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ABSTRACT

Background: Cognitive dysfunctions are core features

of psychotic disorders with substantial impact on daily
functioning. Vitamin D deficiency has been found to be related
to cognitive dysfunctions, but the associations between
vitamin D deficiency and cognition in persons with a psychotic
disorder are largely unknown.

Methods: This cross-sectional study included 225 patients with
a DSM-IV psychotic disorder consecutively recruited from 2003
to 2014 and 159 randomly selected healthy controls, assessed
by a cognitive test battery, a clinical protocol (including
Structured Clinical Interview for DSM-IV Axis | Disorders

and Positive and Negative Syndrome Scale), and a physical
examination including vitamin D measurements. Multiple
regression models were performed to evaluate the effect of
vitamin D deficiency (defined serum 25-hydroxyvitamin D
[25(0OH)D] < 25 nmol/L) on key cognitive domains: processing
speed, verbal learning, verbal memory, and executive
functioning.

Results: Vitamin D deficiency was significantly associated
with decreased processing speed (ie, Digit Symbol Coding)
(t=-2.6, P=.01; total model: adjusted R2=0.40, Fg 37,=43.8,
P<.001) and decreased fluency (ie, verbal fluency) (t=-2.1,
P=.04; total model: adjusted R*=0.35, Fy 373=34.2, P<.001)
when the results were controlled for age, ethnicity, IQ,

patient versus control status, and substance or alcohol abuse.
Additional analyses indicated that negative symptoms diluted
the association between vitamin D deficiency and processing
speed (t=—1.72, P=.09) and verbal fluency (t=-1.35,P=.18) in
patients.

Conclusion: The associations between vitamin D deficiency
and processing speed and verbal fluency are good arguments
for planning large-scale randomized controlled studies

in target populations so conclusions can be made about

the potential beneficial effect of vitamin D on cognition in
psychotic disorders.
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Cognitive dysfunction is considered to be a core feature
of psychotic disorders"? with a substantial impact on
daily functioning.®* Impairments have been reported across
cognitive domains and at the start of first treatment.>~” The most
consistent findings include reduced processing speed, deficits
in memory, and impaired executive functioning compared to
healthy controls.®? The neurobiology of cognitive dysfunctions
is seen as part of underlying pathology in key dopaminergic
and glutamatergic central nervous system (CNS) pathways.!%!!
Vitamin D is a neurosteroid hormone with a central role in
CNS development and function,'? and receptors for the active
metabolite of vitamin D (vitamin D receptors) are widespread
in the CNS.!>! The interaction between active vitamin D
(1,25-dihydroxyvitamin D) and vitamin D receptors exerts
modulating effects on brain function and CNS pathways,'*!>16
which may affect cognitive function. There are high densities
of vitamin D receptors in both the hippocampus and the dorsal
striatum.'* The hippocampus is involved in memory functions
and has a central role in brain networks and in complex executive
functions such as working memory.!” The dorsal striatum’s role
is mainly to integrate and regulate motor behavior, but it is also
involved in cognition,'® especially in motivational learning as
part of the reward system!” and in inhibition.?

Low vitamin D levels, measured as serum 25-hydroxyvitamin
D (25[OH]D), have been found to be associated with cognitive
impairments in the elderly*' and to be a predictor for cognitive
decline (age >70 years).?>?* There are, however, few studies of
the association between vitamin D and cognition in younger
populations,?* and these are mainly of participants with normal
cognitive abilities and vitamin D levels within the normal
range. In healthy adolescents and adults (aged <65 years), no
significant associations between vitamin D levels and cognitive
performance have been found.?>-*” A randomized controlled
trial®® administering vitamin D supplements to young healthy
adults found no effect on working memory, response inhibition,
or cognitive flexibility. A study?® including a sample with high
prevalence of vitamin D deficiency found an association between
higher vitamin D levels and better processing speed, although
it was statistically significant only in older study participants.
The association between vitamin D deficiency and reduced
processing speed, however, appears as stable in a longitudinal
study.*® Another longitudinal study®! found midlife vitamin
D levels to be predictive of later fluency and working memory
performance in a low-education group. However, no such
association was found in people with higher education,* making
the authors suggest that vitamin D has a modifying effect on
cognitive reserves.
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B Cognitive impairments are core features in psychotic
disorder, and few treatment options are available.

