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Abstract

Vitamin D deficiency is common among patients with psychotic disorders and could be due to
unknown disease mechanisms or contingent factors. However most studies are performed in chronic
patients and have often failed to address the influence of ethnicity on vitamin D levels in clinical
samples. We investigated serum concentrations of 25- hydroxy vitamin D (S-25 OH D) in first episode
patients compared to patients with multi episodes and healthy controls; with a specific focus on
differences between visible ethnic minorities and participants from the majority population. A total
of 284 participants were included in this cross-sectional study. First episode patients with a DSM-IV
psychotic disorder were matched on age, gender and ethnicity to participants from a multi episode
patient sample (1:1) and healthy controls (1:2). We did not find any differences between either
patient groups or the healthy controls, but participants from visible ethnic minorities had
significantly lower S- 25 OH D than participants from the majority population. This implies that S-25
OH D should be routinely measured in persons from visible ethnic minorities since low levels are

associated with higher levels of depressive symptoms.
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1. Introduction

The active metabolite of vitamin D is a steroid hormone with multiple functions. It binds to the
vitamin D receptor (VDR) which is found in most parts of the body, including the immune system
(Fernandes de Abreu et al., 2009) and the central nervous system (Stumpf, 2012). Vitamin D is
involved in the proliferation, differentiation and growth of neurons and has an important role in

neuroplasticity (Deluca et al., 2013) both in the developing and adult brain.

Two recent meta-analyses have indicated significantly lower serum — 25 hydroxy vitamin D (S- 25 OH
D) in patients with established psychiatric disorders compared to healthy controls (Belvederi Murri et
al., 2013; Valipour et al., 2014), in line with previous studies showing an association between lower S-
25 OH D and having a diagnosis in the schizophrenia spectrum (Rey-Sanchez et al., 2009; Partti et al.,
2010). Correspondingly, in a study of diagnostically diverse psychiatric out-patients the lowest S- 25
OH D levels were found in patients with schizophrenia or autism spectrum disorders (Humble et al.,
2010). There are thus relatively consistent indications of lower S- 25 OH D in patients with psychotic
disorders, especially schizophrenia. To what extent the low vitamin D levels are related to (hitherto
unknown) disease mechanisms or secondary to poor nutrition, reduced self-care or medication use is
not known. Most studies have included chronic patients, i.e. groups that probably will be more
influenced by these types of contingent factors than patients with a recent onset of their disease.
However only two earlier studies have up to now been conducted in first episode/first treatment
samples and their findings are equivocal. One study (N= 138) found significantly lower S- 25 OH D in
both white and black patients, but not in patients of Asian origin, compared to healthy controls
(Crews et al., 2013). The other small study (N= 40) did not find any patient/ control differences

(Graham et al., 2014).

The main source of vitamin D is ultraviolet B (UVB) radiation from the sun. Dark skin (high
pigmentation), , body-covering clothing and reduced outdoor activities, will interact with available

UVB radiation, dependent on geographical latitude and season of the year, in affecting vitamin D



levels in the body (Wacker and Holick, 2013). This is of interest for the study of psychotic disorders
since there are consistent findings of a higher incidence of psychotic disorders in immigrants and
visible ethnic minorities, in particular dark-skinned immigrants to countries with predominantly
white majority populations, i.e. countries at high latitudes (Cantor-Graae and Selten, 2005). There
are however few studies of the associations between ethnic background and vitamin D levels in
psychotic disorders. Inthe current clinical cross sectional study we thus aimed to explore differences
in S- 25 OH D between a first episode psychosis patient sample, compared to a multi-episode patient
sample and a healthy control sample matched for age, gender and ethnic background. We

investigated if:

i) First episode patients and multi-episode patients have lower S- 25 OH D than the
healthy controls

ii) Participants from visible ethnic minorities across the two patient groups and in the
healthy control group have lower S- 25 OH D than participants from the majority

population

2. Methods

Participants were recruited consecutively between May 2010 and April 2014 from in- and out-patient
psychiatric units in the catchment areas of the four major hospitals in Oslo, as part of the larger
Thematically Organized Psychosis (TOP) Study. The Regional Committee for Medical Research Ethics
approved the study and our research methodology conformed to The Code of Ethics of the World
Medical Association, Helsinki Declaration. All participants gave informed written consent to

participate.



