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Abstract

incidence of constipation are lacking.

the incidence of adolescent constipation.

Background: We aimed to clarify the predisposing factors for adolescent constipation in a longitudinal studly,
because while factors associated with childhood constipation have been reported, prospective studies on the

Methods: We enrolled 5540 adolescents aged 12 to 13 years from the Toyama Birth Cohort Study—a community-
based prospective study examining children’s health. The incidence of constipation, defined as bowel movement
frequency of less than once every 2 days, was surveyed during the three-year period from baseline (grade 4) to
follow-up (grade 7). Multivariate logistic regression analyses were performed to explore the association between the
incidence of adolescent constipation and their lifestyle variables.

Results: A total of 261 adolescents (4.7%) developed constipation during the three-year period. Female sex (odds
ratio [OR] = 2.62,) overweight (OR =0.60), and infrequent intake of fruits (OR = 1.50) at baseline were associated with
the incidence of constipation. Furthermore, factors related to lifestyle changes and psychological status such as
skipping breakfast (OR = 1.73), becoming physically inactive (OR = 1.55), and being persistently irritated (OR = 1.80)
were significantly associated with the incidence of constipation.

Conclusion: Our prospective study demonstrated that female sex, insufficient fruit intake, and deteriorating
lifestyles such as skipping breakfast and becoming inactive during the 3-year period were associated with the
incidence of adolescent constipation. Beyond anecdotal, maintaining a healthy lifestyle is recommended to reduce

Keywords: Lifestyle change, Bowel movement, Physical activity, Breakfast, Predisposing factors

Background

Constipation is common, with a prevalence ranging from
0.5 to 32.2% in children aged O to 18 years [1]. In many
cases, the prognosis is not always good [2, 3]. For in-
stance, Loening-Baucke reported that among 94% of pa-
tients, constipation recurred immediately after laxative
discontinuation [2]. Bongers et al. showed that
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constipation persisted into adulthood in approximately
25% of children [3]. Moreover, constipation has a nega-
tive impact on both individuals and society as a whole. It
causes acute abdominal pain and decreases patients’
quality of life [4, 5]. Additionally, it results in 2.5-million
physician visits annually and contributes to considerable
healthcare financial burden in the American society [6].
Thus, childhood constipation should be considered a
major public health problem.

Several risk factors, such as insufficient fiber in-
take, genetic predisposition, physical inactivity, and
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psychological stress, have been identified for child-
hood constipation [1, 7], but most were inferred
from cross-sectional studies. We previously reported
that psychological stress and less frequent parental
interaction were as strongly associated with constipa-
tion as dietary factors [8]. To clarify the predisposing
factors, a prospective cohort study is needed to as-
sess the incidence of constipation among children,
especially adolescents who are starting to establish
their lifestyle, which they will continue during into
adulthood.

The existing few prospective studies on childhood con-
stipation have primarily focused on its prognoses [2, 3, 9],
such as recovery or success rate in clinical settings.
Bongers et al. demonstrated that the onset of childhood
constipation at an older age was associated with poor clin-
ical outcomes in adulthood [3]. However, prospective
studies exploring constipation incidence among older chil-
dren are lacking. We hypothesized that elucidating predis-
posing factors of adolescent constipation could decrease
the incidence of constipation, thereby easing the social
burden placed on the health care system.

Thus, we performed a school-based prospective study
among Japanese adolescents to provide data on the inci-
dence of adolescent constipation. To our knowledge, this
is the first and largest study assessing the predisposing
factors of adolescent constipation.

Methods

Study participants

This study included children from the Toyama Birth
Cohort Study, a longitudinal survey (a repeated open
cohort style) examining lifestyle and health in 10,438
children born in Toyama Prefecture, Japan, between
April 2, 1989 and April 1, 1990. The school children
had been examined via a questionnaire every 3 years
from Phase 1 in 1992 to Phase 5 in 2005. The details
of the study have been described elsewhere [8, 10-
13]. The institutional review board at Toyama Med-
ical and Pharmaceutical University (current University
of Toyama) and the prefecture education authorities
approved the current study.

