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Background: The consequences of vitamin D deficiency regarding sepsis in children remain controversial.
We conducted a meta-analysis of studies evaluating the association between vitamin D status and sepsis
in children.

Methods: We used EMBASE, Ovid Medline and Cochrane Library to conduct a meta-analysis of studies

Keywords: ) published in English before November 21, 2017.

Vitamin D deficiency Results: Among 1146 initially identified studies, we included 13 studies according to predefined inclusion
gzg:;z shock criteria comprising 975 patients and 770 control participants. According to a random effects model, the
Neonate mean difference in 25(0OH)D levels (nmol/L) between participants with sepsis (444) and controls (528)

Child was (mean difference, —18.55; 95% confidence interval (CI), —19.45 to —17.66, p < 0.05). The association
between vitamin D deficiency and sepsis was significant, with an odds ratio (OR) = 1.13 (95% (I, 1.18 to
1.50, p < 0.05). Factors that could explain differences in the results include the study location/medical
conditions, study design, 25(0OH)D assay methods, diagnostic sepsis at different ages, diagnostic criteria
for sepsis, and sepsis with comorbidities.
Conclusions: The association between vitamin D deficiency/lower 25(0OH)D levels and sepsis was sig-
nificant in children and neonates. Further studies are required to confirm the results by considering more

confounders.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Vitamin D deficiency (VDD) is highly prevalent in children [1—3]
and leads to immune dysregulation and systemic inflammation [4].
VDD is defined as a serum concentration of 25(OH)-vitamin D
(25(0H) D) below 50 nmol/L in critically ill patients [5], with severe
deficiency developing at 25—30 nmol/L [6]. The availability of
vitamin D in most foods is limited, and most endogenous vitamin D
is synthesized through exposure to ultraviolet radiation B [7].
However, vitamin D levels can be influenced by several factors, such
as sun exposure, fat absorption and skin pigmentation. Darker skin
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pigmentation often leads to higher levels of melanin, which re-
duces vitamin D production after sun exposure [7]. Madden et al.
[8] showed that race and age were associated with VDD in critically
ill children. Finally, the genotype and concentration of vitamin D-
binding protein (DBP) can affect the 25(OH)D half-life [9].

The pathogenesis of sepsis is related to an imbalance of the
inflammatory response, immune dysfunction, and more [10].
Innate and acquired immune dysfunction also contributes to the
progression of sepsis [7,11]. The common mechanisms by which
VDD associates with sepsis are related to its modulation of the
immune system [7]. First, vitamin D binds to vitamin D receptors
(VDRs) controlling major immune cells, including macrophages,
neutrophils, and dendritic cells, and the production of cytokines
[12—14]. Second, vitamin D induces the expression of cathelicidin
and B-defensin, which contribute to the modulation of innate im-
munity via chemotactic action and toxin neutralization [11].

Multiple research groups have recently evaluated vitamin D in
children with sepsis and in critically ill children [1,2,15—20], but the
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results are controversial. Say et al. [ 18] demonstrated that VDD was
an insignificant risk factor of neonatal sepsis in premature infants,
whereas Gamal et al. [19] showed that the serum vitamin D level
can be a sensitive predictor of early-onset sepsis (EONS) in neo-
nates. Overall, few studies have evaluated the association between
vitamin D status and sepsis or septic shock in children. Further-
more, the sample sizes in existing studies have been small, and
many studies have thus lacked sufficient data to evaluate the
relationship between vitamin D status and sepsis/septic shock in
children. Therefore, we conducted the present meta-analysis to
overcome these limitations.

2. Methods
2.1. Retrieval of studies

The reporting of this meta-analysis was in accordance with the
Meta-Analysis of Observational Studies in Epidemiology (MOOSE)
guideline and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). The Ovid Medline, EMBASE, and
Cochrane Library databases were searched through November 21,
2017. The search consisted of three terms: sepsis, septic shock and
vitamin D. We used the Medical Subject Heading (MeSH) and key
words to search for the first and second terms and used “OR” to
connect sepsis and septic shock. We used vitamin D and relevant
key words to search for the third terms. In addition, we used “AND”
to connect the third terms and combinations of the first two terms.
For the MeSH terms and the search strategy, see (supplement 1).
We restricted the search to human studies published in English. The
retrieved studies were first screened by reading the titles and the
abstracts. Two authors (Dongqiong Xiao and Xiaoyan Zhang) sub-
sequently read the full texts of the remaining publications inde-
pendently and then discussed any disagreements to reach a
consensus regarding the inclusion of studies.

