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Abstract
Globally, more than 13 % of adolescents have clinically significant mental health problems, with anxiety and depression comprising over 40 % of
cases. Despite the high prevalence of anxiety disorders among youth, dietary research has been focused on youth with depression, resulting in a
significant knowledge gap regarding the impact of anxiety on adolescent diet quality. Adolescents with diagnosed anxiety disorders and healthy
controls were included in this study. Anxiety symptoms were measured using the Screen for Child Anxiety-Related Disorders. Diagnosis of
anxiety disorder was determined using the Kiddie Schedule for Affective Disorders and Schizophrenia interview. Five diet quality indices were
scored from FFQ. Diet quality indices associated with anxiety symptoms in the correlation matrix were interrogated using multiple linear
regression modelling. All models were adjusted for depression. One hundred and twenty-eight adolescents (mean age 14·8 years (SD: 2·1);
66·4 % female) were included in this cross-sectional analysis. Although healthy controls and outpatient participants had similar unhealthy dietary
index subscale scores, outpatient participants had lower healthy index scores. Higher anxiety symptoms were associated with lower healthy
dietary indices in univariate analysis; after adjusting for comorbid depression; however, anxiety symptoms were no longer associated with
dietary indices following adjustment for multiple testing (P= 0·038 to P= 0·077). The association between anxiety symptoms and a poor diet is
attenuated by depression. The results of this study support the need for an integrated approach to the assessment of mental and physical well-
being and further research aimed at understanding the unique contribution of depression to healthy dietary patterns.
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The global prevalence of mental health disorders among
adolescents is a pressing concern, affecting over 13 % of this
population. Anxiety and depression collectively account for
approximately 43 % of adolescent mental disorders consid-
ered in the Global Burden of Disease study with a higher
prevalence observed in females(1). Anxiety disorders are
characterised by uncontrollable excessive worrying, accom-
panied by symptoms such as restlessness, head and muscle
aches, poor concentration, irritability and sleep disturbance.
Childhood anxiety disorders exhibit variability in their
average age of onset, with reports indicating onset as early
as 7 years(2). Depression disorders are characterised by
persistent sadness and a loss of interest in once-enjoyable
activities and are also accompanied by symptoms such
as restlessness, poor concentration, irritability and sleep

disturbance(3). The average age of onset varies but typically
appears in early to mid-adolescence at 12–14 years(4).

A growing body of literature now confirms that adolescents
with depression are more likely to have unhealthy dietary
patterns and consume fewer healthy foods, compared with non-
depressed youth(5–8). As anxiety and depression are highly
comorbid among youth(9,10); however, it is important to consider
whether this phenomenon is attributable exclusively to depres-
sion and to clarify whether poor diet quality or unhealthy dietary
patterns contribute to the development or worsening of anxiety,
or conversely, whether anxiety influences dietary intake. As
symptoms of anxiety frequently precede those of depression
among children and youth(11,12), the presence of a significant
association between anxiety and dietary patterns would suggest
the need to intervene earlier in childhood to improve dietary
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quality among children at risk and their families. A recent
scoping review revealed an association between lower levels of
anxiety and a variety of ‘healthy’ dietary constituents and
patterns observed in studies involving both animals and
humans(13).

While some research suggests anxiety may lead to ‘comfort
eating’ of high-fat, high-sugar foods as a copingmechanism(14,15),
data pertaining to this association are limited, particularly from
children and adolescents. Conversely, studies also suggest that
unhealthy dietary patterns may contribute to the development or
worsening of anxiety symptoms in some individuals(13,16). The
potential for a bidirectional relationship between diet and anxiety
is further supported by the role of various neurotransmitters and
hormones (corticosteroids, insulin, leptin, etc.) that influence both
peripheral and central nervous system functioning(17).

The impact of anxiety and depression disorders extends
beyond adolescence, as they are associated with cardiometa-
bolic disorders, including diabetes and CVD, in adults(18).
Childhood cardiometabolic risks, for example, unhealthy dietary
intake, also track to adulthood(19). Despite their high prevalence
and well-documented comorbidity(20–22), research on diet and
adolescent mental health to date has focused primarily on the
association between diet and depression(23). Hence, little is
known about the unique contribution of anxiety to diet quality,
particularly among children and adolescents.

