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Prevalence and Related Factors of Vitamin D Deficiency in Critically Ill Patients
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Background: To identify the prevalence and related factors for vitamin D deficiency in the patients who admitted to the medical in-
tensive care unit (ICU) of a Korean tertiary care hospital.
Methods: We retrospectively analyzed the data from ICU patients requiring mechanical ventilation (MV) for a period of > 48 h to iden-
tify the prevalence and associated factors for vitamin D deficiency. Vitamin D deficiency was defined as serum 25-hydroxyvitamin D 
[25(OH)D] level < 20 ng/mL.
Results: Among 570 patients admitted to the ICU, 221 were enrolled in the study, 194 in the vitamin D deficient group and 27 in the 
non-deficient group. Prevalence of vitamin D deficiency in critically ill patients was 87.8%. The patient age was lower in the vitamin 
D deficient group compared with the non-deficient group (64.4 ± 15.4 vs. 71.0 ± 9.6 years, p = 0.049). A higher acute physiology and 
chronic health evaluation II (APACHE II) score (odds ratio [OR] 1.23, 95% confidence interval [CI] 1.10-1.37) and chronic illness (OR 
3.12, 95% CI 1.08-9.01) were associated with vitamin D deficiency after adjusting for age and body mass index. Clinical outcomes of 
duration of MV, ICU stay, and 28- and 90-day mortality rates were not significantly different between the vitamin D deficient and non-
deficient groups.
Conclusions: Vitamin D deficiency was common in critically ill patients, particularly among younger patients. Higher APACHE II score 
and chronic illness were associated with vitamin D deficiency.
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■ Original Article ■

Introduction

Vitamin D deficiency is common in critically ill patients and associated with a variety of poor clinical outcomes, in-
cluding increased in-hospital mortality, prolonged intensive care unit (ICU) stay, blood stream infection, and prolonged 
use of mechanical ventilation (MV).[1-6] Among critically ill patients requiring MV support, reducing the durations of 
both MV and ICU stays is important for improving clinical outcome. Understanding the prevalence and predisposing 

factors related to vitamin D deficiency is therefore impor-
tant for improving outcomes in critically ill patients.

Vitamin D affects a wide range of biological processes, 
including cell proliferation and differentiation, regulation 
of inflammation, immunomodulation, muscle strength, in 
addition to bone formation and electrolyte homeostasis.[7] 
Clinical outcomes associated with vitamin D deficiency 
include resistance to infection, cardiovascular disease, 
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and insulin resistance.[8-11] However, despite these 
wide-ranging pleiotropic effects, there is no common 
definition for adequate serum concentration of vitamin 
D, measured as 25-hydroxyvitamin D [25(OH)D].[12] 
Historically, vitamin D deficiency has been defined as 
25(OH)D level < 20 ng/mL (50 nmol/L), with vitamin D 
insufficiency classified as 21-29 ng/mL (52.5-72.5 nmol/
L) 25(OH)D according to the Institute of Medicine.[13] 
Because vitamin D is synthesized in response to ultravio-
let light, sun exposure remains important for maintaining 
a healthy level of vitamin D. In recent years, sun expo-
sure has declined because people are spending more time 
indoors, a phenomenon particularly common in younger 
individuals.[14,15] Since very few foods naturally con-
tain vitamin D, natural sunlight remains the major source 
of vitamin D for most individuals.[7] Accordingly, the 
prevalence of vitamin D deficiency remains strongly as-
sociated with factors affecting ultraviolet light intensity, 
including geographic location, skin tone, and time of 
year.[16,17]

The Korean climate is characterized by four distinct sea-
sons, with the majority of the population residing in cities 
and spending much of their time indoors. As these factors 
are likely to affect serum vitamin D level, we performed a 
retrospective study evaluating the prevalence and related 
factors of vitamin D deficiency in the patients who admit-
ted to Korean tertiary care hospital.

