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Abstract

Objective: Results from studies examining associations between serum 25-
hydroxyvitamin D (25(OH)D) concentrations and depressive symptoms are equivocal.
We investigated the relationship between serum 25(OH)D concentrations and symptoms
of depression, anxiety and stress in a cross-sectional analysis of a population-based
sample of young adults participating in the Western Australian Pregnancy Cohort
(Raine) Study. Methods: Participants provided a blood sample at the 20 year follow-up
(March 2010-April 2012) for the measurement of serum 25(OH)D concentrations.
Mental health symptoms were assessed using the 21-item Depression Anxiety Stress
Scales (DASS-21). Associations between serum 25(OH)D concentrations and total
DASS-21 scores and subscale scores of depression, anxiety and stress were explored in
males and females using negative binomial regression, adjusting for age, race, BMI and
physical activity (n=735). Models examining subscale scores were also adjusted for the
other subscale scores. Results: After adjusting for confounders, an increase in serum
25(0OH)D concentrations of 10 nmol/L decreased total DASS-21 scores in males by 9%
(Rate Ratio 0.91; 95%CI 0.87,0.95; p<0.001) and depression subscale scores in males
by 8% (Rate Ratio 0.92; 95%CI 0.87,0.96; p=0.001). However, in adjusted models there

were no significant associations between serum 25(OH)D concentrations and symptoms
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of anxiety and stress in males. There were no significant associations between serum
25(0OH)D concentrations and symptoms of depression, anxiety and stress in females.
Conclusions: We found an association between serum 25(OH)D concentrations and
symptoms of depression, but not anxiety and stress, in males. Randomised controlled
trials are necessary to determine any benefit of vitamin D supplementation in the

prevention and treatment of depressive symptoms in young adults.
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Introduction

Vitamin D may play an important role in mood disorders. Vitamin D appears to be
involved in brain function and it has been suggested that it acts as a neurosteroid (Eyles
et al., 2005; Garcion et al., 2002; McGrath et al., 2001). Vitamin D metabolites can
cross the blood-brain barrier and vitamin D receptors (VDR) have been identified in
neuronal and glial cells in the central nervous system (Eyles et al., 2005). Regions of the
brain that are associated with the pathophysiology of mood disorders, such as the
amygdala, hippocampus, hypothalamus and the dopaminergic neurons of the substantia
nigra, carry VDR and la-hydroxylase — the enzyme responsible for converting 25-
hydroxyvitamin D (25(OH)D) into the active form of vitamin D (Drevets et al., 2008;
Eyles et al., 2005). Mice lacking VDR have substantial behavioural impairment and
increased anxiety compared with VDR-replete mice (Kalueff et al., 2006; Minasyan et
al., 2007). Evidence from animal studies also supports a role of vitamin D in the
expression of monoamines likely to be involved in depression, including
norepinephrine, serotonin and dopamine (Cass et al., 2006; Garcion et al., 2002; Smith

et al., 2006).

A number of epidemiological studies have found associations between serum 25(OH)D

concentrations and depression, independent of lifestyle and health factors (Ganji et al.,
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2010; Hoang et al., 2011; Jamilian et al., 2013; Kjaergaard et al., 2011; Lee et al., 2011;
Milaneschi et al., 2010; Tolppanen et al., 2012). However, others have shown no
association, including a large population-based study in the United States (Nanri et al.,
2009; Pan et al., 2009; Zhao et al., 2010). Many of these studies were conducted in
middle-aged to elderly adults, with limited data available in young adults. Furthermore,
serum 25(OH)D concentrations have not been widely examined in relation to anxiety
and stress. We investigated the relationship between serum 25(OH)D concentrations
and symptoms of depression, anxiety and stress in a cross-sectional analysis of a
population-based cohort of young adults. It was hypothesised that low serum 25(OH)D
concentrations would be associated with elevated depressive, anxiety and stress

symptoms.

Methods and materials

Participants

The Western Australian Pregnancy Cohort (Raine) Study methodology has been

described previously (Newnham et al., 1993). In brief, a total of 2900 pregnant women

attending the public antenatal clinic at King Edward Memorial Hospital, or nearby

private practices, were recruited into the Western Australian Pregnancy Cohort (Raine)
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Study between May 1989 and November 1991. The criteria for enrolment were
gestational age between 16 and 20 weeks, sufficient proficiency in English to
understand the implications of participation, an expectation to deliver at the King
Edward Memorial Hospital and an intention to remain in Western Australia in the
coming years. Although 114 women delivered in hospitals other than the King Edward
Memorial Hospital, their outcomes were still assessed. The vast majority (96%) gave
birth at the King Edward Memorial Hospital. A total of 2868 children have undergone
serial assessment at birth and at ages 1, 2, 3, 5, 8, 10, 14, 17 and 20 years. Recruitment
was approved by the ethics committees of King Edward Memorial Hospital for Women
and the Princess Margaret Hospital for Children, Perth, Western Australia and ethics
approval at the 20 year follow-up was obtained from the University of Western
Australia Human Research Ethics Committee. Informed and written consent was

obtained from the participant and/or their primary caregiver for all follow-ups.

