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Prevalence and clinical impact of vitamin D deficiency
in critically ill Korean patients with traumatic injuries:

a single-center, prospective, observational study

Kyoung Hoon Lim, Jihoon Jang, Jinyoung Park

Trauma Center, Department of Surgery, Kyungpook National University Hospital, School of Medicine, Kyungpook National University, Daegu, Korea

Background: This study investigated the prevalence and impact of 25-hydroxyvitamin D (25(0H)
vitamin D) deficiency in critically ill Korean patients with traumatic injuries.

Methods: This prospective observational cohort study assessed the 25(0H) vitamin D status
of consecutive trauma patients admitted to the trauma intensive care unit (TICU) of Kyung-
pook National University Hospital between January and December 2018. We analyzed the
prevalence of 25(0H) vitamin D deficiency and its impact on clinical outcomes.

Results: There were no significant differences in the duration of mechanical ventilation (MV),
lengths of TICU and hospital stays, and rates of nosocomial infection and mortality between
patients with 25(0H) vitamin D <20 ng/ml and those with 25(0H) vitamin D > 20 ng/ml with-
in 24 hours of TICU admission. The duration of MV and lengths of TICU and hospital stays
were shorter and the rate of nosocomial infection was lower in patients with 25(0H) vitamin
D level =20 ng/ml on day 7 of hospitalization. The duration of MV, lengths of TICU and hos-
pital stays, and nosocomial infection rate were significantly lower in patients with increased
concentrations compared with those with decreased concentrations on day 7 of hospitaliza-
tion, but the mortality rate did not differ significantly.

Conclusions: The 25(0H) vitamin D level measured within 24 hours after TICU admission was
unrelated to clinical outcomes in critically ill patients with traumatic injuries. However, pa-
tients with increased 25(0H) vitamin D level after 7 days of hospitalization had better clinical
outcomes than those with decreased levels.
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INTRODUCTION

Vitamin D is an important pro-hormone that is produced in the skin after exposure to ultra-
violet (UV) B radiation or is obtained from the diet [1-4]. It is hydroxylated in the liver to
25-hydroxyvitamin D (25(OH) vitamin D) and further hydroxylated in the kidney to 1,25-di-
hydroxyvitamin D (1,25(OH), vitamin D), the active hormone involved in serum calcium and
phosphorus homeostasis for optimal neuromuscular function. Vitamin D plays an important
role in the innate and acquired immune systems, especially in patients with infectious dis-
ease, diabetes mellitus, myocardial infarction, cardiac failure, stroke, Alzheimer disease, os-
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teoporosis, inflammatory bowel disease, chronic obstructive
airway disease, and autoimmune disease [5-7]. In particular,
vitamin D deficiency is identified frequently in patients in the
intensive care unit (ICU); patients in the ICU have lower vita-
min D level than the general population. Vitamin D level in
critically ill patients can affect their clinical outcomes, such as
the duration of mechanical ventilation (MV) and rates of
complications, morbidity, and mortality [5-10]. Trauma pa-
tients often are hospitalized for sudden accidents that occur
during daily activities. Therefore, deficiency of vitamin D,
which is synthesized by exposure to UV light, is less prevalent
in these patients than in those hospitalized with diseases. In
addition, trauma leads to a very serious stress response, in-
cluding inactivation of the immune system, leaving trauma
patients vulnerable to infections such as bacteremia, urinary
tract infection, pneumonia, and wound infections, as well as
complications during hospitalization. To date, only a few stud-
ies have assessed the effects of blood vitamin D level on clini-
cal outcomes in trauma patients. Therefore, the present study
investigated the prevalence of vitamin D deficiency in patients
with severe trauma and the relationship between serum 25(OH)
vitamin D level and clinical outcomes of duration of MV, lengths
of trauma ICU (TICU) and hospital stays, and rates of nosoco-
mial infection and mortality.

