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Abstract

Background: Patients with burns present with different clinical features depending on the types
of burn injury and burn patients with lower levels of vitamin D have worse prognoses and more
complications. The study aims to investigate the association between vitamin D levels and burn
factors according to each burn type in relation to early intensive rehabilitation therapy initiated for
inpatients with burns.

Methods: In this retrospective study, we enrolled 757 of 1716 inpatients who underwent reha-
bilitative therapy between May 2013 and April 2017. Burn types were divided into flame burn,
electrical burn and other burns, including scalding, contact and chemical burns. Age, burned body
surface area (BSA), wound healing time (WHT), length of hospital stay (LOS) and body mass index
were analysed between vitamin D deficient and non-deficient patient groups using Student’s t-
tests, or Mann-Whitney U test and among three burn types using one-way analysis of variance
(ANOVA) or Kruskal-Wallis one-way ANOVA. The relationship between vitamin D levels and burn
factors was evaluated using Pearson’s or Spearman’s correlation coefficient tests, and multiple
linear regression analysis in different burn groups.

Results: In total, 88.9% patients were vitamin D deficient, and these patients had a larger burned
BSA (p=0.015) and longer WHT and LOS (all p <0.001) than non-deficient patients. Burned BSA,
WHT and vitamin D levels showed significant differences in their mean values according to three
burn types (all p<0.001). WHT was a communal factor significantly associated with vitamin D
levels in all three burn types (p < 0.05). The WHT cut-off points to predict vitamin D deficiency were
55 days for flame burn (p <0.001) and 62.5 days for electrical burn (p=0.001).

Conclusions: WHT across all three burn types was a common factor associated with vitamin D levels
for inpatients with burns who had undergone rehabilitative therapy. Electrical burn patients with
vitamin D deficiency, even those with a low burned BSA percentage, showed prolonged wound
healing over a two-month post-burn period. Independent of burned BSA, nutritional intervention
concerning vitamin D in relation to burn wound healing should be considered to guide early
initiation of intensive rehabilitation therapy.
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Background

The loss of healthy skin following a burn injury can
decrease epidermal vitamin D production. The conversion of
7-dehydrocholesterol to previtamin D in patients with burn
injuries is attenuated in both hypertrophic scars and healthy
skin adjacent to scars [1]. Additionally, low vitamin D levels
have been reported to have continued for 7 years post-burn
in pediatric outpatients [2]. It has been reported that 1,25
hydroxyvitamin D3 converted from 25(OH) vitamin D is
associated with regulation of the permeability barrier of the
epidermis [3] and stimulates proliferation and differentiation
of epidermal keratinocytes in the skin [4]. Vitamin D
stimulates wound healing [5] and increases immunity through
vitamin D receptors detected in B and T lymphocytes,
monocytes and macrophages [6]. Moreover, vitamin D levels
in inpatients with burn injuries undergoing rehabilitative
therapy have been found to be related to the biomechanical
properties of hypertrophic scars [7,8]. Therefore, vitamin D
is a critical nutrient in burn care [9,10].

Patients with burn injuries have different clinical features
depending on burn types, which can be divided into flame
burns, electrical burns and scalding, chemical or contact
burns, according to the mechanism of burn injury. In partic-
ular, electrical burn have been found to cause considerable
damage to nerves, blood vessels, muscles and organs due to
their high water content, even when involving only 1% of
the burned body surface area (BSA) [11]. Electrical burn are
known to result in further complications such as vital organ
damage and dysfunction of the sympathetic nervous system
[11,12], when compared to other burn types with a similar
burned BSA. Flame burn is the most common type of burn
injury and frequently have a larger percentage of burned BSA
[13,14].

