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Original Article
Serum  Vitamin D levels at admission predict the length of  intensive care 
unit stay but not in‑hospital mortality of critically ill surgical patients

Nafiseh Alizadeh1, Hossein Khalili2, Mostafa Mohammadi3, Alireza Abdollahi4

ABSTRACT

Objective: There is few data regarding the correlation between serum Vitamin D level 
and unfavorable intensive care unit (ICU) outcome in postsurgical patients. In this study, 
correlation between serum 25(OH)D level and length of ICU stay and in‑hospital mortality 
has been evaluated in critically ill surgical patients.
Methods: Serum 25(OH)D has been evaluated in 70 surgical, critically ill patients. 
Demographic, laboratory, and clinical data of the patients were collected. Correlation between 
serum 25(OH) D level and duration of ICU stay and hospital mortality was evaluated using 
two‑factor analysis of covariance. Multivariable Cox‑regression analysis was used for adjusting 
the effect of season of blood sampling and type of surgery on the main variables. For all 
the analyses, P values less than or equal to 0.05 were considered as statistically significant.
Findings: Serum 25(OH)D deficiency was identified in 52 (74.3%) of the patients. Patients 
with serum Vitamin D levels < 30 ng/ml had longer length of ICU stay than those with 
serum Vitamin D levels ≥ 30 ng/ml (7.8 ± 5.1 vs. 4.05 ± 2.12 days, P = 0.003). Although 
hospital mortality was more common in Vitamin D deficient patients than sufficient ones 
(25% in deficient group versus 22.2% in sufficient group), there was no significant difference 
regarding hospital mortality rate between the groups.
Conclusion: Statistically significant association was found between low 25(OH)D level 
and increased length of ICU stay in critically ill surgical patients. It could be explained by 
favorable effects of Vitamin D on immune system functions, reducing tissue dysfunction, and 
risk of organ failure and overall complications. However, there was no correlation between 
serum Vitamin D level and patients’ in‑hospital mortality. Further, well‑designed prospective 
clinical studies with adequate sample size are needed to evaluate correlation between serum 
Vitamin D level and mortality in critically ill patients.
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INTRODUCTION

Vitamin D deficiency is common around the world 
and it is estimated that 1  billion peoples are living 
with inadequate Vitamin D.[1,2] Although the main 
known physiologic function of Vitamin D is the 
regulation of calcium and phosphorus homeostasis, it 
has been shown that Vitamin D plays a major role in 

the extraskeletal metabolic processes such as glucose 
metabolism, immunomodulation, renin‑angiotensin 
system regulation, cell growth, membrane stabilizing, 
angiogenesis, anti‑proliferation, and apoptosis.[2‑5]

Vitamin D insufficiency has been reported in more 
than 80% of critically ill patients, hospitalized in 
intensive care unit (ICU).
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Unexpectedly, up to 17% of this population had 
undetectable serum level of 25(OH)D.[6‑8]

Decrease in the serum Vitamin D level during ICU stay 
can be explained by the lack of exposure to sunlight 
and insufficient replacement of this vitamin through 
parental or enteral metabolic support.[9] Several 
studies have evaluated the relationship between serum 
Vitamin D level and clinical outcome in critically ill 
patients. In some of the surveys, it has been shown 
that low serum level of 25(OH)D was associated with 
adverse clinical outcome such as prolonged length of 
ICU stay, organ dysfunction, acquiring nosocomial 
infections, acute kidney injury (AKI), increased health 
care costs, and mortality.[8,10‑12] While in other studies, 
the correlation between the serum Vitamin D level 
and worse outcome has not been detected in this 
population.[13‑15]

However, in most of the studies, patient care 
setting  (medical, surgical, or trauma) and also type 
and severity of baseline diseases have not been 
considered in the final analysis. Surgical patients 
are more vulnerable to postoperative sudden 
cardiovascular events and infections that both of them 
may be aggravated by Vitamin D deficiency.[16,17]

There is few data regarding the correlation between 
serum Vitamin D level and unfavorable ICU outcome 
in postsurgical patients. In this study, correlation 
between serum 25(OH)D level and length of ICU 
stay and in‑hospital mortality has been evaluated in 
surgical, critically ill patients.

