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Abstract

Children’s eating habits are established early in life and parents play a major role therein. Pregnancy is a teachable moment for the promotion of healthy eating
because many women are concerned about their babies” health and have frequent contact with healthcare providers. We aimed to investigate the association
between diet quality during pregnancy and the offspring. A total of 691 sets of data on pregnant mothers and their 3-year-old offspring were obtained from the
Seiiku Boshi cohort study. Dietary intake was assessed using a validated food frequency questionnaire for mothers in mid-to-late pregnancy and a validated diet
history questionnaire for Japanese preschool children at the 36-month checkup. Diet quality was scored using the Japanese Food Guide Spinning Top. Maternal
diet quality score was categorised into quartiles, and the association between offspring and maternal diet quality score, adjusted for socioeconomic factors, was
assessed using multiple linear regression. The total offspring diet quality score showed a linear trend with the maternal diet quality score (the mean increments
(confidential intervals) for each quartile were —0.12 (=1.32-1.08), 1.54 (0.34-2.73), and 1.22 (0.03-2.42)). In particular, offspring vegetable dishes scored higher
in all quartiles of maternal vegetable dish scores than in the lowest quartile (0.69 (0.21-1.17), 0.97 (0.50-1.45), and 1.36 (0.88-1.83)). A high diet quality score
during pregnancy was positively associated with that of offspring, suggesting the importance of nutritional education in pregnant women to improve their diet

quality.

Key words: Birth cohort: Diet quality: Japan: Preschool children: Pregnant women

Introduction showing inconsistent results, suggesting that they are unlikely to

Dietary habits and quality are important for healthy eating and
growth to promote good health and prevent illness in
adulthood.!” Food behaviour and specific food choices are
established early in life and become stable in the long term.®
Interventions in school-age children are not always successful,
with a systematic review of interventions to inctrease fruit and/
or vegetable consumption in obese or overweight children

achieve long-term changes in dietary behaviour.®)

The critical time for dietary change occurs between the ages
of 1.5 years and 3 years, wherein the diet tends to move
decisively toward an increased intake of added sugars, and lower
fruit and vegetable intake tendencies are established.” Toddlers
as small as 1-2 years old may not consume enough vegetables,
cereals, and grains and instead consume discretionary foods.®
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Health behaviours are influenced by social environment and
personal factors, as suggested by the model of triadic reciprocal
causation®; social environmental factors play a major role in
food choices. The mothet’s health behaviours and parenting
strategies mediate the relationship between the effects of family-
based interventions on the child’s dietary behaviours and diet.”
Furthermore, parental intake is positively associated with
children’s fruit and/or vegetable consumption,® especially
among those who are conscious of eating all their vegetables.”)
Thus, encouraging mothers to maintain favourable dietary
habits for children in early childhood may lead to the
formulation of favourable dietary habits.

It is difficult for many mothers to improve healthy eating
habits during the busy postpartum child-rearing period. First,
mothers raising small children have limited access to advice on
improving their dietary quality. Although health centres provide
dietary advice to parents when their children undergo health
checkups, this advice tends to focus on food and feeding
practices.('”” Second, mothers of older preschool children may
have less time to prepare food and spend time eating with their
children due to work.!"'? However, improving dietary habits
duting pregnancy may be more effective than providing
nutritional education during the busy period after birth.
Pregnancy may be a teachable period to promote healthy eating
because many women are concerned about the health of their
babies during pregnancy and ate in frequent contact with their
healthcare providers.(>!¥) Indeed, antenatal nutrition education
improves nutritional knowledge and dietary diversity.!”
Furthermore, a varied diet during pregnancy may lead to
broader taste acceptance in offspring, and prenatal and eatly
postnatal exposure to flavours enhance the infant’s enjoyment
of that flavour in solid foods during weaning,!?

However, evidence regarding the diet quality of mothers
duting pregnancy being associated with the diet quality of
offspring is scarce. Additionally, examining which food group
intake increases in mothers may be effective to improve the
quality of the offspring’s diet would provide useful information
for nutrition education; however, the number of studies is
limited. Maternal diet quality during pregnancy is associated
with that of the offspring at 14 years of age,!” and maternal
dietary variety is positively associated with higher dietary scores
in children aged 2—4 years.!® However, these studies did not
examine the relationship between the dietary components of
mothers and their children in detail. In a small sample study, diet
quality during pregnancy was associated with a 2-year-old child’s
diet quality, with postpartum diet quality acting as a mediating
factor.!” However, in addition to overall diet quality, only
vegetables and fruits were selected to examine the association
with the child’s diet.!”

Studies have analysed the relationship between maternal
dietary patterns during pregnancy and the child’s diet; however,
the relationship between maternal and offspring food group
intakes has not been evaluated.®™*) In a study of infants,
maternal sugary beverage consumption during pregnancy was
associated with higher sugary beverage intake among their
offspring at 2 years of age; however, this study did not evaluate
the overall diet quality.*? W, therefore, aimed to investigate the
association between diet quality during pregnancy in mothers

and offspring at 3 years of age. We also examined the
relationship between the components of the maternal and
offspring diet to improve nutritional education for pregnant
women to improve dietary health and choices in their offspring.

