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Abstract

Purpose: Many studies have reported associations between diet and depression, but few have
used formal diagnoses of mood disorder as the outcome measure. We examined if overall diet
quality was associated cross-sectionally or longitudinally with DSM-1V mood disorders among

an adult cohort.

Methods: Participants from the Australian Childhood Determinants of Adult Health study
were followed up during 2004-06 (n=1974, age: 26-36 years), 2009-11 (n=1480, 31-41 years),
and 2014-19 (n=1191, 36-49 years). Dietary Guidelines Index (DGI) scores were calculated
from food frequency questionnaires at each time-point (higher DGI reflects better diet quality).
DSM-1V mood disorders (dysthymia or depression) during the periods between, and 12 months
prior to each follow-up were determined using the Composite International Diagnostic
Interview. Sex-stratified risk and prevalence ratios (PR) and 95% confidence intervals (Cl)
were estimated using log binomial regression. Covariates included age, self-perceived social
support index score, marital status, parenting status, education, occupation, physical activity,

BMI, and usual sleep duration.

Results: A 10-point higher DGI was cross-sectionally associated with lower prevalence of
mood disorders at the third follow-up only (females: PR=0.73, 95% CI1=0.56,0.95; males:
PR=0.72, 95% CI1=0.53,0.97), but was attenuated after covariate adjustment (females:
PR=0.92, 95% CI1=0.73,1.16; males: PR=0.92, 95% CI1=0.69,1.22). Adjustment for social
support in the final model had attenuated the association for both sexes from 18% reduced

prevalence to 8%. DGI scores were not longitudinally associated with mood disorder risk.

Conclusions: Crude cross-sectional associations between diet quality and mood disorders at
ages 36-49 years were explained by sociodemographic and lifestyle factors, particularly social

support.
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Introduction

Numerous studies have examined associations between diet and mood disorders. Recent
systematic reviews consolidating evidence from both cross-sectional and longitudinal studies
[1,2], and longitudinal studies only [3,4], have reported that better adherence to a healthy
dietary pattern (generally a diet high in minimally processed foods) was associated with lower
risk of depressive symptoms among adults. These reviews primarily focused on studies that
assessed overall diet quality using patterns or dietary indices, rather than individual nutrients.
Composite score methods are now commonly used to assess overall diet as foods and their
different nutritional components may have complex and synergistic effects on the bodily and
microbiotic processes that support good health, including neurobiological functions required

for good mental health [1,5].

The reviews were cautious in their findings and highlighted limitations arising from the
heterogeneity of the outcome measures used (mainly scales of depressive symptoms with few
studies using outcomes determined by diagnostic criteria), and likely bias and residual
confounding [1-4]. Diagnostic mood disorder measures such as structured diagnostic
interviews, provide a standardised measure of the potential impact of the condition on the
individual and are generally considered higher quality measures compared to depression
symptom scales, which can vary in interpretation, have different underlying constructs, and can
limit generalisability of results and evidence consolidation [6,7]. We have identified only two
cohorts that have been used to study the prospective association among adults in the general
population between overall diet and mood disorders, and in both cases the measure was self-

report of physician diagnosis or use of anti-depressant medication [8,9].

The Australian Childhood Determinants of Adult Health (CDAH) study [10] offers a unique
opportunity to explore the relationship between diet and DSM-1V mood disorders determined

via structured diagnostic interviews. Our primary aim was to examine if diet quality was cross-
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sectionally and longitudinally associated with mood disorders in adulthood. Three follow-ups
during young to mid-adulthood allowed examination of the relationship between these
measures over time, during the age range when mental disorders comprise a particularly high
proportion of the non-fatal burden of disease worldwide [11]. We hypothesised that better diet
quality would be associated with a lower risk of mood disorder. Secondary aims were to
explore reverse causality and examine the contribution of dietary components and covariates to

any observed associations.

Methods

Participants

The study sample comprised participants of the CDAH cohort study (Figure 1). In 1985, the
Australian Schools Health and Fitness Survey (ASHFS) was conducted by the Australian
Council for Health, Physical Education and Recreation Inc. to provide a snapshot of the health
and fitness of schoolchildren. A two-stage probability design aimed for a nationally
representative sample of 500 students of each sex at ages 7-15 years to allow estimates from
the physical tests and questionnaire data that would be at least within 10% of the population
means. The school response rate was 90% (109 of the 121 approached schools), and the student

response rate was 68% (N = 8,498 out of 12,578 approached students).

During 2001-02, 6840 ASHFS participants (80%) were traced and invited to participate in the

CDAH study. During 2004-06, 3967 (47%) of the original ASHFS participants took part in the
first follow-up (CDAH-1), with 2410 attending face-to-face study clinics. During 2009-11, the
CDAH-2 follow-up involved 3036 participants (36% of ASHFS) and comprised postal

questionnaires and telephone interviews. In 2014, a pilot study for CDAH-3 was held, followed
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in 2017-19 by CDAH-3, with a total (including pilot participants) of 2074 participants (24% of

ASHFS). At CDAH-3, 1567 participants attended study clinics.

Ethical approval

All procedures contributing to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008. The State Directors General of Education approved the
ASHFS, and signed parental consent was required for all participants. The Southern Tasmanian
Health and Medical Ethics Committee approved the CDAH study protocol, and all participants

gave informed written consent.

Dietary Guidelines Index (DGI)

Dietary data were collected using food frequency questionnaires (FFQ) and food habits
questionnaires (FHQ) based on a validated FFQ designed for Australian populations [12,13].
The FFQ included 127 items at CDAH-1 and was expanded to 128 items at CDAH-2 and 131
items at CDAH-3 to capture commonly consumed foods. The multiple choice FFQ asked
respondents about their average daily, weekly or monthly consumption of food or drink items
during the previous 12 months. For seasonal foods, participants were instructed to estimate
intake frequency when the food was in season. Nine response options were given, ranging from
“Never or less than once a month” to “6+ times per day”. It was assumed one frequency
equalled one serve, and frequencies for each food item were converted into daily servings [14].
For example, if fresh fish was reported as consumed once per week, then the participant was
recorded as consuming a 1/7 serve of fish per day. Usual daily servings of fruits and vegetables

were derived from the FHQ which provided examples of serving sizes, with options ranging
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from “I don’t eat vegetables” or “I don’t eat fruit”, to “6 or more serves”. The FHQ asked
about the usual type of milk consumed (e.g. reduced fat, soy), whether the participant usually

trimmed fat from meat, and the usual type of spread (e.g. polyunsaturated margarine, butter).

