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Abstract

tional constipation (FC) at 3 years of age.

Cl] 1.09 [1.01-1.19] based on non-ownership).

Purpose This investigation assessed the impact of dog and/or cat ownership during infancy on the presence of func-

Methods The fixed data of 73,936 singleton births from a large national birth cohort study commencing in 2011
were used to identify FC as estimated by Rome Ill at 3 years of age. Multiple logistic regression analysis was employed
to search for correlations between FC development and dog and/or cat ownership in early childhood.

Results A total of 8,459 toddlers (11.6%) met the Rome Ill criteria for FC at 3 years of age. Overall, 57,264 (77.5%)
participants had never owned a dog or cat. We identified 7,715 (10.4%) infant-period owners, 1,295 (1.8%) current
owners, and 7,762 (10.5%) long-term owners. Multivariate analysis showed that infant-period ownership remained
significantly associated with the risk of developing FC at 3 years of age after adjusting for covariates (adjusted OR [95%

Conclusions This Japanese large nationwide survey uncovered a possible adverse effect of infant-period dog and/
or cat ownership prior to 6 months of age on FC status at 3 years of age.

Keywords Dog, Cat, Pet ownership, Functional constipation, Children

*Correspondence:

Noriko Motoki

nmotoki@shinshu-u.acjp

! Center for Perinatal, Pediatric, and Environmental Epidemiology, Shinshu
University School of Medicine, Matsumoto, Nagano, Japan

2 Department of Pediatrics, Shinshu University School of Medicine, Asahi
3-1-1, Matsumoto, Nagano 390-8621, Japan

? Department of Neurology, Nagano Children’s Hospital, Azumino,
Nagano, Japan

“ Life Science Research Center, Nagano Children’s Hospital, Azumino,
Nagano, Japan

° Department of Preventive Medicine and Public Health, Shinshu
University School of Medicine, Matsumoto, Nagano, Japan

B BMC

Introduction
Functional constipation (FC) is characterized by chronic
or recurrent constipation with no identifiable underlying
cause. Although FC is a frequent condition in childhood,
it can significantly impair the quality of life of the child
and parents, leading to frequent and costly medical ser-
vices [1]. FC in children is considered a heterogeneous
disorder, with such multifactorial causes as dietary hab-
its and lower intake of fruits and vegetables, less outdoor
play activity, and lower regular physical activity time
[2-5]. Family problems and psychological stress have also
been associated with constipation during school age [5].
However, the etiology of FC has not been fully clarified.
The pet ownership rate is high in many developed
countries, with approximately 38% of households owning
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at least 1 dog in the United States [6]. Contact with com-
panion animals contributes to human health by reducing
stress and improving mental health [7]. Moreover, pet
ownership provides benefits for adults in terms of physi-
cal activity, social function, and cardiovascular risk [7, 8].
Previous studies have shown that attachment to a pet is
related to physical, psychological, and social benefits in
children [9-11]. Dog contact during infancy may have a
protective effect on respiratory tract infection and otitis
media [12]. Household dog or cat ownership is also asso-
ciated with a reduced risk of gastroenteritis in young chil-
dren, possibly through acquired immunity via low-level
chronic exposure to potential microbial contaminants
[13], with several reports on the effects of pet ownership
on gut microbiota profiles [14—19]. On the other hand,
an imbalance in intestinal microbiota is considered an
etiological factor for FC in children [20]. There have been
no studies to date on the relationship between domestic
dog and/or cat ownership during infancy and FC devel-
opment. Accordingly, we conducted a large birth cohort
study to investigate the impact of dog and/or cat owner-
ship during infancy on the presence of FC at 3 years of
age.

Methods

Study design and participants

The data regarding pet exposure and FC were procured
from the Japan Environment and Children’s Study (JECS),
which is an ongoing cohort study that commenced in
January 2011 to investigate the impact of environmental
factors on children’s health.