In some burn injury studies, a relationship between vita-
min D deficiency and burned BSA, the healing time for
burn wounds and various complications following a burn
injury have been reported [1,2,10,15]. Vitamin D levels have
been reported to decrease proportionally depending on the
percentage of burned BSA [1] and the hypermetabolic and
catabolic response, which leads to a reduction in the body
mass index (BMI), and these levels are also proportionate
to the depth and extent of thermal injury [16,17]. In one
study, patients with burn injuries with low vitamin D levels
on admission were found to have prolonged wound heal-
ing and long-term institutionalization [18]. However, these
studies did not consider whether vitamin D levels could have
been affected due to the types of burn injury sustained in
pediatric or adult patients with burn injuries. Moreover, there
are a few studies that have demonstrated an association
between vitamin D deficiency and burn factors, such as
burned BSA, wound healing time (WHT), length of hospital
stay (LOS) and BMI, according to each burn type. There-
fore, we hypothesized that different mechanisms of burn
injuries could affect the relationship between vitamin D levels
and burn factors during the period of burn care. To help

intensive rehabilitation therapy initiated earlier, inpatients
with burn injuries who had undergone rehabilitative therapy
were divided according to the type of burn injury, and we
investigated the association between vitamin D levels and
burn factors separately according to each burn type.

Methods

Patients

We undertook a retrospective study of inpatients with burn
injuries who had been admitted to the rehabilitation unit
of our burn center between May 2013 and April 2017 for
rehabilitative therapy as soon as complete wound healing had
occurred. Wound healing was defined as the complete cover-
ing of a denuded epithelial surface, namely re-epithelialization
[19]. The confirmation of wound healing for WHT was
determined according to the agreement of one surgeon and
one rehabilitation specialist following examination of a burn
wound. Due to the close association between the departments
of surgery and rehabilitation in our hospital, burn patients
were transferred directly to the rehabilitation unit within a
period of approximately 5 days from confirmation of wound
healing without returning home. Information about each
patient concerning types of burn injury, burned BSA, WHT,
LOS, BMI, 25(OH) vitamin D level and history of smoking,
depression, pain and itching was obtained by a nurse as part
of a routine admission evaluation. We analysed the clinical
data of the patients using medical records held in a clinical
database. Initially, 1716 patients (1407 men, 309 women)
were enrolled, and 584 patients aged <19 or>50 years
were excluded to eliminate the possible influence of age on
vitamin D levels. Furthermore, 375 patients who met any
one of the following criteria were excluded: (1) patients
with heart, kidney, lung or parathyroid disease (z=79); (2)
patients taking vitamin D supplements (7 =170); (3) patients
taking medication that affected bone metabolism (17 = 7); and
(4) patients with data missing from their clinical records
(n=119). Finally, data from 757 patients (635 men, 122
women) were obtained for the analysis. The study protocol
was approved by the institutional review board and informed
consent for participants was waived (IRB No. 2017-110).

Burn types and burn factors related to burn injury

Burn injury types were divided primarily into flame burn,
electrical burn and other burns, including scalding, contact
and chemical burns. To the best of our knowledge, no pre-
vious study has divided burn injury types into flame burn,
electrical burn and other types to demonstrate an association
between vitamin D levels and burn injury. This study is the
first to examine an association between vitamin D levels and
burn factors according to burn injury types. Although the
overall study sample size was sufficient, some burn types were
not sufficiently numerous to be analysed statistically. There-
fore, flame burn, electrical burn and other burns were used
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as three representative types of burn injuries for statistical
analysis considering clinical characteristics and the sample
size of each burn type.

The capacity to synthesize vitamin D is known to decrease
proportionally with age [20] and as the percentage of burned
BSA increases [1]. A low vitamin D level on admission has
been associated with prolonged wound healing and hospital
stay [18]. Hypermetabolic and hypercatabolic responses fol-
lowing thermal injury have been reported to decrease the BMI
through the loss of adipose tissue and muscle [21]. Moreover,
a reduced BMI may affect vitamin D levels because adipocytes
have been shown to store and release vitamin D [20]. There-
fore, age, burned BSA, WHT, LOS and BMI were variables
for burn factors used in the statistical analysis. Observational
epidemiological studies have reported that low vitamin D
levels are associated with a history of smoking, depression,
pain, atopic dermatitis and elevated immunoglobulin E lev-
els [22-26]. However, some recent studies have found no
evidence to suggest that a reduction in 25(OH) vitamin D
level confers an increase in atopic dermatitis or elevated
immunoglobulin E levels [27,28]. Therefore, we evaluated the
association between vitamin D deficiency and these factors.

