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Abstract

University students are at risk of experienc-
ing mental health problems during the transi-
tion from home to university. This transition
can also adversely affect their diet quality.
This review aims to examine bidirectional asso-
ciations from observational studies regarding
the influence of diet quality on the mental
health of university students, and vice versa.
The databases PubMed, CINAHL, EMBASE,
PsycINFO, The Cochrane Library and Web of
Science were searched using relevant search
terms. The searches were last updated on 15 July
2022. Majority of studies (36 out of 45) found
that good diet quality of students was associated
with better mental health in terms of depres-
sion, anxiety, stress and overall general mental
well-being. Moreover, majority of studies (19
out of 23) found that stress and anxiety of stu-
dents were associated with poorer diet quality.
The effect sizes observed were generally small-
moderate. Healthy diets of students have been
associated with better mental health in terms
of depression, anxiety, stress or other mental
health issues. Stress experienced by university
students has been associated with unhealthy
diets. There are implications for health edu-
cation research, as interventions to improve
diet quality at the university level could reduce
mental health issues; additionally, interventions
to support students under stress may lead to

healthier dietary habits when living on cam-
puses. Randomized controlled trials and inter-
vention studies are needed to further investigate
these implications.

Introduction

The transition to university from home can have
both positive and negative effects. Positive effects
include developing independence, lifelong friend-
ships and networking. However, when the outcome
of the life transition is positive (such as gaining new
skills and paid employment), this experience can
still be unpleasant and associated with life dissat-
isfaction [1]. Some examples of challenges refer to
academic, social, personal-emotional and institu-
tional adjustments [2]. Change is often a cause of
uncertainty, which in turn can induce higher levels
of stress and anxiety [3].

The transition to university from home may
affect mood and overall mental health. This is a
period of increased risk of onset of mental health
problems [4], particularly for the onset of depres-
sion and anxiety [5].

In the United States, it is estimated that up
to 50% of the students living on university cam-
puses can be affected by mental health problems
[6]. This observation appears to be an international
issue. A meta-analysis of 34 international studies
with university students of various years between
1990 and 2010 showed an average prevalence of
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depression of 30.6% [7]. Rates were substantially
higher than those found in the general population
(~11%) [8]. However, there are studies that have
not detected differences in the mental health of stu-
dents and non-students [9]. The differences in the
findings examining mental health prevalence statis-
tics could be attributed to the various methods used
by studies, as ways in which symptoms have been
assessed are not always appropriate for establishing
prevalence per se.

Definitions of mental health may also vary. The
World Health Organization defines mental health
as ‘our emotional, psychological, and social well-
being’ [10]. The terms mental health and mental
illness may be used interchangeably, however a
person may experience poor mental health even
without being diagnosed with a mental illness [11].
For this reason, in order to better understand the
various dimensions of mental health, it may be
appropriate to look for a broad range of studies
that use constructs assessing for ‘mental health’;
these may vary from specific symptom measures,
to well-being measures, to positive self-concept, as
well as include constructs such as resilience and
self-concept.

The transition to university from home also
appears to affect the diet quality of students, as this
period is characterized by students adopting poor
quality diets [12].

A meta-analysis of studies conducted in the
United States, Canada, United Kingdom and Bel-
gium showed a student weight gain of 1.4 kg over
two terms [12]. This increment in weight is five
times higher than the weight gain expected in the
general population over a period of 1 year. In the
United States, this has been observed in at least
two-thirds of students during their 1st year of uni-
versity [13]. These changes in diet quality are char-
acterized by increments in the consumption of fast
food, relying more on take-out food and less on
fresh food [14, 15].

Organizations, such as the Food Standards
Agency in the United Kingdom, have issued
guidelines as to what a good quality diet should
consist of [16]. For example, these guidelines
include advice about the intake of fruit (>2

servings/day), vegetables (>3 servings/day), oily
fish (>200 g/week), fat (<85 g/day) and non-milk
extrinsic sugars (<60 g/day) [17]. There are also
specific types of diets that are in line with the above
recommendations, such as the Mediterranean diet
which consists of fruits, vegetables, whole grains,
seafood, beans and nuts, and whose health bene-
fits have been reported in previous literature [18].
Various diet quality measures have been devised to
capture the quality of a diet according to guidelines
such as the ones mentioned earlier, although stud-
ies often use food frequency questionnaires without
considering a diet quality instrument.

Although not the only factor, poor quality diet
has been considered a risk factor of mental health
problems [19], and some argue that mental health
issues could impact diet quality too [20]. Under-
standing this relationship could have important
implications in health education practice. Current
practices for addressing the mental health of uni-
versity students include counselling [21], as well
as cognitive, behavioural and mindfulness inter-
ventions [22]. More recently, the above interven-
tions are being available via the internet in addition
to sessions in person by university counsellors
[22, 23]. Educating students about mental health
has also been shown to be effective [24]. In some
cases, students utilize pharmacological options,
such as antidepressants prescribed by general prac-
titioners or psychiatrists [25]. However, pharma-
cological and psychological interventions may not
always be able to prevent or resolve mental health
issues; hence, diet could be a potential target for
the prevention and adjunct treatment of anxiety and
depression of students [26].

Even though there is a scarcity of studies inves-
tigating the association of diet quality with mood
in university students, relevant studies involving
the general population are more abundant. These
studies have mainly focussed on the effects of
diet on depression. Reviews of cross-sectional
studies have shown inverse associations of small—
moderate effect size between diet quality scores
and depressive symptoms [19, 27]. Moreover, a
recent meta-analysis of randomized controlled tri-
als examined the efficacy of dietary interventions
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for symptoms of depression in both clinical and
non-clinical populations [26]. This review showed
evidence that dietary interventions had a small-
moderate effect on improvement of depressive
symptoms. Examples of dietary interventions that
were used included individualized dietary coun-
selling, group dietary classes and standardized
dietary prescription. In view of the above evidence,
there is scope to understand the influence of diet
on mental health of students and vice versa by per-
forming a systematic literature review of relevant
observational studies. Moreover, establishing a link
between diet quality and mental health may be used
for practical support involving interventions that
could improve both diet quality and mental health
of students.

Review aims

To better understand the associations between diet
and mental health, this review aimed to interpret
study findings in the context of the diathesis—stress
model [28]. Stress—diathesis models are models
that can facilitate our understanding of how predis-
positional factors from various domains can cause
susceptibility to psychopathology and eventually
lead to conditions that are sufficient for the devel-
opment of a mental health disorder [29]. These
models may encompass multiple factors contribut-
ing to psychopathology, including biological vul-
nerabilities, psychological susceptibilities, social
variables, environmental variables and develop-
mental experiences [29].

The review aimed to interpret findings while
taking into consideration the various risk factors
that can affect students with a biological, psycho-
logical or social vulnerability to mental illness or
to bad diet quality. This was in line with both
the stress—diathesis model and the biopsychosocial
model of health and illness [30, 31]. Biopsychoso-
cial factors linked to mental health include stress,
stressful life events, body image, physical activity,
sleep, social support, use of alcohol or illicit drugs.
There are also biopsychosocial factors linked to
diet, such as availability and access of pre-prepared
meals/fast foods on campus, lack of cooking skills,
lack of culinary and basic nutritional knowledge,

no previous hands-on involvement in food prepa-
ration in the family environment, limited resources
including money for shopping, no easy access to
healthy food and lack of companionship during
meal times [32]. Hence, we aimed to look for
moderators or mediators of the association between
diet and mental health, in recognition that mental
health and diet quality difficulties are multifaceted
and underpinned by complex biopsychosocial
processes.

