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Abstract
Objective
To examine the relationship between diet quality and depressive symptomology amongst a
community-based sample of Fijian adolescents.

Methods
Participants included 7,237 adolescents (52.6% girls; mean age 15.6 years) at baseline
(2005) and 2,948 (56% girls; mean age 17.4 years) at follow-up (2007/2008), from the
Pacific Obesity Prevention in Communities Project. Intervention schools (n = 7) were
selected from Nasinu, near Suva on the main Fijian island Viti Levu, and comparison
schools (n = 11) were chosen from towns on the opposite, west side of the island. A dietary
questionnaire was used to measure diet quality. Factor analysis clustered dietary variables
into two unique and independent factors, referred to as healthy diet quality and unhealthy
diet quality. Depressive symptomology was assessed via the emotional subscale of the
Paediatric Quality of Life Inventory. Both measures were self-reported and self-administered. Multiple linear regression was used to test cross-sectional associations (at baseline
and follow-up) between diet quality and depressive symptomology. Variables controlled for
included gender, age, ethnicity, study condition, BMI-z scores, and physical activity.

Findings
Strong, positive dose-response associations between healthy diet and high emotional
scores (lower depressive symptomology) were found in cross-sectional analyses at baseline and follow-up, among boys and girls. No association was found between emotional
health and unhealthy diet.
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Conclusions
This study suggests that cross-sectional relationships exist between a high quality diet during adolescence and less depressive symptoms, however more evidence is required to
determine if these two variables are linked causally. Trial population health strategies that
use dietary interventions as a mechanism for mental health promotion provide an opportunity to further test these associations. If this is indeed a true relationship, these forms of
interventions have the potential to be inexpensive and have substantial reach, especially in
Low and Middle Income Countries.

Trial Registration
Australian New Zealand Clinical Trials Registry ACTRN12608000345381

Introduction
The mental health of adolescents continues to be a neglected public health issue, particularly in
Low and Middle Income Countries (LMICs). This issue is urgent [1, 2] as, according to current
epidemiological estimates, the prevalence of disabling mental illness among adolescents is 20%
[3]. One of the most common mental illnesses is depressive disorders with a high global prevalence (estimated at 4–7%) [4, 5]. Depressive disorders (also referred to as internalizing disorders) can take chronic, recurrent, and episodic forms [6], and are recognised by symptomology
such as changes in appetite and sleeping patterns, loss of concentration, feelings of worthlessness, sad mood, loss of interest, and irritability [7]. Depressive disorders are associated with
serious negative social and wellbeing outcomes including substance abuse, violence, lower educational achievements, and poor sexual health [8]. Depression is also a major risk factor for
self-harm, the third leading cause of death amongst adolescents globally [3].
Given the relatively high prevalence, associated high burden, and potential for prevention
early in life [9, 10], it is important to explore new and emerging evidence in relation to preventing the onset of mental ill health; for example, the associations between diet quality and depressive symptomology during the adolescent years [11–19]. To date, only one such study has been
conducted in a LMIC [11], signifying a substantial gap in our knowledge. It is important to further explore these associations in LMICs as the diets of adolescents in these nations are at different stages of dietary transition (moving from traditional to westernized diets) [20], meaning
that results may differ to those seen in High Income Countries (HICs). In addition, studies
assessing Health-Related Quality of Life (HRQoL) indicate that adolescents in lower income
countries may experience substantially lower HRQoL than their higher income country counterparts [21].
As such, our study explored these relationships in the LMIC nation of The Republic of Fiji.
Limited available data suggests that there are some significant mental health issues affecting
adolescents in Fiji, with the recent Global School-Based Health Survey (GSHS) finding that
38.9% of students reported feeling sad/depressed every day for 2 weeks in last year, and 17.6%
reporting that they had seriously considered suicide during the past 12 months [22].
The objective of this study was to assess the associations between diet quality and depressive
symptomology amongst a peri-urban, community-based sample of Fijian adolescents; specifically examining if cross-sectional associations exist. It was hypothesized that a more healthy
diet would be associated with lower levels of depressive symptoms, and vice versa.
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Methods
Participants
The sample included Fijian adolescents from a large peri-urban community participating in
the Healthy Youth Healthy Communities (HYHC) Study, part of the Pacific Obesity Prevention in Communities (OPIC) Project (2005–2008) [23–29]. The Pacific OPIC Project aimed to
build the capacity of local communities in Australia, Fiji, New Zealand and Tonga to prevent
obesity by promoting healthy eating and physical activity (PA). Full details of the Pacific OPIC
methods have been published so only the relevant details will be provided [24, 29]. Baseline
data were collected from August 2005 to April 2006, with follow-up in May to November 2007
or May to June 2008 [24]. Written informed consent was obtained from schools, parents and
the adolescents themselves [24]. The HYHC study was quasi-experimental in design with intervention schools (n = 7) selected from Nasinu, near Suva on the main Fijian island Viti Levu,
and comparison schools (n = 11) chosen from towns on the opposite, west side of the island,
(for additional information on sampling see Kremer et al. [24] and Swinburn et al. [29]). All
adolescents aged 13–18, in class levels 3–6 within selected schools were invited to participate
[24].
The original sample size calculation for the Pacific OPIC Project included 1,000 adolescents
in each study condition and in each country. According to Tabachnick and Fidell [30], the
sample size required for regression analysis is 50 plus 8m where m is the number of predictors;
50+8(10) = 130. The number of participants meets these requirements.
As reported by Kremer et al. [24], there were no intervention effects on diet, as such intervention and comparison schools were merged into one sample, giving 7,237 (out of 9,785;
response rate 70%; 3,809 girls and 3,428 boys) at baseline and 2,948 adolescents (out of 7,237;
response rate 40%; 1,645 girls and 1,303 boys) at follow-up. Any possible remaining variance
attributable to study condition (being in the intervention group) was controlled for by including condition as a covariate.

