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Abstract: Pets may play a role in the social-emotional development of children. In particular, some studies
have suggested that family dog ownership is associated with better health outcomes. To date, no study
has assessed child development in association with dog ownership of different time points. The purpose
of the current study was primary to investigate whether “ever” family dog ownership was associated
with early child development, and secondary to further examine whether associations between family
dog ownership and early child development differ among family dog ownership of status, including
“past only”, “current only”, and “always” groups, using the data of family dog ownership obtained at
multiple time points. Associations between family dog ownership and infant development at 3 years of
age were examined using data from a nationwide prospective birth cohort study, the Japan Environment
and Children’s Study (n = 78,941). “Ever” family dog ownership was categorized to “past only”, “current
only”, and “always”. We observed that children with “ever” family dog ownership showed a significantly
decreased risk of developmental delay in the communication (odds ratio [OR] = 0.87; 95% confidence
interval [CI]: 0.78, 0.96), gross motor (OR = 0.83; 95% CI: 0.76, 0.92), problem-solving (OR = 0.89; 95%
CI: 0.83, 0.96) and personal-social (OR = 0.86; 95% CI: 0.72, 0.92) domains compared to children with
“never” family dog ownership. Furthermore, a significantly decreased risk of developmental delay in
gross motor function was observed in association with living with dogs in the “past only” (OR = 0.83; 95%
CI: 0.73, 0.95) and “always” (OR = 0.86; 95% CI: 0.75, 0.98). In addition, a decreased risk of developmental
delay in the problem-solving domain was associated with “past” family dog ownership (OR = 0.87; 95%
CI: 0.79, 0.97) and in the personal-social domain was associated with “always” family dog ownership
(OR = 0.81; 95% CI = 0.68, 0.95). Given the possible positive association between early life child devel-
opment and family dog ownership, living with dogs may be an important factor to be considered when
assessing child development.

Keywords: family dog ownership; child development; birth cohort

1. Introduction

Prior research has demonstrated that pet ownership is associated with physical, psy-
chological, and social benefits among children [1,2]. In particular, pets may play a role in
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the social-emotional development of children, such as in the development of self-esteem,
autonomy, and empathy for others [3]. Attachment to a pet may impact emotional de-
velopment [4]. A positive relationship between emotional bonds with pets and youth
social-emotional outcomes has been reported [5]. Further, a number of studies have sug-
gested that family dog ownership is associated with better health outcomes. For instance,
family dog ownership is associated with walking and physical activity in school children [6].
However, these studies had the limitation of a cross-sectional design that precluded as-
sessment of the causal relationship between family dog ownership and beneficial health
outcomes. In addition, several studies have found associations between pet keeping and
neurodevelopmental disorders or measures of related symptoms; however, their findings
may have been confounded by exposure misclassification [7] and confounding factors [8].
In addition to the family dog ownership settings, several randomized controlled studies
have shown the positive effects of animal therapy. A clinical trial showed that increased
social support through pet ownership lowered blood pressure response to mental stress [9],
and a randomized controlled trial study found that the use of an animal-assisted therapy
(AAT) program increased the well-being of university students experiencing homesick-
ness [10]. An animal-assisted reading program had an impact on the reading skills of
students who read to a dog [11]. Similar to the aforementioned studies, cross-sectional
and randomized controlled studies have reported positive associations; however, limited
longitudinal studies have investigated associations between family dog ownership and
child developmental outcomes.

In our recent study using data from a prospective birth cohort study, having a dog
at 6 months of age was associated with decreased risks of infant developmental delays at
12 months of age, which was observed only among dog owners but not cat owners [12].
This previous study investigated family dog ownership only at one point in time; however,
examination of the duration of family dog ownership and the critical time period for child
development would be desirable for a better understanding of the previous findings. To
the date, no study has assessed child development in association with dog ownership
of different time points. These limitations highlighted the importance of investigating
child development in association with family dog ownership of different and multiple
time points. The purpose of the current study was primarily to investigate whether “ever”
family dog ownership was associated with early child development, and second to further
examine whether associations between family dog ownership and early child development
differ among family dog ownership of status, including “past only”, “current only”, and
“always” groups using the data of family dog ownership obtained at multiple time points
from a nationwide prospective birth cohort study, the Japan Environment and Children’s
Study (JECS).

2. Materials and Methods
2.1. Study Design

The JECS is an ongoing, nationwide prospective birth cohort study. The study
was conducted at 15 regional centers (Hokkaido, Miyagi, Fukushima, Chiba, Kanagawa,
Koshin, Toyama, Aichi, Kyoto, Osaka, Hyogo, Tottori, Kochi, Fukuoka, and Minami
Kyusyu/Okinawa) in Japan. The details of the JECS project have been described else-
where [13–15]. Briefly, pregnant women were recruited between January 2011 and March
2014. The eligibility criteria for participation included residing in the study area at the
time of recruitment, an expected delivery date after August 2011, comprehension of the
Japanese language, and completion of the self-administered questionnaire. In total, 104,062
registered children were included in the cohort, including multiple births. The present
study used the dataset jecs-ta-201901930-qsn, which was released in October 2019 and
revised in February 2020.
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2.2. Ethical Statement

The JECS protocol was approved by the Ministry of the Environment’s Institutional
Review Board on Epidemiological Studies and by the ethics committees of each partici-
pating institution (Appendix A) (ethical project identification code: Kanken19–117). All
participants provided informed written consent in accordance with the Declaration of
Helsinki (sixth version).

2.3. Study Population

Of the 104,062 pregnant women included in the cohort, 100,304 had live births. Among
the JECS participants, those with available data for Ages and Stage third edition (ASQ-3),
family dog ownership at 3 years of age, and information regarding family dog ownership
at 6 months and/or 1.5 years of age were included in this study (n = 78,941) (Figure 1).
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Figure 1. Selection of the study population.