Measurements of 25(0OH) vitamin D levels

When patients were admitted to the department of rehabilita-
tion following complete re-epithelialization, blood sampling
for vitamin D plasma levels was obtained after fasting for
over 8 hours as routine admission chemistry. Vitamin D levels
were confirmed through measuring the plasma concentration
of 25(OH) vitamin D using a radioimmunoassay analyser
(ADVIA Centaur XPT, Siemens, Germany) because 25(OH)
vitamin D has been shown to be a detectable circulating form
[30]. This method was designed to detect serum 25-OH-D
values from 5 to 100 ng/ml, which was beyond the normal
range of values expected to be observed for human serum
25-OH-D concentration. Any values less than the lowest
standard, 5 ng/ml, were reported as “<4.2” and the lowest
value was determined as 4.2 ng/ml. Vitamin D deficiency
was defined as a 25(OH) vitamin D level of <20 ng/ml, and
non-deficiency was defined as a 25(OH) vitamin D level of
>20 ng/ml, in accordance with a review published by Holick

[20].

Statistical analysis

Data are expressed as mean + standard deviation or median
(range) for continuous variables where appropriate and num-
ber (%) for categorical variables. The Kolmogorov—Smirnov
test was performed to test the normality assumption. Data
concerning age, burned BSA, WHT, LOS and BMI were
analysed using Student’s #-tests between vitamin D deficient
and non-deficient patient groups for the total number of
patients, and using one-way analysis of variance with the
Tukey post hoc test among the three burn types. A Fisher’s
exact test was used to analyse history of smoking, depres-
sion, pain and itching between the vitamin D deficient and

non-deficient patient groups. The relationship between vita-
min D levels and burn factors in flame burn, electrical burn
and other burns was evaluated separately using Pearson’s
and Spearman’s correlation coefficient tests and multiple
linear regression analysis. Because the correlation coefficient
between WHT and LOS was approximately 1.0, only WHT
could be used for multiple linear regression analysis. Burn
factors are quietly correlated one another, not independent.
Therefore, in order to evaluate whether our regression results
were acceptable, the variance inflation factor, which detects
multicollinearity in regression analysis, was checked. Multi-
collinearity is when there is correlation between predictors
in a model; its presence can adversely affect the regression
results. If a variance inflation factor is >10, this indicates
high multicollinearity. To determine the cut-off values of burn
factors for predicting vitamin D deficiency according to the
three burn types, a receiver operating characteristic (ROC)
curve was constructed. Statistical analyses were conducted
using SPSS 21.0 software (IBM Corp., Armonk, NY, USA).
A p value of <0.05 was considered statistically significant.

Results

Patient demographics

In total, 635 (83.9%) men and 122 (16.1%) women were
included in this study, of whom those with flame burn,
electrical burn and other burns comprised 375 (49.5%),
193 (25.5%) and 189 (25%) patients, respectively. Other
burns included 96 patients with scald burns, 63 patients with
contact burns and 30 patients with chemical burns. The mean
values of burned BSA, WHT and LOS were 20.54+16.1%,
81.2+53.7 days and 86.3+53.7 days, respectively. The
mean 25(OH) vitamin D level was 14.2 +4.9 ng/ml. The
baseline characteristics concerning all 757 study patients are
presented in Table 1.