Questionnaire at baseline

The Toyama Birth Cohort Study Phase 3 was conducted
in July 1999, when the cohort of children were in grade
4 in elementary schools (aged 9-10years) [8, 10]. We
defined Phase 3 as the baseline survey. The question-
naire included four main areas: lifestyle, including phys-
ical activity and food consumption frequency;
psychological status; child-parent interaction; and health
status such as anthropometric data and bowel move-
ments. (Additional file 1) Children answered questions
on their lifestyle, psychological status, child-parent
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interaction at home, and bowel movements, meanwhile,
their parents responded regarding their children’s food
consumption frequency and anthropometric data. The
lifestyle items included breakfast (the answer was dichot-
omized into “every day” or “skipping”), physical activity
(“active” or “inactive”), and watching TV on weekdays
(<2, <3, or>3h). We divided sleep duration into two
categories (<8 or>8h), referring to the average sleep
duration of Japanese elementary school children (8.5h
per night) [14]. We defined < 8h sleep a day in grade 4
children as “short sleep.” We also asked food consump-
tion frequency about fruits and vegetables. Our lifestyle
questionnaire was validated in previous studies. The
frequent physical activity significantly correlated with
increased energy expenditure measured by the
Actiwatch-L. (Mini Mitter Company, Inc., Bend, OR)
[15]. The correlation coefficient between subjective and
objective records of sleep duration was 0.97 (p <0.001)
[16] . Weight and height were measured by trained
school nurses at the children’s schools and body mass
index (BMI) was calculated. Age- and sex-specific cutoff
points (19.46 kg/m? for boys and 19.45 kg/m? for girls),
which were equivalent to the adult BMI value of 25 kg/
m?, were used to define children who were overweight
[17]. We asked three questions on children’s psycho-
logical status and parent-children’s interaction. The
answers were from four options: often, sometimes,
rarely, and none; then, the former and latter two
responses were combined into a category, “not rare(ly)”
and “rare(ly)” in Table 3, respectively.

Definition of constipation

The definition of constipation ranges from self-reported
to the fulfillment of clinical criteria including bowel
movement frequency and symptoms [6, 7]. In our epi-
demiological study, we focused on only bowel movement
frequency. The answer was classified into three categor-
ies: at least once daily, once every 2 days, or less fre-
quently than once every 2 days. Then, bowel movements
less frequently than once every 2 days were defined as
constipation, because this corresponds to the Rome IV
criterion of “two or fewer defecations in the toilet per
week” [7, 18].

Questionnaire at follow-up

In July 2002, three years after the baseline survey, we
followed up the children at the Toyama Birth Cohort
Study Phase 4, when they were adolescents in grade 7
(aged 12 to 13 years) [11]. Lifestyle at follow-up included
skipping breakfast, physical activity, watching TV, and
sleep duration. Sleep duration was dichotomized into
two categories (<7 or =7 h) on weekdays, and < 7 h sleep
duration was defined as “short sleep” considering chil-
dren’s growth. Adolescents with BMI values exceeding
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the cutoff points (21.56 kg/m? for male and 22.14 kg/m?
for female) were classified as overweight [17]. Regarding
psychological status and parent-children interaction, the
same three questions at baseline were used.

Changes in lifestyle, psychological status, overweight, and
parent-children interaction

To clarify the importance of changes in lifestyle, psycho-
logical status, overweight, and child-parent interaction
during the three years on the incidence of adolescent
constipation, we divided the changes into four categor-
ies, such as “healthy to healthy,” “healthy to unhealthy,”
“unhealthy to healthy,” or “unhealthy to unhealthy.”

Statistical analysis

Baseline characteristics of the distributions of lifestyle,
overweight, psychological status, and children-parent
interaction among the cohort of children were reported.
Comparisons between adolescents with complete follow-
up data and those who dropped out were conducted by
chi-squared tests. Next, we conducted logistic regression
analysis to clarify the predisposing factors of constipa-
tion and to assess the impact of changes in lifestyle, psy-
chological status, overweight, and children-parent
interaction on constipation incidence. We calculated
crude and adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs). We adopted a forced-entry method
and all independent variables (shown in Tables 2 and 3)
were simultaneously included in the multivariate models.
All analyses were performed with SPSS, version 25.0]
(SPSS, Chicago, IL, USA). A two-tailed p-value <0.05
was considered to be significant.
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Results