2.4. Self-Administered Questionnaires

Details of the self-administered questionnaire used in this study have been described
previously [13,14]. Briefly, data on maternal smoking and drinking at the second/third
trimester, maternal and paternal education, and annual family income during pregnancy
were obtained from the M-T2 questionnaire (answered by pregnant women at the sec-
ond/third trimester); data on parity were obtained from the Dr-T1 questionnaire (medical
records transcripts at the first trimester); and data on maternal age at delivery, delivery
mode, infant sex, gestational age, and birth weight and length were obtained from the
Dr-0m questionnaire (medical records transcripts at delivery). Data on maternal health-
related quality of life (HRQOL) assessed using Short Form-8 (SF-8) were obtained from the
C2.5Y questionnaire (answered by mothers at 2.5 years postpartum). Data on the weight
and height of children, information on daycare attendance, family income, maternal and
paternal smoking status, and environmental tobacco smoke exposure (ETS) were obtained
from the C-3Y questionnaire (answered by mothers at 3 years postpartum).
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2.5. Exposure Definitions

Information regarding past family ownership of the dog was obtained from the
C-6M and C-1.5Y questionnaires, and current information was obtained from the C-3Y
questionnaire. We defined children who never had a dog at 6 months, 1.5, and 3 years of
age as “never” dog owners; those who had a dog at any of these three time points were
defined as “ever” dog owners. Furthermore, “ever” dog owners were categorized into the
following three groups: “past only” owners were those who had a dog at both 6 months
and 1.5 years of age or either at 6 months or 1.5 years of age but not at 3 years of age;
“always” owners had a dog both 6 months and 1.5 years of age or either at 6 months or
1.5 years of age but not at 3 years of age; and “current only” owners did not have a dog at
6 months and 1.5 years of age but did at 3 years of age (Figure 1).

2.6. Outcome Definitions

The ASQ-3 comprises 21 age-specific questionnaires for children aged 1–66 months
to assess children’s progress in five developmental domains (communication, gross mo-
tor, fine motor, problem-solving, and personal-social). Each of the five domains has six
questions, resulting in 30 items for each age interval. Each item describes a skill, ability,
or behavior to which the parent responds “yes” (10 points), “sometimes” (5), or “not yet”
(0). Parents occasionally omit items when they are unsure of how to respond or because
they have concerns about their child’s performance. In this study, the ASQ-3 scores were
not calculated if there were three or more omitted items in each domain. In the case of
one or two omitted items, an adjusted total domain score was calculated; if a domain had
one or two missing items, the domain score was calculated by summing the scores of the
remaining items and multiplying it by 1.2 or 1.5, respectively, according to the ASQ-3
manual [16]. Children who may potentially be at risk of developmental delays at each
age interval were identified by comparing their scores to cutoff scores. The cutoff scores
of the Japanese version of ASQ-3 (J-ASQ-3) for each domain at 3 years of age were as
follows: communication: 29.95, gross motor: 39.26, fine motor: 27.91, problem-solving:
30.03, personal-social: 29.89; these cutoff scores were based on previously validated cut-
off scores for Japanese children [17]. In this study, children who completed the J-ASQ-3
36 months questionnaire at 34 months and 16 days through 38 months and 30 days of age
were strictly included. According to the recommended ASQ-3 procedures, adjusted age
was used to determine the appropriate ASQ-3 for children who were preterm (gestational
age <37 weeks).

2.7. Statistical Analyses

The ASQ-3 scores of each domain were dichotomized based on their cutoff scores.
The chi-square test was used to determine whether there was a significant difference in
the frequency of pass/fail of ASQ-3 scores of each domain among the four groups (never,
past only, always, and current only). The Kruskal–Wallis test was used to compare the
mean maternal age, SF-8 scores (physical component score [PCS] and mental component
score [MCS]) [18], birth weight and length, gestational age, and weight and height at
3 years of age among the four groups. Binominal logistic regression models were used to
investigate infant developmental delays in association with “never” and “ever” family dog
ownerships and then in association with “always” family dog ownership. The models were
adjusted for parity, maternal age at delivery, maternal smoking during pregnancy, maternal
and paternal education, maternal mental health (MCS), annual family income at ASQ-3
completion, child sex, ETS exposure at 3 years of age, and daycare attendance at 3 years of
age, based on previous literature and the correlation between these variables and exposure
and outcome. To handle missing covariate values, multiple imputations were applied using
the fully conditional specification method. Five imputed datasets were generated based on
the assumption that data were missing at random as it has traditionally been suggested
to be sufficient on theoretical grounds [19], and pooled exponential parameter estimates
were calculated. The following variables were included in the imputation model: parity,
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maternal age at delivery, maternal smoking during pregnancy, maternal education, paternal
education, maternal mental health (SF-8 MCS), family income at ASQ-3 completion, child
sex, ETS exposure at 3 years of age, and daycare attendance at 3 years of age. p < 0.05 was
considered statistically significant. Statistical analyses were performed using SPSS version
26 (IBM, Armonk, NY, USA).

3. Results

Table 1 shows the characteristics of the participants sorted by family dog ownership
category (n = 78,941). Among all the included participants, 83.6% (n = 65,986) never
owned dogs, 8.5% (n = 6745) owned dogs only in the past, 7.0% always owned dogs
(n = 5556), and 0.9% owned dogs at the current only (n = 654). Comparison of parental
characteristics found significant differences among the four groups in maternal age, parity,
maternal smoking during pregnancy, maternal and paternal education, family income
during pregnancy, maternal HRQOL, maternal and paternal smoking, and family income
at ASQ-3 completion. Comparison of child characteristics found significant differences
among the four groups in gestational age, delivery mode, ETS exposure at 3 years of age,
and daycare attendance at 3 years of age. The analysis of participants’ characteristics
showed that some of the demographic characteristics of parents and children were different
among family dog ownership categories.

Table 2 shows the distribution of ASQ-3 scores in association with the family dog
ownership category. The mean scores were 53.06, 55.35, 49.08, 51.75, and 50.33 for the
communication, gross motor, fine motor, problem-solving, and personal-social domains,
respectively. In total, 3279 (4.2%), 3725 (4.7%), 6186 (7.8%), 5936 (7.5%), and 2735 (3.5%)
infants failed the communication, gross motor, fine motor, problem-solving, and personal-
social domains, respectively. Comparison of the proportion and pass/fail between “never”
and “ever” family dog ownership found that “never” family dog ownership group showed
a higher prevalence of fail compared to “ever” family dog ownership in the domains of
communication, gross motor, problem-solving, and personal-social.

Table 3 shows child development delays at 3 years of age in association with “never”
and “ever” family dog ownership. The odds ratios of developmental delay in the five
domains of ASQ-3 in the “ever” family dog ownership category were compared to that
of the “never” family dog ownership. The results found a significantly decreased risk
of developmental delay in all domains, except fine motor (odds ratio [OR] = 0.87; 95%
confidence interval [CI]: 0.78, 0.96 for communication, OR = 0.83; 95% CI: 0.76, 0.92 for
gross motor, OR = 0.89; 95% CI: 0.83, 0.96 for problem-solving, and OR = 0.86; 95% CI: 0.77,
0.97 for personal-social). The result of the complete case analysis of child development
delays at 3 years of age in association with “never” and “ever” dog ownership is shown in
Table S1.
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Table 1. Characteristics of participants sorted by family dog ownership category.

