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Abstract

Objective: To quantify the mediating role of childhood diets in the relationship
between maternal diets prior to pregnancy and childhood behavioural disorders.
Design: The Healthy Eating Index score was constructed using a semi-quantitative
and validated 101-item FFQ. We assessed childhood behavioural disorders using
the Strengths and Difficulties Questionnaire. Three dietary patterns were identified
using principal component analysis to explore childhood dietary patterns (high fats
and sugar; prudent diets; and diary). A causal inference framework for mediation
analysis was used to quantify the mediating role of childhood diets in the associ-
ation between pre-pregnancy diets and the risk of offspring behavioural problems.
Setting: This is a national representative population-based survey which covers all
Australian citizens and permanent residents in Australia.

Participants: We included 1448 mother—child pairs from the Australian
Longitudinal Study on Women’s Health and its sub-study mothers and their child-
ren’s health.

Results: We found a 20 % of the total effect of the poor adherence to pre-pregnancy
diet quality on the risk of offspring behavioural problems was mediated through
childhood high consumptions of fats and sugar. No clear mediating effect through
prudent and diary childhood diets was observed.

Conclusion: This study suggests that childhood high fats and sugar consumption
may contribute to the total effects of the pre-pregnancy diets on the risk of child-
hood behavioural problems.
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Childhood behavioural problems are the second leading
cause of disease burden in young adolescents aged 10—
14 years'?. They have a substantial impact on adulthood
productivity and function throughout the life course,
including poor academic performance, occupational and
psychosocial dysfunction®.

There is a growing body of evidence that recognises the
importance of maternal diet quality on offspring behav-
iours®>. Our previous study has shown that pre-preg-
nancy diet quality was also associated with lowering the
risk of childhood behavioural problems®. Maternal diets
may affect offspring behaviour through epigenetic changes
and inflammation pathways”®. Maternal diet quality has
been positively linked with offspring diet quality®'V. In
turn, childhood diet has been reported as a strong predictor
for behavioural disorders'?. Several studies showed that
better adherence to childhood diet quality was associated
with improving their behaviours or mental health®3->, To
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our knowledge, no studies, however, formally investigated
the mediating role of childhood diets in the association
between pre-pregnancy diets and offspring behaviours.

The Strengths and Difficulties Questionnaire (SDQ) has
been widely used to assess childhood behavioural disor-
ders. The SDQ total behavioural difficulties score com-
prises emotional, peer, conduct and hyperactivity
subscales — which have been found to be a psychometri-
cally sound measure of overall childhood behavioural
problems in studies from around the globe'*'®_ A number
of studies reported a high prevalence of childhood behav-
ioural disorders assessed by SDQ®92D_ In Australia, about
14 % of behavioural disorders were reported among chil-
dren and adolescents aged 4-17 years??.

Studies over the past decade have provided key infor-
mation on the association between maternal diets and
offspring behavioural problems by adjusting maternal
socio-demographic, lifestyle, perinatal and childhood
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factors'®-?>. An important unanswered issue, however, is
whether the observed association is based on direct effects
of maternal diet or indirect effects of childhood diet. A
meta-analysis conducted by Borge et al.?® revealed that
better quality of diets in pregnancy had a modest effect
on improving offspring behaviours. The included studies
in the meta-analysis controlled for childhood diet as a cova-
riate in the adjusted model, though the observed associa-
tions were largely attenuated by childhood diets and
suggesting that childhood diets might have a mediating
effect in the association between maternal diets and oft-
spring behaviours. The current study is, to our knowledge,
one of the first large prospective cohort studies to use a cas-
ual inference frame to formally investigate the role of child-
hood diets in the association between pre-pregnancy diets
and offspring behavioural problems. Identifying causal
pathways in the association of maternal diets and child-
hood behavioural disorders could provide a better scien-
tific basis for targeted prevention strategies.

The present study aimed to quantify the mediating role
of child diets in the association between pre-pregnancy diet
quality and childhood behavioural problems aged 5 to 12
years using a nationally representative cohort study of
Australian mothers and their children.

