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e National survey showed height of preschool children decreased from 1990 to 2000.

e Birthweight SD reduction consistently contributed to this decrease.
e We failed to find other maternal/child factors that consistently contributed.

Abstract. We observed trends in the height of children aged 3 to 6 in Japan using data from the National Growth
Survey on Preschool Children in the years 1990, 2000, and 2010. Average standard deviation (SD) scores of height
decreased from 0.39 (SD 1.02) in 1990 (n = 3,684) to 0.37 (SD 1.05) in 2000 (n = 2,981) and 0.33 (SD 1.07) in 2010 (n
= 2,027). Mothers of children in later waves were taller, older, and more likely to be primiparous; children in later
waves had shorter gestational age, lower birth weight, and were less likely to have been fed less with formula or solid
foods before 6 mo. The only factor that consistently contributed to a reduction in children’s height for both 1990-2000
and 2000-2010 was a reduction in birthweight SD score (indirect effect on height —1.5 [95% CI: —1.9, —1.1] mm for
1990-2000 and —1.2 [95% CI: —1.8, —0.8] mm for 2000—2010). Factors that contributed, although not significantly
or consistently between the two periods, were changes in pre-pregnancy BMI, smoking during pregnancy, multiple
pregnancies, gestational age, BMI at birth, and use of formula and solid foods before 6 mo. Secular increases in
maternal age, height, and primiparity contributed to increasing children’s height.
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Introduction

Japan experienced a spurt in adult height over the
last century; however, recent large studies suggested
that it has been declining in the last few decades (1,
2). Observational studies robustly show that shorter
height is associated with a shorter life expectancy (3—6).
Moreover, there is concern that Japan may experience
a population-level decline in adult health, although it
currently achieves the highest life expectancy in the
world (7).

Recently, we conducted a large ecological study
suggesting that the main contributors to this decline
may lie in early childhood, as the decline in height is
correlated highly with an increase in low birth weight
births (7). However, this analysis was not conducted
on individual data and had limitations as an ecological
study; further, it was only able to observe basic maternal
characteristics, such as maternal age and parity, which
were available in the vital statistics database. Due to
the lack of a nationally representative cohort data from
birth to adulthood, individual analysis of how maternal
and child factors contributed to the secular trend in
adult height has not been possible. On the other hand,
as height during early childhood correlates with adult
height, understanding how varying maternal and child
characteristics have contributed to the changes in
children’s height may help understand the contributing
factors to the secular change observed among adults (8).

The National Growth Survey on Preschool Children
is a decennial national survey on anthropometric
measurements of preschool children, conducted on a
nationally representative random sample of children
(9—-13). This database also collects detailed maternal
and infant characteristics. Thus, in this study, we
utilized data from 1990, 2000 and 2010 of this survey
to investigate how height among children aged 3 to 6
has changed over the 20 years, as well as how changes
in maternal and infant demographics have contributed
to this change.

Study sample

We used data from the National Growth Survey
on Preschool Children (9), a national survey conducted
by the Ministry of Health, Labour and Welfare every 10
years starting from 1960. Its primary aim is to provide
children’s anthropometrics to update their growth
curves.

The detailed methodology of the survey is described
elsewhere (10-12). In brief, 3,000 census areas were
randomly chosen based on the national census, for
which all households with infants and toddlers who
would be between 14 d to 2 yr of age at the point of
survey were asked to participate. Similarly, 900 (750
in 1990) randomly chosen census areas would contact
pre-school children aged 2 to 6. Municipality health

centers would gather the children on the appointed
day and conduct health examinations, and transfer
pregnancy and delivery related information from
the maternal and child handbook (14). An official
documentation was used to record antenatal care, birth
characteristics, and milestones of child development,
and record results in a standardized format revised
every 10 years. Home visits were made to children who
failed to attend the examination. Non-respondents,
despite multiple attempts to contact, were excluded.
For the years 1990, 2000, and 2010, response rates
were 90.8% (12,484/13,743), 81.3% (10,021/12,312), and
70.3% (7,652/10,880), respectively, with the sample size
decreasing due to lower birth rate and lower response
rate.