Data collection for the 20 year follow-up occurred between March 2010 and April 2012.
A total of 2125 young adults were eligible (not withdrawn or deferred) for follow-up at
20 years. Of the 1565 who participated, 75% (n = 1172) provided a blood sample for
measurement of serum 25(OH)D concentrations and 78% (n = 1220) completed the
DASS-21. Data for serum 25(OH)D concentrations and DASS-21 at 20 years were

available for 945 participants.
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Assessment of depression, anxiety and stress

Mental health was assessed using the 21-item self-reported Depression Anxiety Stress
Scales (DASS-21), which consists of three 7-item self-report scales that assess
symptoms of depression, anxiety and stress (Lovibond et al., 1996). The longer DASS-
42 and short-form DASS-21 were developed using Australian data and have been
validated in both clinical and non-clinical samples (Antony et al., 1998; Henry and
Crawford, 2005; Ng et al., 2007). The depression scale assesses dysphoria,
hopelessness, devaluation of life, self-deprecation, lack of interest/involvement,
anhedonia, and inertia; the anxiety scale assesses autonomic arousal, skeletal muscle
effects, situational anxiety, and subjective experience of anxious affect; and the stress
scale assesses difficulty relaxing, nervous arousal, being easily upset/agitated,
irritable/over-reactive and impatient. Participants were asked to rate the extent to which
they had experienced each state over the past week on a four-point severity/frequency
scale. Each item uses a 4-point response scale ranging from 0 (did not apply to me at
all) to 3 (applied to me very much or most of the time). The DASS-21 yields separate
depression, anxiety and stress subscale scores, and a total score that is the sum of the
three subscales and represents a composite measure of negative emotional symptoms.

Scores for each subscale can range from 0 to 21, with higher scores indicating greater
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depression, anxiety or stress. The total score can range from 0 to 63. Cut-off scores
defining mild/moderate/severe/extremely severe scores are designed for clinical practice
and are not validated for research purposes; therefore, we used DASS-21 scores as a

continuous measure.

Assessment of serum 25(OH)D concentrations

Participants provided a blood sample for measurement of serum 25(OH)D
concentrations within two weeks of completing the DASS-21. Venous blood samples
were taken from an antecubital vein after an overnight fast and samples were stored at -
80°C until analysed using isotope-dilution liquid chromatography-tandem mass
spectrometry (RDDT, Victoria, Australia), according to published methodology
(Maunsell et al., 2005). Of the 945 participants who provided a blood sample and
completed the DASS, only ten participants had detectable serum 25(OH)D,
concentrations, ranging from 5.24 to 7.07 nmol/L. Given that blood samples were
collected year-round between March 2010 and April 2012, and that an association
between vitamin D levels and mental health symptoms would take time to develop, a
sinusoidal model incorporating month of blood collection was used to calculate
deseasonalised serum 25(OH)Ds; concentrations (van der Mei et al., 2007). Since

25(OH)D;, is obtained from food and supplements, rather than sunlight exposure, serum
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25(0OH)D, concentrations were added to the deseasonalised serum 25(OH)D;
concentrations to obtain total concentrations of serum 25(0OH)D. We defined vitamin D
levels as being sufficient when concentrations of serum 25(OH)D were > 75 nmol/L,
insufficient when they were 50-74.9 nmol/L and deficient when they were < 50 nmol/L
(Holick et al., 2011). Duration of sun exposure, and vitamin D intakes from food and
supplements, were not available at the 20 year follow-up. However, since serum
25(0OH)D concentrations are a product of sun exposure and dietary vitamin D intakes,

these factors were accounted for by the measurement of serum 25(OH)D concentrations.

Potential confounding variables

Analyses were adjusted for variables that may confound the relationship between serum
25(0OH)D concentrations and symptoms of depression, anxiety and stress. Participants
were classified as Caucasian if both parents were Caucasian, or as hon-Caucasian if one
or both parents were of an alternate ethnicity. Since the age of participants at the 20 year
follow-up ranged from 19 to 22 years, we included age at date of blood sample as a
potential confounder. Weight was measured to the nearest 100 g using Personal
Precision scales UC-321 (A and D Company) and height was measured to the nearest
0.1 cm with a wall mounted Seca 202. We calculated Body Mass Index (BMI) as weight

in kilograms divided by height in metres squared. Physical activity was assessed by
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asking participants how many days they engaged in moderate or vigorous physical
activities of at least 10 minute duration during the last seven days. Responses were
collapsed into three categories: exercises less than once per week, exercises 1-3 times

per week, exercises 4 or more times per week.