Scoping searches did not identify any previous
systematic literature reviews appraising both direc-
tions of the influence of diet quality on the mental
health of university students, and vice versa. How-
ever, one previous systematic review appraising the
association of mental health with the diet quality
of students [20] was identified, which was pub-
lished in 2018; further scoping searches showed
that at least eight relevant studies were published
since 2018. In 2021, another systematic review
appraised the opposite direction of the association,
i.e. the influence of diet on the mental health of stu-
dents [33]; further scoping searches showed that
at least six relevant studies were published since
the data search of this review was done. None of
these reviews assessed both directions of the associ-
ation between diet quality and mental health. Even
though studies have been treating associations with
diet and mental health, and associations with men-
tal health and diet as separate, in reality, most
research cannot establish whether one is predicting
the other, as they are associations. In view of this,
we feel that a full picture can only be obtained by
including studies in the review that have assessed
either direction of the association.

Hence, the current review aims to provide
knowledge by appraising studies investigating the
influence of diet quality on the mental health of uni-
versity students, and vice versa. This is important
as the findings may have implications in health edu-
cation practice. The review aims to appraise studies
that have been assessed by the previous reviews
[20, 33], as well as studies that have never been
appraised before.

Given the fact that scoping searches indicated the
majority of studies to be cross-sectional, the review
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did not aim to answer the question of causation in
regard to the relationship between diet and mental
health.

Methods

This systematic review followed the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses statement [34] and was registered in the
PROSPERO International Prospective Register of
Systematic Reviews (number CRD42020196336 at
www.crd.york.ac.uk/PROSPERO). There were no
discrepancies between the initial protocol and the
processes that were followed.

Search strategy

A search of the literature was performed on 1 July
2020 (date range for searches was from inception to
1 July 2020). The searches were re-run on 15 July
2022 in order to update the review with recent stud-
ies. The databases PubMed, CINAHL, EMBASE,
PsycINFO, The Cochrane Library and Web of Sci-
ence were searched by using the following search
terms:

Student* AND (Diet* OR Nutrition OR Eat* OR
Food OR Weight gain) AND (Mood OR Depress*
OR Anxiety OR Stress OR Mental health).

‘Weight loss’ was not included in search terms as
previous studies have reported a weight gain (rather
than weight loss) in students transitioning to uni-
versity. Moreover, weight loss due to depression
would be more relevant to lack of appetite, which
is not the focus of this review.

Both medical subject headings and free-text
terms were incorporated, which were adapted
according to the database searched. Google
Scholar, OpenGrey and ResearchGate were also
searched in order to identify any relevant grey lit-
erature. This strategy was followed in order to
ensure a broad coverage of studies. The refer-
ence lists of the included studies and reviews were
hand searched in order to identify any additional
papers of relevance. Where further information was
required, authors of retrieved studies were con-
tacted.

Inclusion and exclusion criteria

The review included studies published in peer-
reviewed journals or grey literature, including
cross-sectional and longitudinal studies, as well as
review studies of observational evidence. Scoping
searches did not identify any relevant intervention
studies, randomized controlled trials or qualita-
tive studies. Intervention studies examining only
individual foods/nutrients or focussing only on a
single food component were not considered eligi-
ble, as the focus is on whole of diet associations
and effects. Hence, the focus was on observa-
tional studies, as the review aimed to gain insight
into the associations of diet quality with the men-
tal health (and vice versa) of university students
in their natural environment without any external
interventions.

Publication languages included English, Greek
and Spanish (as these are the authors’ languages).
There were no publication period restrictions.

Studies were included if they involved partici-
pants who were university students of any ethnic
origin, gender and age, studying in any country,
with or without a mental health diagnosis (such as
depression and/or anxiety).

Studies were excluded if they involved partic-
ipants who were not university students, if they
studied associations of mental health with single
macro/micronutrients rather than overall diet qual-
ity, or if they studied associations of mental health
with nutritional supplements rather than diet qual-
ity. Studies were also excluded if they focussed
on disordered eating behaviours rather than on diet
quality.

Main outcomes

The main outcomes included depression or anxi-
ety or depressive/anxiety symptoms or other men-
tal health symptoms (assessed by relevant scales,
or as experienced subjectively by participants, or
as diagnosed by health professionals) and diet
quality. The review included studies using diet
measures (such as food frequency questionnaires)
and/or diet quality scores obtained from diet quality
instruments.
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Screening

Titles were screened by author S.S. for inclusion,
followed by screening of abstract and then content.
Full texts were obtained in cases where abstract
eligibility was considered uncertain or if title eligi-
bility was considered uncertain and abstracts were
not available. Studies were included at the abstract
screening stage if abstracts were in English, Span-
ish or Greek, but studies were excluded if their full
texts were in other language. Authors of studies
were contacted when there was not enough infor-
mation to decide whether a study met the inclusion
criteria. All screening steps were discussed with
author G.P.A. The studies meeting the inclusion cri-
teria were selected for the review as summarized
in Fig. 1.

Data extraction

Data were extracted from observational studies by
using the relevant sections of the Cochrane good
practice data extraction form. Data were extracted
from reviews by using a modified version of the
National Institute for health and Care Excellence
extraction form [35]. The data were extracted in
an electronic format in order to achieve effective
time management and reduce any errors during data
entry.

The extracted data included the following:
authors, year of publication, setting, study design,
sample size, geographical location, follow-up time
(if applicable), demographic and clinical character-
istics of participants, measures used (where appli-
cable) and main findings (dietary assessment tool
used and score used, assessment of depression
and/or anxiety, depressive and anxiety symptoms
scale and threshold used), confounders used and
relevant statistics. In cases where various analy-
ses were completed, the analysis that had taken the
largest number of confounders into consideration
was used.

Risk of bias/quality assessment

The quality of studies was scored into high,
medium and low quality by using the Newcastle—
Ottawa Quality Assessment Scale (adapted for

cross-sectional studies) [36]. This instrument has
a highest score of 10, with 5 points being allo-
cated to selection (representativeness of the sample,
sample size, non-respondents and ascertainment of
the exposure), 2 points being allocated to compa-
rability and 3 points being allocated to outcome
(including assessment of outcome and statistical
tests). The guidance of the Centre for Reviews and
Dissemination [37] was used for appraising the
quality of review papers. Where appropriate, dis-
cussion between the authors was used to resolve
any uncertainties.

Strategy for data synthesis

A narrative synthesis review [38] of observational
studies

(and of reviews of observational studies) reporting
associations of diet quality with mood and men-
tal health of university students (with or without
an established mental health diagnosis), and vice
versa, was performed. This was considered to be
the best approach to analyse the observational data
available.

Results

Following title screening of 13290 articles, 167
abstracts were read in full and assessed against
the inclusion and exclusion criteria. Eighty-six
full-text articles that met the inclusion criteria
were then retrieved, and the full texts were sub-
sequently screened against the criteria. Authors
of three papers were contacted to obtain fur-
ther information [39-41]. The final number of
papers that were included in the review was 68
(Fig. 1).

Of the included studies, 44 primary studies
investigated the influence of diet on mental health
(of which 43 were cross-sectional and one was
longitudinal). There was also one review identi-
fied that investigated this direction of the associ-
ation. In terms of study quality (as measured by
the Newcastle-Ottawa Quality Assessment Scale
and the guidance of the Centre for Reviews and
Dissemination), 15 studies were evaluated as of
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Fig. 1. Flowchart of selected studies.

high quality, 29 were of medium quality and one
was of low quality (Online Supplemental Materials
1-3). There were no relevant randomized con-
trolled trials, intervention studies or qualitative
studies identified.

In terms of studies investigating the influence of
mental health on diet, one systematic review and 22
primary studies were evaluated (of which 18 were
cross-sectional and four were longitudinal). Three
studies were considered of high quality, 19 stud-
ies were of medium quality and one study was of
low quality (Online Supplemental Materials 1-3).
The inclusion criteria were not met by any relevant

randomized controlled trials, intervention studies
or qualitative studies.

