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Abstract

Background: Several factors have been associated
with childhood functional constipation; more recen-
tly, the type of delivery has been investigated. This
study examined the association between cesarean
section and constipation at 48 months of age in the
2004 birth cohort conducted in the city of Pelotas in
Brazil.

Journal of Pediatrics, Perinatology and Child Health

Methods: Information on type of delivery (vaginal or
cesarean) was extracted from medical records at the
hospital of birth. Functional constipation was
assessed by interviewing the mother in a 48-month
follow-up assessment and was defined as the
combination of at least two of the following

symptoms in the last month: bowel movements < 2
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days/week, hard/scybalous stools, and difficult bowel
movements. The prevalence of constipation accor-
ding to delivery type was calculated. Crude and
adjusted relative risks (95% confidence interval)
were obtained by Poisson regression with robust

variance.

Results: A total of 3,720 children were analyzed,
44.5% of whom were born via caesarean section. The
prevalence of functional constipation was 17.1%
(15.5-18.8%) among those born vaginally and 19.0%
(17.2-21.0%) among those born via caesarean
section. Reports of bowel movements < 2 days/week
were more frequent among those born vaginally
(2.7% vs. 1.5%), while hard/scybalous stools (38.6%
vs. 44.3%) and difficult bowel movements (21.7% vs.
25.1%) were more frequent among those born via
cesarean section. In the adjusted analysis, there was
no association between type of delivery and intestinal
constipation (RR = 0.98; 0.84-1.15).

Conclusions: The prevalence of functional consti-
pation was high at 48 months of age, and cesarean

sections were not related to its occurrence.

Keywords:  Constipation; Cesarean  Section;

Microbiota; Mode of Delivery

1. Introduction

Functional constipation is a functional disorder of the
gastrointestinal tract and considered a growing health
problem worldwide, particularly in children. It can
negatively affect children’s emotional, social, and
physical well-being considerably as well as increase
healthcare costs [1, 2]. A recent meta-analysis
showed that the prevalence of functional constipation

in children ranged from 0.5% to 32.2%, with an

Journal of Pediatrics, Perinatology and Child Health

DOI: 10.26502/jppch. 74050103

estimated global pooled prevalence of functional
constipation of 9.5% (95%Cl 7.5-12.1%) [3]. The
wide variation in prevalence may arise from several
factors such as genetic, lifestyle, and socioeconomic
conditions [3]. This meta-analysis also showed a low
prevalence in Asia and the highest prevalence in
Europe and the Americas. In Central and South
America, the pooled prevalence was 13.3% (95%ClI
11.2-15.8%). Studies in Brazil among children aged 1
to 18 years old showed prevalence rates ranging from
10% to 38% [4-8].

In recent decades, there has been an increase in the
number of studies exploring the association between
cesarean births and the development of diseases in
childhood, including functional gastrointestinal
disorders [9-18]. A possible justification for this is
that cesarean births differ from vaginal births in the
process by which microbes are passed from the
mother to her infant. During and after passage
through the birth canal, vaginal delivery exposes the
neonate to a wide variety of microbes from the
vaginal fora and intestinal microbiota. The
microbiota can impact the health status of the host
through modulation of energy harvesting, the
immune system, metabolic and hormonal signaling,
and xenobiotic metabolism.  Through these
mechanisms the gut microbiota has been related with
a large variety of health disorders, including
functional constipation [19]. Despite there being
biological plausibility for the association between the
type of delivery and intestinal constipation in
childhood, few studies have explored this association
and their results are not consistent [14-16]. Evidence
regarding risk factors related to functional
constipation in early childhood can offer critical clues

to its etiology and help guide the development of
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preventive strategies. Thus, this study aimed to
investigate the association between the type of
delivery and functional constipation at 48 months of

age, among children belonging to a birth cohort.