Methods

Study participants and design

The current study used data from the Australian
Longitudinal Study on Women’s Health (ALSWH) and
Mothers’ and their Children’s Health (MatCH) study. For
the ALSWH study, over 14 000 women born in 1973—
1978 were recruited, who were randomly selected from
the National Universal Health Insurance database, includ-
ing all Australian citizens and permanent residents. Fuller
details of the ALSWH have been described elsewhere®”,

The MatCH is a substudy of the ALSWH young cohort,
born 1973-1978, investigating childcare/school, illness/
disability, diets, quality of life, social/emotional develop-
ment, and growth and physical developments. In 2016, this
study invited 8929 women to provide information about
their children, among those, 3039 women filled out the
questionnaire about their children (up to three young chil-
dren) (1 5780)%,

This study utilised data from the young Australian
cohort, aged 18-23 years (born 1973-1978), who provided
wide-ranging information about their offspring born
between 2003 (Survey 3) and 2015 (Survey 7).
Nulliparous and non-pregnant women at baseline Survey
3 and 5 were included in the study. Women who reported
at least one live birth between Survey 3 and 7 were
included. Only the first births born between 2003 and
2015 and were aged 5-12 years were included. We
excluded women who had missing data on offspring
behaviour, child diets and implausible energy intake
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(> 16 800 kJ/d or<2100 kJ/d)®. The current study
included 1448 mother—child dyads in the final analysis
(Fig. 1. Data from the ALSWH were used to assess expo-
sure (maternal dietary consumption), while the MatCH
study was used to assess outcome (childhood behavioural
problems) and mediator (childhood dietary consumption).
The ALSWH study was approved by the Human Research
Ethics Committees at the University of Newcastle and the
University of Queensland, and informed consent was
received from all ALSWH participants.

Maternal dietary assessment
Women’s dietary consumption was first assessed in 2003
(Survey 3, aged 25-30 years, n 9081) and again in 2009
(Survey 5, aged 31-36, n 8200) for Epidemiologic Study
version 2%, Women were asked to provide their habitual
dietary intake of the previous 12 months using a validated
and semi-quantitative 101-items FFQ. Validation of the FFQ
against 7 d food diaries of sixty-three women of child-bear-
ing age indicated moderate to strong energy-adjusted cor-
relation coefficients for a wide range of nutrients and
ranged from 0-28 for vitamin A to 0-78 for carbohydrates®V.
We computed the Healthy Eating Index (HEI-2015)
score to assess pre-pregnancy diet quality, which includes
thirteen components that sum to a total maximum score of
100 points. Each of the dietary components is scored on a
density basis out of 1000 calories except fatty acids®?33,
Nine components, including total fruits, whole fruits, whole
grains, total vegetables, greens and beans, dairy, seafood
and plant proteins, total proteins, and fatty acids, were to
be consumed adequately. However, four dietary compo-
nents, such as refined grains, Na, saturated fats and added
sugars, were to be consumed in moderation — in which
mothers with lower intake receive higher scores. We cate-
gorised the HEI-2015 score was into the tertiles approach
according to its distribution among the study participants:
tertile 1 (low adherence), tertile 2 (moderate adherence)
and tertile 3 (high adherence) to enable practical
comparisons.

Childbood dietary assessment

This study used a validated and semi-quantitative twenty-
eight-items Children’s Dietary Questionnaire (CDQ) to
assess childhood dietary patterns, which measures child-
hood dietary consumption either in the previous week
or 24 h®» The CDQ was developed according to the
most recent national data on the dietary consumption
of Australian children®>3 and the Australian Dietary
Guidelines®73%,

Children’s dietary patterns based on twenty-five non-
overlapping food groups (frequency of consumptions/
day) were identified using principal component analysis
(PCA) with the use of orthogonal (varimax) rotation. The
number of childhood dietary patterns was chosen with
the basis of eigenvalues>1-35, the identification of a
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Women who completed survey (n 3039
mothers, n 5780 children)

- Ineligible childre nexcept first births (n 2906)
- Ineligible children below 5 years of age (n 452)

