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Abstract

Objectives: To compare the vitamin D status in schizophrenics to that of 
healthy controls; secondary objectives were to assess the correlation between 
severe vitamin D deficiency and the severity of schizophrenia symptoms and to 
evaluate the potential factors influencing this status.

Methods: A case-control study, conducted between March and July 2016, 
recruited 100 patients with schizophrenia and 100 controls with no known 
psychiatric disorders and matched for age and sex.

Results: Schizophrenic patients had a more severe vitamin D deficiency 
compared to healthy controls (9% vs. 3%). Vitamin D insufficiency was found in 
28% of schizophrenic patients compared to 37% in healthy controls (p=0.053). 
BCRS and MRSS scales were significantly associated with a more severe 
vitamin D deficiency (p=0.006). We couldn’t detect any association between the 
total PANSS score and its three subscales with vitamin D deficiency (p>0.05). 
Sun exposure, intermediate and high socioeconomic levels would significantly 
increase the odds of having an increased level of vitamin D as compared to low 
socioeconomic level (OR=1.046, OR=141.919 and OR=132.110) respectively. 
Higher MRSS scores would significantly increase the odds of having a more 
severe vitamin D deficiency by 15.2% (OR=0.848, CI 0.731 - 0.984, p=0.029).

Conclusion: Vitamin D insufficiency is prevalent in patients with 
schizophrenia. Further work is needed to answer the question of causality. Is 
vitamin D deficiency the result or the cause of schizophrenia? Future cohort 
studies may investigate the association with longer follow-up. Spreading 
awareness among health care professionals for routine serum vitamin D testing, 
along with patient education, are necessary to avoid this problem.
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risk factors [8], such as ethnicity, dietary factors, sedentary lifestyle, 
physical activity, body mass index, urban living and socioeconomic 
status [7,8,14,15].

Vitamin D has also been linked to mental illnesses including 
Alzheimer’s [16], premenstrual mood disorder [17], major depression 
[18] and psychosis [19]. However, the relationship between vitamin 
D status and brain functions is still not elucidated [19], despite 
some evidence of negative, cognitive [20,21] and mood [22] effects 
in people with insufficient vitamin D levels. A recent study showed 
that in schizophrenic patients, a significantly greater severity of 
negative symptoms was correlated with lower vitamin D status, while 
overall symptom severity and positive symptom severity approached 
a significant relationship with vitamin D status. These findings lead 
researchers to hypothesize that inadequate vitamin D status may 
account for some portion of the symptom burden experienced by 
schizophrenic persons [1].

Lebanon has a high prevalence of 25(OH)-D deficiency in adults 
and older adults [23,24] however, data regarding vitamin D levels in 
psychiatric patients is still lacking. Therefore, the primary objective 
of this study was to compare the vitamin D status in schizophrenics 
to that of healthy controls; secondary objectives were to assess the 

Introduction
Vitamin D deficiency has been extensively linked to a wide 

range of neuropsychiatric disorders, including schizophrenia [1-4]. 
In fact, vitamin D is involved in various brain processes including 
neurodevelopment, neurotransmitter expression, neurotrophic and 
growth factor regulation and is thought to be neuroprotective [3]. 
In addition to its well-known role in calcium and bone metabolism, 
vitamin D has been shown to be a potent inducer of nerve growth 
factor synthesis [5-7]. McGrath suggested that a prenatal deficiency 
of vitamin D might be a risk factor for schizophrenia [5].

A pathophysiological effect of vitamin D levels on schizophrenia 
development, with a reversible effect after correction has been 
postulated [8]. Studies have shown that schizophrenics tend to be 
born in winter/spring seasons during which the Ultraviolet rays 
(UVB) required to synthesize vitamin D are reduced [9,10]. In 
addition, schizophrenic patients are more likely to stay indoors and 
have reduced exposure to sunlight, hence the increased risk of low 
vitamin D level [3,7]. Furthermore, most schizophrenic patients do 
not consume enough dietary vitamin D [11,12] with the latter shown 
to reduce the risk of psychosis or schizophrenia [6,13]. These factors 
may not be causal but may arise due to confusion with independent 
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correlation between severe vitamin D deficiency and the severity 
of schizophrenia symptoms and to evaluate the potential factors 
influencing this status.