2. Material and Methods

2.1 Participants

The 4,263 children born between January 1% and
December 31% of 2004, of mothers living in the urban
zone of the municipality of Pelotas or in Jardim
América — a neighborhood bordering Pelotas and
belonging to the neighboring municipality of Capéo
do Ledo — were identified and their mothers were
invited to form part of the 2004 Pelotas Birth Cohort.
Pelotas is a city of 328,275 inhabitants, located in the
south of Brazil. Only 32 mothers (0.8%) refused to
participate in the study and so 4,231 children were
included in the cohort. In the first 24 hours after
delivery, the mothers were interviewed by trained
interviewers, using a previously tested structured
questionnaire to collect information about socio-
economic, demographic, reproductive, and behavioral
characteristics. The newborns were weighed and
measured. After the child’s enrollment at the hospital
of birth (perinatal study), six follow-ups were carried
out (at 3, 12, 24, and 48 months and at 6 and 11 years
of age), with follow-up rates of 95.7%, 94.3%,
93.5%, 92.0%, 90.2%, and 86.6%, respectively. The
mean age (standard deviation) of the children in these
follow-ups was 3.1 (0.1), 11.9 (18.1), 23.9 (0.6), and
50.3 (1.8) months and 6.7 (0.2) and 10.9 (0.3) years
old. Methodological details of the cohort can be
obtained in another publication [20]. This study

included the children born from single gestations.

2.2 Outcome
The presence of functional intestinal constipation was

Journal of Pediatrics, Perinatology and Child Health

DOI: 10.26502/jppch. 74050103

defined as the combination of at least two of the
following symptoms in the last month: bowel
movements < 2 days/week, a history of hard or
scybalous stools, and difficult bowel movements. The
questions used to construct the outcome were applied
to the person responsible for the child: “In the last
month, how many days a week did <CHILD>
poop?”’; “In the last month, was <CHILD’s> poop in
little balls?”; “In the last month, did <CHILD> have

difficulty pooping?”

2.3 Exposure of interest

The exposure of interest was the type of delivery.
Those children who had a surgical delivery were
considered as born via cesarean (exposed), according
to information extracted from the medical records

during the perinatal assessment.

2.4 Potential confounders

The potential confounding variables included
characteristics of the family, mother, and of the child.
Regarding the family, monthly income was used,
corresponding to the sum of the values perceived for
all residents of the household, in the month prior to
the child’s birth, subsequently grouped in quintiles.
The maternal characteristics included full years of
schooling (subsequently categorized as 0-4, 5-9, or >
9 years), marital status (lives with a husband or
partner; yes or no), pre-gestational body mass index
(BMI) (later categorized as < 18.5, 18.5-24.9, 25.0-
29.9, or > 30 kg/m?) [21], smoking during pregnancy
(one or more cigarettes a day, every day, in any
trimester of the pregnancy; yes or no), age at the time
of delivery (subsequently categorized as < 20, 20-25,
26-30, 31-35, or > 35 years old), and parity (0, 1, or >
2 deliveries prior to that of 2004). Regarding the

child’s characteristics at birth, the following variables
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were used: sex (female or male), skin color self-
reported by the mother (white, brown, or black,
which also included yellow and indigenous), birth
weight (subsequently categorized as < 2000, 2000-
2499, 2500-2999, or > 3000 grams), and gestational
age (later classified as < 32, 32-33, 34-36, 37-38, or
39-41 weeks).

2.5 Ethical aspects

The perinatal study and 48-month follow-up of the
cohort were approved by the Ethics Committee of the
School of Medicine of the Federal University of
Pelotas (approval protocols 40601116 and 012/07,
respectively). The mother or legal guardian signed a
free and informed consent form before the data

collection.

2.6 Analysis

The general prevalence of functional intestinal
constipation and of each one of the constipation
symptoms in the last month (bowel movement
frequency < 2 days/week, history of hard or
scybalous stools, or history of difficult bowel
movements) were calculated. Afterwards, the general
prevalence of constipation and of each one of the
constipation symptoms were calculated, according to
the delivery type. The difference in the prevalence of
functional intestinal constipation according to
delivery type was analyzed by Chi-squared test. The
strength of the association between cesarean section
and functional intestinal constipation and between
cesarean section and each one of the constipation
symptoms was analyzed using crude and adjusted
Poisson regression, with robust variance, obtaining
relative risks (RR), with the respective 95%
confidence intervals (95%CI). The analyses were first
adjusted for family income and maternal

characteristics (first level), and then for variables of
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the child at birth (second level). In each level, the
adjustment variables were removed one by one using
the backward stepwise method (from the highest to
the lowest p value), and those that were associated
with the outcome at p < 0.20 were kept in the model.
A two-tailed p < 0.05 was set as significant. A
sensitivity analysis was run after excluding children
with a history of diarrhea in the 15 days prior to the
interview, since symptoms of irritable bowel
syndrome, which is characterized by alternating
periods of constipation and diarrhea [22, 23], were
not investigated. All the analyses were conducted
using the Stata 12.0 statistical package.