First-born children, aged 5 —12 years
(n 2422)

J >

Mother—child dyads reported in
ALSWH and MatCH study (n 1619)

Ineligible children who were not
reported between 2003 and 2015
and their mothers were pregnant at
baseline survey in ALSWH (n 803)

 — _

- Missing data on offspring behaviour (n 65)
Missing data on child diets (n 90)
- Implausible energy intake (n 16)

Mother—child dyads, n 1448,
included in the final analysis

Fig. 1 Flow chart of the final sample for the analysis of mediation by childhood diets in the association between pre-pregnancy diets

and offspring behavioural problems

breakpoint in the scree plot and factor interpretability”.
We used the Bartlett test of sphericity (£ < 0-001) to indicate
statistically correlated variables. Kaiser—-Meyer—Olkin test
(0-71) was used to measure sampling adequacy. Food
groups with factor loadings > 0-30 on a factor were consid-
ered to have a strong association with that dietary pattern
and be the most explanatory in describing the factors““?,

Offspring bebaviour assessment

Women were asked to provide their offspring’s behaviours
over the previous 6 months using the SDQ. Total behaviou-
ral difficulties score consists of four subscales, ranging from
0 to 40: emotional (somatic, unhappy, worried, nervous
and fears), hyperactivity (distractible, restless, fidgety,
reflective and attentive), peer (solitary, popular, good
friend, bullied and prefers adult) and conduct problems
(fights, tempers, obedient, steals and lies). Each subscale
comprises five items with three-point response scales
(0 for ‘not true’, 1 for ‘somewhat true’ and 2 for ‘certainly
true’), with a subscale score ranging from 0 to 101
Each one-point increase in the total behavioural difficul-
ties score corresponds to an increase in the risk of
developing a mental health disorder.

The data on the total behavioural difficulties score were
skewed. We, therefore, dichotomised total behavioural
problems score based on Goodman classifications”, com-
paring children with abnormal or borderline scores with
children with normal scores. In this study, the total
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behavioural problem is defined according to the cut-off
on the total behavioural difficulties score (> 14 on the
maternal reports).

Assessment of confounders and covariates

Baseline maternal confounders, such as marital status, edu-
cation, income, smoking, alcohol intake and physical activ-
ity, were adjusted using the self-reported data before the
index birth (Survey 3 or 5). Prenatal factors, including
hypertensive disorder in pregnancy and gestational diabe-
tes mellitus, were adjusted for using the same survey as the
index birth (Survey 4-7).

Women’s alcohol consumption was classified as a non-
drinker, low-risk drinker (< 14 drinks/week), risky drinker
(15-28 drinks/week) and high-risk drinker (> 28 drinks/
week)“D. However, women with high-risk drinkers were
merged with a risky drinker group due to very few women
reported as high-risk drinkers (72 6, 0-42 %). We categorised
the smoking status as never smoker, ex-smoker and current
smoker*?. Mothers were asked to provide only activity that
lasted 10 min or more using a mailed physical activity ques-
tionnaire before recording daily pedometer step counts for
seven consecutive days. A physical activity score was cal-
culated according to frequency and duration of walking
and moderate and vigorous-intensity activity and categor-
ised as sedentary/low (< 600 total metabolic equivalents
(MET) min/week), moderate (600-1200 MET min/week)
or high (> 1200 MET min/week)“?.
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Mothers also were invited to provide information on
their children’s sex, height, weight, history of premature
birth (live birth <37 weeks of gestation) and low birth
weight (live birth weight <25 kg), multiple births, and
breast-feeding status in the MatCH study. Child BMI was
calculated using their weight (kg)/height (m?), then cate-
gorised into underweight, normal, overweight and obese
according to sex and age-specific BMI classifications for
children?.

Statistical analyses

Maternal and childhood characteristics were described
according to adherence to pre-pregnancy HEI-2015 score
and offspring behavioural problems. Mean differences
were examined using ¢ test, Pearson’s chi-square
and ANOVA.

