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ABSTRACT
Objective: To describe the prevalence of vitamin 
D deficiency in psychiatric inpatients with 
serious mental illness. Associated clinical and 
sociodemographic factors are also explored.

Method: Data were collected using a 
retrospective review of medical records. Eligible 
subjects were individuals aged ≥ 18 years who 
were consecutively newly admitted to an adult 
inpatient teaching unit of a state psychiatric 
hospital from July 2012 through August 2013. 
The main outcome measure was prevalence rate 
of vitamin D deficiency in the target population. 
Vitamin D deficiency was defined as a level < 20 
ng/mL. Psychiatric diagnoses were established 
using DSM-IV-TR criteria.

Results: Of 85 subjects, approximately two-thirds 
(67%) had a vitamin D level < 20 ng/mL. The 
mean vitamin D level was 18.4 ng/mL. Among the 
sociodemographic and clinical factors analyzed, 
only total serum protein (odds ratio = 0.33; CI, 
0.12–0.88; P < .05) was associated with vitamin D 
deficiency.

Conclusions: The high prevalence of vitamin D 
deficiency with all the attendant physical and 
mental health burdens in vulnerable populations 
such as individuals with serious mental illness 
requires further large research studies. In the 
meantime, it seems prudent to institute routine 
screening for vitamin D deficiency in individuals 
with mental illness, especially those who are 
hospitalized.
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The role of vitamin D in regulating calcium homeostasis and bone 
mineralization has long been well established.1 Only recently has 

there been a growing recognition of its potentially important physiologic 
role in maintaining general physical and mental health. Findings from 
studies suggest that vitamin D may have a beneficial role in cardiovascular 
health, the immune system, and the endocrine system and in prevention 
of certain types of cancers and infections.2–4

An emerging body of literature also suggests a plausible role for vitamin 
D in brain function and mental health.5–9 This role is supported by several 
lines of evidence. The presence of nuclear receptors for vitamin D in the 
brain and vitamin D’s involvement in the biosynthesis of neurotrophic 
factors, synthesis of nitric oxide synthase, and increased glutathione levels 
suggest an important role of vitamin D in brain function. Animal data 
indicate that tyrosine hydroxylase, the rate-limiting enzyme for the brain 
monoamines, is increased by vitamin D, and rats born to vitamin D–
deficient dams have significant brain abnormalities.5 Several epidemiologic 
studies, mostly correlational in design, suggest that low levels of vitamin D 
are associated with mental illness, such as autism,6 cognitive impairment,7 
depression,8 and schizophrenia.9 A recent large, prospective study that 
followed 1,658 elderly ambulatory subjects for a mean of 5.6 years found 
that individuals with baseline vitamin D deficiency had a nearly 2-fold 
statistically significant increase in the risk of development of new-onset 
dementia compared to those with normal vitamin D levels.10 Although not 
definitive, some intervention studies have shown that supplementation with 
vitamin D improves symptoms of depression.11,12 However, a 2011 Institute 
of Medicine report2 on vitamin D concluded that, other than its effects on 
bone health, there was insufficient evidence to support a “causal” role on 
other health outcomes and that further research was needed.2 However, 
vitamin D deficiency is a recognized medical condition that needs to and 
can easily be corrected.13,14

This is of concern because approximately 42% of adult Americans 
are estimated to have vitamin D levels < 20 ng/mL.15 Institutionalized 
individuals, such as the elderly living in nursing homes,16 postmenopausal 
women,17 and general medicine inpatients,18 are particularly at risk. 
Blacks and Hispanics tend to be at higher risk than whites.15 There is also 
increasing evidence that individuals with mental illness, especially those 
admitted to inpatient psychiatric units, are at higher risk of vitamin D 
deficiency than the general population. Several published studies suggest 
wide-spread vitamin D deficiency in individuals with mental illness in 
many countries (Table 1). Seven studies of individuals with mental illness 
conducted outside the United States reported vitamin D deficiency ranging 
from 42% to 100% of study subjects, higher than the prevalence in their 
respective general populations.19–25 Of 3 US studies26–28 of vitamin D 
deficiency in psychiatric inpatients, 226,27 reported a prevalence level lower 
than that in the general population. However, the prevalence cited in those 
2 studies26,27 does not reflect the true prevalence of vitamin D deficiency 
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Table 1. Studies Describing Vitamin D Level in Individuals With Psychiatric Illness

