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Objective: This study aimed to evaluate the association between vitamin D and molecules related to vitamin D metabolism in 
children with sepsis.
Methods: A total of 98 hospitalized children with sepsis were included in this study. Blood samples were collected within the first 
4 h of admission. Blood vitamin D; molecules related to vitamin D metabolism including vitamin-D-binding protein (VDBP), 
7-dehydrocholesterol reductase (DHCR7), 25-hydroxylase (CYP2R1), 24-hydroxylase (CYP24A1), and cathelicidin (CATH); and 
other inflammatory markers including interleukin-6 (IL-6), procalcitonin (PCT), C-reactive protein (CRP), and white blood cell count 
(WBC) were measured.
Results: Of the enrolled children, 23.47% (23/98) were confirmed to have severe sepsis, and 10.20% (10/98) died. The prevalence of 
hypovitaminosis D was 46.94% (46/98) in the children with sepsis. Children with hypovitaminosis D had lower levels of CYP2R1 and 
CATH and higher levels of CYP24A1, PCT, and IL-6 compared to children with vitamin D sufficiency. Blood vitamin D level was positively 
correlated with blood VDBP, CYP2R1, and CATH and negatively correlated with CYP24A1, PCT, and IL-6. Blood vitamin D was not 
independently associated with severe sepsis and mortality, but it was independently associated with the requirement of intensive care unit 
(ICU) stay.
Conclusion: Molecules related to vitamin D metabolism such as VDBP, CYP2R1, and CYP24A1 are involved in regulating the levels 
of circulating vitamin D. Children with sepsis had a high prevalence of hypovitaminosis D. Hypovitaminosis D was independently 
associated with the requirement of ICU stay in children with sepsis.
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Introduction
Vitamin D is a steroid hormone that plays an important role in human health and diseases. Vitamin D is mainly produced in the 
skin from 7-dehydrocholesterol (7-DHC) via exposure to ultraviolet light. 7-DHC can be converted to vitamin D through 
a nonenzymatic process, as well as to cholesterol through the enzymatic effect of 7-dehydrocholesterol reductase (DHCR7). 
Therefore, DHCR7 activity determines the quantity of 7-DHC that would be available for vitamin D production. Vitamin D is 
biologically inactive and needs to be bound to vitamin-D-binding protein (VDBP), which is the major transport protein for 
vitamin D and its metabolites.1 Additionally, it requires two sequential hydroxylations to be converted to calcitriol [1, 25- 
dihydroxy vitamin D (1,25(OH)2D)], the biologically active form. The first hydroxylation of vitamin D occurs in the liver and 
produces 25-hydroxyvitamin D [25(OH)D]. This is mediated by CYP2R1, which is considered to be the main 25-hydroxylase.2 

25(OH)D is the main and the most stable metabolites of vitamin D, which is widely used as a suitable and reliable biomarker to 
investigate individual vitamin D status and establish vitamin D sufficiency. 25(OH)D can be subsequently transported to the 
kidneys via VDBP and finally hydroxylated into 1,25(OH)2D by 1α-hydroxylase (CYP27B1). Inactivation and degradation of 25 
(OH)D and 1, 25(OH)2D are mediated by 24-hydroxylase (CYP24A1), which generates a variety of hydroxylated products that 
are targeted for excretion through well-established pathways.3
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Vitamin D insufficiency and deficiency is an important public health problem among children worldwide. Besides its 
well-known role in calcium and bone homeostasis, vitamin D also plays a key role in regulating innate and adaptive 
immunity and is closely associated with various conditions such as inflammatory disease, autoimmune disease, cardio-
vascular disease, cancer, and metabolic disorders.4–8 The immunomodulation function of vitamin D and its ability to 
induce cathelicidin (CATH) expression are important factors in the development of sepsis, which is a systemic immune 
over response of host cells and a major cause of pediatric mortality.9 Although the causal relationship between 
hypovitaminosis D and sepsis is not yet clear, there is accumulating evidence of the association between 25(OH)D 
and increased risk of morbidity and mortality in adult patients.10–15 However, the progress of research on vitamin D and 
outcomes in children with sepsis is limited, and the results are inconsistent.16–18 Moreover, there is a paucity of studies 
on the relationship between vitamin D, molecules related to vitamin D metabolism, and sepsis in children. Further 
evidence from the pediatric population is needed to address the issues. Therefore, this investigation was conducted to 
preliminarily explore the association of vitamin D with molecules related to vitamin D metabolism (VDBP, CYP2R1, 
DHCR7, CYP24A1, and CATH) in children with sepsis.