We limited our data to those of 9,257 children aged
3 to 6, as being small and failure to catch up during the
first two years of life are considered risk factors for short
adult height (15, 16). We further excluded 565 (6.1%)
children with missing information on maternal age (n =
21); maternal height (n = 24); maternal weight (limited
to waves 2000 and 2010) (n = 20); parity (n = 2); maternal
smoking (n = 49); anemia during pregnancy (n = 70);
multiplicity (n = 44); child sex (n = 16); gestational age
(n = 24); birth weight (n = 21); birth length (n = 142);
feeding practices during infancy (n = 113); and presence
of medical conditions disabling measurement of height (n
=19). Thus, our final sample was 8,692 children (1990:
n = 3,684; 2000: n = 2,981; and 2010: n = 2,027).

Variables and measurement

All anthropometric measurements were conducted
by trained nurses and public health personnel using
standardized instruments and methods described in
the manual (9). For children aged 2 to 6 yr, height was
measured to the nearest millimeter standing upright
using a stadiometer, and body weight was measured
after stool and urine secretion, and rounded to the
nearest 10 g. We calculated height z-scores based on the
current age-and sex-specific Japanese growth standards
(13) which were created using the 2000 survey results.

The mother’s height was self-reported to the nearest
centimeter. Gestational age at delivery (in completed
weeks), parity, multiplicity, and birth anthropometrics
[birth weight (in grams), birth length (in millimeters),
and birth head circumference (in millimeters)] were
based on health care professional documentation at
birth provided in the maternal and child handbook.
Data on maternal smoking, pregnancy complications
(anemia, gestational diabetes, and pregnancy-induced
hypertension), and feeding practices (breastfeeding,
formula, or a combination of both for each month for
the first 12 mo of life, as well as the month when solid
foods were introduced) were collected by interview from
the mothers.

Pre-pregnancy BMI was calculated using data
on maternal height and pre-pregnancy weight. We
calculated birth weight and birth length z-scores based
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on the current parity, sex, and gestational age-specific
Japanese birth weight reference (17), and defined
small-for-gestational age (SGA) as birth weight and
birth length both below the 10% reference line. We did
not use results on pregnancy-induced hypertension
and gestational diabetes as the clinical definition, and
the screening process has changed over the years. We
defined those for whom only breastfeeding was reported
for months 0-5 as “No use of formula until 6 months”,
and those for whom introduction of solid foods was
reported to be after month 6 to be “No use of solid food
until 6 months”.

Analysis

First, distributions of maternal, infant, and feeding
characteristics for 1990, 2000, and 2010 were compared
using the chi-square test. Next, as we were interested in
how the difference in children’s height between waves
could be explained by the difference in maternal and
infant characteristics, we proposed the following causal
model, where the change in height over the years (the
total effect) could be separated into changes that could
be attributable to changes in maternal and infant
characteristics (the indirect effect) and those due to
other factors (the remaining direct effect).

For this, we estimated the difference in children’s
height between children in the 1990 and 2000 waves,
the 2000 and 2010 waves, and the 1990 and 2010 waves,
after sequential adjustment by maternal characteristics
(maternal height, parity, age, smoking, and anemia
during pregnancy), infant characteristics (infant sex,
multiplicity, gestational age, birth weight, and birth
length SD scores), and feeding practices (use of formula
and solid foods before 6 mo).

To statistically calculate the direct and indirect
total effects using these results, we applied the method
proposed by Baron and Kenny (18) which uses two
models: 1) estimating the total effect (¢) of X on Y,
and 2) estimating the direct effect (¢') of X on Y with
M included as a covariate, to calculate the indirect
effect c-¢’ (18), using multivariate linear regression to
calculate effect estimates. For each potential mediator,
the difference in children’s height calculated from the
model not containing the variable would be the total
effect, while the difference in children’s height calculated
from the model containing the variable would calculate
the direct effect, and their resulting difference would be
the indirect effect. This indirect effect was calculated for
only the characteristics that showed a positive mediation
(estimated indirect effect and total effect were in the
same direction).

All descriptive and statistical analyses were
performed using STATA version 14 (STATA Corp,
College Station, TX), with mediation analysis conducted
using the command “paramed” available in the program.
Statistical significance was set at 0.05, and all statistical
tests were two-tailed.

The protocol for this study was approved by the

Institutional Review Board of the National Center for
Child Health and Development on December 22, 2016
(number 1356).

