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Abstract

Objective: This study aimed to examine cross-sectional and longitudinal associa-
tions between dietary intake and educational outcomes (EO) in Australian
first-year university students.

Design: This cross-sectional and longitudinal study measured outcomes of interest
at three points over 1 year. Measures included self-reported dietary patterns and
dietary intake via a three-day estimated food record. Objective EO (corresponding
semester grade point average (GPA), overall GPA and graduation status) variables
were extracted from academic records. Cross-sectional and longitudinal
associations were examined using regression models and generalised estimating
equations, respectively.

Setting: A large university in Queensland, Australia.

Participants: Participants (n 80) were first-year students who had completed high
school in the previous year.

Results: Some significant associations were found with semester GPA, including:
(a) moderate positive associations between serves of vegetables and semester
GPA at time point 2 and over time; and (b) a weak negative association between
Na intake and semester GPA at time point 2. Although insignificant, meaningful
negative associations were found between alcohol consumption and semester
GPA at time point 1 and over time. Some significant associations were also found
with graduation status, including: (a) a positive association between meeting
Australian carbohydrate recommendations and graduation status; and (b) a nega-
tive association between Fe intake and graduation status, both at time point 1.
Conclusions: Both cross-sectional and longitudinal findings highlight positive
associations between vegetable intake and EO and negative associations between
alcohol consumption and EO. Further relevant work is needed with larger, more
variable samples in demographic, dietary and EO characteristics.
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risk of overweight and obesity, chronic diseases (e.g.
CVD), certain cancers and mental health disorders
(e.g. stress and depression)H%.

It is widely acknowledged that healthy dietary intake
is fundamental to health and well-being across the
lifespan™?. To meet nutrition requirements and pro-

mote health and well-being, the Australian Dietary
Guidelines describe an optimal dietary pattern for the
general Australian population as containing a wide vari-
ety of nutritious foods from five groups, with limited
intake of saturated fat, added salt, added sugars and alco-
hol®. Healthy dietary intake is associated with a lower
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Despite these well-established benefits, many young
adults worldwide, including university students, are not
meeting dietary guidelines'®. For university students, the
transition to higher education is a period often accompa-
nied by emotional, psychological and financial chal-
lenges®. This period of change may also negatively
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impact their overall dietary patterns®, including low fruit

and vegetable intake, high caloric intake, and increased
alcohol consumption®. Overall dietary intake among uni-
versity students is important not only due to the association
with health but also because of their potential influence on
cognitive function, learning, academic performance and
educational success®. Academic performance at university
may have lasting effects on students’ future health, quality
of life, career and earning capacity®. The potential causal
association between dietary intake and educational out-
comes (EO) has been outlined in a conceptual framework
developed by the World Health Organisation (WHO),
which also acknowledges a number of mediating factors
including socio-economic status, gender, age and cognitive
function®.

Links between dietary intake and EO could be a function
of multiple mechanisms. For example, a healthy dietary
pattern is thought to influence brain structure and cognitive
functioning through adequate intake of energy, essential
macronutrients (e.g. polyunsaturated fat) and micronu-
trients (e.g. #n-3) to meet individual nutritional require-
ments”’. On the contrary, a poor dietary pattern with
high levels of saturated fat and refined sugars can nega-
tively impact cognitive function and in turn, EO®.
Beyond dietary pattern quality, however, the relationship
between dietary intake and EO could generally be a func-
tion of overall health or access to resources®.

A recent systematic review in university students identi-
fied only seven papers that found small-to-moderate pos-
itive associations between dietary intake (e.g. consuming
regular meals, having breakfast and meeting recommenda-
tions for fruit intake) and academic achievement®.
However, most of the studies were of low quality and
had several methodological limitations, such as using
non-validated tools to measure dietary intake (i.e. through
self-report surveys) and EO (e.g. self-reported grade point
average (GPA)®. This is an important limitation as non-
validated tools may not appropriately and accurately cap-
ture dietary intake, potentially leading to lower precision
when examining the relationship with EO®. Many studies
in the review also did not control for confounding factors
(e.g. socio-economic status and gender)®. Overall,
although some additional studies have been conducted
since this systematic review, available findings in this area
are limited to cross-sectional studies largely originating in
the USA®, with a lack of longitudinal studies or studies
published from the Australian higher education context!?.
Longitudinal studies are important as they enable determi-
nation of changes in university students’ dietary intake and
EO over time, whilst also considering and accounting for
possible confounding factors that may also change over
time (e.g. changes in living arrangements and employment
status),

The aim of this study was to examine cross-sectional and
longitudinal associations between dietary intake and EO
among first-year university students in Australia. This study
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addresses several of the limitations identified in previous
research. The findings from this study have the potential
to improve our understanding of the relationship between
dietary intake and EO in university students and meaning-
fully contribute to the development of tailored policies and
strategies that can help improve future students’ health and
broader success.

Method

Study design

This study includes secondary data from a longitudinal
study ‘Healthy Universities’ that collected health behaviour
data from university students at three time points. Baseline
data were collected at the start of the first academic semes-
ter (March 2014), with a 6-month follow-up at the start of
the second academic semester (July 2014) and a 1-year
follow-up at the start of the third academic semester
(March 2015). As the current study aimed to examine asso-
ciations between dietary intake and EO, participants from
the Healthy Universities study were invited to provide
informed consent to extract retrospective EO data.
Ethical approval for both studies was obtained from The
University of Queensland Ethics Committee in 2014 (Ref #
2013001628) and 2018 (Ref # 2018002476), respectively.

Recruitment and participants

For the Healthy Universities study, participants were
recruited from two campuses (metropolitan and regional)
of a large university in Queensland, Australia. To be
included, participants had to meet the following criteria:
(a) have completed secondary school in 2013 and (b) be
aged between 17 and 19 years. This ensured that the sam-
ple had experienced the transition from high school to uni-
versity in the preceding year. All participants from the
Healthy Universities study (nz 203) were invited to partici-
pate in the current study through email or telephone and
were considered eligible to participate if they provided
informed consent for extraction of their EO data at the time
their health behaviour data were collected. Participants
provided their informed consent electronically via an
online Checkbox form (Checkbox Survey Solutions Inc.)
prior to any data extraction. A flow diagram of the current
study is presented in Fig. 1.