Materials and Methods
Study Population
This retrospective, observational study was approved by the Ethics Committee of Hunan Children’s Hospital (HCHLL- 
2024-285). The protocol conformed to the provisions of the Declaration of Helsinki. Informed consent was obtained from 
the legal guardians of all children at admission for the collection and use of medical records and residual samples from 
routine clinical testing for clinical research. Children admitted to the Hunan Children’s Hospital from April 2020 to 
June 2021 with sepsis were involved in this study. Diagnostic criteria and definitions for sepsis, severe sepsis, and septic 
shock were in accordance with the International Pediatric Sepsis Consensus Conference.19

Exclusion criteria included missing data of measurements, blood samples not obtained within 4 h of admission, 
children with malignant tumors, children who received immunomodulatory therapy or vitamin D preparations in the past 
4 weeks, and repeated patients during the study period. A total of 175 children with sepsis were initially enrolled, but 77 
were excluded based on the exclusion criteria. Finally, 98 of the children were included for this analysis. Among the 
children included, there were 75 with sepsis and 23 with severe sepsis (including septic shock), 58 with intensive care 
unit (ICU) stay and 40 without ICU stay, and 88 children survived (survivors) and 10 died (non-survivors). The flowchart 
of children in the study is shown in Figure 1.

Data Collection
Blood samples were collected within 4 h of admission and centrifuged to separate the serum from whole blood as soon as 
possible. The human serum samples for 25(OH)D measurement were stored at 4 °C and tested within 24 h. The samples 
for VDBP, CYP2R1, DHCR7, CYP24A1, and CATH measurement were stored at −70 °C and tested within one week. 
Serum 25(OH)D level was determined by chemiluminescent immunoassay (ADVIA Centaur XP; Siemens, Erlangen, 
Germany). Serum VDBP, CYP2R1, DHCR7, CYP24A1, and CATH levels were detected by ELISA (reagent kit from 
China). The definition of vitamin D levels in Hunan Children’s Hospital included deficiency (< 37.50 nmoL/L), 
insufficiency (37.5–50.0 nmoL/L), and sufficiency (50.0–250.0 nmoL/L). Hypovitaminosis D was defined as 25(OH)D 
< 50.0 nmoL/L, including insufficiency and deficiency. Other laboratory parameters including white blood cell count 
(WBC); C-reactive protein (CRP), procalcitonin (PCT), and interleukin-6 (IL-6) levels; and the rate of positive blood 
culture were also collected for further analysis. All tests were performed by the Laboratory Medicine Department of 
Hunan Children’s Hospital.

Statistical Analysis
All data were analyzed using SPSS version 19.0 software (Armonk, NY, United States). Serum biomarkers data were 
expressed as medians (interquartile ranges) according to the data distribution and compared using the Mann–Whitney 
U-test. Categorical variables were presented as numbers and percentages (%) and compared using the chi-squared test. 
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The Spearman rank correlation test was applied to analyze relationships between two continuous variables. Binary 
multivariate logistic regression analysis was performed to further analyze the statistically significant factors determined 
by univariate analysis. P-values < 0.05 were considered statistically significant.

Results
Patient Characteristics
A total of 98 children were included in this study. Of these, 52 (53.06%) had vitamin D sufficiency, and 46 (46.94%) had 
hypovitaminosis D, including 33 (33.67%) with vitamin D deficiency and 13 (13.27%) with vitamin D insufficiency. The 
characteristics of the study population are shown in Table 1. There were no significant differences in sex and laboratory 
parameters including VDBP, DHCR7, CRP, WBC, and positive blood culture rate between the vitamin D sufficiency and 
hypovitaminosis D groups. However, children in the hypovitaminosis D group were older and had a higher rate of ICU 
admission, vasopressors support, mechanical ventilation, and hospital mortality compared with children in the vitamin D 
sufficiency group (P < 0.05). While blood 25(OH)D, CYP2R1, and CATH levels were significantly lower, blood CYP24A1, 
PCT, and IL-6 levels were significantly higher in the hypovitaminosis D group than in the vitamin D sufficiency group (P < 0.05).

