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Clinical article

Hypovitaminosis D has a high prevalence among the 
general population, with some studies showing 
that more than half of the elderly are affected.7,13,16 

First reported in 2009 as a potential marker of poor out-
come in the critical care population,22 hypovitaminosis 
D has been shown to be associated with various nega-
tive outcomes, including mortality,11,30,32 acute respiratory 
distress syndrome,10 and infection.12 A recent randomized 
trial showed reduced in-hospital mortality in patients with 
severe vitamin D deficiency (≤ 12 ng/ml) who received vi-
tamin D supplementation.1 Vitamin D deficiency has also 
been shown to have an effect on immune, inflammatory, 
cardiac, and vascular functions,17 including various neuro-
logical diseases such as stroke8,34 and dementia.23

Despite the important role of vitamin D, there have been 

no studies examining the impact of hypovitaminosis D in 
patients in specialized neurocritical care units (NCCUs). 
Given the significant differences in management of patients 
between NCCUs and more generalized ICUs,20 there is a 
need for further inquiries into the impact of low vitamin D 
levels in this specific environment. We prospectively stud-
ied the association between hypovitaminosis D and mortal-
ity and other secondary outcomes at a quaternary NCCU.

Methods
Study Population

Approval from the University of Utah Institutional Re-
view Board was obtained prior to initiation of this study 
and included a waiver of informed consent. Data on 25-hy-

Abbreviations  BMI = body mass index; GCS = Glasgow Coma Scale; NCCU = neurocritical care unit; SAPS II = Simplified Acute Physiology Score.
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droxy vitamin D levels and other patient variables were 
prospectively gathered using clinical examinations, review 
of radiological films, and evaluation of the medical record.

Data Collection
All patients admitted to the University of Utah Hospi-

tal NCCU between September 1, 2015, and December 1, 
2015, were eligible for enrollment in the study. A waiver of 
informed consent was obtained for this study because pa-
tients routinely undergo vitamin D testing in our NCCU, 
and enrollment in the study involved no more than mini-
mal risk. Patients were excluded if they were younger than 
18 years at the time of admission, were admitted under a 
service other than neurosurgery or neurology because of 
hospital intensive care bed needs, or were unable to have 
vitamin D levels checked within 24 hours of admission to 
the NCCU. Patients who were readmitted to the NCCU 
prior to discharge were not dual enrolled.

Baseline demographic information including age, sex, 
body mass index (BMI), insurance type (divided into pri-
vate, Medicaid/self-pay, and Medicare), and race/ethnicity 
was obtained when available. The presence of hyperten-
sion and diabetes was recorded for each patient, in addition 
to tobacco, alcohol, and illicit drug use. Admission infor-
mation including admission Glasgow Coma Scale (GCS) 
score, whether there was surgical intervention immedi-
ately prior to or during NCCU admission, and whether the 
admission was elective or due to an emergency was also 
recorded. The GCS score was determined by the NCCU 
attending surgeon at the time of admission in patients who 
were not sedated. In patients who were sedated at admis-
sion, chart review of physician notes was performed to 
obtain the last available GCS score prior to the initiation 
of sedation. Finally, in patients who were sedated prior to 
hospital arrival or who underwent procedures that could 
alter their GCS status immediately before admission, 
the GCS score was determined based on chart review to 
obtain the recorded GCS score 1 hour after cessation of 
sedation. Elective admissions included patients who were 
scheduled for ICU admission > 1 week prior to arrival in 
the ICU, including those for prearranged cranial or spine 
procedures or planned diagnostic testing. Admission di-
agnosis was separated into 4 categories: postoperative, 
stroke (hemorrhagic and ischemic), trauma, and other.

Each patient had a Simplified Acute Physiology Score 
(SAPS II) calculated per established guidelines and within 
48 hours of NCCU admission.21 The SAPS II is an instru-
ment that uses 17 variables including physiological, de-
mographic, and hospitalization-specific factors. The score 
was derived using an international sample of patients as a 
tool for calculating the probability of in-hospital mortality 
irrespective of primary admission diagnosis. The SAPS II 
has shown efficacy in the NCCU setting26 and in patients 
with diagnoses that are commonly seen in the NCCU, in-
cluding stroke,14,25 subarachnoid hemorrhage,31 and trau-
matic brain injury.29