Predictor variables

Self-reported fruit and vegetable intake

Participants’ usual fruit and vegetable intake was measured
by asking participants to report their average daily serves of
fruit and vegetables, respectively. These questions were
developed from The Dietary Questionnaire for
Epidemiological Studies, a validated food frequency ques-
tionnaire developed for use with Australian adults"?.
These continuous data were also categorised for further
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Eligibility criteria

Universities study”

Enrolment

Invited to participate in the current study (n 203)

+ Participated in a minimum of one data collection point in the “Healthy

« Provided informed consent for extraction of their EO data at the time
their health behaviour data were collected.

-Did not meet eligibility criteria (n 1)

-Did not respond to the invitation (n 122)
-Under-reported energy intake (n 17)

A 4

Baseline

* Nutrient intake (n 63)

Participants with data for baseline (T1) analyses
* Vegetable, fruit intake and alcohol consumption (n 80)

-Did not participate in T2 (n 10)

Y

-Under-reported energy intake (n 14)

* Nutrient intake (n 56)

Participants with data for 6-month follow-up (T2) analyses
« Vegetable, fruit intake and alcohol consumption (n 70)

6-month follow-up

-Did not participate in T3 (n 20)

A 4

\ 4

-Under-reported energy intake (n 15)

* Nutrient intake (n 45)

Participants with data for 1- year follow-up (T3) analyses
* Vegetable, fruit intake and alcohol consumption (n 60)

1-year follow-up

Fig. 1 STROBE flow diagram. EO, educational outcomes

interpretation as meeting/not meeting the Australian
Dietary Guidelines, which recommend eating two serves
of fruit and five serves of vegetables per d'¥.

Self-reported alcohol intake

Participants were asked to report how often they consumed
more than four standard drinks on one occasion in the past
12 months"®. This reflects the National Health and Medical
Research Council, Australian Guidelines to Reduce Health
Risk from Drinking Alcohol, which suggest that consuming
more than four standard drinks on one occasion at any fre-
quency is a risk to health". Responses varied across six
categories, which were condensed to two categories for
analysis (‘less than monthly or less frequently’ and ‘monthly
or more frequently”) due to limited or no responses for the
‘non-drinker’ and ‘daily or almost daily categories’™>.

Nutrient intake

Energy and nutrient intake were assessed using a self-
report, three-day estimated food record, which included
two weekdays and one weekend day'?. Three-day esti-
mated food records are considered to have acceptable
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validity in the adult population, with correlation coefficients
of 0-14-0-56 when compared to 9-d food records"”. The rec-
ord consisted of a table template where participants were
asked to record detailed food and drink intake (including esti-
mation of portion sizes and detail for food item descriptors).
Energy (kilojoule) and nutrient (grams/milligrams/micro-
grams) intake were determined from food record data using
a standard nutrition analysis software (Foodworks, Xyris
Software).

Due to the risk of bias associated with misreporting, the
Goldberg cut-off criterion was used to identify under-report-
ers"™®. According to this criterion, which compares reported
energy intake to estimated basal metabolic rate (BMR), par-
ticipants with values <1-00 were identified as under-report-
ers and their data were converted to missing values (T1, 72 17;
T2, n 14; T3, n 15). BMR was calculated from Schofield
equations based on age, gender and weight at the time of
measurement'?,

Macronutrients (carbohydrate, fat and protein) and
alcohol intake were converted to a percentage of total
daily energy intake (TDED‘®. Macronutrient data were
further categorised as meeting/not meeting the Acceptable
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Macronutrient Distribution Ranges (AMDR) from the
Australian Nutrient Reference Values (45-65 % of total daily
energy intake from carbohydrates, 20-35 % from fat and
15-25 % from protein)??. Saturated fat intake was categor-
ised as meeting/not meeting Australian recommendations
of <10 % of total daily energy intake®”, and alcohol intake
was categorised as meeting/not meeting the recommenda-
tion of <5 % of total daily energy intake®?. Micronutrient
intake was calculated in grams/milligram/micrograms and
compared to the Australian Nutrient Reference Values®”
where relevant. Two responders were excluded from the
data set as their values for Fe intake and Na intake at time
point 1 were considered extreme outliers based on outliers
estimated formula (mean+2 SD) and biological
implausibility.

Outcome variables: educational outcomes

Objective EO data were obtained from the university’s aca-
demic records with approval from the academic registrar.
EO data were extracted for semesters 1 and 2 2014 and
semester 1 2015, corresponding with the health behaviour
data collection points. EO data included (a) semester GPA
(i.e. out of 7, based on the Australian grading scale), (b)
withdrawal (calculated as number of ‘units enrolled’/‘units
completed’ for each semester), (¢) progress towards aca-
demic programme completion (measured using four levels
of academic standing: good standing, academic warning,
show cause and satisfactory progression following show
cause), (d) overall GPA at time of graduation and (e) gradu-
ation status (yes/no).

Confounding factors

Several potential confounding factors were assessed.
At baseline, demographic data were collected, including
gender, country of birth, language, enrolling faculty and
programme, and level of socio-economic advantage (as
reflected by the Index of Community Socio-educational
Advantage (ICSEA) of the high schools participants
attended)®?. Data collected at all three time points
included study load (full-time/part-time), living arrange-
ments (on-campus/off-campus), employment status (not
in paid/unpaid employment/other, full-/part-time/casual
employment), BMI (BMI; kg/m?) (calculated using objective
weight and height measures and classified using the WHO’s
BMI categories®), psychological well-being (using the
short version of the Warwick-Edinburgh Mental Well-being
Scale (SWEMWBS)?¥), psychological distress (using the
Kessler Psychological Distress Scale®), smoking status®®,
self-rated health and life satisfaction (using items from the
General Social Survey®”), physical activity (measured using
the Active Australia Survey®*3% and accelerometry3-3%),
and sedentary behaviour (measured using items from the
International Physical Activity Questionnaire (IPAQ)®¥
and accelerometry®-33),
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Statistical data analyses

To describe the sample, descriptive statistics (7, percent-
ages, mean and standard deviation) were calculated for
demographic characteristics as well as predictor, outcome
and confounding variables. Median and interquartile
ranges were calculated for non-normally distributed varia-
bles (i.e. self-reported physical activity scores in MET min/
week). All variables were tested for normality, and
non-normally distributed variables were transformed using
log10.