In total, 9378 cohort children were included in the base-
line survey. After excluding children who did not return
all relevant questionnaires and had already been consti-
pated, 7858 children were followed. The flow of partici-
pants in the study is shown in Fig. 1. Finally, 5540
children (male 2844, 51.3%) who answered all question-
naires at the follow-up survey were deemed eligible
(follow-up rate, 70.5%). Characteristics of children at
baseline and (adolescents) follow-up are presented in
Table 1. Follow-up bias between adolescents who were
finally included in our analyses and those excluded was
assessed on the incidence of constipation and lifestyle
factors. There were no significant differences in the inci-
dence of constipation, consumption of vegetables and
fruits, and physical activity between the two groups.

Table 2 shows the logistic regression analysis results on
overall constipation incidence. Over three years, 261 ado-
lescents developed constipation (incidence, 4.7%). In the
univariate analysis, female sex, watching TV for <3 h, in-
frequent consumption of fruits, being overweight (in-
versely), and frequent irritability at baseline were
associated with constipation incidence. In the multivariate
analysis, female sex (OR 2.62; 95% CI, 1.99-2.62), being
overweight (OR 0.60; 95% CI, 0.40-0.91), and infrequent
consumption of fruits (OR 1.50; 95% CI, 1.08-2.09 for 0—
2 times/week) remained factors significantly associated
with constipation incidence. ORs for the difference in con-
stipation between males and females were hardly changed
in the univariate and multivariate analyses.

Table 3 shows the impact of the changes in life-
style, overweight, psychological status, and child-
parent interaction during the three years on the inci-
dence of adolescent constipation from the logistic

9,378 children at baseline (phase 3)

v

1,207 excluded due to lacking at
least one questionnaire

v

8,171 children returning all relevant
questionnaires

v

> ‘ 313 constipated at baseline

7,858 children were followed up

3 years later

2,318 excluded due to lacking at

v

least one questionnaire

5,540 children (adolescents)returning all relevant
questionnaires at follow-up were analyzed (phase 4)

Fig. 1 The flow of participants on the cohort study
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Table 1 Characteristics of children at baseline (Phase 3) and follow-up (Phase 4)

Mean age (SD) Baseline Follow-up Chi-square test
9.7 (0.29) 12.7 (0.28)
n =5540 % % p
Female (girl) 487
Skipping breakfast 6.3 11.7 <0.001
Sleep duration <7 03 17.9 <0.001
(hour) <8 54 453
<9 464 29.7
9 or more 479 7.2
Exercise inactive 23.1 319 <0.001
TV viewing <2 63.5 523 <0.001
(hour) <3 254 27.2
3 or more 11.0 20.5
Overweight yes 15.1 154 0673
Fruits consumption, daily 373 - n.a
3-5 times/week 364 -
0-2 times/week 263 -
Vegetable consumption, daily 63.1 - n.a
3-5 times/week 254 -
0-2 times/week 11.5 -
Irritability rare 317 257 <0.001
sometime 548 53.1
often 136 212
Unwilling to attend school, rare 64.2 63.2 0.069
sometime 29.5 27.8
often 63 9.0
Interaction with parents, often 268 164 <0.001
sometime 414 34.8
rare 318 488

n.a not applicable

regression analysis. In the univariate analysis, break-
fast with “every day to skipping,” physical activity
with “active to inactive” and “with inactive to inactive,
” sleep duration with “not short to short,” TV viewing
with “23 h to 23 h,” BMI with “overweight to over-
weight,” irritability with “rare to not rare” and with
“not rare to not rare,” and unwillingness to attend
school with “not rare to not rare” were associated
with constipation incidence. In the multivariate ana-
lysis, breakfast with “every day to skipping” (OR 1.73;
95% CI, 1.20-2.49), physical activity with “active to
inactive” (OR 1.55; 95% CI, 1.14-2.11), BMI with
“overweight to overweight” (OR 0.39; 95%CI, 0.21-
0.70), and irritability with “not rare to not rare” (OR
1.80; 95% CI, 1.03-3.13) remained factors significantly
associated with constipation incidence. Frequency of
interaction with parents did not have a significant im-
pact on adolescent constipation.

