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Abstract: Objective: To assess the relative prognostic value of 11 variables including, omega-3, perceived stress,
cortisol and sleep duration, in predicting adolescent depression.

Design, Setting and Participants: A cross-sectional study of 444 healthy adolescents aged 16-18 years, from 10 schools
within the Northern Sydney and Central Coast regions of New South Wales, Australia. Participants provided blood and
saliva samples and completed questionnaires. Statistical classification methods were used to model the relationships
between the predictors and depression.

Main Outcome Measures: relative predictive value of each variable in correctly classifying depression.

Results: 6% of boys and 9% of girls were categorised as experiencing severe to extremely severe depression. 4% of
boys and 10% of girls were categorised as experiencing severe to extremely severe stress. The mean AM:PM cortisol
for boys, 224101, was higher than that of girls, 11+10. The average omega-3 index for boys, 10.5+3.7, was also higher
than that of girls, 7.7+2.6. The average sleep duration of 7.8+1.1 hrs showed no gender differences.

The best classification model identified perceived stress as the most significant predictor of depression followed by BMI
and omega-3 index. Cortisol ratio was a significant discriminator for boys but not girls. When stress was excluded,
shorter sleep duration became a significant discriminator in both boys and girls with waist to hip ratio providing further
discrimination in girls only.

Conclusion: The strongest predictor of depression in adolescents was perceived stress followed by higher BMI and lower
omega-3 levels. These findings provide a rational basis for establishing program priorities for the prevention and
treatment of adolescent depression.

Keywords: Child, depression, adolescent, omega-3, sleep, BMI, cortisol.

INTRODUCTION impacts not only a young person’s present mental and

o . . physical state but also their future quality of life.
Depression is an emotional state characterised by

helplessness and powerlessness. Importantly, the The development of depression has a multifactorial
prevalence of depression increases, and its incidence etiology encompassing a person’s heritable biology and
peaks, during adolescent development [1, 2]. This its response to social, physical and nutritional
burden of depression negatively impacts many pressures. Negative early experiences, perceived lack
important facets of a young person’s life including, of social support and stressful life events (e.g. trauma
educational achievement, social engagement and and loss) are well established psychosocial

overall health [1, 3]. Depression is also a leading
predictor of suicidal ideation and behaviour [4]. With
half of all lifetime mental disorders such as depression
initiated by mid-teens and three quarters by the early
20s [5], preventing the early experience of depression
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contributors [6]. Poor weight management, often as a
consequence of emotional eating and attendant social
stress, may also play a part [7]. However the subjective
experience of depression necessarily develops as a
consequence of specific changes in the neurobiology of
the brain. An individual's vulnerability to depression,
relative to a given set of stressors, may therefore vary
depending on both their inherited and -cultivated
neurobiology.
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Though many candidate genes have been
investigated over a number of years there is yet no
consistent evidence to support the role of any specific
gene in the development of major depressive disorder
[8]. This suggests that the environment interacts with
an individual's genotype in many different ways to
achieve the brains remodelling into its ‘depressed’
phenotype. While psychosocial stressors have been
clearly identified as promoters of depression, certain
modifiable lifestyle choices may also remodel the brain
biology in ways that promote the experience of
depression. Choices that are relevant to the modern
adolescent lifestyle include nutritional quality (in
particular omega-3 intake) and time for rest (i.e. sleep).

Using self-reported responses to questions relating
to emotional state (stress, anxiety) and sleep quantity
and quantitative measurements of omega-3 index and
cortisol (AM:PM) this study sought to determine the
relative predictive value of these measures in correctly
classifying the depression status of a cohort of 16-18
year old adolescents in a metropolitan Australia setting.

METHODS

A cross-sectional survey of 444 participants (266
female, 178 male) aged 16 to 18 years was carried out.

Morphometric Analysis

The height and weight of each participant was
measured using a standard Wedderburn height stick
(mm) and Wedderburn body composition analyser BC-
420MA. BMI was calculated appropriate to age using
the 2000 CDC growth charts developed by the National
Centre for Health Statistics in collaboration with the
National Centre for Chronic Disease Prevention and
Health Promotion [9]. The waist to hip ratio was
determined by dividing the waist circumference
(measured midway between the top of the ileac crest
and the lowest rib) by the hip circumference (the
distance around the widest point of the buttock).