3. Results

Altogether, 3,720 children with available information
on delivery type and the outcome of interest were
included in the analyses. The distribution of the
children according to family income and maternal
characteristics is shown in Table 1. Due to the
methodology used, around 20% of the families
belonged to each one of the income quintiles. More
than 40% of the mothers (43.5%) had more than nine
years of schooling, the majority (84.3%) lived with
their husband or partner, 12.3% had a pre-gestational
BMI > 30 kg/m? and 27.2% smoked during the
pregnancy. Regarding age, 18.9% were under 20 and
8.1% were over 35 years old. Around 40% were

primiparas and 44.5% had a caesarian delivery.

Table 2 shows the distribution of the sample
according to characteristics of the child at birth. Most
of the children were male (52.0%) and were reported
as having white skin (66.5%). The prevalence of
LBW and preterm births was 8.1% and 13.7%,
respectively. Among all of the children, 81 (2.2%)
presented a bowel movement frequency of < 2

days/week, 1,527 (41.0%) had a history of hard or
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scybalous stools, and 863 (23.2%) had difficult bowel
movements in the previous month, with a general
prevalence of functional intestinal constipation of
17.9% (16.7-19.2%). The prevalence of functional
intestinal constipation and of constipation symptoms,
according to delivery type, is shown in Figure 1.
There was no difference in the prevalence of
functional intestinal constipation according to
delivery type: 17.1% (15.5-18.8%) among those born
vaginally and 19.0% (17.2-21.0%) among those born
via cesarean section. Reports of bowel movements <
2 days a week were more frequent among children
born vaginally (2.7%; 2.0-3.4%) than among those
born via cesarean (1.5%; 0.9-2.1%). Reports of
hard/scybalous stools (44.3%; 41.9-46.7%) and
difficult bowel movements (25.1%; 23.0-27.1%)
were more frequent among children born via cesarean
than among those born vaginally, for whom the
prevalence was 38.6% (36.5-40.7%) and 21.7%
(19.9-23.5%), respectively.
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Table 3 shows the crude and adjusted associations
between delivery type and both functional
constipation and symptoms of functional constipation
at 48 months of age. In the crude and adjusted
analyses there was no association between the type of
delivery and functional intestinal constipation.
Regarding the symptoms of constipation, there was a
statistical association in the crude analyses: bowel
movements < 2 days/week were 44% less likely to be
reported by children born by cesarean section,
whereas hard/scybalous stools and difficult bowel
movements were 15% more likely to be reported by
children born via cesarean section. However, all the
associations lost significance after adjusting for
confounders. The results of the sensitivity analyses
are shown in Table 4. A total of 314 (8.4%) children
were excluded from these analyses. The values for
the likelihood of functional intestinal constipation or
of its symptoms in isolation were very similar to

those obtained in the previous analysis.
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N %
Family income (quintile)
1 737 19.8
2" 747 20.1
3" 740 19.9
4" 780 21.0
5" 716 19.2
Schooling (years completed)
0-4 556 15.2
5-9 1527 414
>9 1602 435
Marital status
With a partner 3137 84.3
Pre-gestational BMI (kg/m?)
<185 76 35
18.5-24.9 1253 57.2
25.0-29.9 592 27.0
>30 272 12.3
Smoked during pregnancy
Yes 1013 27.2
Age (years)
<20 702 18.9
20-25 1171 315
26-30 816 22.0
31-35 725 19.5
>35 304 8.1
Parity
0 1469 39.5
1 984 26.5
>2 1266 34.0
Delivery type
Vaginal 2064 55.5
Cesarean 1656 44.5

Table 1: Distribution of the sample according to family income and maternal characteristics (N=3,720).
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N %
Sex
Male 1934 52.0
Female 1825 48.0
Skin color
White 2520 66.5
Brown 459 16.2
Black 470 17.3
Weight at birth (grams)
< 2000 78 2.1
2000-2499 222 6.0
2500-2999 960 25.8
> 3000 2459 66.1
Gestational age (weeks)
<32 38 11
32-33 48 1.4
34-36 390 11.2
37-38 1132 32.6
39-41 1866 53.7

Table 2: Distribution of the sample according to characteristics of the child at birth (N= 3,720).