Where diet quality instruments were used, the
most common measure was the Healthy Eating
Index (HEI). HEI is a measure of diet quality
that assesses how well food intake aligns with key
recommendations of the Dietary Guidelines for
Americans [42]. In terms of mental health instru-
ments, the most frequently used instrument was the
Depression, Anxiety and Stress Scale (DASS-21),
which is a set of three self-report scales designed to
measure the emotional states of depression, anxiety
and stress [43].
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S. Solomou et al.

Diet quality associations with mental
health

In regard to geographical settings of studies inves-
tigating the influence of diet quality on mental
health, 38% of the studies took place in Europe,
31% in the United States and Canada, 12% in Asia,
12% in the Middle East, 5% in Latin America and
2% in Africa. The studies also varied in terms of
the number of study participants, from 36 to 68 559
(Table D).

In order to describe the results, we organized
the studies into those that used a diet quality tool
as a predictor of diet quality and those that used
other kinds of tools, such as food frequency ques-
tionnaires. We also organized the results in terms
of outcomes, including depression, anxiety and
stress (Table II).

There were 25 studies that investigated the influ-
ence of diet quality on depression. Of these studies,
20 suggested diet quality to be negatively associ-
ated with depression. Out of the nine studies that
used a diet quality score, six found a significant
negative association of diet quality with depression
scores [44—49]. The remaining studies used ques-
tionnaires, and there was evidence to suggest that
healthy diet was associated with lower depression
scores [50-58], as well as that unhealthy diet was
associated with higher depression scores [51, 52,
55, 57, 59-63].

Nine studies examined the influence of diet qual-
ity on anxiety, of which eight found significant
associations. Of these studies, four used a diet qual-
ity measure and all found a negative association of
diet quality with anxiety [46, 49, 64, 65]. Stud-
ies using questionnaires also showed that unhealthy
diet was positively associated with anxiety [57, 58,
60, 63].

Thirteen studies looked into the influence of diet
quality on stress, of which 11 found significant
associations. Six studies using a diet quality mea-
sure found a negative association of diet quality
with stress [46, 64—68]. Additionally, studies using
questionnaires found that unhealthy diets were pos-
itively correlated with stress [51, 55, 59, 62, 63], as
well as that healthy diets were negatively correlated
with stress [51, 55, 59].

There were 13 identified studies investigating the
influence of diet quality on general mental well-
being, of which 12 found significant associations.
Out of the six studies that used a diet quality mea-
sure, four concluded that poor diet quality was neg-
atively associated with mental well-being [39, 46,
69, 70], and one concluded that good diet quality
was positively associated with mental well-being
[71]. One study found a positive association of diet
quality with positive emotional state, but no asso-
ciation with negative emotional state [72]. Studies
using questionnaires reported unhealthy diets to be
associated with bad mental well-being [52, 73, 74],
as well as healthy diets to be associated with good
mental well-being [52, 74-77].

Other mental health parameters that were exam-
ined by studies to determine whether they are influ-
enced by diet included post-traumatic stress disor-
der, academic stress, positive self-concept and psy-
chological resilience. All of these studies reported
results towards the expected direction. Specifically,
two studies reported that a healthier diet was associ-
ated with fewer post-traumatic stress symptoms in
university students [52, 54], one study reported that
high adherence to the Mediterranean diet decreased
academic stress in regard to students communicat-
ing their own ideas [78], two studies reported that
the Mediterranean diet was associated with more
positive self-concept [79, 80] and one study sug-
gested that better diet quality was associated with
better psychological resilience [81].

In terms of effect sizes for studies investigating
the association of diet quality with mental health,
it was possible to retrieve information for 31 out
of the 35 studies that found significant associa-
tions (Table II). It was observed that effect sizes
were small for 22 studies, moderate for five studies
and large for four studies (Table II).

Mental health associations with diet quality

Twenty-two primary studies and one systematic lit-
erature review investigated the associations of men-
tal health with diet quality. The identified studies
took place in various locations (Table III). Specif-
ically, 32% of the studies were conducted in the
United States and Canada, 29% in the Middle East,
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14% in Europe, 10% in Latin America, 10% in
Asia and 5% in Australia. The number of study
participants varied from 88 to 2810 (excluding the
systematic literature review). The main findings of
these studies are summarized in Table I'V.

Out of the four studies investigating the influence
of depression on diet quality, two found signifi-
cant associations. In particular, one study found
evidence that depressed women were more likely
to follow unhealthy diets; however, no associa-
tions were found for men [82]. Moreover, one
study found that increased sugar intake was associ-
ated with more symptoms of depression, but there
were no associations of depression scores with the
overall diet quality scores [83, 84].

Thirteen studies investigated the influence of
stress on diet quality, of which 12 found significant
associations. Of the studies that showed signifi-
cant associations, two used a diet quality tool and
found that high perceived stress was associated
with low diet quality scores [85], as well as that
low perceived stress was associated with high diet
quality scores [86]. The remaining 10 studies used
questionnaires and similarly showed that high per-
ceived stress was associated with unhealthy diets
[87-94], as well as that low perceived stress was
associated with healthy diets [89, 95]. Moreover,
evidence from two longitudinal studies suggested
that increasing stress over a period of time can be
detrimental on diet [91, 96].

Other mental health conditions that have been
investigated to determine whether they can influ-
ence diet quality included anxiety, test anxiety,
academic stress and menstrual distress. In partic-
ular, three cross-sectional studies investigated the
influence of anxiety on diet quality by using a diet
quality tool. One found that anxiety was associ-
ated with a greater risk of low macronutrient quality
[84]; the other two studies found no associations of
stress with the overall diet quality score [83, 97].

In terms of the influence of test anxiety and aca-
demic stress on diet quality, all four studies showed
significant associations with diet quality [98—101].
Specifically, it was found that test anxiety and aca-
demic stress negatively predicted adherence to the
Mediterranean diet [98]; there was also evidence

from two longitudinal studies to suggest that as
test anxiety/academic stress increased, the intake
of unhealthy food also increased [99, 100]. The
above findings were also supported by the results
of a cross-sectional study [101].

Finally, one study investigated the influence of
menstrual distress on diet [102] and found that
negative mood during the menstrual/premenstrual
phases was associated with diet changes. For exam-
ple, negative mood was positively associated with
ingestion of tea, coffee and carbonated drinks, as
female students may have been trying to stimu-
late their nervous system to alleviate their negative
mood through these diet changes.

In terms of effect sizes, it was possible to
retrieve information about effect sizes for 10 stud-
ies (Table I'V). The effect sizes observed were small
for eight studies and moderate for two studies.

Review papers

No previous systematic reviews appraising both
directions of the association of diet quality with
mental health were identified.

One previous review [33] aimed to examine the
influence of diet on depression and anxiety among
college students. In contrast to our review, this
review filtered out articles published before 2000,
and only included students enrolled in at least 2-
year programmes. Moreover, this review focussed
only on depression and anxiety, but no other aspects
of mental health. This review assessed 16 cross-
sectional studies, of which 14 fulfilled our inclu-
sion criteria and have also been included in our
review [44, 47, 48, 50, 53-55, 58, 59, 73, 82-84].
The results of this review were in line with our
results, as the authors concluded that most of the
cross-sectional studies found a positive influence of
healthy diets on depression and anxiety, with a few
studies finding inconsistent results.