2.1. Participants

A power analysis based on group differences (means and standard deviations) from the previous
vitamin D in FEP study (Crews et al., 2013) indicated that a group size of 46 participants would be
sufficient to detect real differences given the expected differences and standard deviations. A total
of 71 first episode patients (FEP) with a DSM-IV psychotic disorder (Schizophrenia spectrum i.e.
schizophrenia, schizophreniform and schizoaffective, N= 46; other psychosis i.e. delusional disorder,
brief psychotic episode, psychotic depressive disorder and psychosis NOS, N= 25) were included.
Participants were defined as FEP if they gave consent to be recruited into the study within one year
after start of their first adequate treatment (defined as admission to hospital or antipsychotic
medication in adequate doses) for a psychotic episode (defined as at least one week with a score of
four or more on Positive and Negative Syndrome Scale for Schizophrenia on items P1, P3, P5, P6 or
G9). As a proxy for skin pigmentation the participants’ ethnicity was used to divide the participants
into two groups, one group (including participants with European ancestry (majority population
group), and one group with participants of Asian, Latin -American and African ancestry (visible ethnic
minority group). The FEP sample was then matched 1:1 on visible ethnic minority status, age, gender
and diagnosis to a multi episode sample (MEP) and then matched 1:2 to healthy controls (HC) drawn
from the same catchment area in the following manner: Participants from the majority population
were directly matched with HC from the control group of the TOP study. Due to a low number with
visible ethnic minority status in this control group, participants with visible ethnic minority
background (i.e. from Asia including Turkey (N=17), Africa (N=17) and Latin-America (N=6)) were
matched with HC of visible ethnic minority background (Asia including Turkey) from a population-
based health study including immigrants to the city of Oslo; the Oslo Immigrant Health Study 2002

(http://www.fhi.no/artikler/?id=53584).



2.2. Procedures

2.2.1. Clinical

All patients were assessed by trained clinical research personnel. Demographic and clinical variables
and the use of medication were obtained by clinical interviews by protocol and by conferring the
medical records. The Structured Clinical Interview for DSM-IV Axis | Disorders (SCID-1) was used for
diagnostic purposes. In the FEP group, duration of untreated psychotic illness was measured in weeks.
In the FEP and MEP groups total duration of illness (including treated and untreated phases) was
measured in years and calculated as age minus age at onset. Current symptomatology was assessed
by The Structured Interview for the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987).
At inclusion the participants went through a physical examination with blood sample withdrawal.

Height and weight were measured by a standard procedure, and BMI was calculated by kg/m?2.

2.2.2. Biochemical

In the TOP sample; 25- OH D (25- OH D2 and 25- OH D3) serum concentrations were determined
using a liquid chromatography- tandem mass spectrometry (LC-MS/MS) method developed at the
Hormone laboratory (Oslo University Hospital, Norway) (supplementary materials 1). In the Oslo
Immigrant Health Study, S- 25 OH D was measured by a radioimmunoassay (RIA kit from Diasorin)
(Holvik et al., 2005). The equation LC/MS-MS = 1.16 x (RIA) -9 was calibrated at the laboratory for
comparisons and the calibrated values from the Oslo Immigrant Health Study are used in the current

study.

2.3. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics v. 22 (IBM corp. 2014). The level of
significance was preset to p < 0.05 (two tailed). Student t-tests and one way ANOVAs with Tukey post
hoc tests were used for group comparisons of continuous variables, chi-square tests for categorical

variables and Pearson’s r for bivariate correlations. Normally distribution of the continuous variables