All 25-hydroxy vitamin D levels were obtained within 
24 hours of NCCU admission. In addition to 25-hydroxy 
vitamin D levels, serum calcium levels (mg/dl) and phos-
phate levels (mg/dl) were recorded when available if ob-
tained within 24 hours of NCCU admission. These were 

dichotomized into “high” and “low” groups based on nor-
mal values (3.25 mg/dl for phosphate level, 9.35 mg/dl for 
calcium level).27 In cases where > 1 laboratory value was 
obtained, the value closest to the time of NCCU admission 
was used. Five patients had missing phosphate levels, and 
the median phosphate value (3.3 mg/dl) was substituted 
for multivariable analysis in these cases. Preadmission vi-
tamin D supplementation, defined as daily supplemental 
intake > 500 U, was also recorded. Patients who were on 
vitamin D supplementation prior to hospitalization were 
not continued on supplementation as inpatients, although 
those who were found to be deficient in vitamin D were 
treated using 50,000 U of vitamin D administered orally 
or via feeding tube weekly, per hospital protocol.

The primary outcome for this study was in-hospital 
mortality. Secondary outcome measures, including venti-
lator duration, NCCU length of stay, and hospital length 
of stay, were recorded for all patients. Information regard-
ing the presence or development of urinary tract infection, 
pneumonia, or sepsis during the hospital stay was also ob-
tained. Infection in all cases was defined as culture-posi-
tive evidence of infection requiring subsequent treatment 
with antibiotic therapy.

Statistical Analysis
Continuous variables in all cases were analyzed using 

the Student t-test, and categorical variables were analyzed 
using chi-square analysis with correction for multiple 
comparisons. Univariate analysis was performed for vi-
tamin D status after patients were dichotomized into vi-
tamin D–deficient (25-hydroxy vitamin D level ≤ 20 ng/
dl) and vitamin D–nondeficient (25-hydroxy vitamin D 
level > 20 ng/dl) groups based on previously published 
cutoffs.18,24 Univariate and multivariable logistic regres-
sion analysis was performed on in-hospital mortality. Our 
multivariable model included all variables with a p < 0.2 
on our univariate analysis with the exception of age and 
GCS score (because these are components of the SAPS 
II), and with the addition of insurance type, sepsis, and 
urinary tract infection. The SAPS II results were dichoto-
mized for multivariable analysis based on a median SAPS 
II of 23 for the cohort. All analyses were performed on 
the entire patient cohort as well as on a subgroup of pa-
tients who were emergency admissions to the NCCU. In 
all cases, variables that demonstrated p < 0.05 in all cases 
were deemed to be statistically significant.

Results
Of 461 unique admissions to the NCCU during the study 

period, 415 met criteria for inclusion. Approximately 9% 
of screened patients (n = 46) were excluded because they 
were admitted to a non–neurology/neurosurgery service 
(n = 19), were younger than 18 years (n = 4), were readmit-
ted during the same hospitalization (n = 14), and/or lacked 
25-hydroxy vitamin D levels obtained within 24 hours of 
admission (n = 9). There were 129 patients with deficient 
25-hydroxy vitamin D levels (31.1%) and 286 patients with 
nondeficient levels (68.9%). On univariate analysis (Table 
1), vitamin D–deficient patients were younger (53.1 ± 17.2 
vs 57 ± 19.4 years; p = 0.05), had higher BMI (29.2 ± 7.6 vs 
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27.4 ± 6.1; p = 0.01), were more likely to have no insurance 
or be reliant on Medicaid (27.1% vs 12.9%; p < 0.001), 
and were less likely to be on vitamin D supplementation 
(7.8% vs 26.2%; p < 0.001). Patients in the deficient group 
were also more likely to be diagnosed with a urinary tract 

infection during the hospitalization (12.4% vs 4.2%; p = 
0.002). Other variables were not significantly different be-
tween deficient and nondeficient groups, including length 
of NCCU stay (3.5 ± 4.1 vs 3.4 ± 4.2 days; p = 0.751), 
length of hospital stay (6.7 ± 7.3 vs 5.7 ± 5.9 days; p = 
0.137), and in-hospital mortality (9.3% vs 4.5%; p = 0.059).

An analysis of in-hospital mortality for all NCCU and 
emergency admissions was performed (Table 2). The in-
hospital mortality rate for the full cohort of NCCU pa-
tients was 6.0%, whereas that for emergency admissions 
alone was 7.7%. A comparison of all NCCU patients 
showed that those who died in the hospital were more like-
ly to be older (63.8 ± 14.2 vs 55.3 ± 18.9 years; p = 0.027), 
to have a longer NCCU stay (5.6 ± 6 vs 3.3 ± 4 days; p = 
0.005), and to have a lower admission GCS score (8.4 ± 
4.1 vs 13.2 ± 2.9; p < 0.001). They were also more likely to 
have a higher calculated SAPS II (50 ± 14.8 vs 24.1 ± 13.2; 
p < 0.001), to be on a ventilator longer (4.7 ± 5.7 vs 0.9 ± 
4.1 days; p < 0.001), to be an emergency admission (88% 
vs 67.4%; p = 0.032), and to have developed pneumonia 
during their hospitalization (24% vs 4.4%; p < 0.001). On 
multivariable regression analysis, only higher SAPS II re-
mained significantly associated with in-hospital mortality 
(OR 24.4, 95% CI 2.9–200) (Table 3).