MATERIALS AND METHODS

This prospective observational cohort study included all trau-
ma patients aged > 18 years who were consecutively admitted
to the TICU at the trauma center of Kyungpook National Uni-
versity Hospital within 24 hours of trauma injury between
January and December 2018. The study protocol was in accor-
dance with the Declaration of Helsinki and approved by the
Institutional Review Board of Kyungpook National University
Hospital (IRB No. 2016-11-025-002). Written informed con-
sent was obtained from all patients or their family members.
Patients who did not stay in the TICU for =24 hours or who
were administered multivitamin supplements or medications
that could affect 25(0OH) vitamin D level within 7 days of ad-
ministration were excluded. The following patient informa-
tion was collected from the electronic medical record system
of the hospital: age, sex, body mass index (BMI), trauma mech-
anism, nutrition status (enteral or parenteral nutrition for >3
days before the test on day 7), presence of shock (systolic blood
pressure <90 mm Hg or heart rate >120/min) on admission,
operation within 7 days, and measures of severity such as the
Glasgow coma scale (GCS) score, injury severity score (ISS),
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KEY MESSAGES

= The majority of patients with traumatic injuries were ei-
ther 25-hydroxyvitamin D (25(OH) vitamin D) deficient
or insufficient.

= The 25(0OH) vitamin D level measured within 24 hours
after trauma intensive care unit admission was unrelat-
ed to clinical outcomes in critically ill patients with trau-
matic injuries.

= Patients with increased 25(OH) vitamin D level after 7
days of hospitalization had better clinical outcomes
than those with decreased D level.

Acute Physiology and Chronic Health Evaluation (APACHE) II
score, Sequential Organ Failure Assessment (SOFA) score,
and Simplified Acute Physiology Score III (SAPS III). Clinical
outcomes were the duration of MV, lengths of TICU and hos-
pital stays, and rates of nosocomial infection and mortality.
Blood 25(0OH) vitamin D level was measured within 24 hours
and after 7 days of TICU admission using the reference stan-
dard of liquid chromatography and tandem mass spectrome-
try (Quest Diagnostics Lab, Valencia, CA, USA). Based on a
previously published study on vitamin D level in critically ill
patients [9], the patients were classified into two groups ac-
cording to blood 25(0OH) vitamin D level measured within 24
hours of TICU admission: group A (<20 ng/ml [50 nmol/L])
and group B (=20 ng/ml [50 nmol/L]). Continuous variables
were reported as mean +standard deviation and compared
using Student t-test, whereas categorical variables were re-
ported as proportions (percentages) and were compared us-
ing Pearson’s chi-square test or Fisher’s exact test, as appro-
priate. The association between parameters recorded in our
database was tested using binary logistic regression analysis.
Factors associated with the outcome were used to build mul-
tivariate forward stepwise logistic regression models and de-
termine independent factors related to vitamin D level and
nosocomial infection rate. All statistical analyses were per-
formed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA), with
P-values less than 0.05 considered statistically significant.

RESULTS

Patient Demographics

This study included 191 consecutive patients admitted to the
TICU who met our inclusion criteria. Of these patients, 145
(75.9%) were men, and 46 (24.1%) were women; the mean age
was 53.1+20.6 years. Most patients (182/191, 95.3%) were

https://www.accjournal.org 93



Lim KH, etal.  Vitamin D deficiency in trauma patients

hospitalized after blunt trauma injury. These patients had a
mean GCS score of 12.3+4.0 (range, 3-15), an ISS 0of 17.4+9.0
(range, 1-75), APACHE II score of 10.7+7.3, SOFA score of
3.3+3.1,and SAPS Il 0f 45.2 +15.7.

Table 1. Serum 25(0H) vitamin D levels measured within 24 hours
of TICU admission

Group No (%) Mean=SD (ng/ml)
Deficient (< 10 ng/ml) 109 (57.1) 6.1£0.2
Insufficient (10-29 ng/ml) 78 (40.8) 15.4+0.2
Sufficient (30-100 ng/ml) 4(2.1) 36.8+3.9
Total 191 (100) 10.6+7.0

25(0H) vitamin D: 25-hydroxyvitamin D; TICU: trauma intensive care unit;
SD: standard deviation.

