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ARTICLE INFO ABSTRACT
Keywords: Background: Consuming a Mediterranean-style diet is associated with lower depression risk. Concurrently, the
Depression ultra-processed food (UPF) dietary pattern is associated with increased depression risk. As dietary patterns shift
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over time, it is important to understand how changes in these dietary patterns relate to psychological distress as
an indicator of depression.

Methods: We used a subset of data from the Melbourne Collaborative Cohort Study (n = 21,718). Dietary intake
was assessed at baseline and follow-up using food frequency questionnaires, from which Mediterranean diet
scores and UPF exposure were derived. Psychological distress at follow-up was measured using the Kessler
Psychological Distress Scale (K10). We assessed change in diet from baseline to follow-up using generalised
estimating equations to account for repeated measures, and associations of change in diet with psychological
distress using Poisson regression. Analyses were conducted in the overall sample and by birthplace (Australian/
New Zealand/Northern European; Southern European).

Results: Participants increased both their adherence to the Mediterranean-style diet (B = 0.28, 95%CI =
0.25-0.31) and exposure to UPFs (§ = 55.20 g/day, 95%CI = 51.71-58.69). Stratification by birthplace showed
similar patterns, except for Southern European participants where no clear change in UPF exposure was observed
(p = —2.38 g/day, 95%CI = -12.35-7.59). One-point increases in Mediterranean diet score between baseline and
follow-up were associated with a 5% lower risk of psychological distress (RR = 0.95, 95%CI = 0.93-0.98), while
increasing UPF by 90 g/day was associated with a 5% higher risk (RR = 1.05, 95%CI = 1.03-1.07).
Conclusions: Adherence to Mediterranean-style diet and UPF exposure increased over time across the overall
sample, although patterns varied by birthplace, and these changes were associated with opposing risks of psy-
chological distress.

1. Introduction people aged 16 to 85 years will experience some form of psychological

distress during their lifetime, and around 16% will experience an af-

Psychological distress and depressive disorders, are among the fective disorder such as depression (Australian Institute of Health and

leading contributors to the global burden of disease (GBD 2019 Mental Welfare, 2025). These conditions place a significant burden on in-
Disorders Collaborators, 2022). In Australia, approximately 43% of dividuals, families, and the health system.
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Over the past decade, habitual dietary patterns have emerged as an
important target for the prevention and treatment of psychological
distress. Adherence to dietary patterns characterised by whole, mini-
mally processed, and plant-based foods, such as the Mediterranean-style
diet, is associated with a reduced risk of psychological distress and
depression (Altun et al., 2019) and a Mediterranean-style diet may serve
as an effective treatment strategy for depression (Firth et al., 2020;
Jacka et al., 2017; O'Neil et al., 2024). However, in Australia, the pre-
dominant dietary pattern is characterised by a high intake of ultra-
processed foods (UPFs) (Machado et al., 2020). This is concerning,
given the association between the UPF dietary pattern and increased risk
of adverse health outcomes, including depression (Lane et al., 2023a;
Mengist et al., 2025). Concurrently, even modest dietary changes are
associated with reduced depression risk. For example, in a study of
Swedish women, each unit increase in adherence to the Mediterranean-
style diet was associated with an approximately 5% reduction in
depression risk (Yin et al., 2021). Therefore, even small shifts toward a
Mediterranean-style diet, could yield meaningful mental health benefits.
Yet an important limitation of prior research is that most studies have
investigated dietary patterns at a single time point (Altun et al., 2019;
Lane et al., 2022a, 2022b; Yin et al., 2021), rather than examining how
changes in dietary patterns over time influence depression outcomes.

Much of the research investigating the role of the Mediterranean-
style diet on health outcomes comes from Mediterranean countries,
where it represents a traditional dietary pattern (Altun et al., 2019).
Studies conducted in non-Mediterranean countries, such as Australia,
have had more variable findings (Allcock et al., 2024; Hodge et al.,
2013). These inconsistencies likely reflect cultural differences, tradi-
tional eating habits, and the broader food environment.

The Melbourne Collaborative Cohort Study (MCCS) offers a unique
opportunity to explore dietary change and a greater range of dietary
patterns, as approximately one-quarter of participants were migrants
from Southern Europe, including Greece, Italy, and Malta, countries
where the Mediterranean-style diet is traditionally followed (Milne
et al.,, 2017; Obeid et al., 2022). This culturally diverse cohort pro-
vides an opportunity to explore how adherence to the Mediterranean-
style diet and exposure to UPFs evolve over time, particularly
comparing participants of Southern European origin with those from
non-Mediterranean backgrounds. We aimed to investigate how changes
in adherence to a Mediterranean-style diet and changes in exposure to
an UPF dietary pattern over time are associated with the risk of psy-
chological distress in the MCCS cohort (primary aim). We also investi-
gated whether these associations differed by birthplace group (Southern
European vs Australian/New Zealand/Northern European) and explored
which specific dietary and nutrient components (GBD-defined dietary
exposures) were associated with risk of psychological distress (second-
ary aim). To be consistent with previous studies, we also investigated the
cross-sectional association with baseline diet and risk of psychological
distress.

2. Methods
2.1. Ethics approval and pre-registration

This manuscript has been prepared in accordance with the re-
quirements of the GLAD Taskforce, as part of a global collaborative
project to inform the Global Burden of Diseases, Injuries, and Risk
Factors Study. The GLAD data analysis plan was prospectively registered
with Open Science Framework (OSF; osf.io/67qfs), and the data analysis
plan and GLAD project protocol have been published elsewhere (Ashtree
et al., 2025).

The MCCS was originally approved by the Cancer Council Victoria's
Human Research Ethics Committee, and participants provided written
informed consent to participate and for researchers' access to their
medical records (Milne et al., 2017). The current study was approved for
exemption from ethical review in accordance with the National
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Statement on Ethical Conduct in Human Research (Section 5.1.22) by
the Deakin University Human Research Ethics Committee (project
number: 2023-385).

2.2. Cohort profile

A detailed description of the MCCS cohort has been previously
published (Milne et al., 2017). In brief, 41,513 participants aged 27 to
76 were recruited in Melbourne and surrounding areas between 1990
and 1994. Of these, 59% were women, and 99% were aged 40-69 years.
Approximately 24% of the sample were migrants from Southern Europe
(comprised of the following ethnic groups: Greek, Italian, Macedonian,
Maltese, and Spanish). These participants have distinct dietary and
lifestyle patterns from those born in Australia or New Zealand (69%) and
Northern Europe (6%; Northern European group was comprised of the
following ethnic groups: English, Irish, Latvian, Scottish, Dutch and
Welsh) (Hodge et al., 2007a, 2007b). Baseline data collection included
questionnaires on lifestyle, medical history, medication use, and a food
frequency questionnaire. All questionnaires were available in English,
Greek, and Italian, and bilingual staff were employed to assist partici-
pants. The first wave of follow-up was completed between 1995 and
1998 (follow-up 1), with a second follow-up (follow-up 2) completed
between 2003 and 2007. We used baseline data and data from the sec-
ond follow-up in these analyses. Full details of measured data at each
wave are available in the MCCS Cohort Profile (see Table 1 in the
reference (Milne et al., 2017)).

Participants were eligible for this study if they completed the base-
line dietary questionnaire and both dietary and psychological distress
measures at the second follow-up (Fig. 1). We excluded participants
taking antidepressant medication at baseline, as a proxy for pre-existing
psychological distress, and additionally excluded participants reporting
dietary intake <1st or > 99th percentile at baseline or follow-up, leaving
n = 21,718 eligible for inclusion in these analyses.