Statistical analysis

Characteristics of participants who provided a blood sample for analysis of serum
25(0OH)D concentrations and completed the DASS-21 at the 20 year follow-up were
compared with non-participants from the original cohort. Sex, race, family income
during pregnancy, maternal age at birth, maternal education and maternal pre-pregnancy

BMI were compared using Chi-square tests.

Baseline characteristics, including age, race, deseasonalised serum 25(OH)D
concentrations, vitamin D status, total DASS-21 scores and subscale scores, BMI and
physical activity were described for participants in the current study and stratified by
sex. Chi-square tests were used to determine differences between males and females for
categorical variables (race, deseasonalised serum 25(OH)D categories and physical
activity). For continuous variables, skewness > 1 indicated that non-parametric analysis

was appropriate. We used independent-samples t-tests to determine differences between
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males and females in parametric data (deseasonalised serum 25(OH)D concentrations)
and Mann-Whitney U tests for non-parametric data (age, total DASS-21 scores, DASS-

21 subscale scores and BMI).

We performed univariate general linear models investigating the impact of potential
confounding variables (age, race, BMI and physical activity) on serum 25(OH)D
concentrations. Due to the highly skewed total DASS-21 scores and subscale scores,
negative binomial regression with a log link was applied to investigate associations
between serum 25(OH)D concentrations and DASS-21 scores (total score and
depression, anxiety and stress subscale scores). Negative binomial regression reports a
rate ratio, which is interpreted, in this case, as the predicted proportional increase in
DASS scores per 10 nmol/L change in 25(OH)D concentrations. Models were
performed unadjusted and then adjusted for sex, race, age, BMI and physical activity.
Models examining subscale scores were also adjusted for the other subscale scores. An
interaction term between sex and serum 25(OH)D concentrations was included to
determine whether effects of serum 25(OH)D concentrations were different in males
and females. Analyses were performed using IBM SPSS Statistics Release Version
19.9.9.1 (IBM SPSS Inc., 2010, Chicago, IL). Statistical significance was defined as p <

0.05.
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Results

Compared with those from the original cohort who did not participate in the current
study (n = 1923), participants in the current study (n = 945) were more likely to come
from families with a higher income during pregnancy and to have mothers with a higher
age, higher education and healthier body mass index (Table 1). There were no
significant differences in sex and race between participants in the current study and non-

participants from the original cohort.

In participants of the 20 year follow-up, the median (interquartile range, IQR) total
DASS-21 score was 12 (20) for males and 18 (24) for females (Table 2) (p < 0.001).
The median (IQR) scores for the depression subscale were 4 (8) for males and 4 (8) for
females. For the anxiety subscale, the median (IQR) scores were 2 (6) for males and 4
(8) for females. The median (IQR) scores for the stress subscale were 6 (10) for males
and 8 (10) for females. The mean (standard deviation) serum 25(OH)D concentration
was 70.7 (23.0) nmol/L for males and 74.8 (24.2) for females (p = 0.008). There was a
significant difference in vitamin D status between males and females (p = 0.039). The
prevalence of vitamin D deficiency (25(OH)D < 50 nmol/L) was 18% for males and

12% for females.
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Complete data, including all potential confounding variables, were available for 735
participants. In univariate models, age, race, BMI and physical activity were all
significantly associated with serum 25(OH)D concentrations (Table 3). When
investigating the effect of serum 25(OH)D concentrations on total DASS-21 scores,
there was a significant interaction between sex and serum 25(OH)D concentrations (p =
0.005); therefore, models were stratified by sex. In unadjusted models, higher serum
25(0OH)D concentrations were significantly associated with decreased total DASS-21
scores and all three subscale scores in males (Table 4). An increase of 10 nmol/L of
serum 25(0OH)D in males decreased total DASS-21 scores by 9% (Rate Ratio (RR)
0.91; 95% C1 0.88, 0.96; p < 0.001), depression subscale scores by 12% (RR 0.88; 95%
C10.83, 0.93; p <0.001), anxiety subscale scores by 6% (RR 0.94; 95% CI 0.90, 0.99; p

= 0.016) and stress subscale scores by 7% (RR 0.93; 95% C1 0.88, 0.97; p = 0.003).