Of the few studies investigating diet quality and anxiety in
youth, findings have been mixed. Two cross-sectional studies
reported a positive association between self-reported anxiety
symptom severity and unhealthy dietary patterns(24,25), and one
cross-sectional study found no association between a healthy
dietary pattern and self-reported anxiety symptoms(26).

One potential obstacle to understanding the connection
between diet quality and anxiety is the lack of consistency in
measurement across different studies, as well as the high degree
of comorbidity between anxiety and depression disorders
among young people. Previous studies investigating the
relationship between anxiety and diet quality in adolescents
have relied on either a single self-report item(24) or self-report
questionnaires to measure anxiety(25,26) rather than an anxiety
disorder diagnosis. None of these studies have explored dietary
indices based upon a FFQ among their study population.

To bridge this knowledge gap, the present study employs a
clinical population exhibiting clinically significant anxiety,
indicating both the severity of anxiety symptoms and associated
functional impairment. Furthermore, we adopt a hypothesis-
driven approach to assess diet quality, utilising four dietary
indices derived from a 24-hour FFQ. This approach aligns with
the suggestion that whole-of-diet measures, rather than
measures of single foods or nutrients, may provide a better
understanding of the relationship between diet and health
outcomes(27). As a result, our approach enhances result
comparability while also mitigating the potential influence of
measurement errors. The current study aims to investigate the
association between anxiety symptoms and diet quality in
individuals with clinically significant anxiety, hypothesising that
higher anxiety symptoms will be associated with poorer overall
diet quality and increased consumption of unhealthy foods
independent of the presence of depression.

Methods

Participants

Youth (11–18 years) were recruited from consecutive referrals
from an outpatient psychiatric program for children and
adolescents referred by primary care providers for assessment
of mood and anxiety concerns to the Department of Psychiatry’s
centralised intake system, within The Hospital for Sick Children
(SickKids), a tertiary care children’s hospital in downtown
Toronto, Canada. All those referred to the clinical program are
invited to participate in research. Exclusion criteria included
inability to provide informed consent/assent (e.g. psychotic
disorder, developmental delay), history of hypomania/mania and
significant chronicmedical illness (e.g. rheumatologic disease and
cancer). Healthy children and adolescents (hereafter referred to as
healthy controls) were recruited from the community and
contacted the research team for eligibility screening in response
to promotional materials (community posters, flyers and social
media). Healthy controls were excluded if they had a current or
previous diagnosis of depression, anxiety disorder, bipolar
disorder or psychotic disorder and/or family history of a mood
disorder (depression or bipolar disorder) in a first-degree relative.

Study procedure

Clinical assessment of participants was completed over 1–2 d
and included prospective self-report measures, dietary assess-
ment and semi-structured psychiatric diagnostic interview. All
study measures were recorded using Research Electronic Data
Capture, a secure web-based application for database manage-
ment and were anonymised(28). Data collection occurred from
2016 to 2022.

Measures

Mental health. Anxiety disorders andmajor depressive disorder
(MDD) were diagnosed using the Schedule for Affective
Disorders and Schizophrenia for School-Age Children-Present
and Lifetime version, a semi-structured psychiatric interview that
was administered by a trained member of the clinical research
team(29). All anxiety disorder subtypes were included as a
diagnosis of an anxiety disorder. MDD is characterised by
persistent lowmood, diminished interest or pleasure in activities,
and a range of emotional and physical symptoms lasting at least 2
weeks, impacting daily functioning and overall well-being(30).
Among adolescents it often also includes symptoms such as
irritability, agitation, unexplained aches or pains, changes in
school performance and avoidance of social activities rather than
explicit expressions of sadness or hopelessness(31).