Relationship Between Vitamin D and Molecules Related to Vitamin D Metabolism and 
Other Inflammatory Biomarkers in Children with Sepsis
Spearman’s rank correlation test revealed that blood 25(OH)D level was positively correlated with blood VDBP, 
CYP2R1, and CATH (r = 0.247, P = 0.014; r = 0.283, P = 0.005; r = 0.310, P = 0.002, respectively) and negatively 
correlated with CYP24A1, PCT, and IL-6 (r = −0.587, P < 0.001; r = −0.388, P < 0.001; r = −0.352, P < 0.001, 
respectively) in children with sepsis. However, blood 25(OH)D level was not correlated with blood DHCR7 and CRP 
levels and WBC (P > 0.05) (Figure 2).

Figure 1 Flow chart of the study. Patients with severe sepsis included those with septic shock (n=18) and without septic shock (n=5). 
Abbreviations: ICU, intensive care unit; 25(OH)D, 25-hydroxyvitamin D.
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Association of Vitamin D, Molecules Related to Vitamin D Metabolism, and Other 
Inflammatory Biomarkers with Severe Sepsis
Children with severe sepsis had significantly lower 25(OH)D level compared to children with sepsis. The levels of 
CYP24A1, PCT, and IL-6 were significantly higher in children with severe sepsis than in those with sepsis. However, the 
levels of VDBP, CYP2R1, DHCR7, CATH, CRP, and WBC did not significantly differ between the two groups 
(P > 0.05). Although our univariate analysis revealed that patients with severe sepsis had lower 25(OH)D level and 
higher CYP24A1, PCT, and IL-6 levels, the multivariate logistic regression analysis demonstrated that only IL-6 was 
independently associated with the development of severe sepsis (Table 2).

Association of Vitamin D, Molecules Related to Vitamin D Metabolism, and Other 
Inflammatory Biomarkers with Sepsis Mortality
Of the 98 children with sepsis, 10 died. Blood 25(OH)D level was significantly lower in the non-survivor group than in 
the survivor group. The patients in the non-survivor group were older and had significantly higher blood levels of PCT 
and IL-6 compared with the survivor group. However, the levels of VDBP, CYP2R1, DHCR7, CYP24A1, CATH, CRP, 
and WBC did not significantly differ between the two groups (P > 0.05). Multivariate logistic regression analysis showed 
that only IL-6 was independently associated with sepsis mortality (Table 3).

Association of Vitamin D, Molecules Related to Vitamin D Metabolism, and Other 
Inflammatory Biomarkers with ICU Admission
Of the 98 children with sepsis, 58 had ICU stay. Blood 25(OH)D level was significantly lower in children with ICU stay 
than in those without ICU stay. The patients with ICU stay had significantly lower WBC and higher blood levels of PCT 
and IL-6 compared with those without ICU stay. However, the levels of VDBP, CYP2R1, DHCR7, CYP24A1, CATH, 
and CRP were not significantly different between the two groups (P > 0.05). After adjusting for confounding due to sex, 

Table 1 Demographic and Clinical Characteristics Based on Vitamin D Levels

Characteristic Study Population  
(n=98)

Vitamin D Sufficiency  
(n=52)

Hypovitaminosis D  
(n=46)

P value

Age, months 23.00(7.00–53.00) 10.50(5.25–24.50) 50.00(23.50–109.75) <0.001

Female, n (%) 37(37.76) 20(38.46) 17(36.96) 0.878

ICU admission, n (%) 58(59.18) 20(38.46) 38(82.61) <0.001
Vasopressors support, n (%) 13(13.27) 1(1.92) 12(26.09) <0.001

Mechanical ventilation, n (%) 21(21.43) 4(7.69) 17(36.96) <0.001

Hospital mortality, n (%) 10(10.20) 1(1.92) 9(19.56) 0.011
Laboratory investigation