Materials and Methods
Study design and participants

A case-control study was conducted at the Psychiatric Hospital 
of the Cross (PHC) - Lebanon, between March and July 2016. A 
hundred patients with schizophrenia and 100 controls with no known 
psychiatric disorders were recruited and matched for age and sex. The 
study received approval by the research and ethics committee of the 
hospital and participants or their legally representative provided a 
written informed consent before entering the study.

Patients newly admitted to the hospital, suffering from 
schizophrenia for no longer than ten years, diagnosed by the treating 
psychiatrist according to medical file diagnosis [25].

Individuals were excluded if they had any other mental illness, 
had a diagnosis of alcohol or substance dependence, were treated 
with vitamin D supplement, or had a metabolic disease that may 
affect serum vitamin D concentrations.

Clinical and psychiatric evaluations
Demographic (age, gender, geographic region, marital status, 

occupation, educational level, monthly income per house) and 
clinical information of the participants (diagnosis, duration of illness, 
medications intake at the time of the study, blood pressure, history of 
medical illness and family history of mental disorders) were collected 
from medical files. The socioeconomic status divided into three levels 
(low (<1000USD), intermediate (1000-2000USD), high (>2.000USD), 
was collected from medical files based on the income, education 
and occupation of each patient. The number of weekly hours of sun 
exposure, physical activities (indoor and outdoor) and consumption 
of certain foods (milk, fish, eggs, meat, fruits and vegetables) were 
also obtained from all participants via a face-to-face interview by 3 
investigators. The Body Mass Index (BMI) was calculated as weight (in 
kilograms) divided by the square of height (in meters) and classified 
according to WHO (World Health Organization) classification [26]. 
Underweight (<18.5), Normal (18.5-24.9), Overweight (25.0-29.9) 
and Obese (≥ 30.0) [26].

Two psychologists performed all the diagnostic assessments of 
symptoms and functioning using the Positive and Negative Syndrome 
Scale for schizophrenia (PANSS) [27], the Brief Cognitive Rating 
Scale (BCRS) [28] and the Morningside Rehabilitation Status Scale 
(MRSS) [29]. Briefly, the PANSS is used for measuring symptom 
severity in patients with schizophrenia and evaluating positive and 
negative symptoms of psychotic disorders [27]. The BCRS describes 
the severity of cognitive impairment providing five main axes 
(concentration, short term memory, long term memory, orientation, 
and self-care ability) and five co-axes (language, psychomotor, mood 
and behavior, drawing skills, calculating skills) each rated on a 7-step 
scale (1=no impairment; 7=most severe impairment) [28]. The MRSS 
scale is used to evaluate the level of general functioning in psychiatric 
patients. This scale allows the clinician to rate social adaptation of the 
subject on four axes: dependence/Independence, activity/inactivity 
level, the level of social integration/ isolation in addition to the effects 

of present symptoms. Each axis is rated on a 7-step scale, with 0 
meaning no disorder and 7 meaning an extreme degree of disability, 
with higher scores indicating greater dysfunction [29].

Vitamin D measurement blood samples and laboratory 
analysis

The laboratory analysis was performed at the Laboratory 
department of the PHC. 6ml of blood were drawn from the antecubital 
vein of each participant for the measurement of vitamin D. Vitamin 
D levels (serum 25-hydroxyvitamin D (25 OHD) were determined by 
chemiluminescence immunoassay (Architect I, Abbott Laboratories).