Diet quality was calculated at each time-point using al00-point Dietary Guidelines Index
(DGI) that reflected the nutritional recommendations in the 2013 Australian Dietary Guidelines
[15,16]. The DGI has been validated among the CDAH cohort by examining construct validity,
including concurrent criterion validity, and was found to be an appropriate measure of diet
quality [15]. The DGI comprises nine components. Seven components, each worth 10 points,
reflected guidelines for having a varied diet, drinking plenty of water, and achieving minimum
intakes of vegetables, fruit, grains, lean meats or alternatives, and dairy or alternatives. Two
components reflected guidelines to limit intake of discretionary items (processed items high in
saturated fat, added sugars, salt, or alcohol, equal to 20 points), and to replace saturated fat
with unsaturated fat (10 points). Component scores were calculated from usual daily servings
derived from the FFQ and FHQ responses. The DGI scoring matrix is provided in the
supplementary material, Table S1. A higher score on the range 0-100 indicated better diet

quality.

Mood Disorder

The World Health Organization’s Composite International Diagnostic Interview (CIDI-Auto)
[17] was used to determine prevalence of DSM-1V dysthymic disorder and major depressive
disorder (mild, moderate or severe) [18] during the 12 months prior to CDAH-1, and during the
lifetime and the 12 months prior to CDAH-2 and CDAH-3. At CDAH-1 and CDAH-3,
participants completed the CIDI on computers at study clinics. At CDAH-2 the interview was

administered by telephone interviewers trained by the Director of the WHO CIDI Australasian
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Training and Resource Centre, who provided oversight of the CIDI data collection and
application of the scoring syntax. Data included age of first onset of symptoms (for mood
disorders 12-months prior to CDAH-1 and lifetime mood disorder at CDAH-2 and CDAH-3),
and age and recency of the last recurrence. For cross-sectional analyses, participants were
categorised as having or not having a mood disorder during the 12 months prior to follow-up.
For the longitudinal analyses, participants were categorised as either having a mood disorder
(first onset or recurrence), or not having a mood disorder during the follow-up period. To
determine if diet was associated with first onset of mood disorder, a second longitudinal
outcome variable excluded participants who had experienced a prior mood disorder, leaving
only participants who had never had a mood disorder, or had their first mood disorder during
the follow-up period. To examine reverse causality, age of most recent mood disorder from the
CDAH-2 and CDAH-3 lifetime CIDIs was used to categorise participants into three groups:
never had a mood disorder; had a prior mood disorder but not during the previous 12 months,

or; had a mood disorder during the previous 12 months.

Other Covariates

Questionnaires collected data on: age (in years); current smoking status (never, ex-smoker,
smoker); marital status (living as married, not living as married); highest education (university,
vocational, school); and occupational status (manager/professional, non-manual, manual, not in
workforce). Questions on usual duration (hours and minutes) of nightly sleep were only
included at CDAH-2 and CDAH-3. Biological parenting status was defined as have children or
don’t have children. At CDAH-1, biological parenting status was only measured for females
(reporting of live births) but was retrospectively imputed for males using birth dates of children
reported at CDAH-2. At CDAH-2 and CDAH-3 participants were asked how many biological

children they had. At each follow-up, social support was measured using the Henderson Index
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of Perceived Social Support comprising 15 questions (for example, “I seem to have a lot of
friends”, and “I have no-one to lean on in times of trouble”), with answers on a 5-point Likert
scale from strongly agree to strongly disagree [19]. A higher score (range 15-75) indicated
higher self-perceived social support. The validated International Physical Activity
Questionnaire long form measured total weekly minutes of leisure-time physical activity,

which was converted to hours/week for interpretability [20,21].

At CDAH-1 and CDAH-3, BMI (kg/m?) was calculated from height and weight measured at
clinics. A Heine portable digital scale (Heine, Dover, NH, US) was used to measure weight to
the nearest 0.1kg. A Leicester stadiometer (Invicta, Leicester, UK) was used to measure height
to the nearest 0.1cm. BMI categories were defined as non-overweight (BMI < 25), overweight
(25 <BMI < 30), or obese (BMI > 30). At CDAH-2, BMI was calculated from self-reported
height and weight with a correction factor based on discrepancies between self-reported and

measured height and weight of CDAH-1 clinic participants [22].

Statistical analyses

Statistical analyses were undertaken using Stata version 16.1 (StataCorp, College Station,
Texas, 2017). Summary statistics are reported as means and standard deviation (SD) for

continuous variables, and percentages and frequency for categorical variables.

The cross-sectional samples at each time-point included all participants with relevant measures.
The longitudinal samples included participants with baseline DGI and covariate data, and
follow-up mood disorder data. A sensitivity analysis restricted the cross-sectional analyses to
participants with data at all three time-points. For interpretability of results, the cross-sectional
and longitudinal log-binomial regression analyses used DGI scores reduced by a factor of 10 so

that difference in effect was for a 10-point change in DGI. Supplementary analysis used log-
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binomial regression to examine the contribution of each DGI component to the cross-sectional
associations between DGI score and mood disorder prevalence. Each regression adjusted for

the total DGI score minus the component score.

Reverse causality analyses on the CDAH-2 and CDAH-3 cross-sectional samples used linear
regression to examine if having a prior or current mood disorder, compared to never having a
mood disorder, was associated with the outcome of DGI score. Transformations (e.g.
logarithmic) of the DGI were used to remove skewness. The reverse causality analysis was not
performed on the CDAH-1 sample as only 12-month, rather than lifetime mood disorders, had

been measured.