25(OH)D, nmol/l 52.08(32.70–71.63) 68.25(58.87–82.14) 30.71(23.28–37.93) <0.001
VDBP, µg/l 666.74(435.63–1314.97) 952.04(435.63–1483.03) 582.90(449.02–812.75) 0.053

CYP2R1, pg/mL 599.71(418.57–1212.48) 901.70(438.38–1431.76) 521.33(397.55–852.91) 0.015

DHCR7, pg/mL 538.90(360.66–1044.67) 540.16(356.96–1093.68) 538.90(356.69–972.80) 0.943
CYP24A1, ng/L 32.41(19.51–70.69) 20.40(12.92–32.05) 65.17(40.50–100.68) <0.001

CATH, pg/mL 44.02(24.58–84.45) 64.49(31.53–98.35) 31.24(21.54–62.95) 0.006

CRP, mg/L 92.70(30.12–138.91) 93.05(30.63–117.53) 81.20(25.58–158.75) 0.853
PCT, ng/mL 3.29(0.75–20.05) 1.06(0.26–4.79) 16.70(2.12–46.76) <0.001

IL-6, pg/mL 83.10(22.79–424.03) 54.08(22.32–123.20) 264.41(34.61–833.60) 0.001

WBC, 109/L 14.02(8.00–23.22) 14.32(8.77–27.00) 13.55(5.58–20.59) 0.223
Positive blood culture, n (%) 15(15.31) 8(15.38) 7(15.22) 0.982

Note: Data were expressed as median (interquartile range) or number and percentage (%). 
Abbreviations: ICU, intensive care unit; 25(OH)D, 25-hydroxyvitamin D; VDBP, vitamin-D-binding protein; CYP2R1, 25-hydroxylase; DHCR7, 
7-dehydrocholesterol reductase; CYP24A1, 24-hydroxylase; CATH, cathelicidin; CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin-6; 
WBC, white blood cell count.
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multivariate logistic regression analysis showed that lower 25(OH)D and WBC were independently associated with the 
requirement of ICU admission (Table 4).

Discussion
Herein, blood 25(OH)D levels in children with sepsis were determined on admission, along with its correlation with molecules 
related to vitamin D metabolism and other inflammatory biomarkers involved in the development of sepsis. About half of the 

Table 2 Vitamin D, Molecules Related to Vitamin D Metabolism, and Other Inflammatory Biomarkers 
in Children with Sepsis versus Severe Sepsis

Characteristic Sepsis  
(n=75)

Severe Sepsis  
(n=23)

P value Multivariate Analysis

OR (95% CI) P value

Age, months 22.00(7.00–42.00) 28.00(7.00–133.00) 0.150

Female, n (%) 32(42.67) 5(21.74) 0.070
25(OH)D, nmol/l 58.87(35.31–75.73) 34.28(17.67–44.61) <0.001 0.947–1.009 0.157

VDBP, µg/l 730.17(435.63–1326.12) 598.93(431.81–1090.87) 0.663
CYP2R1, pg/mL 630.38(418.57–1267.67) 505.12(418.57–1063.10) 0.563

DHCR7, pg/mL 517.96(340.31–969.49) 680.81(369.91–1323.19) 0.197

CYP24A1, ng/L 30.85(18.16–54.80) 48.71(21.27–116.38) 0.044 0.993–1.022 0.318
CATH, pg/mL 47.56(26.79–86.64) 28.78(22.94–74.91) 0.383

CRP, mg/L 94.14(31.45–128.99) 61.74(23.53–181.00) 0.624

PCT, ng/mL 2.30(0.49–12.19) 13.99(2.04–100.00) 0.005 0.997–1.029 0.120
IL-6, pg/mL 66.20(20.14–271.30) 167.07(62.45–2500.00) 0.008 1.000–1.002 0.042

WBC, 109/L 14.23(8.68–25.87) 13.00(5.58–17.23) 0.121

Note: Data were expressed as median (interquartile range) or number and percentage (%). 
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; VDBP, vitamin-D-binding protein; CYP2R1, 25-hydroxylase; DHCR7, 7-dehydrocho-
lesterol reductase; CYP24A1, 24-hydroxylase; CATH, cathelicidin; CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin-6; WBC, 
white blood cell count.