All (n = 78,941) Never (n = 65,986) Ever (n = 12,955) p-Value

Past Only
(n = 6745)

Current Only
(n = 654)

Always
(n = 5556)

Parental

Maternal age at delivery (years) 31.5 ± 4.9 31.7 ± 4.9 30.2 ± 5.2 30.0 ± 5.2 31.2 ± 5.2 <0.001

Parity
Nulliparous 32,461 (41.1) 26,458 (40.1) 3264 (48.4) 214 (32.7) 2525 (45.4) <0.001
Multipara 44,565 (56.5) 37,982 (57.6) 3293 (48.8) 419 (64.1) 2871 (51.7)
Missing 1915 (2.4) 1546 (2.3) 188 (2.8) 21 (3.2) 160 (2.9)

Maternal smoking during pregnancy
Yes 2699 (3.4) 2013 (3.1) 297 (4.4) 39 (6.0) 350 (6.3) <0.001
No 75,275 (95.4) 63,203 (95.8) 6351 (94.1) 603 (92.2) 5118 (92.0)

Missing 967 (1.2) 770 (1.1) 97 (1.4) 12 (1.8) 88 (1.6)

Maternal alcohol consumption during
pregnancy

Yes 2092 (2.7) 1717 (2.6) 187 (2.8) 26 (4.0) 162 (2.9) 0.062
No 75,858 (96.1) 63,464 (96.2) 6473 (96.0) 162 (24.8) 5308 (95.5)

Missing 991 (1.3) 805 (1.2) 85 (1.3) 15 (2.3) 86 (1.5)

Maternal education (years)
<13 26,297 (33.3) 21,062 (31.9) 2671 (40.0) 291 (44.5) 2273 (40.9) <0.001
≥13 51,845 (65.7) 44,296 (67.1) 3993 (59.2) 351 (53.7) 3205 (57.7)

Missing 799 (1.0) 628 (1.0) 81 (1.2) 12 (1.8) 78 (1.4)

Paternal education (years)
<13 32,479 (41.1) 26,067 (39.5) 3267 (48.4) 364 (55.7) 2781 (50.1) <0.001
≥13 45,272 (57.3) 38,999 (59.1) 3348 (49.6) 274 (41.8) 2651 (47.7)

Missing 1190 (1.5) 920 (1.4) 130 (1.9) 16 (2.4) 124 (2.2)

Family income during pregnancy (million JPY)
<4 28,398 (36.0) 23,514 (35.6) 2527 (37.5) 297 (45.4) 2060 (37.1) <0.001
≥4 44,854 (56.8) 38,116 (57.8) 3444 (51.1) 297 (45.4) 2997 (53.9)

Missing 5689 (7.2) 4356 (6.6) 774 (11.4) 60 (9.2) 499 (9.0)

Maternal HRQOL

PCS
Low (<50) 31,166 (39.5) 25,958 (39.3) 2761 (40.9) 240 (36.7) 2207 (39.7) 0.018
High (≥50) 40,495 (51.3) 34,015 (51.5) 3361 (49.8) 343 (52.4) 2776 (50.0)

Missing 7280 (9.2) 6013 (9.1) 623 (9.2) 71 (10.9) 573 (10.3)

MCS
Low (<50) 40,367 (51.1) 33,691 (51.1) 3570 (52.9) 348 (53.2) 2758 (49.6) 0.001
High (≥50) 31,876 (40.4) 26,778 (40.6) 2582 (38.3) 245 (37.5) 2271 (40.9)

Missing 6698 (8.5) 5517 (8.3) 593 (8.8) 61 (9.3) 527 (9.5)

Maternal smoking at 3 years of age
Yes 7312 (9.3) 5557 (8.4) 837 (12.4) 112 (17.1) 806 (14.5) <0.001
No 70,953 (89.9) 59,895 (90.8) 5835 (86.5) 533 (81.5) 4687 (84.4)

Missing 676 (0.8) 534 (0.8) 73 (1.1) 9 (1.4) 63 (1.1)
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Table 1. Cont.

All (n = 78,941) Never (n = 65,986) Ever (n = 12,955) p-Value

Past Only
(n = 6745)

Current Only
(n = 654)

Always
(n = 5556)

Paternal smoking at 3 years of age
Yes 27,735 (35.1) 22,224 (33.7) 2846 (42.2) 298 (45.6) 2367 (42.6) <0.001
No 49,055 (62.1) 42,077 (63.8) 3654 (54.0) 328 (50.2) 2996 (53.9)

Missing 2151 (2.7) 1685 (2.6) 245 (3.6) 28 (4.3) 193 (3.5)

Family income at 3 years of age (million JPY)
<4 24,796 (31.4) 20,148 (30.5) 2505 (37.1) 257 (39.3) 1886 (33.9) <0.001
≥4 50,118 (63.5) 42,604 (64.6) 3789 (56.2) 363 (55.5) 3362 (60.5)

Missing 4027 (5.1) 3234 (4.9) 451 (6.7) 34 (5.2) 308 (5.5)

Child

Sex
Male 40,465 (51.3) 33,845 (51.3) 3443 (51.0) 314 (48.0) 2863 (51.5) 0.380

Female 38,476 (48.7) 32,141 (48.7) 3302 (49.0) 340 (52.0) 2696 (48.5)

Birth weight (g) 3011 ± 427 3011 ± 427 3016 ± 421 3019 ± 393 3006 ± 435 0.700

Birth length (cm) 48.9 ± 2.3 48.9 ± 2.3 48.9 ± 2.3 48.9 ± 2.2 48.8 ± 2.4 0.175

Gestational age (weeks) 39.2 ± 1.6 39.2 ± 1.6 39.3 ± 1.6 39.2 ± 1.5 39.2 ± 1.6 0.005

Delivery mode
Vaginal 63,117 (80.0) 52,846 (80.1) 5410 (80.2) 538 (82.3) 4323 (77.8) <0.001

Cesarean 15,480 (19.6) 12,849 (19.5) 1309 (19.4) 111 (17.0) 141 (25.4)
Missing 344 (0.4) 291 (0.4) 26 (0.4) 5 (0.8) 22 (0.4)

Weight at 3 years of age (kg) 13.5 ± 2.4 13.5 ± 2.4 13.5 ± 2.1 13.4 ± 1.5 13.5 ± 2.2 0.463

Height at 3 years of age (cm) 91.7 ± 12.9 91.6 ± 12.2 91.7 ± 11.6 92.8 ± 35.2 91.8 ± 17.1 0.066