A subgroup analysis of in-hospital mortality in only pa-
tients who were emergency admissions (n = 285) was also 
performed (Table 4). Patients in this group who died also 
had a lower admission GCS score (8.3 ± 4.1 vs 13 ± 3.1; 
p < 0.001), higher calculated SAPS II (50 ± 14.7 vs 27.9 ± 
13.1; p < 0.001), and longer ventilator duration (3.8 ± 4.6 
vs 1.1 ± 3.5 days; p = 0.001). They were also significantly 
more likely to have vitamin D deficiency (54.5% vs 31.2%; 
p = 0.025). In addition, pneumonia rates during hospital-
ization were higher in patients with vitamin D deficiency 
(18.2% vs 6.1%; p = 0.033). On multivariable regression 
analysis, both higher SAPS II (OR 13.8, 95% CI 1.7–110.8) 
and vitamin D deficiency (OR 3.0, 95% CI 1.0–8.6) re-
mained significantly associated with in-hospital mortal-
ity in patients who were unscheduled admissions to the 
NCCU.

Discussion
To our knowledge, this is the first investigation of the 

association of hypovitaminosis D and mortality in the 
neurocritical care population, as well as one of the largest 
prospective examinations of the topic in any critical care 
patient group. Our model indicates that the in-hospital 
mortality rate of patients who were admitted to the NCCU 
in an unscheduled fashion who had vitamin D deficiency 
was 3 times higher than that of their peers without vitamin 
D deficiency. Although there was a strong trend toward 
higher in-hospital mortality in our entire cohort for pa-
tients with vitamin D deficiency, the difference was not 
statistically significant on multivariable logistic regression 
analysis (p = 0.155). It is possible that this was due to the 
extremely low mortality rate among patients who were 
scheduled admissions to our NCCU: only 3 patients of 130 
with scheduled admissions died, a rate of 2.3%.

Our results are in agreement with previously published 
reports in medical and surgical ICU settings showing that 

TABLE 1. Univariate analysis of 25-hydroxy vitamin D–deficient 
versus nondeficient patients*

Variable
Deficient, n 

= 129
Nondeficient, 

n = 286
p 

Value†

Mean age in yrs ± SD 53.08 ± 17.16 56.98 ± 19.36 0.050
Female 61 (47.3) 126 (44.1) 0.540
Hypertension 59 (45.7) 129 (45.1) 0.905
Diabetes 26 (20.2) 41 (14.3) 0.136
Tobacco use 24 (18.6) 55 (19.2) 0.880
Alcohol use 43 (33.3) 106 (37.1) 0.464
Illicit drug use 7 (5.4) 24 (8.4) 0.288
Vitamin D supplementation 10 (7.8) 75 (26.2) <0.001
GCS score ± SD 12.79 ± 3.36 13.00 ± 3.09 0.528
SAPS II ± SD 26.49 ± 16.25 25.33 ± 13.84 0.457
BMI ± SD 29.24 ± 7.59 27.44 ± 6.08 0.010
High calcium level 17 (13.2) 58 (20.3) 0.082
High phosphate level 70 (54.3) 142 (49.7) 0.384
Planned admission 35 (27.1) 95 (33.2) 0.216
Surgery during NCCU stay 62 (48.1) 166 (58.0) 0.059
Insurance type <0.001
  Private 67 (51.9) 123 (43.0)
  Medicaid/self-pay 35 (27.1) 37 (12.9)
  Medicare 27 (20.9) 126 (44.1)
Admission category 0.075
  Postop 34 (26.4) 95 (33.2)
  Trauma 16 (12.4) 44 (15.4)
  Stroke 41 (31.8) 58 (20.3)
  Other 38 (29.5) 89 (31.1)
Race/ethnicity 0.207
  White 103 (79.8) 253 (88.5)
  Hispanic/Latino 10 (7.8) 14 (4.9)
  African American 4 (3.1) 4 (1.4)
  Asian/Pacific Islander 6 (4.7) 5 (1.7)
  Native American 3 (2.3) 3 (1.0)
  Other/unknown 3 (2.3) 7 (2.4)
Length of NCCU stay in 

days ± SD
3.50 ± 4.12 3.36 ± 4.17 0.751

Length of hospital stay in 
days ± SD

6.74 ± 7.28 5.73 ± 5.94 0.137

Ventilator duration in days 
± SD

1.23 ± 3.59 1.08 ± 4.54 0.731

Urinary tract infection 16 (12.4) 12 (4.2) 0.002
Pneumonia 10 (7.8) 13 (4.5) 0.186
Sepsis 3 (2.3) 2 (0.7) 0.160
In-hospital mortality 12 (9.3) 13 (4.5) 0.059

*  Unless otherwise indicated, values represent number of patients (%). 
†  p < 0.05 considered significant.