Analyses were stratified by sex due to an interaction between DGI and sex at CDAH-1 (p =
0.070). Participants were excluded if they were missing covariate measures used in the final
models or if they were pregnant (as their FFQ responses may not reflect usual diet). To
mitigate bias from loss-to-follow-up, we applied an approach motivated by Seaman et al. [23].
Multiple imputation was used, where necessary, to complete the 1985 ASHFS data for missing
data on variables that predicted loss-to-follow-up: sex and baseline BMI, smoking status, area-
level socioeconomic status (SES), school type (government, Catholic, independent), academic
performance, and if breakfast was usually eaten. These variables and collection methods are
described in detail elsewhere [24]. Inverse probability weighting with weights based on the
probability of participating in the follow-up using these variables, was then applied to the

regression analyses.

Purposeful model building techniques used covariates plausibly associated causally with the
outcome and that changed the coefficient of the principal study factor by at least 10% [25].
Model 1 adjusted for age in the cross-sectional and reverse causality analyses, and for age and
time between follow-ups (follow-up age in years minus age at baseline) for the longitudinal

analyses. The longitudinal analyses that included all mood disorders (first onset or recurrence)
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was additionally adjusted for mood disorder during the 12 months prior to baseline. Fully
adjusted models were built separately for males and females. Covariates considered for
adjustment were smoking status, marital status, education, occupation; usual nightly sleep
hours, parental status, leisure-time physical activity, and BMI. Total daily energy intake was
not calculated as the FFQ measured usual frequency of consumption, not quantities. The
inflammatory effects of obesity plausibly places BMI on the pathway between diet quality and
mood disorders [26] so it was not used in the model building process where mood disorder was
the outcome due to the risk of over-adjustment bias [27], but was added separately in an

additional model.

Due to the strong effect of social support in the regression models, we examined the
relationship between social support and DGI (using linear regression), and social support and
mood disorders (using log binomial regression). The Henderson Index of Perceived Social
Support was determined to have good internal consistency by calculating Cronbach's

coefficient o [28], with 0=0.86 at CDAH-1, and a=0.87 at both CDAH-2 and CDAH-3.

Results

The number of participants at each follow-up, participant exclusions, and final samples for
analysis are detailed in Figure 1. Participants were missing dietary data if they did not
complete the questionnaires or were missing responses to more than 10% of the FFQ items or
key questions in the FHQ. Following exclusions for pregnancy and missing dietary and
covariate data, the final samples for the cross-sectional analyses were: 1,974 CDAH-1
participants, 1,480 CDAH-2 participants, and 1,191 participants at CDAH-3. There were 1,057
participants with data for the CDAH-1 to CDAH-2 longitudinal analyses, and 785 participants

for the CDAH-2 to CDAH-3 analyses.
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Participant characteristics at each time-point are shown in Table 1. Compared to males, at each
follow-up females had higher mean DGI and social support scores, lower mean hours of
physical activity, lower percentages classified as overweight/obese or smokers, and a higher
percentage with university education. Among both sexes, at CDAH-2 and CDAH-3 the
percentage of participants who were overweight/obese, living as married, had biological
children, and who were university educated was higher than the previous follow-up, while the

percentage of smokers was lower.

Results of the cross-sectional analyses of mood disorder and DGI are shown in Table 2.
Females had higher prevalence of mood disorders at each time-point (CDAH-1: 11%; CDAH-
2: 9%; CDAH-3: 11%) compared to males (CDAH-1: 6%; CDAH-2: 7%; CDAH-3: 7%).
Adjusting for social support had the largest effect on the estimated coefficient of the DGI at
each time-point and therefore the results are presented without (Model 2) and with (Model 3)
adjustment for social support. A 10-point higher DGI score was cross-sectionally associated
with lower prevalence of mood disorders among females at all three time-points but was only
statistically significant in Model 1 at CDAH-3 (PR=0.73, 95% CI: 0.56, 0.95). The association
was attenuated after covariate adjustment in Model 2 (PR=0.82, 95% CI: 0.65, 1.05), and
reduced further with inclusion of social support in Model 3 (PR=0.92, 95% CI: 0.73, 1.16).
Among males, better diet quality was associated with higher prevalence of mood disorder at
CDAH-1 but not CDAH-2, and neither association was statistically significant. At CDAH-3,
better diet quality was associated with a statistically significant lower prevalence of mood
disorder among males in Model 1 (PR=0.72, 95% CI: 0.53, 0.97), but this was attenuated in
Model 2 (PR=0.82, 95% CI: 0.61, 1.09) and Model 3 (PR=0.92, 95% CI: 0.69, 1.22). Further
adjustment for BMI in Model 4 had little effect on the prevalence estimates for either sex (e.g.
at CDAH-3: female PR=0.92, 95% CI: 0.75, 1.13; male PR=0.94, 95% CI: 0.69, 1.27). A

complete-case sensitivity analysis among participants with data at all three time-points.
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reduced the samples to 288 females and 214 males and there were no significant results,
although associations remained broadly in the same directions (supplementary material Table

S2).

Longitudinal analysis results are shown in Table 3. The mean (SD) follow-up intervals were
5.0 (0.3) years CDAH-1 to CDAH-2, and 7.5 (1.2) years CDAH-2 to CDAH-3. During each
follow-up period, the percentage of females who had first or recurrent mood disorder (CDAH-1
to CDAH-2: 19%, CDAH-2 to CDAH-3: 17%) was higher than males (CDAH-1 to CDAH-2:
13%, CDAH-2 to CDAH-3: 12%). There was no longitudinal effect of DGI score among either
sex when including both first or recurrent mood disorders during follow-up, or when
examining first onset of mood disorder only. A higher DGI score at CDAH-2 was associated
with an increased risk of first mood disorder between the CDAH-2 to CDAH-3 follow-ups
among females in Model 1 (RR=1.25, 95% ClI: 0.75, 2.06) and males in Model 3 (RR=1.26,
95% CI: 0.83, 1.91), but were not statistically significant and there was no association among
females after covariate adjustment. Adjustment for social support in the longitudinal models
did not have a similar strength of effect to that observed in the cross-sectional analyses, so

separate models with and without social support are not presented.

Reverse causality analysis results are shown in Table 4. For both sexes at CDAH-2 and
CDAH-3, the estimated DGI of participants with prior mood disorder but no symptoms within
the past 12 months was not significantly different from participants who reported never having
a mood disorder. Among both sexes at CDAH-3 a mood disorder within the past 12 months
was significantly associated with a lower DGI score in Model 1 (females: f=-4.18, 95% CI: -
7.76, -0.60; males p=-4.42, 95% CI: -8.26, -0.57), but the associations were attenuated in

Model 2 (females: p=-0.93, 95% CI: -4.23, 2.36; males p=-1.31, 95% ClI: -4.97, 2.35).