was evaluated by normality plots and found to be satisfactory with the exception of the assessments
of duration of untreated psychosis and total duration of iliness where we used Spearman’s
correlations. For statistical purposes, season was dichotomized into winter (December — May) and
summer (June- November) (Porojnicu et al., 2007). For PANSS we used the five factor model by
Wallwork (Wallwork et al., 2012). Seven participants had missing values for BMI; five had missing
values for age at onset, three had missing values for in- vs out-patient status and nine had missing
values for regular use of antipsychotic medication or not. In the multivariate analyses missing values
were replaced with group means for independent continuous variables and mode (most used value)
for independent dichotomous variables. To investigate the potential influence of confounders,
variables that were either statistically significantly associated with S- 25 OH D or differed across
groups (i.e. FEP, MEP or HC) or ethnicity (majority population or visible ethnic minority) in bivariate
analyses were entered as covariates in an ANCOVA with S- 25 OH D as the dependent variable; here
group membership (FEP, MEP or HC) and ethnicity were fixed factors in the model. The analyses
were then repeated in the subsample containing only patients with a narrow schizophrenia spectrum
diagnosis (schizophrenia n = 77, schizophreniform n = 8, schizoaffective n= 15). Finally we performed
a second ANCOVA with group (FEP, MEP or HC) and season as fixed factors; gender, BMI and

ethnicity as covariates to investigate the group by season interaction.

3. Results

The demographic and clinical sample characteristics are shown in table 1. Due to the matching
procedure the age and gender by ethnicity distribution found in the FEP group were repeated in the
MEP and in HC groups. The following variables differed between the groups: The MEP sample had
significantly higher BMI than both FEP and HC with mean values slightly above upper limit of the
normal range according to the WHO definition (range 18.5-24.9). The majority of HC had their blood

samples taken during winter season. Concerning differences between the ethnic groups, there were



a larger proportion of males in the visible minority group than in the majority group (80% vs 60%, p=

0.001).

There were no significant differences in unadjusted S- 25 OH D between the FEP, MEP and HC. S- 25
OH D was lower in males, in samples drawn during the winter season and in visible ethnic minorities
(table 2). Visible ethnic minorities had significantly higher BMI than participants from the majority
population (mean 26.1 vs. 24.6 kg/m2, p= 0.003). There were no significant associations between age,
BMI and S- 25 OH D in neither patient groups or in controls. In both patient groups (FEP and MEP)
neither age at onset, tobacco consumption, regular use of psychopharmacological medication, being
in- versus outpatient, duration of illness nor duration of untreated psychosis (in the FEP group) were
associated with S-25 OH D (data not shown). S-25 OH D was not significantly correlated with the
positive or the negative symptom factor from the PANSS (r =-0.07, p =0.57 in FEP; r =-0.03, p = 0.81
in MEP and r =-0.15, p=0.20 in FEP; r = 0.04, p = 0.74 in MEP, respectively). There was however a
significant association between lower S-25 OH D and higher levels for the depressive symptom factor
in FEP (r =-0.25, p = 0.04), but not in MEP (r =-0.07, p = 0.57). The first ANCOVA shows that the
variation in S- 25 OH D was mainly explained by differences in ethnicity and seasonal variation (table
3). There was no effect of group membership (FEP, MEP or HC). The same results were found when
the analyses were repeated, this time only including patients with a narrow schizophrenia spectrum
diagnosis (data not shown). There was a trend level interaction effect (p= 0.06) between group (FEP,
MEP or HC) and ethnicity; within the majority population there was lower S- 25 OH D levels in MEP
than in HC while in visible ethnic minorities the pattern was the opposite way with higher S- 25 OH D
in MEP than in HC . The differences did however not reach the preset level of statistical significance
after controlling for BMI (table 3). The second ANCOVA shows that there was a group by season
interaction effect (F= 4.02 (df 2,275), p= 0.02), based in higher variability across seasons in healthy

controls: The highest S-25 OH D was found in healthy controls in summer season and the lowest in



winter season while S-25 OH D had more stable values across seasons in the patient groups (FEP and
MEP).

In both FEP, MEP and in HC, S- 25 OH D was significantly lower in visible ethnic minorities than in the
corresponding majority population (F= 11.85, p= 0.001 in FEP; F= 4.48, p = 0.04 in MEP and F=39.95,
p< 0.001 in HC) (figure 1). There were no statistically significant differences in S-25 OH D levels
between different ethnic minorities across groups. Participants of Latin- American ancestry however
had nominally higher levels than participants with Asian or African ancestry (43.8 (29.5), p =0.5
versus Asia (31.8 (16.0)) and p= 0.6 versus Africa (32.5 (11.9)). Analyses within each clinical group
showed that S- 25 OH D was nominally lower in MEP than in HC during summer season in
participants from the majority population (46.8 + 20.0 nmol/L vs. 60.3+ 17.2 nmol/L), but this

difference did not reach the level of statistical significance (p = 0.06).