ETS exposure at 3 years of age

Never/seldom 63,182 (80.0) 53,606 (81.2) 5016 (74.4) 451 (69.0) 4109 (74.0) <0.001
Sometimes 12,625 (16.0) 9985 (15.1) 1359 (20.1) 155 (23.7) 1126 (20.3)

Often 2432 (3.1) 1818 (2.8) 308 (4.6) 42 (6.4) 264 (4.8)
Missing 702 (0.9) 577 (0.9) 62 (0.9) 6 (0.9) 57 (1.0)

Daycare attendance at 3 years of age
Yes 47,962 (60.8) 39,834 (60.4) 4293 (63.6) 422 (64.5) 3413 (61.4) <0.001
No 28,621 (36.3) 24,180 (36.6) 2243 (33.3) 209 (32.0) 1989 (35.8)

Missing 2358 (3.0) 1972 (3.0) 209 (3.1) 23 (3.5) 154 (2.8)

ETS: Environmental tobacco smoke, HRQOL: health-related quality of life, PCS: physical component score, MCS: mental component score. Mean ± standard deviation (SD) or n (%). The chi-square test or the
Kruskal–Wallis test.
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Table 2. Distribution of ASQ-3 scores in association with family dog ownership category.

ASQ-3 Domain Cutoff All
(n = 78,941)

Never
(n = 65,986)

Ever
(n = 12,955) p-Value

Communication

29.95 Mean ± SD 53.06 ± 55.35 53.03 ± 10.80 53.06 ± 10.73
Pass 75,456 (95.6) 63,019 (95.5) 12,437 (96.0)

0.005Fail 3279 (4.2) 2800 (4.2) 478 (3.7)
Missing 206 (0.3) 167 (0.3) 49 (0.3)

Gross motor

39.26 Mean ± SD 55.35 ± 8.55 55.29 ± 8.63 55.35 ± 8.55
Pass 75,119 (95.2) 62,705 (95.0) 12,414 (95.8)

<0.001Fail 3725 (4.7) 3209 (4.9) 516 (4.0)
Missing 97 (0.1) 72 (0.1) 25 (0.2)

Fine motor

27.91 Mean ± SD 49.08 ± 12.86 49.10 ± 12.86 49.08 ± 12.86
Pass 72,357 (91.7) 60,504 (91.7) 11,853 (91.5)

0.539Fail 6186 (7.8) 5154 (7.8) 1032 (8.0)
Missing 398 (0.5) 328 (0.5) 70 (0.5)

Problem-solving

30.03 Mean ± SD 51.75 ± 10.98 51.71 ± 11.04 51.75 ± 10.98
Pass 72,179 (91.4) 60,282 (91.4) 11,897 (91.8)

0.005Fail 5936 (7.5) 5040 (7.6) 896 (6.9)
Missing 826 (1.0) 664 (1.0) 162 (1.3)

Personal-social

29.89 Mean ± SD 50.33 ± 10.22 50.28 ± 10.26 50.33 ± 10.22
Pass 75,937 (96.2) 63,431 (96.1) 12,506 (96.5)

0.006Fail 2735 (3.5) 2339 (3.5) 396 (3.1)
Missing 269 (0.3) 216 (0.3) 53 (0.4)

ASQ-3: Ages and Stages third edition. Mean ± standard deviation (SD) or n (%). The chi-square test.

Table 3. Child development delays at 3 years of age in association with “never” and “ever” family
dog ownership.

OR (95% CI)

ASQ-3 Domain Never Ever

Communication 1.00 0.87 (0.78, 0.96) **
Gross motor 1.00 0.83 (0.76, 0.92) **
Fine motor 1.00 0.98 (0.91, 1.05)

Problem-solving 1.00 0.89 (0.83, 0.96) **
Personal-social 1.00 0.86 (0.77, 0.97) *

ASQ-3: Ages and Stages third edition, OR: odds ratio, CI: confidence interval. Adjusted for parity, maternal age at
delivery, maternal smoking during pregnancy, maternal education, paternal education, maternal mental health
(SF-8 MCS), family income at ASQ-3 completion, child sex, environmental tobacco exposure at 3 years of age, and
daycare attendance at 3 years of age. * p < 0.050, ** p < 0.010.

Table 4 shows child developmental delays at 3 years of age in association with family
dog ownership. The odds ratios of developmental delay in the five domains of ASQ-3
in the “past only”, “current only”, and “always” family dog ownership category were
compared to that of the “never” family dog ownership. The comparison results showed a
decreased odds ratios of developmental delay in the gross motor domain among “past only”
(OR = 0.83; 95% CI: 0.73, 0.95) and “always” (OR = 0.86; 95% CI: 0.75, 0.98). In addition, the
comparison found that “past only” family dog ownership was associated with a decreased
odds ratio of developmental delay in the problem-solving domain (OR = 0.87; 95% CI: 0.79,
0.97), and “always” family dog ownership was associated with a decreased odds ratio of
developmental delay in personal-social domain (OR = 0.81; 95% CI: 0.68, 0.95). The result
of the complete case analysis of child development delays at 3 years of age in association
with family dog ownership is shown in Table S2.
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Table 4. Child development delays at 3 years of age in association with family dog ownership.

OR (95% CI)

ASQ-3 Domain Never
(n = 65,986)

Past Only
(n = 6745)

Current Only
(n = 654)

Always
(n = 5556)

Communication 1.00 0.89 (0.78, 1.02) 0.64 (0.40, 1.05) 0.87 (0.75, 1.00)
Gross motor 1.00 0.83 (0.73, 0.95) * 0.66 (0.42, 1.05) 0.86 (0.75, 0.98) *
Fine motor 1.00 0.95 (0.86, 1.05) 0.87 (0.64, 1.20) 1.02 (0.92, 1.13)

Problem-solving 1.00 0.87 (0.79, 0.97) * 0.89 (0.65, 1.22) 0.91 (0.82, 1.02)
Personal-social 1.00 0.92 (0.79, 1.06) 0.83 (0.51, 1.35) 0.81 (0.68, 0.95) *

ASQ-3: Ages and Stages third edition, OR: odds ratio, CI: confidence interval. Adjusted for parity, maternal
age at delivery, maternal smoking during pregnancy, maternal education, paternal education, maternal mental
health (SF-8 MCS), family income at ASQ-3 completion, child sex, ETS exposure at 3 years of age, and daycare
attendance at 3 years of age. * p < 0.050.