One previous systematic review appraising the
influence of stress on the diet of students [20] was
identified. In contrast to our review, the authors
reviewed the influence of stress but no other mental
health disorders. The authors also included stud-
ies involving disordered eating and maladaptive

51



S. Solomou et al.

(panunuod)

SO[RWdY [V TLT =N

eoe=u

SO[RIN ‘CEy = U 1SO[RWd] ‘9E/ = N
[gge=u

SO[RIN ‘L6E = U :SO[RWd] ‘§TL = N
voe=u

SO[RIN ‘0TT = U SO[RWd] ‘b9 =N
eye=u

SO[RIN ‘49 = U :SO[RWd] ‘LOv = N
os=u

ISO[RIA ‘0S = U :SQ[RWd] ‘001 = N
ge=u

ISO[RIA ‘9G = U SQ[RWd ‘[ [ = N
6l =1u

[SO[RIN T[] =t :S9[eWd ‘9E ] = N
%L1 SIIRIN ‘%ES SIBWL]
U I8 €9 = N HBIS 8 h6 = N

LTeT=u
“SO[RI ‘€811 = U :SI[eW ‘0187 = N
Loy =

SO[RIN [6L =t :S9[ewRd ‘8611 =N

98 =1u

SORIA ‘6€T = U :SoTewd] ‘ST =N
1=u:RYQ ‘9g=1u

SORIAL ‘00T = U :Sofewd] ‘L7 =N
Syy=1u

ISO[BIN ‘659 = U SI[RWR] ‘pOIT = N

So[eWR) A1oM sId)enb-021y) ‘OGH = N

SIBAA 97—/ ] 93ue1 a3y
s1e9K T = o3¢ UBAIN

SIBQA '] 7 = 938 uBQA
s1eak 07

pue 8] U29M12q %8°6S
SIBAA §] < Py

SIBAK /7 17 = 93e UBIN
SIBAA ¢ = 93 UL

J[qe[TeAR JOU S[1BIOp ATy
s1eak 7z—61 = o3uel
a3y
SIBA ()¢—9] = o3uex
By

sI8aK ()7-81 = a3ue1 a3y
SIBA G7—8] = o3uer
By

‘s189A 16°]] = 93e UBN

SIBA [ 1°6] = 95k UBIN

SIB9K 9" = 93k UBSA
SI8aA |7 = a3k uB\

[eUOTIOIS-SSOID)
[eUOTIOIS-SSOID)
[eUOTIOIS-SSOID)
[eUOTIO9S-SSOID)
[eUOTIOIS-SSOID)
[eUOTIOIS-SSOID)
[eUOTIO3S-SSOID)
[eUOTIOIS-SSOID)

[eurpmiSuo|
[eUOTIO3S-SSOID)

[eUOTIOIS-SSOID)

[BUOTIOIS-SSOID)
[eurpmiSuo]

[BUOTIO3S-SSOID)
[eUOTIO3S-SSOID)

S9)e)S payIuN)
SoJe)S partun)
BIENSNY
elqely Ipneg
JIeMIy]
eISKR[RIA
Aayang,
epeue))
epeue))
1dA3g

SoJe)S palIuN)

S9BIS AU
S9BIS PaIu)

OOIXAIN
OJIXAIN

ssong
ssong
ssong
ssong
ssong
ssong
ssong
ssong
ssong
ssong

ssong

ssoms ‘uorssaxdo(q
ssons ‘uorssaxdo(q

uorssaxdog

Kyarxue ‘uorssaxdoq

[c6]
900 “Te 10 yerpues|

[z6]
910 ¢ 10 ZUnsLIg

[06] STOT e 10 101deq
[68]
6102 “Te 19 [2q3ouy

[88] #10T e 10 pawyy
[sz1]0z0T

‘[rues| pyojA pue Susy)
[£8]

1107 “{PuLIag pue 19d
[S6l 10T

‘00001,] PUB UIOSBIEN
[¥z1] 800C

‘UO[R[[IA PUB JUB[G]
[c81 S10T ‘Pouydeg

-S1og pue Lesuy [

[98] 610 T2 10 122103

(€8] 020T “T& 30 Yo
[16] 810C

‘uswrure 29 uolfe
e8]

810T “[e 19 yo1adeze]

[+8] L10T “T2 32 IIPH

X9 ‘sjuopnis N

s[rejop 28y

u3isoq

Anuno)

19y0wered
Y[eay [BIusN

Ieak ‘royny

(&a1ppmb 321p ynm sa230uavd yipay [pIUUL JO UODIIOSSD SUPDSSIAUI SIIPNIS 40f) SO1S1I2IIDADYD 2u1]2SDY *TII FIqBL

52



The association of diet quality with the mental health of university students

SO[RWRJ [V ‘88 = N s1eok |7 = oS ueoN [BUOI}09S-SS01D) BUIYD SSAMSIP [ENISUIN [201] 6102 'TB 12 ng
SeuIsy [oo1]
IV ‘PUR ZZTE =N ‘MeIS I8 [6F =N S189A 9 17 93e UBIPOIN [eurpmiSuor| BIQRIY IpNes SS2I)S JIWAPBIY G10T “'Te 32 AIosuejy
[101]
SO[eW [V ‘SOT =N SIBdA |7 = 23k uBdN [BUONIIS-SSOID) BIQRIY IpNes SSAI)S JIWAPRIY 610C “Te 19 1oqelly
vi9=u $SOIS OTWpLIR [86]
ISO[BIA ‘CEL = U SA[RWRY ‘LYE] =N s1eak §G ¢z = 93e UBIA [BUONIIS-SSOID) uredg ‘K1o1XUE 59, 00T “Te 12 soron3uy,
0g=u SIBA §°¢7—/ 17 = o3uex
ISORIAL ‘00T = U :So[BWIR] ‘081 = N a3e dnoi3 uespy Apms [onu0d—-aseD) wop3ury] pAuN Kjarxue 1897, [66] S661 “Te 12 pre[jod
19=u €LY dS
SO[RIN ‘161 = U :S9[eWd ‘TST = N ‘STBQA 7' 7 958 UBQIN [BUOT)O3S-SSOI)) uredg Kyrxuy [L6] 020T ‘T8 19 sofre)
g9=u [+6]
SORIN ‘611 = U SQ[BWR] ‘TIT=N SIBQA "7 = 93e uBd]A [BUONIIS-SSOID) wop3ury] pAuN ssang 6661 QIPIeA\ PUB IAI[O
X3S ‘SJuapmIs N s[rejop a3y ugdisog Anuno) 101owered Iedk ‘Toyny
I3y [RIUSIN

(ponunyuo)) *III dqeL

53



S. Solomou et al.

(panunuoo)

29ZIS 19313 QwooIno s1sayiodAH

Kyarxue :1ojourered yieay [BIUSA

(snqey Snqey
121p Surpnfour) Sunea
sinorAeyaq aandepe Burropowt Arep jo
-[ew Arep yim Teaur| saIms [161 810C
uotssaxdap jo uon pozifeIoudd -eowr ‘uowIueH
X VIN -BIDOSSE OU SeM AIdY ], Iopuan [ed1ydIeIdTH plepueig ad V/IN pue uoireq
(1000>d
T e-LET
1D %56 USW 10] SUOTIRIOOSSE
‘91'T="40 (1) Ou drom 1YL,
©0100=d “(1r) pooy Aresns
SIre-LIl pue (11) pooj paty (1)
1D %S6) pooj 1seJ Jo uondwns
TET=¥0 (M -u0d yuanbay Y
Q100=d pajenosse Kjpanisod
‘78— SBM JI00S UOIS sKreue [z8]
$1I°T 1D %S6) -sa1dop jo anaenb uoIssaIdar Odd 810T “Te 19
X X 80CT=¥0 (M {1IN0J 3y ‘USWOM uf TN 98¢ ‘Xog onsiso] wa-69 a-sdo VIN yorasI-eze]
21008
100°0>d THH [©10) UO 109550
‘S0°0=4dS ou sem 1Y, "dyejur
LT0-=9 Ie3ns paseatour
Juauodwod pue ayeIuI dLIo[Ed
19H 1esSng 8101 PaseaIddp Kjones
100>d ‘L9°01 UM 21095 6-OHd 6-OHd K1110A0s £,
s ‘vrLi-=49 9SIGAPE JO UONRIOOSSE -QVD ‘smes 239][00 sisATeue [£8] 0202
X X :)eIUl OLIO[ED [RI0], JUROYIUSIS © Sem 1Y, ‘sme)s [eiew 90wy yed dnoi3nniy YIVSV 6-OHd 19H B CRER 5|
(aurepm3
ISIDIOXD Kreparp
sno10S1A Apjoom uo paseq)
‘uondwnsuod epos 531008
‘oyeiur A310u9 ‘uon JuaLn
-dwnsuoo Jsepyeaiq -nuoIOII
s109s A)ifenb jo1p uo ‘uondaorad jo1p uoIssaIgar S[[eoa1 pue juo [#8] L10T
X VIN 199330 ou pey uorssardoq ‘KNsIoATUN) ansiSo[ Kreurg K1eprp y-4¢ SYvVan -INUOIdRIA “Ie 19 [[eH
uorssaidap :110wered yieay [RIUSN
oS wnipay [rews ¢ z I sonsne)s NSy Juounsnlpy [PPOIN JUQLISSISSE JuownnSur 001 1A IOy
190 10 ‘SJUAIDLYJO0D Kreparq uorssardog Aenb jo1q
¢ WY 10 YH WO