B (linicians should measure vitamin D in patients with
psychotic disorders and prominent cognitive impairments,
especially impaired processing speed and fluency.

B Randomized controlled trials to investigate whether
vitamin D has potential as an adjuvant treatment
for cognitive impairments in psychotic disorder are
encouraged.

In clinical studies*=3* of disorders affecting cognition,

especially in Alzheimer’s disease, there are indications that
vitamin D deficiency is associated with cognitive deficits.
These deficits are mainly found in executive functions
in terms of switching and updating information, and in
processing speed.*® In Parkinson’s disease, vitamin D has
been associated with better performance on category fluency
and verbal memory tests.*® In line with this, a study®® of
patients with multiple sclerosis found that higher vitamin
D levels were associated with better long-term memory.
In a sample of elderly subjects described as frail, vitamin
D levels were associated with executive functions and, on a
trend level, with processing speed.’”

Despite the importance of cognitive deficits in psychotic
disorders and the link between vitamin D deficiency and
impaired cognition in other disorders with compromised
CNS functioning, surprisingly few studies have investigated
vitamin D deficiency and cognition in psychotic disorders. A
small study®® of patients with first-episode psychosis (N =40)
found an association between a cognitive summary score
and low serum levels of vitamin D. A potential association
between vitamin D deficiency and cognitive deficits in
schizophrenia and other psychotic disorders will be of
significant clinical importance. There are few treatment
options for cognitive deficits, and vitamin D supplements
could thus represent a possible treatment strategy.

The aim of the current study was to investigate the
association between vitamin D deficiency and cognitionin a
large clinical sample of patients with psychotic disorders and
healthy controls using a comprehensive test battery focusing
on cognitive domains previously found to be associated with
psychotic disorders and vitamin D levels, ie, processing
speed, verbal learning, and memory and executive functions
(including fluency, inhibition, set shifting, and working
memory). Our hypothesis was that vitamin D deficiency
would be associated with impaired cognitive function in
these domains.

METHODS

Participants were recruited consecutively from May 2003
to September 2014 from inpatient and outpatient psychiatric
units in the catchment areas of the 5 major hospitals in
South Norway, as part of the larger Thematically Organized
Psychosis (TOP) Study.* The regional committee for

medical research ethics approved the study, and our research
methodology followed the code of ethics of the World
Medical Association, Declaration of Helsinki. Participation
was based on informed consent.

Participants

For the current study, we included participants that
had been assessed with a cognitive test battery and had
available vitamin D measurements. To ensure that serum
25(OH)D reflected the serum level at the time of cognitive
assessments, only participants with cognitive assessments
and blood sampling within the same season (winter,
including November-April, or summer, including May-
October)* or with a maximum of 3 weeks’ discrepancy
were included. The rate of vitamin D deficiency is higher
in migrants to Northern Europe, and some cognitive tests
are culturally sensitive. To avoid cultural background from
confounding the results, we included only participants with
Norwegian as their mother’s tongue or with all education in
Norway. The exclusion criteria were traumatic brain injury,
neurologic disorders, and mental retardation (IQ <70). The
healthy controls were randomly selected from the same
geographic catchment area as the patients using national
statistical records. Controls with a history of severe mental
illness or mental disorders in close family or ongoing illicit
drug abuse were also excluded. The final sample consisted of
384 participants: 225 patients and 159 healthy controls. The
patients had following diagnostic distribution: schizophrenia
(n=91), schizophreniform (n=14) and schizoaffective
disorder (n=17), major depressive disorder with psychotic
features (n=2), bipolar I disorder (n=38), bipolar II disorder
(n=16), bipolar disorder not otherwise specified (NOS)
(n=3), and other psychosis (including delusional disorder
and psychosis NOS) (n=44). On the basis of recent studies
showing a close relationship both in the genetic basis
for disease and in cognitive dysfunction, we refer to the
diagnoses as psychotic disorders in this article; however,
22 participants from the bipolar spectrum did not have a
history of psychosis.