When adjusted for race, age, BMI and physical activity, the association between serum
25(0OH)D concentrations and total DASS-21 scores remained significant (RR 0.91; 95%
C10.87,0.95; p < 0.001). Similarly, when adjusted for race, age, BMI, physical activity,
anxiety subscale score and stress subscale score, the association between serum
25(OH)D concentrations and the depression subscale score remained significant (RR

0.92; 95% CI 0.87, 0.96; p = 0.001). After adjusting for confounders, including the
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depression subscale scores, there was no significant association between serum
25(0OH)D concentrations and symptoms of anxiety and stress in young adult males. In
females, there were no significant associations between serum 25(OH)D concentrations

and total DASS-21 scores or subscale scores in unadjusted or adjusted models.

Discussion

Higher serum 25(OH)D concentrations were significantly associated with lower total
DASS-21 scores and reduced symptoms of depression in males, after adjusting for age,
race, BMI, physical activity, anxiety subscale scores and stress subscale scores. An
advantage of using the DASS-21 is that it distinguishes between the related symptoms
of depression, anxiety and stress. Our results suggest that vitamin D is related
specifically to depressive symptoms, since we found no significant association between
serum 25(OH)D concentrations and symptoms of anxiety and stress in males, after
adjusting for confounders. Significant associations between serum 25(OH)D
concentrations and symptoms of depression, anxiety and stress were not seen in
females, either in unadjusted or adjusted models. These findings are important as
relatively few studies have considered associations between vitamin D levels and

symptoms of depression, anxiety and stress in young adults.
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Several previous population-based studies in different age groups have examined the
relationship between vitamin D levels and the presence of depressive symptoms (Ganji
et al., 2010; Hoang et al., 2011; Jamilian et al., 2013; Kjaergaard et al., 2011; Lee et al.,
2011; Milaneschi et al., 2010; Nanri et al., 2009; Pan et al., 2009; Tolppanen et al.,
2012; Zhao et al., 2010). Kjaergaard et al. (2011) showed that low serum 25(OH)D
concentrations predicted depressive symptoms in a cross-sectional study of adults aged
30-87 years (n = 10,086) after adjusting for multiple confounders, including chronic
disease. In concordance with our findings, there were no significant associations
between low 25(OH)D concentrations and anxiety. Prospective analysis using data from
the Avon Longitudinal Study of Parents and Children (ALSPAC) showed that higher
concentrations of 25(OH)D3 were associated with lower levels of depressive symptoms

in children (Tolppanen et al., 2012).

Our findings differ from results of a large, cross-sectional, population-based study of
adults aged > 20 years in the United States (n = 3916) (Zhao et al., 2010). That study
found inverse associations between vitamin D levels and moderate-to-severe depression
after adjusting for age and sex, but the associations were not significant after adjusting
for other potential confounders. A major confounder was the presence of chronic

disease. Pan et al. (2009) also found no significant associations between vitamin D

15 Wendy H. Oddy



levels and depressive symptoms in 3262 Chinese adults aged 50-70 years after adjusting

for potential confounders.

Sex differences in the relationship between vitamin D levels and depression have been
reported by Milaneschi et al. (2010) and Kjaergaard et al. (2011). In contrast to our
findings, these studies reported stronger associations between serum 25(OH)D
concentrations and depressive symptoms in females than males. A functional
relationship between the active 1,25-dihydroxyvitamin D (1,25(0OH),D) and oestradiol
has been suggested (Correale et al., 2010; Nashold et al., 2009), which may contribute
to sex differences in response to low vitamin D levels. However, it is not clear why
associations were evident in males and not females in the current study. The differences
between males and females in response to serum 25(OH)D concentrations warrants

further investigation in future studies.

It is problematic to make comparisons between studies examining vitamin D levels and
mental health due to the use of different tools to measure mental health symptoms and
the use of different assays to determine circulating 25(OH)D concentrations. Circulating
25(0OH)D concentrations are measurable using several techniques, including
competitive protein binding assay (CPBA), High Performance Liquid Chromatography

(HPLC), radioimmunoassay (RIA) and enzyme immunoassay. However, there is
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significant variation in 25(OH)D measurement depending on the laboratory and assay
used, confounding the diagnosis of vitamin D deficiency. Furthermore, baseline serum
25(0OH)D concentrations and season of blood collection differ between studies, and

different confounders are used in statistical models.