wIZ1S 10253 Quwono s1saypodAH

(&aponb 321p ynm sa230wvand ypay [PIUIW JO UOUDIDOSSD SUNDSSIAUL SIIPNIS 10f) SNy AT dqeL

54



ty students

1Vers1

h the mental health of un

1ty wit

The association of diet qual

(panunuoo)

ssons
(S0°0>d) ssons POAID
paaredrad ySiy -1od
10J £1°0S SNSIOA Sur Anpenb
ssams paaraarad -$SasS® 121p
MO[ 10J ZE' TS Ayenb 191p yim VAODNV a1reuuon Surssasse
QIoMm $AI00S pareroosse A[anesou -sanb aneuuon [98] 6102
X Anrenb jo1p uBay SBM SSAI)S PIAIRIID] VIN VIN auIuQ -sonb aurjuQ I 30 19210
SONSTILIS 1YI0 Juaw
10 SJUIIOYJI00 -ssasse 00}
98re7 wnipapy [rPws € T 1 ¢ ¥ 10 ¥YH YO NSy Juounsnfpy [PPOIN Arerorq [00) ssang Anpenb 191 1e£ IOy
AWoNNO
$O71S 10917 sisoypodAH
ssans :1a1owered Y[eay [BIUS]A
1000>d 31008
‘50'0=4dS THH [10) UO 109JJ2
‘91'0—-=9q ou sem d1dY ], "dyeiul
nuauodwod IeSns pasearour
19H 1e3ns PUE YeIUL JLIO[RD
100>d [®10] PIseaIOap JNISEVEN
‘L9°01 =4S M 21038 L-AVD 6-OHd ‘K1110A95 [,
‘91°06—-=q QSIQAPE JO UOHRINO! -QVD ‘smes 239][00 1s[eue €8] 020T
X X 9)eIUI OLIOTED [RIO], JUBOYTUSIS B sem 1oy, ‘sme)s [eiew ‘oovy  yed dnosSnny YIVSV L-aVD 19H B CRERBE)|
Sunes reuonow
Kyarxue els JO [9A9] ‘uonduuns sisATeue
£q paorpaid jou sem -Uuod [oyod[e ‘Al uoIssaIgar [L6] 0202
X VIN N 9y 03 uoisaypy Y 03 uolsaypy ordnny VIN IVLS aanant “[e 39 sopre)
sourpoping
ENRIENE] Kxero1p sn
sno1o31A Apjeam pue So[BOS uo paseq
uondwnsuod Krorxue ‘501008
Kyenb epos ‘ayejur A310uo pue uors oLy
8¢+ JUILNNUOIOLW MO] ‘uondwnsuod [Teoar -saxdop -nuoIOIw
‘LTTID %S6) JO YU 191813 (Im 1sepealq ‘uondso uoISSaI3a1 Areyarp S19gp[0n pue jud [¥8] L10T
X X [N (6] PAILIOOSSE SeM A19IXUY -1ad ya1p “Kyrsroarun onsi3o[ Areurg Uz Kyarxuy -LINUOIoRIA “Ie 19 [[PH
SONSIILIS 1910 Juow
10 ‘SJUAIOYJI00 100} 100}
931 wNIpaN [rewrs [ K 1 g AY 10 YH 9O sy Juaunsnlpy [oPOIN Areyarq Kerxuy Airenb ja1q e ‘T0yINY
98re7 wnipapy [rPws € T 1 Sonsne)s NSy Juounsnlpy [PPOIN JUOWISSISSE Juawnnsur [00) 1e0£ IOy
190 10 ‘S)UAIDLYJO0D Kreporq uorssardog Aenb jo1q
g “4¥ 10 YH WO

$O71S 1091

QwooIno sisapodAH

(ponunuo)) A1 dIqEL

55



S. Solomou et al.

(panupuoo)

sisK[eue
uoIssaIfar
Teaur|
srdnnu
ssans paaredrad asimdars pue
pue 1oddns [e1008 UONE[LI0d I
101p Apeay yrim paatadiad ‘owoour juswow d’1dH J0 [8] 1102
(100>d) paerdosse A[oanesou Aqrurey Aqpuour Jonpoxd uonos Yourrag
X X 9g0-=1 SBM SSANS PIAIRII] “aouaprsal Jo aoe[d a8y S UOSIEd] uonmnN Ssd V/IN pue 1o
10U2210S
wnipos
pue 1eJ
Forg
pue
aejur wnIpos J[eds
PUE J&J JO S[OAJ[ Qoudp
1S9MO[ Y} YIIm paje X3$ pue doel sasATeue -gJuod [S6] ST0T
F00=d) -100SSE 91oM SSAI)S “aSe *Kovoye-Jjos uors siqey 092011
X X L0T-=9 paaraa1ad Jo S[OA] MO JOIP ‘SSATS PIAIIdG -sa15a1 Jeour| Suneg Ssd VIN pue up{seleN
(11) Torsowtny
1S11J Ay} JO pud dY) B
S)uapms Ieak-1iy 10§
S[BIAD PUE SPLAIq JO
pue (1) 19)SaWLn 1SIY
oy jo SuruuiSoq oY)
e SJUIPN)S 1BIK-IS |
10§ s1onpoud yjrw Odd [¥21] 800T
PUE Y[IW JO uon $189)-7 ® pue UO[BIIIA
-dunsuoo pasearour sJuapms JRRREN pue
20°0=d (1) UB [JIM PAIRIOOSSE ‘SUOTIR[LIOD pooy suejqo]
X S00=d (1) SBM SSAI)S PASBAIOU] V/IN S, uosIBdJ Kep-oo1y], SSd VIN a1Sreq
SSIIS pue SPOOJ
Ayireayun usamiaq
UONRIOOSSE JUBOYIU
-31s ou sem d1ay ], Kynoey ‘Kitanoe
‘sa[qeiadoa pue TrearsAyd ‘TNg
JIN1J JO YeIUL POOJ ‘uonen)Is SIWOU0dd
Juonbaiy ss9f YIIm “(owm wLd) Suunp Xapuy [s8] S10T
pajeroosse Ajuedr UONEPOWWOd0R) s[opour ouUAIYPY ‘gouydeg
-J1ugIs sem 21098 uonens uoIssaIfar auropinn -S10g
X X T1I0-=9 ssoms paaraorad 1ySIH Suralj ‘xas a8y Teaury apdnniy Odd SSd Krerorq pue Lesuy [q
oS wnipay [rews ¢ z I sonsne)s Jnsay Jusunsnipy [PPOIN JUSWISSISS® Juswnnsur [001 Teak “JoyIny
Krepiq uotssardoq Anpenb 101

