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Abstract

Obesity during development has been reported to be a determinant factor in the future
development of non-communicable diseases (NCDs). Parental obesity is suggested to be a
predictor of children’s obesity, and it is important to consider parental factors to prevent NCDs
in the progeny. Previously, we showed that paternal height had a stronger association with
infant birth weight than paternal body mass index (BMI) in the Japanese population. However,
only a few studies have examined the association between paternal physique and postnatal
obesity. This study aimed to investigate the association between parental physique and obesity
in children at the age of 3. This study used fixed data on 33,291 parent-child pairs from the
Japan Environment and Children’s Study, an ongoing national birth cohort study. The
association between paternal physique (BMI and height) and children’s obesity at the age of
3 was examined using multivariate logistic regression analysis. The higher the paternal BMI
quartiles, the higher the odds ratio for obesity in male and female children at 3 years of age
(P <0.0001). However, paternal height quartiles were not associated with male or female
obesity. These results differ from the association between paternal physique and infant birth
weight, and it is possible that prenatal epigenetic and environmental factors of paternal origin
were responsible for the differences between these two studies. The association between
paternal BMI and obesity in children at the age of 3 suggests that paternal factors may be
involved in the development of NCDs in future progeny.

Introduction

The developmental origins of health and disease (DOHaD) hypothesis is the theory that
prenatal, genetic, and postnatal environmental factors play a role in developing non-
communicable diseases (NCDs) in progeny, primarily through epigenetic changes'. Obesity
among children has increased dramatically worldwide since 1990%, and obesity during
development and physiological plasticity are known to be determining factors in the future
development of NCDs’. The incidence of NCDs is rapidly increasing, and NCD-related deaths
have been predicted to account for more than 75% of global deaths by 2030

The importance of focusing on obesity in children can be explained in terms of early
adiposity rebound (AR). AR refers to an increase in body mass index (BMI) after a nadir, and AR
occurring before the age of 5 is called early AR®. Early AR is a useful marker for predicting the
risk of obesity and NCDs in childhood and adulthood®”. A longitudinal study in Japan showed
that children with early AR are predisposed to developing metabolic syndrome in the future®.

Various factors contribute to obesity in young children, including dietary habits, physical
inactivity, genetic predisposition, socioeconomic status, and environmental influences’. It has
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also been shown that parental obesity is one of the indicators
associated with childhood obesity'?. While the association between
maternal physique and childhood obesity has been extensively
studied, reports on the relationship between paternal physique and
childhood obesity remain limited'"!?. Contrarily, the significance
of paternal factors in influencing the health and development of
progeny, known as Paternal Origins of Health and Disease
(POHAD), is gaining attention'>.

Since the 1980s, BMI averages have been rising worldwide'?,
and in recent years, annual BMI trends for Japanese men have also
continued to increase'>!6. Therefore, it is important to gain insight
into the paternal factors that may influence children’s obesity.

Our previous study demonstrated that paternal height
correlates with infant birth weight more strongly than paternal
BMI in the general Japanese population'”. However, the literature
lacks evidence regarding how this association may evolve during
the child’s growth, particularly in early childhood. Considering the
points, we conducted this study to elucidate the association
between obesity in children at the age of 3, corresponding to the
period of early AR, and paternal physique, specifically height
and BML

Materials and methods
Study participants and data collection

The Japan Environment and Children’s Study (JECS) is an ongoing
nationwide birth cohort study. It is a large-scale epidemiological
research project that is being funded. The main aim of the JECS is
to investigate the environmental factors that influence the health
and development of children. Pregnant women were recruited
from 15 regional centers nationwide for the JECS between January
2011 and March 2014.

The inclusion criteria were (1) residing in the Study Area at the
time of recruitment and planning to deliver at a cooperating
healthcare provider; (2) expected delivery date after August 1,
2011; and (3) ability to comprehend Japanese language and
completing the self-administered questionnaire.

Cooperating healthcare providers and local government offices,
which issued Maternal and Child Health Handbooks, were
instructed to contact pregnant women and register those willing
to participate. The pregnant women’s partners (children’s fathers)
were encouraged to participate whenever possible. Self-adminis-
tered questionnaires, which were completed in the first trimester
(MT1) and second/third trimester (MT2), collected information
regarding demographic factors, weight and height, medical and
obstetric history, physical and mental health, lifestyle, occupation,
environmental exposures at home and in the workplace, housing
conditions, and socioeconomic status. Between the mother’s early
pregnancy (MT1) and 1 month after delivery, their partners
(children’s fathers) were asked to complete a questionnaire (FT1).
The father’s questionnaire (FT1) collected information on
demographic factors, weight and height, medical history, physical
and mental health, lifestyle, occupation, and environmental
exposure at home and in the workplace. After birth, self-
administered questionnaires regarding children’s physical mea-
surements and nutritional status (including breastfeeding) were
collected every 6 months until the children reached 13.
Information transcribed from the medical records such as parity,
conception method, delivery mode, obstetric history, and birth
weight was transcribed by physicians, midwives/nurses, and/or

https://doi.org/10.1017/5S2040174424000473 Published online by Cambridge University Press