Clinical Assessment

Demographic and clinical variables and current
medications were obtained by clinical interviews and
reviewing medical records. Ethnicity was assessed by asking
for country of birth; ethnic minorities involves participants
born in Asian or African countries or with at least 1 parent
from these continents. The Structured Clinical Interview
for DSM-IV-TR Axis I Disorders, Research Version, Patient
Edition*! was used for diagnostic purposes. Current
symptomatology was assessed by the Positive and Negative
Syndrome Scale (PANSS).*? The PANSS scores were analyzed
using the Wallwork 5-factor model.** The participants also
underwent a physical examination including blood sampling.

Cognitive Assessment
The participants were assessed with 2 different
neurocognitive test batteries over the study period.
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Table 1. Overview of the Cognitive Tests

Test Cognitive Test Battery? NP Mean+SD
Processing speed Combined z score 384 -0.65+1.2
Digit Symbol Coding Test from the WAIS-III 1 108 59.8+15.2
Brief Assessment of Cognition in Schizophrenia 2 276 541+11.1
Verbal learning Combined z score 338 -043+13
CVLT, list A total correct 1 108 48.8+10.6
HVLT-R, immediate recall 2 230 11.6+0.8
Verbal memory Combined z score 382 -047+1.2
CVLT, long delay free recall 1 108 10.9+3.2
HVLT-R, delayed recall 2 274 9.7+20
Executive functions
Verbal fluency Combined z score 383 -0.56+1.2
Category Fluency Test in the D-KEFS battery 1 107 39.7+10.6
Category Fluency Test in the MCCB 2 276 264+6.7
Working memory Combined z score 365 -035%1.0
Letter-Number Sequencing Test from the D-KEFS battery 1 91 93+22
Letter-Number Sequencing Test from the MCCB 2 274  14.5+29
Inhibition
The Color-Word Interference Test in the D-KEFS battery 1+2 384 543+15.1
Set-shifting
The Color-Word Interference Test in the D-KEFS battery 1+2 382 59.4+13.8

21 represents a version of the D-KEFS battery. 2 represents a version of the MCCB.

PNumber of participants from the total sample assessed with the different cognitive tests.

Abbreviations: CVLT = California Verbal Learning Test, D-KEFS = Delis-Kaplan Executive Function System,
HVLT-R=Hopkins Verbal Learning Test-Revised, MCCB = MATRICS Consensus Cognitive Battery,

WAIS-IIl=Wechsler Adult Intelligence Scale-III.

Participants (N =108) were tested with test battery 1,* a
standardized test battery described by Simonsen et al.*
Participants (N=276) were tested with test battery 2,
which is based on the MATRICS Consensus Cognitive
Battery (MCCB).*® We computed z scores based on a
healthy control group for each of the corresponding
subtests from the 2 different batteries to be able to merge
the scores into the cognitive outcome variables processing
speed, verbal learning, verbal memory, verbal fluency, and
working memory. The 2 test batteries used the same tests
to measure inhibition and set shifting (Table 1). Processing
speed was measured with the Digit Symbol Coding Test
from the Wechsler Adult Intelligence Scale-IIT (WAIS-
II1)*” or Brief Assessment of Cognition in Schizophrenia.*®
Verbal learning and verbal memory were measured with
the California Verbal Learning Test (CVLT)*® or the
Hopkins Verbal Learning Test-Revised.**’ Verbal fluency
was measured with the Category Fluency Test in the Delis-
Kaplan Executive Function System (D-KEFS) battery or
the Category Fluency Test from the MCCB.* Working
memory was measured with the Letter-Number Sequencing
Test from the D-KEFS battery®® or the Letter-Number
Sequencing Test from the MCCB.* Inhibition and set
shifting were measured with the Color-Word Interference
Test from the D-KEFS battery.”® Current IQ was measured
with the abbreviated scale Wechsler Abbreviated Scale of
Intelligence.”!

Biochemical Assessment

From September 2012, total serum 25(OH)D (a sum of
25[OH]D, and 25[OH]D;) was determined using a liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) method developed at the Hormone Laboratory (Oslo

University Hospital, Aker, Norway).>? Prior to September
2012, serum 25(OH)D was measured by radioimmunoassay
(RIA [kit from Diasorin])>® in the same laboratory. The
regression equation LC-MS/MS=1.16 x (RIA) -9 was
obtained at the laboratory during method comparison and
was used to convert all serum 25(OH)D concentrations
obtained by LC-MS to equivalent concentrations obtained
by RIA, which were used in the analyses. Vitamin D
deficiency was defined serum 25(OH)D <25 nmol/L.!?