In the JECS, study enrollment and survey informa-
tion collection for pregnant women began in Janu-
ary 2011. Pregnant women were enrolled at among 15
Regional Centers (Hokkaido, Miyagi, Fukushima, Chiba,
Kanagawa, Koshin, Toyama, Aichi, Kyoto, Osaka, Hyogo,
Tottori, Kochi, Fukuoka, and South Kyushu/Okinawa) in
Japan between January 2011 and March 2014. The inclu-
sion criteria were: 1) having residence in the Study Area
at the time of recruitment, 2) expected delivery after
August 1, 2011, and 3) capable of comprehending the
Japanese language and completing the self-administered
structured questionnaire in Japanese. Survey informa-
tion was obtained during the first and second/third tri-
mester from the pregnant women. Detailed information
regarding the mothers and their children was derived
from medical record transcripts prepared by physicians,
midwives/nurses, and/or Research Co-ordinators during
the first trimester, at delivery, and when the child was 1
month old. After delivery, medical data were collected
at the age of 1 month and then every 6 months via self-
administered questionnaires by caregivers, still ongoing.
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The JECS has been registered in the UMIN Clinical Tri-
als Registry (no. UMIN000030786). Details of the JECS
project were described previously [21-23]. The JECS pro-
tocol was reviewed and approved by the Ministry of the
Environment’s Institutional Review Board on Epidemio-
logical Studies (no. 100910001) as well as by the Ethics
Committees of all participating institutions. All partici-
pants provided informed written consent in accordance
with the Helsinki Declaration and other nationally valid
regulations and guidelines. The JECS is conducted in
accordance with the Helsinki Declaration and other
nationally valid regulations and guidelines, and written
informed consent was obtained from all participants or
legal guardians of the participants under the age of 16
years. The present study included information of off-
spring up to 3 years of age, which were transcribed from
medical records or provided by caregivers with parental
consent. Authors did not have access to information that
could identify individual participants during or after data
collection.

Most of the questionnaires during pregnancy were
distributed to women attending prenatal examinations,
with some sent by post. Completed questionnaires were
submitted during subsequent prenatal visits or mailed.
When possible, respondents giving incomplete answers
were interviewed face-to-face or by telephone for miss-
ing details. The first trimester and second/third question-
naire response rates were 98.5% and 97.2%, respectively
[21]. Regarding the medical record transcriptions of
mothers in early pregnancy and children at birth, the
response rates were both 100% [21]. After the neonatal
period, surveying has continued every 6 months via age-
specific self-administered questionnaires mailed to moth-
ers and caregivers. The completed questionnaires are
returned to each Regional Center. If the questionnaire is
not returned, reminders are sent by telephone, postcard,
or text message as necessary by the Regional Center. As
of September 25, 2022, the questionnaire response rates
for 6-month-olds, 1-year-olds, and 3-year-olds are 94.1%,
91.4%, and 84.2%, respectively.

The present study was based on the “jecs-ta-20190930”
dataset released in October 2019. We accessed the data
on December 18, 2019 and performed statistical analyzes
between June 29, 2021 and February 1, 2023. The “jecs-
ta-20190930” dataset contained information on 98,412
singleton live births up to 3 years of age (Fig. 1). We
excluded 18,632 participants with insufficient or miss-
ing data on pet ownership at 6 months and/or 3 years
of age and 5,428 participants with insufficient or miss-
ing data on the child’s constipation status. Participants
reporting known organic causes of constipation, includ-
ing Hirschsprung’s disease, spina bifida, thyroid gland
insufficiency, and 21 trisomy as diagnosed by physicians,
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104,062 Fetal records

3,759 Excluded

> 382 Stillbirths

1,254 Miscarriages

i 2,123 Missing data on pregnancy

100,303 Live births

>

1,891 Excluded due to multiple births
1847 Twins, 44 Triplets

A 4

98,412 Singleton live births

—>

years of age

18,632 Missing data on pet ownership at 6 months and/or 3

!