Dietary quality
The 83-item English language version of the Adolescent Behaviours, Attitudes and Knowledge
Questionnaire (ABAKQ) was used to assess nutrition, physical activity and other health behaviours [24]. A pilot of survey items was undertaken in Fiji to ensure clarity and cultural relevance [24]. This was self-reported and self-administered using Personal Digital Assistants
(hand-held computers) [28]. Data reduction of diet quality related questions (n = 22) was conducted through exploratory factor analysis. Two independent factors with eigenvalues greater
than one were identified [31, 32]. Rotation did not improve the fit so original factors were
used. Factor one, ‘unhealthy diet quality’ included 10 questions from the ABAKQ relating to:
consuming takeaway foods for dinner; non-diet soft drinks in the last five school days; chocolates/sweets after school; pies/fried foods/takeaways after school; snack foods after school; purchasing snack foods after school in the last five school days; purchasing meals from a takeaway
shop; availability of snack foods at home; availability of chocolates/sweets at home; and availability of non-diet soft drinks at home. Factor two, ‘healthy diet quality’ included 5 questions
relating to: availability of fruit at home; daily servings of fruit; daily servings of vegetables; eating fruit after school; and consuming cordial/fruit drinks in the last five school days.

Depressive symptomology
A subscale of the English version adolescent self-report Pediatric Quality of Life Inventory 4.0
Generic Core Scales (PedsQLTM 4.0) was used to assess depressive symptomology. The 23-item
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PedsQLTM 4.0, developed by Dr. James W. Varni [33, 34] provides a global HRQoL scale comprising four subscales: physical, emotional, social, and school functioning and wellbeing. The
current study utilized the five-item emotional subscale as a proxy measure for depressive symptomology (a continuous variable). This scale has been similarly employed in a previous study
[16], and was also piloted in Fiji to ensure cultural relevance and validity [24]. Items are first
reversed-scored, then linearly transformed to a 0–100 scale, and finally a mean scale score is
estimated conditioned that at least three of the five items are answered [24]. Higher scores signify better mental health [33, 34].

Covariates
As previously discussed, study condition was included as a covariate. Demographic and
anthropometric variables (gender, age in years, and ethnicity) were collected via paper questionnaires. Ethnicity included the categories of Indo-Fijian, Indigenous Fijian or ‘Other’. The
ethnic composition of the ‘Other’ category was not collected so may have included many different groups. Because of this lack of detail and small percentage of the sample (n = 167), these
participants were dropped from the regression analyses. Height and weight (used to calculate
standardised BMI-z scores) were collected by staff trained to use standardised measures and
protocols [28]. Four items from the ABAKQ [24, 28] were included as PA indicators: frequency
of active transport to and/or from school (number of times active transport was used to and/or
from school in the preceding 5 school days); activity levels at recess; activity levels at lunchtime
(most common activity at recess and lunchtime, mostly sitting, mostly standing or walking or
mostly playing active games); and frequency of after school activities (number of days that
active sports/dance/games were undertaken after school over preceding five school days). PA
was included as a covariate as associations between higher PA levels and improved mental
health have been previously documented in the literature [35].

Statistical analyses
Cross-sectional analyses were undertaken using Stata version 12.0 (StataCorp, College Station,
TX, USA, 2011). Results were significant at p<0.05. The assumptions of multiple linear regression were tested and met. A missing value analysis was undertaken, with very few missing data
identified (<5%). Data were deleted case wise in relevant analyses. Univariate outliers (>3
standard deviations beyond the mean) and multivariate outliers (identified using Hadi’s
method [36]) were identified and excluded appropriately. All items met the assumptions of
normality and independence.
Diet factors were transformed into tertiles to allow testing for possible non-linear and doseresponse associations; healthy and unhealthy diet factors were categorised as low (0), medium (1),
and high (2) intakes. Differences between baseline and follow-up demographic/anthropometric
data were tested using paired t-tests. Multiple linear regression analyses were undertaken at baseline and follow-up to test the strength of associations between the dependent variable (depressive
symptomology) and the two independent variables (healthy diet quality and unhealthy diet quality). The initial analyses were unadjusted, while the second analyses included covariates; age, sex,
ethnicity, BMI-z scores, PA related variables, and study condition to evaluate the influence of
potential confounders. Results were stratified by gender given previous literature indicating that
adolescent girls generally experience higher rates of depression compared to boys [37].