Survey Information

Participants provided written responses to questions
detailing their personal demographics and use of
omega-3 supplements. The prevalence of depression,
anxiety and stress in this adolescent cohort was
assessed using self-reported responses to the
Depression,  Anxiety, Stress scales (DASS)
questionnaire [10].

Recruitment and Exclusion Criterion

Participants were recruited from students in year 11
from 10 schools within the Northern Sydney and
Central Coast metropolitan areas as part of a larger
health study. No apparently healthy student was
actively prevented from participating. All participants
provided written informed consent signed by both
themselves and their legal guardian.

Blood Sample Collection

A whole blood sample (~200 uL) was collected from
each participant between 0830 and 1000 hours via
finger-prick in two heparin anticoagulated capillary
tubes and stored at 4-80°C for <4 hrs before
processing.

Fatty Acid (Omega-3) Analysis

A comprehensive range of fatty acids were
analysed by gas chromatography (GC) based on the
methods of Lepage and Roy [11], as previously
reported [12].

Omega-3 Index

Omega-3 Index is a validated reliable measure of
long-term omega-3 PUFA intake and has been docum-
ented to reflect tissue levels of EPA/DHA [13, 14].

For the purpose of this study the whole blood
omega-3 index is defined as the percentage of the long
chain polyunsaturated fatty acids, ecosopen-tanoic acid
(EPA) + docosohexanoic acid (DHA) relative to total
fatty acid content in the whole blood. To facilitate
comparison with published data on the erythrocyte
omega-3 Index, the whole blood omega-3 status as
determined in this study was converted to the
equivalent omega-3 index using an average of the
conversion factors calculated by using published data
by Bell et al. [15], for EPA (average of 1.3582 and
1.3186) = 1.3384 and DHA (2.2121 and 2.2202) =
2.2242.

Cortisol (Saliva) Collection

Participants were requested to collect two cortisol
(saliva) samples: 1) An evening (resting) sample at the
time the adolescent normally goes to bed. 2) A morning
(waking) sample when the adolescent initially wakes,
but while still in bed.

To collect these samples participants were
instructed to. 1) Place the cotton swab provided into
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the mouth and chew gently, allowing it to soak with
saliva for 3 minutes. 2) Place the ‘chewed’ swab into
the pre-labelled test tube provided. The next day
participants brought the receptacles to school where
they were collected by a member of the research team
and stored at —80°C until analysis.

Cortisol Analysis

Saliva cortisol levels were tested using the
electrochemiluminescence  immunoassay “ECLIA”
method developed by Roche diagnostics (USA) (cat#:
cortisol-1175116 1122v19.0) and analysed on a
Cobas6000 601 immuno analyser.

Statistical Analysis

Five classification methods were used to identify the
relative predictive value of each of the variables
including stress, omega-3 polyunsaturated fatty acid
(PUFA) intake and sleep, on depression. These
methods included the Classification and Regression
Tree (C&RT), Support Vector Machines (SVM), Neural
Network (NN), CHAID, and C5.0 Tree [16, 17]. A
classification model was considered successful when it
consistently returned high predictive accuracy rates
across all three categories of depression (i.e. no
depression, mild depression, extreme depression). This
technique is considered more accurate than randomly
allocating individuals into depression categories. All
models were developed using IBM SPSS Modeller 14.

Two sets of models were developed using the
predictor variables. In the first set, anxiety and stress
scores were included with other predictors. The anxiety
and stress score variables were then removed to
identify the impact of physiological and nutritional
variables on being able to classify individuals into each
depression category. For each of the five classification
models, class specific accuracy rates as well as overall
model accuracy was calculated to identify the best
model. In addition, model predictions were compared to
random predictions (class specific lifts) to decide which
model was best for future prediction. Responses from
10 participants to the DASS were incomplete and
therefore their depression category could not be
specified. These were excluded from the analysis.

Identifying the Best Classification Model

For each of the five classification models,
depression (divided into three categories: no
depression (n=307), mild depression (n=92), extreme
depression (n=35)), was specified as the outcome
variable. Predictor variables (listed in Table 1) were
then used to identify potential underlying associations
with each of the three depression categories.