Study Country Sample N
Vitamin D Deficiency

< 20 ng/mL, %
Grønli et al (2014)19 Norway Geropsychiatric inpatients 95 71.6
Lapid et al (2013)27 United States Geropsychiatric inpatients 141 34.6a

Leedahl et al (2013)26 United States Psychiatric inpatients 548 37.0a

Melander and Justinussen (2013)20 Denmark Psychiatric inpatients 170 42.0
McCue et al (2012)28 United States Psychiatric inpatients 107 52.3
Menkes et al (2012)21 New Zealand Psychiatric inpatients 102 74.0
Berg et al (2010)22 Norway Inpatients and outpatients with serious mental illness 133 70.0
Humble et al (2010)23 Sweden Psychiatric outpatients 117 56.4
Berk et al (2008)24 Australia Psychiatric inpatients 53 58.0
Tiangga et al (2008)25 United Kingdom Psychiatric inpatients 17 100.0
aDeficiency defined as < 25 ng/mL. 

in this population. Estimates in the first study26 were based 
on convenience sampling wherein only subjects who had 
a vitamin D level measured for unspecified reasons within 
7 days of admission to the psychiatric unit over a 6-year 
period were included in the study with no mention of the 
total number of admissions during the same period. The 
second study27 was limited to a subset of subjects of the 
first study with similar limitations. Furthermore, the authors 
also acknowledge that about 17% of the study subjects had 
vitamin D supplementation prior to admission, which 
would have skewed their prevalence rate.26 The third US 
study by McCue and colleagues28 found that about 52% of 
107 patients admitted consecutively to a large psychiatric 
facility in New York City within a 4-month period had 
vitamin D deficiency.

Based on the fact that vitamin D may potentially play 
an important role in general physical and mental health, 
that its deficiency can easily be corrected, and that 
individuals with serious mental illness on average have 
more physical problems and die 25 years earlier than the 
general population,29 correcting vitamin D deficiency in 
such a high-risk population seems reasonable. For these 
reasons, we have been screening for vitamin D deficiency 
in patients with serious mental illness admitted to an acute 
adult psychiatric unit of a state hospital and treating those 
who have vitamin D deficiency as part of routine clinical 
care. The objective of the present study is to describe the 
prevalence of vitamin D deficiency in this population and to 
evaluate associated clinical and sociodemographic factors.

METHOD
This study was a retrospective review of medical records 

limited to subjects who were consecutively newly admitted 

from July 2012 through August 2013 in the teaching unit of 
the Arkansas state hospital in Little Rock, which is the only 
public psychiatric hospital in Arkansas. Eligible subjects 
were individuals aged ≥ 18 years. If a subject was admitted 
more than once during the study period, only the first 
admission was included. There were no exclusion criteria. 
This study was approved by the institutional review board 
at University of Arkansas for Medical Sciences, Little Rock.

Data were collected from existing hospital and medical 
records. Patients admitted to the unit during the study 
period were identified through the hospital admissions 
database. Medical records of eligible subjects were 
reviewed, and relevant data items were directly entered into 
a Microsoft-Excel database. Data items collected included 
sociodemographic characteristics (age, gender, race), 
psychiatric (based on DSM-IV-TR criteria) and medical 
diagnosis, and serum biochemical markers (alkaline 
phosphatase, total protein, albumin, serum calcium, total 
cholesterol, high-density lipoprotein [HDL], and low-
density lipoprotein [LDL]).

Vitamin D levels were estimated using serum 25-hydroxy 
vitamin D (25[OH]D). There is no general consensus on 
recommended cutoff serum levels of vitamin D to diagnose 
deficiency. The Institute of Medicine2 recommends that a 
level < 12 ng/mL indicates vitamin D deficiency, and levels 
between 12 ng/mL and 20 ng/mL indicate inadequacy. 
The Endocrine Society Clinical Practice Guidelines13 
recommend a level < 20 ng/mL as indicative of vitamin 
D deficiency, and levels between 21 ng/mL and 29 ng/mL 
as indicative of vitamin D insufficiency. For the present 
study, we considered vitamin D levels < 20 ng/mL as 
vitamin D deficiency, and levels ≥ 20 ng/mL as normal. 
This categorization is clinically meaningful since it includes 
the Institute of Medicine’s recommendations on vitamin 
D deficiency and insufficiency levels. It also allowed 
comparison of our findings with existing reports on vitamin 
D levels in psychiatric patients. In an attempt to replicate 
the findings from previously published studies,23,28 subjects 
were divided into 2 age groups, 18–34 years and ≥ 35 years, 
and age was analyzed as a categorical variable.

