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ABSTRACT

Objective: Critical care and sepsis remain high priority concerns in children. Associations
between deficiency and mortality, particularly in children with sepsis, remain unclear. We
performed a systematic review and meta-analysis of observational studies to address this

uncertainty.

Methods: We searched PubMed, OVID and Google Scholar to obtain pooled prevalence estimates
of vitamin D deficiency and odds ratios for mortality in critically ill children treated in intensive

care units, with subgroup analysis for those with sepsis and those with respiratory tract infections.

Results: Forty-eight studies were included. Of 5,520 critically ill children, 2,664 (48%) were
vitamin D deficient (< 50 nmol/L). Pooled prevalence estimate of vitamin D deficiency was 54.9%
(95% CI 48.0-61.6, 1=95.0%, 95% CI 94.0-95.8, p <0.0001). Prevalence of deficiency in children
with sepsis (16 studies, 788 total individuals) was 63.8% (95% CI 49.9-75.7, 1’=90.5%, 95% CI
86.2-93.5%, p < 0.0001) and 49.9% (95% CI 37.6-62.2; I>*=93.9%, 95% CI 92.1-95.3, p < 0.0001)
in those with respiratory tract infections (24 studies, 1,683 total individuals). Meta-analysis of
mortality (18 studies, 2,463 total individuals) showed increased risk of death in vitamin D deficient
critically ill children both with random (OR 1.81, 95% CI 1.24-2.64, p = 0.002) and fixed effects
(OR 1.72, 95% CI 1.27-2.33, p= 0.0005) models with low heterogeneity (I>= 25.7%, 95% CI 0.0-
58.0, p = 0.153). There were insufficient studies to perform meta-analyses for sepsis and

respiratory tract infection related mortality.

Conclusions: Circulating vitamin D deficiency is common amongst critically ill children,
particularly in those with sepsis. Our results suggest that vitamin D deficiency in critically ill

children is associated with increased mortality. Clinical trials, studies with larger sample sizes and
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standardized approaches are needed to further assess associations between circulating vitamin D

levels and mortality and other outcomes in the paediatric population.

Registration PROSPERO (CRD42016050638)

Copyright Open access article under terms of CC BY

Keywords paediatric, vitamin D, intensive care, sepsis, meta-analysis, prevalence, mortality, systematic

review, respiratory tract infections

Strengths and limitations of this study

We comprehensively assessed the magnitude and relevance of vitamin D circulating levels
in paediatric acute and critically ill patients using a large number of studies with large total
sample size with pre-specified sub-group and sensitivity analyses. We used PRISMA and
MOOSE guidelines for reporting.

We used the currently recommended cut-off of less than 50 nmol/L for vitamin D
deficiency.

We did not find enough studies to perform meta-analyses for mortality from sepsis or
respiratory tract infection in relation to vitamin D status.

We did not identify longitudinal studies with multiple time-point, pre-admission or pre-
disease vitamin D measurements.

Most studies were single centre with heterogeneous patient groups and few controlled for
important confounders that influence vitamin D levels such as age, BMI, gender, season of
measurements, vitamin D supplementation and comorbidities.
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INTRODUCTION

Vitamin D is an essential nutrient' 2 representing a group of fat soluble secosteroids with key
endocrine functions.? It is synthesized in the skin upon sunlight exposure* while dietary sources,
such as oily fish, egg yolk, certain fungi and supplements, are usually secondary sources. Vitamin
D is critical in bone metabolism® and calcium homeostasis,® as well as acting as an important
regulator in extra-skeletal metabolic processes,’” cardiovascular and immune systems.® Many
observational and laboratory studies have observed the anti-inflammatory properties of vitamin

D,? including direct regulation of endogenous anti-microbial peptide production.!”