Participants and methods
The Seiiku Boshi cohort

Our study was based on the Seilku Boshi cohort study, a
prospective hospital-based birth cohort study conducted at the
National Center for Child Health and Development (NCCHD)
in Tokyo. The study design, recruitment, and data collection
have been described in detail elsewhere.®?Y We invited
4,164 pregnant women to participate in the study, of whom
2,309 pregnant women submitted written consent forms at their
first prenatal visit before 14 weeks of gestation between
May 2010 and November 2013. A baseline survey was
conducted at recruitment, and subsequent surveys were
conducted in mid-to-late pregnancy and after delivery annually.
Including cases with multiple births, 2,403 children were born to
these pregnant women at NCCHD. From July 2014 to October
2016, a 36-month follow-up, scheduled according to each child’s
birth month, was conducted at the NCCHD.

Ethical approvals

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving human participants were approved by the Institutional
Review Board of the National Center for Child Health and
Development (project number 417). Written informed consent
was obtained from all participants.

Dietary intake

Maternal dietary intake was assessed using a self-administered
food frequency questionnaire (FFQ) as part of a mid-to-late
pregnancy survey. The FFQ consisted of 167 food and beverage
items, with nine frequency categories and three portion size
categories, which assessed the habitual consumption of the
listed foods within the previous 2 months. Information on
dietary supplements was not used to calculate the nutrient intake
because of the lack of a reliable composition table in Japan. This
questionnaire has been validated in adults® as well as in women
in early and late pregnancy based on 3-day dietary records.®*=*
The intakes of energy, nutrients, and food groups were
calculated using a food composition table developed for the
FFQ based on the Standard Tables of Food Composition
in Japan.®”

Offspring dietary intake was assessed using the Brief-type
self-administered diet history questionnaire for Japanese
preschool children (BDHQ3y), which was developed to assess
dietary intake during the preceding month for Japanese children
aged 36 years.®”) This is a four-page, structured questionnaire
with four sections: (1) intake frequency of 57 selected foods
commonly consumed in Japan and non-alcoholic beverage
items; (2) daily intake of rice, including the type of rice
(refined, unrefined, or rice boiled with barley) and miso soup;
(3) usual cooking methods; and (4) general dietary behaviour.
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The BDHQ3y also collects information about the frequency of
consumption of fortified food/supplements in the previous
month but does not collect the names of the nutrients in the
fortified food/supplement. Additionally, the questionnaire does
not cover portion sizes of food consumed by the participants
but rather assumes age-specific portion sizes of food and
beverages, which have been calculated based on previous
studies.®"?) Estimates of the daily intake of food, energy, and
selected nutrients were calculated using an ad hoc computer
algorithm for the BDHQ3y,**?" using the nutrient composi-
tion chart of food included in the Standard Tables of Food
Composition in Japan.©®?

Diet quality score

The Japanese Food Guide Spinning Top (JFGST) is based on
the Dietary Guidelines for Japanese people and guides people
on the types and amounts of food they should eat daily to
promote health.®? The Food Guide comprises five categories
of dishes: grain dishes (rice, bread, and noodles); vegetable
dishes (vegetables, mushrooms, potatoes, and seaweed); fish
and meat dishes (meat, fish, eggs, and soybeans); milk (milk and
milk products); fruits (fruit and 100% fruit juice); and snacks
and beverages.®?)

JFGST reference values were created for the general
population. Reference values for pregnant or nursing mothers
have been proposed by the Japanese Ministry of Health, Labour
and Welfare®? by considering the additional energy and
nutrients for pregnant and nursing mothers proposed in the
Dietary Reference Intakes for Japanese. The JFGST reference
values provided the recommended number of servings for each
dish category for children under six years old, as created by the
Tokyo Metropolitan Government.®

The diet quality score of adherence to the JEGST for the
general population has been developed® and is associated with
a lower risk of death from all causes and cardiovascular
disease®>*) among middle-aged to early elderly men and
women. However, we applied several modifications which have
been proposed to this method. First, we replaced the subscore
for energy intake with the subscore for sodium intake. This was
based on a previous amendment suggested for young women in
Japan to identify more areas for dietary improvement among the
weight-conscious age®® in a population where excessive sodium
intake,®” as well as underweight and weight gain restrictions
during pregnancy,®” are important public health issues. The
10% tile value of sodium intake, adjusted for energy intake using
the residual method, was used as the cut-off value for the
sodium intake subscore. Second, as the intake levels of most
micronutrients were below the dietary reference intake among
pregnant women in Japan,*Y we did not penalise for exceeding
servings of grains, meat and fish, and dairy products; thus,
participants who exceeded the lower recommendation value of
not only vegetables and fruits but also grains, meat, fish, and
dairy products received a score of 10 for that category.®® This
method has been previously validated by comparing it to other
methods of calculating diet quality*? and has shown that a
maternal balanced diet score is negatively associated with low
birth weight risk.*> The same amendments were conducted on

the children’s scores since current Japanese guidelines do not
recommend using energy intake to evaluate the adequacy of
energy intake among children (evaluation using a growth chart is
recommended), and it is difficult to scientifically determine the
upper limit for each food category for a growing child. Finally,
the scores (0-10) of the seven components were summed
to provide a modified JEGST score for pregnant mothers (JEFGST-
PM score) and children (JFGST-3y scotre) (Supplementary
Table 1). The JFGST-PM and JFGST-3y scores range from
0 to 70, with higher scores indicating higher adherence to the
current dietary guidelines. The summed score for the five food
groups (grain dishes, vegetable dishes, fish and meat dishes, milk,
and fruits), excluding snacks, beverages, and sodium, was