J. Guan et al.

J Neurosurg  July 1, 20164

vitamin D deficiency is associated with increased mortal-
ity.2,5,6 The association between vitamin D deficiency and 
increased mortality is probably multifactorial. Vitamin D 
deficiency was associated with an increased rate of uri-
nary tract infection in our patient cohort, and there was a 
trend toward higher rates of both pneumonia and sepsis. 
This is in keeping with prior studies that have demonstrat-

ed an association between low vitamin D levels and poor 
immune function in the critically ill.12,15 This is possibly 
related to the diverse roles that vitamin D plays in the im-
mune process, ranging from the development of naïve T 
cells into Th2 cells4 to effects on macrophage function.19 
Vitamin D has also been shown to play an important role 
in airway inflammation and smooth-muscle function, an 

TABLE 2. Univariate analysis of in-hospital mortality*

Variable

All Patients Emergency Admissions
No Mortality,  

n = 390
Mortality,  

n = 25
p 

Value†
No Mortality,  

n = 263
Mortality,  

n = 22
p 

Value†

Mean age in yrs ± SD 55.25 ± 18.92 63.80 ± 14.24 0.027 56.49 ± 19.97 62.73 ± 14.62 0.153
Female 178 (45.6) 9 (36) 0.348 111 (42.2) 8 (36.4) 0.594
Hypertension 173 (44.4) 15 (60) 0.128 127 (48.3) 13 (59.1) 0.330
Diabetes 62 (15.9) 5 (20) 0.589 47 (17.9) 4 (18.2) 0.971
Tobacco use 74 (19) 5 (20) 0.899 56 (21.3) 5 (22.7) 0.875
Alcohol use 140 (35.9) 9 (36) 0.992 90 (34.2) 9 (40.9) 0.527
Illicit drug use 29 (7.4) 2 (8) 0.917 22 (8.4) 2 (9.1) 0.906
Vitamin D supplementation 81 (20.8) 4 (16) 0.567 50 (19) 3 (13.6) 0.534
GCS score ± SD 13.23 ± 2.88 8.36 ± 4.05 <0.001 12.95 ± 3.14 8.27 ± 4.11 <0.001
SAPS II ± SD 24.14 ± 13.18 49.96 ± 14.76 <0.001 27.87 ± 13.07 50.00 ± 14.70 <0.001
BMI ± SD 27.98 ± 6.67 28.19 ± 6.16 0.880 27.60 ± 6.55 27.51 ± 5.98 0.947
Vitamin D deficiency 117 (30) 12 (48) 0.059 82 (31.2) 12 (54.5) 0.025
High calcium level 320 (82.1) 20 (80) 0.796 55 (20.9) 5 (22.7) 0.841
High phosphate level 187 (47.9) 16 (64) 0.120 130 (49.4) 7 (31.8) 0.112
Planned admission 127 (32.6) 3 (12) 0.032 NA NA NA
Surgery during NCCU stay 217 (55.6) 11 (44) 0.257 90 (34.2) 8 (36.4) 0.839
Insurance type 0.477 0.863
  Private 181 (46.4) 9 (36) 106 (40.3) 8 (36.4)
  Medicaid/self-pay 68 (17.4) 4 (16) 53 (20.2) 4 (18.2)
  Medicare 141 (36.2) 12 (48) 104 (39.5) 10 (45.5)
Admission category 0.001 0.777
  Postop 126 (32.3) 3 (12) 9 (3.4) 0 (0)
  Trauma 56 (14.4) 4 (16) 56 (21.3) 4 (18.2)
  Stroke 85 (21.8) 14 (56) 84 (31.9) 14 (63.6)
  Other 123 (31.5) 4 (16) 114 (43.3) 4 (18.2)
Race/ethnicity 0.534 0.578
  White 335 (85.9) 21 (84) 223 (84.8) 18 (81.8)
  Hispanic/Latino 21 (5.4) 3 (12) 15 (5.7) 3 (13.6)
  African American 7 (1.8) 1 (4) 7 (2.7) 1 (4.5)
  Asian/Pacific Islander 11 (2.8) 0 (0) 7 (2.7) 0 (0)
  Native American 6 (1.5) 0 (0) 4 (1.5) 0 (0)
  Other/unknown 10 (2.6) 0 (0) 7 (2.7) 0 (0)
Length of NCCU stay in days ± SD 3.26 ± 3.98 5.64 ± 6.00 0.005 3.84 ± 4.44 4.41 ± 4.06 0.564
Length of hospital stay in days ± SD 5.97 ± 6.27 7.20 ± 8.114 0.354 6.59 ± 6.28 6.09 ± 7.36 0.724
Ventilator duration in days ± SD 0.90 ± 4.06 4.68 ± 5.65 <0.001 1.10 ± 3.53 3.82 ± 4.62 0.001
Urinary tract infection 25 (6.4) 3 (12) 0.280 21 (8) 2 (9.1) 0.855
Pneumonia 17 (4.4) 6 (24) <0.001 16 (6.1) 4 (18.2) 0.033
Sepsis 5 (1.3) 0 (0) 0.569 5 (1.9) 0 (0) 0.514