4, Discussion

In the current study we did not find any statistically significant differences in vitamin D status
between a group of first episode patients, when compared to multi-episode patients and to healthy
controls, respectively. There were however significant differences in S- 25 OH D between participants

from visible ethnic minorities and participants from the majority population.

This first finding is in contrast to earlier case-control studies including patients with established
psychotic disorders (Rey-Sanchez et al., 2009; Partti et al., 2010; Itzhaky et al., 2012; Jamilian et al.,
2013). These previous studies however have methodological limitations, including lack of
adjustment for ethnicity (Rey-Sanchez et al., 2009; Partti et al., 2010; Doknic et al., 2011; Jamilian et
al., 2013), comparison between hospitalized patients and health care workers (ltzhaky et al., 2012) or
hospitalized patients and healthy controls recruited by advertisements without control for place of
residence (Crews et al., 2013). The healthy controls in the current study were randomly recruited

from the same catchment area as the study patients and matched both for ethnicity and other



important confounding variables such as gender and age. A review of reported vitamin D levels from
these previous studies actually show remarkably similar vitamin D levels for the patient groups, but
with considerable variations in the levels of the control groups. Our analyses underline this as we

found larger seasonal variations in vitamin D levels in healthy controls than in the patient groups.

The current findings are also in contrast to a previous study from our group, that found lower S-25
OH D in a clinical patient sample compared to a population based control sample, both from the
Norwegian population (Berg et al., 2010). The main difference between the current study and the
previous is that Berg used a control group where data on vitamin D, age and season for blood
sampling were provided from a population study as means and standard deviations at group level.
The current study has control samples with individual data for each participant, thus enabling us to
match directly on important background variables including age. Since psychotic disorders have
onset in adolescence or early adulthood, clinical samples can often be younger than the healthy
controls, and this is of importance since there is a possibility for an age gradient in S-25 OH D levels.
Since older and more chronic patient groups are more prone to be influenced by illness related
lifestyle factors it is possible that investigations of this patient group will show differences between

patients and controls independent of ethnic background.

Visible ethnic minority status was a strong predictor of low S- 25 OH D both in patients and in healthy
controls. The crude observed difference in S- 25 OH D between ethnic groups could be inflated,
because a large proportion of the HC group for administrative reasons had their S- 25 OH D
measured during the winter season. However, ethnicity still had a strong and statistically significant
effect on S- 25 OH D also after adjustment for season (table 3). These findings are in line with
previous research in the area showing high levels of insufficient S- 25 OH D in visible ethnic minorities
in Northern hemisphere (Holvik et al., 2005; Andersen et al., 2007). People living in Norway have

poor access to vitamin D from the sun, because of high latitude and long winter seasons (Wacker and



Holick, 2013). In the absence of sun exposure through winter, diet and supplements become all the
more important, but natural sources are few (mainly fatty fish and cod liver oil). Thus, cultural
differences in diet can be one of the reasons for alarmingly low S- 25 OH D both in patients and
healthy controls from visible ethnic minorities. Possibly, language barriers could also lead to a failure
in reaching the ethnic minority population with advices regarding use of supplements. The finding
that MEP from the visible ethnic minority group actually had higher S- 25 OH D during winter than
summer could indicate that health care workers aware of their heightened risk of vitamin D
deficiency during the winter season actively encouraged their use of dietary supplements. Our
analyses also showed that the S- 25 OH D in healthy controls from the majority population varied
more between winter and summer than in the corresponding patient groups. This could be explained
by contingent factors such as reduced outdoor activities in the patient group during summer,

compared to healthy controls.