5,428 Missing data on child constipation status at 3 years of age

—>

416 Excluded due to known organic causes of constipation

v

Participants in this analysis:
73,936 mother-child pairs

Fig. 1 Case selection flowchart

were also excluded, leaving 73,936 mother-toddler pairs
for the analysis. The JECS sample size was confirmed to
contain sufficient analytical power. For instance, to test
a hypothesis concerning a disorder with a prevalence of
0.1% such as Down syndrome, a relative risk of 2.0, and
an alpha error of 0.05 using a cohort in which the pro-
portion of individuals with a high level of exposure to the
chemical substance of interest is 25%, a sample of 67,503
participants would be required to provide a statistical
power of 80% [24].

Data collection

Exposure

Data on the child’s situation regarding dog and/or cat
ownership were derived from the self-reported question-
naires at 6 months and 3 years of age. At 6 months of age,
the question (translated from Japanese) was as follows:
“Have you kept any pets in your house since your child
started living at home (after birth and discharge from the
hospital)? If yes, please indicate which one(s).” At 3 years
of age, the question was as follows: “Do you keep pets at

home? If yes, please indicate which one(s).” Participants
who checked dog and/or cat were defined as dog and/
or cat owners.We divided the dog and/or cat ownership
period into the following 4 categories: non-ownership,
infant-period ownership (until 6 months old only), cur-
rent ownership (at 3 years old only), and long-term own-
ership (both until 6 months old and at 3 years old).

Outcomes

The primary outcome of interest was FC in 3-year-old
toddlers according to the Rome III diagnostic criteria
obtained from the self-reported questionnaires at 3 years
of age [25, 26]. Rome III is an established set of diagnos-
tic criteria to identify childhood functional gastrointesti-
nal disorders, requiring a minimum of 2 of the following
items lasting for at leastl month for a diagnosis of FC: 1)
two or fewer defecations/week, 2) at least 1 episode/week
of incontinence after acquiring toileting skills, 3) history
of excessive stool retention, 4) history of hard or painful
bowel movements, 5) large fecal mass in the rectum, and
6) history of large-diameter stools obstructing the toilet.
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We employed the Japanese version of Rome III in this
investigation [27].

Covariates

The covariates in our models were selected a priori
based on earlier published literature and biologic plau-
sibility [4—6, 20, 28-30]. The following covariates for
mothers and their partners were included: maternal age
at delivery, pre-pregnancy body mass index (BMI), par-
ity (primiparous or multiparous), cesarean birth (yes or
no), maternal highest education age (<16, 16 to <19,
or >19 years), marital status (married, single, divorced,
or widowed), maternal gestational weight gain, annual
household income (<2 million, 2 million to <4 mil-
lion, 4 million to <6 million, 6 million to <8 million, or
>8 million Japanese yen), and parental smoking sta-
tus at 3 years of age (yes or no). For children, covariates
included gender (male or female), birth weight, initial
feeding habits during the first month of life (exclusively
breastfeeding, partially breastfeeding, formula feeding, or
other), started solid baby food at 6 months of age (yes or
no), Kaup index at 3 years of age, wearing a diaper during
sleep at 3 years of age (yes or no), attendance at preschool
or childcare facility (daycare center/nursery) at 3 years
of age (yes or no), and daily time playing outside during
summer or winter from 2 years of age (almost none, <
1 h, 1-3 h, or >3 h). For all variables, the questionnaire
content, respondent group and response period are sum-
marized in S1 Table.