METHODS

This prospective, cross‑sectional, descriptive study 
was performed during 1‑year period from early 
March 2014 to February 2015 at ICU of the Imam 
Khomeini Hospital affiliated to Tehran University 
of Medical Sciences, Tehran, Iran. The Institutional 
Review Board and the Medical Ethics Committee of 
the Hospital approved the study and all the patients 
or their family members signed and approved a 
written informed consent form.

During the study period, 70 surgical patients 
admitted to the ICU were recruited. Baseline patients’ 
demographic data, including sex, age, weight, body 
mass index  (BMI), baseline diseases, and type of 
surgery, were collected from the patients’ medical 
records. Severity of patients’ clinical condition at 
ICU admission was evaluated based on the acute 
physiology and chronic health evaluation and 
simplified acute physiologic score criteria.

The patients’ laboratory parameters, including serum 
electrolytes  (Na+, K+, Mg+2, and Ca+2), renal function 

tests  (serum creatinine and urea), liver enzymes 
(alanine aminotransferase, aspartate aminotransferase, 
and alkaline phosphatase), and liver function 
indexes  (serum albumin and bilirubin, international 
normalized ratio) also were recorded at the time of 
recruitment.

From each included patient, 5  ml of venous blood 
sample was collected at the time of ICU admission. 
The blood were centrifuged and separated serum 
samples were stored at  −80°C up to the time of 
measurement of serum 25(OH)D level.

Serum 25(OH)D level was measured by ELISA 
(Immunodiagnostic Systems, Louvain‑la‑Neuve, 
Belgium). Calibration, control, and samples were 
diluted with biotin‑labeled 25(OH)D. The diluted 
samples were incubated in microtiter wells, 
which were coated with highly specific sheep 
25(OH)D antibody for 2 h at room temperature 
before aspiration and washing. Enzyme‑labeled 
avidin was added and binded selectively to 
complexed biotin; then color was developed using a 
chromogenic substrate. The absorbance of the stopped 
reaction microtiter were read in a microtiter plate 
reader; color intensity developed being inversely 
proportional to the concentration of 25(OH)D. Serum 
25(OH)D level  <30  ng/ml was considered as Vitamin 
D deficiency.[2,18]

All the statistical analyses were performed by the 
SPSS  (Statistical Package for the Social Sciences) 
version  18 software  (IBM Corp., Armonk, NY, USA). 
The Kolmogorov–Smirnov test was used to assess 
the normal distribution of continuous variables. The 
data were expressed as a mean  ±  standard deviation. 
Categorical variables were reported as percentages. 
Association between serum 25(OH)D category and the 
main endpoints of study  (duration of ICU stay and 
in‑hospital mortality) was evaluated using two‑factor 
analysis of covariance. Multivariable Cox‑regression 
analysis was used for adjusting the effect of season 
of blood sampling and type of surgery on the main 
variables. For all the analyses, P  values  <0.05 were 
considered as statistical significant.

RESULTS

Of the 70  patients who were enrolled in this study, 
31  (44.3%) were male and 39  (55.7%) were female. 
Serum 25(OH)D deficiency was identified in 52 (74.3%) 
patients. The characteristics of the study population 
regarding serum 25(OH)D level is shown in Table  1. 
Except for age, there was no significant difference 
in the baseline characteristics of  patients with and 
without vitamin D deficiency. Vitamin D deficient 
patients were younger than sufficient ones (P = 0.04).
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The patients’ serum 25(OH)D levels regarding season 
of the ICU admission were shown in Table  2. There 
was a nonsignificant difference between the patients’ 
serum 25(OH)D levels regarding the seasons of 
sampling (P = 0.39).

Regarding baseline disease, 17.1% of patients 
had a history of hypertension, 8.5% suffered 
from ischemic heart disease, and 52.8% had 
gastrointestinal diseases. Gastrointestinal surgery 
was the most common surgery type  (61.5%) in 
the patients. Serum 25(OH)D level regarding the 
type of the surgery has been shown in Table  3. 
Considering the possible effect of different types 
of major surgeries with different stress‑inducing 
properties on serum Vitamin D status, association 
between serum 25(OH)D level and type of 
surgery was evaluated. No difference in serum 
25(OH)D level based on the type of surgery was 
detected  (P  =  0.41). Patients with serum Vitamin D 
levels <30 ng/ml had longer length of ICU stay than 
those with serum Vitamin D levels  ≥30  ng/ml 
(7.8 ± 5.1 vs. 4.05 ± 2.12 days, P = 0.003).