Discussion
Our prospective study showed that, among Japanese
adolescents aged 12 to 13years, the incidence rate of
constipation, defined as bowel movements “less fre-
quently than once every 2 days,” was 4.7% over the 3-
year period. Female sex, overweight (inversely), and in-
frequent consumption of fruits at baseline were signifi-
cantly associated with adolescent constipation incidence.
Furthermore, starting to skip breakfast, becoming phys-
ically inactive, and being persistently irritated were also
associated with constipation incidence. Considering the
fact that constipation is a common and persistent dis-
ease [19], our findings are valuable to decrease the bur-
den of constipation in individuals and society. Our study
was the first prospective study to demonstrate the inci-
dence of adolescent constipation.

In our study, 6.8% of girls and 2.7% of boys developed
constipation during the 3-year period (female OR 2.62,
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Table 2 Lifestyle, overweight, and psychological status at baseline and incidence of constipation

n=5540 constipation univariate multivariate

(%)
OR 95%Cl OR 95%Cl p

Female (/male) 6.8/2.7 2.63 (2.01-3.45) 2.62 (1.99-3.46) <0.001
Skipping breakfast (/ every day) 52/47 .11 (0.68-1.82) 1.05 (063-1.73) 0.863
Sleep duration <8 5.7 129 (0.78-2.16) 1.28 (0.76-2.14) 0.360
(hour) <9 49 1.10 (0.85-1.42) 1.09 (0.84-1.42) 0515

9 or more 44 1 1
Exercise inactive(/ active) 5.0/4.6 1.09 (0.82-1.45) 1.04 (0.77-14) 0.790
TV viewing <2 4.2 1 1
(hour) <3 5.7 1.36 (1.03-1.80) 1.24 (0.93-1.64) 0.140

3 or more 5.2 1.25 (0.84-1.85) 1.10 (0.74-1.65) 0633
Overweight yes (/ no) 3.1/5.0 0.61 (0.40-0.92) 0.60 (0.40-0.91) 0.016
Fruits consumption, daily 4.0 1 1

3-5 times/week 49 123 (0.92-1.66) 1.31 (0.97-1.78) 0.082

0-2 times/week 5.4 1.37 (1.00-1.87) 1.50 (1.08-2.09) 0.017
Vegetable consumption, daily 48 1 1

3-5 times/week 42 0.87 (0.64-1.18) 0.80 (0.59-1.10) 0.166

0-2 times/week 53 112 (0.76-1.63) 1.05 (0.71-1.56) 0814
Irritability rare 39 1 1

sometime 48 124 (0.92-1.66) 1.18 (0.88-1.60) 0.269

often 6.1 1.59 (1.09-2.34) 141 (0.94-2.12) 0.101
Unwilling to attend school, rare 44 1

sometime 5.1 118 (0.90-1.55) 1.09 (0.82-1.45) 0.548

often 6.6 1.55 (0.99-2.44) 147 (091-237) 0.114
interaction with parents, often 52 1 1

sometime 44 0.83 (061-1.13) 0.87 (0.64-1.19) 0.380

rare 48 091 (0.67-1.25) 0.97 (0.70-1.35) 0.874

OR odds ratio, C/ confidence interval
Variables with a significant relationship to constipation are shown in bold

Table 2), which seemed comparable to the results of
many cross-sectional studies showing that female adults
are more likely to be constipated than male adults, al-
though sex differences in the prevalence of constipation
among children have been inconsistent [1, 7, 20, 21].
Some mechanisms of female predominance in constipa-
tion have been demonstrated. Total gut transit time was
reported to be longer in women than in men [22]. Fe-
male sex hormones, such as progesterone, are thought
to decrease the rate of small bowel and colonic transit
times [23, 24].