Pre-pregnancy BMI and Kaup index to evaluate body
weight status for mothers and toddlers were calculated
according to World Health Organization standards as
body weight (kg)/height (m)>

Statistical analysis

The distribution normality of continuous variables was
confirmed by the Kolmogorov—Smirnov test. Data are
expressed as the mean * standard deviation or the median
(interquartile range) depending on whether they are
normally distributed or not, respectively. The outcome
of interest was FC defined as any toddler satisfying the
Rome III diagnostic criteria as described by the mother.
The exposure variables were non-ownership (reference),
infant-period ownership, current ownership, and long-
term ownership regarding dogs and/or cats. We adopted
logistic regression models to calculate crude and adjusted
odds ratios (ORs) and their 95% confidence intervals
(CIs). The forced entry method was used to enter covari-
ates into a multivariable analysis model. Spearman’s rank
correlation coefficient was employed to check for multi-
collinearity of covariates. Hosmer—Lemeshow testing was
used to assess the goodness-of-fit of the models. Model
1 was adjusted for demographic covariates, including
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maternal age at delivery, pre-pregnancy BMI, maternal
highest level of education, annual household income, and
marital status. Model 2 was adjusted for the covariates
in model 1 in addition to perinatal covariates, including
maternal gestational weight gain, parity, cesarean sec-
tion at delivery, gender, birth weight, and breastfeed-
ing initiation at 1 month of age. Model 3 was adjusted
for the covariates in model 2 in addition to covariates in
infancy, including started solid baby food at 6 months
of age, parental smoking status at 3 years of age, Kaup
index at 3 years of age, wearing a diaper during sleep at
3 years of age, attendance at preschool or childcare facil-
ity at 3 years of age, and daily time playing outside dur-
ing summer after becoming 2 years of age. The JECS
protocol prohibits covariate OR sharing to prevent dou-
ble publications since other JECS studies use covariates
as outcomes in parallel. Missing data on covariates were
excluded in the logistic regression models. All statistical
analyses were performed using SPSS statistical software
version 28 (SPSS Inc., Chicago, Illinois). A P-value of
<0.05 was considered statistically significant.

Results

A total of 73,936 mothers with singleton live births were
available for analysis (Fig. 1). Table 1 summarizes the par-
ticipants’ characteristics in terms of a history of dog and/
or cat ownership. Among the participants, 57,264 (77.5%)
had never owned a dog or cat before. We recorded 7,715
(10.4%) infant-period owners, 1,295 (1.8%) current own-
ers, and 7,762 (10.5%) long-term owners. Significant
differences were found among the groups regarding
maternal age, pre-pregnancy BMI, gestational weight
gain, annual household income, marital status, parental
smoking habits at 3 years of age, parity, cesarean section,
gestational age, initial feeding habits at 1 month of age,
started solid baby food at 6 months of age, wearing a dia-
per at 3 years of age, attendance at preschool or childcare
facility at 3 years of age, and duration playing outside (all
P<0.05).

A total of 8,459 toddlers (11.6%) met the Rome III cri-
teria at 3 years of age and were included in logistic regres-
sion analysis on the association between a history of dog
and/or cat ownership and FC at 3 years of age (Table 2).
Univariate analysis showed that infant-period owner-
ship and long-term ownership significantly increased the
risk of developing FC as compared with non-ownership
(crude OR [95% CI] 1.15 [1.07—1.24], 1.12 [1.04-1.20],
respectively). Additionally, infant-period ownership
remained significantly associated with the risk of devel-
oping FC at 3 years of age after adjusting for covariates
(adjusted OR [95% CI] 1.13 [1.05-1.22] in model 1, 1.11
[1.02-1.20] in model 2, and 1.09 [1.01-1.19] in model 3,
respectively, based on non-ownership).
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Table 1 Characteristics of participants regarding history of dog/cat ownership (N=73,936)
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Variable

Dog and/or cat ownership

Non-ownership

Infant-period ownership Current ownership

Long-term ownership (until

(until 6 months of age) (at3yearsofage) 6 months and at 3 years of
age)
N=57,264 N=7,715 N=1,295 N=7,762
Maternal age at delivery (years) 32 (28, 35) 30 (26, 34) 30 (26, 34) 31 (28, 35)
Maternal age group, n (%)
<35 years 40,986 (71.6) 6,073 (78.7) 1,031 (79.6) 5,554 (72.5)
>35 years 16,728 (28.4) 1,641 (21.3) 264 (20.4) 2,108 (27.5)