Y. Inoue et al.

research coordinators by standard operating procedures. This
study used dataset jecs-ta-20190930, released in October 2019 and
revised in November 2022. Serial measurements such as paternal
and maternal weight (kg), height (cm), and BMI (kg/m?) were
obtained from the first trimester questionnaire (MT1 or FT1).
Obesity in children at the age of 3 was defined as BMI > 95
percentile concerning the BMI curve given by the Japanese Society
for Pediatric Endocrinology'®.

The JECS protocol was reviewed and approved by the Ministry
of the Environment’s Epidemiological Studies Review Board and
the Ethics Committees of all participating institutions. It was
conducted in accordance with the principles of the Declaration of
Helsinki and other national regulations and guidelines. Written
informed consent was obtained from all the participants.

Statistical analysis

We divided paternal BMI into quartiles and analyzed the
differences in paternal, maternal, and children’s characteristics
according to the paternal BMI. Continuous variables were analyzed
using the Kruskal-Wallis test and categorical variables using
X? tests. The association between paternal BMI and obesity in
children at the age of 3 was examined using multivariate logistic
regression analysis. Odds ratios (ORs) and 95% confidence
intervals (95% CIs) for obesity in children at the age of 3
according to paternal BMI were calculated, with the lowest group
(<21.2kg/m?) in the paternal BMI quartile as the reference.
Multivariate logistic regression analyses were adjusted for paternal
and maternal age at the time of answering MT1 and FT1, paternal
and maternal smoking status, paternal and maternal alcohol
consumption, paternal and maternal highest level of education,
maternal BMI at the time of answering MT1, gestational age at
delivery, parity, conception method, delivery mode, gestational
weight gain, marital status, family income, gestational age at the
time of answering MT1 and FT1, age in months at the time of
physical measurements of the 3 years old, and lactation status at
6 months of age. Next, the linear associations between paternal
BMI and the proportion of children with obesity at the age of 3
were analyzed using the Cochran-Armitage test.

Next, we divided paternal height into quartiles and analyzed the
differences in paternal, maternal, and children’s characteristics
according to paternal height. The association between paternal
height and obesity in children at the age of 3 was examined using
multivariate logistic regression analysis. ORs and 95% Cls for
obesity in children at the age of 3 according to paternal height were
calculated, with the lowest group (<168 cm) in the paternal height
quartile as the reference. Multivariate logistic regression analyses
were adjusted for paternal and maternal age at the time of
answering MT1 and FT1, paternal and maternal smoking status,
paternal and maternal alcohol consumption, paternal and
maternal highest level of education, maternal BMI at the time of
answering MT1, gestational age at delivery, parity, conception
method, delivery mode, gestational weight gain, marital status,
family income, gestational age at the time of answering MT1 and
FT1, age in months at the time of physical measurements of 3 years
old, and lactation status at 6 months of age. Next, the linear
associations between paternal height and obesity in children at the
age of 3 were analyzed using the Cochran-Armitage test for trend.
Statistical significance was set at P < 0.05. All statistical analyses
were performed using the SAS software, version 9.4 (SAS Institute
Inc., Cary, NC, USA).
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Fetal records (N=104,062)

Excluded (N=5,693)
Multiple participants in the JECS

N=98,369

Excluded (N=3,340)
Multiple pregnancies (N=1,908)
Abortion (N=1,102)
Stillbirth (N=330)

N=95,029

Excluded (N=57,978)

Missing data on paternal body weight or height (N=48,397)
Missing data on children’s body weight or height at age 3 (N=9,581)

- Excluded (N=3,484)

Children were not measured between 34 and 39 months of age

N=33,567

Excluded (N=276)
Children have the following diseases
Chromosomal abnormalities
Spinal cord disorders
Skeletal/ Muscle abnormalities
Endocrine and hormonal disorders
Brain disorder
Precocious puberty

Participants analyzed in this study (N=33,291)
male children (N=16,955)
Female children (N=16,336)

Results
Characteristics of the parents and children

Of the 104,062 fetal records, 70,771 (68.0%) were excluded due to
multiple participation, multiple pregnancies, abortion, stillbirth,
missing paternal and 3 years old children’s weight or height data, or
other reasons (Fig. 1). Serial measurements of the children aged
3 years, such as weight (kg), height (cm), and BMI (kg/m?) were
obtained from the dataset only for those in whom measurements
were made between 34 and 38 week and 6 days of gestation. The
total number of parent—child pairs included in the study was
33,291. The numbers of male and female children were 16,955 and
16,336, respectively.

