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Abstract

Background: The relationship between birth by cesarean section (CS) and allergic diseases’ prevalence continues to be
controversial. We aimed to investigate if being born by CS is associated with the prevalence of allergic diseases and their
symptoms in schoolchildren. Methods: This study included children between 6 and 7 years of age, selected by popula-
tion-based sampling. We investigated the presence of allergic diseases and their symptoms, family history of asthma, smoking
in parents, breastfeeding, exposure to pets, the season of birth, number of siblings, consumption of unpasteurized cow’s milk,
and mode of birth. Results: We included 1003 subjects (526 girls), of which 44.2% were born through CS. The prevalence
of allergic diseases did not differ according to birth mode. Asthma in either parent, current smoking by the mother, breastfe-
eding, and unpasteurized cow’s milk consumption were associated with wheezing at some time in life. Conclusions: No
association between CS birth mode and allergic diseases and their symptoms was found.
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Prevalencia de enfermedades alérgicas y sintomas en escolares de acuerdo con la via
de nacimiento

Resumen

Introduccion: La relacidn entre el nacimiento por operacion cesarea y las enfermedades alérgicas es controversial. El ob-
jetivo del presente estudio fue investigar si el nacimiento por cesdrea se asocia con la prevalencia de las enfermedades
alérgicas y sus sintomas en escolares. Métodos: Estudio transversal que incluyé una muestra probabilistica de nifios de 6
a 7 afos. Se registraron la presencia de enfermedades alérgicas y sus sintomas, la historia familiar de asma, el tabaquismo
en los padres, la alimentacion al seno materno, la exposicién a mascotas, la estacion de nacimiento, el numero de hermanos,
el consumo de leche no pasteurizada de vaca y la via de nacimiento. Resultados: Se incluyeron 1003 sujetos (526 nifias),
de los cuales el 44.2% nacieron por cesdrea. La prevalencia de enfermedades alérgicas no difirié segun la via de nacimien-
to. El antecedente de asma en alguno de los progenitores, el tabaquismo actual en la madre, la lactancia materna y el
consumo de leche no pasteurizada de vaca se asociaron con sibilancias presentes alguna vez en la vida. Conclusiones: No
se demostré asociacion entre el nacimiento por cesdrea y las enfermedades alérgicas y sus sintomas.
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Introduction

Recently, an international trend has been observed
regarding the increase of births by cesarean section
(CS). Mexico is among the countries that belong to the
Organization for Economic Cooperation and
Development with a high proportion of births by this
mode’. According to national figures, the frequency of
CS increased from 30% in 2000 to 37.4% in 2006, and
45.1% in 20122, Birth by CS favors modifications of the
intestinal microbiota, which has been related to alter-
ations in cytokine production. Therefore, children born
by this route seem to be at greater risk of developing
allergic diseases®. Since the prevalence of asthma,
allergic rhinitis, and atopic dermatitis has increased
significantly worldwide (Mexico is no exception*), a
possible association between the birth mode and the
development of allergic diseases has been raised.
However, available studies have shown inconsistent
results®'4. Since there is little evidence in our country,
we hypothesized that the prevalence of allergic dis-
eases and their symptoms are higher in schoolchildren
born by CS than in those born vaginally.

Methods

Design and sampling

We conducted a cross-sectional study'®. According
to the Ministry of Education of Jalisco, 3946 children
aged 6-7 were enrolled in public and private primary
schools in Tepatitlan, Jalisco. With the idea of obtaining
a larger sample size to estimate the overall prevalence
of asthma, allergic rhinitis, and atopic dermatitis in
schoolchildren aged 6-7 years, an expected frequency
of 50% (the highest scenario), a 95% confidence inter-
val (Cl), and a 3% error were considered. Therefore,
the minimum sample size was 841 subjects, which was
increased by almost 20% through randomized, strati-
fied, and cluster sampling.

Measurements

The prevalence of allergic diseases and their symp-
toms was determined using the International Study of
Asthma and Allergies in Childhood (ISAAC) question-
naires in the Spanish version, previously adapted for
Mexico'®. The ISAAC study is a worldwide effort that
was developed in three phases. Phase | aimed to deter-
mine the prevalence of asthma, allergic rhinitis, and
atopic dermatitis in two different age groups: one group

of children aged 6-7 years, and the other, children aged
13-14 years. Phase Il served to identify factors associ-
ated with allergic diseases. Finally, phase Ill allowed
the evaluation of a particular trend in the prevalence of
allergic diseases'’. Consequently, our study is framed
within phase II.