Supplementary analyses examined the contribution of individual DGI components to the

CDAMH-3 statistically significant cross-sectional association between total DGI score and mood
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disorder prevalence (Table S3). After adjustment for age and total DGI score minus the
component score, among females, lower mood disorder prevalence was associated with higher
scores on the dietary variety, vegetables, fruit, grain, dairy and water components, but was only
statistically significant for vegetable and grains. Among males, lower mood disorder
prevalence was associated with higher scores on the variety, vegetable, fruit, protein, and water
components, but was only statistically significant for protein. The associations were attenuated
after further covariate adjustment but mainly remained in the same direction or reduced to null

association.

In univariable linear regression analyses for each time-point, the relationship between social
support and DGI was weakly positive (e.g. a one-point higher social support score was
associated with a 0.28 higher DGI score among females at CDAH-3) (supplementary material
Table S4). All results were significant (p < 0.05) except among males at CDAH-2. There was
an inverse relationship between higher social support and mood disorder. A one-point higher
social support score was associated with at least 7% lower prevalence of mood disorder among

both sexes at all three time-points and was significant (p < 0.05) in all analyses.

Discussion

Diet quality was not longitudinally associated with risk of DSM-IV mood disorders among our
cohort of young- to mid-adulthood participants, and there was no evidence of reverse causality.
Significant cross-sectional associations between better diet quality and lower prevalence of
mood disorder among both sexes in mid-adulthood were attenuated after covariate adjustment.
The Henderson Index of Perceived Social Support score was noted as having the largest

covariate effect on the cross-sectional regression coefficient at each time-point. For example,
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adding social support in Model 3 at CDAH-3 attenuated the association for both sexes by 56%,

from 18% reduced prevalence to 8%.

To our knowledge, only a few longitudinal studies among adults have examined overall diet
quality in relation to mood disorder outcomes that met diagnostic criteria, and none have used
mood disorder outcomes from structured diagnostic interviews. Therefore, it is difficult to say
whether our null results are consistent with the existing literature. Several previous studies
have used self-report of physician diagnosis of mood disorders. Prospective studies from the
Seguimiento Universidad de Navarra cohort of Spanish university graduates reported
associations between healthier dietary patterns and lower risk of depressive disorder over the
eight-year follow-up, measured by self-report of physician diagnosis and anti-depressant use
and validated with clinical interviews among a sub-sample [29-31]. In contrast, a 2013 study
from the United States, the Nurses’ Health Study, reported that there was no prospective
association during the 12-year follow-up among middle-aged and older women between
healthier dietary intake and self-reported clinical diagnosis of depression or use of anti-
depressants [9]. A 2018 meta-analysis (including studies of individual foods (e.g. fish) and one
study among adolescents), found that although better diet quality may be associated with lower
risk of depressive symptoms, results were weaker and non-significant for studies that used a
formal diagnosis as the outcome or controlled for depressive symptoms at baseline [3].
Previous research has also highlighted the importance of controlling for time-varying
covariates [3,32]. The mediation of current circumstance on mood disorders is consistent with

stronger results reported from cross-sectional studies [2,4].

In the reverse causality analysis, at CDAH-3 only, associations between current mood disorder
and lower DGI scores was attenuated after covariate adjustment. Participants with a prior (not
within past 12 months) mood disorder did not have significantly different diet quality scores

from those who had never had a mood disorder. There is limited and inconsistent evidence of
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reverse causality in existing literature. For example, a 2015 study reported that prior and
treated mood disorders were associated with better diet quality [33], whereas a 2020 study
reported that participants with mood disorders prior to (but not at) baseline had lower diet
quality at follow-up [34]. A bidirectional relationship is possible. Previous CDAH studies have
reported bidirectional associations from CDAH-1 to CDAH-2 between mood disorders and
healthy lifestyle scores [35], and mood disorders and a time-of-day eating pattern characterised

by skipped or delayed breakfast [36].

Female participants had markers of healthier lifestyles (e.g. lower BMI, higher DGI, lower
smoking rates) compared to males, but higher prevalence of mood disorders. The higher mood
disorder prevalence among women is consistent with numerous studies and may arise from
social factors, biological and hormonal influences, and women being more likely to remember
and report more extreme negative or positive affect than men, therefore reaching diagnostic
criteria [37]. The direction of the cross-sectional relationship between better diet quality and
lower prevalence of recent mood disorder among females at all three follow-ups was in line

with our hypothesis, as was the association among males at CDAH-3.

Supplementary analysis indicated that the DGI components that contributed to the overall DGI-
mood disorder association at CDAH-3 were those that promote good health (quality and
minimum intakes of foods from the core food groups, water, and dietary variety), rather than
components that measured limiting of discretionary foods and saturated fats. However, these
effects were lessened after covariate adjustment. Higher intake of healthy foods and dietary
variety rather than unhealthy food intake, appear to underpin the crude relationship between
better overall diet and lower mood disorder prevalence, but the apparent effects of these core

food groups were largely explained by sociodemographic and lifestyle factors.

Social support was cross-sectionally associated with DGI score (positively) and mood disorder
(inversely) and may be an important confounder or mediator not commonly accounted for in
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diet-mood disorder studies. Few studies in recent decades have taken into account dimensions
of support other than marital status, such as living alone [38,39], friendship quality, support
scales, or social activity [35,40-43]. Moreover, various dimensions of social support may play
different roles at different life stages or according to gender or cultural context. For example,
dietary related social support such as level of encouragement to eat healthily from family and
friends, has been effective in improving success of nutritional interventions or dietary behavior
change [44]. There may also be a synergistic effect of self-efficacy and social support for
improving and maintaining better diet quality [45]. Women may have better internalised
strategies for healthy eating compared to men [46], but also be more susceptible to mood
disorders in the face of low social support [47]. These factors highlight that social support

could be an important variable to consider in future research on diet and mood disorders.