First, to examine the characteristics of parents and their children,
the participants were divided into four groups according to the
paternal BMI of male and female children, respectively. Paternal
BMI of male children was as follows: Quartile 1 (<21.2 kg/m?),
Quartile 2 (21.2-22.8 kg/m?), Quartile 3 (22.9-25.1 kg/m?), and
Quartile 4 (>25.2kg/m?). Paternal BMI of female children were
Quartile 1 (<21.1 kg/m?), Quartile 2 (21.1-22.9 kg/m?), Quartile 3
(23.0-25.2 kg/m?), and Quartile 4 (>25.3 kg/m?). According to the
paternal BMI of male children, the number of participants in
Quartiles 1-4 was 4,269, 4,133, 4,312, and 4,241, respectively.
According to the paternal BMI of female children, the number of
participants in Quartiles 1-4 was 3,989, 4,168, 4,127, and 4,052,
respectively. Supplementary Tables S1 and S2 demonstrate the
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Figure 1. Flow chart of the selection process
for participants in this study.

paternal characteristics of male and female children according to the
paternal BMI categories, respectively. In the context of paternal
characteristics of male and female children, the higher the paternal
BM], the higher the paternal age at the time of answering FT1.
Moreover, the higher the paternal BMI, the higher the percentage of
smokers and drinkers (Supplementary Tables S1 and S2).
Supplementary Tables S3 and S4 demonstrate the maternal
characteristics of male and female children according to paternal
BMI categories, respectively. Regarding maternal characteristics of
male and female children, the higher the paternal BMI, the higher
the maternal age and BMI at the time of answering MTI
(Supplementary Tables S3 and S4). Supplementary Tables S3 and S4
also show that the higher the paternal BMI, the higher the rates of
prolificacy, cesarean section, formula milk feeding, gestational
diabetes mellitus, and hypertensive disorders of pregnancy.

Tables 1 and 2 show the characteristics of male and female
children according to paternal BMI categories, respectively.
Among the characteristics of male children at the age of 3, higher
paternal BMI was associated with higher body weight, height, BMI,
and birth weight of the children (Table 1). Table 2 shows results
similar to those in Table 1. The median BMI and proportion of
male children at the age of 3 were 16.0% and 10.4%, respectively.
The proportion of obesity in male children at the age of 3 according
to paternal BMI categories was Quartile 1, 7.0%; Quartile 2, 9.7%;
Quartile 3, 11.4%; and Quartile 4, 13.5% (Table 1). The median
BMI and proportion of female children at the age of 3 were 15.9%
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Table 1. Male children’s characteristics by paternal BMI