Figure 2 Distribution and correlation of vitamin D and molecules related to vitamin D metabolism and other inflammatory biomarkers in children with sepsis. (A–F) 
Correlation of blood 25(OH)D level with VDBP, CYP2R1, CATH, CYP24A1, PCT, and IL-6. 
Abbreviations, 25(OH)D, 25-hydroxyvitamin D; VDBP, vitamin-D-binding protein; CYP2R1, 25-hydroxylase; CATH, cathelicidin; CYP24A1, 24-hydroxylase; PCT, 
procalcitonin; IL-6, interleukin-6.
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children with sepsis had vitamin D insufficiency or deficiency. Children with hypovitaminosis D had lower levels of CYP2R1 
and CATH and higher levels of CYP24A1, PCT, and IL-6 compared to children with vitamin D sufficiency. 25(OH)D level 
was positively correlated with blood VDBP, CYP2R1, and CATH levels and negatively correlated with CYP24A1, PCT, and 
IL-6 levels in children with sepsis. Although blood 25(OH)D may not predict the development of severe sepsis and mortality, 
it was independently associated with the requirement of ICU stay in children with sepsis.

Vitamin D status varies in different pediatric populations with sepsis.16–18 In the present study, the prevalence of 
hypovitaminosis D [(25(OH)D < 50.0 nmoL/L] in children with sepsis was 46.94%, suggesting that determining vitamin D 
level may be necessary in children hospitalized with sepsis. The variations in hypovitaminosis D prevalence in children with 
sepsis could be attributed to the differences in diet, climate and geographical locations, sunlight exposure, skin pigmentation, 

Table 3 Vitamin D, Molecules Related to Vitamin D Metabolism, and Other Inflammatory Biomarkers 
in Survivor versus Non-Survivor Group

Characteristic Survivors  
(n=88)

Non-survivors  
(n=10)

P value Multivariate Analysis

OR (95% CI) P value

Age, months 19.00(7.00–49.25) 47.00(24.00–122.50) 0.025 0.989–1.020 0.584
Female, n (%) 33(37.5) 4(40) >0.999

25(OH)D, nmol/l 55.29(33.29–73.26) 35.65(22.04–37.75) 0.007 0.919–1.012 0.138

VDBP, µg/l 738.02(439.46–1341.05) 601.43(404.07–716.67) 0.257
CYP2R1, pg/mL 643.34(418.57–1254.93) 523.29(447.98–833.93) 0.453

DHCR7, pg/mL 538.90(356.96–1068.57) 549.80(351.14–1023.64) 0.986

CYP24A1, ng/L 32.41(19.49–71.13) 36.58(18.52–60.35) 0.842
CATH, pg/mL 47.18(24.96–88.53) 31.24(20.68–54.40) 0.157

CRP, mg/L 93.05(30.63–136.31) 37.30(20.81–167.92) 0.467

PCT, ng/mL 2.22(0.53–17.75) 17.88(5.01–47.61) 0.009 0.967–1.016 0.502
IL-6, pg/mL 68.50(22.32–317.17) 1419.95(164.03–2500.00) <0.001 1.000–1.002 0.014

WBC, 109/L 14.02(8.11–24.92) 14.14(4.39–17.96) 0.503

Note: Data were expressed as median (interquartile range) or number and percentage (%). 
Abbreviation: 25(OH)D, 25-hydroxyvitamin D; VDBP, vitamin-D-binding protein; CYP2R1, 25-hydroxylase; DHCR7, 7-dehydro-
cholesterol reductase; CYP24A1, 24-hydroxylase; CATH, cathelicidin; CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin- 
6; WBC, white blood cell count.

