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INTRODUCTION

Vitamin D deficiency has been very commonly encountered 
in neurosurgical population with a prevalence of  40–60%.1 
Association of  admission serum levels of  Vitamin D, 
calcium, phosphate, magnesium and parathormone 

with clinical outcomes in neurosurgical intensive care 
unit (ICU) patients. Various risk factors associated with 
hypovitaminosis D are age over 65  years old, frailty, 
systemic comorbidities, skin pigmentation and reduced sun 
exposure.2,3 The patients may present to neurosurgical units 
with cranial pathology or a spinal pathology.
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Background: Vitamin D3 plays a crucial role in calcium homeostasis, bone 
metabolism, muscle strength, and immune modulation. Its deficiency has been 
linked to increased postoperative complications, impaired wound healing, and higher 
mortality risk. However, data on Vitamin D3 status among neurosurgical patients 
remain limited. Aims and Objectives: The aim of the study was to determine the 
prevalence of Vitamin D3 deficiency in patients undergoing elective neurosurgical 
procedures and evaluate its association with post-operative morbidity and mortality. 
Materials and Methods: In this hospital-based prospective observational study 170 
adult patients who were admitted for elective neurosurgical procedures during the 
study period were enrolled. Blood samples were collected within 48 h of admission 
and Vitamin D3 levels were measured using a chemiluminescence immunoassay in 
the central biochemistry laboratory at Sher-i-Kashmir Institute of Medical Sciences. 
The primary outcomes assessed were the prevalence of Vitamin D3 deficiency in 
the study population and its association with post-operative morbidity and mortality. 
Secondary outcomes included length of hospital stay, requirement of intensive care 
unit care, and readmission rates. Results: Vitamin D3 deficiency was observed in 
54 patients (31.8%), while 46 patients (27.1%) had insufficient levels. Multivariate 
logistic regression analysis identified Vitamin D3 deficiency as an independent 
predictor of prolonged hospital stay, with an adjusted odds ratio of 2.15  (95% 
confidence interval: 1.12–4.21, P=0.02). Conclusion: Vitamin D3 deficiency 
is highly prevalent among elective neurosurgical patients and is independently 
associated with increased hospital stay. Pre-operative screening and correction may 
be a simple, cost-effective strategy to improve surgical outcomes.
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Hypovitaminosis of  Vitamin D deficiency leads to adverse 
outcomes in neurocritical care unit.1,4 Association of  admission 
serum levels of  Vitamin D, calcium, Phosphate, magnesium, 
and parathormone with clinical outcomes in neurosurgical 
ICU patients. Adverse outcomes have also been observed after 
spinal surgery due to Vitamin D deficiency.5 It has been seen 
that hypovitaminosis D may lead to altered tissue homeostasis, 
impaired wound healing, poor neuronal function increasing 
the neuroinflammation.6,7 Diet, environmental factors, and 
lifestyle underlie the high prevalence of  Vitamin D deficiency 
in healthy adults in Scotland, and supplementation reduces the 
proportion that is severely deficient.7

Literature is sparse about the prevalence of  hypovitaminosis 
D in cranial neurosurgical patients undergoing elective 
surgery. There is no evidence whether low Vitamin D 
levels will lead to an increase in mortality, morbidity. In 
this prospective study, we assessed the prevalence of  
hypovitaminosis D in elective neurosurgical patients 
undergoing cranial neurosurgical procedures. We studied 
whether Vitamin D levels in such patients were associated 
with an increase in the mortality, morbidity, increase in 
perioperative adverse events, length of  hospital stay, and 
length of  ICU stay.

Aims and objectives
Our study was single-center and observational, limiting 
generalizability and leaving open the possibility of  
unmeasured confounding. We focused on short-term 
outcomes; long-term functional recovery, quality of  life, 
and cognitive trajectories were not assessed. We did not 
analyze post-operative Vitamin D levels nor implement 
supplementation protocols. Cost-effectiveness analyses, as 
well as explorations of  optimal dosing (e.g., loading vs. daily 
supplementation) and timing (weeks prior vs. immediate 
pre-operative period), remain uncharted in our patients.