The maternal and infant characteristics, as well as
the child’s measurements in the survey for waves 1990,
2000, and 2010 are described in Table 1. Mothers of
children in later waves were taller, older, and more likely
to be primiparous and diagnosed with anemia during
pregnancy. The mothers of children in wave 2010 had
a lower BMI compared to those in 2000. The proportion
of mothers who smoked during pregnancy was highest
in wave 2000 compared to the waves in 1990 and 2010.
Children in later waves included more multiple births,
with shorter average gestational age (less post-term
deliveries and more pre-term deliveries), more infants
born small for gestational age, and lower average SD
scores of birth weight and birth length, while no change
was observed in sex. The proportion of children who
reported no use of formula up to 6 months and who
reported no use of solid foods until 6 mo, was the highest
in 2010. Children’s height and height SD scores were
shorter, and BMI was lower in later waves. Table 2
shows the difference in children’s height between
waves 1990 and 2000, as well as between waves 2000
and 2010, after sequential adjustment by maternal and
child factors.

Differences in height after adjusting for child age
were —1.2 (95% CI —3.0, 0.7) mm between wave 1990
and wave 2000. Increase in multiple births [-0.1 (95%
—0.2,-0.0) mm], increase in smoking during pregnancy
[-0.2 (95% —0.4,—0.1) mm], and decrease in birth weight
SD scores [-1.5 (95% —2.0, —1.2) mm] showed significant
indirect effects explaining part of the difference. The
increase in anemia during pregnancy [-0.0 (95% —0.1,
0.0) mm], decrease in gestational age [-0.0 (95% —0.1,
0.1) mm], decrease in birth length SD score [-0.2 (95%
—0.4, 0.1) mm], and decrease in the use of solid foods
before 6 mo [-0.1 (95% —0.2, 0.0) mm] had non-significant
indirect effects. On the other hand, several changes in
maternal characteristics (increase in maternal height,
increase in primiparous pregnancies, and increase in age
at delivery) had opposite effects, i.e., as these changes
contributed to increasing children’s height, by adjusting
for these factors, the difference between waves expanded.

Differences in height after adjusting for child
age were —1.3 (95% CI -3.9, 1.0) mm between wave
2000 and wave 2010. The reduction in gestational age
[-0.2 (95% —0.4, —0.0) mm], decrease in birth weight
SD scores [-1.2 (95% —2.0, —0.8) mm], and decreased
use of formula before 6 mo [-0.5 (95% —0.8, —0.2) mm]
showed significant indirect effects explaining part of
the difference. Reduction in maternal pre-pregnancy
BMI [-0.2 (95% —0.4, 0.1) mm], increase in anemia [-0.0
(95% —0.1, 0.0) mm], decrease in birth length SD scores
[-0.8 (0.7, 0.1) mm] and decrease in use of solid foods
before 6 mo [-0.3 (95% —0.8, 0.3) mm] had non-significant
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Table 1. Maternal and child characteristics among children age three to six and participated in the National Growth
Survey on Preschool Children (n = 8,692)

1990 (n = 3,684) 2000 (n= 2,981) 2010 (n=2,027)