In addition, we asked participants about the maternal
and paternal history of asthma and allergic diseases.
We investigated if either of the parents had asthma or
any allergies. We also investigated the family history of
current tobacco consumption, maternal breastfeeding
for at least 4 months, regardless of whether it was
exclusive, living with dogs or cats inside the house, the
season of the year in which the child was born, con-
sumption of unpasteurized cow’s milk, and the number
of siblings. The period of fieldwork took place from April
2012 to April 2013.

Analysis

The prevalence of allergic diseases and their symp-
toms was determined for each birth mode. The propor-
tions were compared through the y? test, while the
Student’s t-test or Mann—-Whitney U test were used for
the means or medians, respectively. Associations
between allergic diseases and their symptoms and the
birth mode were evaluated through odds ratios (OR)
and 95% CI. Multivariate analyses were used to identify
factors associated with the prevalence of wheezing at
some point in life. Statistical significance was estab-
lished with a p < 0.05. The IBM® SPSS® Statistics 20
program (IBM Corp., Armonk, NY, USA) was used to
analyze the data.

Ethics

The Ethics and Research Committee of the Nuevo
Hospital Civil de Guadalajara Dr. Juan |. Menchaca, the
Sanitary Jurisdiction Number Il Altos Sur of the Ministry
of Health of Jalisco, and the Regional Delegation of
Educational Services approved this study. The parents
or guardians of the participating children signed an
informed consent form.

Results

A total of 1003 school children were included (52.4%
female). The proportion of CS was 44.2%, and 55.8%
by vaginal route. There was no difference in the birth
mode between genders. The paternal asthma history,
current smoking history, living with pets inside the
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Table 1. Characteristics of the population studied according to the birth mode

Variables

Cesarean section (n = 443)

Gender
Female 234
Male 209

Family history of allergic disease
Mother with asthma 16
Father with asthma 19
Mother with allergy 72
Father with allergy 34
Current smoking by the mother 65
Current smoking by the father 143
Smoking by a family member 127
Dog in the house 100
Cat in the house 34
Breastfeeding for 4 months at least 285
Unpasteurized cow’s milk consumption 255

Season of birth

Spring 93
Summer 100
Autumn 133
Winter 109
Number of siblings
No siblings 48
1 157
>1 238
>3 94
house, breastfeeding, unpasteurized cow’s milk

consumption, and the season of the year, in which the
birth occurred are shown in table 1. Children born by
vaginal delivery showed a higher frequency of mothers
with asthma (p = 0.035), a higher proportion of family
members with current smoking (p = 0.044), and more
siblings (p < 0.0001).

Table 2 compares the prevalence of allergic diseases
among children born by CS or vaginal delivery. In gen-
eral, no differences were observed between the groups,
except wheezing at some time in life, which tended to be
more frequent in CS-born children (OR = 1.33, p = 0.054).

The prevalence of wheezing at some time in life was
higher when either parent had asthma or with current
smoking by the mother, while breastfeeding = 4 months
and unpasteurized cow’s milk consumption acted as pro-
tective factors for wheezing at some time in life (Table 3).

Discussion

This study found no association between the
prevalence of allergic diseases and the symptoms

Birth mode

Vaginal (n = 560)

52.8 292 52.1 0.831
472 268 479

3.6 37 6.6 0.035
43 2 36 0.775
16.3 79 14.1 0.345
7.7 16 8.2 0.754
14.7 80 143 0.863
323 203 36.3 0.182
287 194 346 0.044
226 135 24.1 0.569
7.7 37 6.6 0513
64.3 390 69.6 0.075
57.6 326 58.2 0.835
214 108 19.6 0.798
23.0 140 255

306 168 30.6

25.1 134 25.1

10.8 53 9.5 0.015
35.4 156 2.9

53.7 351 62.7

212 199 355 < 0.0001

investigated regarding the birth mode. Conversely, we
identified other variables as independent factors asso-
ciated with the prevalence of wheezing at some time in
life.

The frequency of allergic diseases has increased in
Mexico. For example, in Cuernavaca, the prevalence
increased notoriously in just a 7-year period*; similar
findings were observed in Guadalajara®. CS birth has
been identified as a contributing factor to this phenom-
enon, but the results are still contradictory. A meta-anal-
ysis showed that CS birth increases the risk of asthma
and allergic rhinitis by 18% and 23%, respectively®.
Other studies have found similar results for asthma’se.
In nearly 70,000 European children, CS birth was found
to significantly increase the risk of asthma during
school age when the CS was elective and not an emer-
gency®; however, of the nine cohorts included in this
study, only two found an association between CS birth
and asthma.