Descriptive analysis of the sociodemographic and clinical 
characteristics of the study subjects, including mean levels 
of vitamin D and percent with deficiency, was performed. 
To identify factors associated with vitamin D deficiency, all 
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s ■■ Vitamin D deficiency is a recognized medical condition that 

can easily be corrected.

■■ Individuals with serious mental illness are a high-risk group 
for vitamin D deficiency.

■■ Because, on average, individuals with serious mental illness 
have more physical problems and die 25 years earlier than 
the general population, routine screening and correction of 
vitamin D deficiency in this population are reasonable.
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Table 2. Vitamin D Levels in the Sample (N = 85)a

Vitamin D Level Sample
Mean (SD), ng/mL 18.4 (12.5)
Median (range), ng/mL 16.8 (3.9–48.2)
< 12 ng/mL, % 18.8
12–19 ng/mL, % 48.2
< 20 ng/mL, % 67.0
≥ 20 ng/mL, % 32.9
aPercentages do not add to 100 due to rounding.

study variables were compared between subjects with and 
without vitamin D deficiency. The χ2 statistic for categorical 
variables and independent t tests for continuous variables 
were used to evaluate this association. Using vitamin D as the 
dependent variable, a stepwise logistic regression analysis, 
which included any independent variable associated with 
vitamin D deficiency with a P value < .10, was performed. 
The analysis was conducted using IBM SPSS-22 software 
(Armonk, New York).

RESULTS
There were 144 total admissions to the teaching unit 

during the study period. Of these, 24 were excluded because 
they were repeat admissions (n = 14), transferred to another 
unit soon after admission (n = 3), or had a significant amount 
of missing information (n = 7). Of the 120 eligible subjects, 35 
did not have a documented vitamin D level. Comparison of 
the 85 subjects with vitamin D data and the 35 subjects with 
missing vitamin D data revealed no significant differences 
in sociodemographic or clinical characteristics. The present 
study is limited to the 85 subjects with vitamin D data.

Study subjects were relatively young (mean age = 36.5 
years, SD = 13 years), predominantly white (n = 48, 56.5%), 
and male (n = 50, 58.8%). Approximately 81% of subjects had 
a diagnosis of severe mental illness (schizophrenia [n = 21, 
24.7%], schizoaffective disorder [n = 21, 24.7%], psychosis 
not otherwise specified [n = 6, 7.1%], bipolar disorder [n = 21, 
24.7%]). Approximately 1 in 5 subjects had a diagnosis of 
hypertension (n = 19, 22.4%) and diabetes mellitus (n = 16, 
18.8%). The mean body mass index was 28.9 kg/m2 with an 
SD of 6.4 kg/m2.

Vitamin D levels in study subjects are presented in Table 
2. Approximately two-thirds (67%) of subjects had a vitamin 
D level < 20 ng/mL. Of these, 18.8% (n = 16) had vitamin D 
levels < 12 ng/mL, and 48.2% (n = 41) had vitamin D levels 
between 12 ng/mL and 19 ng/mL. Thirty-three percent 
of subjects (n = 28) had vitamin D levels ≥ 20 ng/mL. The 
median vitamin D level was 16.8 ng/mL, with a wide range 
of 3.9–48.2 ng/mL.

The bivariate analyses for association between 
sociodemographic and clinical characteristics with Vitamin 
D levels are presented in Table 3. Sociodemographic variables 
(age, gender, and race) were not significantly associated with 
vitamin D levels. Among the clinical variables analyzed, 
only total protein level had a significant modest inverse 
relationship with vitamin D level (P < .05). Four independent 
variables (race, diagnosis of major depressive disorder, total 
protein level, and albumin level) that were associated with 

vitamin D levels in the bivariate analysis with P values < .10 
were included in a logistic regression model to evaluate the 
association with vitamin D deficiency (dependent variable) 
using a backward elimination method. Only higher total 
protein level was significantly predictive of vitamin D 
deficiency (odds ratio = 0.33; 95% CI, 0.12–0.88).

DISCUSSION
Data from the National Health and Nutrition Examination 

Survey (NHANES) 2005 to 200615 estimate that 41.6% of 
American adults had vitamin D deficiency (< 20 ng/mL). 
The present study found that 67% of subjects with a serious 
mental illness admitted to an acute psychiatric unit had 
vitamin D deficiency. Although our finding is higher than 
the 52.3% prevalence rate reported in a recently published US 
study of psychiatric inpatients with serious mental illness,28 
it is consistent with a pattern supporting higher vitamin D 
deficiency states in this vulnerable population compared to 
the general population. Studies of vitamin D deficiency in 
individuals with mental illness conducted in subjects from 
other countries support a similar trend (Table 1).