Maternal characteristics

mean SD mean SD mean SD Chi-square
p-value
Age at delivery (yr) 28.4 4.1 28.9 4.3 30.2 4.6 <0.001
Mother height (cm) 156.3 4.9 157.6 5.1 158 5.3 <0.001
Pre-pregnancy BMI (kg/m?) - - 20.9 2.9 20.8 3.1
No. % No. % No. % p-value
Primiparous 1,655  41.70% 1,413  46.30% 1,051  48.80% <0.001
Smoked during pregnancy 161 4.40% 269 9.00% 129 6.40% <0.001
Diagnosed anemia during pregnancy 908 24.60% 790  26.50% 555  27.40% 0.05
Teenage pregnancy (< 20 yr) 37 1.00% 35 1.20% 11 0.50% 0.08
Advanced age pregnancy (> 35 yr) 278 7.50% 266 8.90% 367 18.10% <0.001
Infant characteristics
mean SD mean SD mean SD Chi-square
p-value
Gestational age (wk) 39.2 1.5 39 1.5 38.9 1.6 <0.001
Birth weight (g) 3,163 421 3,081 422 3,013 431 <0.001
Birth weight SD score 0.34 1.08 0.19 1.05 0.06 1.03 <0.001
Birth length (cm) 49.5 2.1 49.1 2.3 48.9 2.3 <0.001
Birth length SD score 0.26 1.05 0.15 1.07 0.04 1.02 <0.001
BMI at birth 12.9 1.3 12.7 1.4 12.6 1.3 <0.001
No % No. % No % p-value
Multiple births 34 0.90% 51 1.70% 39 1.90% 0.003
Male infant 1,854  50.30% 1,633 51.40% 1,044 51.50% 0.58
SGA 83 2.20% 83 2.80% 80 3.90% 0.001
Preterm delivery 116 3.10% 144 4.80% 94 4.60% 0.001
Postterm delivery 120 3.30% 45 1.50% 10 0.50% <0.001
Feeding characteristics
No. % No. % No. % Chi-square
p-value
No use of formula until 6 months 1,292  35.10% 872  29.30% 883  43.60% <0.001
No use of solid food until 6 months 893  24.20% 847  28.40% 1,113 54.90% <0.001
Measurements at the Survey
mean SD mean SD mean SD Chi-square
p-value
Child age (mo) 57.1 12 56.8 12 56.7 12 0.22
Child height (cm) 104.81 7.72 104.54 7.74 104.36 7.7 <0.001
Child height SD score 0.39 1.02 0.37 1.05 0.33 1.07 <0.001
Kaup score (BMI) 15.6 1.5 15.5 1.5 15.3 1.5 <0.001

* Calculated for 8,635 children as 57 did not have measurements. BMI, body mass index; SGA, small for gestational age.

indirect effects. An increase in maternal height, increase
in primiparous pregnancies, and an increase in age at
delivery, had reverse effects.

Table 3 shows the difference in children’s height
between 1990 and 2010, after sequential adjustment by
maternal and child factors. Differences in height after
adjusting for child age were —2.5 (95% CI-5.4, 0.5) mm

between wave 1990 and wave 2010. Increase in multiple
births [-0.1 (95% —0.4, —0.0) mm], increase in smoking
during pregnancy [-0.2 (95% —0.4, —0.0) mm)], decrease
in gestational age [-0.3 (95% —0.5, —0.0) mm], decrease
in birth weight SD scores [-2.9 (95% —3.6, —2.4) mm],
decrease in birth length SD score [-0.4 (95% —0.6, —0.0)
mm], and decrease in use of formula before 6 mo [-0.3
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Table 2. Difference in children’s height between measurements at 1990, 2000, and 2010 after sequential
adjustment for secular changes in maternal and child factors. Analysis of 8,692 children aged 3 to 6

Maternal and child factors

Difference after

adjustment (remaining

direct effect)

Difference explained by
added factor (natural

indirect effect)

A) Measurements at year 2000 vs at year 1990 (in millimeters)