A limitation of this study includes the non-quantitative FFQ, which may have introduced error
as guidance on serve sizes was only given for fruit and vegetables. However, this type of FFQ
has been found to be a valid method of data collection [13] and the assumption that one
reported frequency of an item is equal to one serve has been used for validated diet quality
measures [14,15]. The non-quantitative FFQ also prevented total energy intake calculation, but
the main determinants of energy intake were accounted for by using the sex-specific scoring
for the DG, stratifying analyses by sex, considering physical activity as a potential
confounder, and adjusting for BMI. Another limitation is that the participant samples in the
primary analyses were different at each follow-up as the number of participants who completed
three follow-ups was low. The longitudinal analyses examining first onset mood disorders and
the complete-case sensitivity analyses involve particularly small samples and low statistical
power. The different methods of data collection at CDAH-2 (postal/online surveys and
telephone CIDI interviews) compared to collection of data at clinics may have introduced bias

and could account for smaller effects observed in the CDAH-2 results. These factors limit
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interpretation of the influence of life stage. There was also large loss-to-follow-up from the
original nationally representative ASHFS sample, which was greater for males and those with
markers of lower childhood SES and poorer dietary habits (overweight/obese and less likely to
eat breakfast before school). There is evidence that factors such as low childhood SES and poor
childhood dietary practices are related to greater risk of adult mood disorder [48] and lower
adult diet quality [49,50], which means that participants with these characteristics may be
under-represented in our sample. Loss-to-follow-up was mitigated by inverse probability
weighting in the regression analyses, but caution should be taken in generalising the results to

other populations.

Strengths of the study include: longitudinal and reverse causality analyses to examine direction
of associations and effects over time; accounting for prior mood in the longitudinal analyses;
the range of covariate measures, and; using DSM-IV diagnoses of mood disorder. Although
CIDI validation studies have indicated that there may some mis-identification of cases,
primarily due to under-diagnosis [51], the CIDI is regarded as the ‘gold standard’ for
epidemiological studies and suitable for retrospective measurement of mental disorders [52].
The use of the structured diagnostic interview and DSM-1V criteria is important as they
identify outcomes that are likely to be more clinically relevant and impact on the participant’s
everyday life than non-standardised measures of depressive symptoms. The influence of
covariates and potential confounders were carefully considered. Purposeful model building
highlighted that the covariates included in the regression models differed by sex and life stage.
For example, educational attainment and marital status had insufficient effect on the
coefficients to be included in the final models at CDAH-1 but were important at CDAH-2 and

CDAH-3.

In summary, among our young- to mid-adulthood cohort, we found no evidence to support the

hypothesis that diet quality had an independent effect on mood disorders. Significant cross-
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sectional associations observed between diet quality and mood among participants in mid-
adulthood were explained by demographic, lifestyle, and psycho-social factors, particularly the

level of self-perceived social support.
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Table 1 Characteristics of the Childhood Determinants of Adult Health (CDAH) study participants at follow-ups: CDAH-1 (2004-06), CDAH-2 (2009-11), and

CDAH-3 (2014-19)

Females Males
CDAH-1 CDAH-2 CDAH-3 CDAH-1 CDAH-2 CDAH-3
% or % or % or % or % or % or
n mean(SD) n mean(SD) n mean(SD) n mean(SD) n mean(SD) n mean(SD)

Age (years) 991 31.4(2.6) 955 36.4(2.6) 655 43.9(2.9) 983 31.6(2.6) 525 36.8(2.6) 536 44(2.8)
Social Support Index? 991 62.2(7.4) 955 61.9(7.9) 655 63.1(7.9) 983 61.7(7.6) 525 60.6(8.2) 536 61.0(8.3)
Dietary Guidelines Index® 991 58.3(11.0) 955 59.3(10.9) 655 58.4(11.2) 983 51.6(11.0) 525 53.9(11.3) 536 52.8(11.3)
Leisure-time Physical Activity 991 2.6(3.0) 897 2.8(3.0) 655 3.1(3.6) 901 2.9(3.6) 525 2.9(3.4) 536 3.3(3.6)
Usual sleep hours® - - 947 7.5(1.0) 655 7.1(1.0) - - 525 7.2(1.0) 536 6.9(1.0)
BMI Category

Non-overweight (BMI < 25) 617 62.3 562 58.9 299 45.7 379 38.6 198 37.7 171 31.9

Overweight (25 < BMI < 30) 232 234 230 24.1 203 31.0 444 45.2 243 46.3 237 44.2

Obese (BMI = 30) 142 143 163 17.1 153 234 160 16.3 84 16.0 128 23.9
Smoking

Never 558 56.3 555 58.2 416 63.5 561 57.1 331 63.1 346 64.6

Ex-Smoker 229 231 279 29.3 190 29.0 179 18.2 113 21.5 130 24.3

Smoker 204 20.6 120 12.6 49 7.5 243 24.7 81 15.4 60 11.2
Marital Status

Not living as married 318 321 181 19.0 126 19.2 313 31.8 81 15.4 83 155

Living as married 673 679 774 81.1 529 80.8 670 68.2 444 84.6 453 84.5
Have Children

No 449 48.2 253 26.9 118 18.0 442 60.8 174 33.1 88 16.5

Yes 483 51.8 686 73.1 537 82.0 285 39.2 351 66.9 445 83.5
Highest Education

University 482 48.6 500 52.4 384 58.6 376 38.4 252 48.0 283 52.8

Vocational 246 24.8 251 26.3 193 29.5 355 36.2 186 35.4 184 34.3

School 263 26.5 204 214 78 11.9 249 254 87 16.6 69 12.9
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Occupation

Manager/Professional 514 51.9 484 50.7 385 58.8 567 58.5 366 69.7
Non-manual 265 26.7 238 249 166 25.3 74 7.6 30 5.7
Manual 42 4.2 53 5.6 22 34 298 30.8 112 213
Not in workforce 170 17.2 180 18.9 82 125 30 3.1 17 3.2

388
32
96
20

72.4
6.0
17.9
3.7

SD: standard deviation; BMI: body mass index = (weight (kg))/(height (m))?