Pre-pregnancy BMI (kg/m?)
Pre-pregnancy BMI group, n (%)
Underweight (BMI < 18.5)
Normal weight (BMI 18.5-24.9)
Overweight (BMI 25.0-29.9)
Obese (BMI>30.0)
Highest level of maternal education, n (%)
<16 years
16to< 19 years
>19+years
Annual household income @, n (%)
< 2,000,000 JPY
2,000,000-3,999,999 JPY
4,000,000-5,999,999 JPY
6,000,000-7,999,999 JPY
>8,000,000 JPY
Marital status, n (%)
Married
Single
Divorced
Widowed
Body weight gain during pregnancy (kg)
Parity, n (%)
Primiparous
Multiparous
Cesarean section at delivery, n (%)
No
Yes
Male, n (%)
Gestational age (weeks)
Gestational age category, n (%)
<37 weeks
37-41 weeks
>42 weeks
Birth weight (g)
Birth weight category, n (%)
<1,5009
1,500-2,499 g
2,50-3,999¢g
>4000 g

204(19.1,22.3)

9338(163)
42,503 (74.3)
4,248 (7.4)
1,144 (2.0)

1,749 (3.1)
15,982 (28.2)
39,008 (68.7)

2,181 (4.0)
14911 (27.2)
19,729 (36.0)
10,496 (19.2)
128 8.1)

55,033 (96.9)
1,429 (2.5)
333(06)
8(0.0)
10.1(7.9,124)

22,231 (39.7)
33,697 (60.3)

46,678 (81.9)
10,331 (18.1)
29,121 (50.9)
39 (38, 40)

2,541 (4.4)

54,488 (95.3)

128 (0.2)

3,030 (2,786, 3,282)

262 (0.5)
4,167 (7.3)
52,214 (914)
485 (0.8)

20.5(19.1,22.5)

1,221 (15.8)
5,679 (73.6)
606 (7.9)
207 (2.7)

381 (5.0)
2,668 (35.0)
4,570 (60.0)

478 (6.6)
2,395(329)
2,464 (33.9)
1,123 (154)
817(12.2)

7,140 (93.6)
430 (5.6)
58(0.8)

3(0.0)

106 (8.2,13.0)

3,783 (504)
3,727 (49.6)

6,345 (82.6)
1,338(17.4)
3,921 (50.8)
39 (38, 40)

291 (3.8)

7,387 (96.0)
17(0.2)

3,035 (2,786, 3,288)

23(0.3)
506 (6.6)
7,093 (92.2)
67(0.9)

20.7 (19.1,22.7)

204 (15.8)
943 (72.9)
101 (7.8)
46 (3.6)

88 (6.9)
469 (36.9)
713 (56.1)

107 (8.6)
430 (34.7)
385(31.1)
194 (15.7)
122(9.9)

1,208 (94.6)
54 (4.2)
15(1.2)
0(0.0)

10.7 (8.5,13.0)

433 (34.3)
828 (65.7)

1,069 (82.9)
220(17.1)
651 (50.3)
39 (38, 40)

53 (4.1)

1,235 (95.5)

5(04)

3,064 (2,800, 3,300)

3(0.2)
93(7.2)
1,183 (91.6)
12(0.9)

206 (19.1,22.7)

1,200 (15.7)
5,563 (72.7)
664 (8.7)
223 (2.9)

471 (6.2)
2,717 (35.9)
4,379 (57.9)

430 (5.9)
2,273 (31.3)
2,468 (34.0)
1,205 (16.6)
890 (12.2)

7,168 (94.3)
373 (4.9)