MATERIALS AND METHODS

This hospital-based prospective observational study 
was conducted in the Department of  Neurosurgery at  
Sher-i-Kashmir Institute of  Medical Sciences (SKIMS), 
Srinagar, over a period of  18  months. The study was 
approved by the Institutional Ethics Committee of  
SKIMS, Srinagar. In this study 170 adult patients who were 
admitted for elective neurosurgical procedures during the 
study period were enrolled. The study was conducted in 
accordance with the ethical standards of  the Institutional 
Ethics Committee of  SKIMS, and with the principles of  
the Helsinki Declaration of  1975, as revised in 1983.

A consecutive sampling technique was adopted, and 
informed consent was obtained from all eligible participants. 

The sample size was calculated using the standard formula 
n=Z2×p×(1−p)/d2, assuming a prevalence of  40%, a 
95% confidence level (CI), and a margin of  error of  
±7.5%. Substituting values (Z=1.96, P=0.40, d=0.075), 
the minimum required sample size was estimated to be 
164 patients. To enhance statistical power and account for 
potential dropouts, protocol deviations, or missing data, 
the final sample size was increased to 170 participants.

The inclusion criteria were: Patients aged ≥18 years, patients 
undergoing elective neurosurgical procedures, and patients 
who gave written informed consent for participation in 
the study. Patients undergoing emergency neurosurgical 
procedures (e.g., trauma, acute hemorrhage), patients 
with known chronic kidney disease, hepatic dysfunction, 
parathyroid disorders, or active malignancy, and patients 
already receiving Vitamin D supplementation within the 
past 3 months were excluded from the study.

The eligible subjects underwent a detailed pre-operative 
assessment according to a pre-formulated pro forma. After 
enrollment, demographic details including age and sex were 
recorded, along with clinical history such as comorbid 
conditions including hypertension, diabetes mellitus, and 
hypothyroidism.

Blood samples were collected within 48 h of  admission and 
Vitamin D3 levels were measured using a chemiluminescence 
immunoassay in the central biochemistry laboratory at 
SKIMS. Vitamin D3 status was categorized as per guidelines 
laid down by IOM (institute of  medicine, USA) as:
•	 Deficient if  levels were <20 ng/mL
•	 Insufficient if  between 20 and 29 ng/mL
•	 Sufficient if  equal to or >30 ng/mL.

Intraoperative and post-operative data were collected 
prospectively, including duration of  surgery, estimated 
blood loss, duration of  ICU stay, total hospital stay, 
and occurrence of  any complications such as wound 
infections, delayed healing, pneumonia, urinary tract 
infection, cerebrospinal fluid leak, or need for reoperation. 
Mortality was assessed in-hospital or within 30  days 
postoperatively. The primary outcomes assessed were 
the prevalence of  Vitamin D3 deficiency in the study 
population and its association with post-operative 
morbidity and mortality. Secondary outcomes included 
length of  hospital stay, requirement of  ICU care, and 
readmission rates.

Data were entered into Microsoft Excel and analyzed 
using the Statistical Package for the Social Sciences 
software version 25. Continuous variables were expressed 
as mean±standard deviation. Categorical variables were 
presented as frequencies and percentages. Comparisons 
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between groups (vitamin D deficient versus sufficient) 
were done using the Chi-square test for categorical 
variables, and independent t-test or Mann–Whitney U-test 
for continuous variables, as appropriate. A multivariate 
logistic regression model was used to identify independent 
predictors of  post-operative morbidity and mortality 
after adjusting for confounding variables such as age, 
comorbidities. A  P<0.05 was considered statistically 
significant.