2.3. Exposure: dietary assessment

A self-administered 121-item Food Frequency Questionnaire (FFQ),
designed and validated for use specifically in the MCCS (Hodge et al.,
2007a, 2007b; Hodge et al., 2009; Ireland et al., 1994), was used to
assess dietary intake at baseline (1990-1994) and a modified version
including some new foods and portion size photos at follow-up 2
(2003-2007). Using this dietary data, scores were derived for adherence
to the Mediterranean-style diet (Trichopoulou et al., 2003) and UPF
dietary pattern (Monteiro et al., 2019). Mediterranean-style diet
adherence was assessed using the method described by Trichopoulou
et al. (2003), and in line with other studies that have used this dataset
(Hodge et al., 2013; Trichopoulou et al., 2003). Participants received a
score of 1 point if their intake was above the MCCS sex-specific median
for vegetables, fruit, cereals, legumes, and fish, and scored 0 if their
intake was below this median for each dietary component. Additionally,
participants were assigned a score of 1 if their intake for dairy and red
meat was below the MCCS sex-specific median intake, and a score of 0 if
their intake was above this value. For alcohol, 1 point was assigned for
daily intakes of 10-50 g in men, and 5-25 g in women; lower or higher
intakes scored 0 (Trichopoulou et al., 2003). In this study, olive oil
intake was used instead of the ratio of monounsaturated fats to saturated
fats as used in the original Trichopoulou scoring system; this is consis-
tent with other studies using this cohort (Hodge et al., 2013).
Mediterranean-style diet scores ranged from 0 to 9, with a higher score
reflecting greater adherence (Trichopoulou et al., 2003).

Ultra-processed food (UPF) dietary pattern was determined using the
Nova classification system, as described in detail elsewhere (Machado
et al., 2019). FFQ food items were previously classified according to
the Nova food classification system by two researchers with expertise in
the Australian food environment, following the methods of Machado
et al. (2019) and applied in earlier MCCS studies (Gauci et al., 2025;
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Table 1
Baseline descriptive characteristics of the study population according to place of
birth.

Australian and Southern Total
Northern European European Born Sample
Born (n = 3544) (n=
(n=18,174) 21,718)
Age (years) 54.2 (8.7) 54.0 (7.6) 54.2 (8.5)
Female 11,122 (61.2%) 2006 (56.6%) 13,128
(60.4%)
Highest level of education achieved
Did not complete high 7956 (43.8%) 2854 (80.5%) 10,810
school (49.8%)
Completed high school 2020 (11.1%) 265 (7.5%) 2285
(10.5%)
Some tertiary 8198 (45.1%) 425 (12.0%) 8623
education (39.7%)
BMI (kg/m2) 26.0 (4.1) 28.5(4.2) 26.4 (4.2)
Level of physical 4.6 (3.7) 2.7 (2.9) 4.3 (3.6)

activity

Drinking status

Never drinker 4102 (22.6%) 1301 (36.7%) 5403

(24.9%)
Former drinker 1816 (10.0%) 413 (11.7%) 2229
(10.3%)
Current drinker 12,123 (66.7%) 1787 (50.4%) 13,910
(64.0%)
Not reported 133 (0.7%) 43 (1.2%) 176 (0.8%)
Smoking status
Never smoker 10,984 (60.4%) 2179 (61.5%) 13,163
(60.6%)
Former smoker 5738 (31.6%) 952 (26.9%) 6690
(30.8%)
Current smoker 1452 (8.0%) 412 (11.6%) 1864
(8.6%)
Not reported 0 (0.0%) 1 (0.0%) 1 (0.0%)
Mediterranean-style 4.5 (1.8) 4.3 (1.8) 4.4 (1.8)

diet score*
Ultra-processed food
intake (g/day)

403.4 (214.1) 341.9 (229.6) 393.4

(217.9)

Note. Level of physical activity: a score was calculated ranging from 0 to 16
based on the frequency of walking, less vigorous and vigorous activity multiplied
by two.

Lane et al., 2023a). Food items were grouped into four Nova categories:
Groups 1-3 represent non-UPF, while Group 4 consists of UPF. Only
Group 4 intake was considered as an exposure of interest in this study.
Examples of Group 4 products include regular and diet soft drinks, sweet
or savoury packaged snacks, confectionery, margarine, reconstituted
meat products, and many pre-prepared frozen or shelf-stable dishes
when these products are made up of food substances of no culinary use
and/or contain classes of additives with cosmetic function. The mean
daily intake of UPFs was determined by converting frequencies into
grams. This was based on sex-specific portion sizes of each food and
multiplied by the daily equivalent frequency as per previous research
(Bassett et al., 2016; Ireland et al., 1994; The Cancer Council Victoria
Epidemiology Centre, 2008). Energy was estimated based on the
Nutrient Data Table for Use in Australia 1995 (NUTTAB 95), a food
composition database containing information for 1800 foods and bev-
erages available in Australia (Lewis et al., 1995) or AUStralian Food and
NUTrient Database (AUSNUT) 2007 for FUP 2.

To comprehensively evaluate the relationship between the
Mediterranean-style diet and UPF with psychological distress, we
further disaggregated dietary intake into food groups and nutrients for
exploratory analysis. These groups included 1) Mediterranean-style diet
components: grams per day of fruit, vegetables, legumes, cereals
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41,513 participants were
recruited between 1990-
1994 (baseline)

27,323 participants
completed follow-up 2
(2003-2007)

2,259 missing K10
(outcome data)

693 participants taking
anti-depressant medication

1,837 mussing dietary data

22,534 eligible for across the follow-up period

inclusion i these
analyses

816 excluded for energy
intake <1% or >99%
percentile

21,718 included in these
analyses

Fig. 1. Flow-chart of participant selection. K10 = Kessler Psychological
Distress Scale.

(wholegrains, pasta, rice, bread, etc), fish/seafood and olive oil; 2)
broader dietary exposures as defined by the Global Burden of Disease
study (GBD dietary exposures): grams per day of nuts and seeds, milk,
red meat, processed meat, sugar-sweetened beverages, fibre, calcium,
omega-3 and sodium, and percentage energy per day of omega-6,
polyunsaturated fat, monounsaturated fat and saturated fat. We scaled
the units for each dietary exposure to be equivalent to serving sizes (for
food groups) or recommended daily intakes (for nutrients) to assist with
interpretation (see supplementary tables 5-8). Both scaled and unscaled
units are presented in the supplementary material.

2.4. Outcome: psychological distress

The risk of psychological distress as an indicator of depression was
derived from the ten-item Kessler Psychological Distress Scale (K10)
(Kessler et al., 2002). Although the K10 assesses non-specific psycho-
logical distress, higher K10 scores correlate with the diagnosis of com-
mon mental disorders. A cut-off score of 20 (Andrews and Slade, 2001)
has sound sensitivity (0.66) and high specificity (0.92) for the diagnosis
of depressive disorder (Andrews and Slade, 2001). As a measure of
psychological distress could not be derived at baseline because it was not
assessed, antidepressant medication use was considered as a proxy of
baseline psychological distress. Participants who reported taking anti-
depressants at baseline were excluded from the analysis to reduce con-
founding, which is consistent with previous analyses in this cohort (Lane
et al., 2023a). Medication use has previously been found to correlate
with depression (r = 0.60 to 0.73), with a sensitivity of 0.80 and spec-
ificity of 0.67 for depression diagnosis (Gardarsdottir et al., 2009;
Skelton et al., 2021).