Results from clinical trials investigating vitamin D supplementation and depressive
symptoms are varied (Bertone-Johnson et al., 2012; Dean et al., 2011; Dumville et al.,
2006; Hogberg et al., 20120; Jorde et al., 2008; Kjaergaard et al., 2012; Lansdowne et
al., 1998; Sanders et al., 2011). Recently, a large, randomised, double-blinded trial in
the United States, comprising 36,282 postmenopausal women, showed no relation
between 400 1U/day vitamin D supplementation and depressive symptoms over a two-
year period (Bertone-Johnson et al., 2012). However, serum 25(0OH)D concentrations
were not available so it is not known whether the dose was sufficient to improve
vitamin D status. Similarly, Kjaergaard et al. (2012) showed that although low levels of
serum 25(OH)D were associated with depressive symptoms in adults, a high vitamin D
dose of 40 000 1U/week for six months did not improve symptoms. In contrast, a cross-
sectional study of 441 adults in Norway found that a weekly vitamin D dose of 20 000
IU significantly improved Beck Depression Inventory scores after one year (Jorde et al.,

2008). The equivocal results from vitamin D supplementation trials may be a reflection
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of differences in dose, baseline 25(OH)D concentrations, latitude, race and the outcome

measure of depressive symptoms.

A strength of our study was the deseasonalisation of serum 25(OH)D concentrations,
which is important since blood samples were collected year-round and vitamin D levels
vary with respect to season of blood collection. A further strength was access to data
that may influence both serum 25(OH)D concentrations and symptoms of depression,
anxiety and stress, allowing us to adjust for potential confounders, including BMI and
physical activity. This allowed us to examine the independent associations between
serum 25(OH)D concentrations and the total DASS-21 scores and subscale scores.
However, although we adjusted for physical activity, the measure of assessment was not
based on a validated questionnaire and did not differentiate between indoor and outdoor

activity.

A limitation of our study was the use of self-reported questionnaire rather than clinical
diagnosis to assess symptoms of depression, anxiety and stress. While self-report
assessment has been established as a valid means for assessing mental health difficulties
such as depression, anxiety and stress (Antony et al., 1998; Henry and Crawford, 2005)
and may lead to more truthful reporting than face-to-face assessment, we cannot rule out

the possibility of under- or over-reporting. Our results suggest an association between
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serum 25(OH)D concentrations and self-reported depressive symptoms, rather than an

association with a clinical diagnosis of depression.

A further limitation of our study was the loss to follow-up. Participants included in the
current study were more likely to be from families with higher socioeconomic status
relative to participants from the original cohort and care should be taken when
generalising results to the wider community. Furthermore, attrition may have been
higher for those participants suffering from mental health symptoms, such as depression
or anxiety. However, it should be possible to observe an association between vitamin D
and mental health symptoms in the remaining participants, although the power to detect

this association at a significant level may be weaker.

Since the DASS-21 scores were only available at the 20 year follow-up, we conducted a
cross-sectional analysis and do not infer a causative relationship between vitamin D
levels and depressive symptoms in males. It is possible that males with depressive
symptoms were less likely to engage in outdoor activities, leading to lower serum
25(0OH)D concentrations. Future follow-ups of the Raine cohort will likely provide
mental health data based on the DASS-21, providing an opportunity for investigating
the longitudinal association between serum 25(OH)D concentrations and the

development of depressive symptoms. Furthermore, as the cumulative incidence of
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depression increases in future follow-ups of the Raine cohort, it may be possible to
investigate whether low vitamin D status impairs recovery from mental health disorders,
including depression. This would be consistent with recent findings that daily vitamin D
supplementation may prevent the deterioration of Parkinson disease (Suzuki et al.,

2013).

Conclusion

We found a cross-sectional association between serum 25(OH)D concentrations and
symptoms of depression, but not anxiety and stress, in young adult males. In order to
investigate a potential causative relationship between vitamin D levels and depressive
symptoms, longitudinal investigations are warranted. Randomised controlled trials
using effective doses of vitamin D, and monitoring serum 25(OH)D concentrations, are
necessary to determine any benefit of vitamin D supplementation in the prevention and

treatment of depression.

20 Wendy H. Oddy



Acknowledgements

We gratefully acknowledge the Raine Study participants and their families, and the
Raine Study Team, for cohort co-ordination and data collection. Core funding for the
Western Australian Pregnancy Cohort (Raine) Study is provided by the University of
Western Australia; the Faculty of Medicine, Dentistry and Health Sciences at the
University of Western Australia; the Telethon Institute for Child Health Research; the
Women and Infants Research Foundation; Curtin University; and the Raine Medical
Research Foundation. Specific data collection for the 20 year follow-up was funded by

the National Health and Medical Research Council Project #1022134 (2012-2014).

21 Wendy H. Oddy



References

Antony MM, Bieling PJ, Cox BJ et al. (1998) Psychometric properties of the 42-item
and 21-item versions of the Depression Anxiety Stress Scales in clinical groups and a

community sample. Psychological Assessment 10: 176-181.