Figure 2 provides a directed acyclic graph indicating
potential pathways between pre-pregnancy diets, child-
hood diets and offspring behavioural problems. A media-
tion analysis was performed using the counterfactual
approach to decompose the total effect of poor pre-preg-
nancy diet quality on offspring behavioural problems into
natural direct and indirect effects through childhood
diets“549 The mediation analysis was conducted by fitting
a logistic regression model for the binary outcome (off-
spring behavioural problems, yes v. no) and a linear regres-
sion model for the continuous mediator (childhood diets).
We did not include exposure-mediator interaction in any
model, since it was not statistically significant (2> 0-05).
From these combined models, we estimated OR of natural
direct effects (ORNPE) and natural indirect effects (ORNE),
and total effects (OR™) for the binary outcomes. The pro-
portion mediated was calculated as (ORNPE (ORNE-
D]+ [ORNPEx ORME-1)x 100% for the binary out-
come®49_ The proportion mediated estimates the extent
to which the effect of the pre-pregnancy diets on the

2879

offspring’s behavioural problems is mediated through
childhood diets relative to the overall effect of the pre-preg-
nancy diets. The maternal potential confounders were
selected according to the known association from previous
literature and then tested the associations with the expo-
sure and outcome, the mediator and outcome, or/and
the exposure and mediator. As shown in Table 2, two sep-
arate models were fitted to observe the difference of total
proportion mediated by childhood diets after adjustments
for baseline and post-covariates. The first model adjusted
for baseline maternal potential confounders (maternal
age, education, smoking and household income), since
these variables might be associated with exposure, out-
come and mediator. The second model further adjusted
for pregnancy complications (gestational diabetes mellitus,
hypertensive disorder in pregnancy and antenatal anxiety)
and child characteristics (preterm birth, low birth weight,
child age and sex). These variables are important post-
covariates that might influence offspring behaviours (direct
effect). We retained the confounders in the adjusted model
if the P-value was <0-2 in the simple model. We further
performed a sensitivity analysis to observe changes in
the HEI-2015 score from preconception to during preg-
nancy. We ran Spearman’s correlation and paired ¢ tests
to examine the stability and changes of the HEI-2015 score
at the two time points. The paramed program in STATA
version 16 (StataCorp) was employed to compute natural
direct, indirect and total effects. P-value < 0-05 was consid-
ered statistically significant.

Results

The current study included 1448 mother—child dyads using
the ALSWH and MatCH study (Fig. 1). A total of 198
(13-7 %) children experienced a higher SDQ score on total
behavioural problems among the 1448 children between

Maternal age
Education Preterm

. —— >
Smoking GDM/HDP LBW
Income

Childhood
diets
Offspring

Pre-pregnancy > behaviours

diets 4

Fig. 2 Directed acyclic graph showing potential pathways between pre-pregnancy diets, childhood diets and offspring behavioural

problems
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2003 and 2015. The mean age of women at birth was 32 (sp
2-4) years.

The mean preconception HEI-2015 score was 58:6 (sD
12-3). Women had good adherence to total protein, fruits,
added sugar, and greens and beans. However, they had
low adherence to Na, fatty acids, seafood and plant pro-
teins (online Supplementary Table 1).

Three children’s dietary patterns were identified from
PCA from the MatCH survey with eigenvalues > 1-35 from
scree plot and factor loadings, which explained 27 % of the
total variation in food intakes. The first component was
labelled ‘high fats and sugar’ and had high positive factor
loadings for: potato chips/crisps or savoury biscuits; lollies,
muesli or fruit bars; soft drink/cordial; ice cream/ice blocks;
hot chips or French fries; and chocolates and takeaway.
The second component ‘prudent diets” had high positive
factor loadings for bread and grains food, meat, fish, eggs,
vegetables and fruits. The third component ‘diary” had pos-
itive factor loadings for full cream/full-fat milk and regular
yogurt/custard, and negative factor loading for reduced-fat
milk, yogurt and custard (online Supplementary Table 2
and 3).