4. Discussion

In this study, the association between family dog ownership and early child devel-
opment was investigated as a primary objective and then various family dog ownership
status was further investigated in association with early child development. In this study,
we observed that “ever” dog owners showed decreased risks of child development delay in
the communication, gross motor, problem-solving, and personal-social domains compared
to “never” dog owners. This finding was consistent with our previous findings, which
showed that child development at 1 year of age was positively associated with family
dog ownership at 6 months of age [12]. All domains, except fine motor, reached statistical
significance; “ever” dog ownership showed a reduction of 11%–17% risks compared to
“never” dog ownership. The interpretation of the study findings should be done with
caution as the magnitude of effect of family dog ownership on child development is very
small (OR < 1.68, [20]). Besides, ASQ-3 was a developmental screening tool that pinpoints
developmental progress in children, and a reduction of the developmental risks using ASQ-
3 did not provide clinical meaning. Furthermore, we observed that family dog ownership
at different time periods was associated with decreased risks of child developmental delay
in a domain-specific manner. This is the first study to investigate child development in
relation to family dog ownership using longitudinal nationwide prospective data.

The rate of family dog ownership at 3 years of age was 7.9%, which was slightly lower
but comparable to the Japanese data of 2019 (12.55%) [21]. This might be related to the
fact that participants in the JECS showed a higher prevalence of allergic disease than the
general Japanese population, as mentioned in a previous study [22]. The socio-demographic
characteristics of “ever” dog owners were different from those of “never” dog owners,
particularly in terms of parental characteristics. For example, maternal age at delivery
was younger, nulliparous rate was higher, maternal smoking rate during pregnancy was
higher, both maternal and paternal education levels were lower, family income during
pregnancy and at 3 years of age were lower, and both maternal and paternal smoking
rates were higher at 3 years of age in “ever” dog owners than in “never” dog owners
(Table 1). Differences in child characteristics were also observed between “ever” and
“never” dog owners. ETS exposure and daycare attendance rates were higher among “ever”
dog owners than among “never” dog owners. A similar trend in these characteristics
was reported in previous studies (Table 1). The findings of this study are consistent
with those of previous studies [12,23–25]. The association between companion animals,
including dogs, and child development has been well discussed in a systematic review [26].
Several potential pathways through which pets may facilitate child development have
been suggested. For example, pet attachment can improve a child’s social-cognitive and
social-emotional development, and psychosocial health [27–29]. Positive attitudes and
affiliative interactions with pets may enhance well-being [30]. Owning pets may provide
children with opportunities to control their emotions [23].

Child development experts believe that motor activity during the second year is
vital to the child’s competence development [31]. This may explain our findings that the
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gross motor domain was significantly associated with “ever” family dog ownership. In
addition, a significantly decreased risk of development delay in the gross motor domain
was observed in “past only” and “always” dog owners but not in “current only” dog
owners. This study suggests that living with a dog during the critical time period of gross
motor development in children may be key to reducing the risk of developmental delay.

In general, basic fine motor skills gradually develop and are typically mastered be-
tween the ages of 6 and 12 in children. In other words, early infancy is not necessarily
a crucial period for developing fine motor skills. This is in agreement with our obser-
vation of a null association between family dog ownership at early infancy and fine
motor development.

To our knowledge, no previous study has investigated child cognitive outcomes in
association with family dog ownership in a prospective setting. Cognitive skills encompass
problem-solving ability, which was associated with “past” family dog ownership in this
study. A systematic review hypothesized that pet attachment enhances social interaction
and communication with pets, resulting in a positive influence on social cognition devel-
opment, and that pet ownership reduces stress levels and improves cognitive executive
functions [26]. This was supported by a previous finding of better social-cognitive de-
velopment in relation to stronger pet attachment [27]. The highest attachment score was
reported among dog owners than other pet owners, and children who had a pet dog scored
significantly higher on attachment than those who did not [32]. Attachment may be a
link between family dog ownership and a decreased risk of developmental delay in the
problem-solving domain. According to Bowlby, dogs exhibit behaviors indicative of an
attachment relationship [33]. Attachment to the primary caregiver was previously con-
sidered to develop over the course of the first 18 months, although the attachment theory
later suggested that the critical period for developing an attachment is about 0–5 years [34].
Dog ownership, but not “always” or “current only” family dog ownership, showed a
significant association with a decreased risk of developmental delay in the problem-solving
domain. Ages between 6 months and 1.5 year were possibly a crucial period for estab-
lishing attachment with pet dogs, and the established attachment may have resulted in
the decreased risk of developmental delay in children. However, the mechanism for the
observed findings is largely unknown, and further exploration is necessary. According to
Piaget’s theory, during the sensorimotor stage (up to 2 years), children undergo a period of
dramatic growth and learning [35]. In particular, children interact with their environments
and go through an astonishing amount of cognitive growth during this period; thus, intro-
ducing children to dogs during such a sensitive period may positively influence cognitive
development. Considering that communication skills are related to language development,
the non-significant reduced risk of developmental delay in the communication domain
among “past only” (6 months and/or 1.5 years) dog owners was reasonable as this period
was a sensitive period for cognitive development, including language development.

Given that many studies have shown improved levels of mental, emotional, and phys-
ical health in dog owners, the influence of dogs on parents should be discussed. One study
highlighted the potential of pet dogs to reduce stress in primary carers, including parents
of children with an ASD [36]. Other study showed that animal-assisted interventions
may provide certain benefits for parents and families during the initial stages of pediatric
cancer treatment [37]. Even though these previous studies were limited to the parents of
children with medical conditions, the influence of a family dog on parents may improve
mental, affective, and other parenting skills, resulting in better child care and better child
developmental outcomes.

A relatively large number of studies on socio-emotional development in relation
to family dog ownership have been published. A recent longitudinal study found that
children with a dog were 20% less likely to have abnormal scores on social-emotional
development scales, including emotional symptoms, peer problems, and prosocial behavior,
compared to those with no pets [28]. Interacting positively with a dog has been suggested
to increase confidence and decrease the fear of rejection in social interactions with other
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children [38]. Pets can facilitate social interaction between children [4]. However, a
prospective study has suggested that a strong bond with a dog results in less time spent
with others [39]. Other studies have shown no evidence of an impact of family dog
ownership on social developmental outcomes among children aged 4–10 years [29], and on
social functioning and psychosocial health of adolescents [40]. The significantly reduced
risk of developmental delay in the personal-social domain was found only among “always”
dog owners in the current study; this indicates that the duration of time lived with a
dog may be important. Together with the previous findings of null impact at older ages,
family dog ownership at an early age (<3 years) may be crucial for the socio-emotional
development of children. A review has suggested that pet ownership has the greatest
influence on children aged <6 years [26]. One potential mechanism by which dogs may
confer emotional health benefits to children is the social buffering of stress responses [41].