Ethics approval
The HYHC component of Pacific OPIC was approved by the Deakin University Human
Research Ethics Committee, Fiji’s National Health Research Committee and the Fiji National
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Research Ethics Review Committee [24]. The study was also registered with the Australian
New Zealand Clinical Trials Registry (ANZCTR), reference number 12608000345381. The use
of the HYHC dataset was approved by the local CI, in line with the OPIC protocol. The authors
confirm that all ongoing and related trials for this intervention are registered.

Results
Sample characteristics
A little over half the sample were girls, and the mean age of participants was 15.6 years at baseline and 17.4 at follow-up (Table 1). At both time points a larger portion of the sample was
from the Indo-Fijian ethnic group compared to the Indigenous Fijian group. The proportion of
girls in the sample was significantly higher at both baseline (p<0.00) and follow-up (p<0.00).
The mean scores for the PedsQL emotional subscale were 64.1 units at baseline and 64.4 at follow-up (Table 1). At baseline, emotional subscale scores were significantly lower amongst girls
(60.2, SD 17.2) as compared to boys (68.5, SD 17.0; p<0.00). Similarly in the follow-up sample
girls scored significantly lower on the emotional subscale (60.2, SD 15.6) than boys (69.7, SD
15.5; p<0.00). This indicates that girls experienced higher depressive symptomology at both
time points as compared to boys.

Cross-sectional associations
Overall, the relationship between diet quality and depressive symptoms remained similar in
unadjusted and adjusted models, with healthier diet quality significantly associated with less
depressive symptomology (higher emotional subscale scores), whilst unhealthy diet quality was
not. Results in fully adjusted models for the associations between healthy diet and depressive
symptomology, and unhealthy diet and depressive symptomology are presented in text and in
Tables 2 and 3.
Table 1. Sample characteristics at baseline and follow-up for total sample and by gender.
Total

Total

Boys

Girls

Boys

Baseline

Girls

Baseline

Follow-up

Follow-up

N (%)

N (%)

N (%)

N (%)

p

N (%)

N (%)

P

7,237

2,948

3,428 (47.4)

3,809 (52.6)

<0.00

1,303 (44.2)

1,645 (55.8)

<0.00

Ethnicity
Indigenous Fijian

3,077 (42.5)

956 (32.4)

1,401 (40.9)

1,676 (44.0)

413 (31.7)

543 (33.0)

Indo-Fijian

3,794 (52.4)

1,825 (61.9)

1,870 (54.5)

1,924 (50.5)

826 (63.4)

999 (60.7)

366 (5.1)

167 (5.7)

157 (4.6)

209 (5.5)

64 (4.9)

103 (6.3)

Intervention group

2,670 (36.9)

879 (29.8)

1,399 (36.7)

1,271 (37.1)

406 (31.2)

475 (28.9)

Comparison group

4,567 (63.1)

2,069 (70.2)

2,410 (63.3)

2,157 (62.9)

897 (68.8)

1,170 (71.1)

M (SD)

M (SD)

Other

<0.00

0.17

Study Condition
0.76

0.18

Age (years)

15.6 (1.4)

17.4 (0.9)

15.6 (1.4)

15.6 (1.4)

0.28

17.4 (0.8)

17.3 (0.9)

0.04

BMI-z score

-0.01 (1.4)

-0.12 (1.4)

-0.18 (1.4)

0.17 (1.3)

<0.00

-0.24 (1.5)

-0.02 (1.3)

<0.00

PedsQL–Emotional Subscale

64.1 (17.6)

64.4 (16.3)

68.5 (17.0)

60.2 (17.2)

<0.00

69.7 (15.5)

60.2 (15.6)

<0.00

Data from the 2005–2008 Paciﬁc Obesity Prevention in Communities Project.
N: Total number at collection point; M: Mean; SD: Standard deviation.
Results signiﬁcant where p<0.05.
doi:10.1371/journal.pone.0161709.t001
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Table 2. Association between emotional subscale (depressive symptomology) and diet quality factor tertiles for boys at baseline and follow-up.
Baseline emotional subscalea
Variable

Follow-up emotional subscale

B

SE

p

95% CI

Variable

B

SE

p

95% CI

1 –medium

0.1

1.1

0.96

-2.4, 2.5

1 –medium

-1.4

1.3

0.30

-4.1, 1.3

2—high

0.7

0.8

0.38

-1.0, 2.5

2—high

-0.9

1.4

0.56

-3.9, 2.2

1 –medium

3.4

0.9

< 0.00

1.4, 5.4

1 –medium

2.3

1.0

0.04

0.2, 4.4

2—high

7.9

1.0

< 0.00

5.8, 9.9

2—high

5.0

0.9

< 0.00

3.0, 6.9

Age (years)

-0.1

0.3

0.88

-0.7, 0.6

Age (years)