It can be seen from the data in Table 1 that a greater
prevalence of offspring total behavioural problems was
observed among women with lower educational status
and income. There was also a higher proportion of oft-
spring behavioural problems among obese women and
antenatal anxiety. Women with better adherence to diet
quality were older, were well-educated and did more
physical activity. There was also a higher adherence to
maternal diet quality among higher-income and urban
residents.

A significantly higher proportion of total behavioural
problems was found among low birth weight, premature
and overweight/obese children. Boys were more likely
to experience behavioural problems. Behavioural prob-
lems were also more likely to present in children with
greater consumption of fats and sugar-sweetened bever-
ages, and lower consumption of fruit and vegetable (online
Supplementary Table 4).

Table 2 presents the mediating role of childhood diets in
the association between pre-pregnancy diet quality and
childhood behavioural problems. Overall, poor maternal
diet quality before pregnancy had significant natural direct
and total causal effects on offspring behavioural problems.
The natural direct effects were stronger than natural indi-
rect effects. The total causal effect of the preconception
diet quality that was mediated was 2% and 8 % through
childhood consumptions of prudent diets and dairy,
respectively.

Interestingly, childhood dietary pattern characterised by
high consumptions of fats and sugar had a significant natu-
ral indirect (mediated) effect in the relationship between
poor maternal diet quality and childhood behavioural
problems. The proportion of the total effect of lower adher-
ence to the preconception diet quality on the risk of
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childhood behavioural problems (OR=1-83, 95% CI:
120, 2-78) that was mediated through childhood ‘high fats
and sugar’consumptions (per 1-sb increase) was 20 % after
adjustment for baseline maternal confounders, prenatal
and childhood factors. For each model, a consistent medi-
ated effect of childhood dietary pattern of ‘high fats and
sugar’ was observed in the relationship between precon-
ception diet quality and childhood behavioural problems
at P < 0-006. However, no significant mediated effects were
found for the childhood ‘prudent diets and dairy’ patterns.

From the data in Supplementary Table 5, the HEI-2015
score was quite stable from preconception to during preg-
nancy at P < 0-0001. Although a slight mean increment by
1.0 point in the HEI-2015 score was observed from precon-
ception to during pregnancy, there were no statistically
significant mean changes observed at the two time points
(P=0-06).

Discussion

The current study set out with the aim of quantifying the
mediating role of childhood diets in the association
between maternal diet quality prior to pregnancy and child-
hood behavioural disorders. We found that a significant
proportion of the total effect of pre-pregnancy diet quality
on the risk of offspring behavioural disorders was mediated
through childhood high consumptions of fats and sugar.
Childhood diet comprising high consumptions of fats
and sugar explained 20 % of the total effect of the poor
adherence to preconception diet quality on the risk of off-
spring behavioural problems after adjustment for baseline
maternal confounders, prenatal and childhood factors. No
clear mediated effects were found through the childhood
diet patterns labelled ‘prudent diet’ and ‘diary’.