2.2. Definitions

A neonate is defined as an infant within the first 28 days after
birth. An early neonate is defined as an infant during the first 7 days
after birth. A premature infant is defined as an infant born before 37
weeks of gestation.

2.3. Study selection

The study inclusion criteria were as follows. (1) The partici-
pants were neonates or children aged <18 years who were
investigated for any of the three outcomes as follows: the pri-
mary outcome was a difference in 25(0OH)D levels reported as the
mean and standard deviation (SD) between sepsis and control
participants; secondary outcomes were the incidence, preva-
lence, and risk or odds ratio of sepsis/septic shock between VDD
and control participants; and tertiary outcomes were the inci-
dence, prevalence, and risk or odds ratio of VDD between sepsis
and control participants. (2) The study described assessments of
exposure and outcomes and reported unadjusted and/or adjusted
relative ratios (RRs) and the corresponding 95% Cls or unadjusted
and/or adjusted OR estimates and 95% Cls. (3) The study was
published in English, and the study design was case—control,
cohort, or cross-sectional.

The exclusion criteria were as follows: (1) the article described
only animal experiments; (2) the participants in the study were
adults; (3) the study data overlapped with those of another study;
(4) the study did not report useable data; and (5) the study was a
meta-analysis, review or case report.

2.4. Data extraction

The data were independently extracted from the studies by two
reviewers (Dongqiong Xiao and Xiaoyan Zhang) and aggregated in
a standardized form, including the study authors, publication year,
country, children's ICU/hospital, sepsis definition, 25(OH)D assay,
study design, number of samples (cases/controls), outcomes,
comparisons, and comorbidities.

2.5. Quality evaluation

The two reviewers (Dongqiong Xiao and Xiaoyan Zhang) inde-
pendently used the Newcastle-Ottawa Scale (NOS) [21] method to
examine the methodological quality of all included studies
(supplements 2, 3). The reviewers evaluated the quality score (with
a maximum score of nine) in three domains: selection of the study
population and the comparability and evaluation of exposure and
outcomes. The reviewers resolved disagreements as described
above.

2.6. Statistical analysis

The original studies included the mean difference and SD in
25(0OH)D levels to evaluate the difference between sepsis and
control groups. We pooled the mean difference and SD of each
study separately using the DerSimonian-Laird formula (random
effects model) [22,23]. In addition, the original studies included
ORs and 95% ClIs to assess the association between VDD and sepsis/
septic shock among participants. All data from the included studies
were converted into log(ORs) and standard errors (SEs) [24]. We
pooled the log(ORs) and SEs of each study separately using the
DerSimonian-Laird formula (random effects model) [22]. Statistical
heterogeneity [25] among the studies was assessed using I [2]
statistics [26]. Values of I [2]>50% and p < 0.1 indicated high het-
erogeneity [27].

We conducted a stratified analysis based on the study location/
medical conditions (Africa, other countries), study design (cohort,
case—control), 25(OH)D assay methods (enzyme-linked immuno-
sorbent assay (ELISA), high-performance liquid chromatography
(HPLC), and other methods), diagnostic sepsis at different ages
(neonates, children (1 month—18 years)), diagnostic criteria for
sepsis (standard sepsis, early-onset neonatal sepsis (EONS), and no
definition of sepsis or culture-positive), and comorbidities (yes, not
mentioned).

We used funnel plots [5] of SEs vs ORs in the meta-analysis to
assess publication bias. We used Review Manager 5.3 software
(Cochrane Library) to perform the statistical tests.

3. Results
3.1. Literature search

We identified 1146 potential studies, including 190 from Ovid
Medline, 790 from EMBASE, and 166 from Cochrane Library
(supplement 1). After careful screening, 13 studies reported the
effects of 25 (OH) D levels, the risk of developing sepsis/septic
shock in participants with VDD versus controls, and the risk of
developing VDD in participants with sepsis versus controls (see
Fig. 1). These 13 included studies are summarized in Table 1.