Burn factors associated with vitamin D deficiency

In total, 88.9% of patients were found to have a vitamin
D deficiency and 11.1% of patients had a 25(OH) vita-
min D level of >20 ng/mL at admission to the department
of rehabilitation. The mean 25(OH) vitamin D level was
13.1+3.5 ng/ml in the vitamin D deficient patient group
and 23.6 +4.5 ng/ml in the non-deficient patient group. The
vitamin D deficient patient group had significantly larger
burned BSA (p=0.015) and longer WHT (p <0.001) than
the non-deficient patient group. No significant association
with age (p=0.887), BMI (p=0.775), history of smoking
(p=0.282), depression (p =0.795), pain (p =0.744) and itch-
ing (p =0.993) was observed in the vitamin D deficient patient
group. Demographic characteristics of the two vitamin D
patient groups are shown in Table 2.

Burned BSA, 25(OH) vitamin D level, WHT, LOS, and
BMI according to burn type Flame burn (22 (10~36)%) had
a larger burned BSA than electrical burn (10 (6~24)%) and
other burns (12 (5~20)%) (p < 0.001) (Figure 1). 25(OH)
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Table 1. Baseline demographics of 757 patients

Variable

Sex (male : female), n(%)

635 (83.9) : 122 (16.1)

Age (years) 39.5+£8.2
Height (cm) 171.4+£7.3
Weight (kg) 68.0+11.0
FB : EB : Other burns, n(%) 375 (49.5) : 193 (25.5) : 189 (25)
Burned BSA (%) 20.5+16.1
WHT (days) 81.2+53.7
LOS (days) 86.3+53.7
BMI (kg/m?) 23.5+3.1
25(OH) vitamin D level (ng/mL) 14.2+4.9
Smoking, n(%) 118 (15.6)
Depression, n(%) 10 (0.01)
Pain, n(%) 114 (15.1)
Itching, n(%) 24 (3.2)

Data are expressed as mean =+ standard deviation for continuous variables
and number (%) for categorical variables. Other burns include scalding,
contact, and chemical burns

Scar pain or itching of >5 points on a numerical rating scale

FB flame burn, EB electrical burn, BSA body surface area, WHT wound
healing time, LOS length of hospital stay, BMI body mass index

Table 2. Demographic characteristics concerning the vitamin D
deficient and non-deficient groups

25(OH) vitamin D levels

Deficiency Non-deficiency
Variable n=673(88.9%) n=384 (11.1%)
Age (years) 39.5+£8.3 39.4+£8.2
Burned BSA (%) 21.0+16.2* 16.5+15.2
WHT (days) 84.2 + 54.3* 57.4+413
LOS (days) 89.4 £+ 54.2* 62.3+41.4
BMI (kg/m?) 23.4+3.0 23.5+3.4
History of smoking, n (%) 37(21.5) 5(6.0)
Depression, n (%) 16(2.4) 1(1.2)
Pain, n (%) 190 (28.2) 13(15.5)
Itching, n (%) 41(6.1) 2(2.4)

Data are expressed as mean =+ standard deviation for continuous variables
and number (%) for categorical variables

Age, burned BSA, WHT, LOS, and BMI were analyzed using student’s ¢-test
or Mann-Whitney U test, and history of smoking, depression, pain, and
itching were analyzed using Fisher’s exact test

BSA body surface area, WHT wound healing time, LOS length of hospital
stay, BMI body mass index

*p <0.05

vitamin D levels were significantly lower in electrical burn
group (12.1 + 6.0 mg/mL) than in flame burn and other
burns groups (14.7 £ 6.0 mg/mL, 13.8 + 6.3 mg/mL)
(p < 0.001) and were significantly different among three burn
types in post-hoc test (all p < 0.05). Electrical burn had longer
WHT (71.2 4 33.3 days) and LOS (76.3 + 33.2 days) than
flame burn (56.1 + 30.7 days, 61.1 + 30.8 days) and other
burns (47.1 & 20.3 days, 52.2 & 20.3 days) (p < 0.001 and
p < 0.001). The mean values of BMI were also significantly
different among the all burn types in post-hoc test (all
p < 0.05) (Figure 2).
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Figure 1. Burned body surface area of different burn groups. The bar of each
group represents median values and interquartile range for the percentage
of burned BSA. The burned BSA of flame burn group was larger than that of
electrical burn group and other burns group. BSA body surface area, Others
other burns *p < 0.05