RESULTS

The study included 170  patients with a mean age of  
48.2±13.6 years (range 18–78 years). There was a slight 
female predominance, with 89 (52.4%) females compared 
to 81 (47.6%) males. Regarding body mass index (BMI), 
72  (42.4%) patients had a normal BMI (<25  kg/m2). 
Comorbidities were present in a considerable proportion of  
patients, with hypertension in 56 (32.9%). The majority of  
patients, 126 (74.1%), were classified as American Society 
of  Anesthesiologists (ASA) Grade I. Socioeconomic and 
lifestyle parameters showed that nearly half  of  the study 
population (46.5%) belonged to the lower socioeconomic 
class, 39.4% reported daily sunlight exposure of  <30 min, 
and 28.8% followed a vegetarian diet (Table 1).

In the study population, biochemical assessment revealed 
a mean serum calcium of  8.7±0.6  mg/dL, with 14.1% 
showing hypocalcemia, while hypomagnesemia was 
identified in 11.8% of  patients. Vitamin K deficiency 
was documented in 9.4%, and suboptimal protein intake, 
based on dietary history and serum albumin, was present 
in 18.2%. Vitamin D3 deficiency (<20  ng/mL) was 
observed in 54 patients (31.8%), while 46 patients (27.1%) 
had insufficient levels (20–29 ng/mL). Sufficient Vitamin 
D3 levels (≥30  ng/mL) were recorded in 70  patients, 
accounting for 41.1% of  the participants (Figure  1). 
Seasonal analysis demonstrated significantly reduced 
Vitamin D levels in patients recruited during winter months 
compared to those enrolled in summer (P=0.02) (Table 2).

In the study population, Vitamin D3 deficiency was most 
prevalent among individuals aged 41–60 years, accounting 
for 34 patients (63.0%) in the deficient group, 29 patients 
(63.0%) in the insufficient group, and 44 patients (62.9%) 
in the sufficient group. In this study, majority of  patients 
were females (Table 3).

Perioperative assessment showed that mean surgery 
duration was comparable across groups, with 5.44±0.8 h in 
the deficient, 5.42±0.9 h in the insufficient, and 5.40±0.8 h 
in the sufficient category. Vasopressor use was required in 
38%, 37%, and 36% of  patients, respectively. The incidence 

Table 1: Demographic and baseline clinical 
characteristics of the study population
Characteristic No. of patients Percentage
Age group (years)

≤40 51 30.0
41–60 107 62.9
>60 12 7.1

Gender
Male 81 47.6
Female 89 52.4

BMI (kg/m2)
<25 (Normal) 72 42.4
25–29.9 (Overweight) 81 47.6
≥30 (Obese) 17 10.0

Comorbidities
None 78 45.9
Hypertension 56 32.9
Diabetes mellitus 37 21.8
Hypothyroidism 22 12.9

ASA Grade
I 126 74.1
II 44 25.9
III 0 0.0
Lower socioeconomic status 79 46.5%
Sunlight exposure<30 min/day 67 39.4%
Vegetarian diet 27 10.0%

BMI: Body mass index, ASA: American Society of Anesthesiologists

Figure 1: Distribution of Vitamin D3 status in study population

Table 2: Distribution of Vitamin D3 status in 
study population
Parameters Values (%)
Biochemical

Mean serum calcium (mg/dL) 8.7±0.6
Mean serum magnesium (mg/dL) 1.9±0.3

Nutritional
Vitamin K deficiency (No./%) 16 (9.4)
Suboptimal protein intake (No./%) 31 (18.2)

Vitamin D3 status
Deficient (<20 ng/mL) (No./%) 54 (31.8)
Insufficient (20–29) (No./%) 46 (27.1)
Sufficient (≥30) (No./%) 70 (41.1)