3.2. Characteristics and quality of the included studies
The included studies were published between 2013 and 2017

and involved 975 patients and 770 control participants. Seven
studies [1,2,18—20,28,29] described vitamin D status and sepsis in

Clinical Nutrition, https://doi.org/10.1016/j.cInu.2019.08.010

Please cite this article as: Xiao D et al., Association between vitamin D status and sepsis in children: A meta-analysis of observational studies,




D. Xiao et al. / Clinical Nutrition Xxx (XXXX) XXX 3

Cochrane CENTRAL

1146 studies identified, 190 studies from Ovid Medline, 790 studies from EMBASE, 166 from

862 imitial studies screening
for titles and abstracts

239 excluded studies for review or meta-analysis
61 excluded studies for animal experiment
35 excluded studies not published in English

77 full text articles assessed
for eligibility

language
386 excluded studies for not related
64 excluded study for case report

44 excluded study for adult data

13 studies included in
meta-analysis

20 excluded studies for unusable data or
overlap data

Fig. 1. Flow chart describing study selection.

neonates and six [3,15—17,30,31] studies in children, respectively.
Six studies [1,3,17,19,20,28] reported the difference in 25(0OH)D
levels between sepsis (444) and control participants (528), three
studies compared sepsis patients with healthy controls, and three
studies compared patients with and without sepsis. Four of the
studies evaluated the prevalence of developing sepsis in VDD
versus control subjects, and two of the studies evaluated the
prevalence of developing septic shock in VDD versus control sub-
jects. Six studies evaluated the prevalence of developing VDD in
sepsis versus control subjects.

3.3. Quantitative results (meta-analysis)

The meta-analysis was performed using a random effects model
(Figs. 2 and 3). Figure 2 shows that the mean difference in 25(OH)D
levels (nmol/L) between sepsis and control participants was —18.55
(95% Cl, —19.45 to —17.66, p < 0.00001, I? = 96%), with lower 25(0H)
D levels in the sepsis group (444) than those in the control group
(528). The association between VDD and sepsis was OR (1.13, 95%
Cl, 118 to 1.50, p < 0.05), with high heterogeneity (I [2] = 0.85)
(Fig. 3).

4. Stratified analysis of the association between 25(0OH)D
status and sepsis

A stratified analysis was performed to evaluate possible sources
of heterogeneity in the included studies (Table 2). The association
between a lower vitamin D level and sepsis was significant, and this
association was consistent when stratified by study location/med-
ical conditions, study design, diagnostic sepsis at different ages, and
the presence or absence of comorbidities. The sources of hetero-
geneity for the association between the vitamin D level and sepsis
included the study location/medical conditions, 25(0OH)D assay
methods, and diagnostic criteria for sepsis.

The association between VDD and sepsis was significant, and
this association was inconsistent when stratified by different fac-
tors. A stronger association between VDD and sepsis was found in
Africa than in other countries. Stronger associations were found in
cohort studies rather than case—control studies, in children (1
month—18 years old) rather than neonates, in participants with

comorbidities or original infection rather than those without
comorbidities, and when 25(OH)D was measured by HPLC rather
than other methods.

4.1. Publication bias

Asymmetry and publication bias were evaluated by funnel plots
of the studies. The pooled results did not support the presence of a
significant publication bias (Supplements 4, 5).

5. Discussion

To our knowledge, this study is the first meta-analysis to eval-
uate the association between vitamin D status and sepsis in chil-
dren. The results of this meta-analysis, which included 13 studies,
revealed that lower vitamin D levels were observed in children
with sepsis than those in control subjects, and that the association
between VDD and sepsis was significant.

A lower 25(0OH)D level was observed in children, including ne-
onates (0—18 years old), with sepsis than that in control partici-
pants, and the association remained when the analysis was
stratified by different factors, including study location/medical
conditions, study design, 25(0H)D assay methods, diagnostic sepsis
at different ages, diagnostic criteria for sepsis, and the presence or
absence of comorbidities. Among these factors, study location/
medical conditions, 25(OH)D assay methods, and diagnostic criteria
for sepsis did not markedly affect the association between lower
25(0OH)D levels and sepsis, although stronger associations were
found when the analysis was stratified by study location/medical
conditions, different 25(0OH)D assay methods, and different diag-
nostic criteria for sepsis. Therefore, researchers need a uniform
25(0H)D assay method and standardized diagnostic criteria for
sepsis in future studies, and the study location/medical conditions
should be included as confounding factors. The causality of this
association cannot be verified through the included observational
studies since no evidence shows that a lower 25(OH)D level pre-
ceded sepsis in these studies [3,16,17,19,20,28]. A lower 25(OH)D
level may lead to susceptibility to microbial infection in children.
On the other hand, a lower 25(0OH)D level may be a result of sepsis
[32]. Fluid resuscitation, limited sun exposure and limited vitamin
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Table 1

Characteristics of the included studies.