Number of subjects 16,955 4,269 4,133 4,312 4,241
Gestational age at birth, 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 0.74
weeks
Birth weight, g 3,074 (2,834-3,330) 3,042 (2,810-3,294) 3,060 (2,824-3,306)  3,083.5 (2,842-3,334) 3,116 (2,864-3,381)  <0.0001
LBW, n (%) 1,129 (6.7) 298 (7.0) 312 (7.6) 261 (6.1) 258 (6.1) 0.01
Macrosomia, n (%) 170 (1.0) 42 (1.0) 34 (0.8) 50 (1.2) 44 (1.0) 0.5
Preterm birth at less than 816 (4.8) 201 (4.7) 202 (4.9) 209 (4.9) 204 (4.8) 0.98
37 weeks of gestation
at less than 34 weeks of 153 (0.9) 33 (0.8) 41 (1.0) 32 (0.7) 47 (1.1) 0.22
gestation
at less than 28 weeks of 48 (0.3) 10 (0.2) 14 (0.3) 13 (0.3) 11 (0.3) 0.81
gestation
Lactation status at <0.0001
6 months old, n (%)
Breast milk only 9,315 (54.9) 2,407 (59.3) 2,351 (59.3) 2,392 (58.4) 2,165 (53.7)
Breast milk and formula 4,121 (24.3) 1,000 (24,7) 1,015 (25.6) 1,061 (25.9) 1,045 (25.9)
milk
Formula milk only 2,711 (16,0) 650 (16,0) 597 (15.1) 645 (15.7) 819 (20.3)
Age in months at the time 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 0.42
of the survey at age 3,
months
Body weight at age 3, kg 13.7 (12.8-14.6) 13.5 (12.5-14.3) 13.6 (12.8-14.5) 13.8 (12.9-14.7) 14.0 (13.0-15.0) <0.0001
Height at age 3, cm 92.3 (90.0-94.8) 92.0 (90.0-94.3) 92.2 (90.0-94.7) 92.4 (90.2-94.8) 92.8 (90.4-95.0) <0.0001
BMI at age 3, kg/m2 16.0 (15.3-16.8) 15.8 (15.1-16.6) 16.0 (15.2-16.8) 16.0 (15.4-16.9) 16.2 (15.4-17.0) <0.0001
Obesity at age 3, n (%) 1,763 (10.4) 299 (7.0) 399 (9.7) 491 (11.4) 574 (13.5) <0.0001
Data are expressed as median (IQR) or number (percent).
BMI, body mass index; LBW, low birth weight.
Table 2. Female children’s characteristics by paternal BMI
Number of subjects 16,336 3,989 4,168 4,127 4,052
Gestational age at birth, weeks 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 0.15
Birth weight, g 2,984 (2,750-3,230) 2,960 (2,740-3,200) 2,978 (2,738-3,214) 2,988 (2,758-3,230) 3,013 (2,766-3,275)  <0.0001
LBW, n (%) 1,398 (8.6) 334 (8.4) 386 (9.3) 353 (8.6) 325 (8.0) 0.23
Macrosomia, n (%) 92 (0.6) 10 (0.3) 23 (0.6) 31 (0.8) 28 (0.7) 0.5
Preterm birth at less than 37 569 (3.5) 113 (24.4) 149 (3.6) 160 (3.9) 147 (3.6) 0.064
weeks of gestation
at less than 34 weeks of 121 (0.7) 19 (0.5) 31 (0.7) 41 (1.0) 30 (0.7) 0.061
gestation
at less than 28 weeks of 40 (0.2) 7(0.2) 7(0.2) 16 (0.4) 10 (0.3) 0.15
gestation
Lactation status at 6 months 0.00025
old, n (%)
Breast milk only 9,232 2,322 (60.7) 2.421 (60.3) 2,318 (59.2) 2,171 (56.5)
(Continued)
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Table 2. (Continued)
Paternal BMI (kg/m?)
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Total (<21.1) (21.1-22.9) (23.0-25.2) (>25.3) p-value
Breast milk and formula 3,754 875 (22.9) 965 (24.0) 950 (24.2) 964 (25.1)
milk
Formula milk only 2,614 629 (16.4) 628 (15.7) 651 (16.6) 706 (18.4)
Age in months at the time of 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 0.0013
the survey at age 3, months
Body weight at age 3, kg 13.2 (12.3-14.2) 13.0 (12.1-14.0) 13.1 (12.3-14.0) 13.3 (12.4-14.2) 13.5 (12.6-14.5) <0.0001
Height at age 3, cm 91.2 (89.0-93.5) 90.9 (88.9-93.0) 91.0 (89.0-93.5) 91.4 (89.2-93.8) 91.7 (89.5-94.0) <0.0001
BMI at age 3, kg/m? 15.9 (15.1-16.7) 15.7 (14.9-16.5) 15.8 (15.1-16.6) 15.9 (15.1-16.7) 16.1 (15.3-16.9) <0.0001
Obesity at age 3, n (%) 1,544 (9.5) 284 (7.1) 356 (8.5) 395 (9.6) 509 (12.6) <0.0001

Data are expressed as median (IQR) or number (percent).
BMI, body mass index; LBW, low birth weight.

and 9.5%, respectively. The proportion of obesity in female
children at the age of 3 according to paternal BMI categories was
Quartile 1, 7.1%; Quartile 2, 8.5%; Quartile 3, 9.6%; and Quartile 4,
12.6% (Table 2). The higher the paternal BMI, the higher the
percentage of obesity at the age of 3 among male and female
children.

Next, the participants were divided into four groups according
to the paternal height of male and female children. The paternal
height of male children was classified as follows: Quartile 1
(<168.0 cm), Quartile 2 (168.0-171.9 cm), Quartile 3 (172.0-
175.4 cm), and Quartile 4 (>175.5 cm). The paternal height of
female children was categorized as follows: Quartile 1 (<168.0 cm),
Quartile 2 (168.0-171.9 cm), Quartile 3 (172.0-175.4 cm), and
Quartile 4 (>175.5 cm). The number of participants in Quartiles
1-4 according to paternal height of male children were 3,671,
4,717,4,310, and 4,257, respectively. The number of participants in
Quartiles 1-4, according to the paternal height of female children,
was 3,584, 4,450, 4,138, and 4,164, respectively. Supplementary
Tables S5 and S6 show the paternal characteristics of male and
female children according to paternal height categories, respec-
tively. In the context of paternal characteristics of male and female
children, the higher the paternal height, the higher the paternal
body weight when answering FT. However, no such features were
found in the paternal BMI (Supplementary Tables S5 and S6).
Supplementary Tables S5 and S6 also show that the higher the
paternal height, the higher the percentage of drinkers, and the
higher the level of education. Supplementary Tables S7 and S8
demonstrate the maternal characteristics of male and female
children according to paternal height categories, respectively.
Regarding maternal characteristics of male and female children,
the higher the paternal height, the higher the maternal height
and BMI at the time of answering MT1 (Supplementary Tables S7
and S8). Supplementary Tables S7 and S8 also show that the higher
the paternal height, the higher the percentage of the highest level of
education and annual income. Tables 3 and 4 show the
characteristics of male and female children according to paternal
height categories, respectively. In male children, the higher the
paternal height, the higher the body weight and height at the age of
3, along with the birth weight (Table 3). Table 4 shows results
similar to those in Table 3. There were no significant differences
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among the four paternal height categories in the distribution of
obesity in male and female children at the age of 3 years.