Bertone-Johnson ER, Powers Sl, Spangler L et al. (2012) Vitamin D Supplementation
and Depression in the Women's Health Initiative Calcium and Vitamin D Trial.

American Journal of Epidemiology 176: 1-13.

Cass WA, Smith MP, Peters LE. (2006) Calcitriol protects against the dopamine- and
serotonin-depleting effects of neurotoxic doses of methamphetamine. Annals of the New

York Acadermy of Sciences 1074: 261-271.

Correale J, Ysrraelit MC, Gaitan MI. (2010) Gender differences in 1,25

dihydroxyvitamin D3 immunomodulatory effects in multiple sclerosis patients and

healthy subjects. The Journal of Immunology 185: 4948-4958.

22 Wendy H. Oddy



Dean AJ, Bellgrove MA, Hall T et al. (2011) Effects of vitamin D supplementation on
cognitive and emotional functioning in young adults--a randomised controlled trial.

PL0S One 6 £25966.

Drevets WC, Price JL, Furey ML. (2008) Brain structural and functional abnormalities
in mood disorders: implications for neurocircuitry models of depression. Brain

Structure and Function 213: 93-118.

Dumville JC, Miles JN, Porthouse J et al. (2006) Can vitamin D supplementation
prevent winter-time blues? A randomised trial among older women. The Journal of

Nutrition Health and Aging 10: 151-153.

Eyles DW, Smith S, Kinobe R et al. (2005) Distribution of the vitamin D receptor and 1

alpha-hydroxylase in human brain. Journal of Chemical Neuroanatomy 29: 21-30.

Ganji V, Milone C, Cody MM et al. (2010) Serum vitamin D concentrations are related

to depression in young adult US population: the Third National Health and Nutrition

Examination Survey. International Archives of Medicine 3: 29.

23 Wendy H. Oddy



Garcion E, Wion-Barbot N, Montero-Menei CN et al. (2002) New clues about vitamin
D functions in the nervous system. Trends in Endocrinology and Metabolism 13: 100-

105.

Henry JD and Crawford JR (2005) The short-form version of the Depression Anxiety
Stress Scales (DASS-21): Construct validity and normative data in a large non-clinical

sample. British Journal of Clinical Psychology 44: 227-239.

Hoang MT, Defina LF, Willis BL et al. (2011) Association between low serum 25-
hydroxyvitamin D and depression in a large sample of healthy adults: the Cooper Center

longitudinal study. Mayo Clinic Proceedings 86: 1050-1055.

Hogberg G, Gustafsson SA, Hallstrom T et al. (2012) Depressed adolescents in a case-
series were low in vitamin D and depression was ameliorated by vitamin D

supplementation. Acta Paediatrica 101: 779-783.

Holick MF, Binkley NC, Bischoff-Ferrari HA et al. (2011) Evaluation, treatment, and

prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline.

The Journal of Clinical Endocrinology and Metabolism 96: 1911-1930.

24 Wendy H. Oddy



Hoogendijk WJ, Lips P, Dik MG et al. (2008) Depression is associated with decreased
25-hydroxyvitamin D and increased parathyroid hormone levels in older adults.

Archives of General Psychiatry 65: 508-512.

Jamilian H, Bagherzadeh K, Nazeri Z, Hassanijirdehi M (2013) Vitamin D, parathyroid
hormone, serum calcium and phosphorus in patients with schizophrenia and major

depression. International Journal of Psychiatry in Clinical Practice 17: 30-34.

Jorde R, Sneve M, Figenschau Y et al. (2008) Effects of vitamin D supplementation on
symptoms of depression in overweight and obese subjects: randomized double blind

trial. Journal of Internal Medicine 264: 599-609.

Kalueff AV, Keisala T, Minasyan A et al. (2006) Behavioural anomalies in mice evoked
by "Tokyo" disruption of the Vitamin D receptor gene. Neuroscience Research 54: 254-

260.

Kjaergaard M, Joakimsen R, Jorde R (2011) Low serum 25-hydroxyvitamin D levels

are associated with depression in an adult Norwegian population. Psychiatry Research

190: 221-225.

25 Wendy H. Oddy



Kjaergaard M, Waterloo K, Wang CE et al. (2012) Effect of vitamin D supplement on
depression scores in people with low levels of serum 25-hydroxyvitamin D: nested
case-control study and randomised clinical trial. British Journal of Psychiatry 201: 360-

368.

Lansdowne AT and Provost SC (1998) Vitamin D3 enhances mood in healthy subjects

during winter. Psychopharmacology (Berl) 135: 319-323.

Lee DM, Tajar A, O'Neill TW et al. (2011) Lower vitamin D levels are associated with
depression ~ among  community-dwelling ~ European ~ men.  Journal  of

Psychopharmacology 25: 1320-1328.