Following Cox‑regression analysis, it was found 
that serum 25(OH)D status at the time of ICU 
admission can be a potential predictor for length 
of ICU stay following adjustment for age, sex, BMI, 
season, and type of surgery in critically ill surgical 
patients (P = 0.05).

Although hospital mortality was more common in 
Vitamin D deficient patients than sufficient ones 
(25% in deficient group vs. 22.2% in sufficient group), 
there was no significant difference regarding hospital 
mortality rate between the groups.

DISCUSSION

Vitamin D deficiency is common among critically 
ill medical and surgical patients. There is no 
uniform definition for Vitamin D deficiency in 
these populations. In general population, serum 
25(OH)D level is defined as the best indicator of 
body’s Vitamin D status, since it has longer half‑life, 
more stability in the systemic circulation, and more 
positive correlation with calcium absorption in 
comparison with 1,25(OH)2D.[19,20]

Table 1: Characteristics of the patients regarding serum 25(OH) D levels
Variable (unit) Serum 25(OH) D level <30 ng/ml (deficient) 

(n=52)
Serum 25(OH) D level ≥30 ng/ml (sufficient) 

(n=18)
P

Age (years) 50.03±17.90 59.50±14.05 0.04
APACHE 15.15±4.69 14.500±4.00 0.60
SAPS 31.96±10.55 34.22±9.13 0.42
BMI 26.38±5.01 27.54±4.52 0.39
Serum calcium level (mg/dL) 8.10±0.54 8.08±0.55 0.83
Serum sodium level (mg/dL) 139.38±4.92 136.94±6.31 0.01
Serum potassium level (mg/dL) 3.86±0.65 3.82±0.37 0.80
Serum magnesium level (mg/dL) 1. 97±0.33 1.87±0.32 0.26
Serum creatinine level (mg/dL) 0.95±0.50 1.050±0.36 0.44
Serum albumin level (mg/dL) 2.76±0.39 2.91±0.43 0.49
Blood urea concentration (mg/dL) 36.07±28.90 39.94±17.30 0.59
INR 1.06±0.16 1.04±0.13 0.46
Serum ALT level (mg/dL) 29.80±12.00 31.10±13.60 0.64
Serum AST level (mg/dL) 39.66±24.00 45.54±20.00 0.59
Serum ALP level (mg/dL) 215.11±74.40 201±89.22 0.71

Data presented as mean±SD. SD=Standard deviation, 25(OH) D=25‑hydroxy Vitamin D, APACHE=Acute physiology and chronic health evaluation, SAPS=Simplified 
acute physiologic score, BMI=Body mass index, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, ALP=Alkaline phosphatase, INR=International 
normalized ratio

Table 2: Season of admission of the patients and 
serum 25(OH) D levels
Season Number (%) 

of patients
Serum 25(OH) 
D level (ng/ml)

Spring 23 (32.8) 24.01±10.23
Summer 13 (18.6) 21.12±11.75
Autumn 27 (38.6) 25.96±13.71
Winter 7 (10) 26.97±16.55

Data presented as mean±SD. SD=Standard deviation, 25(OH)D=25‑hydroxy 
Vitamin D

Table 3: Serum 25(OH) D levels of the patients 
based on the type of surgery
Type of 
surgery

Serum 25(OH) D 
level <30 ng/ml 
(deficient) (%)

Serum 25(OH) D 
level ≥30 ng/ml 
(sufficient) (%)

Total 
(%)

Gastrointestinal 32 (61.5) 13 (72.2) 45 (64.2)
Neurologic 8 (15.4) 0 (0) 8 (11.4)
Cardiac 1 (2) 1 (5.5) 2 (3)
Orthopedic 5 (9.6) 0 (0) 5 (7.1)
Urologic 6 (11.5) 4 (22.2) 10 (14.3)