We divided the Vitamin D level in four groups to take into 
consideration participants with severe deficiency. These cut-offs were 
defined almost exclusively based on data from older populations and 
from western countries [30].

Statistical analysis
Statistical Package for the Social Sciences (SPSS) 22 was used for 

the data analysis. Student’s t-test was used to compare continuous 
variables in two groups. Pearson correlation was used for linear 
correlation between continuous variables. For categorical variables, 
the χ2 and Fisher exact tests were used. Multivariate analysis logistic 
regressions were carried out using variables that showed a p-value 
<0.2 in the bivariate analysis.

A backward logistic regression test was performed to identify 
the independent variables that affect 25(OH) D levels. Vitamin D 
variable categorized into two groups (Vitamin D<25nmol/l, Vitamin 
D>25nmol/l) [31,32] were used as dependent variables. Significance 
will be defined as a p-value less than 0.05 levels.

Results
Sociodemographic characteristics of the study sample

Overall 200 participants were enrolled. The mean age of 
schizophrenic patients was 37.00 ± 11.65 years compared to 
38.77±10.61 years for the controls (age ranging between 18 and 65 
years for the whole sample). Most of the participants were male in 
each group (72% in control group, 70% in cases group). The majority 
of cases were single (76%), having an intermediate and below level of 
education (60%), and a low socioeconomic level (54%). On the other 
hand, 44% of the control group was single, 60% had secondary and 
high levels of education and the majority of them had an intermediate 
socio-economic level (76%). More than half of the patients were 
smokers (60%) versus 48% of the controls.

Most of the patients didn’t have a history of medical illness (71%) 
and 42% of them had a family history of mental disorders, while all 
controls didn’t have a family history of mental disorders 100% and 
almost all of them 88% didn’t have a history of medical illness.

Almost half of the patients had normal BMI (48%), with 52% 
being overweight or obese, while most of the controls were overweight 
and obese (62%) and 38% having normal BMI.

A significant difference between the two groups was found for 
the geographic region, marital status, education level, socioeconomic 
level, history of medical illness, family history of psychiatric illness 
(p<0.005).
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Comparison of vitamin D category between schizophrenic 
patients and healthy control

Figure 1 shows the percentage of vitamin D level categorized 
according to IOM guideline between schizophrenic patients and 
healthy control. The results showed that 9% of schizophrenic 
patients had a severe vitamin D deficiency as compared to 3% in 
the control group. Almost half of the schizophrenic patients (49%) 
had vitamin D deficiency compared to 54% in healthy controls. 
Vitamin D insufficiency was found in 28% of schizophrenic patients 
compared to 37% in healthy controls, while vitamin D sufficiency was 
found in 14% of schizophrenic patients compared to 6% in healthy 
controls. The difference in vitamin D categories between controls and 
schizophrenics tended to significance (p=0.053).

Correlation between the severity of vitamin D deficiency 
in schizophrenic patients and schizophrenia symptoms, 
severity of cognitive impairment and the level of general 
functioning 

Significantly higher BCRS and MRSS mean scores were found 
in schizophrenic patients with a more severe vitamin D deficiency 
(p=0.006 for both variables). However, we couldn’t detect any 
significant difference between the total PANSS score and its three 
subscales with vitamin D level (p>0.05) (Table 1).

Bivariate analysis
Table 2 displays the bivariate analysis of the factors that might 

be correlated with severe vitamin D levels. Females had significantly 
more severe vitamin D levels than males (p<0.001). Having a family 
history of mental disorders and taking anticholinergic drugs were 
significantly associated with a more severe vitamin D deficiency 

(p=0.043 and p=0.029) respectively. Higher BCRS and MRSS mean 
scores were significantly associated with more severe vitamin D 
deficiency (p=0.006 for both). An increased mean time of outdoor 
activities and sun exposure were significantly associated with a higher 
level of vitamin D (p=0.033 and p=0.026) respectively. No significant 
difference was found between typical antipsychotics, atypical 
antipsychotics, antidepressants, mood stabilizers, benzodiazepines, 
and socioeconomic level, BMI and the two categories of vitamin D 
(p>0.05).