Association between paternal physique and obesity in
children at the age of 3 years

Table 5 shows crude and adjusted ORs and 95% CI for obesity in
children at the age of 3 about paternal BMI categories. In the
context of male children, compared with the reference group
(Quartile 1: paternal BMI < 21.2 kg/m?), adjusted ORs of obesity in
children at the age of 3 was 1.31 (95% CI 1.10-1.56) for Quartile 2
(paternal BMI 21.2-22.8 kg/m?), 1.61 (95% CI 1.36-1.90) for
Quartile 3 (paternal BMI 22.9-25.1 kg/m?), and 1.77 (95% CI 1.50-
2.09) for Quartile 4 (paternal BMI > 25.2kg/m?). In terms of
female children, compared with the reference group (Quartile 1:
paternal BMI < 21.1 kg/m?), adjusted ORs of obesity in children at
the age of 3 was 1.26 (95% CI 1.05-1.50) for Quartile 2 (paternal
BMI 21.1-22.9 kg/mz), 1.39 (95% CI 1.17-1.66) for Quartile 3
(paternal BMI 23.0-25.2 kg/m?), and 1.66 (95% CI 1.40-1.97) for
Quartile 4 (paternal BMI > 25.3 kg/m?). Higher paternal BMI was
associated with higher odds of obesity in children at the age of 3.
This trend was significant among males and females (P < 0.0001).

Table 6 shows crude and adjusted ORs and 95% CI for obesity
in children at the age of 3 according to paternal height categories.
Paternal height showed no association with the ORs of obesity in
male and female children at the age of 3.

Discussion

The present study showed that paternal BMI is associated
independently with obesity in children at the age of 3 years. In
contrast, paternal height showed no association with obesity in
children at the age of 3 years. Although the association between
paternal BMI and obesity in children at the age of 3 years was
consistent with previous studies from different populations and
ethnicities'’, there have been no previous studies on the association
between paternal height and obesity in children at the age of
3 years. This study was the first to explore this association.
Several studies have shown an association between paternal
BMI and obesity among children. Moreover, a stronger association
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Table 3. Male children’s characteristics by paternal height

Y. Inoue et al.

Number of subjects 16,955 3,671 4,717 4,310 4,257
Gestational age at birth, 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 0.55
weeks
Birth weight, g 3,074 (2,834-3,330) 3,030 (2,800-3,276) 3,068 (2,826-3,314) 3,080 (2,840 -3,334) 3,113 (2,872-3,388)  <0.0001
LBW, n (%) 1,129 (6.7) 287 (7.8) 345 (7.3) 270 (6.3) 227 (5.3) <0.0001
Macrosomia, n (%) 170 (1.0) 33 (0.9) 49 (1.0) 39 (0.9) 49 (1.2) 0.61
Preterm birth at less than 816 (4.8) 184 (5.0) 225 (4.8) 218 (5.1) 189 (4.4) 0.53
37 weeks of gestation

at less than 34 weeks 153 (0.9) 34 (0.9) 53 (1.1) 36 (0.8) 30 (0.7) 0.2

of gestation

at less than 28 weeks 48 (0.3) 9 (0.3) 16 (0.3) 9 (0.2) 14 (0.3) 0.6

of gestation
Lactation status at 6 <0.0001
months old, n (%)

Breast milk only 9,315 (54.9) 1,951 (55.6) 2,540 (56.6) 2,400 (58.8) 2,424 (59.7)