Study Publication ~ Country Children Sepsis 25(0H)D assay  Study design Number Outcomes Comparison Any comorbidities
year ICU/hospital definition (case/control) (meta-analysis)
Cizmeci 2015 Turkey NICU EONS HPLC Case-control 40/43 The OR of developing VDD <30 ng/ml vs No
> 30 ng/ml
Cetinkaya 2015 Turkey NICU EONS HPLC Case-control 50/50 The OR of developing VDD in <10 ng/ml vs No
sepsis and control groups 10—32 ng/ml
Gamal 2017 Egypt NICU EONS ELISA Case-control 50/30 25(0H)D level <30 nmol/L vs No
> 50 nmol/L
Cekmez 2014 Turkey NICU EONS Automated CI Case-control 40/20 25(0H)D level NA No
technology
Das 2016 India NICU NA ELISA Case-control 60/60 25(0H)D level <20 ng/ml vs NA
> 30 ng/ml
Slavcovici 2016 Romania Children's NA NA Case-control 28/21 The OR of developing VDD <20 ng/ml vs MODS 1-18 y,
(1—18 years) with sepsis and without sepsis > 30 ng/ml
hospital
Satheesh 2013 India PICU Standard ELISA Case-control 124/40 25(0OH)D level <20 ng/ml vs MODS 1-12y
sepsis The OR of developing VDD in > 30 ng/ml
sepsis patients vs healthy controls
The OR of developing septic
shock in VDD vs VDS
Onwuneme 2015 Ireland PICU Culture- Elecsys Case-control 120/30 25(0H)D level <50 nmol/L vs MODS <12y, fluid bolus
positive The OR of sepsis > 50 nmol/L volume, adjusted
Ponnarmeni 2016 India PICU Standard ELISA Case-control 124/338 25(0H)D level <50 nmol/L vs MODS 1-12y
sepsis The OR of developing septic > 75 nmol/L
shock in VDD vs VDS
Oleo 2015 Uganda NICU EONS NA Case-control 73|73 The OR of developing sepsis <20 ng/ml vs NA
> 30 ng/ml
SHAH 2016 India PICU Standard Auto-analyser Cohort study 128/26 The OR of sepsis <20 ng/ml vs Acute respiratory
sepsis using a CI The OR of septic shock > 20 ng/ml distress symptom (ARDS),
liver failure, 1 month-15y
Say 2017 Turkey Premature NICU  EONS, LONS  Competitive CI ~ Case-control 63/13 The OR of developing sepsis <5 ng/ml vs No
> 15 ng/ml
Sankar 2016 Switzerland  PICU NA Automated CI Observational ~ 75/26 The OR of developing VDD <20 ng/ml vs MODS
technology study in sepsis > 30 ng/ml