Of the 3 recent studies of vitamin D deficiency in the 
United States, 2 were from the Midwest with subjects 
comprised of primarily white, female, geropsychiatric 
inpatients and did not estimate true prevalence. The third 
US study was from the Northeast, and its subjects comprised 
predominantly young, nonwhite male inpatients with serious 
mental illness. To our knowledge, our study is the first report 
on the prevalence of vitamin D deficiency in predominantly 
young white males with a serious mental illness admitted 
to a psychiatric unit located in the southern United States.

Factors, such as institutionalization,16 age,23,28 gender,17 
and race,15 have been reported to be associated with vitamin 
D deficiency, but the published results are inconsistent.15,18 
Since vitamin D levels in our subjects were drawn at 
admission, the high prevalence of deficiency cannot be 
attributed to institutionalization. While large studies 
involving the general population (such as the NHANES15) 
and inpatient medical patients18 did not find any association 
between age, gender, and vitamin D levels, studies in 
psychiatric patients found the younger age group (18–34 
years) to be significantly associated with lower vitamin D 
levels.23,28 Our study did not show any significant association 
of age and gender with vitamin D deficiency. Similarly, 
nonwhites (such as blacks and Hispanics) are reported 
to have significantly lower vitamin D levels compared to 
whites.15 Even though it did not reach statistical significance 
(P = .05), blacks in our study had a higher prevalence rate of 
vitamin D deficiency. A low vitamin D level in dark-skinned 
people could partly be explained by higher melanin content 
in the nonwhite skin that absorbs some of the ultraviolet 
radiation from the sun. Another reason for this observation 
could also be due to genomic polymorphism that results in 
lower vitamin D–binding protein levels in blacks compared 
to whites.30

Several cross-sectional observational studies have 
reported significant association between low vitamin 
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D levels and risk of schizophrenia,9 psychosis,31 poorer 
cognitive function and higher risk of Alzheimer’s dementia,7 
and depression.8,32 However, recent studies in psychiatric 
inpatients found no significant association between vitamin 
D levels and cognitive function, depressive symptoms, and 
psychiatric diagnoses.19,26,27 Likewise, findings from our 
study also did not show any association between vitamin 
D deficiency and schizophrenia spectrum disorders, major 
depressive disorder, or psychosis. This finding may reflect 
the fact that vitamin D through its antioxidant effect33 
plays a long-term role in the neurodevelopmental6,9 and 
neurodegenerative10 processes and impacts global brain 
function instead of specific cognitive, mood, or psychotic 
domains.

The role of vitamin D deficiency in the metabolic 
syndrome has received considerable attention in the 
literature.15,18,34,35 Low levels of vitamin D are reported to be 
associated with insulin resistance, elevated blood pressure, 
and high total cholesterol and triglyceride levels. Vitamin 
D is implicated in insulin action and its pathways, and 
vitamin D deficiency is reported to have a correlation with 
development of type 2 diabetes mellitus.36 Findings from 
the NHANES15 suggest that, in the general population, 
vitamin D deficiency is more prevalent in individuals 
with obesity, hypertension, and low levels of HDLs. Our 
study showed no significant association between vitamin 
D deficiency and a diagnosis of hypertension, diabetes 
mellitus, hypothyroidism, body mass index, total cholesterol, 

Table 3. Sociodemographic and Clinical Correlates of Vitamin D (N = 85)

Categorical Variable

Vitamin D  
Deficient,  

n (%)a

Vitamin D 
Sufficient,  

n (%)b 
Odds Ratio  
(95% CI)

Age, y
18–34 
≥ 35 

32 (56.1) 13 (46.4) 0.68 (0.27–1.68)
25 (43.9) 15 (53.6)

Race
Black
White

29 (50.9) 8 (28.6) 2.59 (0.98–6.83)
28 (49.1) 20 (71.4)

Gender
Female
Male

24 (42.1) 11 (39.3) 1.12 (0.45–2.83)
33 (57.9) 17 (60.7)

Major depressive disorder
Yes
No

2 (3.5) 4 (14.3) 0.22 (0.04–1.27)
55 (96.5) 24 (85.7)