Statistics

Statistical analysis was performed using IBM SPSS
Statistics V22. The level of significance was preset to
P<.05 (2-tailed). To investigate differences in cognitive
domains between participants with and without vitamin
D deficiency, we first performed a multivariate analysis of
variance (MANOVA) with Bonferroni corrections, with
vitamin D deficiency as fixed factor and the cognitive
domains as dependent variables to ascertain that there
were statistically significant differences across groups
(data not shown). The MANOVA was then followed up by
investigating group differences for each cognitive domain
using ¢ tests for normally distributed variables (processing
speed, verbal fluency, and working memory) and Mann-
Whitney U test for variables without normal distribution
(verbal memory, inhibition, and set shifting).

After demonstrating group differences in cognitive
domains, we performed a series of multiple linear analyses
to investigate whether the association between vitamin D
deficiency and cognitive domains was influenced by possible
confounding variables. We performed a series of multiple
linear analyses with the cognitive domains as dependents
and vitamin D deficiency entered at the last step. The
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variables inhibition and set shifting were log transformed
to allow for use in linear regression. Model fit was evaluated
by residual plots. Possible confounders were entered at the
intermediate steps. These variables were chosen based
on their theoretical and statistical possibility to mediate
the relationship, ie, that they had an association (P<.10)
with both the cognitive domain and vitamin D deficiency
(using bivariate correlation analyses or ¢ tests for continuous
variables and y? tests for dichotomous variables). We also
included variables that were significantly different between
patients and healthy controls (because of the significant
difference in cognition) and between ethnic minorities
and ethnic majorities (because of the significant difference
in vitamin D status). Notably, sex was not significantly
associated with vitamin D deficiency (x*=2.3, P=.13), ethnic
minority background (x*=0.08, P=.78), or being a patient
versus healthy control (see Table 2 for additional analyses).
Season of the year was associated with vitamin D status but
not with cognitive functioning, and use of psychotropic
medication was completely congruent with being a patient
(versus healthy control). None of these variables were
thus entered in the final analyses. Also, educational status
was not only substantially different between patients and
healthy controls but also highly statistically significantly
associated with IQ. Since length of education could be
confounded with age at onset, we chose to enter IQ in the
analyses. Age, ethnicity, current IQ, a history of substance or
alcohol abuse, and patients versus control status were thus
entered together with vitamin D deficiency as independent
variables in the models. In the next step, we repeated
the analyses in patients only (n=255) to investigate the
potential confounding effects of clinical symptoms. These
follow-up analyses were done for only cognitive domains
with statistically significant results in the previous analyses.
The procedures were otherwise the same as described in text
(see Table 3). For the dependent variables processing speed
and verbal fluency, we thus redid

substance or alcohol abuse (x*=6.64, P=.01),"and lower
current IQ (t=3.1, P=.002).

Vitamin D deficiency was significantly associated with
results for all the cognitive tests except verbal learning in
bivariate analyses (Table 3). The results from the multiple
regressions are shown in Table 4. The associations between
vitamin D deficiency and decreased processing speed
and verbal fluency remained significant after the results
were controlled for possible confounding variables. The
associations between vitamin D deficiency and working
memory, verbal memory, inhibition, and set shifting did not
remain significant after controlling for patient versus healthy
control status and current IQ.

In patients (n=225), both processing speed and verbal
fluency were found to have a significant bivariate association
with the negative symptom factor on the PANSS (Pearson
r=-0.18, P=.01, and r=-0.27, P<.001, respectively). In a
multiple regression model with processing speed as outcome

Table 2. Overview of the Sample

Healthy
Patients Controls
(n=225), (n=159), P
Variable n (%) n (%) Test Value
Male sex 128 (56.9) 90(56.6) ?=0.003 .96
Ethnic minority background 42 (18.7) 4 (2.5) X2:23 0 <.001
Vitamin D deficiency? 33(14.7) 5(3.1) XZ 139 <.001
Substance or alcohol abuse® 57 (25.3) 0(0) =473 <.001
Schizophrenia spectrum 122 (54.2)
Outpatient 159 (70.6)
Mean (SD)  Mean (SD)
Age,y 30.2(10.0) 30.8(7.9 t=-0.70 49
Current 1Q 104.0(13.9) 113.8(10.9) t=-7.40 <.001
Duration of iliness, y 5.5(6.3)

aVitamin D deficiency was defined serum 25-hydroxyvitamin D <25 nmol/L.