calculated as a subscore ranging from 0 to 50.4%

Covariates

Self-reported pre-pregnancy height and weight, weight gain
during pregnancy, maternal age, sex of offspring, birth height
and weight, smoking and drinking status during pregnancy,
and history of childbirth were retrieved from medical records.
The BDHQ3y also asks about current height, weight, and
response date. If the child’s data were missing, they were
complemented with measurements obtained at the 36-month
visit. We calculated the body mass index (BMI) from self-
reported height and weight. Children were defined as over-
weight according to the criteria of the International Task Force
on Obesity in Childhood using population reference data
specific for age and sex for BMI.*> Maternal sociodemographic
data were obtained using questionnaires administered at
enrolment and were categorised as follows: annual household
income (<4 million yen, 4-6 million yen, 6—8 million yen, 8—10
million yen, 10-15 million yen, or >15 million yen, missing),
maternal education (university/graduate school, technical
college/ two-year junior college, high school or less, missing),
and employment status during pregnancy (housewife, part-time
employee, self-employed, full-time employee, ot other).

Statistical analysis

We analysed children, excluding those with either extremely
low or high energy intake (< 1 percentile or over the 99th
percentile), of the pairs that responded during both pregnancy
and at 3 years of age. Our main focus was not only to determine
whether maternal diet during pregnancy correlates with the diet
of 3-year-old children, but also to provide information that
could be referenced in nutrition education for mothers. For
both of the new scoring methods, JEGST-PM and JFGST-3y,
there is no clinically valid cut-off point for determining any risk.
Therefore, participant characteristics and dietary intakes were
compared to the JEFGST-PM score categorised into quartiles
(Q1, 13.93-40.35; Q2, 40.41-45.01; Q3, 45.05-49.82; Q4,
49.83—66.04) using a linear-by-linear test for trend.

Next, associations between the JFGST-PM and JFGST-3y
total scores, as well as between the JEFEGST-PM five-dish group
score and the JFGST-3y five-dish group score, and each
component score of the mother and offspring, were tested using
linear regressions with offspring score as the dependent variable
and maternal score categorised in quartiles as independent
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Pregnant women invited to the study (n = 4,164)

A4

Disagreement (n = 1,855)

A4

Participants who provided written informed consent at their antenatal visits (n = 2,309)

—

Lost to follow-up (n = 786)

A4

Participants who responded to FFQ in middle or late pregnancy (n = 1,523)

\4

Multiple pregnancies (n = 41)
Lost to follow-up (n = 765)

v

medical checkup (n=717)

Participants who answered a questionnaire when their offspring was 3 years of age during the

Exclusion of ineligible participants
Either the mother or offspring or both reported to have

extremely low or high energy intake (n = 26)

A4

Sets of mother and offspring for final analysis (n = 691)

Fig. 1. Participants flow chart for the analytic sample.

variables. Indicators that could not be divided into quartiles due
to the distribution of scores were divided as follows: second
quantile for fish and meat dishes, tertiles for milk, and snacks
and beverages. The adjusted models included the following
potential confounders: sex of offspring, maternal age at birth,
mother’s educational history, and annual household income.
Missing values were assigned to a “missing” category for each of
these covariate variables. All statistical analyses were performed
using Stata version 18.0 (Stata Corp. College Station, Texas).
Two-sided P-values were presented.

Of the 4,164 women who were invited to the study, 2,309
women provided written informed consent at their antenatal
visits, 1,523 responded to the FFQ in middle or late pregnancy.
Of these, 43 were multiple pregnancies, and 717 mothers of
singletons answered the questionnaire when their offspring
were 3 years of age during the medical checkup. Twenty-six
results where the child, mother, or both reported extremely low
ot high energy intake (< 1 percentile, below 553 kcal in pregnant
mothers or 803 kcal in offspring; or over the 99th percentile,
more than 3,632 kcal in pregnant mothers or 2,705 kcal in
offspring) were excluded.®” In total, 691 dyads of mothers and
3-year-old offspring were included in the analysis (Fig. 1).

A comparison of mothers included in the analysis (n = 691)
with those lost to follow-up, excluding extremely low or high

energy intake (excluding under the first percentile or over the
99th percentile, n = 749) among responders to the FFQ during
pregnancy (n=1,523), showed that more of those included
were older (36.5 (SD 4.2) years vs. 352 (SD 4.4) years,
P <0.001) and had their first child (65.8% vs. 56.0%,
P < 0.001). However, fewer women were underweight before
pregnancy (18.2% vs. 24.5%, P =0.034) and had less weight
gain during pregnancy (9.6 (SD 3.6) kg vs. 10.1 (SD 3.7) kg,
P=0.019). The prevalence was similar for both annual
household income and educational history. There were no
significant differences in the intake of dish categories other than
vegetable dishes (3.8 (SD 1.9) servings vs. 3.5 (SD 2.1) servings,
P =0.045) (Supplementary Table 2 and Table 1).