Crude model (adjusted for child age) -1.2 (=3.0,0.7)
Maternal characteristics
+ increase in maternal height —4.9 (-6.8,-3.2) 3.8(3.2,4.5)
+ increase in primiparous pregnancies -5.1(-7.2,-3.4) 0.1 (0.0, 0.3)
+ increase in age at delivery -5.4 (-7.3,-3.4) 0.3(0.2,0.5)
+ increase in smoking during pregnancy -5.2 (-7.0,-3.1) -0.2 (-0.6,-0.0)
+ increase in anemia during pregnancy -5.1(-7.0,-3.4) -0.0 (0.1, 0.0)
Infant characteristics
+ increase in male births -5.3 (-7.4,-3.6) 0.1 (-0.0,0.3)
+ increase in multiple pregnancies -5.2 (-7.0,-3.4) -0.1 (-0.2,-0.0)
+ decrease in gestational age -5.2 (-6.8,-3.5) -0.0 (-0.1,0.1)
+ decrease in birth weight SD score -3.6 (-5.3,-1.6) -1.5(-2.0,-1.2)
+ decrease in birth length SD score -3.4(—4.8,-1.6) -0.2 (-0.4,0.1)
Feeding practices
+ decrease in use of formula before 6 mo -3.5(-5.1,-1.5) 0.1 (-0.0,0.2)
+ decrease in use of solid foods before 6 mo -3.4(-5.3,-1.2) -0.1(-0.2, 0.0)
B) Measurements at year 2010 vs at year 2000 (in millimeters)
Crude model (adjusted for child age) -1.3(=3.9,1.1)
Maternal characteristics
+ increase in maternal height -2.4 (-5.2,-0.1) 1.1(0.3,1.8)
+ increase in primiparous pregnancies -2.5(-4.9, 0.8) 0.1 (0.0, 0.3)
+increase in age at delivery -2.9 (-4.6,-0.8) 0.4 (0.1,0.8)
+ decrease in pre-pregnancy BMI -2.7(-4.4,0.1) -0.2 (0.4, 0.1)
+ decrease in smoking during pregnancy -2.8(-5.1,-0.5) 0.1 (-0.0, 0.3)
+ increase in anemia during pregnancy —2.8(-5.3,-0.4) -0.0 (0.1, 0.0)
Infant characteristics
+ increase in male births -2.8(-5.6,-0.9) 0.0 (0.2, 0.3)
+ increase in multiple pregnancies -2.8(-5.0,0.3) 0.0 (-0.1,0.1)
+ decrease in gestational age -2.7(-4.7,0.1) -0.2 (-0.4,-0.0)
+ decrease in birth weight SD score -1.4 (-3.6,0.8) -1.2 (-2.0,-0.8)
+ decrease in birth length SD score -1.2 (-3.5,0.7) -0.3(-0.7,0.1)
Feeding practices
+ decrease in use of formula before 6 mo -0.6 (2.6, 1.3) -0.5(-0.8,-0.2)
+ decrease in use of solid foods before 6 mo -0.3(-2.6,1.9) -0.3 (-0.8, 0.3)

BMI, body mass index. —0.0 represents absolute values below 0 that become 0.0 when rounded to the first digit, while

0.0 represents absolute values at or above 0 that become 0.0 when rounded to the first digit.

(95% —0.5,—-0.0) mm] showed significant indirect effects
explaining part of the difference. The increase in anemia
during pregnancy [-0.0 (95%—0.2, 0.0) mm] and decrease
in the use of solid foods before 6 mo [-0.3 (95% —1.0, 0.2)
mm] had non-significant indirect effects.

In this study, we demonstrate that the height
among children aged 3 to 6 years decreased from 1990
to 2010. The only factor that consistently contributed to
the reduction in children’s height for both 1990-2000 and

2000-2010 was the reduction in birth weight SD score.
In this regard, one interesting finding is that we failed
to consider it as a large contributor to the reduction in
children’s height, although gestational age has been
reported to be a key factor in the decrease in average
birth weight in Japan. Two analyses based on birth
certificate data from 1980-2004 (19) and 2000-2010
(20) reported that changes in gestational age explained
nearly half the reduction in birth weight with other
factors, such as parity, multiplicity, maternal age,
and gender contributing only little. However, in our
study, reduction in gestational age did not contribute

Morisaki et al.

doi: 10.1297/cpe.31.2021-0041

14



Table 3. Difference in children’s height between measurements at 1990 and 2010 after sequential
adjustment for secular changes in maternal and child factors. (in millimeters)

Maternal and child factors

Difference after Difference explained by
adjustment (remaining added factor (natural

direct effect)

indirect effect)

Crude model (adjusted for child age) -2.5(-5.4,0.5)
Maternal characteristics
+ increase in maternal height -7.2(-9.8,-5.2) 4.8 (3.8, 5.5)
+ increase in primiparous pregnancies -7.6(-11.1,-5.4) 0.4 (0.2, 0.6)
+ increase in age at delivery -8.3 (-10.2,-6.3) 0.7(0.4,1.2)
+ increase in smoking during pregnancy -8.2(-10.2,-6.4) -0.2 (-0.4,-0.0)
+ increase in anemia during pregnancy -8.1(-10.2,-5.9) -0.0 (-0.2, 0.0)
Infant characteristics
+ increase in male births -8.3(-10.4,-6.1) 0.2 (-0.2,0.4)
+ increase in multiple pregnancies -8.2(-10.9,-5.8) -0.1 (-0.4,-0.0)
+ decrease in gestational age -7.9 (-10.9,-6.2) -0.3 (-0.5,-0.0)
+ decrease in birth weight SD score -5.0 (-7.5,-3.0) -2.9 (-3.6,-2.4)
+ decrease in birth length SD score —4.6 (-6.9, -2.6) -0.4 (-0.6,-0.0)
Feeding practices
+ decrease in use of formula before 6 mo —4.3 (6.5, -2.5) -0.3 (-0.5,-0.0)
+ decrease in use of solid foods before 6 mo -4.0 (-6.2,-1.6) -0.3 (-1.0,0.2)