NA = not applicable.
*  Unless otherwise indicated, values represent number of patients (%).
†  p < 0.05 considered significant.
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especially important factor in ICU patients who are fre-
quently on ventilation.3 Finally, low levels of vitamin D 
have been associated with increased rates of cardiovascu-
lar disease.33

Risk factors for vitamin D deficiency in our cohort 
are similar to those that have been previously reported.9,17 
Higher BMI was associated with lower vitamin D level, 
probably because of the sequestration of vitamin D in the 
fatty tissues of obese patients. Although there was no sig-
nificant difference in ethnic background between the vita-
min D–deficient and –nondeficient groups, this is possibly 
a result of the low proportion of nonwhite patients in our 
study cohort. Indeed, when our cohort was instead divided 
into white and nonwhite groups and a separate statistical 
analysis was performed, there was a statistically higher 
proportion of white patients in the nondeficient group (p 
= 0.023). This difference is thought to be due to absorp-
tion of sunlight by melanin in the skin of nonwhites, de-
creasing the production of vitamin D in these groups. Pa-
tients on preadmission vitamin D supplementation were 
also significantly less likely to be deficient in vitamin D, 
supporting the fact that such supplementation is effective. 
Patients without insurance and those with Medicaid assis-
tance were also significantly more likely to be deficient in 
vitamin D. This is possibly due to insurance status being a 
marker of socioeconomic status, with evidence supporting 
the finding that patients within lower socioeconomic strata 
have poorer nutritional intake and, thus, a higher risk for 
vitamin D deficiency.28

Although our study shows a significant association of 
vitamin D deficiency with in-hospital mortality in un-

scheduled admissions to the NCCU, there remains a need 
for further inquiry into how best to manage hypovitamin-
osis D. There is a lack of high-quality, randomized con-
trolled trials examining the impacts of vitamin D supple-
mentation on outcomes in the critically ill, especially data 
specific to the neurocritical care population. One clinical 
trial showed that vitamin D supplementation decreased 
in-hospital mortality in patients with severe vitamin D 
deficiency (≤ 12 ng/ml).1 Such an investigation has not 
yet been performed in the neurological patient popula-
tion. This evidence is needed to determine how best to 
manage these patients and to better elucidate whether the 
association between hypovitaminosis D and mortality is 
causative in nature.

Patients in our cohort with severe vitamin D deficiency 
(< 12 ng/ml) had higher rates of in-hospital mortality than 
those with moderately deficient vitamin D (12–20 ng/ml, 
10.3% vs 9.0%) and those with nondeficient vitamin D (> 
20 ng/ml, 10.3% vs 4.5%). This difference was also seen 
when only looking at emergency NCCU admissions, with 
severely deficient patients in this subgroup having an in-
hospital mortality rate of 15% versus 12.2% for moder-
ately deficient and 5.2% for nondeficient patients. None 
of these differences, however, reached statistical signifi-
cance. The reason for this is probably the low number of 
patients who met criteria for such severe deficiency—only 
29 in total. Our vitamin D–deficient group also showed a 
significantly higher rate of urinary tract infections and a 
trend toward higher rates of both pneumonia and sepsis. 
Because of the fairly low rates of infection in our patient 
cohort, it is difficult to make any conclusions based on 
these findings, but larger studies in the NCCU may show 
that vitamin D has more wide-ranging associations with 
infectious morbidities.