Symptoms of anxiety were assessed using the Screen for
Childhood Anxiety and Related Disorders(32), a forty-one-item
self-report screening tool for anxiety symptoms with demon-
strated reliability and internal consistency(33). The Screen for
Childhood Anxiety and Related Disorders is comprised of five
anxiety subscales: somatic/panic, generalised anxiety, separa-
tion anxiety, social phobia and school phobia. Symptom
frequency is reported using a three-point scale (‘almost never’,
‘sometimes’ and ‘often’). Scores range from 0 to 82, with a
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score of≥ 25 indicating potentially clinically significant anxiety
symptoms(34).

Depression symptoms were measured using the Centre for
Epidemiological StudiesDepression Scale for Children, a twenty-
item questionnaire which includes assessment for depressed
mood, feelings of guilt and worthlessness, sense of helplessness
and sleep disturbances(35). Symptom frequencies over the past
week are rated on a scale of 0–3 and scores range from 0 to 60,
with higher scores indicating greater depressive symptoms.

Dietary intake. Dietary data were collected using a self-
reported FFQ(36). Participants reported on the frequency of
consuming twenty-four categories of foods from 0 to 3 times in
the previous 24 h. FFQdatawere assessed for logical consistency
to flag outliers and inconsistencies. Thorough data cleaning
procedures were implemented to remove incomplete or
inconsistent responses, ensuring the overall integrity of the data.

Diet quality assessment. Four diet indices for assessing
adolescent diet quality were selected from the literature(37)

and have been previously used to assess diet quality in the
same sample in relation to depression(5). Items from the FFQ
were mapped onto the scoring algorithms of four dietary indices
as a proxy measure of dietary quality using previously outlined
algorithms and scoring methods(5) (Appendix Table A1).

The Dietary Questionnaire (DQ) Index. The DQ is a nine-
item measure used in the Australian Healthy Neighbourhoods
Study(38). The DQ produces a Healthy Eating Score (DQ-H) and
Unhealthy Eating Score (DQ-UH), which quantifies intake and
behaviours consistent with healthy and less healthy dietary
patternswith amaximum score of 5 and 30, respectively. TheDQ
index has been previously shown to perform similarly to other
dietary measures when evaluating the dietary patterns of
adolescents in Canada(5).

Healthy Eating Habits Scale (HEHS). The HEHS is a twenty-
three-itemmeasure of dietary intake(39). Items are summed to create
two sub-scale scores: healthy (HEHS-H) andunhealthy (HEHS-UH)
eating (maximumscores 22 and 15, respectively)with higher scores
indicative of greater healthy or unhealthy food intake.

Health and Behaviour of Teenagers Dietary Questionnaire
(HBT). The HBT is a nine-item measure used in the Health and
Behaviour of Teenagers Study(40) that produces a healthy (HBT-
H) and unhealthy (HBT-UH) subscale score reflecting servings
of healthy (maximum score of 13) and unhealthy foods
(maximum score of 20) typically consumed daily, respectively.
Higher sub-scale scores indicate more frequent healthy or
unhealthy eating habits.

Youth Healthy Eating Index (YHEI). The YHEI is a thirteen-
item measure modified for use in children and adolescents from
the Healthy Eating Index(41). The YHEI evaluates the consump-
tion of healthy and unhealthy foods into one overall score over a
24-hour reference period (maximumof 90 points). Higher scores
indicate healthier dietary practices.

Covariates. Covariates were identified based on existing
research(42–48) including age, sex and BMI kg/m2. Height and
weight were measured by clinic staff using standardised
procedures. BMI-for-age z-scores were calculated according to

chronological age and sex using theWHOGrowth Reference for
Children and Adolescents(49). BMI status was determined from
standard BMI-for-age z-scores cut-offs for overweight (> 1 SD

above the mean), obesity (> 2 SD above the mean) and
underweight (< 2 SD below the mean). Household income was
parent reported andmeasured as total household income before
taxes in the previous year.