This high proportion of patients with low S- 25 OH D is of importance since this might influence
morbidity both related to depressive (Berg et al., 2010), positive (Yuksel et al., 2014), negative
(Graham et al., 2014) or atypical symptoms (Dealberto, 2013). There were no significant correlations
between S-25 OH D and positive or negative symptomatology in the current study, but there was a
moderate association between low S-25 OH D and increased depressive symptomatology in the FEP
group. Indications of an association between low S- 25 OH D and depression has been shown
previously, but should be investigated further in a larger samples because vitamin D substitution
could represent a possible intervention strategy in persons from visible ethnic minorities. We would
however need randomized controlled trials to evaluate the effect. Another point of importance is
that the risk of cardiovascular diseases and metabolic syndrome has been found to be associated
with psychotic disorders (Johnsen et al., 2011; Ringen et al., 2014). Increased cardiovascular risk is

also related to inadequate S- 25 OH D levels (Choi et al., 2014; Menezes et al., 2014; Ruwanpathirana



et al., 2014). Elevated risk of cardiovascular disease and metabolic syndrome in psychotic disorder in
visible ethnic minorities has been demonstrated in long-term follow-ups (Henderson et al., 2005). It
is thus of interest that, in our age and gender matched sample, visible ethnic minorities also had
significantly higher BMI than the group recruited from the majority population, as well as lower S- 25

OH D.

While we did not find any differences in S-25 OH D between adult patients with psychotic disorders
and healthy controls, prospective studies have suggested vitamin D deficiency as a contributing
factor to higher risk of developing psychotic disorders in dark skinned immigrants (McGrath, 1999;
Dealberto, 2007; Kinney et al., 2009; McGrath, 2011). There are also associations between vitamin D
deficiency and known risk factors for psychotic disorders like urban living, winter births (Kendell and
Adams, 2002) and migration (Dealberto, 2007). Since the main negative effect of vitamin D would be
on brain development in earlier phases of life, our findings neither support nor contradict this
hypothesis. However, the consistent findings of low S- 25 OH D in visible ethnic minorities do not
contradict the need to explore the role of vitamin D deficiency as one possible contributor to the

higher risk of psychosis in visible ethnic minorities.

An important strength of the current study is that the patient sample consists of both in- and out-
patients, and thus can be seen as more representative of patients in general compared to samples
recruited from inpatients’ wards only. A major limitation to the study is the use of ethnicity as a
proxy for skin pigmentation, even if we did not find significant differences in S -25 OH D between
participants of Asian or African ancestry. We also lacked reliable information about the use of
vitamin D supplements or time spent outdoors, factors that could influence S- 25 OH D in all
participants. Another limitation is that two different methods for vitamin D measurements are used

in the current study. They are however performed in the same laboratory, and the methods have



been cross-calibrated and the resulting equation has been used to calibrate the results to the same

scale.

To conclude, participants from visible ethnic minority had significantly lower S- 25 OH D than
corresponding patient- and control groups from the majority population and low S-25 OH D was
associated with depressive symptoms in first episode patients. Vitamin D deficiency could thus be an
important factor influencing symptom severity and co-morbidity in established psychotic disorder, in
visible ethnic minorities already in early stages of illness. Clinicians should routinely measure S- 25
OH D in this patient group. However, our study did not support the findings of lower S- 25 OH D in
young patients diagnosed with psychotic disorders, neither in first episode patients nor in multi
episode patients, compared to healthy controls from the same geographical area. This finding was

not influenced by adjustments for ethnicity, season for blood sampling, gender, age and BMI.

Acknowledgements

We would like to thank the participants in the TOP study and the clinicians collaborating in patient
recruitment for their contribution. We would also like to thank Line Gundersen, Eivind Bakken and
Jeanette Haatveit for their valuable support.

Funding for this study was provided by NORMENT, the Research Council of Norway (grants #
213974/H10, 143610) and the Regional Health Authority for South Eastern Norway Health Authority
(grants # 2010074, 2011085, 2012132 and 2013123). Neither had any role in study design, data
collection, analysis and interpretation, writing of the report, or the decision to submit the paper for

publication.



Andersen, R., Molgaard, C., Skovgaard, L.T., Brot, C., Cashman, K.D., Jakobsen, J., Lamberg-Allardt, C.,
Ovesen, L., 2007. Pakistani immigrant children and adults in Denmark have severely low
vitamin D status. European Journal of Clinical Nutrition 62 (5), 625-634.

Belvederi Murri, M., Respino, M., Masotti, M., Innamorati, M., Mondelli, V., Pariante, C., Amore, M.,
2013. Vitamin D and psychosis: mini meta-analysis. Schizophrenia research 150 (1), 235-239.