Seasonal Vitamin D3 status
Winter (Mean±SD) 18.4±6.2
Summer (Mean±SD) 24.6±7.1

SD: Standard deviation
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of  respiratory tract infection was low and similar (4%, 4%, 
and 3%), as was the occurrence of  seizures (4%, 3%, and 
4%). Blood transfusion was not required in the majority of  
patients (90%, 91%, and 90%), with only small proportions 
receiving 1 unit (8%, 7%, and 8%) or 2 units (2%, 2%, and 
3%). Mean ICU stay was similar at 2.78±1.2, 2.80±1.3, and 
2.76±1.2  days, respectively. However, hospital stay was 
significantly longer in the deficient group (18.4±4.1 days) 
compared to the insufficient (17.2±3.9 days) and sufficient 
groups (15.0±3.5 days, P=0.03). Mortality was recorded in 
2 patients (3.7%) in the deficient group, 2 patients (4.3%) in 
the insufficient group, and 1 patient (1.4%) in the sufficient 
group (Table 4).

Multivariate logistic regression analysis identified Vitamin 
D3 deficiency as an independent predictor of  prolonged 
hospital stay, with an adjusted odds ratio of  2.15  (95% 
CI: 1.12–4.21, P=0.02). Other variables, including age, 
gender, BMI, ASA grade, vasopressor use, surgery duration, 
and presence of  comorbidities, did not show significant 
associations with prolonged hospitalization (Table 5).

DISCUSSION

The prevalence of  Vitamin D deficiency seen in our 
elective cranial neurosurgical cohort (31.8% deficient, 
27.1% insufficient) emphasizes the role of  the physician in 
the detection and treatment of  a modifiable pre-operative 
risk factor. Although the incidence of  hypovitaminosis in 

our study is lower compared to reported deficiency rates 
of  40–60% in neurocritical care settings,8 it reflects the 
need for immediate corrective measure, particularly in 
optimization of  ASA II-IV patient populations.

Our study demonstrated that pre-operative Vitamin D 
deficiency was independently associated with prolonged 
hospital stay, with deficient patients having nearly double 
the odds (odds ratio 2.15) of  extended hospitalization. 
Importantly, this association remained robust even 
after adjusting for potential confounders such as age, 
BMI, comorbidities, ASA status, surgical duration, and 
vasopressor use. This finding aligns with growing evidence 
in the literature that links hypovitaminosis D with adverse 
perioperative and postoperative outcomes. Ved et al., 
similarly observed that Vitamin D deficiency exerted a 
detrimental influence on clinical outcomes in neurosurgical 
patients. They reported that individuals with low 
Vitamin D levels were more vulnerable to post-operative 
complications and had significantly longer hospital stays 
compared to those with sufficient Vitamin D, underscoring 
its role as a potentially modifiable risk factor.9

Table 3: Association of Vitamin D3 levels with 
demographic and baseline variables
Variable Deficient 

(n=54)
Insufficient 

(n=46)
Sufficient 

(n=70)
P‑value

Age group (years)
≤40 16 (29.6) 14 (30.4) 21 (30.0) 0.98
41–60 34 (63.0) 29 (63.0) 44 (62.9)
>60 4 (7.4) 3 (6.5) 5 (7.1)

Gender
Male 26 (48.1) 22 (47.8) 33 (47.1) 0.94
Female 28 (51.9) 24 (52.2) 37 (52.9)

BMI (kg/m2)
<25 23 (42.6) 19 (41.3) 30 (42.9) 0.98
25–29.9 26 (48.1) 22 (47.8) 33 (47.1)
≥30 5 (9.3) 5 (10.9) 7 (10.0)

ASA Grade
I 40 (74.1) 34 (73.9) 52 (74.3) 0.97
II 14 (25.9) 12 (26.1) 18 (25.7)

Comorbidities
None 25 (46.3) 21 (45.7) 32 (45.7) 0.97
Hypertension 18 (33.3) 15 (32.6) 23 (32.9)
Diabetes mellitus 12 (22.2) 10 (21.7) 15 (21.4)
Hypothyroidism 7 (13.0) 6 (13.0) 9 (12.9)