After modelling the data using each of the five
classification methods the C5.0 decision tree was
identified as the best model for its ability to accurately
predict the depression category for each participant. Its

Table 1.
Predictor Variables Coding/Calculation (n) Observations (n) Minimum Maximum Mean SD
Night cortisol® 417 5 435.7 5.6 25.0
Morning cortisol® 417 11 911.1 27.4 68.3
Cortisol difference® Difference between morning and night 392 -6.2 858.3 24.2 67.9
Omega-3 index’ 251 21 22.3 8.3 3.2
Sleep (hrs)° 443 2.8 10.0 7.6 1.1
BMI® 444 13.1 38.5 22.3 3.6
Waist hip ratio® 443 0.47 1.3 0.8 0.1
Cortisol AM:PM ratio® 412 0.04 126.7 11.6 11.6
Gender® Female (266) 444 n/a n/a n/a n/a
Male (178)
Anxiety® None (284) 406 n/a n/a n/a n/a
Mild (97)
Extreme (52) Missing (11)
Stress’ None (316) 406 n/a n/a n/a n/a
Mild (86)
Extreme (31) Missing (11)

Predictor Variables for the Classification Models.
Data type: "binary, “continuous, °ordinal.
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algorithm identifies the variables with the highest
information gain for the best split point so that a large
collection of records can be divided into successively
smaller sets of records. A C5.0 decision tree was
grown for this dataset by setting the pruning severity to
75% and minimum records for each leaf to 5. Ten-fold
cross-validation was tried and found not to make any
difference to the accuracy of the predictions.

Ethical Approval

This study was conducted in accordance with the
Helsinki declaration. Approval was obtained from the
Human research Ethics Committee (HREC) of the
Sydney Adventist Hospital (HREC# 06/08).

RESULTS

Prevalence of Depression

Overall 78.3% of boys and 65.6% of girls indicated
no signs of depression, 7.4% of boys and 12.4% of
girls indicated signs of mild depression, 8% of boys and
12.7% of girls responses were consistent with
moderate depression, 4% of boys and 3.9% of girls
responses were consistent with severe depression and
2.3% of boys and 5.4% of girls responses were
consistent with extremely severe depression. As
numbers were low in the higher depression
classifications, to improve statistical power, these five
groups were collapsed into three categories, no
depression, mild to moderate depression and severe to
extremely severe depression. The prevalence of
depression based on these categories is presented in
Figure 1.

Percent

normal lid. severe

Depression Categories

Figure 1: Percentage distribution of adolescents across three
depression categories based on written answers to the DASS
questionnaire.

Prevalence of Stress

Overall 84.5% of boys and 65.6% of girls indicated
feeling no stress, 9.2% of boys and 11.6% of girls

indicated having mild stress, 2.9% of boys and 13.1%
of girls moderate stress, 2.9% of boys and 7.7% of girls
as having severe stress and 0.6% of boys and 1.9% of
girls as experiencing extremely severe stress. Similar
to the depression classifications, humbers were also
low in the higher stress classifications. To improve
statistical power, these five groups were again
collapsed into the three categories, no stress, mild to
moderate stress and severe to extremely severe
stress. The prevalence of stress in this adolescent
population, based on these categories is presented in
Figure 2.
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Figure 2: Percentage distribution of adolescents across three
stress categories based on written answers to the DASS
questionnaire.

Cortisol AM:PM ratio

AM and PM plasma cortisol ratios were determined
as an indicator of pituitary-adrenal function where
higher AM and low PM cortisol is indicative of a lower
stressed state. On average the AM:PM ratio for boys
was 22 (+100) and for girls 11 (x10) (Figure 3). These
were not statistically different (Table 2).
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Figure 3: Distribution of AM:PM cortisol ratios for male and
female adolescents.
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Table 2:
Biomarker Gender n Minimum Maximum Mean SD
BMI Female 266 13.1 35.6 22.2 3.8
Male 178 15.5 38.5 22.4 3.3
Waist hip ratio Female 266 0.5 11 0.8 0.1
Male 177 0.6 1.3 0.8 0.1
Omega-3 index Female 192 21 18.8 7.7 2.6
Male 59 4.3 22.3 10.5 3.7
Sleep (hrs) Female 266 2.9 9.8 7.5 11
Male 177 2.75 10.0 7.7 1.0
Cortisol ratio Female 258 0.0 62.6 10.5 10.1
Male 155 0.8 1258.1 215 100.9

Adolescent characteristics.