2.5. Assessment of covariates

Covariates were identified a priori in the GLAD protocol paper
(Ashtree et al., 2025) in order to ensure a consistent minimal adjustment
set for all studies participating in the GLAD Taskforce. These covariates
included age, sex and education, and we included an adjustment for
energy intake via Willett's residual method for all dietary exposures
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reported in grams per day, as defined above (Brauer et al., 2024; Willett
et al., 1997). We additionally included body mass index (BMI), alcohol
intake (lifetime abstainers, ex-drinkers, and current drinkers), smoking
(never smoked, current smoker, and former smoker), and physical ac-
tivity in a sensitivity model. Physical activity was scored from 0 to 16,
depending on the frequency and intensity of activities (Hodge et al.,
2016).

2.6. Statistical analyses

Participant characteristics were summarised using means and stan-
dard deviations (SD) for continuous variables and frequencies and per-
centages for categorical variables. Descriptive statistics for dietary
exposures were additionally summarised using means (SD) and medians
(Q1 to Q3).

To assess whether dietary intake changed over time, we fitted a
generalised estimating equations linear regression with robust standard
errors between each dietary exposure and time to account for the
repeated measurements within participants. This model was fitted for
the overall sample, and for subgroups corresponding to birthplace 1)
Australian, New Zealand and Northern European-born participants, and
2) Southern European-born participants. To formally assess whether
changes in dietary intake over time differed by birthplace, we included
an exploratory interaction term between time and birthplace in these
models. To determine the associations between the specified dietary
exposures and psychological distress, we fitted three models:

1) a Poisson regression with robust standard errors to estimate the risk
ratios for psychological distress associated with change in each di-
etary exposure. Change in diet was calculated as follow-up intake
minus baseline intake (main model). To test whether changes in di-
etary exposures over time differed by birthplace, we included an
interaction term between time and birthplace in the GEE models. To
determine whether simultaneous changes to UPF and Mediterranean
diet were associated with psychological distress, we additionally
created an exploratory four-level joint-change categorical variable
representing 1) participants who decreased adherence to the
Mediterranean-style diet and increased UPF intake (reference cate-
gory); 2) participants who reduced adherence to the Mediterranean-
style diet but decreased UPF intake; 3) participants who increased
adherence to the Mediterranean-style diet but increased UPF intake;
and 4) participants who increased adherence to the Mediterranean-
style diet and reduced UPF intake. This categorical variable was
then included in a supplementary analysis.

2) a Poisson regression with robust standard errors to estimate psy-
chological distress risk associated with diet at baseline (longitudinal
model)

3) a logistic regression to determine the cross-sectional association
between diet at follow-up and odds of psychological distress at
follow-up.

All models were fitted for the overall sample, and separately for the
subgroups, as described above and using a complete-case approach. We
also fitted an exploratory subgroup analysis model, disaggregating the
results by sex. Three levels of adjustment were included: 1) dietary ex-
posures (all dietary measures reported in grams) were first re-modelled
for energy intake using Willett's residual method; 2) as in 1 but addi-
tionally adjusted for age, sex, education, and ethnicity (except for place
of birth subgroups), and 3) as in 2 but additionally adjusted for BMI,
physical activity, smoking and alcohol.

Given the number of statistical models fitted, we adjusted for mul-
tiple testing using Simes Q values (Simes, 1986), which are interpreted
in the same way as p-values with a q < 0.05 threshold. Adjustment was
done separately for each level of covariate adjustment, with overall and
birthplace subgroups combined, sex subgroups were done in a separate
adjustment again separately for each level of covariate adjustment.
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Models were fitted in Stata 18.0, and all assumptions were assessed prior
to analysis.

3. Results
3.1. Demographic characteristics

This study included 21,718 participants (60.4% female) at baseline.
Table 1 describes the participants' sociodemographic and lifestyle
characteristics at baseline for the total sample and according to place of
birth. Participants born in Southern Europe reported lower education,
lower physical activity, higher BMI, and were less likely to be current
drinkers. Baseline and follow-up values for all dietary measures are
presented in Supplementary Table 1. A comparison of participants
included in the analytic sample and those excluded is presented in
Supplementary Table 2, with minimal differences observed between
groups and little missing data remaining after application of exclusion
criteria (Supplementary Table 3).

3.2. Change in diet over time

On average, over a follow-up period of 12 years, participants
increased both adherence to the Mediterranean-style diet (f = 0.28, 95%
CI = 0.25-0.31) and intake of UPF (f = 55.20 g/day, 95%CI =
51.71-58.69) (Table 2). Both Southern European-born and those born in
Australia, New Zealand, or Northern Europe increased adherence to the
Mediterranean-style diet, but those born in Southern Europe showed a
larger increase (p for interaction <0.001). In contrast, while participants
born in Australia, New Zealand and Northern Europe increased their
UPF intake (p = 66.23 g/day, 95%CI = 62.55-69.90), we did not
observe any change for those born in Southern Europe (f = —2.38 g/day,
95%CI = -12.35-7.59).

For exploratory GBD-defined dietary exposures, participants
increased consumption of vegetables, legumes, wholegrains, nuts and
seeds, milk, processed meats, sugary sweetened beverages, seafood,
olive oil, omega 6, polyunsaturated fat and monounsaturated fat, but
decreased consumption of fruit, red meat, saturated fat, sodium, omega
3 and fibre (Supplementary Table 4). We observed differences between
participants born in Australia, New Zealand and Northern Europe
compared to participants born in Southern Europe, whereby Southern
European-born participants decreased vegetable intake.

3.3. Association of change in diet with psychological distress as an
indicator of depression

For every unit increase in Mediterranean-style diet score between
baseline and follow-up, risk of psychological distress decreased by 5%
(RR = 0.95, 95%CI = 0.93-0.98) in the overall sample, and for birth-
place subgroups (Table 3). This association was consistent in supple-
mentary models where we examined diet at baseline only (longitudinal)
and diet at follow-up only (cross-sectional) (Supplementary Tables 6 and
7), and for both males and females (Supplementary Table 8). Further, for
every 90-g/day increase in UPF between baseline and follow-up, the risk
of psychological distress increased by 5% (RR = 1.05, 95%CI =
1.03-1.07) in the overall sample and for Australian, New Zealand and
Northern European-born participants (RR = 1.06, 95%CI = 1.03-1.08),
but not for Southern European-born participants. Again, these results
were consistent when considering associations at singular time points
(Supplementarys Table 6 and 7), and for males and females separately
(Supplementary Table 8). Exploratory interaction displayed in Supple-
mentary Table 9 demonstrates that the birthplace may modify the as-
sociation between UPF exposure and psychological distress, but there
was no evidence for an interaction for the Mediterranean diet.

For exploratory GBD-defined dietary exposures, full results are pre-
sented in Supplementary Table 5. Across the whole sample, each addi-
tional serve of fruit, vegetables, legumes, wholegrains, nuts and seeds,
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Table 2
Change in diet over time.

Adjusted for energy” (Willett's method)

B L95%CI U95%CI P Q P for interaction”
Mediterranean-style Diet Score Total Sample 0.28 0.25 0.31 <0.001 0.000
ANZNE 0.16 0.13 0.19 <0.001 0.000 0.000
SE 0.92 0.85 0.99 <0.001 0.000
Ultra-processed Food (g/day) Total Sample 55.20 51.71 58.69 <0.001 0.000
ANZNE 66.23 62.55 69.90 <0.001 0.000 0.000
SE —2.38 -12.35 7.59 0.640 0.640

ANZNE = Australian, New Zealand or Northern European; SE = Southern European.
? Energy adjustment was performed for dietary UPF, but not for the Mediterranean-style diet score.