To our knowledge, this is the first study to use a causal
inference framework to examine the extent to which child-
hood diets contribute to the association between pre-preg-
nancy diets and the risk of childhood behavioural
problems. Our previous study has shown the direct effects
of preconception diet quality on the risk of childhood
behavioural disorders®. However, the observed effect esti-
mate was attenuated by childhood diets and suggesting that
childhood diets might have a mediating role in the associ-
ation between pre-pregnancy diets and offspring behav-
iours. No studies formally distinguished childhood diets
as a distinct mediator or covariate in the association
between preconception diets and offspring behaviours.
Several reports showed an association between children’s
dietary patterns and behavioural disorders, particularly
attention-deficit hyperactivity disorder™>474® 1In the cur-
rent study, children’s dietary pattern, especially high intake
of fats and sugar, was also strongly associated with
increased risk of behavioural problems. This may be
explained by the fact that high fats and sugar consumptions
have a substantial contribution to developing risk of
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Table 1 Maternal characteristics according to childhood behavioural problems aged 5-12 years and pre-pregnancy HEI-2015 score (n 1448)*
Total behavioural problems Pre-pregnancy HEI-2015 score
Baseline maternal characteristics Yes (n 198) P-valuet Tertile 1 (n 483) Tertile 2 (n 483) Tertile 3 (n 482) P-valuet
% Mean SD % Mean SD % Mean sD % Mean SD
Maternal age (years), mean (sD) 31.8 24 0-15 315 24 314 23 319 25 0-007
Marital status (%) 0-09 0-6
Married 12-9 32 35-4 325
De facto/separated/divorced 11.9 355 31 335
Single 16-8 329 329 34.
Residence (%)t 0-26 0-01
Urban 13 311 336 35-3
Rural/remote 15.2 38-1 326 29-2
Education (%)t < 0-0001 0-001
Up to year 12 or equivalent 22.3 426 30-3 27
Trade/apprenticeship/certificate/diploma 15.2 391 311 29-8
University/higher degree 11.2 29-5 34-6 35-8
Smoking (%)t 0-18 0-004
Never smoked 12-8 32 34-8 33:2
Ex-smoker 132 285 329 385
Current smoker 17.3 42.7 28-1 292
Alcohol intake (%)t 0-28 0-07
Non-drinker 16-4 47-3 32.7 20
Rarely drinker 16-7 355 355 28-9
Low-risk drinker 13-3 32-3 32-6 35-1
Risky drinker 77 28-8 42-3 28-8
Physical activity (%)f 0-58 < 0-0001
Sedentary/low, < 600 MET min/week 144 41.8 32:2 26
Moderate, 600 to 1200 MET min/week 14.5 309 36-7 324
High, > 1200 MET min/week 12.5 275 32 40-2
Pre-pregnancy BMI (%)% 0-001 0-59
Healthy weight, < 25 kg/m? 12.2 34-3 32.7 329
Overweight, 25-30 kg/m? 13-3 29-6 35 354
Obese, > 30 kg/m? 283. 30-6 35-8 336
Total calories intake (kJ/d), mean (sD) 1555 533-6 0-8 1740-9 688-7 1512.04 4877 1385-0 453.7 < 0-0001
Household income (weekly) (%)f 0-009 < 0-0001
<999 $ 17-4 471 28-9 24
1000 $-1499 $ 11.5 35-8 38 26-2
> 1500 $ 11-3 285 335 38
Don’t know/don’t want to answer 20-2 29-8 30-7 395
During pregnancy
Gestational hypertension (%)t 017 0-58
No 13-3 33 335 335
Yes 17-3 372 314 314
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obesity™”, which have been linked with negative neuro-

plasticity changes, including hippocampal dysfunction®”,
oxidative stress and inflammation®?, and subsequently
affect mental health®?. In contrast, Kohlboeck et al. dem-
onstrated that grater adherence to childhood diet quality
was associated with a lower risk of behavioural disor-
ders'®. In a prospective cohort study conducted on
Australian adolescents, Jacka et al also observed a positive
association between the higher score on healthful diets and
better mental health®®.

In the present study, there was a strong association
between preconception diet quality and children’s dietary
patterns. This finding was also reported in a Danish
National Birth Cohort study, Ahrendt et al. showed a pos-
itive association between maternal diet quality and their
offspring’s diet quality®®. Accordingly, a potential associa-
tion between maternal dietary patterns and children’s
dietary intake could exist, eventually affecting later disease
risk in offspring. Maternal dietary patterns before preg-
nancy are more likely to continue such habits during preg-
nancy and postnatally®®, which will to some extent be
reflected in childhood dietary habits, subsequently affect-
ing offspring behaviours. Overall, childhood diet has been
strongly linked with maternal diet and later risk of behav-
ioural disorders. Childhood diet, therefore, may have an
important role in the association between maternal diets
and offspring behaviours.

Although childhood diets, particularly ‘high fats and
sugar’ intake, had a substantial contribution to the total
effect of the pre-pregnancy diets on the risk of childhood
behavioural disorders as a single mediating variable, there
might be other possible causal pathways that most of the
effects are mediated through. The risk of childhood behav-
ioural problems has been influenced by adverse pregnancy
or birth outcomes, including gestational diabetes, hyper-
tension and low birth weight. These variables might also
contribute as mediators as well as intermediate confound-
ers (mediator-outcome confounders affected by exposure)
in the association between maternal diets and offspring
behavioural problems. Further studies should be under-
taken to examine other possible pathways by controlling
intermediate confounders and their importance in explain-
ing these associations.