Breast milk and 4,121 (24.3) 901 (25.7) 1,154 (25.7) 1,043 (25.5) 1,023 (25.2)

formula milk

Formula milk only 2,711 (16.0) 659 (18.8) 797 (17.8) 640 (15.7) 615 (15.1)
Age in months at the time 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 0.0028
of the survey at age 3,
months
Body weight at age 3, kg 13.7 (12.8-14.6) 13.2 (12.4-14.2) 13.6 (12.7-14.5) 13.8 (12.9-14.7) 14.0 (13.1-15.0) <0.0001
Height at age 3, cm 92.3 (90.0-94.8) 91.0 (89.0-93.0) 92.0 (90.0-94.2) 92.7 (90.5-95.0) 93.7 (91.5-96.0) <0.0001
BMI at age 3, kg/m2 16.0 (15.3-16.8) 16.0 (15.3-16.8) 16.0 (15.3-16.8) 16.0 (15.3-16.8) 16.0 (15.3-16.8) 0.35
Obesity at age 3, n (%) 1,763 (10.4) 380 (10.4) 532 (11.3) 435 (10.1) 416 (9.8) 0.1

Data are expressed as median (IQR) or number (percent).
BMI, body mass index; LBW, low birth weight.

Table 4. Female children’s characteristics by paternal height

Number of subjects 16,336 3,584 4,450 4,138 4,164
Gestational age at birth, 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 39 (38-40) 0.28
weeks
Birth weight, g 2,984 (2,750-3,230) 2,940 (2,710-3,178) 2,980 (2,744-3,234) 2,992 (2,764-3,238) 3,018 (2,782-3,260) <0.0001
LBW, n (%) 1,398 (8.6) 371 (10.4) 377 (8.5) 344 (8.3) 306 (7.4) <0.0001
Macrosomia, n (%) 92 (0.6) 14 (0.4) 24 (0.5) 22 (0.5) 32 (0.8) 0.16
Preterm birth at less 569 (3.5) 141 (3.9) 131 (2.9) 156 (3.8) 141 (3.4) 0.067
than 37 weeks of
gestation

at less than 34 weeks 121 (0.7) 38 (1.1) 25 (0.6) 30 (0.7) 28 (0.7) 0.066

of gestation

at less than 28 weeks 40 (0.2) 10 (0.3) 11 (0.3) 10 (0.2) 9 (0.2) 0.96

of gestation

(Continued)
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Table 4. (Continued)

Lactation status at 0.0001
6 months old, n (%)

Breast milk only 9,232 (56.5) 1,924 (56.1) 2,505 (59.1) 2,334 (59.0) 2,469 (62.1)

Breast milk and 3,754 (23.0) 872 (25.4) 1,009 (23.8) 959 (24.2) 914 (23.0)

formula milk

Formula milk only 2,614 (16.0) 632 (18.4) 726 (17.1) 665 (16.8) 591 (14.9)
Age in months at the 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 35 (35-36) 0.12
time of the survey at
age 3, months
Body weight at age 3, kg 132 (12.3-14.2) 12.9 (12.0-13.8) 13.0 (12.2-14.0) 13.3 (12.5-14.2) 13.6 (12.7-14.5) <0.0001
Height at age 3, cm 91.2 (89.0-93.5) 91.0 (89.0-93.0) 92.0 (90.0-94.2) 92.7 (90.5-95.0) 93.7 (91.5-96.0) <0.0001
BMI at age 3, kg/m? 15.9 (15.5-16.7) 16.0 (15.3-16.8) 16.0 (15.3-16.8) 16.0 (15.3-16.8) 16.0 (15.3-16.8) 0.06
Obesity at age 3, n (%) 1,544 (9.5) 342 (9.5) 439 (9.9) 412 (10.0) 351 (8.4) 0.065

~

Data are expressed as median (IQR) or number (percent).
BMI, body mass index; LBW, low birth weight.

Table 5. Association between paternal BMI and children’s obesity at age 3

Male children

Crude OR (95% CI) Reference 1.42 (1.21-1.66) <0.0001

1.71 (1.47-1.99)

<0.0001 2.08 (1.80-2.41) <0.0001 <0.0001

Adjusted OR (95% CI) Reference 1.31 (1.10-1.56) 0.0022

1.61 (1.36-1.90)

<0.0001 1.77 (1.50-2.09) <0.0001

Female children

Crude OR (95% Cl) Reference 1.22 (1.04-1.43) 0.017

1.38 (1.18-1.62)

<0.0001 1.87 (1.61-2.19) <0.0001 <0.0001

Adjusted OR (95% ClI) Reference 1.26 (1.05-1.50) 0.014

1.39 (1.17-1.66) 0.0003

1.66 (1.40-1.97) <0.0001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; MT1, the first trimester questionnaire for mother; FT1, the first trimester questionnaire for father.