Lovibond S and Lovibond PF (1996) Manual for the depression anxiety stress scales.

Sydney: Psychology Foundation of Australia.

Maunsell Z, Wright DJ, Rainbow SJ (2005) Routine isotope-dilution liquid

chromatography-tandem mass spectrometry assay for simultaneous measurement of the

25-hydroxy metabolites of vitamins D2 and D3. Clinical Chemistry 51: 1683-1690.

26 Wendy H. Oddy



McGrath J, Feron F, Eyles D, Mackay-Sim A (2001) Vitamin D: the neglected

neurosteroid? Trends in Neurosciences 24: 570-572.

Milaneschi Y, Shardell M, Corsi AM et al. (2010) Serum 25-hydroxyvitamin D and
depressive symptoms in older women and men. Journal of Clinical Endocrinology and

Metabolism 95: 3225-3233.

Minasyan A, Keisala T, Lou YR et al. (2007) Neophobia, sensory and cognitive
functions, and hedonic responses in vitamin D receptor mutant mice. The Journal of

Steroid Biochemistry and Molecular Biology 104: 274-280.

Nanri A, Mizoue T, Matsushita Y et al. (2009) Association between serum 25-
hydroxyvitamin D and depressive symptoms in Japanese: analysis by survey season.

European Journal of Clinical Nutrition 63: 1444-1447.

Nashold FE, Spach KM, Spanier JA, Hayes CE (2009) Estrogen controls vitamin D3-
mediated resistance to experimental autoimmune encephalomyelitis by controlling
vitamin D3 metabolism and receptor expression. The Journal of Immunology 183:

3672-3681.

27 Wendy H. Oddy



Newnham JP, Evans SF, Michael CA et al. (1993) Effects of frequent ultrasound during

pregnancy: a randomised controlled trial. Lancet 342: 887-891.

Ng F, Trauer T, Dodd S et al. (2007) The validity of the 21-item version of the
Depression Anxiety Stress Scales as a routine clinical outcome measure. Acta

Neuropsychiatrica 19: 304-310.

Pan A, Lu L, Franco OH et al. (2009) Association between depressive symptoms and
25-hydroxyvitamin D in middle-aged and elderly Chinese. Journal of Affective

Disorders 118: 240-243.

Sanders KM, Stuart AL, Williamson EJ et al. (2011) Annual high-dose vitamin D3 and
mental well-being: randomised controlled trial. British Journal of Psychiatry 198: 357-

364.

Smith MP, Fletcher-Turner A, Yurek DM, Cass WA (2006) Calcitriol protection against

dopamine loss induced by intracerebroventricular administration of 6-

hydroxydopamine. Neurochemical Research 31: 533-539.

28 Wendy H. Oddy



Suzuki M, Yoshioka M, Hashimoto M et al. (2013) Randomized, double-blind, placebo-
controlled trial of vitamin D supplementation in Parkinson disease. American Journal of

Clinical Nutrition 97: 1004-1013.

Tolppanen AM, Sayers A, Fraser WD et al. (2012) The association of serum 25-
hydroxyvitamin D3 and D2 with depressive symptoms in childhood--a prospective

cohort study. Journal of Child Psychology and Psychiatry 53: 757-766.

van der Mei IA, Ponsonby AL, Dwyer T et al. (2007) Vitamin D levels in people with
multiple sclerosis and community controls in Tasmania, Australia. Journal of

Neurology 254: 581-590.

Zhao G, Ford ES, Li C, Balluz LS (2010) No associations between serum

concentrations of 25-hydroxyvitamin D and parathyroid hormone and depression among

US adults. British Journal of Nutrition 104: 1696-1702.

29 Wendy H. Oddy



Table 1. Characteristics of participants (n = 945) v non-participants from the original

cohort (n =1923)

Non-
Participants participants p
n (%) n (%)
Sex 0.252
Male 465 (49.2) 990 (51.5)
Female 480 (50.8) 933 (48.5)
Race 0.079
Caucasian 797 (84.3) 1571 (81.7)
Non-Caucasian 148 (15.7) 352 (18.3)
Family income per year during pregnancy <0.001*
< $7,000 51 (5.4) 178 (9.3)
$7,000-$11,999 57 (6.0) 186 (9.7)
$12,000-$23,999 194 (20.5) 489 (25.4)
$24,000-$35,999 231 (24.4) 417 (21.7)
> $36,000 365 (38.6) 470 (24.4)
Unknown
Maternal age at birth <0.001*
< 20 years 45 (4.8) 233 (12.1)
20-24 years 165 (17.5) 442 (23.0)
25-29 years 276 (29.2) 578 (30.1)
30-34 years 289 (30.6) 437 (22.7)
35-39 years 140 (14.8) 160 (8.3)
> 40 years 26 (2.8) 37 (1.9)
Maternal education since school <0.001*
None 401 (42.4) 1047 (54.4)
Trade certificate or apprenticeship 67 (7.1) 168 (8.7)
Professional registration (non-degree) 99 (10.5) 147 (7.6)
College diploma or degree 162 (17.1) 286 (14.9)
University degree 147 (15.6) 133 (6.9)
Other 49 (5.2) 98 (5.1)
Maternal pre-pregnancy BMI 0.027*
Underweight (< 18.5) 89 (9.4) 226 (11.8)
Healthy weight (18.5-24.9) 663 (70.2) 1231 (64.0)
Overweight (25-29.9) 92 (9.7) 221 (11.5)
Obese (= 30) 54 (5.7) 124 (6.4)