-0.3

0.5

0.51

-1.3, 0.6

Ethnicity

0.4

0.8

0.58

-1.2, 2.1

Ethnicity

3.1

1.4

0.04

0.2, 6.0

Condition

1.0

1.1

0.39

-1.4, 3.4

Condition

-2.2

1.0

0.05

-4.3, 0.0
-0.3, 0.9

Unhealthy diet quality factor
0 –low

0 –low

Healthy diet quality factor
0 –low

0 –low

Covariates

BMI-z score

0.7

0.2

< 0.00

0.3, 1.2

BMI-z score

0.3

0.3

0.28

Walk to school

0.0

0.1

0.99

-0.3, 0.3

Walk to school

0.3

0.1

0.03

0.0, 0.5

Active at recess

-0.1

0.5

0.84

-1.2, 1.0

Active at recess

-0.5

1.3

0.68

-3.2, 2.1

Active at lunch

0.2

0.4

0.59

-0.7, 1.1

Active at lunch

2.01

1.0

0.08

-0.3, 4.2

Active after school

0.4

0.2

0.04

0.0, 0.8

Active after school

0.6

0.4

0.19

-0.3, 1.4

Data from the 2005–2008 Paciﬁc Obesity Prevention in Communities Project.
B: Unstandardized coefﬁcient; SE: Standard error; CI: Conﬁdence interval.
Results signiﬁcant where p<0.05.
a

Multiple linear regression model adjusted for age (years); ethnicity; study condition; BMI-z score; and PA (active transport to and/or from school; activity
levels at recess; activity levels at lunchtime; frequency of after school activities).
doi:10.1371/journal.pone.0161709.t002

Dose-response associations were evident at baseline and follow-up. At baseline, compared
to those in the low healthy diet group, boys in the medium healthy diet group scored on average 3.4 points higher on the emotional subscale (less depressive symptoms), and those within
the high intake group scored 7.9 points higher (Table 2). At follow-up the associations between
healthy diet quality and depressive symptomology were in the same direction as baseline and
still significant but to a slightly lesser degree.
For girls at baseline, compared to those in the low healthy diet group, girls in the medium
group scored 3.5 points higher on the emotional subscale (less depressive symptoms), and
those within the high intake group scored 6.0 points higher (Table 3). Similarly, associations
between healthy diet quality and depressive symptomology were found for girls at follow-up.
Compared to those in the low healthy diet group, those in the medium group scored 3.0 points
higher on the scale (less depressive symptoms), and those in the high group scored 4.8 points
higher. As for boys, this indicates a dose-response association.

Discussion
Findings from this study indicated dose-response cross-sectional associations between higher
healthy diet scores and less depressive symptoms (higher emotional PedsQL scores), supporting the hypothesis that a healthier quality diet would be associated with lower levels of depressive symptomology. Another study in a LMIC, undertaken in China in 2010, indicated similar
results to the present study, suggesting that a traditional (healthy) dietary pattern was associated with experiencing reduced odds of depression symptoms in adolescents [11].
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The PedsQL has been tested in a range of countries, and consistently adolescents in LMICs
report lower scores as compared to adolescents in HICs [21]. Whilst it is important to consider
the impact of socio-economic status (and indeed the developmental status of a country) on this
relationship, given that both are established indicators of dietary patterns [38] and mental
health outcomes [39], it remains relevant to consider and compare studies conducted in HICs.
Several studies conducted in HICs have found associations between higher healthy dietary
quality and lower depressive symptomology in adolescents [12, 14, 16, 17, 19], supporting the
findings of the present study.
This analysis revealed some indication that the relationships between unhealthy dietary
quality and depressive symptomology moved in the hypothesized direction, but the association
was not significant. This is contrasted by the Chinese study, which found that those consuming
a “snack” (unhealthy dietary pattern) had increased odds for experiencing depression symptoms [11]. Differences in the sample and tools used in the Chinese study as compared to the
present study may have contributed to these different findings. Although both studies utilized
a factor analysis to identify the natural clustering of the dietary variables, different dietary patterns were identified, suggesting that cultural differences in diet quality and food consumption
patterns may influence these associations. Moreover, the Chinese study included more food
groups for analysis than the present study. It is also essential to acknowledge that whilst both
Fiji and China are categorized as LMICs based on a variety of development indicators according to recent World Bank data [40, 41], both of these countries have very different contexts,
which limits comparison as LMIC is not a generalizable term in the context of this research. In
addition, other studies in HICs have also found similar associations between unhealthy diets
and higher depressive symptoms [11, 13–16, 18] indicating a consistent pattern of associations.
Table 3. Association between emotional subscale (depressive symptomology) and diet quality factor tertiles for girls at baseline and follow-up.
Baseline emotional subscalea
Variable

Follow-up emotional subscale

B

SE

p

95% CI

Variable

B

SE

p

95% CI

1 –medium

-0.3

1.1

0.80

-2.5, 2.0

1 –medium

-1.7

2—high

-1.0

0.9

0.29

-2.8, 0.9

2—high

-2.1

1.2

0.16

-4.2, 0.8

1.4

0.14

-5.1, 0.8

1 –medium

3.5

0.7

< 0.00

1.9, 5.0

1 –medium

3.0

1.3

0.03

0.4, 5.7

2—high

6.0

1.0

< 0.00

4.0, 8.0

2—high

4.8

0.9

< 0.00

2.9, 6.7

Age (years)

-0.9

0.3

0.01

-1.6, -0.3

Age (years)