Adjusted for paternal age at FT1 questionnaire, maternal age at MT1 questionnaire, maternal BMI at MT1 questionnaire, gestational age at delivery, paternal and maternal smoking status,
paternal and maternal alcohol consumption, paternal and maternal highest level of education, parity, conception method, delivery mode, gestational weight gain, marital status, family income,
gestational age at MT1 and FT1 questionnaire, age in months at the time of the survey at age 3, lactation status at 6 months old.

has been reported between paternal BMI and obesity in children
than between maternal BMI and children’s obesity?’-22,
Contrastingly, some studies have reported that the association
between maternal BMI and obesity in children is stronger than that
between paternal BMI and obesity in children®*?*. The ages of
children in the aforementioned studies varied from infancy to
childhood, which differed from the age taken into consideration in
our study. A previous study examining children of the same age as
the present study reported the association between paternal BMI
and the BMI of children at the age of 3'°. However, our findings
differ from those of this previous study on obesity in children of the
same age. Thus, the association between maternal BMI and obesity
in children at the age of 3 was stronger than that between paternal
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BMI and obesity in children at the age of 3 (Table 5 and
Supplementary Table S9). In the present study, there were no
differences in the effect of paternal and maternal BMI on the
proportion of children with obesity at the age of 3 according to sex.
Meanwhile, previous reports showed that paternal and maternal
obesity were associated with an increased risk of obesity in female
and male children, respectively?.

According to the National Nutrition Survey by the Ministry of
Health, Labour and Welfare, the proportion of men and women
with BMI > 30 kg/m? is less than 5% in Japan, significantly lower
than the 35% proportion in the United States'>?. On the other
hand, the proportion of men in Japan with a BMI > 25 kg/m? is
approximately 30%, of which 23.1% belong to the age group of
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Table 6. Association between paternal height and children’s obesity at age 3

Y. Inoue et al.

Paternal height (cm)

Quartile 1 Quartile 2 Quartile 3 Quartile 4

(<168.0) (168.0-171.9) p-value (172.0-175.4) p-value (>175.5) p-value p for trend
Male children
Crude OR (95% CI) Reference 1.10 (0.96-1.27) 0.18 0.97 (0.84-1.12) 0.7 0.94 (0.81-1.09) 0.39 0.13
Adjusted OR (95% Cl) Reference 1.09 (0.93-1.27) 0.29 0.96 (0.81-1.12) 0.58 0.94 (0.80-1.11) 0.45

Paternal height (cm)

Quartile 1 Quartile 2 Quartile 3 Quartile 4

(<168.0) (168.0-171.9) p-value (172.0-175.4) p-value (>175.5) p-value p for trend
Female children
Crude OR (95% CI) Reference 1.04 (0.89-1.20) 0.63 1.05 (0.90-1.22) 0.54 0.87 (0.75-1.02) 0.087 0.1
Adjusted OR (95% Cl) Reference 1.02 (0.86-1.20) 0.83 1.06 (0.9-1.26) 0.47 0.92 (0.77-1.09) 0.31

OR, odds ratio; Cl, confidence interval; MT1, the first trimester questionnaire for mother; FT1, the first trimester questionnaire for father.

Adjusted for paternal age at FT1 questionnaire, maternal age at MT1 questionnaire, maternal BMI at MT1 questionnaire, gestational age at delivery, paternal and maternal smoking status,
paternal and maternal alcohol consumption, paternal and maternal highest level of education, parity, conception method, delivery mode, gestational weight gain, marital status, family income,
gestational age at MT1 and FT1 questionnaire, age in months at the time of the survey at age 3, and lactation status at 6 months old.

20-29 years and 29.4% belong to the 30-39 age group’*?. The
distribution of paternal BMI in this study was almost similar to that
of the general Japanese men’s population.

We previously reported that paternal height had a stronger
effect on infant birth weight than paternal BMI in the Japanese
population!”. In contrast, this study found no significant
association between paternal height and obesity in children at
the age of 3 years. In addition, we also reported an association
between paternal BMI and birth weight in male infants. However,
there was only a weak association between paternal BMI and birth
weight in female infants!”. However, this study showed a strong
association between paternal BMI and obesity in children at the age
of 3 years, regardless of the sex of the children. No clear sexual
dimorphism was observed in the association between paternal
anthropometric factors and obesity at the age of 3.

According to the DOHaD hypothesis, the health and disease
predisposition of the next generation is determined by the fertilized
egg environment, intrauterine environment, and infant environ-
ment. It is thought to be primarily influenced by the mother!- 1228,
The present study also analyzed the association between maternal
physique (BMI and height) and obesity in children at the age of
3 years wusing multivariate logistic regression analysis
(Supplementary Table S9 and Table S10). As shown in
Supplementary Table S9, a strong association was found between
maternal BMI and obesity in children at the age of 3 years.
Recently, several reports have been published on paternal factors
that influence children’s health. For instance, paternal exposure to
environmental factors such as diet may affect the health of the
offspring, and these paternal factors control offspring development
through direct genetic, epigenetic, and indirect effects, including
maternal prenatal environment!®. However, few studies have
supported this mechanism in the context of epigenetic effects
passed from fathers to their children.