Season distribution
Winter (n=94) 40 (42.5) 31 (33.0) 23 (24.5) 0.02
Summer (n=136) 34 (25.0) 40 (29.4) 62 (45.6)

BMI: Body mass index, ASA: American Society of Anesthesiologists

Table 4: Perioperative variables and outcome by 
Vitamin D3 status
Variables Deficient 

(n=54)
Insufficient 

(n=46)
Sufficient 

(n=70)
P‑value

Mean surgery 
duration (hours)

5.44±0.8 5.42±0.9 5.40±0.8 0.95

Need for 
vasopressors (%)

38 37 36 0.98

RTI (%) 4 4 3 0.96
Seizures (%) 4 3 4 0.96
Blood transfusion

Nil (%) 90 91 90 0.99
1 unit (%) 8 7 8
2 units (%) 2 2 3

Mean ICU stay (days) 2.78±1.2 2.80±1.3 2.76±1.2 0.98
Hospital stay (days) 18.4±4.1 17.2±3.9 15.0±3.5 0.03*
Mortality (n, %) 2 (3.7) 2 (4.3) 1 (1.4) 0.59
ICU: Intensive care unit, BMI: Body mass index, ASA: American Society of 
Anesthesiologists, *P < 0.05 considered statistically significant

Table 5: Multivariate logistic regression analysis 
for predictors of prolonged hospital stay 

(>median stay)
Predictor Adjusted 

OR
95% confidence 

interval
P‑value

Vitamin D3 deficiency 2.15 1.12–4.21 0.02*
Age 1.01 0.98–1.04 0.42
Gender 1.08 0.62–1.89 0.78
BMI 1.05 0.58–1.90 0.87
ASA Grade 1.18 0.64–2.18 0.60
Vasopressor use 1.25 0.68–2.32 0.47
Surgery duration 1.10 0.97–1.24 0.12
Any comorbidity 1.20 0.66–2.17 0.55

BMI: Body mass index, ASA: American Society of Anesthesiologists, OR: Odds ratio, 
CI: Confidence interval, *P < 0.05 considered statistically significant
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In neurosurgical ICU patients, Ardehali et al., found that 
admission hypovitaminosis D was independently associated 
with prolonged ICU stay, even after accounting for other 
risk factors. Moreover, elevated admission parathormone 
levels were significantly correlated with ICU mortality, 
highlighting the importance of  Vitamin D and parathyroid 
hormone status as prognostic markers in acute care 
settings.1 Similarly, Flynn et al., reported that Vitamin 
D levels below 20 ng/mL were associated with adverse 
clinical outcomes, including prolonged hospitalization, 
greater organ dysfunction, and higher infection rates. 
While these findings reinforce the clinical significance 
of  Vitamin D status in hospitalized patients, the authors 
emphasized the need for further research to evaluate 
whether supplementation could mitigate these risks and 
improve patient outcomes.10

However, it should be noted that the differences in 
perioperative outcomes across groups were relatively 
narrow, with hospital stay being the primary outcome 
significantly affected. This finding, though modest, may 
still have practical implications for resource utilization.

Taken together, these studies support our findings and 
strengthen the hypothesis that Vitamin D deficiency is not 
merely a biochemical abnormality but a clinically relevant 
factor that adversely affects recovery and prognosis. 
Addressing hypovitaminosis D in surgical and critically 
ill patients could therefore represent an important and 
cost-effective strategy to improve outcomes and reduce 
healthcare burden.