BMI, body mass index; *Significant at p < 0.05
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Table 2. Characteristics of the Raine Study participants for whom serum 25(OH)D concentrations and DASS-21 scores were available (n = 945)

Males Females p
n n

Age [years, median (IQR)] 465 20.0 (0.5) 480 19.9 (0.6) 0.225
Race (%) 0.570

Caucasian 389 83.7 408 85.0

Other 76 163 72 15.0
Serum 25(OH)D* [nmol/L, mean (SD)] 465 70.7 (23.0) 480 74.8 (24.2) 0.008*
DASS-21 [median (IQR)]

Total 465 12 (20) 480 18 (24) < 0.001*

Depression scale 465 4(8) 480 4(8) 0.001*

Anxiety scale 465 2 (6) 480 4(8) 0.012*

Stress scale 465 6 (10) 480 8 (10) <0.001*
BMI [kg/m?, median (IQR)] 460 235 (4.8) 471 230(5.2) 0.092
Physical activity (%) <0.001*

> 4 times per week 330 73.2 223 47.2

1-3 times per week 73 16.2 142 30.1

< once per week 48 10.6 107 22.7

25(0OH)D, 25-hydroxyvitamin D; BMI, body mass index; DASS-21, 21-item Depression Anxiety Stress Scales; IQR, interquartile range; SD,
standard deviation

Vitamin D status: deficient, 25(OH)D < 50 nmol/L; insufficient, 25(OH)D 50-74.9 nmol/L; sufficient, 25(OH)D > 75 nmol/L

'Deseasonalised serum 25(0OH)D concentrations; *Significant difference between males and females (p < 0.05)
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Table 3. Unadjusted general linear models showing the effect of potential confounding factors

on deseasonalised serum 25(OH)D concentrations (n = 735)

B (95% CI) p
Age (per year) -4.27 (-8.39, -0.15) 0.042*
Race

Non-Caucasian Ref.

Caucasian 14.563 (9.76,19.37)  <0.001*
Body mass index (per kg/m®) -091 (-1.25,-0.57)  <0.001*
Physical activity

> 4 times per week Ref.

1-3 times per week -6.14 (-10.33, -1.95) 0.004*

<once per week -7.83 (-12.53, -3.14) 0.001*

*Significant at p < 0.05
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Table 4. Unadjusted and adjusted negative binomial model coefficients for the effect of
deseasonalised serum 25(OH)D concentrations (per increase of 10 nmol/L) on DASS-21

scores and subscale scores in males and females

Males (n = 353) Females (n = 382)
Rate Ratio (95%
DASS-21 Cl) p Rate Ratio (95% CI) p
Model 1*
Total 0.91 (0.88,0.96) <0.001* 0.99 (0.95, 1.03) 0.594
Depression 0.88 (0.83,0.93) <0.001* 0.97 (0.92,1.02) 0.174
Anxiety 0.94 (0.90,0.99) 0.016* 0.99 (0.94,1.04) 0.719
Stress 0.93(0.88,0.97)  0.003* 1.01(0.97,1.05) 0.771
Model 2°
Total 0.91 (0.87,0.95) <0.001* 1.00 (0.96, 1.04) 0.915
Depression 0.92 (0.87,0.96) 0.001* 0.99 (0.95,1.03) 0.515
Anxiety 1.02 (0.98, 1.07) 0.343 0.99 (0.95, 1.03) 0.484
Stress 0.98 (0.94, 1.03) 0.429 1.02(0.98, 1.05) 0.332

25(0OH)D, 25-hydroxyvitamin D; DASS-21, 21-item Depression Anxiety Stress Scales
YUnadjusted; *Adjusted for race, age, BMI and physical activity - models using the DASS-21
subscale scores were adjusted for the other subscale scores

*Significant at p < 0.05

33 Wendy H. Oddy