Table 3
Association of change in diet with psychological distress as an indicator of
depression at follow-up.

Dietary variable Subgroup RR 195% U95% P- Q-
CI CI value value
Model 1
Mediterranean-style ~ Total 0.98  0.96 1.00 0.084 0.143
Diet Score Sample
ANZNE 095 0.93 0.98 0.001 0.004
Born
SE Born 091 0.86 0.96 0.000 0.000
Ultra-processed Total 1.02 1.01 1.04 0.000 0.000
Food (90 g/day) Sample
ANZNE 1.06 1.04 1.08 0.000 0.000
Born
SE Born 1.01 098 1.05 0.494 0.587
Model 2
Mediterranean-style ~ Total 0.95 0.93 0.98 0.000 0.000
Diet Score Sample
ANZNE 0.95 0.93 0.98 0.001 0.004
Born
SE Born 094 0.89 0.99 0.017 0.045
Ultra-processed Total 1.05 1.03 1.07 0.000 0.000
Food (90 g/day) Sample
ANZNE 1.06 1.03 1.08 0.000 0.000
Born
SE Born 1.04 1.00 1.08 0.063 0.124

ANZNE = Australian, New Zealand or Northern European; SE = Southern Eu-
ropean; RR = Risk Ratio; L95%CI = lower 95% confidence interval; Model 1.
Adjusted for energy* (Willett's method).

Model 2, as in 1, but additionally adjusted for age, sex, education, and ethnicity
(except for place of birth subgroups).

and red meat was associated with a reduced risk of psychological
distress (Supplementary Table 5). However, the associations for le-
gumes, wholegrains, and nuts and seeds were not observed in Southern
European-born participants. We observed an association for milk intake
for Southern European participants, whereby every increase in milk
servings between baseline and follow-up was associated with a lower
risk of psychological distress.

In a supplementary exploratory analysis, we examined simultaneous
changes in UPF intake and Mediterranean-style diet adherence together
(Supplementary Table 10). Among the overall sample, as well as par-
ticipants born in Australia, New Zealand, and Northern Europe, those
who reduced their UPF intake, regardless of whether they increased
their adherence to the Mediterranean-style diet, had a lower risk of
psychological distress compared with those who simultaneously
decreased their adherence to the Mediterranean-style diet and increased
their UPF intake. Among participants born in Southern Europe, any
combination of dietary improvement, either reducing UPF intake or
increasing adherence to the Mediterranean-style diet, was associated
with a lower risk of psychological distress compared to those who
simultaneously reduced Mediterranean-style diet and increased UPF.
There was no evidence for an additive relationship whereby

simultaneously increasing Mediterranean-style diet and reducing UPF
intake led to a greater reduction in psychological distress risk. Sensi-
tivity analyses using UPF intake as a percentage of total intake (grams/
day) were consistent with the primary findings (Supplementary
Tables 4-7).

4. Discussion

In this prospective cohort study of 21,718 participants, we examined
how changes in diet composition were associated with risk of psycho-
logical distress as an indicator of depression. Overall, both
Mediterranean-style diet adherence and UPF dietary pattern exposure
increased over time, while overall energy intake decreased over time.
However, contrary to expectations, participants born in Southern
Europe did not increase their exposure to the UPF dietary pattern over
the follow-up period. Increasing adherence to the Mediterranean-style
diet over time was associated with a lower risk of psychological
distress across all birthplace groups. In contrast, increasing exposure to
UPF over the follow-up period was linked to an increased risk of psy-
chological distress in the whole sample and among participants born in
Australia, New Zealand, and Northern Europe, but not in those born in
Southern Europe, likely reflecting the absence of a meaningful change in
UPF exposure within this group.

Consistent with previous studies, we found that exposure to an UPF
dietary pattern was associated with increased risk of psychological
distress as an indicator of depression (Lane et al., 2023a; Mengist et al.,
2025) and that adherence to a Mediterranean-style diet was associated
with a reduced risk (Altun et al., 2019). Importantly, we expanded on
these past studies by demonstrating that temporal changes in dietary
habits and quality were also associated with the risk of depression.
However, the interpretation of dietary change in this study warrants
careful consideration. While we modelled dietary change over time,
these estimates may also reflect changes in overall diet quality rather
than actual changes in Mediterranean diet adherence and UPF exposure.
This is supported by the consistency of observations across baseline and
follow-up, which show similar associations with psychological distress.

We also observed novel exploratory differences across birthplace in
this sample, for example, participants born in Southern Europe
decreased their vegetable intake, which contrasted with participants
born in other regions. Future research is needed to investigate these
findings, as the Southern European-born subsample was smaller and
may therefore have had low power to detect these associations. In
addition, the FFQ validation paper suggests that the dietary data in the
Southern European sample may not have been as robust when compared
to participants born in other regions (Bassett et al., 2016). Furthermore,
the absence of a meaningful increase in UPF exposure in this group may
have limited the ability to detect associations with psychological
distress. Together, these methodological factors provide possible ex-
planations for the observed subgroup differences. While adherence to
the Mediterranean-style diet increased across all groups, exposure to
UPFs did not increase for people born in southern European countries.
These findings support what has been described as the Mediterranean diet
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paradox, whereby adherence to the Mediterranean-style diet has
declined in Mediterranean countries but remained stable or even
increased in non-Mediterranean countries (Damigou et al., 2023;
Vilarnau et al., 2019). Mediterranean heritage has also been associated
with lower UPF exposure, consistent with evidence that UPF intake re-
mains comparatively low in Mediterranean countries (Marino et al.,
2021). These findings may reflect cultural preservation, as immigrant
communities often maintain traditional food practices as a means of
preserving cultural identity. However, such explanations remain spec-
ulative and should be considered alongside the methodological limita-
tions described above and confirmed by future research.

In an exploratory analysis, we examined how simultaneous changes
in Mediterranean-style diet adherence and UPF exposure related to
psychological distress risk. Among the overall sample, as well as par-
ticipants born in Australia, New Zealand, and Northern Europe,
reducing UPF exposure, regardless of whether adherence to the
Mediterranean-style diet increased, was associated with a lower risk of
psychological distress. Among those born in Southern Europe, any form
of dietary improvement, either reducing UPF exposure or increasing
adherence to the Mediterranean-style diet, was linked to lower psy-
chological distress risk. Notably, there was no evidence that making
both changes simultaneously conferred additional benefit. This finding
differs from a secondary analysis of the SMILES trial, which found that
the therapeutic benefit of the Mediterranean-style diet was partly
explained by reductions in UPF exposure (Lane et al., 2023b). Sup-
porting traditional, health-promoting dietary practices within culturally
diverse communities may therefore be a valuable strategy for reducing
psychological distress. These findings suggest that traditional dietary
habits can be maintained over time even after migrating to a country
where the predominant dietary pattern has a high proportion of UPFs.
Interestingly, our results also demonstrate that people may simulta-
neously increase adherence to a Mediterranean-style dietary pattern
whilst also increasing exposure to UPFs; this underscores that these are
separate but complementary dimensions of diet, each of which may
influence health through related yet potentially different mechanisms
(Tapsell et al., 2016).