56 (0.7)

1(0.0)
10.5(8.1,13.0)

3,510 (47.1)
3,938 (529)

6,106 (80.0)
1,528 (20.0)
3919 (51.1)
39 (38, 40)

338 (44)

7,293 (95.3)
20(0.3)

3,028 (2,786, 3,284)

28(04)
589 (7.7)
6,974 (91.2)
57(0.8)
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Table 1 (continued)
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Variable Dog and/or cat ownership

Non-ownership

Infant-period ownership  Current ownership

Long-term ownership (until

(until 6 months of age) (at3yearsofage) 6 months and at 3 years of
age)
N=57,264 N=7,715 N=1,295 N=7,762

Initial feeding habit at 1 month of age, n (%)

Exclusively breastfeeding (reference) 31,652 (57.1) 3,899 (52.3) 671 (53.4) 3,841 (51.9)

Partially breastfeeding 21,971 (39.7) 3,287 (44.0) 522 (41.6) 3,214 (40.5)

Formula feeding 1,782 (3.2) 276 (3.7) 63 (5.0) 352 (4.8)
Started solid baby food at 6 months of age, n (%)

No 41,399 (72.4) 5982 (77.7) 1,007 (78.2) 5,900 (77.2)

Yes 15,759 (27.6) 1,714 (22.3) 281(21.8) 1,744 (22.8)
Kaup index at 3 years of age (kg/m?) 15.9(15.2,16.8) 16.0 (15.2,16.8) 16.0(15.2,16.8) 15.9(15.2,16.8)
Maternal smoking at 3 years of age, n (%)

No 52,113 (91.7) 6,662 (87.4) 1,059 (82.9) 6,510 (85.9)

Yes 4,713 (8.3) 960 (12.6) 219(17.7) 1,068 (6.4)
Partner smoking at 3 years of age, n (%)

No 36,855 (66.0) 4,240 (57.0) 636 (51.2) 4,104 (55.4)

Yes 18,988 (34.0) 3,197 (43.0) 605 (48.8) 3,309 (44.6)
Wearing a diaper during sleep at 3 years of age, n (%)

No 8,052 (14.1) 1,057 (13.7) 192 (14.8) 970(12.7)

Yes 49136 (85.9) 6,647 (86.3) 1,102 (85.2) 6,682 (87.3)
Attendance at preschool or childcare facility (daycare center/nursery) at 3 years of age, n (%)

No 20,400 (36.8) 2,524 (33.8) 408 (32.8) 2,696 (36.2)

Yes 35,106 (63.2) 4,949 (66.2) 835 (67.2) 4,743 (63.8)
Daily hours playing outside during summer after becoming 2 years of age, n (%)

Almost none 1,141 (2.0) 122 (1.6) 21(1.7) 183 (2.4)

<1h 13,566 (24.2) 1,690 (22.5) 294 (233) 1,704 (22.8)

1-3h 37,202 (66.4) 5,040 (67.2) 821 (65.2) 4,932 (66.0)

>3h 4,089 (7.3) 653 (8.7) 124 (9.8) 655 (8.8)
Daily hours playing outside during winter after becoming 2 years of age, n (%)

Almost none 5,756 (10.4) 776 (10.5) 115(9.3) 780 (10.6)

<Th 24,667 (44.6) 3,351 (45.2) 549 (44.3) 3,216 (43.6)

1-3h 23,317 (42.1) 3,074 (41.4) 525 (42.3) 3,139 (42.5)

>3h 1,624 (2.9) 217 (29) 51 (4.1) 243 (33)

Continuous variables are expressed as the median (interquartile range)