1930 10 ‘S)UAIIYJ0d
¢ 44 10 YH YO

29718 103459

awodno sisayodAH

(ponuyuo)) A1 dIqEL

56



ty students

1Vers1

h the mental health of un

1ty wit

The association of diet qual

(panunuoo)

(€00=d)
200=9 (M)
@0=d)
100=4 ()

S0'0>d
R (0)

X S0'0>d

(86°€-0€'1
‘1D %S6)

87740 (M

00:€-20'1
1D %S6)
SL'1 90 (D

X VIN

(a1p
Ayyreayun Surpnpour)
SINOIARYQQ AT
-deperew Krep
)M PIJRIOOSSE
Apueoyrugis arom
(11) ssans ooIYd
pue (1) ssans Ajreq
Ppooj
passasord AySmy
Jo uondwnsuoo
AY) YIIM PAIBIOOSSE
Keanisod sem ssong
'S)nIy pue sa[qeradon
‘SATIRUID)E JeaWl
Jo uondwnsuoo
)M PAIRIOOSSE
A1oanesou sem ssang
SPOOJ Janyeay
pomroyord
syuedronred
PassaIs-UON] "SPOOJ
Jun[ a10u1 pawnsuod
syuedronaed passang
so[ew 10J punoy
QIOM SUONEIOOSSE ON
*SJUQPNIS J[RWIAY
passansun uey) (1)
sadeI1oaaq pue syoeus
(1) spooy Jsey 183 0}
K[oy1] 210w 210M
$JUOPNIS J[BUIDJ PISSING
sdnoi3
PIssans pue passans
-uou oY) U2IMIaq
$911039180 POOy
[T& 10J 9UIJJIP
JUROYIUSIS OU SeM 1Y,

1opuan

sme)s Jupjows
“yStom aso[ 0) Surkn
arom syuedronred
Ioy1RYM ‘TING ‘9S1D
-10x9 Jo Aouanbary
‘smoy Sunyiom ‘uon
-en)Is SUIAl] ‘smels
Apmys ‘sme)s [eILeA

VIN

sme)s Sunjows
‘STIEIS [BILIBW “[AJ]
uoneonpa syuared
‘owiodur Ajrurey
“Apms Jo 1eak a8y

VIN

snqey

Sunes

Aqrep jo

saIns

Surjjepowr -eowr

Teaul] UoSsI0g pIepuelg

sisK[eue

O

onsi30 OISO

189 arenbs-1y) Od4d

sisA[eue

uoIssaITar
onsISoT O Aep-L

$159)

arenbs-1yo JAAGREN

pue $159)-1 Kreprp

sojdures Kep-¢
Juapuadopuy pue O

QINSBIN

ssang

Area
pue IS

1c-ssva

Ic-ssva

1T-SSva

SSd

[16] 810C
‘usuwIwey

VIN pue uoyeq

lo6] s10T
VIN “[e 30 sordeq

[68]
610 T2 1R
VIN [eqsouwy

(881 ¥10T
VIN  Teie pouyy

[sz11 020t
ey
PUON
VIN pue Suay)

931eT wnIpay

[rews € 4 1 sonsnels
1910 10 ‘SJUDIOYJI0D

g “4¥ 10 YH WO

9718 109178

QwooIno sisapodAH

NSy

Juounsnlpy

JUOWISSISSE
Lmpiq

[PPON

Juawnnsur
uorssardog

[001 183k Joyny
Aenb jo1q

(ponunuo)) A1 dIqEL

57



S. Solomou et al.

(panunuoo)

SOnSIeIS 1910 Juaw
10 ‘SIUAIOYJ0D -5sass® [00) [001
oSre7 wnipoy [ews ¢ z I d ¥ 10 ¥YH MO NSy Juounsnipy [OPOIN Kreparq Kyorxue 1597, Aenb jo1q 1eak Joyny
2718 10939 QwooIno sisaylod g
Ayarxue 159) :11owered ey [RIUS]N
sporrad
[nyssans SuLnp
PaseaIdap (Ysy pue
JeowW ‘sa[qeIoson
pue jiniy) spooy
2dKy-feau, Jo ayeiul
*(1) 218[000YD puUR
$199MS SWNSUOD O}
A1 210w 210M aareu aIreu
SO[EWIAJ ($SAMS 1531 -uonsanQ) -uonsanQ)
(100>d) Jo spowrad Suump parenbs-1yo Sunes Sunes [¥6] 6661
6°01 = parenbs Pasealdul Spooy ‘sonsnels pasnput pasnput “IpIEAL
X -1y (1) adKy-yoeus, jo ayejuy 10puad ‘smeys Sunarq aanduosaqg -ssong -ssong V/N pue I0AIOQ
UISOYO I9M SPOOJ
199MS ‘PIsSANS UAYM
*(Passans Jou udyMm Koams Koams
%08 01 paredwoo) Sunes Suneo
Passans uaym $$o1)S -ssans [€6] 900T
X VIN Apeay ae 9¢€ AlUO VIN VAONV  pozIudI-Cy  PIzIWR)I-C V/N  “[e39 yeipuey
wat
JSurs
(1) Kq pams
uondwnsuod pooy -powt
(S0'0>d 11®) s8] pue (A) pooy Juow
60°0=q (1A) uazolj ‘(A]) Yoeus -aZeuewr
S10=4(») Ages “(1mn) urip ssalg
210 =q (A1) AS10u0 (1) 993J02 (1) SUOISSaITAI woy
$1°0=q (1) epos yoom Jsed yiim Jeaur| o[Surs
ST0=9q (M) paeroosse Ajantsod [eolyoIRISIY Aq pams [z61 9102
X X 600=9 (1) SBM SSANS PIAISII] Q0uI pue [N ‘19puaD Sidny Odd  -vow issang V/N  “[®1° Zunsiug
o81e7 wnipapy [[ews ¢ T I SonsIe)s Jnsay Juounsnipy [PPOIN JUOWISSISSE Juawnsur [00} 189K “JoyIny
19410 10 ‘SIUAIDYJI0d Arerorq uorssardoq Anrenbja1q
¢ "4¥ 10 ¥H 4O

¢9718 19319

QwooIno sisayiodAg

(ponunuo)) Al9IqeL

58



ty students

1Vers1

h the mental health of un

1ty wit

The association of diet qual

(panunuod)
SONSTIEIS 1o10 Juou [00)
10 ‘SJUAIOYJO00 -ssasse ssons [001
oS wnipoy [rews ¢ z I ¢ MY 10 JH VO NSy Juaunsnlpy [oPOIN Kreyorq JIWAPEIY Ayenb jo1q 1eak Toyny
(OZIS109  Qwodo sisayiod Ay
ssans onuopeoe :1ajuered ey [eIUSy
QouoI[Isar K101
dIN 241 01 “oouaifjour [opouwt ~UdAU] [86]
(100°0>d) douaaype paorpaid [BUONOW ‘SSAMS uonenba Korxuy 020 “1e ¥
X X L€ 0=1ud10yje0)  A[eaneSou Kjorxue wexg  drwopede ‘K1arxue Wexg [ermonng VIN IS9L YL aaNant sorangiy,
SUOISSIS
UOTRUTIEXD
puE QUI[ASEq UM (qurensox
ayejur AS10u0 Axerorp “uoddns
[©103 pue Jey pajer [e100s ‘A)arxue
-mes ‘Jej [210) JO Jren ‘Apms Jo 1eak QOUBLIZA0D
uonduwmsuod ‘o Iopudd Jo siskfeue o[eds
119Y) PaseaIdul Jien [onuod ‘ssans saInseouwt [[eoar Kyorxue $S661
X S00>d Y31y Im s)uspmg uoneurwexs) dnoin pareadey  Areiap y-y¢ BN VIN “Te 19 pIe[[oq
oS wnipay [rews € z I sonsnels Jnsay Juounsnlpy [PPOIN JUSWISSISSE JuowInNSur 001 1A IOy
1910 IO ‘SJUDIYFI0d Arerorq uorssaidoq Apenb 1017