-1.0

0.7

0.16

-2.4, 0.4

Ethnicity

-1.6

0.9

0.11

-3.5, 0.4

Ethnicity

1.6

1.0

0.15

-0.7, 3.8
-3.9, 0.9

Unhealthy diet quality factor
0 –low

0 –low

Healthy diet quality factor
0 –low

0 –low

Covariates

Condition

-1.2

1.2

0.34

-3.7, 1.3

Condition

-1.5

1.2

0.21

BMI-z score

-0.2

0.3

0.53

-0.7, 0.4

BMI-z score

1.0

0.4

0.03

0.1, 1.9

Walk to school

-0.1

0.1

0.58

-0.2, 0.1

Walk to school

0.3

0.1

0.08

-0.01, 0.6

Active at recess

0.5

0.9

0.55

-1.3, 2.4

Active at recess

3.4

1.1

0.01

1.0, 5.7

Active at lunch

0.5

0.6

0.47

-0.9, 1.8

Active at lunch

-0.6

1.2

0.64

-3.1, 2,0

Active after school

0.9

0.7

0.25

-0.7, 2.5

Active after school

-0.2

0.3

0.49

-0.8, 0.4

Data from the 2005–2008 Paciﬁc Obesity Prevention in Communities Project.
B: Unstandardized coefﬁcient; SE: Standard error; CI: Conﬁdence interval.
Results signiﬁcant where p<0.05.
a

Multiple linear regression model adjusted for age (years); ethnicity; study condition; BMI-z score; and PA (active transport to and/or from school; activity
levels at recess; activity levels at lunchtime; frequency of after school activities).
doi:10.1371/journal.pone.0161709.t003
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Emotional subscale scores were consistently and significantly lower in girls as compared to
boys, indicating that girls experienced higher depressive symptomology. This was not an unexpected finding, given that gender differences for risk of depression in adolescence have been
widely acknowledged. The prevalence of depression is considerably higher amongst girls as
compared to boys [37], with the rate of depressive symptoms up to three times higher in girls
at middle adolescence [42]. However, the difference in emotional subscale scores did not result
in substantial difference as to how diet influenced the emotional subscale in each gender, with
the emotional subscale changing to a similar extent in both boys and girls at baseline and follow-up.
Overall this study and other literature suggest the presence of a cross-sectional relationship
between dietary quality and depressive symptomology [43]. When exploring other study
designs, only limited longitudinal studies have been conducted thus far, with conflicting results.
Two recent prospective analyses have indicated no longitudinal associations over three-year
and two-year follow-up periods respectively [15, 44], whilst another study with a two-year follow-up found the presence of longitudinal associations with healthier diet quality at baseline
predicting lower depressive symptoms at follow-up and unhealthy diet quality at baseline predicting lower higher depressive symptoms at follow-up [16]. Null findings longitudinally may
relate to a lack of variance in exposures and outcomes, requiring further study.
It is also essential to consider causality and the direction of the relationship. Adolescents
with depressive symptoms have been shown to have more perceived barriers to healthy eating
[45], whilst those with higher perceived stress have a greater chance of eating less fruits and
vegetables [46]. Conversely, this may be a bidirectional association in that depressive symptomology and diet quality could be dependent upon one another. These explanations assume
that diet quality and depression are related; however a third, unaccounted variable such as
socio-economic factors (e.g. family income, education, social support, and substance addiction)
could be the causative predictor of both diet quality and depression, meaning that these variables may not be truly related to one another. However, previous studies have extensively
explored potentially explanatory factors, and have reported relationships between diet and
depression that are independent of factors such as family structure, education and socio-economic status, social deprivation, alcohol/smoking/drug use, parental conflict, poor family management and social support [14, 15].
A true relationship existing between diet quality and depressive symptomology is further
supported by a recent study that utilized daily diary design in a sample of 281 young adults
(M = 19.9 years, SD ± 1.2) to assess the direction in which emotional experiences were related
to food consumption in a naturalistic setting [47]. Same-day results indicated that on days
when participants experienced greater emotional wellbeing, more servings of fruit (p = 0.002)
and vegetables (p < 0.001) were consumed [47]. Furthermore, healthy dietary quality drove
positive emotional experiences (not positive emotions driving healthy food consumption) as
results of lagged analysis indicated that positive emotional experiences were predicted by fruit
and vegetable consumption on the previous day [47]. Whilst this research focused on young
adults, the same may be true of adolescent populations, warranting further exploration in this
age group with a similar study design. Whilst the present study was not designed to measure
short time-frame cause and effect, it does suggest that testing lag time between behaviour and
outcome is a relevant hypothesis for further work.

Strengths and limitations
This study was the first to examine the associations between dietary quality and depressive
symptomology in Fijian adolescents, and only the second analysis in a LMIC [11]. The study
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included a large, multi-ethnic sample increasing power of the results [48]. A robust quality of
life tool was used that displayed high validity and reliability [33, 34], and was also culturally relevant and meaningful for Fijian adolescents [24]. Furthermore, sufficient dietary indicators
were included to enable creating two unique and meaningful diet factors. However, it is
acknowledged that dietary items did not capture all food groups, and future studies should
include a wider range of dietary items as these may influence results. Reporting errors and
response biases could have been present given the self-reported dietary indicators [49]. In addition, the healthy dietary factor included a seemingly unhealthy item; consuming cordial/fruit
drinks after school. The research team in Fiji suggested that because cordial was served in such
a diluted form, it is generally mostly water. So while it appears unhealthy, it is not compared to
all of the other unhealthy diet items, and is not considered to be the same as other sugar sweetened beverages in Fiji.
These results may not be generalizable to all Fijian adolescents (or indeed beyond the Fijian
context) as only adolescents from the main island Viti Levu, living in peri-urban communities
were included. The major limitation of this study was that as only cross-sectional associations
were tested; meaning that determining the causality and the temporal nature of this relationship is limited. Additional studies should explore if there is a true causal relationship between
dietary quality and depressive symptomology, and determine the time-course of the effect
between diet quality and depressive symptoms.