Table 4 Vitamin D, Molecules Related to Vitamin D Metabolism, and Other Inflammatory Biomarkers in 
Patients with and without ICU Stay

Characteristic Without ICU Stay  
(n=40)

With ICU Stay  
(n=58)

P value Multivariate Analysis

OR (95% CI) P value

Age, months 22.50(10.25–41.75) 24.00(6.00–57.75) 0.902
Female, n (%) 20(50.00) 17(29.31) 0.038 0.311(0.106–0.911) 0.033

25(OH)D, nmol/l 65.03(51.75–82.02) 37.71(25.79–58.99) <0.001 0.965(0.943–0.987) 0.002

VDBP, µg/l 682.36(421.29–1226.49) 666.74(447.11–1331.09) 0.862
CYP2R1, pg/mL 577.06(329.41–1304.46) 643.34(445.77–1168.60) 0.527

DHCR7, pg/mL 414.33(312.55–973.43) 675.14(386.57–1114.04) 0.062

CYP24A1, ng/L 31.29(19.42–54.15) 41.40(19.51–82.28) 0.259
CATH, pg/mL 51.03(25.63–85.91) 40.11(23.71–82.76) 0.748

CRP, mg/L 93.05(31.64–126.75) 88.05(24.33–162.67) 0.937
PCT, ng/mL 1.16(0.22–5.15) 8.74(1.20–35.22) 0.001 1.018(0.996–1.041) 0.116

IL-6, pg/mL 57.47(17.13–115.65) 154.18(23.12–749.32) 0.016 1.000(0.999–1.001) 0.875

WBC, 109/L 21.49(9.87–31.86) 12.80(6.46–16.73) 0.001 0.923(0.875–0.973) 0.003

Note: Data were expressed as median (interquartile range) or number and percentage (%). 
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; VDBP, vitamin-D-binding protein; CYP2R1, 25-hydroxylase; DHCR7, 7-dehydrocholesterol 
reductase; CYP24A1, 24-hydroxylase; CATH, cathelicidin; CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin-6; WBC, white blood 
cell count.
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ultraviolet index, detection methods used for vitamin D analysis, cutoff values used for vitamin D insufficiency and deficiency, 
and the underlying disease conditions and patient cohorts.17,20

Although the immunomodulatory role of vitamin D and the association of vitamin D insufficiency or deficiency with sepsis 
has been shown across studies, the progress of research on hypovitaminosis D and clinical outcomes in children with sepsis is 
rather slow compared to adult patients. Whether vitamin D deficiency is the cause or effect of sepsis is still unclear, and the 
clinical impact of hypovitaminosis D is poorly understood in children with sepsis. Previous published studies have shown 
controversial results on the association between hypovitaminosis D and adverse outcomes such as prolonged ICU stay, 
increased mortality, and illness severity.17,18,21,22 Several investigations demonstrated that a low vitamin D level was 
independently associated with longer PICU length of stay, increased illness severity, higher mortality rates, and increased 
duration of mechanical ventilation based on the pediatric intensive care unit population.16,22,23 In the present study, children 
with sepsis diagnosed with hypovitaminosis D had a higher rate of ICU admission, vasopressors support, mechanical 
ventilation, and hospital mortality compared to children with sufficient vitamin D. Severe sepsis and non-survivor children 
had lower 25(OH)D levels (both median < 37.50 nmoL/L). However, further multivariate regression analysis showed that 
vitamin D level was not an independent risk factor for severe sepsis or mortality in line with the findings of previous 
studies.17,18 And the 10 non-survivors eventually died of multiple organ failure. Interestingly, our study also revealed that low 
25(OH)D level was independently associated with the requirement of ICU stay, indicating, to some extent, an association 
between vitamin D status and severity of sepsis in children. The discrepancies in the results might be because the sample size 
of the study was not large enough for subgroup analysis, different cutoff values of vitamin D level were selected for analysis, 
and due to the heterogeneity spectrum of the cohort study population and the underlying disease conditions.