There was no statistically significant association between the risk of development
delay in any of the ASQ-3 domains and “current” dog ownership. It should be noted that
the “current” group included children who became family dog owners between the age of
1.5 years and 3 years, and the duration of living with a dog ranged from approximately 0
to 18 months; this may hinder any existed association. In addition, the smaller number of
participants in the “current” group than in the “past only” and “always” groups may be a
reason for wider 95% CIs and null statistical significance.

This study has some limitations. First, this study assessed family dog ownership
status at several points within a very small age range. There appears to be no long-term
behavioral benefit from acquiring a pet dog, as child behavior only improved when the
child first acquired the dog [29,39]. Studies with more time points and a wider age range
are needed to elucidate the impact of the timing of pet acquisition and duration of the time
spent with dogs. Second, although we adjusted for possible socio-demographic factors
related to family dog ownership status, we did not examine child attachment to dogs.
Finally, what was discussed in this study was not based on the direct observation of the
child’s relationship with the dog, or their interaction, but only based on the association
between family dog ownership and child development. It may be necessary to measure
direct relationship and interaction between children and their dogs in a future study to
consolidate what was found in this study.

The strength of the current study is that we used nationwide prospective cohort study
data, which represented the general population of Japan. A comparison of the current study
population with all JECS participants found that the baseline characteristics, including
maternal age at delivery, parity, child sex, birth weight, birth length, gestational age, and
delivery mode, were comparable [13]. The proportion of participants with maternal and
paternal education ≥13 years was slightly higher among the current study population than
in the general Japanese population (63.7% vs. 65.7% for maternal education and 55.8% vs.
57.3% for paternal education), while family income during pregnancy <4 million JPY was
slightly lower in the current study population than in the general Japanese population
(59.7% vs. 56.8%). Overall, the current study population seemed to be representative
of the whole cohort population, and therefore, the selection bias due to the eligibility
criteria was considered null or minimal. The longitudinal study design provided high-
quality data. However, the findings of this study should be carefully extrapolated because
they may not apply to a less generalized population and a population with different
cultural backgrounds. The other strength is that we were able to control for multiple
socio-demographic factors and maternal HRQOL, which may have an influence on child
development. Many of the previous studies showed methodological issues, such as small
and non-representative samples and lack of adjustment for confounders; however, the
current study could minimize the effects of these issues. Finally, for future investigation,
considering the duration of dog ownership may provide further an understanding of the
relationship between living with dogs and child development.
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5. Conclusions

This study showed that living with dogs during early infancy may decrease the
risk of developmental delay in the communication, gross motor, problem-solving, and
personal-social domains. In addition, the associations were family dog ownership timing
specific and were only found in “past only” and “always” groups. Given the possible
positive association between early family dog ownership and child development, living
with dogs may be an important mechanism to be considered when assessing child devel-
opment. The current study highlights the need for more longitudinal studies with further
follow-ups to examine the possible causal association between family dog ownership and
child development.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph18137082/s1, Supplemental Table S1 Complete case analysis of child development
delays at 3 years of age in association with “never” and “ever” dog ownership. Supplemental Table
S2 Complete case analysis of child development delays at 3 years of age in association with family
dog ownership.

Author Contributions: Conceptualization, M.M. and R.K.; Methodology, M.M.; Investigation, M.M.;
Data Curation, M.M.; Writing—Original Draft Preparation, M.M.; Writing—Review and Editing,
A.I.-A., C.M., S.I., S.K., K.Y., Y.A.B., Y.S. (Yasuaki Saijo), Y.S. (Yukihiro Sato), Y.I., R.K.; Visualization,
M.M.; Supervision, R.K.; Project Administration, R.K. All authors have read and agreed to the
published version of the manuscript.

Funding: The Japan Environment and Children’s Study is funded by the Ministry of the Environment,
Japan. The findings and conclusions of this article are solely the responsibility of the authors and do
not represent the official views of the Ministry of the Environment, Japan.

Institutional Review Board Statement: The JECS protocol was approved by the Ministry of the
Environment’s Institutional Review Board on Epidemiological Studies and by the Ethics Committees
of each participating institution (Appendix A). All participants provided informed, written consent
in accordance with the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data sharing is not applicable to this article.

Acknowledgments: We would like to express our gratitude to all the participants of the JECS and all
staff members involved in data collection.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Members of the Japan Environment and Children’s Study (JECS) group as of 2020:
Michihiro Kamijima (Principal Investigator, Nagoya City University, Nagoya, Japan), Shin
Yamazaki (National Institute for Environmental Studies, Tsukuba, Japan), Yukihiro Ohya
(National Center for Child Health and Development, Tokyo, Japan), Reiko Kishi (Hokkaido
University, Sapporo, Japan), Nobuo Yaegashi (Tohoku University, Sendai, Japan), Koichi
Hashimoto (Fukushima Medical University, Fukushima, Japan), Chisato Mori (Chiba
University, Chiba, Japan), Shuichi Ito (Yokohama City University, Yokohama, Japan), Zen-
taro Yamagata (University of Yamanashi, Chuo, Japan), Hidekuni Inadera (University
of Toyama, Toyama, Japan), Takeo Nakayama (Kyoto University, Kyoto, Japan), Hiroy-
asu Iso (Osaka University, Suita, Japan), Masayuki Shima (Hyogo College of Medicine,
Nishinomiya, Japan), Youichi Kurozawa (Tottori University, Yonago, Japan), Narufumi
Suganuma (Kochi University, Nankoku, Japan), Koichi Kusuhara (University of Occupa-
tional and Environmental Health, Kitakyushu, Japan), and Takahiko Katoh (Kumamoto
University, Kumamoto, Japan).

https://www.mdpi.com/article/10.3390/ijerph18137082/s1
https://www.mdpi.com/article/10.3390/ijerph18137082/s1


Int. J. Environ. Res. Public Health 2021, 18, 7082 13 of 14

References
1. Smith, B. The pet effect-health related aspects of companion animal ownership. Aust. Fam. Physician 2012, 41, 439–442. [PubMed]
2. Daly, B.; Morton, L. An investigation of human-animal interactions and empathy as related to pet preference, ownership,

attachment, and attitudes in children. Anthrozoös 2006, 19, 113–127. [CrossRef]
3. Poresky, R.H. Companion Animals and other Factors Affecting Young Children’s Development. Anthrozoös 1996, 9, 159–168.