Before conducting any analyses, the variance of cat-
egorical variables was examined and variables with little
or no variance were excluded from analyses (i.e. 97-5%
of participants were non-smokers and 96-5 % were meeting
alcohol intake recommendations based on three-day food
diary data). Subsequently, a number of categorical varia-
bles were recoded to optimise interpretable analyses. As
part of this process, all variables with > 4 categories were
recoded into variables with two categories (i.e. self-
reported alcohol intake, current living arrangements and
current work status). Comparison tests were conducted
to examine potential differences in demographic and
dietary variables between (a) the initial sample for
Healthy Universities study and the sample who consented
to the current study and (b) those who participated in and
those who dropped out of time points 2 and 3 of the
Healthy Universities study.

To examine cross-sectional associations between
dietary intake and EO, a combination of univariate and
multivariate regression analyses was performed. First,
depending on the dependent variable (i.e. continuous or
categorical), either linear or binary logistic regressions
were conducted between predictor variables (i.e. serves
of fruit and vegetable, alcohol intake, nutrient and caffeine
intake) and EO variables (i.e. semester GPA, overall GPA
and graduation status) as well as between potential con-
founding factors and EO variables, for each of the three
time points. During this step, residuals were checked
for normal distribution to ensure appropriate model fit.
Subsequently, multivariate analyses were conducted
based on univariate analyses findings. To examine associ-
ations between dietary intake and EO variables over time,
generalised estimating equations with exchangeable cor-
relation structures were used. Generalised estimating
equation is an extension of the generalised linear model
that produces efficient and unbiased regression estimates
in studies with repeated measures or longitudinal and
other correlated observations®®. Generalised estimating
equation models were first used to evaluate univariate
associations between dietary intake wvariables, con-
founding factors and EO variables (semester GPA, overall
GPA and graduation status). Following this step, multivari-
ate analyses were performed based on results from uni-
variate analyses.

To protect against residual confounding, variables were
examined for collinearity, where a variance inflation
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factor>2 was considered a sign of multicollinearity.
Predictor and confounding variables were considered for
the final multivariate model analyses, if they had univariate
associations with EO variables at P < 0-20 (as suggested
elsewhere®). For multivariate analyses, confounding
variables were limited to three in models with three-day
food record variables or four in models with fruit and veg-
etable intake and alcohol variables due to sample size and
in order to maintain adequate power. Confounding factors
were selected based on conceptual overlap and association
with the outcomes. In multivariable models, variables
were considered to be significantly associated with EO if
P < 0:05. OR with 95% CI were reported for all models.
All analyses were conducted using IBM SPSS Statistics,
version 27 (IBM Corp.).

Results

Sample characteristics

Sample characteristics are summarised in Table 1. Of the
203 students who had previously participated in the
Healthy Universities study, eighty-one provided consent
for the current study. However, one respondent was
excluded from analyses due to a lack of EO data as they
moved to another university in their first semester of stud-
ies. Accordingly, the final sample for the current study
included eighty students (response rate: 40 %) from six fac-
ulties across the university, 99 % of whom were studying
full-time. At time point 1, the mean age of participants
was 17-4 (£ 1) years, and most were female (65 %), born
in Australia (81:3%), and lived off-campus (65 %). The
mean ICSEA value was 1064 (+ 82), which represents an
above-average educational advantage as measured by
the parents’ occupation and level of education. There were
no significant differences in demographic and dietary var-
iables between (a) the initial sample for Healthy
Universities studyand the sample who consented to the
current study and (b) those who participated in and those
who dropped out of time points 2 and 3 of the Healthy
Universities study.

Descriptive statistics for dietary intake and
educational outcomes variables

Table 1 reports descriptive statistics for predictor and out-
come variables. The proportion of participants meeting
guidelines for serves of vegetables per d was low (2:5-
7-5 %), whereas the proportion of participants meeting guide-
lines for serves of fruit per d was highest at time point
1 (62:5%) but decreased over time. Students’ frequency of
alcohol consumption (> 4 standard drinks per drinking occa-
sion) increased after time point 1 (from T1, 17-5 % -T2, 29 %,
respectively). According to three-day food record data, there
was variability in the proportion of participants who met the
carbohydrate, protein and fat intake recommendations, with
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an overall reduction over time in these variables. Caffeine
intake was low across the three time points, with mean
intakes equivalent to less than one small cup of coffee per d.

At the time of data collection, about 75 % of the sample
had graduated from university, with good academic stand-
ing and an average overall GPA of 5-59 (+ 0-79) out of 7.
Nearly 80 % of the sample completed all enrolled courses.
Due to a lack of variability, EO variables such as ‘with-
drawal status’ and ‘academic standing’ were excluded from
analyses. Thus, the variables used in analyses included
semester GPA, overall GPA and graduation status (yes/no).