Statistical analysis

The sample is described using means and SD or proportions as
appropriate. Pearson, point biserial and phi correlation coef-
ficients were calculated to determine the correlation between
Screen for Childhood Anxiety and Related Disorders scores and
covariates for continuous and categorical variables. Correlation
coefficient (r) values< 0·3 were considered weak, 0·3–0·7 were
considered moderate and values> 0·7 were indicative of strong
correlations(50). Community and clinical data were combined
under the assumption of the null hypothesis that there would be
no association between diet quality and anxiety, allowing for a
greater range and variance in variable values and increasing
power to detect an association between the variables of interest.
Dietary indices significantly associated with anxiety symptoms in
the correlation matrix were further interrogated using separate
linear regressions. Age and sex differences have been observed in
comfort food preferences(51), higher BMI has been associated with
dysfunctional eating behaviour(52) and all are significantly asso-
ciatedwith anxiety disorders among youth(53). Therefore, allmodels
were adjusted for age, sex and z-BMI using multivariable linear
regression models. Since anxiety disorders were highly comorbid
with MDD, we next tested the impact of comorbid depression with
anxiety on dietary index subscales (mDQ-H, mHEHS-H and
mHBT-H) by adjusting for MDD diagnosis, in addition to age, sex
and z-BMI in the multivariable linear regression models.

For model 1, the minimal detectable effect size is f2= 0·097
with a sample size of 128 participants, four predictors and 80 %
statistical power. For model 2, the minimal detectable effect size
is f²= 0·048with a sample size of 128 participants, five predictors
and 80 % statistical power. To decrease the risk of type I errors
due to multiple testing (three models), a Bonferroni correction
was applied and P values< 0·017 (0·05/3) were considered
significant for the multivariable linear regression models(54). A
conservative variance inflation factor of three was used to detect
the multicollinearity in the regression analyses. A sensitivity
analysis was conducted to determine the effect of anti-
depressants on diet by excluding participants with anti-
depressant medication use (n 13) from the analysis. Excluding
participants taking antidepressant medication did not alter the
association between diet quality and anxiety (data not shown).
We also conducted a sensitivity analysis to investigate the impact
of missing data for income and ethnicity, and our results
remained consistent with the original findings (data not shown).
Analyses were conducted using R version 4.2.3(55).

Results

One hundred and twenty-eight children and adolescents were
included in the study (n 76 clinical participants with an anxiety

Exploring the adolescent anxiety and diet link 3

https://doi.org/10.1017/S0007114524001533  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524001533
https://doi.org/10.1017/S0007114524001533


disorder; n 52 healthy control community participants). Among
participants with an anxiety disorder, n 19 (25 %) had no
comorbid mood disorder while n 57 (75 %) had a comorbid
MDDdiagnosis. Pearson correlations for the dietary index scores
were as follows: DQ-H andHEHS-H: 0·56 (0·43, 0·67); DQ-H and
HBT-H: 0·72 (0·63, 0·80); HEHS-H and HBT-H: 0·92 (0·90, 0·95);
DQ-UH and HEHS-H: 0·51 (0·37, 0·63); DQ-UH and HBT-UH:
0·53 (0·39, 0·64) and HEHS-UH and HBT-UH: 0·76 (0·68, 0·83).
Participant characteristics are outlined in Table 1.

Healthy controls had higher mean healthy subscale scores for
two of the three measures (mDQ-H and mHBT-H; P= 0·039 and
P= 0·041, respectively). Unhealthy dietary quality index sub-
scale scores (mDQ-UH, mHEHS-UH and mHBT-UH), and
overall dietary index score (mYHEI) did not differ between
healthy controls and clinic participants (Table 2).

In univariate analysis, higher anxiety symptoms (Screen for
Childhood Anxiety and Related Disorders scores) were asso-
ciated with lower healthy diet index subscale scores (mDQ-H
r=−0·26, 95 % CI –0·41, −0·09, P< 0·01; mHEHS-H r= –0·20,

95 %CI –0·36,−0·03, P< 0·05; mHBT-H r=−0·23, 95 %CI –0·39,
−0·06, P< 0·05) and female sex (r=−0·33, 95 % CI –0·47, −0·16,
P< 0·01). Anxiety symptoms were highly correlated with
depressive symptoms (CESD-C; r=−0·84, 95 % CI 0·78, −88,
P< 0·01) (Table 3). Anxiety symptoms were not associated with
unhealthy diet quality subscale scores (mDQ-UH, mHEHS-UH
and mHBT-UH), overall diet quality index score (mYHEI), age,
BMI, ethnicity or household income (Table 3).