Epigenetics are heritable molecular changes that affect gene
expression but do not involve changes in the underlying DNA
sequence”. An animal study showed that a high-fat diet in paternal
rats initiates pancreatic B-cell dysfunction in female offspring
through epigenetic mechanisms®’. The most commonly assumed
epigenetic mechanism transmits epigenetic factors in sperm such
as DNA methylation, chromatin modifications, and non-coding
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RNAs?!. For example, a previous study showed that continuous
feeding of a high-fat diet to male rats caused gene expression
changes via histone modifications in the liver of their offspring®.
Therefore, aside from DNA methylation, there is growing evidence
that sperm RNAs and histone modifications are possible
candidates for epigenetic inheritance; however, these mechanisms
need to be studied extensively®>.

In addition, obesity in children at the age of 3 corresponds to
early AR and may be an indicator of future obesity and NCDs".
From the perspective of early AR, the height-weight and BMI
curves should be included in the follow-up from the assessment
from childhood as part of the ancillary evaluation®. Early
intervention for obesity in infants, for example, if the BMI of a
child at the age of 3 is more than that of a 1.5-year-old child, the
child should be considered at risk for future metabolic syndrome,
and adequate measures should be taken®*. Furthermore, it has
been suggested that the preconception diet and nutritional status of
the father and mother may influence the obesity phenotype of their
offspring through direct or indirect effects!®!>!%. This implies that
a healthy lifestyle in fathers could positively affect prenatal
epigenetic outcomes and postnatal environmental factors, thereby
contributing to obesity prevention. However, few reports have
addressed the impact of paternal factors on early AR. Future
research should investigate the long-term relationship between
paternal physique and obesity in children aged 3 and older.

The strengths of this study are that it is a large prospective
cohort study of 33,291 pregnant women and that it was adjusted
for various confounding factors of parents and their children that
may influence obesity in children at the age of 3. Moreover, this is
the first study to have examined the association between paternal
physique (BMI and height) and obesity in children at the age of 3.

This study had several limitations that need consideration.
First, we did not obtain information on lifestyle factors, such as
dietary intake and physical activity, which are considered to have a
strong influence on the development of childhood adiposity, and
thus could not adjust for them. A recent global meta-analysis of
457 studies showed that six food and environmental factors (access
to convenience stores, supermarkets, grocery stores, full-service
restaurants, fast food restaurants, and fruit and vegetable markets)
contribute to childhood obesity®®. In addition, incorporating
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exercises and activities 3 days a week in preschool may inhibit the
increase in the BMI of children®”. The environmental factors that
we were unable to adjust for were likely to be more relevant to
children’s obesity than the paternal physique, and this suggests that
epigenetics alone is not enough to explain it. In contrast,
epidemiological studies in four megacities across China showed
an independent association between maternal and child obesity,
even after adjusting for fast food intake by children®. The
influence of postnatal environmental factors on childhood obesity
is likely significant. However, it is also possible that factors such as
the prenatal environment and epigenetics might play a role in its
development. A multinational cross-sectional study in 12 countries
reported that breastfeeding was a protective factor against obesity
and high body fat content in children, independent of mater-
nal BMI*.

Furthermore, a breastfeeding duration of less than 4 months
was associated with the greatest risk of being overweight*. In this
study, we incorporated breastfeeding status at 6 months of age as
one of the adjustment factors to reflect postnatal nutrition status.
Second, the physical measurements of parents and children were
self-reported. The magnitude to which self-reported data over-
estimates or underestimates the real values is considered negligible
in clinical and research use*!. Third, 67% of the participants were
excluded based on the study criteria, making the finding
susceptible to selection bias. The study compared the analyzed
and excluded groups and found no significant differences in
maternal BMI and obesity in children at the age of 3; however, most
of the other variables were significantly different. The exclusion
group had missing essential data, such as the father’s weight and
height, which represents a significant limitation of this study, as
comparisons between the analyzed and exclusion groups regarding
paternal variables could not be made. It is likely that the analyzed
group contains a higher proportion of cooperative participants
with health awareness, making it impossible to extrapolate the
findings of this study to all fathers in the Japanese population in
relation to their 3-year-old children.

In conclusion, the association between paternal BMI and
obesity in children at the age of 3 suggests that paternal factors may
be as involved as maternal factors in the development of NCDs in
future progeny. Continuing this study for a longer period of time is
warranted to clarify the relationship between the paternal physique
and obesity in children at the age of >3 years, which would
contribute to the prevention of NCDs.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/52040174424000473
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