Using the C5.0 Classification Model to Identify the
Best Predictor Variables of Depression

When anxiety and stress were included among the
possible predictive variables the C5.0 classification
model identified stress as the most important variable
in categorizing a person into the different depression
categories (i.e. no depression, mild depression,
extreme depression). The self-reported anxiety
measure was not found to be statistically predictive in
any model and was therefore excluded from further
analyses. Cortisol ratio, omega-3 index, BMI, gender
and waist hip ratio were also statistically significant
predictors for assigning participants to the correct
depression categories. Other predictor variables did not
help for classification and were therefore excluded from
the final decision tree.

The overall accuracy of this model is 78.8%. This
model was able to classify 94.14% of non-depressed
participants correctly into the non-depressed category,
45.65% of the mildly depressed participants and
54.29% of the extremely depressed participants into
their correct categories. The model is 6.7 times better
than randomly choosing extremely depressed
participants and 3.12 times better for mildly depressed
participants.

All the participants classified as having no stress
were classified correctly by the C5.0 model into the no
depression category (Figure 4). Although included into
the models, anxiety was not identified as one of the
important variables for predicting participants’
depression category. Overall this model correctly
classified participants into the three categories 85.9%
of the time.

If the participants were in the mildly stressed
category then variables other than stress proved useful
for correct classification. If the BMI of participants was
greater than 22.8 then omega-3 index contributed to
the classification. If omega-3 index was >5.9% then
participants were more likely to be classified as mildly
depressed. This classification was correct for 51.4% of
these participants. If omega-3 index was <5.9% then
participants were more likely to be classified as
extremely depressed (Figure 4). This classification was
correct for 69.2% of these participants.

If the BMI of participants was <22.8 participants
were split by gender. If they were male then the cortisol
ratio was effective in predicting no depression (cortisol
ratio 210.22) and mild depression (cortisol ratio
<10.22). These classifications were accurate in
predicting the correct depression category for 83.3%
and 76.2% of these participants respectively.

For the remaining female participants a clear and
meaningful differentiation between the remaining non-
depressed and mildly depressed females was not
possible with the available variables.

Excluding Stress as Predictor

As the stress variable was a very strong predictor of
depression, the data were reanalysed after excluding
the predictor variables stress and anxiety, using the
five statistical models. This allowed identification of
possible contributions by other variables, in particular
gender differences, to be revealed (Figure 5).

Although overall accuracy of the model decreased
from 78.8% to 72.5% after excluding stress as a



The Relative Value of Measures of Omega-3 Index International Journal of Child Health and Nutrition, 2015, Vol. 4, No. 1 45
Stress
~_No — - Yes x
_oE o i
No depression Mild stress Extreme stress
» /// \\\ \ \V\\\\ ~
BMI < 23 BMI > 23 Greme
s / depression
) d' Q 0-3<5.9 0-3>5.9
Cortisol ratio  Cortisol ratio | l
>10.2 <10.2 dE""e"fe Mild
epression i
Includes both P depression
No depression mildly depressed
Mild & non-depressed
depression participants but

unable to further

differentiate

Figure 4: Decision tree hierarchy representing the relative discriminating power of the key variables; stress, BMI, omega-3 and
cortisol ratio to the correct classification of adolescents into the specified depression categories.
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Figure 5: Decision tree hierarchy after excluding stress from the model, representing the relative discriminating power of
additional variables such as gender, sleep and waisthip ratio in further classifying adolescents into the specified depression

categories.

predictor, the C5.0 model still proved to be the best
classification model. Under these conditions, gender,
sleep duration and waist hip ratio were identified as
important contributing variables in accurately predicting
a child’'s depression category. This model was able to
classify 97.4% of non-depressed participants correctly
into the non-depressed category, 20.7% of the mildly
depressed participants and 11.4% of the extremely
depressed participants into their correct categories.
The model is 8.46 times better than randomly choosing
extremely depressed participants and 2.9 times better
for mildly depressed participants.