After applying the Bonferroni correction (significance level of
P= 0·017), the multivariate analysis interrogating the association
between the healthy diet index subscale scores and anxiety
symptoms was significant, in the models adjusted for age, sex
and BMI z-scores (mDQ-H scores (β =−0·28, P = 0·002),
mHES (β =−0·23, P = 0·015) or mHBT-H (β =−0·26,
P = 0·005). When a comorbid diagnosis of MDD was included
in the model, healthy diet index subscale scores were no
longer associated with anxiety (mDQ-H scores (β =−0·24,
P= 0·038), mHES (β=−0·22, P= 0·066) or mHBT-H (β= −0·21,
P= 0·077)) (Table 4).

Table 1. Participant characteristics across diagnostic groups (Mean values and standard deviations; numbers and percentages)

Variable n

Clinical participants (n 76) Healthy controls (n 52)

n % n %

Age
Mean 128 14·69 15·01
SD 2·28 1·75

Sex (at birth), n (%) 128
Female 59 77·6 26 50·0
Male 17 22·4 26 50·0

Gender 127
Cisgender 74 98·7 52 100

Sexual orientation 41
Heterosexual 33 80·5 NA
Bisexual 5 12·2 NA
Questioning, Gay/Lesbian 3 7·3 NA

Weight (kg)
Mean 128 59·71 59·82
SD 19·32 12·99

Height (cm)
Mean 128 161·58 166·94
SD 10·63 10·11

BMI 128 22·57 6·26 21·28 3·42
zBMI
Mean 128 0·55 0·33
SD 1·47 1·03

BMI categories, n (%) 128
Normal weight or thinness 53 69·7 34 65·4
Obesity or overweight 23 30·3 18 34·6

Ethnicity, n (%) 101
White/Caucasian 32 61·5 32 61·2
Mixed/Multiple Ethnicities 10 19·2 7 14·3
Asian 6 11·5 7 14·3
Black/African American/Native North American 0 2 4·0
Other 4 7·7 3 6·1

Household income, n (%) 100
< $75 000/year 14 27·5 6 12·2
> $ 75 000/year 26 51·0 35 71·4
Prefer not to answer 11 21·6 8 16·3

SCARED
Mean 128 50·00 13·83
SD 14·80 10·95

CES-DC
Mean 128 35·21 8·06
SD 12·28 4·53

zBMI, BMI-for-age z-score; SCARED, Screen for Child Anxiety Related Disorders; CES-DC, Centre for Epidemiological Studies Depression Scale for Children.
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Discussion

To our knowledge, the current study is the first to examine the
association between diet quality and a diagnosed anxiety
disorder among youth. The results indicate that adolescents
with an anxiety disorder consume a lower intake of healthy
foods compared with healthy controls. In contrast, the
consumption of unhealthy foods is similar among anxious and
non-anxious youth. The study also reveals a correlation between
higher anxiety symptoms and lower healthy diet index subscale
scores. However, the presence of comorbid depression
weakened this association across all diet subscale scores. This
suggests that the impact of anxiety symptoms on diet may not be
independent of MDD.

Previous literature examining the association between diet
and anxiety is sparse. A recent scoping review found that more
than half (56 %) of the literature examining this relationship
was comprised of animal studies. Among human experimental
studies, only 10 % included participants with anxiety(13).
Accordingly, the present study makes a meaningful contribution
to current knowledge as it includes adolescents with clinically
significant anxiety symptoms. The less healthful eating habits
observed in individuals with comorbid anxiety and depression in
the current study align with Wang et al.’s cross-sectional study of
5003 adolescents (mean age 13·1 years), where participants with
comorbid anxiety and depression had notably lower odds (OR
0·50, P< 0·001) of adhering to a traditional Chinese (healthy)
food pattern(25). However, the lack of an association between
unhealthy eating and anxiety symptoms demonstrated in the
current study is not consistent with the findings of Wang et al,
however, which found greater odds (OR 1·93, P< 0·001) of
being in the highest tertial of a snack food dietary pattern among
comorbid anxiety and depression(25). One possible explanation
for this discrepancy may be that clinical participants and healthy
controls consumed equally unhealthy diets in the current study
(Table 2). Another explanation for the discordant findings
concerning unhealthy dietary intake may lie in the different
study settings. The current study’s findings align with an Iranian
community sample of 280 adolescent girls, mean age 16·2 years
where differences in depression scores but no differences in
anxiety scores (P= 0·87) were observed across quintiles of
adherence to a Mediterranean-style dietary pattern(26). Although