Associations between dietary intake and
educational outcomes

Cross-sectional associations

Dietary intake and semester GPA. In univariate models
focusing on the outcome variable of semester GPA (see
online supplemental Table A), significant predictor varia-
bles (P < 0-20) were: (a) at time point 1, alcohol intake
and meeting Australian recommendations for saturated
fat and Na intake; (b) at time point 2, serves of vegetables
per d, meeting Australian recommendations for fat, satu-
rated fat and Na intake; and (¢) at time point 3, serves of
vegetables per d, meeting Australian recommendations
for fat, saturated fat, Na and Fe intake. Once controlling
for confounding factors, the only variables that remained
significantly associated with semester GPA in multivariate
models were serves of vegetables per d (=026, 95%
CI (0-034, 0-481)) and Na intake (Na intake is expressed
as standardised f coefficients due to the unstandardised
B value being small when expressed per mg; (f=-0-368,
95 % CI (-0-001, > 0-001)), both at time point 2. Alcohol
intake at time point 1 (P=0-051) and Na intake at time
point 2 (P=0-05) approached significance and were neg-
atively associated with semester GPA, with a relatively
strong coefficient for alcohol intake (#=0-80). Relevant
results are reported in Table 2.

Dietary intake and overall GPA. According to the find-
ings of univariate models focusing on the outcome variable
of overall GPA (see online Supplemental Table B), signifi-
cant predictors (P < 0-20) were: (a) at time point 1, meeting
Australian recommendations for saturated fat and Na
intake, and (b) at time point 3, serves of vegetables per
d, serves of fruit per d and alcohol intake. However, after
adjusting for confounding factors in the multivariate mod-
els, none of these predictors were significantly associated
with overall GPA (see Table 3).

Dietary intake and graduation status. In univariate
models focusing on the outcome of graduation status
(see online Supplemental Table C), significant predictor
variables were: (a) at time point 1, meeting Australian rec-
ommendations for carbohydrate and Fe intake; (b) at time
point 2, serves of vegetables per d, serves of fruit per d
and meeting Australian recommendations for protein
intake; and (¢) at time point 3, meeting Australian
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Table 1 Descriptive characteristics of the sample
Time point 1 Time point 2 (sem  Time point 3 (sem
(sem 1; Y1) 2; Y1) 6 months 1; Y2) 12 months
Baseline (n 80) (n70) (n 60)
Variables Mean SD Mean SD Mean sSD Graduation
Demographic characteristics
Age (years)* 17-4 0-61 1776 0-58 18-37 0-55
n % n % n %
Gender*
Male 28 35 24 30 20 25
Female 52 65 46 575 40 50
Missing 0 0 10 12.5 20 25
Country of birth*
Australia 65 81-3 59 73-8 50 62-5
Other 15 188 11 13-8 10 125
Missing 0 0 10 12.5 20 25
Mean SD Mean SD Mean SD
School ICSEA value* 1064 82 1059 80 1052 79
n % n %o n %o
ATSI (yes)* 1 1-3 1 1.3 0 0
Missing 0 0 10 12. 20 25
Living arrangements
On-campus 28 35 23 287 18 225
c Off-campus 52 65 47 58.8 41 52.2
9 Missing 0 0 10 12.5 21 26-3
¥ | Language*
s English 70 875 63 78.8 56 70
= Other 10 12.5 7 88 4 5
Z Missing 0 0 10 12. 20 25
Faculty*
< Science 30 375 26 325 23 287
> Business economics and law 15 18-8 13 16-3 9 11-3
(3] Health and behavioural sciences 16 20 14 175 13 16-3
v Engineering, architecture and information 8 10 8 10 6 75
I technology
@) Humanities and social sciences 8 10 7 8-8 7 8-8
= Medicine 2 25 1 1.3 1 1.3
0 Missing 1 1.3 11 13- 21 26-
> Student enrolment status*
o Domestic 78 975 68 85 59 738
International 1 1.3 1 1.3 0 0
Missing 1 1-3 11 13- 21 26-3
Study load
Full-time 79 98-8 68 85 55 68-8
Part-time 1 1-3 2 2.5 4 5
Missing 0 0 10 12. 20 25
Mean SD Mean SD Mean SD
Total hours of paid work (per week) 10-96 7 10-92 7 10.78 7
n % n %o n %
Current work status
Not in paid/unpaid employment/other 41 51.2 29 36-3 13 16-3
Full-time/part-time/casual employment 39 48-8 41 51.2 46 575
Missing 0 0 10 12.5 21 26-3
Dietary intake
Mean SD Mean SD Mean SD
Serves of vegetables per d 35 11 35 1.3 3.3 1.4
n % n %o n %
Meeting Australian vegetable intake guidelines
Less than five 78 97-5 64 80 55 69
Five or more 2 2:5 6 75 5 6
Missing 0 0 10 12. 20 25
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Table 1 Continued
Time point 1 Time point 2 (sem  Time point 3 (sem
(sem 1; Y1) 2; Y1) 6 months 1; Y2) 12 months
Baseline (n 80) (n70) (n 60)
Variables Mean SD Mean SD Mean SD Graduation
Serves of fruit per d 2-9 1.3 3 1-4 29 1.4
n %o n %o n %o
Meeting Australian fruit intake guidelines
Less than two 30 375 28 35 26 325
Two or more 50 625 42 52.5 32 40
Missing 0 0 10 12.5 22 275
Meeting both Australian fruit and vegetable intake guidelines
Not meeting guidelines 66 82.5 54 67-5 50 62-5
Meeting guidelines 14 17.5 16 20 10 12.5
Missing 0 0 10 12.5 20 25
Alcohol intake (>4 standard drinks on one occasion in the last 12 months)
Less than monthly or less frequently 50 62-5 37 46 31 39
Monthly or more frequently 14 17.5 23 29 23 29
Missing 16 20 20 25 26 32
Meeting Australian carbohydrate intake recommendations (45-65 % of daily energy intake)
Not meeting recommendations 32 40 29 36 22 27-5
Meeting recommendations 26 325 25 31 18 225
Missing 22 275 26 33 40 50
Meeting Australian protein intake recommendations (15-25 % of daily energy intake)
Not meeting recommendations 17 21 22 275 13 16
Meeting recommendations 41 51 32 40 27 34
Missing 22 28 26 325 40 50
Meeting Australian fat intake recommendations (20-35 % of daily energy intake)
Not meeting recommendations 26 32.5 22 275 18 22.5
Meeting recommendations 32 40 32 40 22 275
Missing 22 275 26 325 40 50 %
Meeting Australian alcohol intake recommendations (<5 % of daily energy intake)
Not meeting recommendations 2 2.5 0 0 2 2.5
Meeting recommendations 56 70 54 67-5 38 475
Missing 22 275 26 325 40 50
Meeting Australian saturated fat intake recommendations (<10 % of daily energy intake)
Not meeting recommendations 51 64 45 56 35 44
Meeting recommendations 7 9 9 11 5 6
Missing 22 27 26 33 40 50
Mean SD Mean SD Mean SD
Polyunsaturated fat intake (% of daily energy intake) 3-8 1.8 39 2 34 1.4
Na intake (mg) 2585 1179-4 2511 1267 2728 1121
Fe intake (mg) 10 4 10 5 9 5
Caffeine intake (mg) 30 66 35 73 27 67
Educational outcomes
n %
Graduation
Yes 60 75
No 20 25
Mean SD Mean SD Mean SD Mean SD
Overall GPA 5-59 0-79
Semester GPA (maximum of 7-0) 5-45 1 5-43 1 5.27 1.21
n %o n %o n %o
Withdrawal status
All enrolled courses completed 70 87-5 70 875 65 81-3
Withdrew from one course 6 7-5 6 75 6 7-5
Withdrew from two courses 4 5 2 2.5 2 2:5
Withdrew from three courses 0 0 0 0 1 1.3
Withdrew from all enrolled courses 0 0 2 25 6 75
Academic standing
Good 75 93-8 75 93-8 69 86-3
Academic progress warning 5 6-3 3 3-8 4 5
Enrol condition approved by Faculty 0 0 2 2.5 0 0
Show cause 0 0 0 0 1 1.3
Good performance or satisfactory 0 0 0 0 2 2.5
progression after show cause
Missing 0 0 0 0 4 5
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Time point 1 Time point 2 (sem  Time point 3 (sem
(sem 1; Y1) 2; Y1) 6 months 1; Y2) 12 months
Baseline (n 80) (n70) (n 60)
Variables Mean SD Mean sSD Mean SD Graduation
Other variables and potential confounding factors
Physical activity
Self-report: physical activity score 1465 1690 999 1311 1798 1748
(MET min/week), median + IQR
Accelerometer-derived MVPA (min/d) 56-99 19-90 45.23 19-87 50-68 20
Self-report: frequency of strength or toning activities 2-18 1-53 2.57 1-59 2-:34 1-43
last week
Sedentary behaviour
Self-report: average sedentary 7-61 2.35 7-51 2.39 7-45 2.44
behaviour (h/d)
Accelerometer-derived sedentary 9-51 1.22 9-81 1.32 9-21 1.38
behaviour (h/d)
Weight (kg) 62-83  13-13 64-51 13-64 64-23 13-64
BMI (kg/m?) 21.75 3-02 22-27 2:97 22-23 3-22
n Y% n %o n %
Smoking status
Never smoked 78 975 69 86-3 58 725
Ex-smoker 1 1.3 0 0 1 1.3
Current smoker 1 1.3 1 1.3 1 1.3
Missing 0 0 10 12.5 20 25
Mean SD Mean SD Mean SD
General health rating 328 0-711 3-36 0-723 3.37 0-843
Overall life satisfaction 7-76 1.2 779 1-40 773 1.33
Work/study life satisfaction 6-93 1-61 712 1.43 7.07 1.66
Mental well-beingt 26-29 328 26-46 3-65 26-53 3.72
Psychological distresst 1855 4.70 18-06 5.20 17-90 4.49