Although we did not explore mechanisms of action in this study, the
Mediterranean-style diet and UPFs likely influence psychological
distress through distinct yet partially overlapping biological pathways
(Marx et al., 2021). One pathway is inflammation. Adherence to a
Mediterranean-style diet has been consistently linked to reduced sys-
temic inflammation, including lower levels of pro-inflammatory
markers such as C-reactive protein and interleukin-6 (Wu et al., 2021),
whereas high consumption of UPFs is associated with elevated inflam-
matory markers (Lane et al., 2022b). Chronic inflammation is a key
contributor to depression, potentially altering neurotransmitter meta-
bolism, impairing neuroplasticity, and dysregulating the hypothal-
amic-pituitary—adrenal axis (Forbes et al., 2021). Beyond inflammation,
a Mediterranean-style diet may improve insulin sensitivity and vascular
function (Bruna-Mejias et al., 2025; Tuttolomondo et al., 2019), thereby
reducing the risk of metabolic and cardiovascular dysfunction, which
are themselves linked to depression (CiteBerk et al., 2023; Kim et al.,
2023; Yang et al., 2024). It may also support gut barrier integrity and
a healthy gut microbiome, indirectly influencing brain health through
the gut-brain axis (Marx et al.,, 2021). Conversely, UPFs are often
nutrient-poor and contain additives (e.g., emulsifiers); these UPF con-
stituents can disrupt the gut microbiota and compromise gut barrier
integrity, insulin sensitivity, and vascular function (Juul et al., 2021;
Whelan et al., 2024). Future research is needed to further explore the
potential mechanisms of action. In addition, in exploratory sub-group
analysis, we observed some sex differences in which dietary exposures
were associated with risk of psychological distress. Further research is
needed to explore these potential sex differences.

This study has several strengths. Firstly, the large cohort of Austra-
lian adults and the diverse population result in a wide range of dietary
patterns. The observed associations were supported by supplementary
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and sensitivity analyses, as well as adjustment for important con-
founders. In addition to exploring diet at singular time points, we also
explored change in diet over time, rather than diet measured at a single
time point, a limitation of many previous studies (Altun et al., 2019;
Lane et al., 2022a; Yin et al., 2021). Given the changing dietary land-
scape and the increasing prevalence of mental disorders, understanding
how dietary patterns change over time and how these changes relate to
mental disorders is critical to understanding whether diet could repre-
sent an appropriate population-level target to reduce the burden of
mental disorders.

In addition to these strengths, this study also has several limitations.
Although potential confounders were adjusted for, given its observa-
tional design, we cannot rule out residual confounding. Especially
considering that key lifestyle factors, including BMI, smoking, alcohol
intake, and physical activity, were not included in the primary adjusted
model due to their potential role as mediators in the relationship be-
tween diet and psychological distress. However, these variables may
also act as confounders. As such, excluding them from the primary
model may have resulted in residual confounding, and the estimates
should be interpreted with caution. Results were broadly consistent in
sensitivity analyses that included these factors. Birthplace may not fully
capture cultural dietary backgrounds or migration-related changes in
diet, and grouping Northern European migrants with Australian- and
New Zealand-born participants may obscure heterogeneity within this
category. The dietary data were self-reported and subsequently subject
to recall error and bias to over- or under-reporting.

While FFQs have been used to adequately categorise foods for the
Mediterranean-style diet or UPFs (Khandpur et al., 2021; Trichopoulou
et al., 2003), the FFQ used was not specifically designed to assess this
dietary pattern, nor food processing, which may have resulted in some
misclassification. Additionally, there was a change in the dietary ques-
tionnaire between baseline and follow-up; the dietary pattern changes
observed in this study may reflect changes in the questionnaire rather
than the underlying diet. In addition, the FFQ performance at estimating
energy-adjusted nutrients is poorer for people born in southern Europe
compared to Australian-born participants (Bassett et al., 2016).
Furthermore, the Mediterranean-style diet score was derived using
cohort- and sex-specific medians at each time point (Trichopoulou et al.,
2003). This approach means that changes in score may be influenced not
only by individual-level dietary change but also by shifts in the distri-
bution of dietary intake within the cohort over time. Together, these
factors limit the extent to which change scores can be interpreted as
reflecting true within-person dietary change. However, if the observed
dietary changes were due solely to the change in questionnaire, we
would expect the changes to occur consistently for both the Southern
European-born and the Australian, New Zealand and Northern
European-born participants, which is not consistent with our findings.

Psychological distress was not assessed at baseline; therefore, anti-
depressant use was used as a proxy for psychological distress at baseline
(Gardarsdottir et al., 2009; Skelton et al., 2021). Medication use is an
imperfect proxy for psychological distress, as antidepressants may be
prescribed for other conditions in addition to psychological distress, and
many people with psychological distress may not take antidepressant
medication. This limitation may have led to misclassification, and
reverse causality remains a possibility. Additionally, there was sub-
stantial attrition from the original cohort to the analytic sample.
Although comparison of included and excluded participants suggests
broadly similar characteristics, participation in follow-up dietary and
psychological distress assessments is unlikely to be random. As such,
selection bias cannot be excluded and may have influenced the observed
associations. Therefore, the results should be interpreted with caution.

Finally, the Mediterranean-style diet and the UPF dietary pattern
capture conceptually distinct, and sometimes opposing, dimensions of
diet quality. Although these patterns are correlated to some extent, they
do not measure opposite ends of the same construct. As a result, in-
dividuals may score highly on one pattern without scoring low on the
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other (and vice versa), depending on their specific food choices. This
conceptual distinction may introduce some degree of misclassification in
the representation of overall diet quality in the current study.

5. Conclusion

The current study demonstrated that changes in dietary habits over
time are associated with psychological distress risk, highlighting the
potential mental health benefits of maintaining or improving adherence
to a Mediterranean-style diet. Findings among participants of southern
European origin suggest partial preservation of traditional dietary
practices even within a non-Mediterranean food environment. This di-
etary resilience may help buffer against psychological distress, and offer
important insights for future policy and research. Public health strate-
gies could focus on supporting culturally anchored dietary guidance and
identifying factors that promote the retention of healthful, traditional
eating patterns following migration.

CRediT authorship contribution statement

Sarah Gauci: Writing — review & editing, Writing — original draft,
Project administration, Conceptualization. Deborah N. Ashtree:
Writing — review & editing, Writing — original draft, Formal analysis,
Data curation, Conceptualization. Allison M. Hodge: Writing — review
& editing, Conceptualization. Melissa M. Lane: Writing — review &
editing, Conceptualization. Monica Dinu: Writing — review & editing,
Conceptualization. Priscila Machado: Writing — review & editing,
Conceptualization. Rebecca Orr: Writing — review & editing, Concep-
tualization. Wolfgang Marx: Writing — review & editing, Conceptuali-
zation. Adrienne O'Neil: Writing — review & editing, Supervision,
Conceptualization.

Declaration of Generative AI and Al-assisted technologies in the
writing process

During the preparation of this work the author(s) used ChatGPT to
edit the manuscript to improve readability. After using this tool/service,
the author(s) reviewed and edited the content as needed and take(s) full
responsibility for the content of the published article.

Funding

The GLAD Project and D.A. are supported by a National Health and
Medical Research Council Emerging Leader 2 Fellowship (grant
#2009295 to A.0.). S.G. is funded by NHMRC Synergy Grant SOLVE
CHD (#GNT1182301). A.O., W.M. and P.M. are funded by NHMCRC
Investigator Grants (#2009295, #2008971, and #2034008, respec-
tively). F.N.J. is supported by a National Health and Medical Research
Council Leader 1 Fellowship (grant #1194982). RO is supported by a
Deakin University Postgraduate Research Scholarship.

Declaration of competing interest

S.G., D.A,, A.0.,, W.M,, and M.M.L. are affiliated with the Food &
Mood Centre, Deakin University, which has received research funding
support from Be Fit Food, Bega Dairy and Drinks, and the a2 Milk
Company and philanthropic research funding support from the Waterloo
Foundation, Wilson Foundation, the JTM Foundation, the SerpHills
Foundation, the Roberts Family Foundation, and the Fernwood
Foundation.