Berg, A.O., Melle, I., Torjesen, P.A., Lien, L., Hauff, E., Andreassen, O.A., 2010. A cross-sectional study
of vitamin D deficiency among immigrants and Norwegians with psychosis compared to the
general population. The Journal of clinical psychiatry 71 (12), 1598-1604.

Cantor-Graae, E., Selten, J.P., 2005. Schizophrenia and migration: a meta-analysis and review. The
American journal of psychiatry 162 (1), 12-24.

Choi, D.P., Oh, S.M.,, Lee, J.M,, Cho, H.M., Lee, W.J., Song, B.M., Rhee, Y., Kim, H.C., 2014. Serum 25-
hydroxyvitamin D and insulin resistance in apparently healthy adolescents. PLoS One 9 (7),
e103108.

Crews, M., Lally, J., Gardner-Sood, P., Howes, O., Bonaccorso, S., Smith, S., Murray, R.M., Di Forti, M.,
Gaughran, F., 2013. Vitamin D deficiency in first episode psychosis: a case-control study.
Schizophrenia research 150 (2-3), 533-537.

Dealberto, M.J., 2007. Why are immigrants at increased risk for psychosis? Vitamin D insufficiency,
epigenetic mechanisms, or both?, Medical hypotheses 68 (2), 259-267.

Dealberto, M.J., 2013. Clinical symptoms of psychotic episodes and 25-hydroxy vitamin D serum
levels in black first-generation immigrants. Acta psychiatrica Scandinavica 128 (6), 475-487.

Deluca, G.C., Kimball, S.M., Kolasinski, J., Ramagopalan, S.V., Ebers, G.C., 2013. The Role of Vitamin D
in Nervous System Health and Disease. Neuropathology and applied neurobiology.

Doknic, M., Maric, N.P., Britvic, D., Pekic, S., Damjanovic, A., Miljic, D., Stojanovic, M., Radojicic, Z.,
Jasovic Gasic, M., Popovic, V., 2011. Bone remodeling, bone mass and weight gain in patients
with stabilized schizophrenia in real-life conditions treated with long-acting injectable
risperidone. Neuroendocrinology 94 (3), 246-254.

Fernandes de Abreu, D.A,, Eyles, D., Feron, F., 2009. Vitamin D, a neuro-immunomodulator:
implications for neurodegenerative and autoimmune diseases. Psychoneuroendocrinology
34 Suppl 1, S265-277.

Graham, K.A., Keefe, R.S., Lieberman, J.A., Calikoglu, A.S., Lansing, K.M., Perkins, D.O., 2014.
Relationship of low vitamin D status with positive, negative and cognitive symptom domains
in people with first-episode schizophrenia. Early intervention in psychiatry.

Henderson, D.C., Nguyen, D.D., Copeland, P.M., Hayden, D.L., Borba, C.P., Louie, P.M., Freudenreich,
0., Evins, A.E., Cather, C., Goff, D.C., 2005. Clozapine, diabetes mellitus, hyperlipidemia, and
cardiovascular risks and mortality: results of a 10-year naturalistic study. The Journal of
clinical psychiatry 66 (9), 1116-1121.

Holvik, K., Meyer, H.E., Haug, E., Brunvand, L., 2005. Prevalence and predictors of vitamin D
deficiency in five immigrant groups living in Oslo, Norway: the Oslo Immigrant Health Study.
European journal of clinical nutrition 59 (1), 57-63.

http://www.fhi.no/artikler/?id=53584, The Oslo Immigrant Health Study

Humble, M.B., Gustafsson, S., Bejerot, S., 2010. Low serum levels of 25-hydroxyvitamin D (25-OHD)
among psychiatric out-patients in Sweden: relations with season, age, ethnic origin and
psychiatric diagnosis. The Journal of steroid biochemistry and molecular biology 121 (1-2),
467-470.

Itzhaky, D., Amital, D., Gorden, K., Bogomolni, A., Arnson, Y., Amital, H., 2012. Low serum vitamin D
concentrations in patients with schizophrenia. The Israel Medical Association journal : IMAJ
14 (2), 88-92.

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 (1), 30-34.