Conclusions
There is support for cross-sectional relationships between diet and mental health among adolescents in HICs, and this study revealed similar associations among adolescents in LMICs. However the causality between these two variables remains unknown. Thus there is a great need to
study causality using feasible methods. As suggested by Jacka et al. [16], studies that test the effectiveness of dietary modification (promotion of healthy eating at the expense of unhealthy eating)
as a means of preventing mental ill-health are required to further explore this association and
provide a better understanding of the causal relationships between these variables. Public health
strategies that use mental health promotion as a preventative mechanism for depressive symptoms in such a way have the potential to be less expensive and have a greater reach, especially in
LMICs, than more traditional psychological interventions such as pharmaceuticals and clinical
sessions once depression has already occurred. In addition, this form of intervention would also
have a broader impact at a population level as compared to traditional options.

Supporting Information
S1 Appendix. TREND Statement Checklist.
(DOCX)
S2 Appendix. OPIC study protocol (objectives and designs).
(PDF)
S3 Appendix. Request for use of data from the OPIC Project.
(DOCX)

Acknowledgments
The authors would like to thank the many people involved in the Pacific OPIC project including other co-investigators, other staff and postgraduate students, partner organizations, and
especially the schools, students, parents and communities.

PLOS ONE | DOI:10.1371/journal.pone.0161709 August 25, 2016

9 / 12

Diet Quality and Depressive Symptomology amongst Fijian Adolescents

Author Contributions
Conceived and designed the experiments: RS LM SA WS GW FJ BS MM.
Performed the experiments: RS LM.
Analyzed the data: RS LM.
Contributed reagents/materials/analysis tools: BS MM GW.
Wrote the paper: RS LM SA WS GW FJ MM SP BS.

References
1.

Barry MM, Clarke AM, Jenkins R, Patel V. A systematic review of the effectiveness of mental health promotion interventions for young people in low and middle income countries. BMC Public Health. 2013;
13(1):1–19. doi: 10.1186/1471-2458-13-835 PMID: 24025155.

2.

Kieling C, Baker-Henningham H, Belfer M, Conti G, Ertem I, Omigbodun O et al. Child and adolescent
mental health worldwide: evidence for action. Lancet. 2011; 378(9801):1515–25. doi: 10.1016/S01406736(11)60827-1 PMID: 22008427.

3.

Belfer ML. Child and adolescent mental disorders: the magnitude of the problem across the globe. J
Child Psychol Psyc. 2013; 49(3):226–36. doi: 10.1111/j.1469-7610.2007.01855.x PMID: 18221350.

4.

Merikangas KR, Nakamura EF, Kessler RC. Epidemiology of mental disorders in children and adolescents. Dialogues Clin Neurosci. 2009; 11(1):7–20. PMID: 19432384.

5.

World Health Organization. Depression: Fact Sheet. 2012. Available: http://www.who.int/mediacentre/
factsheets/fs369/en/.

6.

Merry S, McDowell H, Wild CJ, Bir J, Cunliffe R. A Randomized Placebo-Controlled Trial of a SchoolBased Depression Prevention Program. J Am Acad Child Adoles Psychiatry. 2004; 43(5):538–47. doi:
10.1097/00004583-200405000-00007 PMID: 15100560.

7.

Hankin B. Adolescent depression: Description, causes, and interventions. Epilepsy Behav. 2006; 8
(1):102–114.

8.

Patel V, Flisher AJ, Hetrick S, McGorry P. 2007. Mental health of young people: a global public-health
challenge. Lancet. 2007; 369(9569):1302–13. doi: 10.1016/S0140- 6736(07)60368-7 PMID:
17434406.

9.

Calear AL, Christensen H. Systematic review of school-based prevention and early intervention programs for depression. J Adolesc. 2010; 33(3):429–38. doi: 10.1016/j.adolescence.2009.07.004 PMID:
19647310.

10.

Merry S, McDowell H, Hetrick S, Bir J, Muller N. Psychological and/or educational interventions for the
prevention of depression in children and adolescents. Cochrane Database Syst Rev. The Cochrane
Database Of Systematic Reviews, 2004. PMID: 14974014.

11.

Weng T, Hao J, Qian Q, Cao H, Fu J, Sun Y et al. Is there any relationship between dietary patterns and
depression and anxiety in Chinese adolescents? Pub Health Nutr. 2012; 15(4):673–82. doi: 10.1017/
S1368980011003077 PMID: 22115495.

12.