% Sample
o
>

Functional constipation

p=<0.001

Bowel movements <2 days/week Hard/scybalous stools

p=0016

Difficult bowel movements

m Vaginal delivery

m Cesarian

Figure 1: Prevalence of functional intestinal constipation and of symptoms of intestinal constipation, at 48 months

of age, according to delivery type.
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Relative risk 95%CI p
Intestinal constipation
Crude model: 0.159
Vaginal delivery 1.00
Cesarean 1.12 0.96-1.30
Adjusted model:* 0.796
Vaginal delivery 1.00
Cesarean 0.98 0.84-1.15
Bowel movements < 2 days/week
Crude model: 0.015
Vaginal delivery 1.00
Cesarean 0.56 0.35-0.89
Adjusted model:? 0.068
Vaginal delivery 1.00
Cesarean 0.63 0.39-1.03
Hard/scybalous stools
Crude model: 0.007
Vaginal delivery 1.00
Cesarean 1.15 1.04-1.27
Adjusted model:® 0.434
Vaginal delivery 1.00
Cesarean 1.04 0.94-1.16
Difficult bowel movements
Crude model: 0.036
Vaginal delivery 1.00
Cesarean 1.15 1.01-1.32
Adjusted model: * 0.557
Vaginal delivery 1.00
Cesarean 1.04 0.91-1.20

! Adjusted for family income, maternal age, and sex of the child

2 Adjusted for maternal schooling and birth weight

% Adjusted for family income, maternal age, maternal schooling, parity, sex of the child, and skin color of the child
* Adjusted for family income, maternal age, parity, and sex of the child

Table 3: Crude and adjusted relative risk, with 95% confidence interval (95%Cl), for the associations between

delivery type and both functional intestinal constipation and symptoms of functional intestinal constipation, at 48

months of age.
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Odds Ratio Cl 95% p
Intestinal constipation
Crude model: 0.094
Vaginal delivery 1.00
Cesarean 1.15 0.98-1.34
Adjusted model:* 0.882
Vaginal delivery 1.00
Cesarean 0.99 0.83-1.17
Bowel movements < 2 days/week
Crude model: 0.013
Vaginal delivery 1.00
Cesarean 0.53 0.32-0.87
Adjusted model:? 0.055
Vaginal delivery 1.00
Cesarean 0.60 0.36-1.01
Hard/scybalous stools
Crude model: 0.004
Vaginal delivery 1.00
Cesarean 1.16 1.05-1.29
Adjusted model:® 0.338
Vaginal delivery 1.00
Cesarean 1.06 0.95-1.18
Difficult bowel movements
Crude model: 0.010
Vaginal delivery 1.00
Cesarean 1.20 1.04-1.38
Adjusted model:* 0.258
Vaginal delivery 1.00
Cesarean 1.09 0.94-1.26

! Adjusted for family income, maternal age, parity, sex of the child, and gestational age
2 Adjusted for maternal schooling and birth weight

% Adjusted for family income, maternal schooling, maternal age, and parity

* Adjusted for family income, maternal age, parity, and sex of the child

Table 4: Crude and adjusted relative risk, with 95% confidence interval (95%Cl), for the associations between
delivery type and both intestinal constipation and symptoms of intestinal constipation, at 48 months of age, after

excluding the children with a history of diarrhea in the 15 days prior to the interview.
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4. Discussion

This study showed a high frequency of functional
intestinal constipation among children aged 48
months in our setting. Almost one in every five
children presented at least two of the symptoms of
functional intestinal  constipation  investigated.
Reports of hard or scybalous stools and of difficult
bowel movements had a high prevalence in the
sample (41.0% and 23.2%, respectively), whereas the
history of <2 days/week with bowel movements was
a rare event (2.2%). Contrary to the original hypo-
thesis, this study did not identify any association
between the delivery type and functional intestinal
constipation at 48 months of age. This finding differs
from that of a cross-sectional study conducted in
Mexico in 2015 with 300 children aged 1-5 years old,
in which those born via cesarean section had 7.8
times more chance of presenting intestinal consti-
pation than those born vaginally [14]. However, the
authors did not report the definition of constipation
used in the study. A cohort study conducted in Japan
(Japan Environment and Children’s Study — JECS)
with 83,019 children aged one year old found a
prevalence of intestinal constipation in the whole
cohort of 1.4%, with no difference in the crude and
adjusted risk ratios among children born via cesarean

and those born vaginally [15].