Furthermore, it is notorious that such an event was
not reaffirmed in a cohort that included more than
50,000 children. Another noteworthy point is the wide
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Table 2. Comparison of the prevalence of allergic diseases among children born by cesarean section or vaginal
delivery

Vaginal (n = 560) Cesarean section (n = 443) OR (95% Cl)

N B T
118
46

Variables

Wheezing at some time in life 120 21.4 26.6 1.33 (0.99-1.78) 0.054

Symptoms in the previous year
Wheezing 50 8.9 10.4 1.18 (0.77-1.80) 0.437
Wheezing with exercise 40 7.1 25 5.6 0.78 (0.46-1.30) 0.339
Night cough 182 32.5 139 314 0.95 (0.73-1.24) 0.705
Asthma 43 1.7 37 8.4 1.09 (0.69-1.73) 0.696
Rhinitis at some time 187 334 155 35.0 1.07 (0.82-1.40) 0.596
Rhinitis in the previous year 150 26.8 126 28.4 1.09 (0.82-1.44) 0.560
Rhinitis and conjunctivitis in the previous year 52 9.3 47 10.6 1.16 (0.76-1.75) 0.485
Allergic rhinitis 23 4.1 25 5.6 1.39 (0.78-2.49) 0.260
Exanthema at some time 49 8.8 42 g5 1.09 (0.71-1.68) 0.689
Pruritic exanthema in the previous year 36 6.4 29 6.5 1.02 (0.61-1.69) 0.940
Flexural exanthema 31 5.5 22 49 0.89 (0.51-1.56) 0.689
Atopic dermatitis 1 2.0 13 29 1.51 (0.67-3.40) 0.321

OR: odds ratio; Cl: confidence interval.

Table 3. Factors associated with wheezing at some time in the life of school children

Variables

1.33

Multivariate analysis**

Cesarean section birth 0.99-1.78 0.054 1.34 0.99-1.80 0.058
Mother with asthma 1.87 1.04-3.34 0.033 1.86 1.02-3.40 0.044
Father with asthma 3.60 1.92-6.77 < 0.0001 324 1.70-6.18 < 0.0001
Current smoking by the mother 1.81 1.24-2.64 0.002 1.74 1.18-2.57 0.005
Breastfeeding at least for 4 months 0.69 0.51-0.94 0.016 0.71 0.52-0.97 0.031
Unpasteurized cow’s milk consumption 0.67 0.50-0.90 0.007 0.70 0.52-0.94 0.017

*0dds ratio calculated with a 2 x 2 table; **0dds ratio calculated by a binary logistic regression.

All variables were entered simultaneously in a single block. Selection method; Enter.

OR: odds ratio; Cl: confidence interval.

variability found in asthma’s risk (from 2% to 46%).
Moreover, in an elective CS, the risk range variation
widens (from 2% to 75%)°. Recently, a study in Australia
analyzed two cohorts of children to assess whether CS
birth predicts allergic disease. Only one of these cohorts
showed a significant association with asthma'®. A
cross-sectional study analyzed data from more than
180,000 surveys in China. The results indicated that CS
birth increased the likelihood of asthma in schoolchil-
dren and adolescents by more than 30%'°. Regardless
of the study design, it appears that the association
between asthma and CS birth will continue to be an
issue for analysis.

The association between birth mode and allergic
rhinitis or atopic dermatitis has received less attention,
and the results have been inconsistent. In the case of
atopic dermatitis, a longitudinal study in Greece fol-
lowed more than 450 children up to the age of 3 years
and found that being born by CS is not associated with
an increased risk of atopic dermatitis, but with an
increased risk of food allergy. In contrast, a study in
Korea showed that adolescents who were born by CS
were 50% more likely to suffer from atopic dermatitis'.
For allergic rhinitis, children born by CS showed a 60%
chance of developing allergic rhinitis by 6 years of age
in Brazil'’>. Recently, two studies aimed to identify
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perinatal factors related to allergic rhinitis. One study
showed that being born vaginally decreased allergic
rhinitis risk, but this was only evident when accompa-
nied by breastfeeding for at least 12 months'®. In the
other study, being born by CS was an independent
factor associated with developing allergic rhinitis™. Our
results are consistent with those studies that found no
association between the birth mode and the preva-
lence of allergic diseases and their symptoms in
schoolchildren.

Several mechanisms have been proposed to explain
how CS birth increases asthma risk in children. It is
known that microbiota has particular relevance because
it is modified in CS delivery newborns. For example, a
study found that oral bacteria species, Lactobacillus,
Prevotella, and Gardnerella, predominated in the vagi-
nal birth group, while Petrimonas, Bacteroides, and
Desulfovibrio, among others, predominated in the CS
birth group?®. However, other factors also contribute to
modifying the microbiota during the perinatal period,
such as antibiotics, no labor in elective CS mothers,
breastfeeding characteristics, and mothers with obesity
as a determinant for CS?.