The relationship between vitamin D levels and burn
factors among the three burn types

Table 3 shows the correlations between vitamin D levels and
age, burned BSA, WHT and BMI among the three burn type
groups. In the flame burn and other burns groups, vitamin
D levels had weakly negative correlations with burned BSA
(p <0.001, p =0.002), WHT (p < 0.001, p < 0.001) and LOS
(p <0.001, p <0.001). In the electrical burn patient group,
vitamin D levels had a significant negative correlation with
WHT and LOS (all p <0.001) but there was no correla-
tion between burned BSA and vitamin D levels (p=0.054).
Moreover, the association between vitamin D levels and burn
factors according to the types of burn injury are shown in
Table 4. The variance inflation factor values to detect multi-
collinearity ranged from 1.0 to 1.3 (Table S1). As our variance
inflation factor is not >10, our regression results were accept-
able despite the correlation between each factor. Vitamin D
levels were negatively associated with burned BSA (p =0.009)
and WHT (p =0.007) for flame burn, with WHT (p < 0.001)
for electrical burn and with burned BSA (p=0.023) and
WHT (p < 0.001) for other burns. These results showed that
WHT was a common factor significantly associated with
vitamin D levels across all three burn types.

Cut-off points of burned BSA and WHT for predicting
vitamin D deficiency among the three burn types

The cut-off values of burned BSA and WHT for predicting
significant vitamin D deficiency according to burn types, and
their sensitivity and specificity, are shown in Table 5. Using
ROC analysis, the cut-off points for burned BSA was 21% for
flame burn, 7% for electrical burn, and 9% for other burns.
The cut-off points for WHT to predict vitamin D deficiency
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Figure 2. Vit D, WHT, LOS, and BMI in different burn groups. The bar of each group represents mean and standard deviation for 25(OH) vitamin (a) Vit D, (b) WHT,
(c) LOS and (d) BMI. One-way ANOVA or Kruskal-Wallis one-way ANOVA with the post-hoc test was used for statistical analysis of data. Vit D 25(0OH) vitamin D,
WHT wound healing time, LOS length of hospital stay, BMI body mass index. *p < 0.05

Table 3. Correlations between vitamin D levels and burn factors in three burn groups

Correlation coefficient, 7

Flame burn Electrical burn Other burns
r P value r P value r P value
Age (years) -0.015 0.381 0.049 0.251 -0.113 0.063
Burned BSA (%) —-0.189 <0.001 —-0.116 0.054 —-0.203 0.002
WHT (days) -0.192 <0.001 —0.483 <0.001 -0.321 <0.001
LOS (days) -0.192 <0.001 —0.483 <0.001 -0.321 <0.001
BMI (kg/m?) 0.142 0.058 0.023 0.374 —0.086 0.120

Other burns include scalding, contact,

and chemical burns

Pearson’s correlation coefficients were used for age, LOS, and BMI in flame burn group; age, WHT, LOS, and BMI in electrical burn group; and WHT, LOS,

and BMI in other burns

Spearman’s correlation coefficients were used for burned BSA and WHT in flame burn group; burned BSA in electrical burn groud; and age and burned BSA

in other burns

BSA body surface area, WHT wound healing time, LOS length of hospital stay, BMI body mass index

Table 4. Relationship between vitamin D levels and burn factors in three burn groups

25(OH) Vitamin D

Flame burn Electrical burn Other burns
B P value B P value B P value
Age (years) 0.015 0.606 0.056 0.193 —0.049 0.286
Burned BSA (%) —0.041 0.009 —0.036 0.261 —0.058 0.023
WHT (days) —0.012 0.007 —0.043 <0.001 —0.045 <0.001
BMI (kg/m?) 0.123 0.129 —0.065 0.571 -0.157 0.098
Adjusted R 0.257 0.249 0.264

Other burns include scalding, contact, and chemical burns

Multiple linear regression analyses were used to demonstrate the effect of burn factors on vitamin D levels in flame burn, electrical burn, and other burns

groups
BSA body surface area, WHT wound healing time, BMI body mass index

were 55 days for lame burn, 63 days for electrical burn, and
60 days for other burns.