sem, semester; n, sample size; ICSEA, Index of Community Socio-Educational Advantage; ATSI, Aboriginal or Torres Strait Islander; GPA, grade point average; MET,
metabolic equivalent; IQR, interquartile range; MVPA, moderate-to-vigorous physical activity.

*Variables that were only examined at baseline.
1Out of a total score of 35.
FOut of a total score of 50.

recommendations for carbohydrate, saturated fat, and Na
and Fe intake (all P < 0-20). After adjusting for confounding
factors, the only predictor variables that remained signifi-
cantly associated with graduation status in multivariate
models were meeting Australian carbohydrate intake rec-
ommendations (OR: 8-:815, 95% CI (1-235, 62:913)) and
Fe intake (OR: 0-815, 95 % CI (0-675, 0:984)), both at time
point 1 (see Table 4).

Longitudinal associations

Dietary intake and semester GPA

Serves of vegetables per d and alcohol intake were signifi-
cantly associated (P < 0-20) with semester GPA over time
(see online Supplemental Table D) in univariate general-
ised estimating equation analyses. When controlling for
confounding factors, the only variable that remained sig-
nificantly associated with semester GPA over time in multi-
variate models was serves of vegetables per d (f=0-116,
95% CI (1-001, 1.260)). However, alcohol intake
approached significance and was negatively associated
with semester GPA (OR: 0-595, 95% CI (0-334, 1-063))
(see Table 5).
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Discussion

Optimising EO at university is critical, given the established
relationship between academic performance and various
short- and long-term health and career outcomes®.
Available literature acknowledges the potential associa-
tions between dietary intake and EO in university students,
which may be particularly important to investigate during
the challenging transition from high school to university®.
Accordingly, this study examined cross-sectional and longi-
tudinal relationships between dietary intake and different
indicators of EO among first-year university students in
Australia. It was designed to address limitations identified
in previous research and was guided by the WHO frame-
work, emphasising the association between health behav-
iours and EO, and acknowledging a range of factors that
may mediate this relationship®®.