2Henderson Index of Perceived Social Support: range 15-75. A higher score indicates higher self-perceived social support
bDietary Guidelines Index: range 0-100. A higher score indicates better diet quality

¢Usual nightly sleep hours were not measured at CDAH-1
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Table 2 Prevalence ratios of mood disorder within 12 months prior to follow-up for a 10-point higher Dietary Guidelines Index score among participants at
Childhood Determinants of Adult Health (CDAH) study follow-ups at CDAH-1 (2004-06), CDAH-2 (2009-11), and CDAH-3 (2014-19)

% with Model 1° Model 2° Model 3¢ Model 4¢
mood
disorder (n/N) PRe  (95% Cl) PR (95% Cl) PR (95% Cl) PR (95% Cl)
CDAH-1
Females 11.4 (113/991) 0.84 (0.70,1.00) 0.92 (0.76,1.12) 0.96 (0.80,1.16) 0.95 (0.77,1.16)
Males 6.1 (60/983) 1.04 (0.80, 1.36) 1.06 (0.82,1.38) 1.21 (0.98, 1.49) 1.21 (0.99, 1.49)
CDAH-2
Females 9.1 (87/955) 0.90 (0.73,1.11) 0.90 (0.75,1.09) 0.92 (0.78,1.08) 0.89 (0.76, 1.06)
Males 6.7 (35/525) 0.99 (0.79, 1.24) 1.01 (0.77,1.31) 0.98 (0.74,1.32) 0.98 (0.72,1.33)
CDAH-3
Females 11.3 (74/655) 0.73 (0.56,0.95)* 0.82 (0.65,1.05) 0.92 (0.73,1.16) 0.92 (0.75,1.13)
Males 7.3 (39/536) 0.72 (0.53,0.97)* 0.82 (0.61,1.09) 0.92 (0.69,1.22) 0.94 (0.69,1.27)
*p <0.05

PR: prevalence ratio; Cl: confidence interval

2Model 1: adjusted for age

®Model 2: CDAH-1: females adjusted for age, smoking status, occupation, leisure-time physical activity; males adjusted for age, smoking status

CDAH-2: females adjusted for age, occupation, education, marital status; males adjusted for age, occupation, education, marital status, smoking status,
parental status, sleep hours, and leisure-time physical activity

CDAH-3: females adjusted for age, occupation, education, marital status, smoking status, parental status, sleep hours, and leisure-time physical activity;
males adjusted for age, occupation, education, marital status, smoking status, sleep hours, and leisure-time physical activity

“Model 3: as per Model 2, plus Social Support

4 Model 4: as per Model 3, plus BMI.

¢The PR value is for a 10-point higher Dietary Guidelines Index (DGI) score (range 0-100). A higher DGI score indicates better diet quality
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Table 3 Relative risk of mood disorder during follow-up, for a 10-point higher Dietary Guidelines Index score at baseline among participants of the Childhood
Determinants of Adult Health (CDAH) study follow-ups CDAH-1 (2004-06) to CDAH-2 (2009-11), and CDAH-2 to CDAH-3 (2014-19)

% with mood Model 1° Model 2° Model 3¢

disorder (/) RRY (95% Cl) RR  (95% Cl) RR  (95% Cl)

Any mood disorder during follow-up (first onset or recurrence)

CDAH-1 to CDAH-2

Females 19.1 (115/603) 1.03 (0.86,1.24) 1.07 (0.90, 1.28) 1.07 (0.88, 1.30)
Males 13.2  (60/454) 1.06 (0.91,1.23) 1.06 (0.87,1.28) 1.08 (0.97, 1.20)
CDAH-2 to CDAH-3

Females 17.2 (81/471) 1.08 (0.87,1.33) 1.08 (0.90, 1.29) 1.04 (0.85,1.28)
Males 12.1 (38/314) 1.09 (0.79, 1.49) 1.15 (0.85, 1.56) 1.12 (0.83,1.51)

First onset mood disorder only®
CDAH-1 to CDAH-2

Females 9.1 (43/474) 0.86 (0.62,1.19) 0.96 (0.66, 1.40) 0.95 (0.64,1.41)
Males 4.6 (18/390) 1.01 (0.69, 1.48) 0.91 (0.63,1.32) 0.91 (0.64,1.30)
CDAH-2 to CDAH-3

Females 4.4 (17/384) 1.25 (0.75, 2.06) 1.05 (0.71, 1.55) 0.98 (0.60, 1.62)
Males 5.6 (16/284) 1.07 (0.76,1.51) 1.17 (0.80, 1.70) 1.26 (0.83,1.91)

RR: risk ratio; Cl: confidence interval

2Model 1: adjusted for baseline age and time between follow-ups. Analyses for “First onset or recurrent mood disorder” were also adjusted for experience
of mood disorder during 12 months prior to baseline at CDAH-1 or CDAH-2

®Model 2: as per Model 1 plus additional adjustment for covariates as follows:

First onset or recurrent mood disorder: CDAH-1 to CDAH-2 females: smoking status, parental status, education, social support; CDAH-1 to CDAH-2 males:
marital status, occupation, education, social support; CDAH-2 to CDAH-3 females: marital status, smoking status, occupation, usual sleep hours, leisure-time
physical activity; CDAH-2 to CDAH-3 males: occupation, leisure-time physical activity, social support

First onset mood disorder only: CDAH-1 to CDAH-2 females: smoking status, parental status, marital status, occupation, education, leisure-time physical
activity, social support; CDAH-1 to CDAH-2 males: parenting status, education; CDAH-2 to CDAH-3 females: smoking status, parental status, marital status,
occupation, education, leisure-time physical activity, social support, usual sleep hours; CDAH-2 to CDAH-3 males: smoking status, parenting status

¢ Model 3: as per Model 2, plus BMI
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4 The RR value is for a 10-point higher Dietary Guidelines Index (DGI) score (range 0-100). A higher DGl score indicates better diet quality
€ The analyses examining risk of “First onset mood disorder only” excluded participants who reported experiencing a mood disorder prior to baseline at
CDAH-1 or CDAH-2 as relevant
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Table 4 Linear regression of Dietary Guidelines Index score on mood disorder status at CDAH-2 (2009-11) and CDAH-3 (2014-19)

Model 1° Model 2°
% (n/N) B (95% Cl) B (95% Cl)