Materials and Methods

1) Patients and study design
This retrospective observational study reviewed the 

medical records of critically ill patients who were admit-
ted to the ICU between January 2012 and October 2014. 
Patients were included if they met the following criteria: 
18 years of age or older, serum vitamin D level measured 
at ICU admission; and required MV for > 48 h. Vitamin 
D deficiency was defined as serum 25(OH)D level < 20 
ng/mL (50 nmol/L).[7,13] We classified patients into 
either a vitamin D deficient or non-deficient group. To 

evaluate the related factors of vitamin D deficiency, we 
compared the clinical characteristics of the two groups. 
We analyzed clinical outcomes between the vitamin D 
deficient group and non-deficient group to evaluate the 
effect of vitamin D deficiency in critically ill patients.

Data were gathered from medical records using a struc-
tured form. Patient data included baseline demographic 
characteristics, body mass index (BMI), comorbidities, 
Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score, and clinical laboratory data. Clinical 
outcomes included duration of MV, length of ICU stay 
and hospitalization, and 28- and 90-day mortality rates. 
The ICU is operated by a team of day-time ICU staff, 
along with day- and night-time duty residents.

2) Measurement of serum vitamin D concentration
Blood samples were obtained within 24 h of ICU ad-

mission. Serum circulating 25(OH)D level was measured 
using a chemiluminescent immunoassay at the Green 
Cross Laboratory (Daegu, Korea).

3) Statistical analysis
Descriptive statistics included frequencies and percent-

ages for categorical variables and means and standard 
deviations for continuous variables. Continuous variables 
were analyzed using a t-test or Mann-Whitney U test as ap-
propriate; categorical variables were analyzed using a χ2 or 
Fisher’s exact test. Multivariable logistic regression models 
were fitted to identify associated factors of vitamin D de-
ficiency. The odds ratios (ORs) for vitamin D deficiency 
were estimated after adjusting for potential confounders. 
Data were analyzed using SPSS 17.0 for Windows (SPSS 
Inc., Chicago, IL, USA). All tests were two-tailed, and a p-
value < 0.05 was considered statistically significant. Data 
were presented as mean ± standard deviation.

4) Ethics statement
This study was approved by the Yeungnam University 

Hospital Institutional Review Board. All patient data and 
information were confidential.
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Results

1) Baseline characteristics
A total of 570 patients were admitted to the medical 

ICU for the period of the investigation, of whom 227 had 
serum vitamin D level results. Six patients were excluded 

due to use of MV for < 48 h, resulting in a final study co-
hort of 221 patients (Fig. 1).

The baseline characteristics of the enrolled patients are 
shown in Table 1. The age of the enrolled patients was 
65.2 ± 14.9 years, and 67.4% (149/221) were male. The 
serum vitamin D concentration was 11.8 ± 7.9 ng/mL, 

Table 1. Baseline Characteristics

Characteristic

Serum 25(OH)D level

p-value< 20 ng/mL
n = 194

≥ 20 ng/mL
n = 27

Sex (male) 132 (68.0) 17 (63.0) 0.598

Age (years) 64.4 ± 15.35 71.0 ± 9.60 0.049

BMI (kg/m2) 22.5 ± 4.84 20.5 ± 4.01 0.033

Ever-smokers 56 (28.9) 3 (11.1) 0.051

APACHE II 21 ± 6 16 ± 4 < 0.001

Comorbidities 150 (89.3) 18 (66.7) 0.224

Cardiovascular disease 26 (13.4) 2 (7.4)

Chronic pulmonary disease 57 (29.4) 7 (25.9)

Cerebrovascular disease 26 (13.4) 9 (33.3)

Diabetes mellitus 72 (37.1) 5 (18.5)

Liver disease 18 (9.3) 1 (3.7)

Renal disease 23 (11.9) 1 (3.7)

Malignancy 16 (8.2) 1 (3.7)

Gastric ulcer 7 (3.6) 0 (0)

Connective tissue disease 8 (4.1) 3 (11.1)

Season of ICU admission 0.360

Spring 68 (35.1) 5 (18.5)

Summer 56 (28.9) 11 (40.7)

Fall 31 (16.0) 5 (18.5)

Winter 39 (20.1) 6 (22.2)

Serum 25(OH)D (ng/mL) 9.6 ± 4.9 27.7 ± 7.3 < 0.001

Values are presented as mean ± standard deviation or number (%).
25(OH)D: 25-hydroxyvitamin D; BMI: body mass index; APACHE II: acute physiology and chronic health evaluation II; ICU: intensive care unit.