This study defined intestinal constipation by the
presence of a single criterion (chronic fecal retention,
defined as a defecation frequency of < 3 times/week)
[24, 25]. Besides the age group of the participants,
the use of a different criterion for identifying
intestinal constipation makes any comparison with
our findings difficult. Recently, this group found a
weak association between cesarian sections and

functional constipation in 3-year-old Japanese child-
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ren (odds ratio = 1.06; 1.00-1.12) [16]. In this study,
functional constipation was evaluated using the
Rome 11l criteria. A possible explanation for the
weak or no association described is that other factors
such as genetics, lifestyle, socioeconomic status,
educational level, and psychological and environm-
ental factors (such as having to use sanitary facilities
at school) [26, 27] may have a more significant
impact than type of delivery on functional consti-
pation. This reinforces the importance of studying the
association in different populations. Nevertheless, it
remains difficult to draw strong conclusions
regarding factors that might be associated with
functional constipation, considering that most of the

current evidence is from cross-sectional studies.

C-sections are considered an important risk factor for
a number of immune and metabolic diseases. How-
ever, C-sections have increased worldwide over the
last decades. Currently, South America is the region
with the highest cesarian section rate (42.9%). This
peculiarity may be due to a number of factors, such
as: low maternal self-efficacy, a fear of childbirth and
labor pains, and a predisposition by the medical team
to perform the surgery. Unfortunately, it could be
said that C-sections have become a part of the current
motherly lifestyle [28]. In Brazil, cesareans have
become more common than vaginal deliveries [29].
A total of 11,774,665 live births were reported in
Brazil in the period from 2014 to 2017, most of
which were delivered via cesarean (55.8%). The
difference in the gut microbial composition and
diversification resulting from cesarean births may
contribute to an increase in calorie capture by the
intestine, which would favor the development of
obesity [30].
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Atypical neonatal colonization in the intestine can
persist for several years [31] and influence the
intestinal immune response [32], as well as mucosal
barrier function. That altered mucosal barrier
function can be important in the pathogenesis of
autoimmune entities, such as celiac disease, as the
translocation of gliadin peptides through the intes-
tinal epithelium is a key element in that mechanism
[32]. The theory of the hypothalamic-pituitary-
adrenal (HPA) axis suggests that the increase in
cortisol concentrations at the moment of vaginal
delivery would stimulate the HPA axis, which would
have a negative feedback effect over inflammatory
and immune reactions [33]. The results of the studies
that have evaluated these associations, however, are
controversial, with some finding a risk association

and others finding no association [10, 15, 34-37].

This study has strengths and limitations. Among the
strengths is the fact that it is the first study to
investigate the association between delivery type and
functional constipation among preschoolers in Latin
America [22, 23]. Moreover, information was
collected about various potential maternal and child-
related confounders, which were considered in the
adjusted analyses. In addition, the symptoms sugg-
estive of functional intestinal constipation were also
analyzed separately and a sensitivity analysis was
conducted, to exclude possible cases of irritable
bowel syndrome. Furthermore, the cohort design, the
large sample size, and the follow-up rate of more
than 90% at the age at which the outcome was
evaluated are positive methodological aspects of the

study.

The main limitation of the study was the absence of

information on the other symptoms and signs of
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functional constipation proposed by international
guidelines [22, 23]. We had no information on fecal
incontinence, history of retentive posturing or
excessive volitional stool retention, the presence of a
large fecal mass in the rectum, or history of large
diameter stools that can obstruct the toilet. Another
limitation was the lack of information about family
history of intestinal constipation, a factor previously
identified as being associated with functional
intestinal constipation in childhood [25]. Moreover,
the fact that the child’s intestinal habit was obtained
through information from the mother may be subject
to information bias. It is worth noting that in a
previous study with the same cohort at four years of
age the prevalence of functional constipation was
31.0%, [24] as defined following the modified Rome
Il criteria according to the presence of two of the
following symptoms: hard stools, scybalous stools,
evacuations with blood, difficulty in evacuating,
interval between successive evacuations >72 hours,
and the use of laxatives during the last 30 days. This
difference highlights the importance of the criteria for
calculating the prevalence of functional constipation
in childhood.

5. Conclusion

In our study, the prevalence of functional intestinal
constipation among children aged 48 months was
high. After controlling for confounding factors, no
association was found between delivery type and
functional intestinal constipation or with its

symptoms.
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