Kohlboeck G, Sausenthaler S, Standl M, Koletzko S, Bauer C, Von Berg A et al. Food Intake, Diet Quality and Behavioral Problems in Children: Results from the GINI-plus/LISA-plus Studies. Annals Nutr
Metab. 2012; 60(4):247–56. doi: 10.1159/000337552 PMID: 22677949.

13.

Oddy W, Robinson M, Ambrosini G, O0 Sullivan T, de Klerk N, Beilin L et al. The association between
dietary patterns and mental health in early adolescence. Prev Med. 2009; 49(1):39–44. 10.1016/j.
ypmed.2009.05.009 19467256. doi: 10.1016/j.ypmed.2009.05.009 PMID: 19467256

14.

Jacka FN, Kremer PJ, Leslie ER, Berk M, Patton GC, Toumbourou JW et al. Associations between diet
quality and depressed mood in adolescents: results from the Australian Healthy Neighbourhoods
Study. Aust N.Z. J Psychiatry. 2010; 44(5):435–42. doi: 10.3109/00048670903571598 PMID:
20397785.

15.

Jacka FN, Rothon C, Taylor S, Berk M, Stansfeld S. Diet quality and mental health problems in adolescents from East London: a prospective study. Soc Psychiatry Psychiatr Epidemiol. 2013; 28(8):1297–
306. doi: 10.1007/s00127-012-0623-5 PMID: 23160714.

16.

Jacka FN, Kremer PJ, Berk M, De Silva-Sanigorski AM, Moodie M, Leslie ER et al. A Prospective Study
of Diet Quality and Mental Health in Adolescents. PLoS ONE. 2011; 6(9):1–7. doi: 10.1371/journal.
pone.0024805 PMID: 21957462.

PLOS ONE | DOI:10.1371/journal.pone.0161709 August 25, 2016

10 / 12

Diet Quality and Depressive Symptomology amongst Fijian Adolescents

17.

Brooks TL, Harris SK, Thrall JS, Woods ER. Association of adolescent risk behaviors with mental
health symptoms in high school students. J Adolesc Health. 2002; 31(3). doi: 10.1016/S1054-139X
(02)00385-3 PMID: 12225736.

18.

Robinson M, Kendall GE, Jacoby P, Hands B, Beilin LJ, Silburn SR et al. Lifestyle and demographic
correlates of poor mental health in early adolescence. J Paediatr Child Health. 2011; 47(1):54–61. doi:
10.1111/j.1440-1754.2010.01891.x PMID: 20973867.

19.

O'Sullivan T, Robinson M, Kendall G, Miller M, Jacoby P, Silburn S et al. A good-quality breakfast is
associated with better mental health in adolescence. Pub Health Nutr. 2009; 12(2):249–58. doi: 10.
1017/S1368980008003935 PMID: 19026092.

20.

Popkin BM, Gordon-Larsen P. The nutrition transition: worldwide obesity dynamics and their determinants. Int J Obes. 2004; 28(S3):2–9. doi: 10.1038/sj.ijo.0802804 PMID: 15543214.

21.

Petersen S, Swinburn B, Mavoa H, Fotu K, Tupoulahi-Fusimalohi C, Faeamani G et al. 2014. Low
health-related quality of life in school-aged children in Tonga, a lower-middle income country in the
South Pacific. Glob Health Action. 2014; 20(7). doi: 10.3402/gha.v7.24896 PMID: 25150029.

22.

Lewesi T. Global School-Based Healthy Survey Fiji Report. Suva: Ministry of Education, Ministry of
Health, World Health Organization; 2013.

23.

Fotu KF, Millar L, Mavoa H, Kremer P, Moodie M, Snowdon W et al. Outcome results for the Ma'alahi
Youth Project, a Tongan community-based obesity prevention programme for adolescents. Obes Rev.
2011; 12(s2):41–50. doi: 10.1111/j.1467-789X.2011.00923.x PMID: 22008558.

24.

Kremer P, Waqa G, Vanualailai N, Schultz JT, Roberts G, Moodie M et al. 2011. Reducing unhealthy
weight gain in Fijian adolescents: results of the Healthy Youth Healthy Communities study. Obes Rev.
2011; 12(s2):29–40. 2011. doi: 10.1111/j.1467-789X.2011.00912.x PMID: 22008557.

25.

Millar L, Kremer P, de Silva-Sanigorski A, McCabe MP, Mavoa H, Moodie M et al. Reduction in overweight and obesity from a 3-year community-based intervention in Australia: the 'It's Your Move!' project. Obes Rev. 2011; 12(s2):20–8. doi: 10.1111/j.1467-789X.2011.00904.x PMID: 22008556.

26.

Utter J, Scragg R, Robinson E, Warbrick J, Faeamani G, Foroughian S et al. Evaluation of the Living 4
Life project: a youth-led, school-based obesity prevention study. Obes Rev. 2011; 12(s2):51–60. doi:
10.1111/j.1467-789X.2011.00905.x PMID: 22008559.

27.

Schultz JT, Moodie M, Mavoa H, Utter J, Snowdon W, McCabe MP et al. Experiences and challenges
in implementing complex community-based research project: the Pacific Obesity Prevention in Communities project. Obes Rev. 2011; 12(s2):12–9. doi: 10.1111/j.1467-789X.2011.00911.x PMID:
22008555.