the sample size is small, such that results require replication in
larger samples, the focus of the study on adolescents with
clinically significant anxiety symptoms is novel and as such,
findings make a new contribution to the current understanding
of the association between anxiety symptoms and dietary
patterns in youth. Current findings also align with the only other
study conducted among individuals with clinical diagnoses of
depression and anxiety that we are aware of, which was
conducted among adults. Adults with concurrent depressive and
anxiety disorders (n 1634) had lower diet quality scores than
healthy controls (Mediterranean diet score: β=−0·41 (95 %
CI= –0·60, –0·21); alternative healthy eating index β=−0·22
(95 % CI=−0·42, –0·03))(56).

Stronger associations between anxiety and diet quality were
observed for DQ-H than HBT-H or HEHS-H. While all scores
include fruits and vegetables in the healthy subscale score, the
DQ-H also includes low-fat dairy, whereas the HEHS-H also
includes 100 % orange, grapefruit, tomato juice, dried beans,
peas, lentils, black beans and soybeans. This may suggest that
the association between comorbid anxiety and depression with
diet quality might be influenced by the consumption of
low-fat dairy products. To our knowledge, this is a novel, yet
preliminary, finding that warrants further investigation.

In adulthood, heightened cardiometabolic risk has been
associated with psychiatric conditions experienced during
childhood and adolescence, such as anxiety and depression
disorders, regardless of body weight or the presence of
metabolic syndrome(57). The current study did not find a
significant association between BMI and anxiety in adolescents.
However, this is in contrast to a meta-analysis by Burke et al.
which found a small but statistically significant effect (r= 0·08;
95 % CI) (0·06, 0·11); P< 0·001) indicating that increases in
anxiety symptoms with increasing body weight(42). One possible
explanation for this discrepancy is that most participants in the
current study were of healthy BMI, whereas the meta-analysis
included participants seeking weight management treatment.
Another study of healthy-weight children and adolescents found
that the presence of an anxiety disorder was associated with a
greater trend towards weight gain over time, compared with
those without an anxiety disorder at baseline. These findings
suggest that anxiety may be a risk factor for future overweight

Table 2. Comparison of mean (SD) modified (m) dietary quality index scores across diagnostic groups

Clinic participants
(n 76)

Healthy controls
(n 52)

Dietary indices Max score Mean SD Mean SD P-value

Healthy subscales scores*
mDietary questionnaire 5 2·39 1·02 2·77 0·96 0·039
mHealthy eating habits scale 22 8·91 5·98 10·26 5·58 0·200
mHealth and behaviour of teenagers 13 6·04 3·09 7·19 3·08 0·041

Unhealthy subscales scores†

mDietary questionnaire 30 8·75 2·79 8·80 2·48 0·914
mHealthy eating habits scale 15 3·28 1·85 3·79 1·68 0·114
mHealth and behaviour of teenagers 20 3·55 3·18 3·92 2·99 0·508

Overall diet quality
mYouth healthy eating index 90 49·22 9·53 51·36 9·59 0·215

*Higher scores indicate healthier diet quality; †higher scores indicate unhealthier diet quality.
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Table 3. Correlation (r) with 95% confidence intervals for anxiety symptoms and covariates, n 128