If the participants were male then sleep duration
was the most important variable in predicting
depression. If male participants slept >8.5hours per
day then they were classified as having no depression.

This classification was correct for 85.8% of the
participants. For those male participants who slept <8.5
hours per day a clear and meaningful differentiation
between the remaining non-depressed and mildly
depressed males was not possible with the available
variables. None of the male participants were classified
as extremely depressed by this model.

If the participants were female then in addition to
number of hours of sleep, waist to hip ratio was also
useful in classification. For those female participants
who slept <5.5 hours per day a clear and meaningful
differentiation between the remaining non-depressed
and extremely depressed females was not possible
with the available variables. If female participants slept
>5.5 hours per day and their waist hip ratio was <0.83
then they were classified as having no depression
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(accuracy 70.5%). However if their waist to hip ratio
was >0.83 then they were classified as mildly
depressed (accuracy 58.8%).

DISCUSSION

The link between psychosocial stress, chronic
activation of the hypothalamic-pituitary-adrenal (HPA)
axis and depression is well established [18, 19].
Previous investigators have also recognized
associations between modifiable lifestyle variables
such as omega-3 PUFA intake and sleep duration and
the development of depression [20, 21]. However to
our knowledge this is the first study to investigate the
relative power of each of these variables to predict
depression in an adolescent cohort.

In this study, 15% of boys and 25% of girls were
classified as experiencing mild to moderate depressive
symptoms while 6% of boys and 9% of girls were
classified as experiencing severe to extremely severe
depressive symptoms (Figure 1). This is consistent with
the greater incidence of depression in girls compared
to boys as well as accepted prevalence data of 3-8%
for major depression in adolescent populations from
representative western societies such as Australia and
the USA [22-24].

Using the C5.0 classification model the best
predictor variable of depression was found to be the
child’s perceived feelings of stress where all children
who reported no-stress also reported no symptoms of
depression. This was not unexpected, psychosocial
stressors such as unfavourable childhood events,
perceived lack of social support, and recent stressful
events have been well documented as significant risk
factors for the development of a depressed phenotype
[25, 26].

While perceived stress was clearly the dominant
predictor of depression we further investigated how
other important variables such as omega-3 index,
cortisol ratio and sleep compared in their relative power
to predict depression. As a secondary predictive
variable, adolescent omega-3 PUFA levels did provide
significant discriminatory power, above both cortisol
ratio and sleep duration. For those participants with
BMiIs above 23, having a lower omega-3 index of
<5.9% (ideal >8%) increased the risk of depression.
Epidemiological studies as well as clinical trials have
consistently indicated an important role for omega-3
PUFA in the pathogenesis of depression in both adults
and adolescents [27-30]. While the mechanism(s)

behind this association is/are still not completely
understood it is significant that the omega-3 PUFA
DHA is the most abundant fatty acid in the human
brain. During adolescence the brain goes through a
critical stage of neural development [31], where
selective synaptic elimination and neural network
remodelling occur, the success of which may be
influenced by both environmental and neurobiological
(e.g. omega-3 PUFA) factors. DHA has been shown to
progressively increase in concentration in the brain
from childhood through adolescence, peaking at
around 18 years to adult levels [32]. While the
functional importance of this is still being elucidated,
dietary DHA intake has been associated with
alterations in activity in cortical attention networks in
healthy boys [33]. Reduced levels of omega-3 PUFA
during adolescence may therefore predispose some
children to a more disordered processing in key brain
regions [34], increasing the risk of depression.
Consistent with this it was noted in this study that no
child with an omega-3 index above 5.9% reported
severe to extremely severe depression. Therefore
maintaining higher omega-3 PUFA levels may help
blunt the impact of negative psychosocial stressors in
children and thereby reduce development of the
neurobiological changes associated with the more
severe depressed phenotype.