CDAH-2
Females

Never had mood disorder 68.4 (653/955) Reference Reference

Mood disorder > 12 months previous 22.5 (215/955) 0.05 (-1.74,1.83) 0.33 (-1.43,2.09)

Mood disorder £ 12 months previous 9.1 (87/955) -1.37 (-4.11, 1.37) -0.76 (-3.61, 2.10)
Males

Never had mood disorder 80.0 (420/525) Reference Reference

Mood disorder > 12 months previous 13.3 (70/525) 1.28 (-2.09, 4.65) 1.47 (-1.57,4.50)

Mood disorder < 12 months previous 6.7 (35/525) 0.21 (-3.08, 3.49) 0.45 (-3.20,4.10)
CDAH-3
Females

Never had mood disorder 68.1 (446/655) Reference Reference

Mood disorder > 12 months previous 20.6 (135/655) 0.09 (-2.20,2.37) 1.45 (-0.94, 3.84)

Mood disorder < 12 months previous 11.3 (74/655) -4.18 (-7.76, -0.60)* -0.93 (-4.23, 2.36)
Males

Never had mood disorder 79.1 (421/536) Reference Reference

Mood disorder > 12 months previous 14.3 (76/536) 0.19 (-2.64,3.02) 0.76 (-1.96, 3.49)

Mood disorder < 12 months previous 7.3 (39/536) -4.42 (-8.26,-0.57)* -1.31 (-4.97, 2.35)

*p < 0.05

CDAH: Childhood Determinants of Adult Health study; Cl: confidence interval; B: The estimated change in DGI score (range 0-100) among those with
previous or 12-month current mood disorder compared to participants with no reported mood disorder

2Model 1: adjusted for age

® Model 2 CDAH-2: females adjusted for age, social support occupation, education, marital status, and BMI; males adjusted for age, social support,
occupation, education, marital status, smoking status, parental status, sleep hours, leisure-time physical activity, and BMI

CDAH-3: females adjusted for age, social support, occupation, education, marital status, smoking status, parental status, sleep hours, and leisure-time
physical activity, and BMI; males adjusted for age, social support, occupation, education, marital status, smoking status, sleep hours, leisure-time physical
activity, and BMI
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Table S1 Dietary Guidelines Index scoring matrix for men and women aged 19-50 years based on the 2013 Australian Dietary Guidelines

Dietary Guideline Indicator and Description Max Criteria for maximum score Criteria for
score minimum score
Men Women
Adequate intake
1. Variety of nutritious 1. Intake of foods from each of the five core food 10 Two points for a serving from each 0 servings from
foods. groups of the five core food groups. <1 any of the core
serving receives appropriate food groups
proportion of the 2 points.
2. Vegetables, including 2. Servings of vegetables per day including 10 26 25 0 servings
legumes/beans. legumes/beans, excluding fried potato.
3. Fruit. 3. Servings of fruit per day (max 125ml 100% fruit 10 22 22 0 servings
juice, one serving of dried/sweetened fruit)
4. Grain (cereal) foods, 4a. Servings of breads and cereals per day. 5 26 26 0 servings
mostly wholegrain and/or
high fibre. 4b. Servings of wholegrains as a proportion of 5 100% 100% 0%
total grains.?
5. Protein foods. Lean meat  5a. Servings of meats or alternatives per day 5 23 22.5 0 servings
and poultry, fish, eggs, tofu,
nuts and seeds. and 5b. Proportion of lean meats/ alternatives to total 5 100% 100% 0%
legumes/beans. meat and alternatives
6. Dairy or alternatives. 6a. Servings per day of total dairy or alternatives. 5 22.5 22.5 0 servings
Milk, yoghurt, cheese or
alternatives 6b. Proportion of reduced fat dairy or alternatives 5 Skim, low, or reduced fat milk or Whole milk
mostly reduced fat. to total dairy or alternatives alternatives
7. Drink plenty of water 7a. Servings per day of fluids, excluding alcohol. 5 210 28 0 servings
7b. Proportion of water to total fluid intake per 5 >50% >50% 0%

day, excluding alcohol.
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Limit intake

8. Limit intake of saturated
fat, added salt, added
sugars and alcohol.

9. Replace saturated fats
with unsaturated fats

8. Servings per day of alcohol, or foods high in 20 <1.5 <£1.25 Men: >3,
saturated fat, added sugars or salt®. Women: 2.5
Trimming fat from meat 5 Usually Never/
rarely
Type of spread usually used for bread/crackers 5 Spreads low in saturated fat Spreads high in

saturated fats

Total: 100

Reprinted from Nutrition Research, Vol 65, Wilson JE, Blizzard L, Gall SL, Magnussen CG, Oddy WH, Dwyer T, Venn AJ and Smith KJ, An age-and sex-specific
dietary guidelines index is a valid measure of diet quality in an Australian cohort during youth and adulthood, Pages No. 43-53, Copyright (2019), with

permission from Elsevier.

2 Calculated for bread only as other cereal foods in the food frequency questionnaire (e.g. rice, pasta) did not specify wholegrain quality
bServings of discretionary choices are only recommended for active, taller adults, or older children, and therefore, the number of servings for the maximum
score for discretionary items is less than or equal to half the recommended servings for the age group and sex
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Table S2 Prevalence ratios of mood disorder within 12 months prior to follow-up for a 10-point higher Dietary Guidelines Index score among complete-case
participants at Childhood Determinants of Adult Health (CDAH) study follow-ups at CDAH-1 (2004-06), CDAH-2 (2009-11), and CDAH-3 (2014-19)

% with Model 1° Model 2° Model 3¢ Model 4¢
mood
disorder (n/N) PRe  (95% Cl) PR (95% Cl) PR (95% Cl) PR (95% Cl)
CDAH-1
Females 11.5 (33/288) 0.96 (0.65, 1.44) 1.00 (0.67, 1.50) 1.02 (0.70, 1.49) 1.00 (0.65,1.53)
Males 11.2 (24/214) 1.20 (0.66, 2.18) 1.19 (0.67,2.13) 1.31 (0.76, 2.26) 1.35 (0.77,2.36)
CDAH-2
Females 11.1  (32/288) 1.02 (0.68,1.53) 0.99 (0.65,1.51) 1.01 (0.67,1.52) 1.00 (0.67,1.47)
Males 5.6 (12/214) 1.16 (0.88,1.54) 1.14 (0.85,1.52) 1.14 (0.81,1.59) 1.23 (0.83,1.83)
CDAH-3
Females 56 (16/288) 0.88 (0.65, 1.19) 0.96 (0.69,1.33) 1.02 (0.72, 1.45) 1.02 (0.73, 1.44)
Males 6.5 (14/214) 091 (0.68,1.23) 0.97 (0.65,1.44) 1.03 (0.70,1.52) 1.25 (0.78,2.01)
*p <0.05