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13

1. SCARED –
2. CESD-C 0·84** –
95% CI 0·78, 0·88

3. Age 0·02 0·09 –
95% CI –0·15, 0·19 –0·08, 0·27

4. Sex –0·33** –0·35** –0·18* –
95% CI –0·47, −0·16 –0·50, −0·19 –0·34, −0·01

5. BMI 0·11 0·23** 0·19* –0·07 –
95% CI –0·06, 0·28 0·06, 0·39 0·02, 0·35 –0·24, 0·11

6. mDQ-H –0·26** –0·22* –0·23* 0·06 –0·02 –
95% CI –0·41, −0·09 –0·38, −0·04 –0·38, −0·05 –0·12, 0·23 –0·20, 0·15

7. mDQ-UH –0·02 –0·05 0·00 0·03 –0·09 –0·05 –
95% CI –0·19, 0·15 –0·22, 0·13 –0·17, 0·18 –0·14, 0·20 –0·26, 0·09 –0·22, 0·12

8. mHEHS-H –0·20* –0·20* –0·16 –0·00 –0·19* 0·56** –0·17 –
95% CI –0·36, −0·03 –0·36, −0·02 –0·32, 0·02 –0·17, 0·17 –0·35, −0·02 0·43, 0·67 –0·34, −0·00

9. mHEHS-UH –0·08 –0·14 0·05 0·03 –0·05 0·01 0·51** 0·03 –
95% CI –0·25, 0·09 –0·31, 0·04 –0·13, 0·22 –0·14, 0·20 –0·22, 0·13 –0·16, 0·18 0·37, 0·63 –0·15, 0·20

10. mHBT-H –0·23** –0·25** –0·19* 0·01 –0·19* 0·72** –0·16 0·92** 0·04 –
95% CI –0·39, −0·06 –0·41, −0·08 –0·35, −0·02 –0·17, 0·18 –0·35, −0·01 0·63, 0·80 –0·32, 0·02 0·90, 0·95 –0·14, 0·21

11. mHBT-UH 0·02 –0·05 –0·03 –0·07 –0·06 –0·13 0·53** –0·16 0·76** –0·17 –
95% CI –0·15, 0·20 –0·22, 0·13 –0·20, 0·14 –0·24, 0·10 –0·23, 0·11 –0·30, 0·05 0·39, 0·64 –0·33, 0·01 0·68, 0·83 –0·33, 0·01

12. mYHEI –0·17 –0·08 –0·14 –0·04 –0·07 0·58** –0·33** 0·69** –0·19* 0·71** –0·24** –
95% CI –0·33, 0·01 –0·26, 0·09 –0·30, 0·04 –0·21, 0·13 –0·24, 0·11 0·45, 0·68 –0·47, −0·16 0·59, 0·77 –0·35, −0·02 0·61, 0·79 –0·40, −0·07

13. Ethnicity –0·05 0·07 0·07 –0·17 0·27** –0·11 0·08 –0·05 0·06 –0·13 0·07 –0·14 –
95% CI –0·24, 0·15 –0·12, 0·27 –0·13, 0·26 –0·35, 0·03 0·08, 0·44 –0·30, 0·09 –0·12, 0·27 –0·25, 0·14 –0·14, 0·25 –0·32, 0·06 –0·12, 0·27 –0·33, 0·05

14. Household
Income

0·08 0·15 –0·11 –0·07 0·10 0·04 0·07 –0·06 –0·09 –0·14 –0·01 –0·18 0·13

95% CI –0·14, 0·29 –0·07, 0·36 –0·32, 0·11 –0·29, 0·15 –0·12, 0·31 –0·18, 0·25 –0·15, 0·28 –0·28, 0·16 –0·30, 0·13 –0·35, 0·08 –0·23, 0·21 –0·38, 0·04 –0·09, 0·34