The association between obesity or overweight and
childhood constipation is inconsistent [25]. Previous
studies conducted in clinical settings showed that chil-
dren with functional constipation had a higher preva-
lence of obesity than controls [26, 27]. Meanwhile, most
previous population-based studies for healthy children
reported no association [21, 28] or an inverse association

between obesity and constipation [8, 29, 30]. In our
study, children who were overweight were less likely to
develop constipation. One plausible explanation of this
discrepancy is that children in population study may be
less obese and have healthier bowel motility, i.e., which
is more sensitive to food or a fecal mass than children
studied in clinical settings.

The present study’s results showed that infrequent
consumption of fruits was associated with constipation
incidence. Insufficient dietary fiber intake is considered a
major risk factor for constipation [1, 7]. Fiber is known
to exert a beneficial effect on constipation, because it
provides a fecal bolus mass-incrementing effect, pos-
sesses water retention properties, increases colon bac-
teria and gas production, and accelerates colon transit
time [31]. Our prospective study in community adoles-
cents demonstrated for the first time that adolescents
having infrequent fruit intake develop constipation.
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Table 3 Impact of changes in lifestyle, overweight, and psychological status on incidence of constipation

n=5540 constipation univariate multivariate

Baseline to 3 years later % OR 95%ClI OR 95%ClI P
Breakfast every day to everyday 43 1 1

every day to skipping 8.6 2.09 (1.47-2.97) 1.73 (1.20-2.49) 0.003

skipping to every day 33 0.77 (0.34-1.76) 0.72 (031-1.67) 0442

skipping to skipping 7.1 1.72 (0.94-3.14) 1.51 (0.81-2.81) 0.199
Exercise active to active 38 1 1

active to inactive 73 2.01 (1.49-2.70) 1.55 (1.14-2.11) 0.006

inactive to active 35 0.93 (0.57-1.53) 0.92 (0.56-1.52) 0.743

inactive to inactive 6.1 1.66 (1.17-2.35) 142 (0.98-2.04) 0.057
Sleep not short to not short 43 1 1

not short to short 6.6 1.57 (1.16-2.14) 1.26 (0.92-1.72) 0.228

short to not short 56 1.34 (0.72-2.51) 1.26 (067-2.39) 0478

short to short 57 1.36 (0.63-2.97) 1.07 (0.48-2.37) 0.865
v <3t0<3 4. 1 1
(hour) <3to23 52 1.30 (0.86-1.99) 1.10 (0.71-1.70) 0.663

23t0<3 53 1.34 (0.99-1.79) 1.21 (0.90-1.64) 0211

2310 23 6.0 1.52 (1.03-2.22) 1.21 (0.81-1.80) 0354
Overweight normal to normal 50 1

normal to overweight 56 1.13 (067-1.91) 1.06 (062-1.81) 0.833

overweight to normal 52 1.04 (060-1.82) 0.89 (0.50-1.56) 0678

overweight to overweight 2.1 0.41 (0.23-0.75) 0.39 (0.21-0.70) 0.002
Irritability rare to rare 25 1 1

rare to not rare 47 1.91 (1.07-3.42) 162 (0.90-2.94) 0111

not rare to rare 3.0 1.20 (0.64-2.34) 1.19 (0.62-2.30) 0.597

not rare to not rare 5.6 233 (1.36-3.98) 1.80 (1.03-3.13) 0.039
Unwilling to attend school, rare to rare 39 1 1 1

rare to not rare 53 137 (0.98-1.91) 1.08 (0.76-1.52) 0.683

not rare to rare 38 0.96 (0.66-1.40) 0.88 (0.60-1.30) 0.509

not rare to not rare 7.1 1.86 (1.35-2.56) 135 (0.96-1.90) 0.093
Interact with parents, not rare to not rare 44 1 1

not rare to rare 5.1 1.15 (0.85-1.56) 1.20 (0.88-1.64) 0.254

rare to not rare 43 0.97 (063-1.51) 1.04 (067-1.62) 0.858

rare to rare 50 1.14 (0.81-1.59) 123 (0.87-1.74) 0.247

In multivariate model, sex and frequency of fruits and vegetable at baseline (phase 3) were also adjusted

OR odds ratio, C/ confidence interval
Variables with a significant relationship to constipation are shown in bold

Meanwhile, frequency of vegetable consumption did not
predict constipation incidence in this study, which could
be due to the following: first, most adolescents might
have consumed vegetables almost every day at follow-up
survey; thus, this questionnaire did not produce variance
in our analysis; and second, fruit intake, rather than
vegetable intake, might correspond more to actual fiber
volume.