The overweight rate among offspring was 8.6%, whereas the
rate for maternal pre-pregnancy overweight was 4.8%. Sixty-
two petcent of mothers held a university/graduate school
degree (Table 1).

The mean JEGST scores for mothers and offspring were 44.9
(SD 7.4) and 56.3 (SD 5.8), respectively. Of the maternal intakes
of dish categories, the average number of servings in the grain
dishes, vegetable dishes, and fruits were below the recom-
mended number of servings for pregnancy, and the energy
intake from snacks and beverages was above the recommended
amount (Supplementary Table 3). Offspring diet quality score
and each dish category score of vegetable dishes, fish and meat
dishes, milk, and fruits were higher for higher quartiles of the
maternal diet quality score, whereas the score of sodium was
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Table 1. Characteristics of the study population according to the maternal diet quality score in quartiles

JFGST-PM score in quartiles

All Q1 (n=173) Q2 (n=173) Q3 (n=173) Q4 (n=172)
Mean or SDor Mean or SDor Mean or SDor Mean or SDor Mean or SD or
No. % No. % No. % No. % No. %
Offspring characteristic
Gender
Boys 371 53.7 106 61.3 83 48.0 89 51.4 93 54.1
Girls 320 46.3 67 38.7 90 52.0 84 48.6 79 45.9
Height (cm) 92.2 3.8 92.4 3.7 92.1 3.7 92.3 4.3 92.2 3.6
BMI (kg/m?) 15.9 1.4 15.9 1.3 15.8 1.3 16.1 1.6 15.8 1.3
Overweight? 59.0 8.6 18.0 10.5 13.0 7.5 18.0 10.4 10.0 5.8
Birth height (cm) 49.3 2.6 49.2 25 49.3 2.7 49.8 2.0 491 3.1
Birth weight (g) 3006 435 3008 464 3008 412 3050 394 2960 465
Maternal characteristic
Age at birth (y) 36.5 4.2 36.6 4.4 36.2 4.1 36.7 3.9 36.7 4.3
Pre-pregnancy BMI (kg/m?) 20.5 2.6 20.8 2.8 20.6 2.4 20.4 26 20.4 2.6
Pre-pregnancy BMI category
<18.5 kg/m? 125 18.2 28 16.5 31 18.0 28 16.4 38 22.1
18.5-24.9 kg/m? 527 76.9 129 75.9 137 79.7 134 78.4 127 73.8
>25 kg/m? 33 4.8 13 7.6 4 2.3 9 5.3 7 41
Missing 6 3 1 2 0
Gestational weight gain (kg) 9.6 3.6 9.4 3.8 9.6 3.8 10.0 3.4 9.5 3.4
History of childbirth
First 455 65.8 98 56.6 117 67.6 121 69.9 119 69.2
Parity 236 34.2 75 434 56 32.4 52 30.1 53 30.8
Educational history
High school or less 44 6.6 1 6.8 13 7.7 9 5.4 11 6.6
Technical college/two-year junior 208 31.3 50 30.7 51 30.0 54 32.5 53 31.9
college
University/graduate school 413 62.1 102 62.6 106 62.4 103 62.1 102 61.5
Missing 26 10 3 7 6
Employment status during pregnancy
Housewife 273 411 66 40.7 84 49.7 60 35.7 63 38.2
Part-time employee 93 14.0 22 13.6 24 14.2 20 11.9 27 16.4
Self-employed 29 4.4 6 3.7 7 4.1 11 6.5 5 3.0
Full-time employee 247 37.2 62 38.3 49 29.0 71 42.3 65 39.4
Other 22 3.3 6 3.7 5 3.0 6 3.6 5 3.0
Missing 27 11 4 5 7
Annual household income (yen/year)
<4 million 48 7.6 15 9.6 14 8.7 13 8.2 6 3.8
4 million to less than 6 million 93 14.6 22 141 26 16.1 28 17.7 17 10.6
6 million to less than 8 million 129 20.3 36 23.1 32 19.9 26 16.5 35 21.9
8 million to less than 10 million 123 194 30 19.2 31 19.3 29 18.4 33 20.6
10 million to less than 15 million 173 27.2 33 21.2 42 26.1 47 29.7 51 31.9
>15 million 69 10.9 20 12.8 16 9.9 15 9.5 18 11.3
Missing 56 17 12 15 12
Smoking status during pregnancy (yes) 6 0.9 1 0.6 3 1.7 0 0.0 2 1.2
Drinking status during pregnancy (yes) 11 1.6 3 1.7 2 1.2 6 3.5 0 0.0

JFGST-PM score; scores on the adherence to the Japanese Food Guide Spinning Top for pregnant mothers; BMI, body mass index.
2Classification by gender and age-specific cut-off points advocated by The International Obesity Task Force.

lower for higher quartiles of the maternal diet quality score
(Table 2). For the intake of dish categories, the number of
servings of vegetable dishes and fruits was higher in the higher
quartiles of maternal diet quality scores (Table 2).

The mean energy intake for mothers and offspring was 1,619
(SD 507) kcal and 1,403 (SD 337) kcal, respectively. Maternal
intake of energy and nutrients other than carbohydrates and
dietary fibre was higher in the higher quartiles of the maternal
diet quality score (Supplementary Table 4). Offspring energy,
protein, retinol equivalent, vitamin B1, vitamin B2, vitamin C,
calcium, ferric, dietaty fibre, and potassium intakes were higher
in the higher quartiles of maternal diet quality scores (Table 3).