Salivary AM:PM cortisol ratio is a measure of
pituitary-adrenal activation, where a higher AM and low
PM cortisol is indicative of a lower stressed state. In
this study, reduced AM:PM cortisol ratios in boys with
BMiIs <23 was an effective predictor of mild depression
(Figure 4). The link between HPA activation and
depression is well documented in adults with some
recent evidence also in adolescents [35, 36]. However,
cortisol ratios were an effective discriminator for boys
but not for the girls in this study. The reasons for this
gender difference are not clear but are consistent with
a recent report by Owens et al., who also observed that
lower morning cortisol levels increase the odds ratio for
increased risk of depression in boys but not girls [37].
One suggested explanation for this anomaly is that
adolescent boys may be less able to compensate for
the neurobiological effects of chronically raised cortisol
than girls. However this hypothesis remains to be
verified.

When psychosocial stress as the dominant factor in
predicting depression was removed from the model,
variables such as hours of sleep, and waist hip ratio
became significant. It is widely accepted that poor
sleep is predictive of depression in adults [38]. A recent
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meta-analysis by Lovato and Gradisar concluded that
sleep disturbance is also a precursor to the
development of depression in adolescents [39]. These
authors suggest that the identified delay in timing of the
circadian rhythm associated with sleep in adolescence
may increase the risk of depression [39]. This
association between sleep and psychological health
was also reflected in the current study. After accounting
for stress, sleep duration emerged as an effective
discriminator for the risk of depression in both boys and
girls. Boys reporting >8.5 hrs sleep reported no
depressive symptoms (Figure 5). This is consistent with
the general observation that > 8hrs sleep duration per
night meets the needs of adolescents [40]. For the
girls, extreme depression was only represented in
those reporting <5.5 hrs sleep per night, further
strengthening the link between depression and sleep
duration. However, not all girls getting <5.5 hrs
sleep/night reported depressive symptoms indicating
that a wider array of variables than those available in
this study is required to further differentiate this group.

In girls receiving >5.5 hrs sleep, being overweight
(i.e. waist to hip ratio of >0.83) increased the risk for
mild depression. Previous studies have shown that
weight gain during adolescence is significantly linked to
a higher incidence of depression in young females [41,
42]. Being overweight has been associated with a
number of negative biological and psychosocial
sequelae that link to depression including, cortisol
hyper reactivity, increased oxidative and inflammatory
activity, nutritional deficiency and negative socialisation
[34, 43-45].

CONCLUSION

A number of studies have reported associations
between the incidence of depression and individual
variables such as stress, omega-3 PUFA, cortisol,
weight and sleep. In this study we attempted to outline
the predictive value of each of these variables relative
to each other in correctly identifying depression in a
cohort of adolescents.

Overall these results indicate that psychosocial
stress is the most significant predictor of depression in
this adolescent cohort, however omega-3 PUFA levels,
HPA axis activation, hours of sleep and body size (i.e.
BMI and waist to hip ratio) also make significant
contributions.

At a practical level these results indicate that when
developing strategies to combat the prevalence of

depression in adolescents the most successful
outcomes will be obtained by focussing on the child’s
psychosocial distress as this was the most significant
driver of the depressive phenotype. However our
results also indicate that improving neurobiological
function by ensuring adequate omega-3 PUFA levels
and sufficient sleep duration could also significantly
assist in moderating the development and progression
of depression. Body size (i.e. waist to hip ratio) was
useful in identifying depression in adolescent girls, but
was relatively weak, being effective only in those girls
with poorer sleep patterns.

Therefore the results from this study can provide a
rational basis for prioritizing strategies to effectively
treat or prevent depression in the adolescent
population.

LIMITATIONS

The general applicability of these findings may be
affected by two factors present in this cohort. 1)
Adolescents taking part in this study are from a
generally privileged demographic within Australia with
the largest percentage of students from homes in the
high socioeconomic band [46]. Thus the average
omega-3 index is likely higher than for those children
from less privileged homes [12]. As this demographic
also, generally has both the education and financial
resources to provide a best-case-healthy environment
for their children the number of adolescents reporting
symptoms of depression and anxiety in this study may
be an underestimate of the problem among
adolescents in the wider population. 2) This study
cohort also had a higher percentage of girls than boys.
Thus the observed gender biases need to be verified
using a larger cohort.
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