Acknowledgements
MCCS cohort recruitment was funded by Cancer Council Victoria

(https://www.cancervic.org.au/) and VicHealth (https://www.vich
ealth.vic.gov.au/). The MCCS was further supported by Australian

Journal of Affective Disorders 414 (2026) 122245

National 1Health and Medical Research Council (NHMRC) (https:
//www.nhmre.gov.au/) grants 209057, 396414 and 1074383, and
ongoing follow-up and data management has been funded by Cancer
Council Victoria since 1995.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jad.2026.122245,

References

Allcock, L., Mantzioris, E., Villani, A., 2024. Adherence to a Mediterranean diet is
inversely associated with anxiety and stress but not depression: a cross-sectional
analysis of community-dwelling older Australians. Nutrients 16.

Altun, A., Brown, H., Szoeke, C., Goodwill, A.M., 2019. The Mediterranean dietary
pattern and depression risk: a systematic review. Neurol. Psychiatry Brain Res. 33,
1-10. https://doi.org/10.1016/j.npbr.2019.05.007.

Andrews, G., Slade, T., 2001. Interpreting scores on the Kessler Psychological Distress
Scale (K10). Aust. N. Z. J. Public Health 25, 494-497.

Ashtree, D.N., Orr, R., Lane, M.M., Akbaraly, T.N., Bonaccio, M., Costanzo, S.,
Gialluisi, A., Grosso, G., Lassale, C., Martini, D., Monasta, L., Santomauro, D.,
Stanaway, J., Jacka, F.N., O’Neil, A., 2025. Estimating the burden of common
mental disorders attributable to lifestyle factors: protocol for the Global Burden of
Disease Lifestyle and Mental Disorder (GLAD) project. JMIR Res. Protoc. 14, e65576.

Australian Institute of Health and Welfare, 2025. Prevalence and Impact of Mental
Illness.

Bassett, J.K., English, D.R., Fahey, M.T., Forbes, A.B., Gurrin, L.C., Simpson, J.A.,
Brinkman, M.T., Giles, G.G., Hodge, A.M., 2016. Validity and calibration of the FFQ
used in the Melbourne Collaborative Cohort Study. Public Health Nutr. 19,
2357-2368.

CiteBerk, M., Kohler-Forsberg, O., Turner, M., Penninx, B.W.J.H., Wrobel, A., Firth, J.,
Loughman, A., Reavley, N.J., McGrath, J.J., Momen, N.C., Plana-Ripoll, O.,

O'Neil, A., Siskind, D., Williams, L.J., Carvalho, A.F., Schmaal, L., Walker, A.J.,
Dean, O., Walder, K., Berk, L., Dodd, S., Yung, A.R., Marx, W., 2023. Comorbidity
between major depressive disorder and physical diseases: a comprehensive review of
epidemiology, mechanisms and management. World Psychiatry 22 (3), 366-387.
https://doi.org/10.1002/wps.21110. PMID: 37713568; PMCID: PMC10503929. Oct.

Brauer, M., Roth, G.A., Aravkin, A.Y., Gakidou, E., 2024. Global burden and strength of
evidence for 88 risk factors in 204 countries and 811 subnational locations,
1990-2021: a systematic analysis for the Global Burden of Disease Study 2021.
Lancet 403, 2162-2203.

Bruna-Mejias, A., San Martin, J., Arciniegas-Diaz, D., Meneses-Caroca, T., Salamanca-
Cerda, A., Beas-Gambi, A., Paola-Loaiza-Giraldo, J., Ortiz-Ahumada, C., Nova-
Baeza, P., Oyanedel-Amaro, G., Orellana-Donoso, M., Suazo-Santibanez, A., Sanchis-
Gimeno, J., Valenzuela-Fuenzalida, J.J., 2025. Comparison of the Mediterranean
diet and other therapeutic strategies in metabolic syndrome: a systematic review and
meta-analysis. Int. J. Mol. Sci.

Damigou, E., Faka, A., Kouvari, M., Anastasiou, C., Kosti, R.I., Chalkias, C.,
Panagiotakos, D., 2023. Adherence to a Mediterranean type of diet in the world: a
geographical analysis based on a systematic review of 57 studies with 1,125,560
participants. Int. J. Food Sci. Nutr. 74 (8), 799-813. https://doi.org/10.1080/
09637486.2023.2262781. Dec.

Firth, J., Solmi, M., Wootton, R.E., Vancampfort, D., Schuch, F.B., Hoare, E., Gilbody, S.,
Torous, J., Teasdale, S.B., Jackson, S.E., Smith, L., Eaton, M., Jacka, F.N.,
Veronese, N., Marx, W., Ashdown-Franks, G., Siskind, D., Sarris, J., Rosenbaum, S.,
Carvalho, A.F., Stubbs, B., 2020. A meta-review of “lifestyle psychiatry”: the role of
exercise, smoking, diet and sleep in the prevention and treatment of mental
disorders. World Psychiatry 19, 360-380.

Forbes, M.P., O’Neil, A., Lane, M., Agustini, B., Myles, N., Berk, M., 2021. Major
depressive disorder in older patients as an inflammatory disorder: implications for
the pharmacological management of geriatric depression. Drugs Aging 38, 451-467.

Gardarsdottir, H., Egberts, A.C.G., van Dijk, L., Sturkenboom, M.C.J.M., Heerdink, E.R.,
2009. An algorithm to identify antidepressant users with a diagnosis of depression
from prescription data. Pharmacoepidemiol. Drug Saf. 18, 7-15.

Gauci, S., Lotfaliany, M., Machado, P., Hodge, A., Gamage, E., Levy, R.B., da Costa
Louzada, M.L., Redfern, J., O'Neil, A., Marx, W., Lane, M.M., 2025. Exposure to ultra-
processed food and risk of cardiovascular mortality: a prospective cohort study. Eur.
J. Prev. Cardiol. 32 (16), 1564-1572. https://doi.org/10.1093/eurjpc/zwaf378. Nov
11.

GBD 2019 Mental Disorders Collaborators, 2022. Global, regional, and national burden
of 12 mental disorders in 204 countries and territories, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet Psychiatry 9, 137-150.

Hodge, A.M., English, D.R., O’Dea, K., Giles, G.G., 2007a. Dietary patterns and diabetes
incidence in the Melbourne Collaborative Cohort Study. Am. J. Epidemiol. 165,
603-610.

Hodge, Allison M., Simpson, J.A., Gibson, R.A., Sinclair, A.J., Makrides, M., O’Dea, K.,
English, D.R., Giles, G.G., 2007b. Plasma phospholipid fatty acid composition as a
biomarker of habitual dietary fat intake in an ethnically diverse cohort. Nutr. Metab.
Cardiovasc. Dis. 17, 415-426.