Table 4 shows an increase in the average offspring diet quality
total score and five-dish group scores across the high quartiles
of maternal diet quality scores (P for trend <0.001). After
adjustment for confounding variables, the mean increments of
diet quality score of offspring for total score in the third
and fourth quartile categories were 1.54 (0.34-2.73) and 1.22
(0.03-2.42) compared to the first category of maternal diet
quality score. Similarly, adjusted mean increments of diet quality
score of offspring for five-dish groups score in the third and
fourth quartiles were 1.45 (0.39-2.52) and 1.65 (0.58-2.72)
compared to the first category of maternal diet quality score.
Maternal vegetable dishes, fish and meat dishes, milk, fruits, and


https://doi.org/10.1017/jns.2024.24
https://doi.org/10.1017/jns.2024.24

https://doi.org/10.1017/jns.2024.24 Published online by Cambridge University Press

Table 2. Distribution of the scores on the adherence to the Japanese Food Guide Spinning Top for 3-year-old offspring and the intakes of each dish category
according to the maternal diet quality score in quartiles

JFGST-PM score in quartiles

Recommended Al Q1 (n=173) Q2(n=173) Q3 (N=173) Q4 (n=172)
No. of servings
inthe JFGST Mean SD Mean SD Mean SD Mean SD Mean SD P2

JFGST-3y score

Total (0-70) 56.3 58 55.8 6.6 554 6.0 572 50 57.0 5.1 0.005
Five-dish groups (0-50) 40.0 51 39.2 58 39.1 54 407 45 409 4.5 <0.001
Grain dishes (0-10) 8.2 1.6 8.3 1.6 8.2 1.7 8.1 1.6 8.1 1.6 0.107
Vegetable dishes (0-10) 5.2 2.3 4.9 24 5.1 24 5.2 23 5.4 2.1 0.023
Fish and meat dishes (0-10) 9.2 1.5 9.0 1.7 9.1 1.5 9.3 1.3 9.3 1.3 0.028
Milk (0-10) 8.9 2.3 8.8 2.3 8.3 2.8 9.2 21 9.2 1.9 0.006
Fruits (0-10) 8.6 25 8.2 2.9 8.4 27 8.9 241 8.9 22 0.004
Snacks and beverages (0-10) 9.4 1.6 9.4 1.6 9.1 2.0 9.6 1.3 9.4 1.5 0.368
Sodium (0-10) 7.0 21 71 2.3 7.2 21 6.9 22 6.7 2.1 0.020
Intakes of dish categories (/day)

Grain dishes (serving) 34 21 0.6 22 0.6 22 0.6 241 0.6 21 0.5 0.147
Vegetable dishes (serving) 4 1.8 0.9 1.7 0.9 1.8 0.9 1.9 0.8 2.0 1.0 0.018
Fish and meat dishes (serving) 3 29 1.0 2.8 1.0 2.8 1.0 29 0.9 2.9 0.9 0.204
Milk (serving) 2 24 1.4 24 1.5 2.3 1.5 25 1.2 2.6 1.4 0.145
Fruits (serving) 1-2 0.7 0.5 0.6 0.5 0.7 0.5 0.7 0.4 0.8 0.5 0.002
Energy intake from snacks and <200 142 79 146 76 150 87 136 69 137 83 0.146
beverages (kcal)

Energy-adjusted Sodium intake - 3635 680 3599 708 3575 673 3650 688 3717 647 0.065

(mg)

JFGST, Japanese Food Guide Spinning Top; JFGST-PM score, scores on the adherence to the JEGST for pregnant mothers; JEFGST-3y score, scores on the adherence to the

JFGST for 3-year-old.

ap values are based on linear-by-linear test for trend.

Table 3. Energy and nutritional intakes of 3-year-old offspring according to the maternal diet quality score in quartiles

JFGST-PM score in quartiles

All Q1 (n=173) Q2 (n=173) Q3 (n=173) Q4 (n=172)
Mean SD Mean SD Mean SD Mean SD Mean SD P2

Energy (kcal) 1403 337 1337 314 1406 331 1445 352 1423 344 0.010
Protein (%E) 15.0 21 14.8 2.0 14.7 2.3 15.1 2.0 15.3 2.0 0.011
Fat (%E) 28.6 4.8 28.7 4.6 28.6 5.2 28.7 49 28.5 4.6 0.773
Carbohydrate (%E) 55.3 6.0 55.3 5.8 55.6 6.5 55.2 6.0 55.2 5.7 0.723
Retinol equivalent 357 144 332 127 348 140 369 149 380 155 0.001
(ug/1000kcal)