Our study has several limitations. The first is that it is 
limited to a single institution. Although our patient cohort 

TABLE 3. Multivariable logistic regression of in-hospital 
mortality among all patients

Variable B Statistic OR (95% CI) p Value*

Length of NCCU stay −0.068 0.934 (0.818–1.066) 0.312
High SAPS II 3.200 24.4 (2.890–200) 0.003
Ventilator duration 0.068 1.070 (0.975–1.174) 0.154
Vitamin D deficiency 0.727 2.068 (0.760–5.626) 0.155
High phosphate level 0.516 1.675 (0.632–4.442) 0.300
Planned admission −0.239 0.787 (0.040–15.479) 0.875
Insurance type 0.856
  Private 0 (ref) 1.000 (ref)
  Medicaid/self-pay 0.308 1.361 (0.460–4.029)
  Medicare 0.179 1.196 (0.285–5.024)
Admission category 0.129
  Other 0 (ref) 1.000 (ref)
  Postop 0.446 1.561 (0.075–32.390)
  Trauma 0.982 2.670 (0.586–12.163)
  Stroke 1.475 4.372 (1.289–14.834)
Hypertension −0.022 0.978 (0.382–2.505) 0.964
Pneumonia −0.935 0.267 (0.075–2.047) 0.267
Urinary tract infection 0.358 1.430 (0.319–6.417) 0.641
Sepsis 18.954 170,397,151 (NA) 0.999

Ref = reference.
*  p < 0.05 considered significant.

TABLE 4. Multivariable logistic regression of in-hospital 
mortality among emergency admissions

Variable B Statistic OR (95% CI) p Value*

High SAPS II 2.621 13.745 (1.705–110.810) 0.014
Ventilator duration 0.079 1.082 (0.971–1.206) 0.154
Vitamin D deficiency 1.096 2.992 (1.042–8.589) 0.042
High phosphate level 0.561 1.752 (0.620–4.952) 0.290
Insurance type 0.931
  Private 0 (ref) 1.000 (ref)
  Medicaid/self-pay 0.163 1.177 (0.367–3.776)
  Medicare −0.102 0.903 (0.216–3.775)
Admission category 0.165
  Other 0 (ref) 1.000 (ref)
  Postop −17.079 0.00 (NA)
  Trauma 0.982 2.670 (0.595–11.981)
  Stroke 1.382 3.984 (1.199–13.233)
Pneumonia 0.252 1.287 (0.215–7.695) 0.782
Urinary tract infection 0.948 2.580 (0.408–16.316) 0.314
Sepsis 18.795 145,399,025 (NA) 0.999

*  p < 0.05 considered significant.
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is one of the largest among prospective trials investigating 
this topic, our patient population remains relatively small. 
These factors limit the generalizability of our findings. 
The relatively low incidence of in-hospital mortality in our 
patient cohort as a whole, and especially in those patients 
who were admitted electively, makes definitive conclu-
sions regarding the impact of vitamin D levels on these 
patients difficult. Further investigations using pooled data 
from multiple centers could conceivably overcome these 
limitations, and it is our hope that our study will provide 
preliminary evidence to provoke further interest in this 
topic. We also did not investigate long-term mortality in 
our study, and it is therefore difficult to say whether vi-
tamin D has any impact on postdischarge outcomes. Fi-
nally, providing supplementation for our patients who were 
found to be deficient in vitamin D may have introduced 
further confounding into our study, although we would ex-
pect that attempting to normalize hypovitaminosis D in 
our deficient patients would tend to bias us more toward 
the null hypothesis.

Conclusions
This study demonstrates that vitamin D deficiency in 

patients admitted on an emergency basis to the NCCU 
is associated with higher mortality, suggesting that these 
patients may benefit from closer monitoring during their 
NCCU stay. The role of vitamin D supplementation in 
these patients warrants further investigation to determine 
whether such treatment could improve outcomes in this 
patient population.

Acknowledgments
We thank Kristin Kraus, MSc, for editorial assistance with the 

preparation of this article.