Hodge, A.M., Simpson, J.A., Fridman, M., Rowley, K., English, D.R., Giles, G.G., Su, Q.,
O’Dea, K., 2009. Evaluation of an FFQ for assessment of antioxidant intake using


https://www.cancervic.org.au/
https://www.vichealth.vic.gov.au/
https://www.vichealth.vic.gov.au/
https://www.nhmrc.gov.au/
https://www.nhmrc.gov.au/
https://doi.org/10.1016/j.jad.2026.122245
https://doi.org/10.1016/j.jad.2026.122245
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0005
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0005
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0005
https://doi.org/10.1016/j.npbr.2019.05.007
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0015
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0015
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0020
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0020
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0020
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0020
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0020
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0025
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0025
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0030
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0030
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0030
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0030
https://doi.org/10.1002/wps.21110
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0040
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0040
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0040
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0040
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0045
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0045
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0045
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0045
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0045
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0045
https://doi.org/10.1080/09637486.2023.2262781
https://doi.org/10.1080/09637486.2023.2262781
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0055
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0055
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0055
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0055
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0055
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0055
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0060
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0060
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0060
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0065
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0065
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0065
https://doi.org/10.1093/eurjpc/zwaf378
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0075
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0075
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0075
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0080
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0080
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0080
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0085
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0085
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0085
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0085
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0090
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0090

S. Gauci et al.

plasma biomarkers in an ethnically diverse population. Public Health Nutr. 12,
2438-2447.

Hodge, A., Almeida, O.P., English, D.R., Giles, G.G., Flicker, L., 2013. Patterns of dietary
intake and psychological distress in older Australians: benefits not just from a
Mediterranean diet. Int. Psychogeriatr. 25, 456-466.

Hodge, A.M., Bassett, J.K., Shivappa, N., Hébert, J.R., English, D.R., Giles, G.G.,
Severi, G., 2016. Dietary inflammatory index, Mediterranean diet score, and lung
cancer: a prospective study. Cancer Causes Control 27, 907-917.

Ireland, P., Jolley, D., Giles, G., O’'Dea, K., Powles, J., Rutishauser, I., Wahlqvist, M.L.,
Williams, J., 1994. Development of the Melbourne FFQ: a food frequency
questionnaire for use in an Australian prospective study involving an ethnically
diverse cohort. Asia Pac. J. Clin. Nutr. 3, 19-31.

Jacka, F.N., O’Neil, A., Opie, R.S., Itsiopoulos, C., Cotton, S., Mohebbi, M., Castle, D.,
Dash, S., Mihalopoulos, C., Chatterton, M.L., Brazionis, L., Dean, O.M., Hodge, A.M.,
Berk, M., 2017. A randomised, controlled trial of a dietary intervention for adults
with major depression (the ‘SMILES’ trial): results. BMC Med. 15, 1-13.

Juul, F., Vaidean, G., Parekh, N., 2021. Ultra-processed foods and cardiovascular
diseases: potential mechanisms of action. Adv. Nutr. 12 (5), 1673-1680. https://doi.
org/10.1093/advances/nmab049. Oct 1.

Kessler, R.C., Andrew, G., Colpe, L.J., Hiripi, E., Mroczek, D.K., Normand, S.-L.T.,
Walters, E.E., Zaslavsky, A.M., 2002. Short screening scales to monitor population
prevalences and trends in non-specific psychological distress. Psychol. Med. 32,
959-976.

Khandpur, N., Rossato, S., Drouin-Chartier, J.-P., Du, M., Steele, E.M., Sampson, L.,
Monteiro, C., Zhang, F.F., Willett, W., Fung, T.T., Sun, Q., 2021. Categorising ultra-
processed foods in large-scale cohort studies: evidence from the Nurses’ Health
Studies, the Health Professionals Follow-up Study, and the Growing Up Today Study.
J. Nutr. Sci. 10, e77.

Kim, H.B., Wolf, B.J., Kim, J.H., 2023. Association of metabolic syndrome and its
components with the risk of depressive symptoms: a systematic review and meta-
analysis of cohort studies. J. Affect. Disord. 323, 46-54. https://doi.org/10.1016/].
jad.2022.11.049. Feb 15.

Lane, Melissa M., Gamage, E., Travica, N., Dissanayka, T., Ashtree, D.N., Gauci, S.,
Lotfaliany, M., O’Neil, A., Jacka, F.N., Marx, W., 2022a. Ultra-processed food
consumption and mental health: a systematic review and meta-analysis of
observational studies. Nutrients 14, 1-22.

Lane, Melissa M., Lotfaliany, M., Forbes, M., Loughman, A., Rocks, T., O'Neil, A.,
Machado, P., Jacka, F.N., Hodge, A., Marx, W., 2022b. Higher ultra-processed food
consumption is associated with greater high-sensitivity C-reactive protein
concentration in adults: cross-sectional results from the Melbourne Collaborative
Cohort Study. Nutrients 14, 3309.

Lane, Melissa M., Lotfaliany, M., Hodge, A.M., O’Neil, A., Travica, N., Jacka, F.N.,
Rocks, T., Machado, P., Forbes, M., Ashtree, D.N., Marx, W., 2023a. High ultra-
processed food consumption is associated with elevated psychological distress as an
indicator of depression in adults from the Melbourne Collaborative Cohort Study.
J. Affect. Disord. 335, 57-66.

Lane, Melissa M., Lotfaliany, M., Machado, P., Jacka, F.N., Mohebbi, M., O'Neil, A.,
Werneck, A.O., Monteiro, C., Loughman, A., Rocks, T., Travica, N., Berk, M., Opie, R.
S., Marx, W., 2023b. Change in Ultra-processed Food Consumption Moderates
Clinical Trial Outcomes in Depression: A Secondary Analysis of the SMILES
Randomised Controlled Trial.

Lewis, J., Milligan, G., Hunt, A., 1995. NUTTAB95: Nutrient data Data Table for Use in
Australia. Australian Government Publishing Service, Canberra, Australia.

Machado, P.P., Steele, E.M., Levy, R.B., Sui, Z., Rangan, A., Woods, J., Gill, T., Scrinis, G.,
Monteiro, C.A., 2019. Ultra-processed foods and recommended intake levels of
nutrients linked to non-communicable diseases in Australia: evidence from a
nationally representative cross-sectional study. BMJ Open 9, €029544.

Machado, P.P., Steele, E.M., Louzada, M.L. da C., Levy, R.B., Rangan, A., Woods, J.,
Gill, T., Scrinis, G., Monteiro, C.A., 2020. Ultra-processed food consumption drives
excessive free sugar intake among all age groups in Australia. Eur. J. Nutr. 59,
2783-2792.

Marino, M., Puppo, F., Del Bo|, C., Vinelli, V., Riso, P., Porrini, M., Martini, D., 2021.
A systematic review of worldwide consumption of ultra-processed foods: findings
and criticisms. Nutrients 13 (8), 2778. https://doi.org/10.3390/nul13082778. Aug
13.

Marx, W., Lane, M., Hockey, M., Aslam, H., Berk, M., Walder, K., Borsini, A., Firth, J.,
Pariante, C.M., Berding, K., Cryan, J.F., Clarke, G., Craig, J.M., Su, K.P.,

Journal of Affective Disorders 414 (2026) 122245

Mischoulon, D., Gomez-Pinilla, F., Foster, J.A., Cani, P.D., Thuret, S., Staudacher, H.
M., Sanchez-Villegas, A., Arshad, H., Akbaraly, T., O’'Neil, A., Segasby, T., Jacka, F.
N., 2021. Diet and depression: exploring the biological mechanisms of action. Mol.
Psychiatry 26, 134-150.

Mengist, B., Lotfaliany, M., Pasco, J.A., Agustini, B., Berk, M., Forbes, M., Lane, M.M.,
Orchard, S.G., Ryan, J., Owen, A.J., Woods, R.L., McNeil, J.J., Mohebbi, M., 2025.
The risk associated with ultra-processed food intake on depressive symptoms and
mental health in older adults: a target trial emulation. BMC Med. 23.