PR: prevalence ratio; Cl: confidence interval

2Model 1: adjusted for age

® Model 2: CDAH-1: females adjusted for age, smoking status, occupation, leisure-time physical activity; males adjusted for age, smoking status

CDAH-2: females adjusted for age, occupation, education, marital status; males adjusted for age, occupation, education, marital status, smoking status,
parental status, sleep hours, and leisure-time physical activity

CDAH-3: females adjusted for age, occupation, education, marital status, smoking status, parental status, sleep hours, and leisure-time physical activity;
males adjusted for age, occupation, education, marital status, smoking status, sleep hours, and leisure-time physical activity

“Model 3: as per Model 2, plus Social Support

4 Model 4: as per Model 3, plus BMI

¢The PR value is for a 10-point higher Dietary Guidelines Index (DGI) score (range 0-100). A higher DGI score indicates better diet quality
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Table S3 Prevalence ratios of mood disorder within 12 months prior to follow-up by a 1-point higher Dietary Guideline Index (DGI) component score,
estimated by log-binomial regression at the third Childhood Determinants of Adult Health (CDAH-3) study in 2014-19

Model 12 Model 2° Model 3°
Sex and DGI component PRY (95% Cl) PR (95% CI) PR (95% Cl)
Females
Variety 0.87 (0.74,1.01) 0.95 (0.82,1.11) 0.96 (0.82,1.12)
Vegetables 0.87 (0.78,0.98)* 0.92 (0.84,1.01) 0.92 (0.83,1.01)
Fruit 0.94 (0.87,1.01) 0.98 (0.92,1.06) 0.99 (0.92,1.06)
Grain 0.86 (0.78,0.96)* 0.90 (0.80, 1.02) 0.91 (0.80,1.03)
Protein 1.02 (0.82,1.26) 1.12 (0.90, 1.40) 0.99 (0.91,1.07)
Dairy or alternatives 0.96 (0.87,1.05) 0.99 (0.89, 1.09) 1.10 (0.91,1.33)
Water 0.96 (0.87,1.07) 0.99 (0.88,1.12) 0.99 (0.88,1.10)
Limit discretionary foods 1.00 (0.97,1.04) 1.02 (0.98, 1.05) 1.02 (0.99, 1.05)
Limit saturated fat 0.98 (0.92,1.05) 0.97 (0.90, 1.04) 0.96 (0.89,1.03)
Males
Variety 0.92 (0.73,1.17) 1.00 (0.77,1.31) 1.02 (0.77,1.35)
Vegetables 0.81 (0.64,1.03) 0.84 (0.67,1.06) 0.84 (0.66,1.07)
Fruit 0.93 (0.84,1.03) 0.93 (0.82,1.06) 0.94 (0.83,1.08)
Grain 1.03 (0.89, 1.20) 0.99 (0.85,1.15) 1.02 (0.86, 1.20)
Protein 0.76 (0.60,0.95)* 0.83 (0.65, 1.06) 0.84 (0.65,1.10)
Dairy or alternatives 1.03 (0.92,1.14) 1.09 (0.97,1.23) 1.09 (0.97,1.22)
Water 0.88 (0.77,1.00) 0.96 (0.82,1.12) 0.96 (0.83,1.12)
Limit discretionary foods 0.99 (0.94,1.05) 1.02 (0.96, 1.08) 1.01 (0.96, 1.08)
Limit saturated fat 0.99 (0.90, 1.10) 0.99 (0.89, 1.10) 0.99 (0.89,1.09)
*p<0.05

PR: prevalence ratio; Cl: confidence interval

2Model 1: adjusted for age, and total DGI score minus component score

®Model 2: females adjusted for age, total DGI score minus component score, occupation, education, marital status, smoking status, parental status, sleep
hours, leisure-time physical activity, social support; males adjusted for age, total DGI score minus component score, occupation, education, marital status,
smoking status, sleep hours, leisure-time physical activity, social support

¢ Model 3: as per Model 2, plus BMI



4 The PR value is for a 1-point higher component score. All components have possible scores of 0-10 points except “Limit discretionary foods” which has a
possible score of 0-20 points. Discretionary foods include processed items such as cakes and biscuits, packaged snack foods, processed meats, fast-food, and
sugar-sweetened and alcoholic beverages
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Table S4 Univariable cross-sectional regression of the Dietary Guidelines Index score and log-binomial regression of mood disorder on Social Support Index
score at follow-up: CDAH-1 (2004-06), CDAH-2 (2009-11), and CDAH-3 (2014-19)

Outcome Measure?

Dietary Guidelines Index®

Mood disorder

n B° 95%Cl PR®  95% Cl

CDAH-1

Females 991 0.21 (0.12,0.31)* 0.93 (0.92,0.93)*

Males 983 0.14 (0.03,0.25)* 0.92 (0.91,0.94)*
CDAH-2

Females 955 0.15 (0.06,0.24)* 0.93 (0.93,0.94)*

Males 525 0.04 (-0.08,0.16) 0.93 (0.91,0.95)*
CDAH-3

Females 655 0.28 (0.15,0.41)* 0.93 (0.91,0.95)*

Males 536 0.25 (0.13,0.36)* 0.93 (0.91,0.94)*
*p <0.05

CDAH: Childhood Determinants of Adult Health study; PR: prevalence ratio; Cl: confidence interval
2 Predictor variable: Henderson Index of Perceived Social Support: range 15-75. A higher score indicates higher self-perceived social support

® Dietary Guidelines Index: range 0-100. A higher score indicates better diet quality
¢B: change in Dietary Guidelines Index score for every 1-unit of change in the Social Support score
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