Fig. 1. Flow chart of en-
rolled patients in this study. 
ICU: intensive care unit; 
MV: mechanical ventilator; 
25(OH)D: 25-hydroxyvita-
min D.
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and 194 (87.8%) patients were classified as vitamin D 
deficient. Mean serum vitamin D level was 10.9 ± 7.9, 
12.9 ± 8.5, 12.8 ± 8.1, and 11.0 ± 6.6 ng/mL in spring, 
summer, autumn, and winter, respectively. Vitamin D 
levels did not differ between males and females (11.7 ± 
7.0 vs. 12.2 ± 9.6 ng/mL, p = 0.661).

The serum vitamin D level in the deficient group was 
9.6 ± 4.9 ng/mL, while that in the non-deficient group 
was 27.7 ± 7.3 ng/mL. The age of the vitamin D deficient 
group was lower than that of the non-deficient group (64.4 
± 15.4 vs. 71.0 ± 9.6 years, p = 0.049). BMI (22.5 ± 4.8 
vs. 20.5 ± 4.0, p = 0.033) and APACHE II score (21 ± 6 
vs. 16 ± 4, p < 0.001) were significantly higher in the vi-
tamin D deficient group than in the non-deficient group. 
The vitamin D deficient group also had more comorbid 
conditions such as diabetes and renal disease compared 
with the non-deficient group, although these differences 
did not reach statistical significance (Table 1).

Average serum vitamin D level was the lowest among 
patients in their 30s (7.0 ± 3.5 ng/mL; Table 2). Mean se-
rum vitamin D level was higher in patients > 50 years of 
age than in those < 50 years of age (12.4 ± 8.0 vs. 8.9 ± 6.8 
ng/mL, p = 0.016).

2) Associated factors of vitamin D deficiency
A weak correlation was observed between serum vita-

min D level and APACHE Ⅱ score (r2 = 0.18, p < 0.001). 
Younger age, higher BMI, and APACHE II score were 
significantly associated with vitamin D deficiency based 
on simple logistic regression analysis. On multivariable 
analysis using the logistic regression method, a high 
APACHE II score (OR 1.23, 95% confidence interval 
[CI] 1.10-1.37, p < 0.001) and underlying comorbidity 
(OR 3.12, 95% CI 1.08-9.01, p = 0.036) were identified 
as independent predictors of vitamin D deficiency at ICU 
admission (Table 3).

Table 2. Proportions of comorbidity and vitamin D deficiency and mean serum vitamin D level according to age

Age Comorbidity
Serum 25(OH)D level Mean serum 25(OH)D level

(ng/mL)< 20 ng/mL ≥ 20 ng/mL

20-29 1 (14.3) 7 (100) 0 (0) 11.0 ± 7.1

30-39 5 (41.7) 12 (100) 0 (0)   7.0 ± 3.5

40-49 12 (75.0) 14 (87.5) 2 (12.5)   9.4 ± 8.4

50-59 17 (68.0) 25 (100) 0 (0)   8.7 ± 4.2

60-69 45 (81.8) 49 (89.1) 6 (10.9) 12.4 ± 7.5

70-79 61 (79.2) 63 (81.8) 14 (18.2) 13.3 ± 7.4

80-89 26 (92.9) 23 (82.1) 5 (17.9)   13.6 ± 11.7

90- 1 (100.0) 1 (100) 0 (0)

Total 168 (76.0) 194 (87.8) 27 (12.2)

Values are presented as mean ± standard deviation or number (%).
25(OH)D: 25-hydroxyvitamin D.