Vitamin D has an innate role in the surgical healing at 
various stages. At the cellular level, the active form, calcitriol, 
binds to the Vitamin D receptor (VDR), a nuclear hormone 
receptor expressed in numerous tissues, including immune 
cells, glial cells, endothelial cells, and neurons.11 The VDR 
complex modulates gene transcription across a spectrum 
of  processes: cytokine regulation (e.g., downregulating 
proinflammatory cytokines such as interleukin-17 and 
upregulating antimicrobial peptides like cathelicidin), 
cellular proliferation and differentiation (critical in tissue 
repair), blood coagulation, and barrier integrity.12 These 
effects collectively support wound healing, immune 
competence, and neuroprotection.13 Vitamin D’s capacity 
to influence neurotrophic factor expression particularly 
nerve growth factor has implications for neuronal survival 
and synaptic plasticity, potentially affecting cognitive and 
functional outcomes after neurosurgery.14,15

In preclinical neurosurgical models, Vitamin D 
supplementation has attenuated surgery-induced 
neuroinflammation, preserved blood-brain barrier 
integrity, reduced cerebral edema, and modulated microglial 

phenotype shifting from proinflammatory (M1) to  
anti-inflammatory (M2) polarization. These findings 
suggest that adequate Vitamin D status may help in 
recovery from surgically induced brain stress. Moreover, 
Vitamin D enhances antioxidant capacity and reduces 
oxidative stress this may be particularly relevant in 
neurosurgical settings where neuronal tissue is vulnerable 
to ischemic and inflammatory injury.14,15

The lower levels of  Vitamin D may lead to delayed wound 
healing, prolonged inflammation, slower mobilization, and, 
consequently, longer hospital stays. Yet our study did not 
demonstrate significant differences in morbidity, ICU stay, 
or mortality. A systematic review of  perioperative studies 
showed that 84% of  surgical cohorts with low Vitamin D 
status had at least one significantly worse outcome, most 
commonly wound complications, infections, and delayed 
recovery.16

Critical illness studies further demonstrate that high-dose 
Vitamin D may reduce ICU stays, mechanical ventilation 
duration, and mortality, although randomized controlled 
trials (RCTs) have produced mixed results. One large RCT 
of  high-dose Vitamin D in critically ill patients did not 
show mortality benefit, but other trials observed improved 
antioxidant capacity and shortened ICU time with Vitamin 
D supplementation, highlighting the complexity of  patient 
population, timing, and endpoints.17

In neurosurgical settings, one randomized clinical trial 
administered a single pre-operative intramuscular dose 
of  300,000 IU Vitamin D to Vitamin D – deficient brain 
tumor patients. While postoperative pain scores and 
analgesic requirements showed only non-significant trends 
toward improvement, the study raised the possibility that 
pre-operative Vitamin D may modulate neurophysiological 
recovery. Although limited by a small sample size, the 
trial underscores the feasibility of  targeted pre-operative 
Vitamin D intervention.18

Despite mounting observational evidence, high-quality 
randomized trials of  Vitamin D supplementation 
in surgical patients remain sparse and heterogenous 
varying in timing, dose, patient populations, and primary 
outcomes. A 2024 systematic review of  RCTs found no 
clear benefit of  supplementation on mortality or length 
of  hospital stay across multiple surgical settings. However, 
these findings are tempered by marked heterogeneity 
and lack of  subgroup analyses sensitivity to baseline 
deficiency status. When deficiencies are addressed in 
properly stratified trials, benefits may emerge creating a 
case for precision supplementation rather than blanket 
administration.19
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Limitations of the study
To determine the prevalence of  vitamin D3 deficiency 
in patients undergoing elective neurosurgical procedures.
To evaluate its association with postoperative morbidity 
and mortality.

CONCLUSION

Our findings extend the growing body of  evidence that 
Vitamin D deficiency is both prevalently unaddressed and 
potentially consequential in surgical patients. In elective 
cranial neurosurgery, deficiency was clearly linked to 
prolonged hospitalization. Optimizing Vitamin D status 
deserves consideration as a low-cost, high-impact strategy 
to enhance surgical recovery. Implementing routine 
screening and targeted supplementation, particularly for 
those at risk of  deficiency, may represent an immediate, 
scalable improvement in neurosurgical care pending 
confirmation in robust interventional trials.
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