PHaving illicit substance or alcohol abuse or dependency as verified by the
Structured Clinical Interview for DSM-IV Axis | Disorders, Research Version,
Patient Edition. Healthy controls with substance or alcohol abuse were
excluded.

the analyses with age, ethnicity,

Table 3. Bivariate Associations With Vitamin D Deficiency?

current IQ, substance or alcohol

Vitamin D <25 nmol/L

Vitamin D =25 nmol/L

abuse, and vitamin D deficiency Variable Score n Mean (SD) n Mean (SD) Test PValue
as independents before adding Processing speed® 38 -1.43(0.92) 346 —0.56(1.2) t=4.20 <.001
the negative symptom factor  Fluency’ 38 -1.35(1.2) 345 047 (1.2) t=4.28 <.001
Working memory® 34 -0.73(1.1) 331 -0.31(1.0) t=2.25 .03
(log transformed) to evaluate .
Median (range) Median (range)

whether this influenced the

. . ) Verbal learning® 28
associations between vitamin Verbal memory® 37
D deficiency and the cognitive Inhibition 38
domains. Set-shifting 37

PANSS
RESULTS Positive© 33
Negatived 33
The sample characteristics are Depressive® 33
. . . . Disorganized 33
summarized in Table 2. Vitamin Excited? 33

-0.31(-49t00.64) 310
-0.84 (-3.5t0 1.0) 345

0.41(-85t01.8)
-0.14 (4310 1.1)

Mann-Whitney U .20
Mann-Whitney U .04

60.0 (33t092) 345 51.0 (31 to 160) Mann-Whitney U .003
63.0 (42 t0 98) 344 56.6 (32t0 132) Mann-Whitney U .004
Mean (SD) Mean (SD)
2.0(1.1) 191 2.0(1.0) t=-0.15 .88
2.1(1.0) 191 1.9(0.8) t=-1.74 .08
2.5(1.0) 191 2.4(1.0) t=-0.40 .69
1.6 (0.5) 191 1.7 (0.8) t=0.47 64
1.2(0.4) 191 1.3(0.4) t=0.78 44

D deficiency was bivariate-
associated with a diagnosis of
psychotic disorder (x*=13.9,
P<.001), ethnic minority
(x*=24.7, P<.001), a history of

and G14.

P=positive.

aVitamin D deficiency was defined serum 25-hydroxyvitamin D < 25 nmol/L. PRepresents z scores. “Mean
scores from items P1, P3, P5, and G9. 9Mean scores from items N1, N2, N3, N4, N6, and G7. ¢Mean scores
from items G2, G3, and G6. fMean scores from items P2, N5, and G11. 9Mean scores from items P4, P7, G8,

Abbreviation: PANSS = Positive and Negative Syndrome Scale—G=general psychopathology, N=negative,
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Table 4. Results From Multiple Regressions According to the Dependent Cognitive Domains and
Vitamin D Deficiency Entered as Independent Variable Together With Other Potential Confounding

Variables
Processing Speed? Verbal Memory
Variable t PValue B 95% Cl t PValue B 95% Cl
Age -5.5 <.001  -0.03 -0.04t0-0.02 -0.6 51 -0.004 -0.02t00.01
Ethnic minority 1.4 .16 0.23 -0.1t00.57 -0.22 .82 -0.04 -0.42t00.33
Current 1Q 9.3 <.001 0.04 0.03t0 0.05 8.1 <.001 0.04 0.03t0 0.05
Patient status 6.7 <.001 0.75 0.53t0 1.0 2.8 .005 0.36 0.11t0 0.61
Substance or alcohol abuse  -1.1 .26 -0.17 -0.471t00.13 -0.6 .53 -0.11 —0.441t00.23
Vitamin D deficiencyb -2.6 .01 -0.45 -0.79to-0.11  -0.07 .94 -0.01 -0.39to0 -0.37
Total model: adjusted R?=0.40, Total model: adjusted R?=0.24,
Fe,374=43.8,P<.001 Fe,372=20.4, P<.001
Executive functions
Verbal Fluency? Working Memory