The major strengths of this study are the nationally rep-
resentative sample, population-based prospective cohort
study, and comprehensive information on maternal and
childhood factors. Another advantage is that our study for-
mally examined a mediation analysis using a counterfactual
approach allowing us to decompose the total effect into
natural direct and indirect effects. A validated FFQ was
used to assess women’s dietary intake, specifically
designed for use in the Australian population. However,
the current study was limited using self-report data on
maternal dietary intake and their offspring’s behavioural
problems, which might have recall and information bias.
There might be residual and intermediate confounders that
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Table 2 Natural direct and indirect effects of the preconception diet quality on the risk of offspring behavioural problems and the proportion

mediated through childhood dietary patterns

OR NDE OR NE ORTE Proportion
A direct effect of poor pre- Mediated Total effects of mediated by

Offspring behavioral conception HEI-2015 score through preconception child diets
problems (lowest v. highest tertile)* 95%CIl  child diets 95%Cl  HEI-2015 score 95 %ClI (%)
Mediator: ‘High fats and

sugar dietary patterns

(per 1-sD increase)
Model 1t 1.62 1.07, 244 110 1.03, 117 1.78 1.18, 2.68 21%
Model 2% 1.67 1.10, 2-54 1.10 1.038, 117 1.83 1.20, 278 20 %
Mediator: ‘Prudent’

dietary pattern (per 1-

sD decrease)
Model 1t 1.77 1.18, 2-66 1.01 0-97, 1.04 1.78 1.18, 2.67 22%
Model 2% 1.82 1.20, 2.76 1.01 0-97, 1.04 1.83 1.21,2.77 21%
Mediator: ‘Dairy’ dietary

pattern (per 1-sb

decrease)
Model 1t 1.70 1.13, 2.56 1.05 0-98, 1-11 1.78 1.19, 2.68 1%
Model 2% 1.77 1.16, 2-69 1.04 0-97,1-10 1.83 1.21,2.78 8%

NDE, natural direct effect; NIE, natural indirect effect; TE, total effect.

Model 1 was adjusted for baseline maternal confounders. Model 2 was adjusted for model 1 and further adjusted for pregnancy complications and childhood characteristics.
*OR for the effect of HEI-2015 score, lowest tertile compared with the highest tertile (reference group). A causal inference framework for mediation analysis was used to
estimate OR and 95 % ClI for total, natural direct and indirect effects. The natural direct and indirect effects were computed by fitting a logistic regression model for the
binary outcome and a linear regression model for the continuous mediator. Total effects are equal to the product of the natural direct and indirect effects. The proportion
mediated was calculated as (ORNPE (ORNE-1)) + (ORNPE x ORNE-1) x 100 % and approximates the extent to which the effect of the exposure (preconception diets) on
the outcome (childhood behavioural problems) is mediated through childhood diets relative to the overall effect of the exposure.

tAdjusted for maternal age, education, smoking and income.

}Adjusted for maternal age, education, smoking, income, gestational diabetes mellitus, hypertensive disorder in pregnancy, antenatal anxiety, preterm birth, low birth weight,

child age, sex and number of siblings.

the study was unable to control for, though we adjusted for
a wide range of maternal and childhood factors.

In conclusion, a childhood diet comprising high con-
sumption of fat and sugar might have an important contri-
bution to the total effect of the pre-pregnancy diets on the
risk of childhood behavioural problems. This study, there-
fore, suggests that better maternal diet quality before preg-
nancy might improve offspring behaviours substantially
through optimising the quality of diets in childhood. Our
findings also highlight the important role of childhood diets
in the association between maternal diets and enhancing
the offspring behaviours. This study, therefore, supports
that maternal and childhood diet quality may be important
modifiable factors to improve childhood behaviours and
quality of life.
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