Data presented as number (%) of patients. 25(OH)D=25‑hydroxy Vitamin D
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There is no definite cut‑off level for 25(OH)D that 
predict beneficial outcome in critically ill patients. 
In the previous studies, unfavorable outcome 
was associated with serum 25(OH)D level of 
12 to 20  ng/ml in critically ill medical patients.[15,21,22] 
In critically ill surgical patients, serum 25(OH)D level 
more than 26 ng/ml showed beneficial effects.[8]

In analysis of the data from 32 studies published 
between 1966 and 2013, serum 25(OH)D 
concentration  >30  ng/ml was associated with lower 
all‑cause mortality in critically ill patients compared 
with concentration ≤30 ng/ml.[18]

In our study, serum 25(OH)D level  <30  ng/ml was 
considered as a deficient cut‑off in surgical patients.

There are some concerns regarding the accuracy 
of serum 25(OH)D level as the best indicator of 
Vitamin D status in critically ill patients. Liver 
and renal dysfunction, low serum albumin, and 
Vitamin D binding protein levels that are common in 
these patients may lead to falsely high serum 25(OH)D 
level.[23,24] However, the previous studies have shown 
association between low serum 25(OH)D and adverse 
clinical outcomes, including systemic inflammatory 
response syndrome, nosocomial bloodstream and 
respiratory tract infections, AKI and metabolic 
dysfunction as well as longer length of ICU stay, and 
all‑cause mortality in critically ill patients.[25‑27]

In this study, 74.3% of the Iranian critically ill 
surgical patients had Vitamin D deficiency. In a 
large multicentric study, in a general population 
of Iran, moderate to severe Vitamin D deficiency 
was detected in 75.1% and 72.1% of women and 
men, respectively.[28] Inadequate sun exposure, lack 
of Vitamin D food fortification program, clothing 
habits  (especially among women), polymorphism 
in Vitamin D receptor, and low daily calcium intake 
introduced as predisposing factors of Vitamin D 
deficiency in middle‑east countries.[29,30]

Although mechanisms of adverse ICU outcome 
resulting from hypovitaminosis D in critically 
ill patients have not been well‑defined, several 
suggestions, including pleiotropic effects of Vitamin D 
on immunity, mucosal and endothelial functions, and 
different metabolic effects of Vitamin D have been 
reported.[2]

Due to seasonal variations in sunlight, blood 
sampling in winter and spring is associated with 
lower 25(OH)D levels compared with summer and 
fall seasons.[10,13] In our patients, we did not observe 
any correlation between serum Vitamin D level and 
seasonality. This finding might be expected since 
serum Vitamin D level in critically ill patients is 
less affected by seasonal changes due to immobility 

and restricted sun exposure, even before the ICU 
admission.

In this study, Vitamin D deficiency was associated 
with younger age. Similar finding was reported 
in another study in critically ill patients and can 
be related to the impact of common Vitamin D 
supplementation in an elderly population in recent 
years.[15]

Vitamin D deficiency was associated with increased 
length of ICU stay in our surgical critically ill 
patients. This is in line with other studies that 
showed the correlation between serum level of 
Vitamin D and length of ICU stay.[6,31] In Higgins 
et  al. study, low serum levels of 25(OH)D was 
associated with increased time of ICU stay.[6] Also, 
in Zittermann et  al. study, length of ICU stay was 
significantly higher in Vitamin D deficient cardiac 
surgery patients compared with adequate ones.[31] 
McKinney et  al. reported similar results in medical 
critically ill patients.[32] Correlation between severity 
of Vitamin D deficiency and length of ICU stay has 
been reported by Matthews et  al.[8] Contrary to the 
above studies, in Amrein et  al., Venkatram et  al. 
and Aygencel et  al. studies, the correlation between 
Vitamin D insufficiency and length of ICU stay was 
not detected.[13‑15]