28.

Swinburn B, Millar L, Utter J, Kremer P, Moodie M, Mavoa H et al. The Pacific Obesity Prevention in
Communities project: project overview and methods. Obes Rev. 2011; 12(s2):3–11. doi: 10.1111/j.
1467-789X.2011.00921.x PMID: 22008554.

29.

Swinburn B, Pryor J, McCabe M, Carter R, de Courten M, Schaaf D et al. The Pacific OPIC Project
(Obesity Prevention in Communities)—objectives and designs. Pac Health Dialog. 2007; 14(2):139–
46. PMID: 19588621.

30.

Tabachnick BG, Fidell, LS. Using multivariate statistics. 6th edn. Boston Pearson. 2013.

31.

Norman C. The eigenvalues-greater-than-one rule and the reliability of components. Psychol Bull.
1988; 103(2): 276–9. doi: 10.1037/0033-2909.103.2.276

32.

Gaskin CJ, Happell B. On exploratory factor analysis: A review of recent evidence, an assessment of
current practice, and recommendations for future use. Int J Nurs Stud. 2014; 51(3):511–21. doi: 10.
1016/j.ijnurstu.2013.10.005 PMID: 24183474.

33.

Varni J, Seid M, Rode C. The PedsQL™: Measurement Model for the Pediatric Quality of Life Inventory.
Med Care.1999; 37(2):126–39. PMID: 10024117.

34.

Varni J, Seid M, Kurtin P. PedsQL 4.0: Reliability and validity of the Pediatric Quality of Life Inventory
version 4.0 generic core scales in healthy and patient populations. Med Care. 2001; 39(8):800–12.
PMID: 11468499.

35.

Biddle S, Asare M. Physical activity and mental health in children and adolescents: a review of reviews.
Br J Sports Med. 2011; 45(11):886–95. doi: 10.1136/bjsports-2011-090185 PMID: 21807669

36.

Hadi A. 1992. Identifying multiple outliers in multivariate data. J R Stat Soc Series B (Stat Methodol).
1992; 54(3):761–71.

37.

Parker G, Brotchie H. Gender differences in depression. Int Rev Psychiatry Inf Healthc. 2010; 22
(5):429–36. doi: 10.3109/09540261.2010.492391 PMID: 21047157.

38.

Wilkinson R, Marmot M. Social Determinants of Health: The Solid Facts. Denmark: World Health Organization; 2003.

PLOS ONE | DOI:10.1371/journal.pone.0161709 August 25, 2016

11 / 12

Diet Quality and Depressive Symptomology amongst Fijian Adolescents

39.

WHO, Calouste Gulbenkian Foundation. Social Determinants of Mental Health. Geneva: World Health
Organization; 2014.

40.

World Bank. Data: China. The World Bank. 2013a, Available: http://data.worldbank.org/country/china.

41.

World Bank. Data: Fiji, The World Bank. 2013b. Available: http://data.worldbank.org/country/fiji.

42.

Hankin B, Abramson L, Moffitt T, Silva P, McGee R, Angell K. Development of depression from preadolescence to young adulthood: emerging gender differences in a 10-year longitudinal study. J Abnorm
Psychol. 1998; 107(1):128–40. PMID: 9505045.

43.

O'Neil A, Quirk SE, Housden S, Brennan SL, Williams LJ, Pasco JA, Berk M, Jacka FN. Relationship
between diet and mental health in children and adolescents: a systematic review. Am J Public Health.
2014; 104(10):e31–42. PMID: 25208008. doi: 10.2105/AJPH.2014.302110

44.

McMartin SE, Kuhle S, Colman I, Kirk SFL, Veugelers PJ. Diet quality and mental health in subsequent
years among Canadian youth, Pub Health Nutr. 2012; 15(12):2253–58. doi: 10.1017/
S1368980012000535

45.

Fulkerson JA, Sherwood NE, Perry CL, Neumark-Sztainer D, Story M. Depressive symptoms and adolescent eating and health behaviors: A multifaceted view in a population-based sample. Prev Med.
2004; 38(6):865–75. PMID: 15193910.

46.

Cartwright M, Wardle J, Steggles N, Simon AE, Croker H, Jarvis M.J. Stress and dietary practices in
adolescents. Health Psyc. 2003; 22(4):362–369. PMID: 12940392.

47.

White BA, Horwath CC, Conner TS. Many apples a day keep the blues away—Daily experiences of
negative and positive affect and food consumption in young adults. Br J Health Psychol. 2013; 18
(4):782–98. doi: 10.1111/bjhp.12021 PMID: 23347122.

48.

Wilson VanVoorhis W, Morgan B. Understanding Power and Rules of Thumb for Determining Sample
Sizes. Tutorials in Quant Methods Psychol Health. 2007; 3(2):43–50.

49.

Brener ND, Billy JOG, Grady WR. Assessment of factors affecting the validity of self-reported healthrisk behavior among adolescents: evidence from the scientific literature. J Adolesc Health. 2003; 33
(6):436–57. PMID: 14642706

PLOS ONE | DOI:10.1371/journal.pone.0161709 August 25, 2016

12 / 12