Table 3. Associated factors of vitamin D deficiency

Factors
Univariable analysis Multivariable analysis

OR of vitamin D deficiency p–value OR of vitamin D deficiency p–value

Age 0.96 (0.93-1.00)    0.034 0.95 (0.91-0.96)    0.007

BMI 1.13 (1.01-1.26)    0.035 1.12 (0.99-1.28)    0.078

Comorbidity 1.71 (0.72-4.06)    0.228  3.12 (1.08–9.01)    0.036

APACHE Ⅱ 1.20 (1.09-1.31) < 0.001 1.23 (1.10-1.37) < 0.001

Values are presented as OR (95% confidence interval).
OR: odds ratio; BMI: body mass index; APACHE II: acute physiology and chronic health evaluation II.
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3)	�Relationship between vitamin D deficiency and clini-
cal outcomes

Neither 28- nor 90-day mortality rate was associated 
with vitamin D deficiency (deficient vs. non-deficient; 
19.1% vs. 25.9%, p = 0.403 for 28-day mortality; 25.3% 
vs. 33.3%, p = 0.372 for 90-day mortality). Length of 
MV care, duration of ICU stay, and hospitalization were 
not significantly different between vitamin D deficient 
and non-deficient groups (Table 4).

Discussion

Vitamin D deficiency was very common (87.8%) in 
critically ill patients, particularly those younger than 
50 years. Among the variables tested, high APACHE II 
score and presence of comorbidities were associated with 
vitamin D deficiency in critically ill patients.

Low levels of serum vitamin D were observed not only 
among the older patients with chronic diseases, but also 
among younger patients with no comorbidities. These 
observations are broadly consistent with a previous large 
survey of the Korean population,[14] showing vitamin 
D insufficiency to be a significant problem, particularly 
among younger residents. Elderly residents are also at an 
increased risk of vitamin D insufficiency, as the cutane-
ous synthesis of vitamin D declines with age.[18] These 
deficiencies become even more pronounced in critically 
ill patients, who often have lower serum 25(OH)D levels 
(11.8 ± 7.9 vs. 15.2 ± 7.3 ng/mL, p < 0.001) and a higher 

prevalence of vitamin D insufficiency (87.8% vs. 56.9%) 
compared with the general population.[14] Further-
more, another study showed that 80% of second-decade 
military personnel with pneumonia had vitamin D insuf-
ficiency (10 ng/mL ≤ 25(OH)D < 30 ng/mL), highlighting 
the strong relationship between vitamin D deficiency and 
susceptibility to disease.[19] The phenomenon of vitamin 
D deficiency in Korean youth appears to be directly re-
lated to industrialization. In Korea, young adults tend to 
gravitate toward urban areas and work primarily indoors, 
while elderly residents are more likely to live in rural areas 
and have outdoor jobs. This environmental difference may 
partially explain the phenomenon of greater vitamin D de-
ficiency in the younger generation. Among our study popu-
lation, vitamin D deficiency was more common in patients 
< 50 years of age compared with those > 50 years of age. 
One possible explanation for this observation is the study 
design, because patient inclusion was limited to those re-
quiring MV for > 48 h. Many elderly patients with chronic 
disease often choose not to seek intensive care, which may 
also require MV, thus potentially affecting our results.

An inverse association between serum 25(OH)D level 
and BMI > 30 kg/m2 was observed, suggesting that obe-
sity is associated with vitamin D deficiency.[17,20] This 
study showed that BMI in the vitamin D deficient group 
was significantly higher than non-deficient group; how-
ever, BMI was not identified as an independently predict-
able factor of vitamin D deficiency based on multivari-
able logistic regression. Although mean BMI was greater 
in the vitamin D deficiency group, the mean BMIs in 