References 
  1.	 Amrein K, Schnedl C, Holl A, Riedl R, Christopher KB, 

Pachler C, et al: Effect of high-dose vitamin D3 on hospital 
length of stay in critically ill patients with vitamin D defi-
ciency: the VITdAL-ICU randomized clinical trial. JAMA 
312:1520–1530, 2014

  2.	 Aygencel G, Turkoglu M, Tuncel AF, Candır BA, Bildacı 
YD, Pasaoglu H: Is Vitamin D insufficiency associated with 
mortality of critically ill patients? Crit Care Res Pract 
2013:856747, 2013

  3.	 Banerjee A, Damera G, Bhandare R, Gu S, Lopez-Boado 
Y, Panettieri R Jr, et al: Vitamin D and glucocorticoids dif-
ferentially modulate chemokine expression in human airway 
smooth muscle cells. Br J Pharmacol 155:84–92, 2008

  4.	 Boonstra A, Barrat FJ, Crain C, Heath VL, Savelkoul HF, 
O’Garra A: 1a,25-Dihydroxyvitamin D3 has a direct effect 
on naive CD4+ T cells to enhance the development of Th2 
cells. J Immunol 167:4974–4980, 2001

  5.	 Braun A, Chang D, Mahadevappa K, Gibbons FK, Liu Y, 
Giovannucci E, et al: Association of low serum 25-hy-
droxyvitamin D levels and mortality in the critically ill. Crit 
Care Med 39:671–677, 2011

  6.	 Braun AB, Gibbons FK, Litonjua AA, Giovannucci E, Chris-
topher KB: Low serum 25-hydroxyvitamin D at critical care 
initiation is associated with increased mortality. Crit Care 
Med 40:63–72, 2012

  7.	 Chapuy MC, Preziosi P, Maamer M, Arnaud S, Galan P, 

Hercberg S, et al: Prevalence of vitamin D insufficiency in an 
adult normal population. Osteoporos Int 7:439–443, 1997

  8.	 Chung PW, Park KY, Kim JM, Shin DW, Park MS, Chung 
YJ, et al: 25-hydroxyvitamin D status is associated with 
chronic cerebral small vessel disease. Stroke 46:248–251, 
2015

  9.	 Clemens TL, Adams JS, Henderson SL, Holick MF: In-
creased skin pigment reduces the capacity of skin to synthe-
sise vitamin D3. Lancet 1:74–76, 1982

10.	 Dancer RC, Parekh D, Lax S, D’Souza V, Zheng S, Bassford 
CR, et al: Vitamin D deficiency contributes directly to 
the acute respiratory distress syndrome (ARDS). Thorax 
70:617–624, 2015

11.	 de Haan K, Groeneveld AB, de Geus HR, Egal M, Struijs A: 
Vitamin D deficiency as a risk factor for infection, sepsis and 
mortality in the critically ill: systematic review and meta-
analysis. Crit Care 18:660, 2014

12.	 Flynn L, Zimmerman LH, McNorton K, Dolman M, Tybur-
ski J, Baylor A, et al: Effects of vitamin D deficiency in criti-
cally ill surgical patients. Am J Surg 203:379–382, 2012

13.	 Forrest KY, Stuhldreher WL: Prevalence and correlates of 
vitamin D deficiency in US adults. Nutr Res 31:48–54, 2011

14.	 Handschu R, Haslbeck M, Hartmann A, Fellgiebel A, 
Kolominsky-Rabas P, Schneider D, et al: Mortality prediction 
in critical care for acute stroke: Severity of illness-score or 
coma-scale? J Neurol 252:1249–1254, 2005

15.	 Higgins DM, Wischmeyer PE, Queensland KM, Sillau SH, 
Sufit AJ, Heyland DK: Relationship of vitamin D deficiency 
to clinical outcomes in critically ill patients. JPEN J Par-
enter Enteral Nutr 36:713–720, 2012

16.	 Holick MF: High prevalence of vitamin D inadequacy and 
implications for health. Mayo Clin Proc 81:353–373, 2006

17.	 Holick MF: Vitamin D deficiency. N Engl J Med 357:266–
281, 2007

18.	 Institute of Medicine Food and Nutrition Board: Dietary 
Reference Intakes for Calcium and Vitamin D. Washing-
ton, DC: National Academy Press, 2010

19.	 Kankova M, Luini W, Pedrazzoni M, Riganti F, Sironi M, 
Bottazzi B, et al: Impairment of cytokine production in mice 
fed a vitamin D3-deficient diet. Immunology 73:466–471, 
1991

20.	 Kurtz P, Fitts V, Sumer Z, Jalon H, Cooke J, Kvetan V, et al: 
How does care differ for neurological patients admitted to a 
neurocritical care unit versus a general ICU? Neurocrit Care 
15:477–480, 2011

21.	 Le Gall JR, Lemeshow S, Saulnier F: A new Simplified 
Acute Physiology Score (SAPS II) based on a European/
North American multicenter study. JAMA 270:2957–2963, 
1993

22.	 Lee P, Eisman JA, Center JR: Vitamin D deficiency in criti-
cally ill patients. N Engl J Med 360:1912–1914, 2009

23.	 Littlejohns TJ, Henley WE, Lang IA, Annweiler C, Beauchet 
O, Chaves PH, et al: Vitamin D and the risk of dementia and 
Alzheimer disease. Neurology 83:920–928, 2014