Multivariable analysis
A backward logistic regression, using the two-category vitamin 

D level as dependent variable, showed that intermediate and high 
socioeconomic level would significantly increase the odds of having 
an increased level of vitamin D as compared to low socioeconomic 
level by 54.5% and 34.1% respectively (OR= 141.919, CI 1.545 - 
13036.060, p = 0.032 and OR= 132.110, CI 1.341 - 13016.132, p = 
0.037 respectively). Sun exposure would significantly increase the 

Figure 1: Vitamin D category between schizophrenic patients and healthy 
control.

Vitamin D < 25 nmol/l Vitamin D > 25 nmol/l
p-value

Mean ± SD Mean ± SD

BCRS 19.06 ± 6.69 14.79 ± 5.24 0.006

MRSS 16.44 ± 5.24 12.97 ± 4.33 0.006

P-PANSS* 15.50 ± 6.55 17.75 ± 7.31 0.55

N-PANSS* 16.50 ± 4.79 17.78 ± 7.81 0.748

G-PANSS* 26.75 ± 2.06 34.16 ± 11.01 0.422

Total-PANSS 58.75 ± 9.10 69.69 ± 21.63 0.32

Table 1: Vitamin D level in schizophrenic patients and psychological scales.

*P-PANSS: Positive PANSS; N-PANSS: Negative PANSS; G-PANSS: Cognitive 
PANSS.

Vitamin D < 25 
nmol/l

Vitamin D > 25 
nmol/l p-valueFrequency 

(%)
Frequency 

(%)

Gender
Male 14 (43.8%) 128 (76.2%)

Female 18 (56.3%) 40 (23.8%) <0.001

Socioeconomic 
level

Low 14 (43.8%) 60 (35.7%)

0.124Intermediate 15 (46.9%) 103 (61.3%)

High 3 (9.4%) 5 (3.0%)

Family History of 
Mental disorders

Yes 11 (34.4%) 31 (18.5%)
0.043

No 21 (65.6%) 137 (81.5%)

Anti-cholinergic 
drug

Yes 10 (43.5%) 16 (20.8%)
0.029

No 13 (56.5%) 61 (79.2%)

Typical 
antipsychotics drug

Yes 6 (66.7%) 55 (60.4%)
0.715

No 3 (33.3%) 36 (39.6%)

Atypical 
antipsychotics drug

Yes 18 (78.3%) 53 (68.8%)
0.382

No 5 (21.7%) 24 (31.2%)

Anti-depressant 
drug

Yes 4 (17.4%) 10 (13.0%)
0.593

No 19 (82.6%) 67 (87.0%)

Mood stabilizers 
drug

Yes 11 (47.8%) 32 (41.6%)
0.594

No 12 (52.2%) 45 (58.4%)

Benzodiazepine 
drugs

Yes 5 (21.7%) 21 (27.3%)
0.595

No 18 (78.3%) 56 (72.7%)

Case-control group
Healthy Control 9 (28.1%) 91 (54.2%)

0.074Schizophrenic 
Patients 23 (71.9%) 77 (45.8%)

Mean ± SD Mean ± SD

BCRS 19.06 ± 6.69 14.79 ± 5.24 0.006

MRSS 16.44 ± 5.24 12.97 ± 4.33 0.006

BMI 28.23 ± 7.48 26.22 ± 4.89 0.153

Indoor activities 7.83 ± 15.57 15.38 ± 37.06 0.067

Outdoors activities 12.00 ± 25.34 26.19 ± 53.59 0.026

Sun exposure (in minutes) 37.67 ± 74.96 67.41 ± 68.74 0.033

Table 2: Bivariate analysis for vitamin D divided into two categories.
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odds of having an increased vitamin D level by 4.6% (OR= 1.046, CI 
1.007- 1.086, p = 0.022). Furthermore, higher MRSS scores would 
significantly increase the odds of having a more severe vitamin D 
deficiency by 15.2% (OR= 0.848, CI 0.731 – 0.984, p =0.029) (Table 3).