EONS: early-onset neonatal sepsis; LONS: late-onset neonatal sepsis; NA: not available; HPLC: High-performance liquid chromatography; CI: chemiluminescent immunoassay; Elecsys: Elecsys vitamin D total automated
competitive binding protein assay; VDD: vitamin D deficiency; SVDD: severe vitamin D deficiency; ARDS: Acute respiratory distress symptom.
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Sepsis Control Mean Difference Mean Difference
Stud subar oup i IV, Fixed, 95% Cl IV, Fixed, 95% Ci
1.2.1 sepsis vs healthy control
Cetinkaya 2015 215 775 50 475 12 50 51% -26.00[29.95,-22.04] T
Das 2016 3258 3558 B0 8358 5168 B0 0.3% -51.00[66.88,-35137] e
Ponnarmeni 2016 49.25 33 124 BBT7 397 338 1.5% -19.45[2664,-12.26] =
Subtotal (95% CI) 234 448  7.0% -25.68[-29.07,-22.29] L ]
Heterogeneity: Chi*=12.68, df= 2 (P = 0.002); F= 84%
Test for overall effect Z= 14.86 (F = 0.00001)
1.2.2 sepsis vs no sepsis
Cekmez 2014 1725 1875 40 875 475 20 D02% 9500[63.39 106.61] —
Gamal 2017 64 18 50 246 22 30 921% -18.2019.13,-17.27] .
Omwuneme 2015 47 29 120 66 26 30 07% -19.00 F29.65,-8.35)] T_——
Subtotal (95% CI) 210 80 93.0% -18.02[-18.94,-17.09] '
Heterogeneity. Chi*= 87.45, df= 2 (P < 0.00001); F= 98%
Test for overall effect Z= 38.07 (F < 0.00001)
Total (95% CI) 444 528 100.0% -18.55 [-19.45, -17.66] |
Heterogeneity: Chi#= 118.44, of= 5 (P < 0.00001); F= 96% f f f 1
Test for overall effect Z= 40.64 (F < 0.00001) 1o =0 Sepsis chmrm * 10
Testfor subaroun differences: Chi®=18.30. df=1 (P < 0.0001). F= 94 5%
Fig. 2. Forest plot of the comparison of vitamin D levels (nmol/L) between the sepsis and control groups.
Odds Ratio Odds Ratio
Study or Subgrou loa[Odds Ratio SE Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Cetinkaya 2015 555 1.0813 0.3% 257.24[30.90, 2141.60) —
Cizmeci 2014 02008 04606 1.8% 2.23[0.90, 5.49)
Oleo 2015 09163 04863 16% 2.50[0.96, 6.48]
Onwuneme 2015 25322 06418 09% 12.58 [3.58, 44.26]
Fonnarmeni 2016 0.4279 02111 3.4% 1.53[1.01,2.33)
Sankar 2016 06152 01243 241% 1.85[1.45, 2.36) 28
Satheesh 2013 0D.0645 03583 29% 1.07 [0.53, 2.16) e
Say 2017 0.01 0082 554% 1.01[0.86,1.19] |
SHAH 2016 01766 0444 1.8% 1.19[0.50, 2.85] o e
Slavcovici 2016 0.7885 03633 238% 2.20[1.08, 4.48] =
Total (95% CI) 100.0% 1.33[1.18, 1.50] L]
Heterogeneity. Chi*= 60.03, df=9 (P = 0.00001); = 85% 10 o1 0:1 1:0 mu:
Test for overall effect. Z= 4.69 (P = 0.00001) HuHe EXposUrE: tase
Fig. 3. Forest plot of the pooled odds ratio of the association between sepsis and vitamin D deficiency.
Table 2
Stratified analysis of the associations between the vitamin D level and sepsis and between VDD and sepsis.
Variable Vitamin D level & sepsis p VDD & sepsis p
Studies OR (95% CI) P (p-value) Studies OR (95% CI) P (p-value)
Total 6 —18.55(—19.45, —17.66) 0.96 (<0.05) <0.05 10 1.13 (1.18—-1.50) 0.85 (<0.05) <0.05
Study location/medical conditions
Africa 1 —18.20 (-19.13, —-17.27) NA <0.05 1 2.50 (0.96, 6.48) NA <0.05
Other countries 5 —22.67 (—25.86, —19.74) 0.96 (<0.05) 1.32(1.17, 1.49) 0.86 (<0.05)
Study design
Cohort 1 —19 (-29.65, —8.35) NA >0.05 1 1.85 (1.45, 2.36) NA <0.05
Case-control 5 —18.55(—19.45, —17.65) 0.97 (<0.05) 9 1.20 (1.05, 1.38) 0.84 (<0.05)
25(0OH)D assay methods
ELISA 3 —18.33 (-19.25,-17.41) 0.88 (<0.05) <0.05 2 1.40 (0.98, 2.00) 0(0.38) <0.05
HPLC 1 —26 (—29.96,-22.04) NA 2 4.62 (2.01,10.60) 0.94 (<0.05)
Other 2 1.31 (0.97, 1.76) 0.99 (<0.05) 6 1.28 (1.13, 1.46) 0.85 (<0.05)
Diagnostic sepsis at different ages
Neonates 4 —18.53 (—19.44, —17.63) 0.97 (<0.05) >0.05 4 1.09 (0.93, 1.28) 0.91 (<0.05) <0.05
Children (1 month-18 years) 2 —19.31 (-25.27, —13.35) 0(0.95) 6 1.77 (1.47, 2.14) 0.62 (<0.05)
Diagnostic criteria for sepsis
Standard sepsis 1 —19.45 (—26.64, —12.26) NA <0.05 3 1.37 (0.98, 1.90) 0 (0.65) <0.05
EONS 3 —18.43 (-19.33, —-17.52) 0.98 (<0.05) 4 1.09 (0.93, 1.28) 0.91 (<0.05)
No definition or culture-positive 2 —28.93 (—37.38, —20.09) 0.91 (<0.05) 3 2.00 (1.60, 2.51) 0.77 (<0.05)
With comorbidities
Yes 4 —18.53 (—19.44, —17.63) 0.97 (<0.05) >0.05 6 1.77 (1.47, 2.14) 0.62 (<0.05) <0.05
Not mentioned 2 —19.31 (-25.27, —13.35) 0(0.95) 4 1.09 (0.93, 1.28) 0.91 (<0.05)

EONS: early-onset neonatal sepsis; VDD: vitamin D deficiency; HPLC: High-performance liquid chromatography; ELISA: enzyme-linked immunosorbent assay.
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D absorption may explain the decreased vitamin D levels in chil-
dren with sepsis/septic shock [3].