[CrossRef]
4. Endenburg, N.; van Lith, H.A. The influence of animals on the development of children. Vet. J. 2011, 190, 208–214. [CrossRef]

[PubMed]
5. Jacobson, K.C.; Chang, L. Associations between pet ownership and attitudes toward pets with youth socioemotional outcomes.

Front. Psychol. 2018, 9, 2304. [CrossRef] [PubMed]
6. Christian, H.; Trapp, G. Understanding the relationship between dog ownership and children’s physical activity and sedentary

behaviour. Pediatr. Obes. 2013, 8, 392–403. [CrossRef]
7. Keil, A.P.; Daniels, J.L.; Hertz-Picciotto, I. Autism spectrum disorder, flea and tick medication, and adjustments for exposure

misclassification: The CHARGE (CHildhood Autism Risks from Genetics and Environment) case–control study. Environ. Health
2014, 13, 3. [CrossRef] [PubMed]

8. Miles, J.N.V.; Parast, L.; Babey, S.H.; Griffin, B.A.; Saunders, J.M. A propensity-score-weighted population-based study of the
health benefits of dogs and cats for children. Anthrozoös 2017, 30, 429–440. [CrossRef]

9. Allen, K.; Shykoff, B.E.; Izzo, J.J.L. Pet ownership, but not ace inhibitor therapy, blunts home blood pressure responses to mental
stress. Hypertension 2001, 38, 815–820. [CrossRef]

10. Binfet, J.-T.; Passmore, H.-A. Hounds and homesickness: The effects of an animal-assisted therapeutic intervention for first-year
university students. Anthrozoös 2016, 29, 441–454. [CrossRef]

11. Le Roux, M.C.; Swartz, L.; Swart, E. The effect of an animal-assisted reading program on the reading rate, accuracy and
comprehension of grade 3 students: A randomized control study. Child. Youth Care Forum. 2014, 43, 655–673. [CrossRef]

12. Minatoya, M.; Araki, A.; Miyashita, C.; Itoh, S.; Kobayashi, S.; Yamazaki, K.; Bamai, Y.A.; Saijyo, Y.; Ito, Y.; Kishi, R.; et al. Cat and
dog ownership in early life and infant development: A prospective birth cohort study of japan environment and children’s study.
Int. J. Environ. Res. Public Health 2019, 17, 205. [CrossRef] [PubMed]

13. Michikawa, T.; Nitta, H.; Nakayama, S.F.; Yamazaki, S.; Isobe, T.; Tamura, K.; Suda, E.; Ono, M.; Yonemoto, J.; Iwai-Shimada,
M.; et al. Baseline profile of participants in the japan environment and children’s study (JECS). J. Epidemiol. 2018, 28, 99–104.
[CrossRef] [PubMed]

14. Kawamoto, T.; Nitta, H.; Murata, K.; Toda, E.; Tsukamoto, N.; Hasegawa, M.; Yamagata, Z.; Kayama, F.; Kishi, R.; Ohya, Y.; et al.
Rationale and study design of the Japan environment and children’s study (JECS). BMC Public Health 2014, 14, 25. [CrossRef]
[PubMed]

15. Michikawa, T.; Nitta, H.; Nakayama, S.F.; Ono, M.; Yonemoto, J.; Tamura, K.; Suda, E.; Ito, H.; Takeuchi, A.; Kawamoto, T. The
japan environment and children’s study (JECS): A preliminary report on selected characteristics of approximately 10 000 pregnant
women recruited during the first year of the study. J. Epidemiol. 2015, 25, 452–458. [CrossRef] [PubMed]

16. Squire, J.; Twombly, E.; Bricker, D.; Potter, L. ASQ-3: User’s Guide; Paul, H., Ed.; Brookes Publishing: Baltimore, MD, USA, 2009.
17. Mezawa, H.; Aoki, S.; Nakayama, S.F.; Nitta, H.; Ikeda, N.; Kato, K.; Tamai, S.; Takekoh, M.; Sanefuji, M.; Ohga, S.; et al.

Psychometric profile of the ages and stages questionnaires, Japanese translation. Pediatr. Int. 2019, 61, 1086–1095. [CrossRef]
18. Fukuhara, S.; Suzukamo, Y. Manual of the SF-8 Japanese Version; Institute for Health Outcome and Process Evaluation Research:

Kyoto, Japan, 2004.
19. Jakobsen, J.C.; Gluud, C.; Wetterslev, J.; Winkel, P. When and how should multiple imputation be used for handling missing data

in randomised clinical trials–a practical guide with flowcharts. BMC Med. Res. Methodol. 2017, 17, 162. [CrossRef]
20. Chen, H.; Cohen, P.; Chen, S. How big is a big odds ratio? interpreting the magnitudes of odds ratios in epidemiological studies.

Commun. Stat. Simul. Comput. 2010, 39, 860–864. [CrossRef]
21. Association, J.P.F. Ownership of Dogs and Cats Survey Results. 2019. Available online: https://petfood.or.jp/data/chart2019/3.

pdf (accessed on 17 May 2021).
22. Hamazaki, K.; Tsuchida, A.; Takamori, A.; Tanaka, T.; Ito, M.; Inadera, H. Dietary intake of fish and ω-3 polyunsaturated fatty

acids and physician-diagnosed allergy in Japanese population: The Japan Environment and Children’s Study. Nutrition 2019, 61,
194–201. [CrossRef]

23. Sato, R.; Fujiwara, T.; Kino, S.; Nawa, N.; Kawachi, I. Pet ownership and children’s emotional expression: Propensity score-
matched analysis of longitudinal data from Japan. Int. J. Environ. Res. Public Health 2019, 16, 758. [CrossRef]

24. Westgarth, C.; Heron, J.; Ness, A.R.; Bundred, P.; Gaskell, R.M.; Coyne, K.P.; German, A.J.; McCune, S.; Dawson, S. Family pet
ownership during childhood: Findings from a UK birth cohort and implications for public health research. Int. J. Environ. Res.
Public Health 2010, 7, 3704–3729. [CrossRef] [PubMed]

25. Purewal, R.; Christley, R.; Kordas, K.; Joinson, C.; Meints, K.; Gee, N.; Westgarth, C. Socio-demographic factors associated with
pet ownership amongst adolescents from a UK birth cohort. BMC Veter. Res. 2019, 15, 1–15. [CrossRef]