Table 2. Demographic characteristics and clinical outcomes in
TICU patients with 25(0H) vitamin D levels <20 ng/ml and >20
ng/ml measured within 24 hours of TICU admission

Vitamin D Vitamin D
(<20 ng/ml, (=20 ng/ml, P-value
n=175) n=16)

Variable

25(0H) vitamin D (ng/m!) 89+44 277+70 0.000
Age (yr) 529+£205 55.1£223 0.680
Male sex 133 (76) 12 (75) 1.000
BMI (kg/m?) 232438  237+41 0602
GCS score 12.4+39 11.1+46  0.195
Injury severity score 17.6£9.1 15.3+83  0.336
Blunt injury (%) 166 (94.9) 16 (100) 1.000
Presence of shock on admission 43 (24.6) 3(18.8) 0.765
CRP (mg/dl) 04+1.6 0711 0.482
APACHE I score 10.6+7.4 11.8%6.1 0.529
SOFA score 33+32 34+28  0.897
SAPS Il score 449+156 473+17.2 0570
RBC units transfused within 3.4+16.2 03+0.6  0.000
24 hours
Total serum calcium (mg/dl) 79+7.7 84+08 0038
Duration of MV (day) 35175 70179 0449
Length of TICU stay (day) 95+11.2  11.0+193 0.635
Length of hospital stay (day) 293+299 244+319 0.531
Nosocomial infection (%) 78 (44.6) 7(43.8) 0950
Mortality (%) 19 (10.9) 2(12.5) 0.690

Values are presented as mean +standard deviation or number (%)

TICU: trauma intensive care unit; 25(0H) vitamin D: 25-hydroxyvitamin
D; BMI: body mass index; GCS: Glasgow coma scale; CRP: C-reactive pro-
tein; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA:
Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology
Score; RBC: red blood cell; MV: mechanical ventilation.
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Distribution and Seasonal Variation in 25(0H) Vitamin D
Level at TICU Admission
The mean serum 25(OH) vitamin D level within 24 hours of
TICU admission was 10.6+7.0 ng/ml. Of the 191 patients, 109
(57.1%) had 25(0OH) vitamin D deficiency (<10 ng/ml), 78
(40.8%) had 25(OH) vitamin D insufficiency (10-29 ng/ml),
and four (2.1%) had 25(OH) vitamin D sufficiency (30-100
ng/ml) (Table 1). To determine whether there were seasonal
variations in serum 25(OH) vitamin D level, the levels in the
study patients were compared to those of 130 other patients
that were admitted to the TICU from April to September and
to the levels of 61 patients admitted to the TICU from October
to March. The mean 25(OH) vitamin D levels in these two

Table 3. Demographic characteristics and clinical outcomes in
TICU patients with 25(0H) vitamin D levels <20 ng/ml and >20
ng/ml measured on day 7 of hospitalization

VitaminD  Vitamin D
(<20 ng/ml, (=20 ng/ml, P-value
n=142) n=11)

Variable

25(0H) vitamin D (ng/ml) 79+44  29.1+11.7 0.000
Age (yr) 51.9£20.5 50.7+17.7 0.846
Male sex 108 (76.1) 8(72.7) 0.728
BMI (kg/m?) 229+3.7  242+49 0285
GCS score 124+38 147107  0.000
Injury severity score 17.7£80 14.1+6.6 0.152
APACHE Il score 10.5+6.9 6.5+4.4  0.062
SOFA score 3.3+3.0 1.6+1.4  0.003
SAPS Il score 435+£146 39.0£133 0.321
CRP (mg/dl) 0417 09 £15 0359
RBC units transfused within 2744 1.9+28  0.554
24 hours
Presence of shock on admission 38 (26.8) 2(18.2) 0729
Nutrition® 98 (69.0) 9(81.8) 0.506
Operation within 7 days 76 (53.5) 6(54.5) 0948
Duration of MV (day) 47499 0.1+£03  0.000
Length of TICU stay (day) 1134131 50+40  0.001
Length of hospital stay (day) 3424312 162+9.5 0.059

73 (51.4) 1(9.1) 0.007
19(10.9) 2(125)  0.690

Nosocomial infection (%)
Mortality (%)

Values are presented as mean £standard deviation or number (%).