Johnsen, E., Gjestad, R., Kroken, R.A., Mellesdal, L., Loberg, E.M., Jorgensen, H.A., 2011.
Cardiovascular risk in patients admitted for psychosis compared with findings from a
population-based study. Nordic journal of psychiatry 65 (3), 192-202.

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale (PANSS) for
schizophrenia. Schizophrenia Bulletin 13 (2), 261-276.

Kendell, R.E., Adams, W., 2002. Exposure to sunlight, vitamin D and schizophrenia. Schizophrenia
research 54 (3), 193-198.

Kinney, D.K., Teixeira, P., Hsu, D., Napoleon, S.C., Crowley, D.J., Miller, A., Hyman, W., Huang, E., 2009.
Relation of schizophrenia prevalence to latitude, climate, fish consumption, infant mortality,
and skin color: a role for prenatal vitamin d deficiency and infections?, Schizophrenia bulletin
35(3), 582-595.

McGrath, J., 1999. Hypothesis: is low prenatal vitamin D a risk-modifying factor for schizophrenia?,
Schizophrenia research 40 (3), 173-177.

McGrath, J., 2011. Migrant status, vitamin D and risk of schizophrenia. Psychological medicine 41 (4),
892-893; author reply 894.

Menezes, A.R., Lamb, M.C., Lavie, C.J., DiNicolantonio, J.J., 2014. Vitamin D and atherosclerosis.
Current opinion in cardiology 29 (6), 571-577.

Partti, K., Heliovaara, M., Impivaara, O., Perala, J., Saarni, S.l., Lonnqvist, J., Suvisaari, J.M., 2010.
Skeletal status in psychotic disorders: a population-based study. Psychosomatic medicine 72
(9), 933-940.

Porojnicu, A.C., Robsahm, T.E., Dahlback, A., Berg, J.P., Christiani, D., Bruland, O.S., Moan, J., 2007.
Seasonal and geographical variations in lung cancer prognosis in Norway. Does Vitamin D
from the sun play a role?, Lung Cancer 55 (3), 263-270.

Rey-Sanchez, P., Lavado-Garcia, J.M., Canal-Macias, M.L., Gomez-Zubeldia, M.A., Roncero-Martin, R.,
Pedrera-Zamorano, J.D., 2009. Ultrasound bone mass in schizophrenic patients on
antipsychotic therapy. Human psychopharmacology 24 (1), 49-54.

Ringen, P.A., Engh, J.A., Birkenaes, A.B., Dieset, |., Andreassen, O.A., 2014. Increased mortality in
schizophrenia due to cardiovascular disease - a non-systematic review of epidemiology,
possible causes, and interventions. Frontiers in psychiatry 5, 137.

Ruwanpathirana, T., Reid, C.M., Owen, A.l., Fong, D.P., Gowda, U., Renzaho, A.M., 2014. Assessment
of vitamin D and its association with cardiovascular disease risk factors in an adult migrant
population: an audit of patient records at a Community Health Centre in Kensington,
Melbourne, Australia. BMC cardiovascular disorders 14, 157.

Stumpf, W.E., 2012. Drugs in the brain - cellular imaging with receptor microscopic autoradiography.
Progress in histochemistry and cytochemistry.

Valipour, G., Saneei, P., Esmaillzadeh, A., 2014. Serum vitamin D levels in relation to schizophrenia: a
systematic review and meta-analysis of observational studies. The Journal of clinical
endocrinology and metabolism 99 (10), 3863-3872.

Wacker, M., Holick, M.F., 2013. Sunlight and Vitamin D: A global perspective for health. Dermato-
endocrinology 5 (1), 51-108.

Wallwork, R.S., Fortgang, R., Hashimoto, R., Weinberger, D.R., Dickinson, D., 2012. Searching for a
consensus five-factor model of the Positive and Negative Syndrome Scale for schizophrenia.
Schizophrenia Research 137 (1-3), 246-250.

Yuksel, R.N., Altunsoy, N., Tikir, B., Cingi Kuluk, M., Unal, K., Goka, S., Aydemir, C., Goka, E., 2014.
Correlation between total vitamin D levels and psychotic psychopathology in patients with
schizophrenia: therapeutic implications for add-on vitamin D augmentation. Therapeutic
advances in psychopharmacology 4 (6), 268-275.