The association between VDD and sepsis was significant, and
this association was inconsistent when the analysis was stratified
by study location/medical conditions, study design, 25(0OH)D assay
methods, diagnostic sepsis at different ages, diagnostic criteria for
sepsis, and whether participants had comorbidities. First, a stron-
ger association between VDD and sepsis was found in other
countries versus Africa, indicating that the study location/medical
conditions may affect the association between VDD and sepsis. The
confounding factors may include insufficient medical conditions,
higher susceptibility to microbial infection, lower vitamin D ab-
sorption due to higher levels of melanin and the prevalence of VDD
in Africa [7,23]. Second, a stronger association between VDD and
sepsis was found in cohort study [30] versus case—control studies
[1-3,15—18,29,31], indicating that the association may be affected
by the study design and that the results of cohort studies should be
interpreted with caution. Third, a stronger association between
VDD and sepsis was found in children assayed by the HPLC method
[1,2] versus ELISA/other methods [3,15—18,29—31], indicating that
25(0OH)D assay methods may affect the association. Therefore, the
association may have been underestimated when 25(OH)D levels
were assayed by ELISA, and future studies should standardize the
25(0OH)D assay methods. Fourth, a stronger association between
VDD and sepsis was found in children (1 month—18 years old)
[3,15-17,30,31] rather than neonates [1,2,18,29], indicating that the
association may be affected by different ages at the diagnosis of
sepsis. We have mentioned that VDD resulted in adverse sepsis
outcomes due to immune system disruption in children, and
disruption of the immune reaction by VDD may lead to suscepti-
bility to infection in children. The immune system is immature in
neonates, which may explain why the age at the diagnosis of sepsis
can affect the association between VDD and sepsis [7,11]. Fifth, a
stronger association between VDD and sepsis was found in par-
ticipants with comorbidities or original infection [3,15—17,30,31]
rather than in those without comorbidities [1,2,18,29], suggesting
that future studies should include comorbidities as a confounding
factor. Finally, the association between VDD and sepsis was affected
by the diagnostic criteria for sepsis. A stronger association between
VDD and sepsis was found in the studies with no definition of sepsis
or in which sepsis was diagnosed by a positive bacterial culture
[15,17,31]. Overall, VDD was associated with an increased risk of
sepsis via multiple factors described above, and the source of the
heterogeneity may be these same factors. For a better under-
standing of the relationship between sepsis and VDD in children,
future studies should consider confounders or else the results of
meta-analyses may overestimate the association between sepsis
and VDD.

Our meta-analysis has the following limitations. First, the
studies included a wide range of participants with different age
groups, associated medical conditions, and original diseases that
could result in biases, which may lead to an overestimation of the
results of the meta-analysis. Second, we included articles only
published in English, which may contribute to publication bias.
Third, the results of this meta-analysis should be interpreted with
caution because of the limited number of participants. Fourth,
studies reporting outcomes in alternative manners were not
included in our meta-analysis, which may contribute to publication
bias. For example, studies that did not measure 25(OH)D levels as
the mean and SD were excluded. Fourth, most of the included
studies did not measure serial levels of vitamin D during the course
of sepsis, which would better reflect vitamin D status when treating
patients using various methods, especially fluid resuscitation.
Furthermore, the bias inherent to observational studies was not
eliminated in the quantitative synthesis.

The merits to this meta-analysis are as follows. First, this study
evaluated the association between vitamin D status and sepsis/
septic shock in children. Second, this study demonstrated that the
study location, study design, 25(OH)D assay methods, diagnostic
sepsis at different ages, diagnostic criteria for sepsis, and sepsis
with comorbidities are all sources of heterogeneity.

6. Conclusions

In conclusion, our pooled analyses provide evidence that chil-
dren with sepsis have lower vitamin D levels than control partici-
pants. Children with VDD were associated with an increased risk of
sepsis.
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