Discussion
Our findings showed that 88.9% of the post-burn inpatients
in our study were vitamin D deficient and that patients

without vitamin D deficiency had a significantly lower burned
BSA. A lower burned BSA could be a factor for lower inci-
dence of vitamin D deficiency and shorter duration of heal-
ing, as indicated in previous studies [4,15,19,20,30]. The
prevalence of vitamin D deficiency in the Korean general
population has been reported to be 47.3% in men and
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Table 5. Cut-off points for burned BSA and WHT in predicting
vitamin D deficiency

Flame Electrical Other
burn burn burns
Burned BSA (%)
Cut-off point (%) 21 7 9
AUC 0.598 0.565 0.649
Sensitivity 0.618 0.531 0.657
Specificity 0.600 0.606 0.727
95% CI 0.505-0.690 0.444-0.685 0.464-0.834
WHT (days)
Cut-off point (days) 55 63 60
AUC 0.738 0.685 0.556
Sensitivity 0.728 0.625 0.562
Specificity 0.675 0.606 0.545
95% CI 0.659-0.817 0.570-0.800 0.372-0.740

Other burns include scalding, contact, and chemical burns

The cut-off points for burned BSA and WHT were calculated to predict
25(OH) vitamin D deficiency using receiver operating characteristic curve
(ROC) analysis

BSA body surface area, WHT wound healing time, AUC area under the
curve, CI confidence interval

64.5% in women [31]. The high prevalence of vitamin D
deficiency among the inpatients in this study might have
been due to reduced sun exposure to protect against hyper-
pigmentation, as well as longer immobilization because of
burn wound dressings, long-term hospitalization for wound
healing, decreased cutaneous conversion of vitamin D at and
around burn scars and decreased level of vitamin D binding
protein [20]. Recently, vitamin D receptors that are present in
most cells and tissues have been the focus of medical studies
with regard to their role in the regulation of vitamin D in
the endocrine system [20]. Vitamin D deficiency may affect
wound healing, thereby leading to prolonged hospital stay.
No significant association was found with a history of smok-
ing, depression, pain and itching in the vitamin D deficient
patient group. However, these findings do not correspond
with results of previous epidemiological studies that showed
low vitamin D levels were related to a history of smoking,
depression, pain, itching in atopic dermatitis and elevated
immunoglobulin levels [20,22-26]. In the present study, these
variables could not be related to vitamin D deficiency sepa-
rately because the various mechanisms of burn injuries and
burn factors could more strongly influence vitamin D levels.
Recently, some studies have demonstrated no evidence sug-
gesting that a reduction in 25(OH) vitamin D levels confers
an increase in atopic dermatitis or elevated immunoglobulin
E levels [27,28].

Although there were some similarities with previous stud-
ies that reported patients with higher levels of vitamin D
had a better prognosis and improved wound healing, this
study is the first to show that WHT across all three burn
types was a common factor associated with vitamin D levels
for inpatients with burns who had undergone rehabilitative
therapy. Moreover, this study focused on burn types and

showed that vitamin D levels were inversely associated with
WHT but not with burned BSA for electrical burn; whereas
for flame burn and other burns, burned BSA, as well as
WHT, had a negative relationship with vitamin D levels.
These findings are explicable because it has been reported
that electrical burn impair vitamin D biosynthesis and trans-
formation in various internal tissues and organs, as well
as in the skin, despite a small burned BSA [11]. Addition-
ally, a local electrical field has been reported to damage
cell membranes and cell lysis through non-thermal mecha-
nisms [32], and dysfunction of the autonomic nervous system
might result from nerve injury accompanied with an electrical
burn [12]. Therefore, electrical burn with vitamin D defi-
ciency could have a significantly longer WHT as compared
to the other burn types with the same percentage of burned
BSA.