Notably, we focused on the impact of changes in life-
style on constipation incidence (Table 3). Adolescents

who started to skip breakfast during the three years were
more likely to develop constipation. Similarly in previous
cross-sectional studies in Japan, an association between
skipping breakfast and constipation was reported in
female college students [32, 33]. There have been several
biological studies that can account for our result. Clock
genes that form biological rhythms are functional in the
liver, within gastrointestinal epithelial cells and neurons
of the enteric nervous system [34]. Therefore, disrup-
tions in circadian rhythmicity may lead to adverse health
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consequences [35]. In addition, Rao et al. conducted a
study in healthy adults using manometry to investigate
the motor activity of the colon [36]. The pressure waves
in the colon during the night were inactive, but waking
induced a threefold increase in motility, and meals in-
duced a two-fold increase, proving that the ideal time
for defecation would be after having breakfast in the
morning. The importance of breakfast is not recognized
as a predisposing factor of childhood constipation in re-
cent reviews [1, 7], our findings in this prospective study
can recommend, not anecdotally, that adolescents
should keep having breakfast every day to prevent
constipation.

Adolescents who became physically inactive were also
more likely to develop constipation. Physical inactivity has
been associated with constipation in many studies [1, 7]. The
plausible mechanism by which physical activity modulates
bowel movement is prolonged colonic transit time [37]. De
Schryver et al. showed from their randomized controlled trial
of 43 adults that subjects with programmed physical activity
for 12 weeks have decreased rectosigmoid and total colonic
transit time [38]. There were no significant associations be-
tween constipation and sleep duration or duration of TV
viewing in the multivariate model. These factors may be con-
founded by other variables in our analyses.

Psychological stress, such as anxiety, irritability, infre-
quent parental interaction, and stressful life events, are
well-known factors associated with childhood constipa-
tion [7, 8, 39]. To date, a large-scale study investigating
the association between childhood constipation and psy-
chological stress has been limited [40, 41], and the most
studies were cross-sectional or retrospective in nature
[1, 7]. We demonstrated that adolescents who had been
persistently irritated more significantly developed consti-
pation during the three years. Both adolescents who
were irritated from grade 4 to grade 7 with “rare to not
rare” and those with unwillingness to attend school “rare
to not rare” and “not rare to not rare” were more likely
to develop constipation. Contrary to the results from
our cross-sectional study demonstrating that grade 4
children with infrequent child-parent interaction had a
significant association with constipation [8], the fre-
quency of the interaction showed no difference in the in-
cidence of constipation. This discrepancy may be
attributed to the psychological growth of adolescents. It
may not be so important for adolescents to have fre-
quent child-parent interactions compared to school-aged
children. To prevent adolescent constipation, quality
parental interactions that can mitigate adolescents’ psy-
chological stress, rather than quantity, is recommended.

Limitations
First, we conducted a questionnaire-based survey.
Although obtaining psychological information from
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adolescents was a strength of this survey, it is subject to
recall bias. Second, we did not collect information on
gastrointestinal diseases and medication use. However,
these conditions were not common among adolescents
in the community. Third, other factors, such as genetic
predisposition, volitional stool retention, menstruation,
and microbiota were not included [42]. Finally, adoles-
cents in our study were included from one prefecture in
Japan. Thus, the results may differ in the general popula-
tion because lifestyle factors such as diet and exercise
are influenced by cultural differences. Further inter-
national, large-scale studies including these factors
should be conducted.

Conclusion

Approximately 5% of adolescents developed constipation
during the 3-year study period, and the incidence was
especially high in female (6.8%). Infrequent fruit intake,
unhealthy lifestyle habits such as skipping breakfast and
physical inactivity, and persistent psychological stress,
were associated with the incidence of constipation.
Beyond anecdotal evidence, maintaining a healthy life-
style should be recommended for adolescents to prevent
constipation. Additionally, health providers and parents
should encourage adolescents to maintain a healthy life-
style and avoid persistent psychological stress to reduce
their risk of developing constipation.
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