Discussion
To our knowledge, this is the first study that investigates the level 

of vitamin D in Lebanese schizophrenic patients. Our results showed 
that patients with schizophrenia, compared to healthy controls, 
had similar vitamin D levels, although severe deficiency in vitamin 
D levels were demonstrated three times more in the patients. This 
could be due to insufficient sample size or the existence of vitamin D 
deficiency in controls.

The desirable vitamin D levels, and thus hypovitaminosis D, have 
been set using international guideline based cut-offs and lately have 
been a matter of great debate. The Endocrine Society guidelines in 
2011 [33] had set a cut-off point at 30ng/mL (75nmol/L) while the 
Institute of Medicine Report (IOM) had set a cut off at 20ng/mL 
(50nmol/L) in 2011 [34]. According to the IOM guidelines vitamin 
D levels are categorized into deficient (below 50nmol/L), insufficient 
(50-75 nmol/L) and sufficient (more than 75nmol/L) [34,35]. A 
level below 25nmol/l (10ng/ml) was considered as severe deficiency 
[31,32]. A meta-analysis, including 19 studies (2804 participants), 
showed a strong association between vitamin D deficiency and 
schizophrenia [2], with 65% of them being vitamin D deficient [2]. 
Other studies [6,36,37] showed that adults with schizophrenia have 
significantly lower serum concentrations of vitamin D as compared 
with healthy controls. It was expected that vitamin D levels in the 
Lebanese population would be higher due to the sunny climate. In 
fact, Lebanon is located at appropriate latitudes (33° 35’N) [38] for 
the synthesis of vitamin D [39] and thus, higher levels of total vitamin 
D would be expected [39]. Furthermore, our results indicated that 
patients with schizophrenia, as well as the healthy ones, had a vitamin 
D deficiency, similar to previous studies [2,4,36,37,40,41]. Other 
studies conducted in Lebanon had shown a hypovitaminosis D in the 
healthy population [35,42-45].

Schizophrenic patients are on a wide variety of medications, 
including anticonvulsants and antipsychotic drugs [46,47]. Our 
findings showed no significant association between those taking 
antipsychotics and vitamin D level, in line with other studies that 
showed no effect of antipsychotics on vitamin D level [1,48,49]. It 
is hypothesized that anti psychotics would cause hypogonadism 
and might predispose the patient to a higher risk of osteoporosis 
[50] however, it is not known whether there are direct effects of this 
class of medications on vitamin D status [1]. Some anticonvulsant 

medications might increase the rate of vitamin D removal from the 
body via the liver [51] by enhancing the catabolism of vitamin D [47], 
thus, putting the patient at risk of low vitamin D levels.

Vitamin D deficiency may be due to cultural requirements 
that limit sun exposure, as well as to low vitamin D intake [35]. In 
addition, big cities have a higher degree of air pollution that contains 
ozone, thus leading to an efficient atmospheric absorption of UVB 
photons, thereby reducing the skin photosynthesis of vitamin D52. 
Unfortunately, Beirut is actually a much polluted city, with no 
continuous measurement of its pollution level [43]. 

We recorded an inverse association between vitamin D level MRSS 
and BCRS scales respectively. No study has evaluated the association 
between MRSS, BCRS and hypovitaminosis D in schizophrenic 
patients. Increasing the behavioral and cognitive function would 
increase outdoor activities and exposure to sunlight [1,48]. Different 
studies had reported that insufficiency or deficiency of vitamin D 
is associated with cognitive impairment [1,23,53-56]. Vitamin D 
deficiency can be associated with muscle weakness that might lead to 
cognitive impairment [57]. Furthermore, our schizophrenic patients 
had a sedentary lifestyle, including social isolation and lack of 
motivation, leading to poorer nutrition and less time spent outdoors 
that would contribute to lower vitamin D levels [58].