Table 1. Demographic and clinical characteristics of the samples

First episode Multi episode Healthy controls

FEP MEP HC

N=71 N=71 N= 142

N (%) N (%) N (%) Chi?
Schizophrenia spectrum | 46 (64.8) 54 (76.1) p=0.14
Male gender 46 (64.8) 46 (64.8) 92 (64.8) P=1
Ethnic minority status 20(28.2) 20(28.2) 40 (28.2) P=1
Summer season 31 (43.7) 38 (53.5) 44 (31.0) P=0.01°
Medicated® 59 (83.1) 68 (95.8) P =0.09
AP/LIT/AE/AD/HYP® 55/2/4/17/4 65/6/8/25/5
Hospitalized 31(43.7) 24 (35.3) p=0.31

Mean (SD) Mean (SD) ANOVA
Age 27.3(8.2) 28.0(8.1) 28.0(7.6) P=0.80
Age at onset 24.5(7.5) 21.7 (7.0) P=0.03
BMI 25.0 (4.0) 26.8 (4.7) 24.1(4.0) P<0.01°
Positive symptoms® 2.4(1.0) 2.2 (1.0) P=0.30
Negative symptoms’ 2.1(0.9) 2.0 (0.9) P=0.47
Depressive symptoms® 2.4 (0.9) 2.4(1.1) P=0.87
Duration of illness" 2.8(4.1) 6.3 (6.8) P<0.01'
DUP’ 100.5 (22.6)

*Tukey post hoc test MEP > HC

bRegular use of psychopharmacological medication.

“Regular use of antipsychotics/ lithium/ anti epileptics/ anti-depressives/ hypnotics.

In FEP; 21 used a combination of psychopharmacological medication from more than one

category, in MEP; 25

“Tukey post hoc test MEP > HC, FEP

®PANSS score (pl + p3 + p5 +g9) / 4
'PANSS score (n1+n2 +n3+nd+n6+g7)/6
EPANSS score (g2 +g3 +g6)/ 3

"Duration of illness in years

'Non parametric Kruskal- Wallis test

JDuration of untreated psychosis in weeks




Table 2. Unadjusted serum concentrations of 25-OH vitamin D

$-25 OH D nmol/L

mean (SD)
First episode psychosis 44.8 (19.5)
Multi episode psychosis 43.1 (20.3)
Healthy controls 45.1 (21.4) F=0.23%2%1 n= 0.80
Winter season 40.7 (20.4)
Summer season 50.3 (19.6) t=3.96"%* p<0.01
Ethnic minority status 29.5 (16.3)
Majority population 50.4 (19.1) t=8.65"%% p<0.01
Men 42.6 (19.8)
Women 48.1 (21.6) t=-2.16"%% p=0.03




Table 3. ANCOVA with S- 25 OH D as dependent variable, group (FEP, MEP, HC) and ethnicity as fixed

factors
95 % Confidence F (df) significance
interval
mean® | lower upper
bound bound
Gender 0.51 (1,275) 0.48
BMI 0.01 (1,275) 0.91
Season 6.63(1,275) 0.011
Ethnicity 47.20 (1,275) <0.001
Group® 0.02 (2,275) 0.98
Group*ethnicity 2.86 (2,275) 0.06
Total sample
HC 40.2 36.8 43.7
FEP 40.6 35.9 45.3
MEP 39.9 35.0 44.8
Majority population significance®
HC 53.3 49.4 56.7 FEP vs. HC 1.00
FEP 50.0 44.8 55.1 FEP vs. MEP 0.76
MEP 45.7 40.4 50.9 MEP vs. HC 0.08
Visible ethnic minorities
HC 25.4 19.4 314 FEP vs. HC 0.62
FEP 31.8 24.4 39.2 FEP vs. MEP 1.00
MEP 354 26.9 439 MEP vs. HC 0.27

®First episode psychosis (FEP), multi episode psychosis
(MEP) or healthy controls (HC)

®S - 25 OH D nmol/L adjusted for gender, BMI and

season

“Bonferroni adjustment for multiple comparisons




Figure 1.

S-25 OH D according to group (FEP, MEP and HC) and ethnicity, adjusted for gender, BMI and season
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