Semester GPA is the most frequently reported indicator
of EO in research investigating associations with dietary
intake®. The current study identified moderate significant
cross-sectional and longitudinal associations between
serves of vegetables and semester GPA after adjusting for
confounding factors. Cross-sectionally, there was an
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Table 2 Multivariate linear regression analyses examining cross-sectional associations between dietary intake and semester GPA

Multivariate linear regression (adjusted models)*

Time point 1 (sem 1; Y1) Baseline

Time point 2 (sem 2; Y1) 6 months

Time point 3 (sem 1; Y2) 12 months

Variables R? B P value 95% ClI R° Vi P value 95% ClI R p P value 95% ClI
Serves of vegetables per d - 0-246  0-258 0.025 0-034, 0-481|| 0-449 0.087 0-541  -0-200, 0-373%%
Alcohol intake (>4 standard drinks on one occasion in the last 12 months)

Less than monthly or less frequentlyRef

Monthly or more frequently 0-358 -0-804 0-051 -1.611,0-002t - -
Meeting Australian fat intake recommendations

Not meeting recommendations Ref

Meeting recommendations - 0-191  0-135 0-668 —0-495, 0-7641 0-494 -0-528 0215 —1.382, 0-326§§
Meeting Australian saturated fat intake recommendations

Not meeting recommendations Ref

Meeting recommendations 0472 0-315 0-476 -0-590,1-220+ 0-190 0-155 0-711  -0-687, 0-997** 0-483 0-565 0-310 -0-557, 1-688]|||

Na intake (mg) 0-555 -0-351ttt 0.050 -0-001,>0-001§ 0-321 -0-368ttt 0-009 -0.001,>0-001tf 0-498 -0-205ttt 0-185 —0.001,>0-00111

Fe intake (mg) - - 0-499 -0-045 0-182 -0-112, 0-022***

GPA, grade point average; Sem, semester; VIF, variance inflation factor; MVPA, moderate-to-vigorous physical activity; ICSEA, Index of Community Socio-Educational Advantage.

*Tolerance was > 0-2 and VIF was < 2, suggesting no significant multicollinearity among predictor variables.
1,1,§Adjusted for total hours working, accelerometer-derived sedentary behaviour and mental well-being.
I1,9,**,TtAdjusted for country of birth, work/study life satisfaction and accelerometer-derived MVPA.

11,8811, 99, ***Adjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), self-reported sedentary behaviour (h/d) and accelerometer-derived MVPA.

111This value is expressed as standardised f coefficients (in standard deviation units).
Note: only predictor variables that were significant in unadjusted models are presented.
Values in bold indicate a P value < 0-05.
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Table 3 Multivariate linear regression analyses examining cross-sectional associations between dietary intake and overall GPA

Multivariate linear regression (adjusted models)*

Time point 3 (sem 1; Y2)

Time point 1 (sem 1; Y1) baseline Time point 2 (sem 2; Y1) 6 months 12 months
Variables R? B P value 95% ClI R? B P value 95% ClI R p  Pvalue 95%ClI
Serves of vegetables per d - 0-170 0-108 0-336 -0-116, 0-331§ -
Serves of fruit per d - 0-175 0-087 0-288 -0-077, 0-252|| -

Alcohol intake (> 4 standard drinks on one occasion in the last 12 months)
Less than monthly or less frequently Ref

Monthly or more frequently - 0-112 —0-183 0-460 -0-681, 0-3159]
Meeting Australian saturated fat intake recommendations (<10 % of daily energy intake)

Not meeting recommendations Ref

Meeting recommendations 0-322 0-836 0-104 -0-196, 1-8671 -

Na intake (mg) 0-355 —0-494** 0-070 —0-001, 0-000043% -

GPA, grade point average; Sem, semester; VIF, variance inflation factor.

*Tolerance was > 0-2 and VIF was < 2 suggesting no significant multicollinearity among the predictor variables.

1,#Adjusted for total hours working, accelerometer-derived sedentary behaviour and mental well-being.

§,||Adjusted for psychological distress, work/study life satisfaction and alcohol intake (> 4 standard drinks on one occasion in the last 12 months).
YlAdjusted for psychological distress, work/study life satisfaction, serves of fruit per d and serves of vegetables per d.

**This value is expressed as standardised  coefficients (in standard deviation units).

Note: only predictor variables that were significant in unadjusted models are presented.
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Table 4 Multivariate binary logistic regression analyses examining cross-sectional associations between dietary intake and graduation status

Multivariate binary logistic regression (adjusted models)*

Time point 1 (sem 1; Y1)

Time point 2 (sem 2; Y1) Time point 3 (sem 1; Y2)

Baseline 6 months 12 months
Variables OR Pvalue 95 % ClI OR Pvalue 95% ClI OR Pvalue 95 % ClI
Serves of vegetables per d - 7-086 0-231 0-287,174-899§ -
Serves of fruit per d - 5161 0-323 0-199, 133.902|| —
Meeting Australian carbohydrate intake recommendations
Not meeting recommendationsRef
Meeting recommendations 8-815 0-030 1-235, 62-913%1 0-230 0-181 0-027, 1.983**
Meeting Australian protein intake recommendations
Not meeting recommendationsRef
Meeting recommendations - 0-381 0-461 0-029, 4-.9729 -
Meeting Australian saturated fat intake recommendations
Not meeting recommendationsRef
Meeting recommendations - 0-151 0-100 0-016, 14391t
Na intake (mg) - 0-999 0-107 0-998, 1-000f%
Fe intake (mg) 0-815 0-034 0-675,0-984f - 0-877 0-143 0-736, 1-0468§§

Sem, semester; VIF, variance inflation factor; ICSEA, Index of Community Socio-Educational Advantage; MVPA, moderate-to-vigorous physical activity.

*Tolerance was > 0-2 and VIF was < 2, suggesting no significant multicollinearity among the predictor variables.

TAdjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), self-reported physical activity score in MET min/week and Fe intake.
}Adjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), self-reported physical activity score in MET min/week and meeting Australian

carbohydrate intake recommendations.

§,||Adjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), accelerometer-derived MVPA (min/d), total hours working and meeting

Australian protein intake recommendations.

TAdjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), total hours working and accelerometer-derived MVPA (min/d).
**11,3tAdjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), accelerometer-derived MVPA (min/d) and Fe intake.
§§Adjusted for Index of Community Socio-Educational Advantage values (school ICSEA value), accelerometer-derived MVPA (min/d) and meeting Australian carbohydrate

intake recommendations.