Our findings did not show a significant association between 
vitamin D levels and schizophrenia symptoms, in opposite to the 
study of Graham et al. [1] which was the first to report an association 
of vitamin D insufficiency with more severe negative symptoms and 
poorer neurocognitive function in patients with schizophrenia. This 
can be due to the fact that our patients were still in early adulthood, 
confirming the fact that low vitamin D status in late adolescence or 
early adulthood is unlikely to be causally related to schizophrenia 
risk in these subjects 1. These results need to be confirmed by future 
studies.

Our results showed that sun exposure and the socioeconomic 
level was significantly associated with increased vitamin D level. We 
observed that the number of weekly reported hours of sun exposure 
was positively correlated with an increased level of vitamin D. Eyles et 
al. [3] suggested that lower exposure to sunlight, which is required for 
the production of vitamin D, is associated with higher schizophrenia 
risk. Another study done by Itzhaky et al [36] did not find a significant 
difference between daily sun exposure and schizophrenia. Our finding 
reinforces the importance of sun exposure as a source of vitamin D. 
This study was done during spring and summer season where sun 
exposure is appropriate for the synthesis of vitamin D. Season affect 
vitamin D synthesis in the skin [35]. Lower serum 25-hydroxyvitamin 

Table 3: Multivariable analysis.

Logistic regression taking vitamin D divided into two categories (<25 nmol/l and >25 nmol/l) as dependent variable

OR 95% C.I p-value

Sun exposure 1.046 1.007 1.086 0.022

MRSS 0.848 0.731 0.984 0.029

Socioeconomic level 0.099

Intermediate socioeconomic level 141.919 1.545 13036.06 0.032

High socioeconomic level 132.11 1.341 13016.132 0.037
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D levels are reported in winter and spring compared to summer and 
fall in studies from temperate regions in the developing world [35].

Our results showed that intermediate and high Socioeconomic 
Status (SES) was associated with increased level of vitamin D, similar 
to a study done by Arabi et al [35] which reported that individuals 
with hypovitaminosis D were mostly of low socioeconomic status. 
However, previous studies [9,59] did not show a relation between 
vitamin D and SES. Families with low SES had restricted access to the 
nutritional variety and food quality (food cost is an important factor 
affecting food choice) and have low activities lifestyles (low income 
could discourage outdoor activities) [60,61].

Limitations
There are several limitations of this study. It’s a single center 

study, thus does not reflect vitamin D statuses among all hospitalized 
schizophrenic patients. The sample size for this study remains small, 
with additional larger studies needed to confirm our findings. The 
season during which this study was conducted might have influenced 
our results. Further prospective studies should take this limitation 
into account. An information bias is possible since the evaluation 
of lifestyle activities, including diet, outdoor activity, and daily sun 
exposure was done through a direct interview and is subjective. 
The information collected directly from patients could have been 
affected by the low level of cognition due to the negative effect of 
antipsychotics treatment. In addition, we did not screen specifically 
for malabsorption problems in both schizophrenics and control 
groups, which might confer a higher risk of vitamin D deficiency.

Conclusion
Vitamin D insufficiency is prevalent in patients with 

schizophrenia. Further work is needed to answer the question 
of causality. Does vitamin D deficiency play a vital role in the 
pathogenesis of schizophrenia? The theory of a genetic interaction 
between schizophrenia and vitamin D is possible. Future cohort 
studies may investigate the association with longer follow-up.

In the meantime, it is important that health care professionals be 
aware of the high rates of vitamin D deficiency among schizophrenics. 
Spreading awareness among health care professionals for routine 
serum vitamin D testing, along with patient education, are necessary 
to avoid this problem.
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