t PValue B 95% Cl t PValue B 95% Cl
Age -0.5 61 —-0.003 -0.01t00.01 -0.9 35 -0.01 —0.02t0 0.01
Ethnic minority -1.01 31 —-0.18 -0.52t00.17 0.7 47 0.1 —0.20t0 0.43
Current 1Q 9.1 <.001 0.04 0.03 to 0.05 9.3 <.001 0.04 0.03 t0 0.05
Patient status 4.5 <.001 0.53 0.30t0 0.76 2.0 .05 0.21 —0.01 to0 0.42
Substance or alcohol abuse ~ —0.41 .68 -0.07 —0.381t00.25 0.73 A7 0.1 —0.18t0 0.40
Vitamin D deficiency® -2.1 .04 —-0.38 -0.73t0-0.02 -0.7 A48 -0.12 —0.45t00.21

Total model: adjusted R?=0.35, Total model: adjusted R?=0.25,
Fe,373=34.2, P<.001 Fe,356=21.0, P<.001
Inhibition Set-Shifting

t PValue B 95% Cl t PValue B 95% Cl
Age 1.6 .10 0.002 0.00to 0.01 0.24 81 <0.001 -0.002to 0.003
Ethnic minority 1.2 22 0.05 -0.03t00.12 1.3 21 0.05 —0.03t00.12
Current 1Q -6.5 <.001  -0.01 -0.01t0-0.004 -5.0 <.001 -0.004 -0.01to-0.003
Patient status —-4.3 <.001 -0.11 -0.16t0-0.06 -1.4 17 -0.03 —0.08t0 0.01
Substance or alcohol abuse ~ —0.2 .87 -0.01 —0.07 t0 0.06 1.6 12 0.05 -0.01t00.11
Vitamin D deficiencyb 0.6 53 0.03 -0.05t00.10 1.1 26 0.04 —-0.03t00.11

Total model: adjusted R?=0.23,

Fe 373=19.4, P<.001

Total model: adjusted R?=0.14,
Fe371=11.2, P<.001

aSignificant contribution from vitamin D deficiency. PVitamin D deficiency was defined serum 25-hydroxyvitamin D <25

nmol/L.

and the same independent variables, vitamin D deficiency
had a trend-level association (t=-1.82, P=.06). Adding
negative symptoms in the model had an impact on the
association between vitamin D deficiency and processing
speed (t=-1.72, P=.09), while negative symptoms were
significantly associated with processing speed (f=-2.12,
P=.04) (total model adjusted R*=0.28, Fg 5,,=15.6, P<.001).
The same analyses were performed with verbal fluency as
the outcome. The association between vitamin D deficiency
and verbal fluency did not reach the level of significance
in this smaller sample (f=-1.54, P=.12). Adding negative
symptoms to the multiple regression model further diluted
the association (t=-1.35, P=.18). Negative symptoms,
however, were significantly associated with verbal fluency
in the final model (t=-3.12, P=.002) (total model adjusted
R?=0.28, F 5;3=15.5, P<.01).

DISCUSSION

The current study shows an association between vitamin
D deficiency and decreased processing speed (measured
with Digit Symbol Coding Test) and between vitamin D
deficiency and decreased verbal fluency (measured by
Category Fluency Test) across patients with psychotic
disorders and healthy controls.

The association between vitamin D deficiency and
processing speed is in line with results from previous
studies?*” of older individuals. However, our study is the
first to show this association also in a younger population
(mean +SD age=30+10 years). Impairment in processing
speed is a consistent finding in patients with psychotic
disorder compared to healthy controls."** Processing
speed is essential for all cognitive demands and for daily
functioning and may be a specific marker for cognitive
deficits in psychotic disorders, especially in schizophrenia,®
that appear to be stable over time in longitudinal studies.>®
The association between reduced processing speed and
vitamin D deficiency was, however, not patient specific, as
the direction of the associations was similar in patients and
in healthy controls and remained significant after controlling
for patient versus control status.