TICU: trauma intensive care unit; 25(0H) vitamin D: 25-hydroxyvitamin
D; BMI: body mass index; GCS: Glasgow coma scale; APACHE: Acute
Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Fail-
ure Assessment; SAPS: Simplified Acute Physiology Score; CRP: C-reac-
tive protein; RBC: red blood cell; MV: mechanical ventilation.

“Cases who were received enteral or parenteral nutrition for more than
3 days before the test of 7 days.
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groups were 10.4+7.2 and 10.9 + 6.6 ng/ml, respectively, show-
ing no seasonal variations (P =0.638).

Comparison of Initial 25(0OH) Vitamin D Level on Day 1
There were no statistical differences in age, sex, BMI, GCS
score, ISS, injury mechanism, presence of shock, APACHE II
score, SOFA score, and SAPS III between patients with 25(0H)
vitamin D level <20 ng/ml and those with 25(0OH) vitamin D
level 220 ng/ml. In contrast, the amount of red blood cells
(RBCs) transfused within 24 hours of admission was signifi-
cantly higher and the serum total calcium was significantly
lower in patients with 25(OH) vitamin D level <20 ng/ml than
in those with 25(0OH) vitamin D level >20 ng/ml. However,
there were no statistically significant differences between the
groups in terms of the duration of MV, lengths of TICU and
hospital stays, and rates of nosocomial infection and mortality
(Table 2).

Table 4. Clinical outcomes in TICU patients showing increased and
decreased 25(0H) vitamin D level from day 1 to day 7 of hospital-
ization

Decreased  Increased

Variable group group  P-value
(n=96) (n=57)
Variance of 25(0H) vitamin D level  -5.3+5.3 6.0+£79  0.000
GCS score 11.9+41 13.6+29 0.001
Injury severity score 17.8+7.6 167+£86 0457
APACHE I score 12172 8.5%6.1 0.185
SOFA score 35+32 24+25  0.029
SAPS IIl score 4384154 4224131 0.059
CRP 0.4£0.6 03+08 0577
RBC units transfused within 29+44 22442 0548
24 hours
Presence of shock on admission 31(32.3) 9(15.8) 0.025
Nutrition? 72(750) 45(789) 0578
Operation within 7 days 50(52.1)  32(56.1) 0.627
Duration of MV (day) 53+11.1 27+65 0.033
Length of TICU stay (day) 127£146 7.7+82 0.015

38.2+34.7 23.9+188 0.009
55(57.2)  19(33.3) 0.004
Mortality (%) 7(7.3) 2(3.5) 0.336

Length of hospital stay (day)

Nosocomial infection (%)

Values are presented as mean+standard deviation or number (%).

TICU: trauma intensive care unit; 25(0H) vitamin D: 25-hydroxyvitamin
D; GCS: Glasgow coma scale; APACHE: Acute Physiology and Chronic
Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS:
Simplified Acute Physiology Score; CRP: C-reactive protein; RBC: red
blood cell; MV: mechanical ventilation.

*Cases who were received enteral or parenteral nutrition for more than
3 days before the test of 7 days.
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Comparison of 25(0H) Vitamin D Level on Day 7
Serum 25(OH) vitamin D level was measured in 153 (80.1%)
of 191 patients 7 days after TICU admission. The mean 25(OH)
vitamin D level in these patients was 9.4+ 7.5 ng/ml. The GCS
score, SOFA score, duration of MV, lengths of TICU and hospi-
tal stays, and rate of nosocomial infection differed significant-
ly between patients with 25(OH) vitamin D level <20 ng/ml
and those with 25(0OH) vitamin D level >20 ng/ml on day 7.
However, there were no statistically significant differences be-
tween these two groups in terms of age, sex, BMI, ISS, SAPS
II1, units of RBCs transfused, presence of shock, status of nu-
trition, and rate of mortality (Table 3).

Clinical Outcomes of TICU Patients That Showed Increased
and Decreased 25(0H) Vitamin D Level from Day 1 to Day
7 of Hospitalization

Of the 153 patients, 57 (37.3%) showed an increase and 96 pa-
tients (62.7%) showed a decrease in 25(0OH) vitamin D level
from day 1 to day 7. The duration of MV, lengths of TICU and
hospital stays, and nosocomial infection rate were significant-
ly lower in patients in whom the level increased than in those
in whom the level decreased, although there was no between-
group difference for nutrition status and rate of mortality (Ta-
ble 4).