Note: only predictor variables that were significant in unadjusted models are presented.

Values in bold indicate a P value < 0-05.

Table 5 Generalised estimating equations examining multivariate longitudinal associations between dietary intake and semester GPA

GEE modelling(adjusted models)*

Dietary intake variables p P value OR 95% Cl
Serves of vegetables per d 0-116 0-047 1.123 1.001, 1-260t
Alcohol intake (>4 standard drinks on one occasion in the last 12 months)

Less than monthly or less frequently Ref

Monthly or more frequently -0-518 0.079 0-595 0-334, 1.063%

GPA, grade point average; GEE, generalised estimating equations; VIF, variance inflation factor.
*Tolerance was > 0-2 and VIF was < 2, suggesting no significant multicollinearity among the predictor variables.

TAdjusted for total hours working, living arrangements and alcohol intake.
tAdjusted for total hours working, living arrangements and serves of vegetables.

Note: only predictor variables that were significant in unadjusted models are presented.

Values in bold indicate a P value < 0-05.

increase in semester GPA at time point 2 of 0-26 points on a
seven-point scale for every extra serve of vegetables per d;
longitudinally, semester GPA increased 0-12 points on a
seven-point scale for every additional serve of vegetables
per d. This highlights the importance of sufficient intake
of vegetables for EO since vegetables are known as rich
sources of vitamins, minerals and phytochemicals, which
have an impact on brain health, cognitive functioning
and learning®”. The comparison of the current findings
with other evidence is challenging due to different meth-
odological approaches. Previous studies measured vegeta-
ble intake as a categorised scale (e.g. meeting/not meeting
guidelines), but only Whatnall’® and the current study

0.1017/51368980022001847 Published online by Cambridge University Press

considered a continuous scale. Overall, the current findings
are inconsistent with other literature reporting insignificant
or very small cross-sectional associations between semes-
ter GPA and meeting vegetable intake guidelines
alone'%3%49 or combined with fruit intake guidelines®®.
The lack of a significant association between vegetable
intake and GPA in the available evidence could be due
to measuring vegetable intake as a categorical variable,
which may not capture small but meaningful changes in
intake. For example, guidelines may recommend five
serves of vegetables per d, which means that those con-
suming four serves and no serves are all captured within
the same group, meaning changes in intake over time
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are difficult to capture. Whereas using a continuous scale
for vegetable intake ensures that these small changes in
consumption are captured. Further, despite the categorical
approach being widely used among scholars, it has been
criticised as a poor methodological approach due to mis-
leading results, biased coefficients and reducing the statis-
tical power™D, Collectively, our findings and the findings of
Whatnall'? suggest that using serves of vegetables on con-
tinuous scale (v. meeting/not meeting recommendations)
when examining associations with EO is an accurate
approach to determine meaningful and significant associa-
tions. Our findings suggest that any increase in vegetable
intake, despite meeting or not meeting guidelines, may
have a meaningful impact on EO.

The current study identified a small significant associa-
tion between Na intake and semester GPA at time point 2.
For every 1 sD increase in Na intake (1267 mg, which rep-
resents 63 % of the suggested dietary target of 2000 mg/d),
there was an associated decrease in semester GPA of
0-368. While there are no comparable studies that report
Na intake and their association with EO®, previous evi-
dence indicated that increased consumption of food that
is high in Na is associated with a lower GPA in university
students1%340 The magnitude of the association between
Na intake and semester GPA was negligible both in our
study and previous studies, which indicates that Na intake
may be more important to consider in investigations
focusing on chronic disease risk than EO.

Our cross-sectional and longitudinal findings demon-
strated a moderate to large decrease in semester GPA for
students who were consuming alcohol (> 4 standard
drinks/occasion) more frequently at time point 1 (80 %
decrease) and over time (40 %). Although these associa-
tions were insignificant, the magnitude of coefficients
was substantial. This highlights that frequency of heavy
alcohol consumption may negatively influence GPA due
to impaired cognitive abilities (e.g. memory, attention)
for long periods of time and displacement of study time
or class attendance®?. The current findings reinforce the
findings of other studies in Australia and the USA that
showed higher consumption of alcohol was associated
with lower GPA“Y However, the strength of the associa-
tions in our study was stronger than in the above studies.
Further studies are needed to confirm these associations.