Schizophrenia
Yes
No

13 (22.8) 8 (28.6) 0.74 (0.26–2.06)
44 (77.2) 20 (71.4)

Schizoaffective
Yes
No

15 (26.3) 6 (21.4) 1.31 (0.45–3.85)
42 (73.7) 22 (78.6)

Bipolar disorder
Yes
No

13 (22.8) 8 (28.6) 0.74 (0.26–2.06)
44 (77.2) 20 (71.4)

Psychosis not otherwise specified
Yes
No

6 (10.5) 0 (0) Not applicablec

51 (89.5) 28 (100)
Hypertension

Yes
No

14 (24.6) 5 (17.9) 1.50 (0.48–4.68)
43 (75.4) 23 (82.1)

Diabetes mellitus
Yes
No

13 (22.8) 3 (10.7) 2.46 (0.64–9.48)
44 (77.2) 25 (89.3)

Hypothyroid
Yes
No

6 (10.5) 2 (7.1) 1.53 (0.30–8.11)
51 (89.5) 26 (92.9)

Continuous Variable

Vitamin D  
Deficient,  

mean (SD)a

Vitamin D 
Sufficient,  

mean (SD)b t
Mean 

Difference 95% CI
Body mass index, kg/m2 29.01 (6.7) 28.66 (6.0) 0.23 0.35 −2.7 to 3.4
Alkaline phosphatase, IU/L 76.56 (25.1) 71.5 (26.6) 0.85 5.06 −6.8 to 16.9
Calcium, mg/dL 9.47 (0.44) 9.32 (0.45) 1.48 0.15 −0.05 to 0.36
Total protein, g/dL 7.00 (0.51) 6.74 (0.52) 2.15* 0.26 0.02 to 0.49
Albumin, g/dL 4.40 (0.37) 4.24 (0.46) 1.75 0.16 −0.02 to 0.35
Total cholesterol, mg/dL 174.09 (48.6) 168.39 (37.07) 0.55 5.7 −15.1 to 26.5
High-density lipoprotein, mg/dL 50.59 (15.78) 53.71 (13.83) −0.89 −3.1 −10.1 to 3.85
Low-density lipoprotein, mg/dL 100.62 (39.8) 96.64 (33.13) 0.45 3.98 −13.4 to 21.4
aN=57.
bN=28.
cDue to observed value in cell of zero, the odds ratio is not appropriate. Instead, the Fisher exact 

(2-sided) test was used.
*P < .05.
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or HDL and LDL levels. In a study involving general medical 
inpatients,18 low serum concentrations of ionized calcium 
and albumin and higher serum concentrations of alkaline 
phosphatase were predictive of vitamin D deficiency. Results 
from our study showed no significant association between 
these variables and vitamin D deficiency. Only serum total 
protein levels were inversely correlated with vitamin D 
deficiency. Clinical and biological relevance of such serum 
biomarkers in vitamin D deficiency need to be explored in 
future studies.

Our study had several limitations. The study was limited 
to subjects from 1 psychiatric unit of a state hospital, which 
may limit its generalizability. However, the prevalence rate of 
vitamin D deficiency is consistent with the extant literature 
and is a matter of concern. Vitamin D data were missing for 
about 30% of the subjects and that could have influenced 
our results. However, analyses of the sociodemographic and 
clinical characteristics of those with missing and nonmissing 
vitamin D data were essentially similar, suggesting that the 
missing data may not have affected the results significantly. 
Finally, the study had a relatively small sample size with 
limited statistical power to detect associations reported in 
larger studies. However, the primary objective of the study 
was to estimate the prevalence of vitamin D deficiency in 
this population.

The high prevalence rate of vitamin D deficiency with 
all the attendant physical and mental health burdens in this 
vulnerable population requires further large research studies. 
In the meantime, it seems prudent to institute routine 
screening for vitamin D deficiency in individuals with mental 
illness, especially those who are hospitalized. Psychiatrists 
routinely screen patients for general medical conditions with 
a battery of tests. Adding a vitamin D screen to this battery 
of tests does not pose unnecessary burden to the patient. 
This screening is important for the following reasons. 
Vitamin D deficiency is a recognized clinical condition that 
can be easily corrected with supplementation. Although not 
definitive, there is growing evidence that vitamin D appears 
to play an important role in maintaining general physical 
and mental health. Findings from our study along with other 
studies show a high prevalence of vitamin D deficiency in 
this population. Finally, individuals with serious mental 
illness on average have more physical problems and die 25 
years earlier than the general population.29
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