$O71S 10017

awodno sisayodAH

g “4¥ 10 YH WO

(ponunuo)) A1 dIqEL

59



S. Solomou et al.

(panunuoo)
1.1 01 paredwod ue[q
T e oyeul pooj RId
Ayyeay jo Kouonbaiy Suisn
10MmO] Apueoyrusis pasA[eue oot
PalRNSUOWAP 7], 18 Kxerp ‘s102l
ssams onuapeoe Jur pooy R
X 1000=d -ouorradxa syuedronreg VIN $180)-1 112991 Y-, Ssd VIN Kmosuepy
Spooy
Ayreayun
Spooj arou 183
Aqieayun a10w 8o pInom
[0A9] Ssams ySiy & S[OAJ] SSMS
JARY OYMm S)UdPMIS ysSiy s
1y sisoypodAy oy SjuapmIs Jeyy
pardoosoe stoyne a1y sisagiodAy
paroxdsIp Juowale)s Y1 159) 01
auo AJuo ‘sisayjodAy SIUQWIALIS [101]1 6102
X V/N oy paroid sjuowels | | V/N Tl pasnsiopny VIN SSV $40 “[e 10 1oqefly
uone)
-soJIuR
ssong
QouoI[Isar K101
dIA 2U) 01 doudIaype “aouasijojur [opowr -UoAU] [86]
100>d) parorpaid Ajoane [RUONOW? ‘SSAMS uonenba $sang 020T “Te 1
X X ‘670 = 1WADYJa0D) -8au $saNs orwapeROY JIWAPEIE ‘AJIXUT WEXT [LAIBIRIN VIN Juapmg agard soranguy,
ofre] wmipoy [rews ¢ z I sonsneIs NSy Juounsnlpy [PPOIN JUSWISSOSSE Juowmnsur [00) 1e0£ “ToyIny
19)0 10 ‘S)UIIDYJ0D Kreyarq uorssardoq Aenb jorq
¢ "4¥ 10 ¥H ¥O

¢9718 1939

QwooIno sisayiodAy

(ponunuo)) A1 dIqEL

60



The association of diet quality with the mental health of university students

"a[quordde j,,

*Kyirenb J31p pue I[eaY [BIUSW UIIMIS] UONBIO0SSE OU—Pajodfar sisayod Ay (1)
*Ky1renb Ja1p U0 109)J9 9SIAPE U PRy YI[eay [RIuaWl pooS—pajoafar sisayjodAH (11)

‘pardoooe siseyjodAH (1)
:swooIno sisaylodAH

*Ky1renb 391 UO 1099 [BIUSWILIIOP B 9ARY [[IM YI[EAY [BIUSW Peq Jo/pue ‘A)ifenb JaIp UO 109JJ9 [BIOYAUAQ € dARY [[IM (I[BAY [BIUW POOL) s1sayjodAH

“(V/N) 21qeordde joN
“(gS) I01rg pIepuels ‘(q) JuUsro

-1JJ209 B1ag ‘(1) JUSIOYJA09 S, u0sIedd ‘(VAOINV/VAONY) SOUBLIBAOI/QOUBLIBA JO SISA[RUY ‘(Ueaw) A ‘(YY) ST 2Ane[y ‘(YH) oney piezey ‘(YO) oney SppO :sonsneis

(IVLS) A10juoau] Kjo1xuy Jei-e1s ‘(OIA) 2ireuuonsand) ssansi [ennsudy ‘(SSJ) 2[eds ssans paarordd s ,udyo)) {(SSV) 9[eoS SSang O1uapedy
“(IST) maraIou] ssang AT VIDN ‘(12-SSVA) dreds ssans pue Kjarxue ‘uoissardo ‘(Jqg) Aroiuaaur uoissaidap s yoog ‘(q-SHD) 2[eds sarpms dr3ojonuapidy 10y onua)
“(L-QVD) SWaI-/ IPIOSI(] A1RIXUY Pazie1dudn) ‘(6-OHd) W-¢ 2areuuonsand) YesH uaned ‘(SYVAD) s9[eds A1arxue pue uorssaidop S1oqp[on :$2100s Y)[eay [BIUSJA
“(SHD) 2reds Sunea aarsindwo) (QHNAIN) 191 UBSULLIIPIN
0) 20udIdYPY JO 15T ‘(OJd OYISD) 2ireuuonsanb Aouonboiy pooj uoneziuesio yoIeasay [eLISNPU] pue dYNuaIdg yieamuowrwo) ‘(I 4 1dH) II 2141sey1] Sunoword
-yiresH (@A) 391p ueaueIdIpoIA ‘(Od) areuuonsonb Kouanbary pooq ‘($7VSV) (18991 Y-{7 PAISISIUIPY-J[OS porewoiny ‘(JHH) Xopu] Suneq Ayifedq :$9100s AIejar(q
“JuamInIsuI uorssaidop 03 SUIPIOIJE PAIOPIO 1M SAIPNIs ‘pasn [003 AJfenb Jarp ou J1 {[001 A1fenb Ja1p 0 SUIPI0dSEL PAIAPIO SAIPNIS :DION

(i) aseyd
Tennsuswaid ayy
Suump ejur saep
pue eUBURq [IIM
pajenosse Kjpanisod
sem poou dANeSoN

18'1=3¥0 *(1) oseyd rennsuaw
TLI00=d Ay Surmp dyeyur
65°0=q (11) 93e10A2q pajeuogIed
€T1=40 PUE QJJOD ‘B YIIM sosAeue
‘CSHO0=d pareroosse Afoanisod UOISSaITa1 044 [zo1]
X X ‘1T0=9® SeM Poou 2ANESIN V/N  nsiSo[ a[dnniy wa-g| Oan VIN 610C 'Tee ng
o3IE]  WNIpA [rews € 4 I
SONSIEIS 1YJ0 juoul [00}
10 ‘SJUAIOYJ00 -$s9sse ssansip 100}
2718 10339 QwoINo s1sayodAH ¢ “q¥ 10 JYH 9O sy Juounsnlpy [oPON Kreyrq TennsSua Ayrenb 1o1q e ‘ToyIny
SSaNSIp [ennsuaw 1ajewered yreay [eIusp
odre wnipapy [[ewig ¢ T I Sonsne)s Jnsoy juounsnlpy [OPOIN JUOWISSISSE Juownsur [00} 1eak “Joyiny
190 10 ‘S)UIIDLYJO0D Kreyorq uorssardoq Aenb jo1q

¢ ¥ 10 ¥H ¥O

¢9718 19319

woono sisayiodAy

(ponuuo)) ‘AT3IqEL

61



S. Solomou et al.

weight-related behaviours, which was not the scope
of our review. The stress and dietary intake section
of the review identified 12 studies, all of which
were considered to be of relevance and have been
included in the current review [51, 55, 59, 66, 85,
87, 90, 92-95, 99]. The conclusions of this review
were in line with our finding that there is a positive
association of stress with unhealthy diet, as well as
a negative association of stress with healthy diet in
university students.

Discussion

Main findings

Sixty-six primary studies and two systematic lit-
erature review were reviewed in total. Majority
of primary studies (n=53) and the two reviews
showed results in the expected direction, where
good diet quality was associated with good men-
tal health, and good mental health was related with
good diet quality. In terms of dietary parameters,
students consuming high-quality foods (including
fruits, vegetables, nuts and fish) reported fewer
mental health symptoms, compared with students
who had a high intake of pro-inflammatory foods
(such as processed meat, refined carbohydrates,
desserts and sweetened beverages), who reported
more mental health issues. 36 out of 45 studies sup-
ported this association. This was in line with the
stress—diathesis model, with the unhealthy foods
acting as the stressor and being associated with the
development of mental health difficulties.