Table 5. Logistic regression analysis for risk factors associated
with nosocomial infection

Variable (r)adt?s 95% Cl P-value
Injury severity score 1.026  0.965-1.090 0.416
APACHE Il score 1.108 1.022-1.201 0.013
Presence of shock on admission 0.269  0.073-0.998 0.048
RBC units transfused within 24 hours  1.063  0.889-1.270  0.502
Nutrition® 1.382  0.468-4.078 0.558
Operation within 7 days 1216 0.464-3.185 0.691

25(0H) vitamin D 220 ng/ml (day 1)  4.106
25(0H) vitamin D >20 ng/ml (day 7)  0.152
Increased 25(0H) vitamin D from 0.719

0.566-29.812 0.163
0.012-1905 0.144
0.276-1.873  0.500

day 1and 7
Duration of MV (day) 1045 0956-1.143 0.330
Length of TICU stay (day) 1.088  0.995-1.189  0.065
Length of hospital stay (day) 1.041  1.006-1.077 0.022

Cl: confidence interval; APACHE II: APACHE: Acute Physiology and Chron-
ic Health Evaluation; RBC: red blood cell; 25(0H) vitamin D: 25-hydroxy-
vitamin D; MV: mechanical ventilation; TICU: trauma intensive care unit.
“Cases who were received enteral or parenteral nutrition for more than
3 days before the test of 7 days.
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Logistic Regression Analysis for Risk Factors Associated
with Nosocomial Infection

Risk factors associated with nosocomial infection indicated
that APACHE 1I score, presence of shock on admission, and
length of hospital stay were independent factors, based on
multivariate analysis (Table 5).

DISCUSSION

Vitamin D deficiency is a common problem in the general
population [8-10]. The 2008 Korean National Health and Nu-
trition Examination Survey found that the prevalence of vita-
min D insufficiency (25(OH) vitamin D level; 10-30 ng/ml)
was 82.6% and that of deficiency (25(OH) vitamin D <10 ng/ml)
was 7.9% in the general Korean population [1]. Vitamin D de-
ficiency is the most common nutritional deficiency in the
United States [8]. The causes of vitamin D deficiency in the
general population are multifactorial, including low vitamin
D content in foods, blocking of vitamin D synthesis in the skin
by the use of sunscreen, and reduced vitamin D synthesis in
aging skin. In obesity, vitamin D is stored in fat cells instead of
the liver. Chronic renal disease, liver failure, seasonal varia-
tions in exposure to sunlight in spring and winter, living in an
urban area, and working indoors also are factors associated
with vitamin D deficiency. The half-life of 25(OH) vitamin D is
15 days; hence, because trauma patients are often hospital-
ized after accidents in routine daily living, the initial vitamin D
level in trauma patients is likely to be similar to that in the
general population. Measurement of vitamin D level in trau-
ma patients within 24 hours of TICU admission showed that
almost all patients (97.9%) had 25(OH) vitamin deficiency
(<10 ng/ml) or insufficiency (10-29 ng/ml). Similarly, a study
on critically ill patients with traumatic injuries in the United
States found that 96.2% had deficient or insufficient level of
vitamin D [11]. However, these values were higher than in the
general population mentioned above. Since vitamin D mea-
surements for trauma patients were conducted after admis-
sion to the TICU and not immediately after arrival, fluid re-
suscitation in the emergency room, decreased serum calcium
level due to RBC transfusion, and acute inflammatory condi-
tions might have affected these differences.

In a study of traumatic patients in the United States, pene-
trating injuries, African-American race, and obesity were sig-
nificant risk factors for vitamin D deficiency. In contrast, the
severity of injury, extent of inflammation (elevated C-reactive
protein level), and hospital admission in winter did not signif-
icantly influence the prevalence of vitamin D deficiency [11].
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The results of our study were similar, but penetrating injuries
did not affect our results. The initial level of bleeding was not
large in the Korean cohort because the most common pene-
trating injuries in South Korea are stab injuries with a moder-
ate degree of damage, in contrast to the majority of gun-shot
penetrating injuries in the United States that are associated
with a severe degree of damage. This is supported by the amount
of RBCs transfused within 24 hours, and the corresponding
decrease in total calcium level, which affected the vitamin D
level in our study.