Data were missing on maternal age (n=1), pre-pregnancy BMI (n=46), maternal education level (n=741), household income (n=3,350), marital status (n=627),
body weight gain during pregnancy (n=1,703), parity (n=1,789), mode of delivery (n=321), birth weight (n=180), gestational age (n=140), breastfeeding initiation
at 1 month of age (n=2,406), started solid baby food at 6 months of age (n=150), Kaup index at 3 years of age (n=140), maternal smoking habit (n=632), partner
smoking habit (n=2,002), wearing a diaper during sleep at 3 years of age (n=98), attendance at preschool or childcare facility (daycare center/nursery) at 3 years of
age (n=2,275), Daily hours playing outside during summer after becoming 2 years of age (n=1,699), and daily hours playing outside during winter after becoming 2

years of age (n=2,536)
BMI Body mass index, JPY Japanese yen

@ The average (median) annual Japanese household income in 2018 was 5,523,000 JPY (4,370,000 JPY). The currency exchange rates on January 25, 2023, were: 1

USD=130JPY and 1 EUR=142 JPY

Discussion

This study describes the first large-scale nationwide
birth cohort study in Japan examining the relation-
ship of family dog and/or cat ownership status early
in life with FC at 3 years of age. Our results indicate
that infant-period dog and/or cat ownership prior to 6

months of age may significantly increase the risk of FC
at 3 years of age.

Childhood constipation is reportedly more frequent
during the weaning period, toilet training in toddlers,
and in school-childhood when children start school but
avoid defecation there [31]. FC onset is most likely while
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Table 2 Associations between dog and/or cat ownership and functional constipation

Variable Functional constipation Univariate

No, n (%) Yes, n (%)

65,325 (88.4) 8,459 (11.6)

Crude OR (95% Cl)

Multivariate

Model 1 Model 2 Model 3

Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

Dog and/or cat ownership

Non-ownership 50,745 (88.6) 6,519(114) 1.00

Infant-period owner- 6,721 (87.1) 994 (12.9) 1.15(1.07-1.24)
ship (until 6 months
of age)

Current ownership 1,157 (89.3) 138 (10.7) 0.93(0.78-1.11)
(at 3 years of age)

Long-term owner- 6,702 (87.5) 960 (12.5) 1.12(1.04-1.20)

ship (until 6 months
and at 3 years of age)

1.00 1.00 1.00
1.13 (1.05-1.22) 1.11(1.02-1.20) 1.09 (1.01-1.19)

0.89 (0.74-1.07) 0.92(0.76-1.12) 0.80(0.80-1.22)

1.08 (1.00-1.16) 1.07 (0.99-1.15) 1.01(0.99-1.02)

Model 1 was adjusted for demographic covariates, including maternal age at delivery, pre-pregnancy body mass index, maternal highest level of education, annual

household income at 3 years of age, and marital status

Model 2 was adjusted for the covariates in model 1 in addition to perinatal covariates, including maternal gestational weight gain, parity, caesarian section at delivery,

gender, birth weight, gender, and breastfeeding initiation at 1 month of age

Model 3 was adjusted for the covariates in model 2 in addition to covariates in infancy, including started solid baby food at 6 months of age, parental smoking status
at 3 years of age, Kaup index at 3 years of age, wearing a diaper during sleep at 3 years of age, attendance at preschool or childcare facility (daycare center/nursery) at
3 years of age, and daily time playing outside during summer after becoming 2 years of age

OR Odds ratio, C/ Confidence interval

toilet training around 3 years of age [31]. Dietary habits,
fluid intake, exercise, socioeconomic variables, and psy-
chological factors all affect defecation pattern in young
children [3-5]. Nakamura et al. also revealed that tod-
dlers born by cesarean delivery had a significantly higher
risk of suffering FC than those born by vaginal delivery
[32], possibly by a mechanism of variability in intestinal
microbiota composition [33, 34]. In a prospective investi-
gation, the gut microbiota of children with FC diagnosed
by Rome III criteria were clearly discriminated from
those of healthy controls, and so alterations in intesti-
nal microbiota might factor prominently in pediatric FC
occurrence [20, 35, 36].