Furthermore, in the present study, we found that vita-
min D deficiency was associated with unhealed wounds of
approximately 2 months in inpatients with burns undergoing
rehabilitative therapy, even when electrical burn patients had
a small percentage of burned BSA. The cut-off points of WHT
associated with vitamin D deficiency were 55 days for flame
burn and 62.5 days for electrical burn. Vitamin D stimu-
lates wound healing mediated by dermal fibroblasts in vitro
through interaction with low levels of transforming growth
factor beta 1 [5]. It has been reported that 1,25 hydroxyvita-
min D3 induces Toll-like receptor function in the skin post-
injury, which in turn increases the expression of the antimi-
crobial peptide cathelicidin [33]. Additionally, antimicrobial
peptides have been reported to play a role in the stimulation of
fibroblast and keratinocyte proliferation, neovascularization
and collagen production [34]. As a result, vitamin D has been
shown to increase immunity and promote wound healing via
Toll-like receptor 2 function and vitamin D receptor function
[20,33]. Vitamin D supplementation in patients with diabetes
mellitus and foot ulcers has been reported to decrease the
length, depth, width and erythema rate of wounds indirectly
through the improvement of glycemic homeostasis [35]. Early
initiation of vitamin D therapy may decrease WHT in patients
with flame burn and electrical burn with unhealed wounds
over a post-burn duration of 2 months. Further study for
nutritional intervention is warranted to demonstrate this
hypothesis.

This study has some limitations. First, the time taken prior
to blood sampling following burn injury differed because
the WHT for each patient varied. Second, this study could
not determine the causality between vitamin D levels and
WHT because there was no data on the vitamin D levels of
burn patients at the time of admission to the burn surgery
unit. However, it is noteworthy that the relationship between
vitamin D levels and burn factors according to burn types
was investigated and, for electrical burn, low vitamin D levels
measured at the initiation time of intensive rehabilitation
therapy following re-epithelialization were related more to
WHT than the percentage of burned BSA. A prospective
cohort study focusing on dynamic changes in vitamin D levels
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between the time of admission to the burn surgery unit and
wound healing should be conducted. Third, the exposure of
patients to the sun was not controlled because not all activities
could be restricted during hospital admission. However, our
hospital has a close relationship between the departments of
surgery and rehabilitation such that the burn patients were
transferred directly from the department of surgery to the
department of rehabilitation as soon as the burn wounds
had completely healed without returning home. This process
minimized the exposure of patients to outdoor sun prior to
blood sampling and evaluation. Fourth, decreased vitamin D
binding protein following burn injury might influence total
levels of 25(OH) vitamin D. Finally, other burns were not
analysed separately according to each burn type because the
sample sizes concerning scalding, chemical or contact burns
were too small. Therefore, further studies are warranted to
elucidate the relationship and causality between vitamin D
levels and burn factors, and to determine how much vitamin
D should be supplemented according to each type of burn
injury.

Conclusions

In conclusion, WHT across all three burn types was a com-
mon factor associated with vitamin D levels for inpatients
with burns who had undergone rehabilitative therapy. Partic-
ularly, electrical burn with vitamin D deficiency showed pro-
longed wound healing over a post-burn period of 2 months
despite having a small percentage of burned BSA. Independent
of burned BSA, nutritional intervention concerning vitamin
D in relation to burn wound healing should be considered
to guide early initiation of intensive rehabilitation therapy. In
future, prospective cohort multicenter studies are warranted
to elucidate the association and causality between vitamin D
levels and burn factors according to each burn type.
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