SCARED, Screen for Child Anxiety and Related Disorders; CES-DC, Centre for Epidemiological Studies Depression-Children; mDQ-UH, modified Dietary Questionnaire – Healthy (mDQ-H); modified Dietary Questionnaire – Unhealthy;
mHEHs,HEHS,modifiedHealthy EatingHabits Scale; mHEHS-UH,modifiedEatingHabits Scale –Unhealthy;mHBT-H,modifiedHealth Behaviours of Teenagers –Healthy;mHBT-UH,modifiedHealth Behaviours of Teenagers –Unhealthy;
mYHEI, modified Youth Healthy Eating Index.
SCARED: lower scores are less severe; CESD-C: lower scores are less severe; higher dietary index scores indicate greater (un) healthy diet quality.
Correlations between continuous variables arePearson’s correlations, between continuous and dichotomous variables are point biserial correlations and between two dichotomous variables are phi coefficients. Dichotomous variables had the
following categories: Sex (at birth): 1=male, 2= female; Ethnicity: 0=Caucasian/white, 1= non-Caucasian, non-white; Living Arrangements: 0= biological parents1= joint custody both biological parents/ Biological mother only/ Biological
father only/ Adoptive parent; Household income: 0= higher income (> $75 000), 1= lower income (< $75 000). Values in square brackets indicate the 95% confidence interval for each correlation. * Indicates P< 0·05. ** indicates P< 0·01.
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and obesity, even among healthy-weight adolescents(58). Taken
together with results from the current study, these findings
suggest that while adolescents with clinically significant anxiety
may not manifest increased body weight as youth, dietary risk
factors for future overweight and obesity are present and can be
detected before weight gain. Preventive interventions aimed at
reducing the risk of future obesity in these vulnerable
populations are likely to be more effective than those aimed
at weight loss in adulthood(59). Our findings highlight the need
to assess health behaviours among children and adolescents
who may be at increased risk of future weight gain and related
mental health disorders, such as those with clinically significant
anxiety.

A strength of the current study is the inclusion of adolescents
displaying clinically significant anxiety and depression symp-
toms. In addition, the study also examined healthy and
unhealthy diet quality using several dietary indices to increase
the ability to observe results across measures, an area in which
research is sparse. Several limitations should also be considered.
The misreporting of energy and protein intake when assessing
diet by self-report is a widely recognised limitation in
investigating the effects of diet on health. Underreporting is a
major problem, especially due to inter-individual variation in
misreporting, which significantly weakens the relationship
between diet and disease. Despite the impact of reporting
errors on self-reported dietary intake, our previous research has
shown that reporting bias among adolescent outpatients is
similar to that of adolescents in community samples(60).
Comprehensive 24-hour food recall measures of dietary intake
that include multiple days of intake should be employed in
future studies to represent habitual intake more accurately. Also,
as this study was focused on youth with clinically significant
anxiety symptoms, who have high rates of comorbid depression
symptoms, findings cannot be generalised to youth with
subclinical levels of anxiety symptoms. The current study is
underpowered to detect small effect sizes due to the limited
sample size. However, the observed effect sizes in our study
align with findings from adult studies across diverse measures
thereby enhancing the validity of our results despite the potential
limitation in statistical power. The preponderance of female
participants in the current sample, while reflective of the
increased prevalence of anxiety and depression among
female v. male youth, limits the generalisation of study
findings to adolescent males. Larger population-based and
ethnically diverse studies are needed to parse associations
across anxiety severity, ethnicities and comorbidity to guide
wider public health initiatives. Given the cross-sectional
design, this study cannot establish the temporal direction nor
infer causality of the observed associations between anxiety
symptoms, dietary patterns and comorbid depression.
Furthermore, the non-random selection of participants
necessitates caution when generalising these findings to the
broader adolescent population. The recruitment of control
comparator youth relied on the volunteerism of healthy youth,
introducing potential selection bias. Given the small number
of studies on this topic early in the life course, however, our
results provide the basis for prospective longitudinal studies
to examine directionality.T
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Conclusions

Increased anxiety symptoms may be associated with a poorer
healthy diet; however, this effect is attenuated by depression.
These findings highlight the complex interplay between anxiety,
depression, and diet in adolescents. The results of this study
support the need for an integrated approach to the assessment of
mental and physical well-being. By identifying and addressing
risk factors for adverse metabolic and physical conditions that
co-occur with adolescent internalising disorders such as anxiety
and depression, it may be possible to reduce the accrual of
comorbidities across the lifespan, resulting in improved overall
health outcomes for anxious children.
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