From a mechanistic point of view, there are vari-
ous processes that could be mediating the relation-
ship between diet quality and mental health. These
include inflammation which is a core aetiological
feature of depression [103]; various components of
a healthy diet may be reducing inflammation [104].
Other candidate biological mechanisms include
oxidative stress [105], maintenance of beneficial
gut microbes [106], adult hippocampal neurogene-
sis [107], modulation of the tryptophan-kynurenine
metabolism [108], maintenance of mitochondrial
biogenesis [109] and regulation of epigenetic pro-
cesses [110, 111].

No studies found an adverse influence of good
diet quality nor a beneficial influence of bad diet
quality on mental health. These results confirm that
unhealthy diets such as western diets have no ben-
efits on the mental health of students, which is in
line with the findings of previous studies [107].

Majority of studies (19 out of 23) also showed
associations of mental health with diet quality,
which were in the expected direction. The most
compelling evidence was in favour of high levels
of stress having an unhealthy influence on diet.
Despite a lack of longitudinal studies, the four
identified longitudinal studies that either investi-
gated the influence of stress or academic stress on
diet quality showed that stress is associated with
unhealthy diets over time. These results are in line
with previous research in adults, which showed that
stress was associated with unhealthy eating [112],
including intake of foods with high sugar content.

A potential mechanism mediating this associ-
ation may be the hypothalamus—pituitary—adrenal
axis being hyperactive in depression and anxi-
ety, leading to an increase in serum cortisol. As
a consequence, appetite may be increased with a
preference for energy-dense foods at the expense
of healthy foods [113, 114]. Stimulation of the
appetite-stimulating hormone ghrelin during stress
may also be of relevance [115].

The most common country of study origin was
the United States, where the characteristics of
university life may be different than other devel-
oped or third world countries. However, stud-
ies in countries of lower socio-economic status
were included in the review achieving good global
coverage.

In terms of interpreting findings in the context of
the stress—diathesis model, some of the studies rec-
ognized the complex relationships of biopsychoso-
cial factors on both mental health and diet. Exam-
ples of such factors affecting mental health that
we identified included stressful life events, body
image, physical activity, sleep, social support, use
of alcohol or illicit drugs. We also identified fac-
tors linked to diet, such as availability and access of
pre-prepared meals/fast foods on campus, limited
resources including money for shopping, no easy
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access to healthy food and lack of companionship
during meal times.

The review identified that more studies used food
frequency questionnaires rather than diet quality
measures. This means when only food frequency
questionnaires were used, it was not always possi-
ble to obtain a clear picture in regard to the extent
that diets of participants conformed to dietary rec-
ommendations. In contrast, scores of validated diet
quality instruments based on dietary recommenda-
tions were easier to interpret and contributed to a
better understanding of the associations between
diet quality and mental health.

Limitations

Strength of this review is the fact that an exhaustive
review of the literature was performed, includ-
ing grey literature. However, it is not possible to
exclude the possibility of having missed studies due
to publication bias, in cases where non-significant
results had not been published.

Some studies included participants who were
17 years old, which would classify as adolescents.
Even though these studies were limited, the possi-
bility of an age bias from these studies cannot be
excluded.

This review largely relied on cross-sectional
studies, which assessed diet and mental health at
a single point of time. This means that it has not
always been possible to make definite conclusions
about the direction of associations or about the
changes in diet quality or mental health over time.

Implications for health education practice

Even though the effect sizes of the included stud-
ies were mostly small or moderate, the observed
results still have implications in health education
practice. Given the evidence that unhealthy dietary
practices are associated with worsening mental
health of students, mental health education at uni-
versity should aim to raise awareness of this asso-
ciation. This could be done along with input from
nutritionists and could involve the introduction of
relevant modules in health courses, online courses,
as well as the use of leaflets and posters in campuses
[20].

This review has not identified any relevant
whole-diet intervention or randomized controlled
studies to improve mental health of students
through diet, or vice versa. Results for an ongo-
ing randomized controlled trial [116] are awaited,
which involves the use of a web-based well-
ness platform to support healthy living of stu-
dents by focussing on nutrition and physical
activity.

An approach involving web interventions or lec-
tures could also be followed to educate students
about the relation of stress with unhealthy dietary
habits. It has been suggested that the introduction
of mindfulness-based stress reduction techniques
and mindful eating may be effective techniques to
address this issue [20, 117].

Universities may need to review how they oper-
ate, what economic and planning decisions they
make in terms of which franchises they allow onto
campuses, influence what is sold in shops and raise
awareness of the importance of diet quality. By
helping students improve their diet quality, they
may experience fewer mental health issues, as well
as fewer and less severe depressive episodes. Simi-
larly, by helping students deal with stress, they may
be able to experience healthier dietary habits during
their university education.

Future recommendations

Most of the identified studies were cross-sectional,
as they assessed diet and mental health at a sin-
gle point of time. We recommend that future
studies use a longitudinal design when possible,
enabling researchers to determine the direction of
any detected associations. However, we recognize
that longitudinal studies can pose challenges in
terms of time and costs required.

Apart from the available cross-sectional studies
establishing some associations, we also need well-
powered clinical trials to further assess the associa-
tions of diet quality with the prevention, severity
and relapse of depression, stress and other men-
tal health issues of students. The findings would
inform the design of further studies including ran-
domized controlled trials and intervention studies.
Such studies may provide more insight about the
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relationship between the three factors of stress, diet
and emotion. However, it is recognized that design-
ing and executing such studies may be challenging
and that difficulties including randomization may
be anticipated.

We used the stress—diathesis model to interrogate
the data, where the diatheses could be of biolog-
ical, psychological or social nature. We noticed
that studies did not always include data relevant to
this model. For example, biological factors such
as genetic predispositions or gut microbiota of
students were not reported. Psychological factors
such as perfectionism traits were also not reported.
Moreover, social factors were not always reported,
such as lack of ability to form group memberships,
lack of culinary and basic nutritional knowledge
and lack of resources and access to healthy food.
Hence, the included studies only partially covered
the stress—diathesis model, meaning there is scope
for future studies to use the stress—diathesis model
as a reference.

In terms of dietary instruments, the HEI was
the most common instrument used; however, it is
a long instrument and students may not always
engage. A previous study assessing the relationship
of diet quality and mental health in adolescence has
highlighted the need of a brief, validated measure
of diet quality to be used in studies involving ado-
lescents or young adults [118]. An example of such
a measure might be the short-form food frequency
questionnaire [17], which may maximize the stu-
dent engagement for future studies. In terms of
mental health measures, the DASS-21 was the most
commonly used measure and is a good option as it
provides information about the three mental health
aspects of depression, anxiety and stress. Results
of studies with consistent tools for diet quality
and mental health might enable the execution of a
meta-analysis in the future.

Conclusions

The review results show  observational
evidence that a healthy diet of university students

is associated with better mental health, as stu-
dents who scored favourably in the diet quality
instruments also scored favourably in depression,
anxiety and stress scales. The opposite applies for
university students following unhealthy diets, as
unhealthy diet in this group of students is associated
with depression, stress, anxiety and other mental
health issues. There is also observational evidence
to suggest that stress experienced by university stu-
dents is associated with deterioration in their diet
quality, including a reduction in the intake of fruits
and vegetables and an increase in the consumption
of sweets and fast food.

In order to establish the effectiveness of poten-
tial interventions for maintaining a healthy diet and
good mental health of students, further observa-
tional studies, as well as randomized control trials,
would be required. This would allow the deter-
mination of whether interventions to improve diet
quality at the university level could reduce men-
tal health issues and whether providing support to
students under stress may lead to healthier dietary
habits when living on campuses.
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Supplementary data are available at HEAL online.
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