The second endpoint of our study was evaluating 
the correlation between serum 25(OH)D level and 
the in‑hospital mortality. Although mortality was 
more common in Vitamin D deficient critically 
ill surgical patients than those were sufficient, 
we did not find a significant correlation between 
hypovitaminosis D and in‑hospital mortality. Similar 
to this study, in Flynn et  al. prospective survey, no 
difference in mortality rate was reported between 
Vitamin D sufficient and deficient surgical critically ill 
patients.[17] In another study, Lucidarme et  al. showed 
that mortality rate was unchanged by low serum 
Vitamin D level in critically ill patients.[33] Although, 
Aygencel et  al. detected a correlation between 
mortality and Vitamin D insufficiency primarily in 
univariate analysis, Vitamin D insufficiency was not 
defined as an independent risk factor for mortality in 
the later multivariate analysis.[14]

In contrast to the previous studies, Zhang et  al. in 
a meta‑analysis of 7 cohort studies suggested that 
Vitamin D deficiency is associated with an increased 
risk of hospital mortality.[34] In addition, higher 
Vitamin D concentration was associated with a linear 
reduction of in‑hospital mortality in Turan et  al. 
study.[16] Venkatram et al. in a retrospective study, in a 
medical ICU, found a significant correlation between 
Vitamin D deficiency and mortality, but there was 
no correlation between Vitamin D insufficiency and 
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hospital mortality. In that study, Vitamin D deficiency 
and insufficiency were defined as serum 25(OH)D 
level <20 ng/ml and 20 to 29 ng/ml, respectively.[15]

Following a single‑center, retrospective, observational 
study in 655 surgical and nonsurgical critically ill 
patients, Amrein et  al. reported the lowest in‑hospital 
mortality at serum 25(OH)D levels between 20 
and 40  ng/ml. They also proposed serum 25(OH)D 
level of 15  ng/ml as the cut‑off point for in‑hospital 
mortality.[13] Ralph et  al. did not observe any 
association between low level of serum 25(OH)D at 
admission and increased risk of mortality in critically 
ill medical patients, but interestingly, patients with 
supraphysiologic serum Vitamin D levels at ICU 
admission had higher mortality rate.[35] Association 
between high serum 25(OH)D levels (>100 nmol/ml 
or  >40  ng/ml) and adverse clinical outcome has been 
reported in a recent study of postcardiac surgery 
patients.[31] In the second recent study, as a 9  years 
follow‑up, a reverse J‑shaped correlation between 
serum 25(OH)D level and mortality has been shown 
and serum Vitamin D level more than 120 nmol/ml 
(or  >  48  ng/ml) was associated with higher rate of 
mortality.[36]

No association between low serum levels of Vitamin 
D and in‑hospital mortality in our study may be due 
to small number of the included patients, different 
cut‑off point values for Vitamin D, deficiency in 
previous studies  (most of the studies that supported 
correlation between serum 25(OH)D level and 
mortality used the concentrations below 20  ng/ml), 
and supraphysiologic serum 25(OH)D level in 72% of 
the patients in “sufficient” group  (13 of 18  patients). 
The “J‑shaped effect theory” should be considered in 
interpreting mortality rate in the Vitamin D sufficient 
group.

In our study, critically ill surgical patients were 
enrolled and so the heterogeneity among medical, 
surgical, and traumatic critically ill patients that 
mentioned in the several previous studies was 
considered. All the patients’ blood samples were 
collected at a definite time, at 5–7 a.m., in 1st‑day 
of ICU admission. Also, the effects of potential 
confounders, including BMI and seasonal variation, 
were adjusted in the data analysis.

However, some limitations should be considered in 
our study. The major limitation was small sample size 
of the study. It was a single‑center study and, therefore, 
the results could not be generalized. Serum Vitamin D 
levels were assessed only at the time of ICU admission 
in our patients. Serial Vitamin D assay may result in 
more reliable judgment about body’s Vitamin D status. 
It was not possible to measure serum Vitamin D 
binding protein in our patients. Concentration of this 

protein can affect serum Vitamin D level, especially in 
critically ill patients with malnutrition.

Vitamin D deficiency is common in critically ill 
surgical patients. Statistically significant association 
was found between low 25(OH)D level and increased 
length of ICU stay in critically ill surgical patients. 
However, there was no correlation between serum 
Vitamin D level and patients’ in‑hospital mortality. 
Further, well‑designed, prospective clinical studies 
with adequate sample size are needed to evaluate 
the correlation between serum Vitamin D level and 
mortality in critically ill patients.
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