BMI, body mass index. —0.0 represents absolute values below 0 that become 0.0 when rounded to the first
digit, while 0.0 represents absolute values at or above 0 that become 0.0 when rounded to the first digit.

to explaining the reduction in height from 1990 to
2000, while a significant only explained 0.2 mm of the
reduction from 2000 to 2010.

The inconsistencies between these previous studies
on birth weight and our study suggest that among
the two mechanisms leading to lower birth weight in
the population, i.e., lower gestational age and slower
intrauterine growth, the latter seems to have a more
lingering effect on children’s growth compared to the
former. This is understandable upon the consideration of
the growth curve; children born slightly earlier but with
appropriate fetal growth would likely follow the curve
and by preschool age grow as large as other children
born with slightly longer gestational age, while an
infant born at term but with slower intrauterine growth
would have to “catch-up” or move up the growth curve to
reach its peers. Studies on pre-term children show that
while growth spurts are often observed in children who
experienced intrauterine growth restriction, 10% to 20%
fail to enter the normal height range for their corrected
age, and even when they reach the normal range, they
are still shorter than those born with no intrauterine
growth restriction (21-23).

Factors other than reduction in fetal body weight
that showed significant contributions to reduction in
children’s height were reduction in gestational age
(2000-2010, 1990-2010), increased smoking during
pregnancy (1990-2000, 1990-2010), increase in multiple
pregnancies (1990-2000, 1990-2010), and reduction in
use of formula before 6 mo (2000-2010, 1990-2010).
Lower pre-pregnancy BMI, smoking during pregnancy,
and an increase in multiple births are also well-known
risk factors for reduced birth weight (12, 19). In

contrast, an increase in the percentage of mothers with
primiparity, which is a known factor of reduced birth
weight, was found to slightly contribute to increasing
children’s height in our study, which is in line with a
study that showed that firstborn children grow taller
despite being born smaller (24). These findings suggest
that lower birth weight, which in itselfis a risk of shorter
stature, does not always share common causes with
risks of shorter height in childhood. In our study, the
reduction in the use of formula and solid foods before 6
mo may be related to decrease in children’s height. This
finding matches results from observational studies in
other countries where formula-fed infants are found
to be generally larger than those who were exclusively
breastfed (25). However, the interpretation of our results
should be taken with caution, as the many benefits of
exclusively breastfeeding for the infant and mother are
widely known (26, 27).

Our study is the first to report the secular trend
in children’s height in Japan, as well as its potential
causes. The strength of this study is its national
representativeness, large sample size, uniformity in body
measurement methods, and accuracy in perinatal data
transcribed from maternal handbooks.

However, our study presents some limitations.
First, while the survey participants were randomly
chosen based on the census, one-fifth did not participate,
with the participation rate declining from 10% to 30%
over the years. As children with lower socioeconomic
status or severe diseases or disabilities may have been
less likely to participate, this selection bias may have
led to an underestimation of children with short stature
in the more recent years and also caused bias in the
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estimation of the mediation analysis. Second, while
missing information was filled based on interviews in
cases where the maternal and child handbook was not
available, we did not have information on for which
children missing information was filled as suche. Third,
while our analysis considered many variables and was
comprehensive compared to previous studies, we still
could not evaluate many important variables that may
influence children’s height, such as physical activity,
nutritional intake, or time of measurement (as measured
height tends to be shorter towards the end of the day).
This is the likely reason why we could not explain half
of how children’s height have declined over the years,
and it is worth considering the possibility of unmeasured
confounding.

In conclusion, we found that height among

children aged 3 to 6 yr decreased from 1990 to 2010,
with a reduction in fetal body weight likely attributed
to a decrease in child height, while the contribution of
reduction in gestational length and other maternal and
child characteristics may be limited.
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