One of the ways in which this study extends previous
relevant research is by using a wider range of EO indicators,
including overall GPA and graduation status. The sole use
of semester GPA in previous literature has been criticised as
a potentially inaccurate reflection of student performance
as it is more susceptible to the level of challenge or nuances
in specific courses, disciplines or institutions®*®. In the
present study, no significant associations were determined
with overall GPA; however, it is useful to consider more
than statistical significance alone when interpreting
results and making comparisons with other studies. For
example, while serves of fruit were not significantly
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associated with overall GPA in the present study, the mag-
nitude of the effect is comparable with those of previous
studies that reported a positive but weak association with
GPAU03840)  The discrepancy in significance between
our findings and those of other relevant studies may be
attributed to the fact that those studies had larger sample
sizes (1500-1600)3%4? than the current study, which
increase statistical power®?. This association is weak in
both the literature and the present study; however, it is
meaningful to improving EO. This is because fruit contains
many vitamins and minerals that are essential for develop-
ing brain health, cognitive functioning and learning®”.
The present study also found that students who met the
Australian recommendations for carbohydrates were nine
times more likely to graduate than those who did not meet
recommendations. However, this finding should be inter-
preted with caution, because the CI was very wide. This
association could be related to the beneficial effects of car-
bohydrates on cognitive performance, mood and stress>,
which could in turn positively contribute to EO. The current
study also observed the likelihood of graduating was 20 %
lower with every milligram increase in Fe intake. This find-
ing was unexpected and is inconsistent with most relevant
findings in schoolchildren that demonstrate a positive asso-
ciation between Fe take and academic performance®.
Overall, however, there is limited literature exploring the
association between Fe intake and EO in both school-aged
and university students®4®_ Therefore, this finding should
be interpreted with caution, and the association between
Fe intake and EO should be revisited in further studies.
The WHO conceptual framework that informed this
study acknowledges the complex nature of the relation-
ship between health behaviours and EO and highlights
the need to consider confounding factors in relevant
investigations®. Adjusting for potential confounding fac-
tors is essential to determine the potential contributions of
other factors to the relationships of interest”. Failure to
consider appropriate confounding factors may camou-
flage an existing association or unadjusted models
may demonstrate an association when no significant
association exists“”’. Our study attempted to address this
identified limitation in the body of work examining the
relationship between dietary intake and EO®, and our
findings indicate that some factors (e.g. socioeconomic
status, Fe intake and sedentary behaviour) play a signifi-
cant role in this relationship; following adjustment for
these factors, some significant associations between pre-
dictor variables and EO no longer existed. To illustrate, the
association between meeting Australian saturated fat
intake recommendations and overall GPA was no longer
significant when controlled for sedentary behaviour. This
was identical to the association between several predictor
variables (e.g. meeting Australian intake of carbohydrate,
saturated fat and Na) and graduation status when control-
ling for Fe intake, suggesting that Fe intake is a factor that
should be accounted for in future-relevant investigations.
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The findings of the current study indicate that a greater
intake of vegetables, consuming alcohol less frequently,
meeting Australian carbohydrate intake recommendations
and a lower intake of Na may be related to higher EO.
Although dietary patterns have not been assessed in the
current study, the variables identified above are aligned
with a Mediterranean dietary pattern, which encourages
high intakes of vegetables, fruit, nuts, grains, legumes, olive
oil, and fish, moderate consumption of alcohol, and small
amounts of high-fat dairy products and red meat“®.
Indeed, a recent review indicated that the Mediterranean
dietary pattern is the most beneficial diet for overall health,
mental and academic outcomes in university students“.
Future studies focusing on associations with EO should look
atdietary patterns and adherence to a Mediterranean dietary
pattern specifically as well as individual nutrients. Future
interventions should also examine incremental changes in
dietary intake rather than simply focusing on whether partici-
pants meet guidelines to capture meaningful changes in
intake. Future interventions should design strategies that
promote fruit and vegetable intake and reduce intake of
alcohol, fatty and higher Na food within the university con-
text. Since students spend large amounts of time on univer-
sity campuses, it would be also useful to apply policies
related to food quality in university restaurants and cafes
to offer healthy food options at reasonable prices.
Additionally, improving the level of nutritional knowledge
and facilitating access to relevant information through tar-
geted nutrition courses and campaigns on a regular basis
may be particularly useful for students who do not major
in health-related programmes.

This study has several strengths, including the use of
validated assessment tools for dietary intake and the collec-
tion of objective EO measures and EO measures that have
previously been ignored (e.g. overall GPA and gradu-
ation) in this body of work. Furthermore, a large range
of confounding factors were used in this study, including
demographic factors, student characteristics and health
behaviours. Moreover, the time of data collection was
aligned for health behaviour and EO data. Finally, since
participants were recruited from a variety of faculties
and programmes across metropolitan and regional cam-
puses, the findings of this study may be generalisable to
students from other universities.

Limitations of this study include a lack of consideration
of over-reporters of energy intake, which could be associ-
ated with risk of bias. Over-reporters were not calculated in
the current study due to the known association between
obesity and misreporting"®. Overall, our study population
had a mean BMI in the healthy weight range, meaning that
over-reporting is less likely. Additionally, social desirability
bias in reporting dietary intake is more commonly linked to
under-reporting. Given we did not directly measure energy
expenditure, the methods used for under-reporting intro-
duce a level of assumption, which if extended further to
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over-reporters, was likely to exclude those with plausible
results. In larger studies where there is a greater range in
the BMI of participants, it is suggested that over-reporters
are also identified. Moreover, the current study had a rela-
tively small sample size at baseline, time point 2 and time
point 3 (7 80, 70 and 60, respectively), largely because it
built on a previous study that required investigators to con-
tact previous participants, resulting in a relatively low base-
line response rate (40 %). Additionally, the sample in our
study presented low variability in GPA and other indicators
of EO (i.e. the sample was, on average, high performing),
which influenced our findings and should be taken into
consideration when interpreting them. Further, partici-
pant’s faculty of enrolment was not able to be included
in analyses as a covariant due to limited variability.
Finally, twenty participants in this study were classified
as not having graduated at the time of data collection; how-
ever, they may have since graduated from university or still
intend to graduate. Further studies are needed to confirm
our findings by recruiting larger sample sizes with greater
variability in EO and using validated measures of dietary
intake and EO.

Conclusion

This is the first study to investigate cross-sectional and
longitudinal associations between dietary intake (i.e. self-
reported dietary intake measured using a three-day esti-
mated food record) and various EO (e.g. semester GPA,
overall GPA at time of graduation and graduation status)
using validated measures while considering a wide range
of confounding factors. Our findings indicated moderate
positive associations between self-reported serves of veg-
etables and semester GPA at time point 2 and over time.
Further, our findings indicated a weak negative association
between Na intake and semester GPA at time point 2, and
non-significant negative associations (substantial reduction)
between frequency of consuming alcohol and semester GPA
at time point 1 and over time. A significant positive associa-
tion between meeting Australian carbohydrate recommen-
dations and graduation status and significant negative
association between Fe intake and graduation status were
found at time point 1. These findings reveal the importance
of the relationship between vegetable intake and EO in both
cross-sectional and longitudinal analysis. Future interven-
tions should implement and determine the effectiveness
of strategies to improve vegetable intake among university
students. Further studies should measure vegetable intake
as a continuous variable when examining associations
with EO. More research is needed to understand the rela-
tionship between dietary intake and EO that uses larger
samples with higher variability in demographic, dietary
and EO characteristics.
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