

Correlation

. Spearman mom age at del parity //0.0000 rho 0.7804

fmber of obs Bag

Spearman's tho = (.780

I
—]
—1
==
—»

s

Test of Ho: mom age at del and parity are independent
Preb > It] = 0.0000

end of do-file

Checking linear model with the lower AIC and BIC values

e Linear model with adjusted covariates + mothers’ age at YAs birth

estat ic

Akaike's information criterion and Bayesian information criterion

Model Obs 1l (null) 11 (model) af AIC BIC
889 -2781.011 -2709.239 11 5440.478 5493.169
Note: N=0Obs used in calculating BIC; see [R] BIC note.
e Linear model with adjusted covariates minus mothers’ age at YAs birth
estat ic
Akaike's information criterion and Bayesian information criterion
Model Obs 11 (null) 11 (model) df AIC BIC
889 -2781.011 -2709.595 10 5439.19 5487.091

Note:

N=0Obs used in calculating BIC;

see [R] BIC note.
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APPENDIX 4: Ladder of powers for body mass index

e Ladder (Skewness-Kurtosis test)

Transformation formula chi2 (2) P (chi?2)
cubic BMI"3 . 0.000
sguare BMI"™2 . 0.000
identity BMI . 0.000
sguare root sgrt (BMI) . 0.000
log log (BMI) . 0.000
1/ (sguare root) 1/sgrt (BMI) 35.49 0.000
inverse 1/BMI 16.76 0.000
1/sguare 1/ (BMI"~2) 10.68 0.005
1/cubic 1/ (BMI™3) 39.14 0.000
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APPENDIX 5: Multiple logistic regression model (main analysis)

e Outcome — Obesity

Logistic regression Number of obs = 888
Wald chi2(8) = 60.60
Prob > chi?2 = 0.0000
Log pseudolikelihood = -280.66234 Pseudo R2 = 0.1357
Robust
ob non | Odds Ratio  Std. Err. z P>|z| [95% Conf. Interval]
mod
assisted VD 1.692396  1.047125 0.85 0.395 .5033193 5.690631
C/section 1.988707 .6940926 1.97 0.049 1.003429 3.941437
gender
Female 9.831173  3.123493 7.19 0.000 5.274331 18.32497
parity 1.031153 .0782442 0.40 0.686 .8886562 1.1965
bweightcat
low BW .3843103 .1968517 -1.87 0.062 .1408247 1.048782
high BW 3.544654  2.277574 1.97 0.049 1.006109 12.48829
99 1 (empty)
mothersedu3
pstsch T 1.347563 .5574095 0.72  0.471 .5990399 3.031393
99 .9264982 .5431202 -0.13  0.896 .2936729 2.922976
_cons .0242094 .0082093  -10.97  0.000 .0124551 .0470568
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e Outcome — overweight + obese

Logistic regression Number of obs = 888
Wald chi?2 (8) = 105.87
Prob > chi2 = 0.0000
Log pseudolikelihood = -494.43784 Pseudo R2 = 0.1079
Robust
obov_non Odds Ratio Std. Err. z P>|z| [95% Conf. Interval]
mod
assisted VD 1.104736 .4960273 0.22 0.824 .458214 2.663475
C/section 1.266551 .3553584 0.84 0.400 .7308013 2.195057
gender
Female 5.358882 .8896709 10.11 0.000 3.870432 7.419745
parity 1.00936 .0565517 0.17 0.868 .9043893 1.126514
mothersedu3
pstsch T 1.422347 .4513499 1.11 0.267 .7636529 2.649203
99 .9375204 .3927165 -0.15 0.878 .4124983 2.130783
bweightcat
low BW .863857 .2577307 -0.49 0.624 .4813787 1.550233
high BW 3.146363  1.573464 2.29 0.022 1.180679 8.38467
99 1 (empty)
_cons .1619821 .0303265 -9.72 0.000 .1122286 .2337923
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