Vitamin B1 (mg/1000kcal) 0.41 0.07 0.40 0.06 0.41 0.07 0.41 0.06 0.42 0.07 0.013
Vitamin B2 (mg/1000kcal) 0.73 0.16 0.72 0.16 0.70 0.17 0.74 0.15 0.75 0.15 0.012
Vitamin C (mg/1000kcal) 53.6 22.2 49.7 229 52.8 23.4 54.5 20.4 57.5 21.4 0.001
Calcium (mg/1000kcal) 429 125 419 130 411 129 437 117 449 122 0.006
Ferric (mg/1000kcal) 3.9 0.8 3.8 0.8 3.9 0.8 3.9 0.7 4.0 0.8 0.002
Dietary fibre (g/1000kcal) 6.4 1.6 6.1 15 6.3 1.6 6.4 14 6.7 1.7 0.002
Saturated fatty acids (%E) 9.7 24 9.8 25 9.6 2.6 9.7 2.1 9.7 2.3 0.761
Sodium (g/1000kcal) 6.6 1.3 6.6 1.4 6.5 1.2 6.6 1.2 6.8 1.2 0.218
Potassium (mg/1000kcal) 1272 262 1231 254 1245 270 1288 249 1323 267 <0.001

JFGST-PM score; scores on the adherence to the Japanese Food Guide Spinning Top for pregnant mothers.
aP values are based on linear-by-linear test for trend.

sodium scores correlated with offspring scores (P for trend
<0.05, respectively). In particular, vegetable dishes scored
higher in all quartiles compared to the lowest quartile (2nd, 0.69
(0.21-1.17); 31d, 0.97 (0.50-1.45); and 4th, 1.36 (0.88-1.83)).

Analyses based on 691 mother—offspring pairs who participated
in the Seiiku Boshi cohort study showed that a high diet quality

score during pregnancy was associated with that of 3-year-old
offspring. Of the components of the diet quality score, maternal
vegetable dishes, fish and meat dishes, milk, fruits, and sodium
were associated with the offspring components of the diet
quality score, with vegetable dishes being the most strongly
associated. These results suggest that improving the overall
quality of the maternal diet during pregnancy, especially by
increasing vegetable intake, can be one of the ways to improve
the quality of the offspring’s diet.
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Table 4. Unadjusted and adjusted differences in mean increments in the diet quality score of offspring according to the maternal diet quality score in quartiles®

Unadjusted Adjusted for covariables
Increment 95% Cl P Increment 95% Cl PP
JFGST-3y for total score (0-70) in quartiles of JFGST-PM for total
score
Quartile 1 (13.93-40.35) Ref - Ref -
Quartile 2 (40.41-45.01) -0.37 -1.58 0.83 0.544 -0.12 -1.32 1.08 0.843
Quartile 3 (45.05-49.82) 1.44 023 264 0.020 1.54 0.34 273 0.012
Quartile 4 (49.83-66.04) 1.21 0.01 242 0.049 1.22 0.03 242 0.045
P for trend <0.001 0.006
JFGST-3y for five-dish groups score (0-50) in quartiles of
JFGST-PM for five-dish groups score
Quartile 1 (3.93-27.70) Ref - Ref -
Quartile 2 (27.72-33.26) 1.11 0.03 2.19 0.044 1.06 0.00 2.13 0.051
Quartile 3 (33.27-37.82) 1.46 0.38 253 0.008 1.45 0.39 252 0.008
Quartile 4 (37.83-50.00) 1.87 0.79 295 0.001 1.65 058 272 0.002
P for trend 0.001 0.002
Grain dishes (0—-10) in quartiles of maternal grain dishes score
Quartile 1 (1.05-4.245) Ref - Ref -
Quartile 2 (4.25-5.642) 0.14 -0.20 0.48 0.428 0.18 -0.17  0.52 0.313
Quartile 3 (5.643-6.908) 0.02 -0.32 0.36 0.918 0.02 -0.32 0.36 0.893
Quartile 4 (6.909-10.00) -0.18 -0.52 0.16 0.306 -0.14 -0.49 0.20 0.410
P for trend 0.235 0.291
Vegetable dishes score (0—10) in quartiles of maternal vegetable
dishes score
Quartile 1 (0-4.11) Ref - Ref -
Quartile 2 (4.12-5.81) 0.70 023 1.18 0.004 0.69 021 1.17 0.005
Quartile 3 (5.82-7.81) 0.96 049 144 <0.001 0.97 0.50 145 <0.001
Quartile 4 (7.88-10.00) 1.37 0.90 1.85 <0.001 1.36 0.88 1.83 <0.001
P for trend <0.001 <0.001
Fish and meat dishes (0—10) in 2-quantile of maternal fish and meat
dishes score
Two-quantile 1 (0-7.58) Ref - Ref -
Two-quantile 2 (7.63—10.00) 0.35 0.10 0.60 0.007 0.36 0.10  0.61 0.007
Milk score (0—10) in tertiles of maternal milk score
Tertile 1 (0-5.08) Ref - Ref -
Tertile 2 (5.13-8.73) 0.44 -0.05 0.93 0.079 0.41 -0.08 0.90 0.100
Tertile 3 (8.75-10.00) 0.55 0.13 0.98 0.010 0.49 0.07 0.91 0.022
P for trend 0.013 0.028
Fruits score (0-10) in quartiles of maternal fruits score
Quartile 1 (0-2.439) Ref - Ref -
Quartile 2 (2.442-4.26) 0.50 -0.02 1.02 0.058 0.48 -0.04 1.00 0.068
Quartile 3 (4.27-6.868) 0.85 0.33 1.37 0.001 0.71 0.18 1.23 0.008
Quartile 4 (6.874—-10) 0.95 043 147 <0.001 0.93 041 145 <0.001
P for trend <0.001 <0.001
Snacks and beverages score (0-10) in tertiles of maternal snacks
and beverages score
Tertile 1 (0-3.92) Ref - Ref -
Tertile 2 (3.96-9.39) -0.04 -0.39 0.30 0.806 —-0.09 -0.44 0.26 0.613
Tertile 3 (9.40-10) 0.15 -0.14 0.45 0.310 0.13 -0.17 0.43 0.402
P for trend 0.240 0.300
Sodium score (0-10) in quartiles of maternal sodium score
Quartile 1 (0-3.37) Ref - Ref -
Quartile 2 (3.39-5.7491) 0.23 -0.22 0.68 0.317 0.18 -0.28 0.63 0.452
Quartile 3 (5.7494-7.78) 0.37 -0.08 0.82 0.110 0.39 -0.07 0.84 0.098
Quartile 4 (7.81-10.00) 0.51 0.05 0.96 0.028 0.48 0.03 0.94 0.038
P for trend 0.023 0.024