Processing speed and verbal fluency, are 2 closely
correlated cognitive tests (Pearson r=0.5, P<.001, in the
current sample). Fluency can be perceived as an executive
task, but in the MCCB category, fluency is listed as a
processing-speed task.*® The association between vitamin
D deficiency and impaired fluency is in line with findings
from an aging multiethnic cohort* and a longitudinal study®’
of the general population that found very high vitamin D
levels (>100 nmol/L) to be significantly associated with
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better tluency. Fhe association between vitamin D and
fluency has previously been shown in a small study® of
patients with psychotic disorders, but in this other study
involving 40 participants, it appeared to be confounded by
sex differences. This was not the case in the current study,
which included a larger sample. The association with
vitamin D deficiency was not patient specific, indicating
that the link between vitamin D deficiency and cognitive
tasks is not directly influenced by disease mechanisms
but instead may represent common physiological
pathways. The effects on functioning might, however,
be larger in groups with already compromised cognitive
functioning.’! Differences in the vitamin D metabolism
and genetic polymorphism in vitamin D receptors could
result in individual effects from available serum 25(OH)
D, and further research on mechanisms is required.’®>

The current study did not find the expected
associations between vitamin D deficiency and verbal
memory. There was a bivariate association, but this was
explained by differences in current IQ levels and patient
versus control status. A link between vitamin D deficiency
and impaired memory has been suggested, especially in
clinical samples with impaired memory functions,®® and
high vitamin D levels have been found in relation with
better memory performance in other clinical samples.*
Very high vitamin D levels have, however, also been
found to be related to poorer verbal memory in healthy
populations.?”! Prospective studies have not found a
consistent association between vitamin D levels and
memory.®? Our findings are in line with a comparable
study®® of psychiatric patients assessed by the Mini-
Mental State Examination,* a cognitive test focusing on
orientation and memory, in which no associations were
found. Vitamin D deficiency has earlier been related
to cognitive flexibility but not significantly associated
with inhibition.%® In a study®” of frail elderly, executive
function including a combined measure of interference
tests, fluency, and a reaction time task was found
associated with vitamin D levels. Our study indicates no
significant associations between vitamin D deficiency and
interference and set shifting.

The association between processing speed and verbal
fluency with vitamin D deficiency in patients could be partly
mediated by negative symptoms. The reduction of sample
size, however, by removing the healthy controls reduced
statistical power, thereby hampering interpretations. The
negative symptom factor includes N6 (lack of spontaneity
and flow of conversation) and G7 (motor retardation) from
the PANSS.** The same phenomena could thus be covered
by both the cognitive tests for fluency and processing speed
and the PANSS symptom definitions. How these phenomena
interact with each other, however, is difficult to disentangle.
They might be based in common CNS processes, or the lack
of motivation and motor retardation inherent in the negative
symptom syndrome might disturb test performance in patients
with prominent negative symptoms.

An overall limitation of this study was its cross-sectional
design, which makes it impossible to investigate causality.
Furthermore, we cannot rule out that the associations are
influenced by confounding factors that were not measured in
the current study. Another limitation is the use of 2 different
methods for vitamin D measurements and 2 different cognitive
test batteries over the length of the study period, even if we
adjusted by using conversion equations for serum 25(OH)D
measures and z scores for cognitive domains.

Uncontrolled clinical trials have shown that a few weeks
of oral vitamin D supplements give an adequate increase in
serum 25(OH)D.% Another open trial®” found both an increase
in serum 25(OH)D and a general improvement in cognition,
especially in executive function, in a group of older outpatients
with memory problems. A randomized placebo-controlled
study,?® however, reveal no effect of vitamin D supplementation
on cognition, but the study participants in the latter did not
have either cognitive deficits or vitamin D deficiency at
baseline.

In conclusion, vitamin D is considered safe to use, is well
tested, and is readily available. These benefits, combined with
the substantial negative effects of cognitive dysfunctions
on daily living are good arguments for planning large-scale
randomized controlled studies in target populations to reach
conclusions about the potential beneficial effect of vitamin D
on cognition in psychotic disorders.
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