In the univariate analysis, we found that the variable
wheezing at some time in life showed a tendency to be
more frequent in children born by CS than those born
vaginally. For that reason, we decided to include this
variable in a multivariate analysis. However, we found
no evidence of association. Our results differed mark-
edly from the findings in a recent longitudinal study,
which showed a 1.83 times greater relative risk of expe-
riencing wheezing in children born by CS?2,

Moreover, in the primary analysis, we showed that
allergic diseases were not associated with maternal
smoking history, breastfeeding, or unpasteurized cow’s
milk consumption'®; however, in the new analysis, these
factors were related to wheezing at some time in life.
During the first years of life, tobacco smoke exposure
has been related to wheezing, although this event has
not always been considered this way. We observed that
smoking by the mother was related to the prevalence
of wheezing at some time in life. A Spanish study
showed that infants with smoking mothers were at
increased risk of wheezing during the first year of life®.
Recently, a cohort study conducted in nine European
countries revealed that children of mothers who smoked
after birth were 60% more likely to develop wheezing
at 12-24 months of age®’. We asked ourselves why
children of mothers who smoked have a higher fre-
quency of wheezing at some time in their lives. From a
social perspective in Mexico, women’s participation in

the labor market is much lower than men’s (43% vs.
77%)?. Indirectly, as this fact forces women to spend
more time at home, smoking mothers’ children are at
greater risk of exposure to tobacco smoke and, there-
fore, more likely to wheeze.

Breastfeeding is recognized for its multiple benefits,
such as reducing the risk of necrotizing enterocolitis,
leukemia, and obesity, among other diseases in children.
Furthermore, breast milk reduces the incidence of gas-
trointestinal infections and respiratory infections®®. The
antiviral activity of breast milk?>” probably contributed to
a decrease in the number of viral infections associated
with wheezing in children. However, breast milk’s protec-
tive effect on wheezing has not always been observed;
for example, in the EuroPrevall study®* and another
study in Spain?. According to our results, breastfeeding
is related to a lower wheezing frequency.

Available evidence shows that unpasteurized cow’s
milk consumption is associated with a lower prevalence
of allergic diseases and respiratory infections. In
Europe, raw cow’s milk consumption before 1 year of
age decreased the risk of asthma, and something sim-
ilar was observed with wheezing during the first
12 months of life?8. In another study, raw or boiled cow’s
milk consumption was inversely related to rhinitis,
respiratory infections, otitis, and fever in the first year
of life®®. The arguments for which cow’s milk modulates
the immune response include a higher concentration of
transforming growth factor-beta (TGFp-1) and TGFp2 in
comparison to human milk, the presence of bovine
lactoferrin and interleukin 10, a higher concentration of
immunoglobulin G, and a lower concentration of oligo-
saccharides, among others®. Thus, the reduction in
respiratory infections promoted by the consumption of
unpasteurized cow’s milk probably contributed to the
lower frequency of wheezing at some time in life
observed in our study.

This study’s limitations should be considered for the
best interpretation of the results since they could not
reject the null hypothesis. The first is the lack of verifica-
tion of the diagnoses of allergic diseases. Second, it is
necessary to emphasize the absence of questions to
identify the conditions that motivated the decision to ter-
minate a pregnancy through CS. Third, questions aimed
at identifying perinatal disorders are missing, as they have
been reported to contribute to the development of allergic
diseases. Furthermore, we did not delve into the charac-
teristics of breastfeeding, unpasteurized cow’s milk con-
sumption, or children’s exposure to tobacco smoke.

Conversely, among the analysis strengths, we could
mention the sampling technique and the multivariate
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analysis, including other possible predictors of wheezing.
As we know, the objective of multivariate analysis is to
find groups of variables (models) that explain together
the event of interest. In this case, wheezing at some
time in life was selected as a dependent variable since
it showed a tendency to be associated with the birth
mode (CS) in the univariate analysis. However, in mul-
tivariate analysis, the birth mode only showed a border-
line association with wheezing when analyzed in
combination with other variables.

In summary, no significant association was demon-
strated between CS birth and the prevalence of asthma,
allergic rhinitis, or atopic dermatitis. A relevant finding
was a higher prevalence of wheezing at some time in
life when either parent indicated a history of asthma or
current smoking by the mother but was lower when the
duration of breastfeeding was at least 4 months and
the children consumed unpasteurized cow’s milk.
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