24.	 Malabanan A, Veronikis IE, Holick MF: Redefining vitamin 
D insufficiency. Lancet 351:805–806, 1998

25.	 Moon BH, Park SK, Jang DK, Jang KS, Kim JT, Han YM: 
Use of APACHE II and SAPS II to predict mortality for 
hemorrhagic and ischemic stroke patients. J Clin Neurosci 
22:111–115, 2015

26.	 Park SK, Chun HJ, Kim DW, Im TH, Hong HJ, Yi HJ: Acute 
Physiology and Chronic Health Evaluation II and Simplified 
Acute Physiology Score II in predicting hospital mortality of 
neurosurgical intensive care unit patients. J Korean Med Sci 
24:420–426, 2009

27.	 Pincus M, Abraham N Jr: Interpreting laboratory results, in 
McPherson R, Pincus M (eds): Henry’s Clinical Diagnosis 
and Management by Laboratory Methods, ed 22. Phila-
delphia: Elsevier Saunders, 2011

https://www.researchgate.net/publication/11678190_1_25-Dihydroxyvitamin_D3_Has_a_Direct_Effect_on_Naive_CD4_T_Cells_to_Enhance_the_Development_of_Th2_Cells?el=1_x_8&enrichId=rgreq-e923c18cf483479e028c18cf7e54f151-XXX&enrichSource=Y292ZXJQYWdlOzMwNDcwNjcxMTtBUzozODAyNDUzNDI0NzQyNDBAMTQ2NzY2ODk2Mjk3OA==


Vitamin D deficiency in the neurocritical care unit

J Neurosurg  July 1, 2016 7

28.	 Rai D, Bird JK, McBurney MI, Chapman-Novakofski KM: 
Nutritional status as assessed by nutrient intakes and bio-
markers among women of childbearing age—is the burden 
of nutrient inadequacies growing in America? Public Health 
Nutr 18:1658–1669, 2015

29.	 Raj R, Skrifvars M, Bendel S, Selander T, Kivisaari R, Si-
ironen J, et al: Predicting six-month mortality of patients with 
traumatic brain injury: usefulness of common intensive care 
severity scores. Crit Care 18:R60, 2014

30.	 Rech MA, Hunsaker T, Rodriguez J: Deficiency in 25-hy-
droxyvitamin D and 30-day mortality in patients with severe 
sepsis and septic shock. Am J Crit Care 23:e72–e79, 2014

31.	 Schuiling WJ, de Weerd AW, Dennesen PJ, Algra A, Rinkel 
GJ: The simplified acute physiology score to predict outcome 
in patients with subarachnoid hemorrhage. Neurosurgery 
57:230–236, 2005

32.	 Venkatram S, Chilimuri S, Adrish M, Salako A, Patel M, 
Diaz-Fuentes G: Vitamin D deficiency is associated with 
mortality in the medical intensive care unit. Crit Care 
15:R292, 2011

33.	 Wong YY, Flicker L, Yeap BB, McCaul KA, Hankey GJ, 
Norman PE: Is hypovitaminosis D associated with abdominal 
aortic aneurysm, and is there a dose-response relationship? 
Eur J Vasc Endovasc Surg 45:657–664, 2013

34.	 Yalbuzdag SA, Sarifakioglu B, Afsar SI, Celik C, Can A, 

Yegin T, et al: Is 25(OH)D associated with cognitive impair-
ment and functional improvement in stroke? A retrospective 
clinical study. J Stroke Cerebrovasc Dis 24:1479–1486, 
2015

Disclosures
The authors report no conflict of interest concerning the materi-
als or methods used in this study or the findings specified in this 
paper.

Author Contributions
Conception and design: Park, Guan, Karsy, Ledyard, Hawry-
luk. Acquisition of data: Guan, Karsy, Brock, Eli. Analysis and 
interpretation of data: Guan, Karsy. Drafting the article: Park, 
Guan, Karsy, Brock, Eli. Critically revising the article: Park, Led-
yard, Hawryluk. Reviewed submitted version of manuscript: all 
authors. Approved the final version of the manuscript on behalf 
of all authors: Park.

Correspondence 
Min S. Park, Department of Neurosurgery, Clinical Neuroscienc-
es Center, University of Utah, 175 N Medical Dr. East, Salt Lake 
City, UT 84132. email: neuropub@hsc.utah.edu.

View publication statsView publication stats

https://www.researchgate.net/publication/304706711