Although several studies have evaluated the relationship
between vitamin D deficiency and clinical outcomes in criti-
cally ill patients, the associations between vitamin D level and
clinical outcomes, such as the duration of MV, lengths of ICU
and hospital stays, and mortality are unclear [5-19]. For exam-
ple, in a previous study, the length of ICU stay, surgical ICU
costs, and mortality were significantly associated with vitamin
D deficiency [8]. Another previous study reported that serum
25(0OH) vitamin D level within 24 hours of ICU admission was
associated with prolonged hospitalization, readmission, and
mortality, suggesting the need for randomized trials to deter-
mine whether vitamin D supplementation can improve these
clinically relevant outcomes in surgical ICU patients [9]. A
meta-analysis found that 25(0OH) vitamin D level <50 nmol/L
(<20 ng/ml) was associated with high rates of infection, sep-
sis, 30-day mortality, and in-hospital mortality, suggesting
that vitamin D deficiency increases the susceptibility of criti-
cally ill patients to severe infection and death [10]. In a previ-
ous study, patients with vitamin D deficiency or insufficiency
had higher rates of complications and longer ICU and hospi-
tal stays than patients with normal vitamin D level [12]. Fur-
ther, vitamin D deficiency had a significant impact on the
length of stay, organ dysfunction, and the rate of infection
[15]. Plasma 25(OH) vitamin D level measured on ICU admis-
sion was inversely associated with the duration of respiratory
support [16]. Moreover, vitamin D status could be a modifi-
able risk factor for non-home discharge in surgical ICU pa-
tients [17], and vitamin D deficiency in patients with traumat-
ic brain injury is associated with impaired cognitive function
and severe depressive symptoms [18]. However, one study re-
ported that although vitamin D insufficiency was associated
with severe illness, vitamin D level was not significantly asso-
ciated with the length of ICU stay or patient mortality [19].
Our study also found no significant differences between se-
rum 25(0OH) vitamin D level measured within 24 hours of
TICU admission and clinical outcomes. Both the amount of
RBCs transfused within 24 hours and the total calcium level
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were high in the group with low 25(OH) vitamin D level (<20
ng/ml) within 24 hours of TICU admission. A hypothesis for
this is that serum dilution by massive resuscitation in the early
stage and calcium reduction due to many RBC transfusions
impact vitamin D level. In contrast, the duration of MV, lengths
of TICU and hospital stays, and rate of nosocomial infection
were significantly lower in patients with 25(OH) vitamin D
220 ng/ml than in those with 25(OH) vitamin D <20 ng/ml
on day 7 of admission. Moreover, the duration of MV, lengths
of TICU and hospital stays, and rate of nosocomial infection
were significantly lower in patients in whom the 25(OH) vita-
min D level increased from day 1 to day 7 than in patients in
whom the level did not increase. On multivariate analysis,
only APACHE II scores and the length of hospital stay were in-
dependent variables that affected the rate of nosocomial in-
fection. Based on the above results, at first glance, the effects
of vitamin D appear to be an important risk factor for clinical
outcomes. However, it is unclear whether the clinical outcome
was poor due to low vitamin D level or whether the presence
of multiple complications and inflammation in severe trauma
patients with poor clinical outcomes affected vitamin D level.

This study has several limitations. First, factors such as in-
take of vitamin D and drugs that affect vitamin metabolism
before hospitalization, and the general environment of the
patients, such as occupation, was not analyzed. Second, the
heterogeneity of the trauma experienced by these patients
and other variables could affect clinical outcomes. Third, the
small sample size produced inevitable selection bias. There-
fore, future studies with larger cohorts are required to corrob-
orate these results. Although this study did not find a clear ef-
fect of vitamin D level on clinical outcomes in trauma patients,
to our knowledge, this is the first study to examine vitamin D
level in trauma patients in South Korea, and the study find-
ings can be used as a basis for future investigations.
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