JFGST, Japanese Food Guide Spinning Top; JFGST-PM score, scores on the adherence to the JFGST for pregnant mothers; JFGST-3y score, scores on the adherence to the

JFGST for 3-year-old; Cl, confidence interval.

aThe group of the lowest quartile was used as a reference for each pairwise comparison.
bAdjusted for offspring sex, gestational age, mother’s educational history, and annual household income.

Previous studies in other countries and at different offspring
ages have confirmed that diet quality during pregnancy has a
long-term effect on both mother and offspring. A large national
birth cohort in Norway showed that maternal diet quality during
pregnancy is associated with the diet quality of offspring at 14

years of age.!” A European birth cohort study showed that
maternal dietary variety, consisting of five food group scores,
was positively associated with that of a higher score of children
aged 2—4 years.!® A prospective study of 52 mother—child
dyads in Australia found an association between pregnancy and
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a 2-year-old child’s diet quality.'” A study of 1,171 pairs in

Canada showed that maternal sugary beverage consumption
duting pregnancy was associated with higher sugary beverage
intake among offspring at age two.?? The novelty of our study
lies in that we showed, in a prospective design with a large
population, that the quality of the mother’s diet during
pregnancy affects the diet quality of their 3-year-old offspring,
which is the formative period of eating habits.

We examined which dish categories mothers could increase to
affect the dish categories of their offspring’s diets. We showed
that the establishment of fish and meat, milk, fruits, and
especially vegetable intake and decreasing sodium intake duting
the gestational period may contribute to improving offspring
diet quality. Women do not appear to consume a wide variety of

nutritious foods during pregnancy™!*9;

therefore, expert
guidance to build an optimal diet during pregnancy is important.

We also observed that vegetables showed the lowest scores
amonyg all categories for offspring and that many mothers, even
those with the highest overall diet quality score, did not meet the
recommended values for vegetables. Thus, increasing vegetable
intake among mothers may be a promising intervention to
improve maternal and offspring diet quality. The strong
association observed between maternal and offspring vegetable
intake is likely due to two factors: either maternal vegetable
intake directly influences the offspring’s personal preference, or
indirectly, the offspring are exposed to vegetables through the
mother’s postnatal diet. As shown in a previous small study of
52 mother-infant dyads, vegetable intake during pregnancy is
strongly correlated with postnatal vegetable intake, which acts as
a mediator of the association with offspring intake, suggesting
that the indirect effect is stronger than the direct effect.!”
Additionally, limited but consistent evidence has shown that
foetal exposure to flavours of certain vegetables, such as carrots
and gatlic, contained in the maternal diet and transmitted
through the amniotic fluid increases the acceptance of the
exposed flavour during infancy and potentially during child-
hood. Similar findings have been reported for maternal fruit
and vegetable variety.(?)

In this study, maternal sodium score positively correlated with
offspring sodium score, whereas the group with a higher quartile
of overall maternal diet quality score had lower offspring
sodium scores. Our findings are consistent with a systematic
review of Japanese studies in which a higher frequency of
consumption of meals consisting of grain, fish, meat, and
vegetable dishes was related to not only a higher intake of
energy, protein, vitamins, and minerals, and higher odds of
meeting the Dietary Reference Intakes for Japanese,*” but also
a higher intake of sodium. This may be a unique cultural
problem in Japan because Japanese diets tend to contain high
levels of sodium.®? Thus, when nutritional education is
provided to mothers to increase their intake of fish and meat
dishes, and vegetable dishes, it is also important to educate them
on low-sodium cooking methods.

Unlike in previous studies,®” the maternal scores for snacks
and beverages during pregnancy were not associated with the
offspring scores in our study. This may be due to the current
criteria for snacks being less strict in Japan compared to other
countries where the evaluation criteria are set at “less than

200 kcal” for both patents and children, leading to many
children getting a score of 10 for snacks in this study. The
average intakes of snacks and beverages were 252 kcal for
mothers and 142 kcal for children. Thus, using stricter critetia
such as portion size may better differentiate children and lead to
an association with maternal intake.