26. Purewal, R.; Christley, R.; Kordas, K.; Joinson, C.; Meints, K.; Gee, N.; Westgarth, C. Companion animals and child/adolescent
development: A systematic review of the evidence. Int. J. Environ. Res. Public Health 2017, 14, 234. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/22675689
http://doi.org/10.2752/089279306785593801
http://doi.org/10.2752/089279396787001437
http://doi.org/10.1016/j.tvjl.2010.11.020
http://www.ncbi.nlm.nih.gov/pubmed/21195645
http://doi.org/10.3389/fpsyg.2018.02304
http://www.ncbi.nlm.nih.gov/pubmed/30534102
http://doi.org/10.1111/j.2047-6310.2012.00113.x
http://doi.org/10.1186/1476-069X-13-3
http://www.ncbi.nlm.nih.gov/pubmed/24456651
http://doi.org/10.1080/08927936.2017.1335103
http://doi.org/10.1161/hyp.38.4.815
http://doi.org/10.1080/08927936.2016.1181364
http://doi.org/10.1007/s10566-014-9262-1
http://doi.org/10.3390/ijerph17010205
http://www.ncbi.nlm.nih.gov/pubmed/31892205
http://doi.org/10.2188/jea.JE20170018
http://www.ncbi.nlm.nih.gov/pubmed/29093304
http://doi.org/10.1186/1471-2458-14-25
http://www.ncbi.nlm.nih.gov/pubmed/24410977
http://doi.org/10.2188/jea.JE20140186
http://www.ncbi.nlm.nih.gov/pubmed/25912098
http://doi.org/10.1111/ped.13990
http://doi.org/10.1186/s12874-017-0442-1
http://doi.org/10.1080/03610911003650383
https://petfood.or.jp/data/chart2019/3.pdf
https://petfood.or.jp/data/chart2019/3.pdf
http://doi.org/10.1016/j.nut.2018.11.010
http://doi.org/10.3390/ijerph16050758
http://doi.org/10.3390/ijerph7103704
http://www.ncbi.nlm.nih.gov/pubmed/21139856
http://doi.org/10.1186/s12917-019-2063-x
http://doi.org/10.3390/ijerph14030234


Int. J. Environ. Res. Public Health 2021, 18, 7082 14 of 14

27. Maruyama, M. The Effects of Animals on Children’s Development of Perspective-Taking Abilities; Portland State University: Portland,
OR, USA, 2010.

28. Christian, H.; Mitrou, F.; Cunneen, R.; Zubrick, S.R. Pets are associated with fewer peer problems and emotional symptoms, and
better prosocial behavior: Findings from the longitudinal study of Australian children. J. Pediatr. 2020, 220, 200–206. [CrossRef]

29. Gadomski, A.M.; Scribani, M.B.; Krupa, N.; Jenkins, P.; Nagykaldi, Z.; Olson, A.L. Pet dogs and children’s health: Opportunities
for chronic disease prevention? Prev. Chronic Dis. 2015, 12, 205. [CrossRef]

30. Payne, E.; Bennett, P.; McGreevy, P. Current perspectives on attachment and bonding in the dog–human dyad. Psychol. Res. Behav.
Manag. 2015, 8, 71–79. [CrossRef]

31. Santrock, J. A Topical Approach to Lifespan Development, 4th ed.; McGraw-Hill: New York, NJ, USA, 2008.
32. Hawkins, R.D.; Williams, J.M.; Scottish, S. Society For The prevention of cruelty to animals scottish, childhood attachment to pets:

Associations between pet attachment, attitudes to animals, compassion, and humane behaviour. Int. J. Environ. Res. Public Health
2017, 14, 490. [CrossRef]

33. Bowlby, J. The nature of the child’s tie to his mother. Int J Psychoanal. 1958, 39, 350–373. [PubMed]
34. Kennedy, J.H.; Kennedy, C.E. Attachment theory: Implications for school psychology. Psychol. Sch. 2004, 41, 247–259. [CrossRef]
35. Franzoi, S. Essentials of Psychology; BVT Publishing: Redding, CA, USA, 2014.
36. Wright, H.F.; Hall, S.; Hames, A.; Hardiman, J.; Mills, R.; Team, P.; Mills, D.S. Acquiring a pet dog significantly reduces stress of

primary carers for children with autism spectrum disorder: A prospective case control study. J. Autism Dev. Disord. 2015, 45,
2531–2540. [CrossRef]

37. McCullough, A.; Ruehrdanz, A.; Jenkins, M.A.; Gilmer, M.J.; Olson, J.; Pawar, A.; Holley, L.; Sierra-Rivera, S.; Linder, D.E.;
Pichette, D.; et al. Measuring the effects of an animal-assisted intervention for pediatric oncology patients and their parents: A
multisite randomized controlled trial [formula: See text]. J. Pediatr. Oncol. Nurs. 2018, 35, 159–177. [CrossRef] [PubMed]

38. Black, K. The relationship between companion animals and loneliness among rural adolescents. J. Pediatr. Nurs. 2012, 27, 103–112.
[CrossRef] [PubMed]

39. Paul, E.; Serpell, J. Obtaining a new pet dog: Effects on middle childhood children and their families. Appl. Anim. Behav. Sci. 1996,
47, 17–29. [CrossRef]

40. Mathers, M.; Canterford, L.; Olds, T.; Waters, E.; Wake, M. Pet ownership and adolescent health: Cross-sectional population study.
J. Paediatr. Child. Health 2010, 46, 729–735. [CrossRef]

41. Kertes, D.A.; Liu, J.; Hall, N.J.; Hadad, N.A.; Wynne, C.D.; Bhatt, S.S. Effect of pet dogs on children’s perceived stress and cortisol
stress response. Soc. Dev. 2017, 26, 382–401. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jpeds.2020.01.012
http://doi.org/10.5888/pcd12.150204
http://doi.org/10.2147/PRBM.S74972
http://doi.org/10.3390/ijerph14050490
http://www.ncbi.nlm.nih.gov/pubmed/13610508
http://doi.org/10.1002/pits.10153
http://doi.org/10.1007/s10803-015-2418-5
http://doi.org/10.1177/1043454217748586
http://www.ncbi.nlm.nih.gov/pubmed/29268667
http://doi.org/10.1016/j.pedn.2010.11.009
http://www.ncbi.nlm.nih.gov/pubmed/22341188
http://doi.org/10.1016/0168-1591(95)01007-6
http://doi.org/10.1111/j.1440-1754.2010.01830.x
http://doi.org/10.1111/sode.12203
http://www.ncbi.nlm.nih.gov/pubmed/28439150

	Introduction 
	Materials and Methods 
	Study Design 
	Ethical Statement 
	Study Population 
	Self-Administered Questionnaires 
	Exposure Definitions 
	Outcome Definitions 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	
	References