Vitamin D is associated with anti-inflammatory mechanisms, and its deficiency may result in an increased predisposition to 
infections. When infection occurs, pathogen-associated molecules are recognized by immune cells, which trigger the 
activation of enzymes involved in the synthesis of active vitamin D, resulting in the production of the biologically active 
form of vitamin D. Active vitamin D binds to vitamin D receptors and vitamin D response elements and induces the expression 
of CATH antimicrobial peptide,9 which is a potent mediator of antibacterial and antiviral activity. Moreover, vitamin D 
stimulates other antimicrobial factors, including reactive oxygen species, nitric oxide synthase, and interleukin-1β, and 
modulates the innate and adaptive immunity, which alters the inflammatory response and reduces tissue damage. 
Therefore, a low vitamin D level may indicate susceptibility to infectious diseases and be associated with a positive blood 
culture.24 In the present study, culture positivity in children with sepsis and hypovitaminosis D was not significantly different 
from that in children with sepsis and sufficient vitamin D, which was in agreement with another reported study.25 The 
heterogeneous results might be due to the use of antibiotics in local hospitals before patients are transported to our tertiary 
hospital. A published randomized controlled trial demonstrated that vitamin D administration resulted in lower IL-6, tumor 
necrosis factor-α level, cardiovascular sequential organ failure assessment score, and lower incidence of septic shock.26 

Another previous study showed a positive association of 25(OH)D and CATH among critically ill patients, and the two 
mediators were both at low levels.27 In the current study, children with sepsis and hypovitaminosis D had significantly lower 
CATH level and higher PCT and IL-6 levels. Moreover, 25(OH)D level was positively correlated with CATH and negatively 
correlated with PCT and IL-6 in children with sepsis. These results are in agreement with the previous studies and suggest that 
hypovitaminosis D is probably associated with the development of sepsis in children and might play an important role in 
further modulating the course of the illness.

The circulating level of vitamin D is closely associated with its synthesis, degradation, and transportation.28,29 

Therefore, the molecules that take part in vitamin D metabolism also serve as vital components for maintaining 
vitamin D concentration in the organism.30 VDBP, primarily produced in the liver and expressed in several organs and 
tissues, has numerous physiological roles, such as transporting vitamin D and its metabolites, regulating bone development, 
scavenging actin, and regulating the immune and inflammation process.31,32 DHCR7, CYP2R1, and CYP24A1 are not only 
responsible for regulating the production, activation, and deactivation of vitamin D, respectively, but are also reported to be 
associated with some conditions.29,30,33 In this study, children with sepsis diagnosed with hypovitaminosis D had sig-
nificantly lower CYP2R1 and significantly higher CYP24A levels. Additionally, 25(OH)D level was positively correlated 
with VDBP and CYP2R1 and negatively correlated with CYP24A1. However, multivariate logistic regression analysis 
showed that these molecules were all not independently associated with severe sepsis, the requirement of ICU stay, and 
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mortality in children with sepsis. The results indicated that the expression of VDBP, CYP2R1, and CYP24A1 regulated the 
variation of vitamin D concentration and therefore reduced its immunomodulation and anti-inflammation effect, although 
they may not be directly involved in the pathophysiological process of sepsis. In our study, DHCR7 was not significantly 
associated with vitamin D level. The detailed reasons remain unknown due to limited understanding of the regulation 
mechanism of DHCR7. However, this may be partly because the modulating effect was insufficient to affect the circulating 
level of vitamin D in our study population.2

There are several limitations in this study. First, the sample size of the study population could have been larger for better 
analysis of the data among the various pediatric subgroups. Second, the findings of this study cannot be generalized because 
it is a single-center study with participants being children with sepsis. Third, our study is an association study and not 
a cause-effect research. Fourth, the prevalence of vitamin D insufficiency or deficiency in the overall hospitalized 
population is unknown, as this study only investigated the prevalence in children diagnosed with sepsis. However, despite 
these limitations, our study is one of the few studies to evaluate the association of vitamin D and molecules related to 
vitamin D metabolism with clinical outcomes in children with sepsis and might provide preliminary data in planning future 
observational and interventional trials in children with sepsis.

Conclusions
Our study revealed that children with sepsis had a high prevalence of hypovitaminosis D. Low vitamin D level was 
independently associated with the requirement of ICU stay in children with sepsis. The molecules related to vitamin D 
metabolism, such as VDBP, CYP2R1, and CYP24A1, were involved in regulating the level of circulating vitamin D, thereby 
reducing its anti-inflammation function in children with sepsis. This study sets the stage for conducting multicenter and large- 
scale studies to determine whether early intervention is beneficial for children with sepsis who have hypovitaminosis D.
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