Table 4. Clinical outcomes according to vitamin D deficiency

Clinical outcome
Serum 25(OH)D level

p-value
< 20 ng/mL ≥ 20 ng/mL

28-day mortality   37 (19.1)       7 (25.9) 0.403

90-day mortality   49 (25.3)       9 (33.3) 0.372

Duration of MV (days) 14.9 ± 34.0 10.6 ± 9.6 0.519

Duration of ICU admission (days) 17.9 ± 34.4  16.0 ±13.1 0.778

Duration of hospitalization (days) 35.0 ± 59.8   31.3 ± 27.4 0.748

Values are presented as mean ± standard deviation or number (%).
25(OH)D: 25-hydroxyvitamin D; MV: mechanical ventilation; ICU: intensive care unit.
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both the deficient and non-deficient groups fell within the 
normal range according to World Health Organization 
obesity guidelines.

Previous researches have suggested that serum vitamin 
D level is in inverse proportion to serum calcium and al-
bumin level. However, no such association was observed 
in the present study.[21] Although the comorbidities 
examined did not correlate with vitamin D deficiency, 
patients with at least one underlying disease of any kind 
were at a greater risk of vitamin D deficiency. Among 
individual comorbidities, cerebrovascular disease was 
more prevalent in the vitamin D non-deficient group 
than in the vitamin D deficient group (13.4% vs. 33.3%), 
contrary to the general assumption that patients with 
cerebrovascular disease are less likely to have sufficient 
sun exposure. This apparent discrepancy highlights the 
myriad of factors contributing to vitamin D deficiency, 
suggesting that a performance-based outcome or sever-
ity of neurological sequelae may be a more informative 
outcome in this population. Considering the diverse roles 
of vitamin D, it may be useful to screen patients with 
existing comorbidities to assess serum vitamin D levels. 
A large-scale, randomized control trial examining the use 
of vitamin D supplementation in patients with chronic 
disease may also be warranted.

In contrast to previous reports on the relationship be-
tween clinical outcomes and vitamin D deficiency, our 
study did not demonstrate vitamin D deficiency to be 
associated with poor clinical outcomes.[1-4] A possible 
reason for this result is that the small number of sub-
jects (n = 27) in the vitamin D non-deficient groups was 
insufficient to show a meaningful difference in clinical 
outcomes. Additionally, the present study included all pa-
tients who were admitted to the medical ICU rather than 
those with a specific disease category; thus, the determi-
nants of prognosis might be multifactorial.

The most significant limitation of this study was the 
small, single-center, retrospective design without sequen-
tial vitamin D blood sampling. While limited exposure to 
sunlight due to comorbidities and malnutrition are impor-
tant causes of vitamin D deficiency, altered metabolism of 

vitamin D and parathyroid hormone during critical illness 
cannot be ruled out.[22,23] Assessment of serum parathy-
roid hormone and other metabolites related to vitamin D 
metabolism, along with follow-up assessment of serum 
vitamin D level, could have provided important insights.

Despite its wide-ranging role in human health, vita-
min D replacement is seldom considered for critically 
ill patients. Previous studies have shown that both of 
enteral and parental nutritions supplied to critically ill 
patients. Previous studies have shown that both of enteral 
and parental nutritions supplied to critically ill patients 
were grossly inadequate for treating the vitamin D defi-
ciency.[24] Furthermore, numerous studies have shown 
biological effect of vitamin D, whereas few studies sup-
port the hypothesis that vitamin D therapy can improve 
outcomes,[25-28] with only short-term effects evaluated 
in adult ICU patients.[29] This lack of data regarding the 
usefulness of vitamin D therapy is further complicated by 
an absence of definitive protocols for vitamin D supple-
mentation.[30] It is necessary to perform well-designed 
clinical trial regarding best methods for vitamin D replace-
ment and association of clinical outcome with vitamin D 
replacement.

Collectively, vitamin D deficiency is common in criti-
cally ill patients, even among younger patients. Patients 
presenting with one or more comorbidity or a high 
APACHE II score are at an increased risk of vitamin D 
deficiency and should be monitored accordingly.
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