In the present study, no association was found between the
maternal diet quality score and children’s energy intake from
fat, saturated fatty acids, and carbohydrates. This may be partly
because the categories strongly associated with the maternal
diet quality score were vegetable dishes and fruits, which had a
low impact on fat and carbohydrate intake. In contrast,
according to the studies that assessed adherence to the JEFGST
in young women, higher dietary adherence was associated with
higher intake of protein, carbohydrates, vitamins, and minerals
and lower intake of total and saturated fat.*®*) Since the
JFGST expresses diet quality in terms of dish units per
category and does not consider food choices within food
groups, the dietary characteristics reflected in scores may vary
according to the participants’ food choices. The mean energy
percentages of fat and saturated fatty acids for the children in
this study were 28.6% and 9.7%, respectively, which were
lower than the target amounts in the Dietary Reference Intakes
(20-30% and <10%, respectively)®”; therefore, these were
not high on the priority list as restriction targets. However, to
avoid excessive intake of fat and saturated fatty acids, it is
advisable to avoid meat as the only main dish and choose
low-fat dairy products.

In our study, the absolute mean difference in JFGST-3y
scores among the quartile groups of JEFGST-PM scores was
relatively small compared with that in previous studies on diet
quality scores conducted among adults and older children.
This may be attributed to the fact that the proportion size
was small in Preschool children. As it has been reported that
unfavourable eating habits such as increased intake of free
sugars, and lower fruit and vegetable intakes tend to be acquired
around 1.5-3 years of age,” and as portion size increases with
age, we believe the absolute difference in scores observed in this
study may underestimate its true long-term effect.

Our study suggests that improving the dietary habits of
pregnant women can have benefits not only for the women
themselves but also for their offspring. Currently, individualised
nutrition education for pregnant women is mainly provided to
those who have developed specific nutritional problems, such as
gestational hypertension, obesity, or anaemia, which are eligible
for medical reimbursement in Japan. However, considering that
a mother’s eating habits can influence the long-term dietary
choices of her children, it may be beneficial to provide nutrition
education even to those without existing nutritional problems.
Since pregnant women have regular healthcare visits dutring
their pregnancy, there is an opportunity to incorporate nutrition
education from a registered dietitian alongside medical advice
from an obstetrician. Specifically, our study highlights the
importance of increasing intake of fish and meat, milk, fruits,
and especially vegetables during pregnancy while also empha-
sising the need for education on reducing sodium in cooking.
Given that adopting these dietary changes may require more
than a single education session, it would be beneficial to provide
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ongoing instruction during antenatal visits and set short-term
goals through regular follow-ups until these habits become
established.

The strengths of our study include its prospective design, use
of diet quality rather than focusing on single nutrients or foods,
and utilisation of dietary and food frequency questionnaires
validated for pregnant women®2¥ and children.*3D
However, this study had some limitations. First, our diet
quality index did not consider energy intake or the upper limit of
each food group® and could have led to an overestimation of
diet quality if high energy intake and overeating were prevalent.
However, the prevalence of such participants was likely low; as
the average number of servings in all categories was below the
recommended number, with the exception of snacks and
beverages for pregnant women and milk for preschool children.
The proportion of overweight and obese children was also very
low among both pregnant women and preschool children in our
population.*” In the previous studies, the methods for
calculating diet quality scores were adjusted to align with the

3849 Further research is

characteristics of the participants.®
needed to assess the suitability of the calculation method
employed in this study for pregnant women and their offspring.
Second, we utilised a diet quality score that did not consider the
quality of foods within a food group, such as red meat among
meats, or whole grains among cereals. Since the JFGST itself
does not consider the quality of foods, it is unclear whether the
same results would be obtained if dietary quality were assessed
using the methods used in other countries. Third, the dietary
questionnaires used for the offspring diet survey and maternal
dietary questionnaire during pregnancy were created independ-
ently and had different question formats, which may have
underestimated parent-offspring correlations. Fourth, we did
not make adjustments for physical activity, smoking, alcohol
intake during pregnancy, or the introduction of foods, factors
that have been considered in other studies.!”-'®
in these studies, the effects of these covariates were found to be

) However, even

relatively small. Fifth, this study was conducted at a single
perinatal centre in an urban area that generally had more

69 higher socioeconomic

pregnant women of advanced age,
status, and more pregnant women with complications. These
differences may have led to a higher diet quality than in the
general population but may also have contributed to the higher
accuracy of responses to both maternal and offspring dietary
questionnaires. Although a nationwide survey reported a
positive correlation between annual household income and
vegetable intake,®! the number of servings of vegetable dishes
in this study was similar to that observed in another nationwide
birth cohort study.“*? Lastly, because pre-pregnancy intake data
was not collected in this study, we cannot demonstrate changes
in dietary intake specifically due to pregnancy. However,
according to a nationwide birth cohort study in Japan, food
intake did not significantly differ from pre-pregnancy to
pregnancy, with no notable improvement in diet observed after
pregnancy.“)

In conclusion, a high score of diet quality during pregnancy in
mothers affects that of their 3-year-old offspring. Increasing
maternal fish and meat, milk, fruits, and especially vegetable
intake and decreasing sodium intake from the gestational period

can be one of the ways to improve the quality of the offspring’s
diet. These results suggest the usefulness of nutrition education
to improve maternal diet quality during pregnancy when there
are more opportunities to interact with healthcare providers.
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