Mutually beneficial relationships between humans and
animals have been widely reported as human-animal
interactions. The psychological, physiological, social,
and communicative benefits of interaction with animals
have all been established, with the potential for animal-
assisted therapy in a wide range of fields being reported
as well [7-13]. In children, exposure to pets during the
first year of life has been found to reduce the risk of aller-
gic rhinitis and asthma at school age [37]. Azad et al.
demonstrated that early life exposure to household pets
might influence the overall diversity and composition of
infant gut microbiota, with potential implications in the
development of atopy [16]. Heyworth et al. reported that
having a dog or cat was associated with a reduced risk
of gastroenteritis in young children and postulated the
mechanism of acquired immunity from low-level chronic
exposure to microorganisms carried by the animal [13].

Other studies have described the effects of household pet
ownership on gut microbial composition versus non-pet
controls [14—19]. It has been suggested that the diversity
of the gut microbiota, particularly within Proteobacte-
ria, may be reduced, as domestic pet-mediated exposure
to the natural environment leads to overgrowth of cer-
tain microbes [15, 19]. An imbalance in intestinal flora is
thought to be an etiological factor contributing to FC in
children. It is also possible that a decrease in the diversity
of gut microbiota in pet owners is related to the develop-
ment of FC.

We observed that infant-period dog and/or cat owner-
ship prior to 6 months of age might be associated with
a higher risk of FC at 3 years of age. Tun et al. revealed
changes in the taxon abundance of gut microbiota in
infants exposed to furry pets during pregnancy or the
postnatal period [15]. At the minimum, our findings sug-
gested that early gut microbiome disturbances influenced
by attachment with a household dog and/or cat could
increase the risk of developing FC later. Long-term pet
ownership, which included infancy and current owner-
ship, showed a significant association with FC devel-
opment after controlling for demographic variables.
However, when adjusting for covariates from the perina-
tal period onwards, this apparent tendency lost statisti-
cal significance. Further research is needed on the effect
of continued long-term dog and/or cat ownership on the
intestinal environment, including such confounding fac-
tors after infancy as information on dietary habits, fluid
intake, and physical activity.
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This study had several limitations. First, the data as
measured by Rome III were collected from mother and
caregiver self-reported questionnaires and therefore con-
sidered subjective. Additionally, data were not available on
whether FC was diagnosed or treated by doctors, creat-
ing a possibility of recall bias or erroneous interpretation.
Second, as the findings on FC were evaluated at 3 years of
age, children with FC onset and improvement earlier or
later than that age were not considered. Third, the large
attrition rate of participants who lacked information on
having household pets as well as those not completing
Rome III may have constituted selection bias; we cannot
conclusively rule out the possibility of under-reporting
the incidence of FC. Fourth, there may be unadjusted con-
founding factors, such as a history of antibiotic, probiotic,
or prebiotic use by the mother in the gestational period or
child, which affected gut microbiota profiles. Fifth, among
the participants of this study, 87% of those who answered
that they had any pets had dogs and/or cats, therefore, we
did not consider the impact of other minority domestic
pets (rodents, birds, reptiles and insects) and livestock
on developing FC in children. Lastly and possibly most
importantly, information on dietary habits that play a con-
siderable role in the development of constipation, includ-
ing fruit, vegetable, water, and fast food consumption, in
addition to the genetic background of constipation, were
unavailable and could not be included as covariates.

Conclusions

In conclusion, this is the first study employing a large data-
set from a Japanese nationwide birth cohort study to ana-
lyze the impact of dog and/or cat ownership status early in
life on the presence of FC at 3 years of age. After control-
ling for potential confounders, living with dog and/or cat
during early infancy was identified to possibly increase the
risk of FC. Such findings may constitute clinical evidence
on the relationship and interaction between children and
their household pets. Further research is needed to deter-
mine how long-term pet ownership including early infancy
affects the subsequent intestinal environment.
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