Milne, R.L., Fletcher, A.S., Maclnnis, R.J., Hodge, A.M., Hopkins, A.H., Bassett, J.K.,
Bruinsma, F.J., Lynch, B.M., Dugué, P.A., Jayasekara, H., Brinkman, M.T.,
Popowski, L.V., Baglietto, L., Severi, G., O'Dea, K., Hopper, J.L., Southey, M.C.,
English, D.R., Giles, G.G., 2017. Cohort profile: the Melbourne Collaborative Cohort
Study (Health 2020). Int. J. Epidemiol. 46, 1757-1757i.

Monteiro, C.A., Cannon, G., Levy, R.B., Moubarac, J.C., Louzada, M.L.C., Rauber, F.,
Khandpur, N., Cediel, G., Neri, D., Martinez-Steele, E., Baraldi, L.G., Jaime, P.C.,
2019. Ultra-processed foods: What they are and how to identify them. Public Health
Nutr. 22, 936-941.

Obeid, C.A., Gubbels, J.S., Jaalouk, D., Kremers, S.P.J., Oenema, A., 2022. Adherence to
the Mediterranean diet among adults in Mediterranean countries: a systematic
literature review. Eur. J. Nutr. 61 (7), 3327-3344. https://doi.org/10.1007/s00394-
022-02885-0. Oct.

O’Neil, A., Perez, J., Young, L.M., John, T., Turner, M., Saunders, D., Mahoney, S.,
Bryan, M., Ashtree, D.N., Jacka, F.N., Bruscella, C., Pilon, M., Mohebbi, M.,
Teychenne, M., Rosenbaum, S., Opie, R., Hockey, M., Peric, L., De Araugo, S.,
Banker, K., Davids, 1., Tembo, M., Davis, J.A., Lai, J., Rocks, T., O’Shea, M.,
Mundell, N.L., McKeon, G., Yucel, M., Absetz, P., Versace, V., Manger, S.,

Morgan, M., Chapman, A., Bennett, C., Speight, J., Berk, M., Moylan, S., Radovic, L.,
Chatterton, M. Lou, 2024. Clinical and cost-effectiveness of remote-delivered, online
lifestyle therapy versus psychotherapy for reducing depression: results from the

CALM non-inferiority, randomised trial. Lancet Reg. Health West. Pac. 49, 101142.

Simes, R.J., 1986. An improved Bonferroni procedure for multiple tests of significance.
Biometrika 73, 751-754.

Skelton, M., Rayner, C., Purves, K.L., Coleman, J.R.I., Gaspar, H.A., Glanville, K.P.,
Hunjan, A.K., Hiibel, C., Breen, G., Eley, T.C., 2021. Self-reported medication use as
an alternate phenotyping method for anxiety and depression in the UK Biobank. Am.
J. Med. Genet. B Neuropsychiatr. Genet. 186, 389-398.

Tapsell, L.C., Neale, E.P., Satija, A., Hu, F.B., 2016. Foods, nutrients, and dietary
patterns: interconnections and implications for dietary guidelines. Adv. Nutr. 7 (3),
445-454. https://doi.org/10.3945/an.115.011718. May 16.

The Cancer Council Victoria Epidemiology Centre, 2008. Melbourne Collaborative
Cohort Study Databook Vol. 3: Diet & Alcohol Online [WWW Document]. URL.
https://www.cancervic.org.au/research/epidemiology/health_2020/health202
0-databook3-diet (accessed 6.3.24).

Trichopoulou, A., Costacou, T., Bamia, C., Trichopoulou, C., 2003. Adherence to a
Mediterranean diet and survival in a Greek population. N. Engl. J. Med. 348,
2599-2608.

Tuttolomondo, A., Simonetta, I., Daidone, M., Mogavero, A., Ortello, A., Pinto, A., 2019.
Metabolic and vascular effect of the Mediterranean diet. Int. J. Mol. Sci. 20 (19),
4716. https://doi.org/10.3390/ijms20194716. Sep 23.

Vilarnau, C., Stracker, D.M., Funtikov, A., da Silva, R., Estruch, R., Bach-Faig, A., 2019.
Worldwide adherence to Mediterranean Diet between 1960 and 2011. Eur. J. Clin.
Nutr. 72, 83-91.

Whelan, K., Bancil, A.S., Lindsay, J.O., Chassaing, B., 2024. Ultra-processed foods and
food additives in gut health and disease. Nat. Rev. Gastroenterol. Hepatol. 21 (6),
406-427. https://doi.org/10.1038/s41575-024-00893-5. Jun.

Willett, W., Howe, G., Kushi, L., 1997. Adjustment for total energy intake in
epidemiologic studies. Am. J. Clin. Nutr. 65, 1220S-1228S.

Wu, P.Y., Chen, K.M., Tsai, W.C., 2021. The Mediterranean dietary pattern and
inflammation in older adults: a systematic review and meta-analysis. Adv. Nutr. 12
(2), 363-373. https://doi.org/10.1093/advances/nmaall6. Mar 31.

Yang, W., Li, W., Wang, S., Qi, X., Sun, Z., Dove, A., Xu, W., 2024. Association of
cardiometabolic multimorbidity with risk of late-life depression: a nationwide twin
study. Eur. Psych. 67.

Yin, W., Lof, M., Chen, R., Hultman, C.M., Fang, F., Sandin, S., 2021. Mediterranean diet
and depression: a population-based cohort study. Int. J. Behav. Nutr. Phys. Act. 18.


http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0090
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0090
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0095
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0095
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0095
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0100
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0100
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0100
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0105
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0105
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0105
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0105
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0120
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0120
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0120
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0120
https://doi.org/10.1093/advances/nmab049
https://doi.org/10.1093/advances/nmab049
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0130
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0130
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0130
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0130
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0135
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0135
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0135
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0135
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0135
https://doi.org/10.1016/j.jad.2022.11.049
https://doi.org/10.1016/j.jad.2022.11.049
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0145
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0145
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0145
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0145
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0150
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0150
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0150
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0150
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0150
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0155
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0155
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0155
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0155
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0155
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0160
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0160
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0160
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0160
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0160
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0165
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0165
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0170
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0170
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0170
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0170
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0175
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0175
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0175
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0175
https://doi.org/10.3390/nu13082778
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0185
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0185
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0185
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0185
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0185
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0185
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0190
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0190
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0190
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0190
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0195
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0195
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0195
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0195
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0195
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0200
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0200
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0200
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0200
https://doi.org/10.1007/s00394-022-02885-0
https://doi.org/10.1007/s00394-022-02885-0
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0210
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0220
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0220
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0225
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0225
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0225
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0225
https://doi.org/10.3945/an.115.011718
https://www.cancervic.org.au/research/epidemiology/health_2020/health2020-databook3-diet
https://www.cancervic.org.au/research/epidemiology/health_2020/health2020-databook3-diet
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0240
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0240
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0240
https://doi.org/10.3390/ijms20194716
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0250
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0250
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0250
https://doi.org/10.1038/s41575-024-00893-5
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0260
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0260
https://doi.org/10.1093/advances/nmaa116
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0270
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0270
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0270
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0275
http://refhub.elsevier.com/S0165-0327(26)01098-0/rf0275

	Temporal changes in Mediterranean-style diet adherence and ultra-processed food exposure in relation to psychological distr ...
	1 Introduction
	2 Methods
	2.1 Ethics approval and pre-registration
	2.2 Cohort profile
	2.3 Exposure: dietary assessment
	2.4 Outcome: psychological distress
	2.5 Assessment of covariates
	2.6 Statistical analyses

	3 Results
	3.1 Demographic characteristics
	3.2 Change in diet over time
	3.3 Association of change in diet with psychological distress as an indicator of depression

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