It is therefore crucial for humans to have sufficient vitamin D levels to maintain bone health and
possibly improve response to infection.® !> 12 Infants and children are especially dependent on
vitamin D to achieve healthy bone development and growth.!3- 14 Well-known functional outcomes
of adequate vitamin D levels in children include rickets prevention, higher bone mineral content
and reduced bone fracture rates.> ' In otherwise healthy children in the United States, the reported
prevalence of vitamin D deficiency (250HD levels of < 25 nmol/L) ranges from 9 to 18%.!°> The
Endocrine Society Clinical Practice Guidelines and the Institute of Medicine (IOM) suggest that

vitamin D levels less than 50 nmol/L (20 ng/mL) reflect a deficient state.* 16

Studies in adults reflect a high prevalence of vitamin D deficiency both in general intensive care
unit (ICU) and sepsis patients and strongly suggest an association between low vitamin D and poor
clinical outcomes, including increased mortality, particularly in those suffering from sepsis.> !
Recent clinical trials of vitamin D supplementation in adults appear promising in both general

critical care'® 1 and sepsis.?’
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Sepsis remains a challenging clinical entity with high social and economic costs.?! Each year there
are approximately 123,000 sepsis cases and around 37,000 deaths in England alone.?? Recent
reports show an increased prevalence of paediatric sepsis,?® likely a reflection of an increased
population with chronic comorbidities, higher rates of opportunistic infections and multidrug
resistant organisms.?* Respiratory tract infections account for a large proportion of underlying

diagnoses in acute and critical care conditions?* 2° but remain understudied.?®

The magnitude and relevance of vitamin D deficiency in children receiving acute care is not clear.
Several recent studies have addressed these questions with mixed results. We sought to summarise
the evidence regarding the implications of vitamin D deficiency and its prevalence in general ICU,
respiratory tract infection and sepsis patients in the paediatric population. We carried out a
systematic review and meta-analysis of circulating vitamin D levels to assess the prevalence of

vitamin D deficiency (< 50 nmol/L) and its association with mortality in these conditions.

METHODS

We planned and conducted our systematic review and meta-analysis according to the PRISMA
guidelines?’ (Additional Table 1) and since we did not include randomized controlled trials we
reported following the Meta-Analysis of Observational Studies in Epidemiology (MOOSE)

guidelines.?®

Search strategy and selection criteria

Our population of interest consists of paediatric patients with acute conditions and/or treated in

ICU or emergency units for acute conditions whose vitamin D status was assessed prior to or
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during admission. We included published cross sectional, case-control and cohort studies that
measured circulating 25(OH) D levels and either reported prevalence, odds ratios (OR) or data to
enable calculation. Studies were excluded if they were reviews, case reports, surveys,
commentaries, replies, not original contributions, experimental in vitro or if they recruited patients
who were not treated in emergency, neonatal intensive care units (NICUs), paediatric intensive
care units (PICUs) or for acute conditions. Studies were also excluded if they only enrolled vitamin
D deficient patients, investigated healthy populations only or did not measure circulating 25(OH)
D levels as an indicator of vitamin D status. When we identified more than one publication utilising
the same cohort, we included the publication which shared our review’s objective to investigate

vitamin D levels and prevalence of deficiency.

For purposes of our review, we classified vitamin D deficiency as being less than 50 nmol/L
(equivalent to 20 ng/mL) as suggested by the IOM.!¢ Different age categories were used to
designate patients as “children” in the studies reviewed. We therefore included all “children” as
defined by each treating facility and this included “neonates”, “infants”, “toddlers”, “children” and

“adolescents”.

We searched PubMed, OVID, Google Scholar and the Cochrane Library from inception up until
5% November 2017, with no language restrictions. Search terms used across these databases

9% ¢e

included: “critical care”, “vitamin D”, “pediatric”, “child”, “neonate”, “toddler”, “intensive care
unit”, “sepsis” and “septic shock”. Search terms used in OVID and PubMed are listed in the
Additional Tables 24 and 2B. Literature searches were performed by two investigators
independently and included initial screening of titles and abstracts, followed by full text screening.

Any disagreements for study eligibility were resolved by discussion between the authors.

Reference lists of the selected papers, including reviews, were also checked for relevant titles.
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Abstracts of relevant titles were then assessed for eligibility. A data extraction form was designed

a priori.

Study quality assessment

The quality of each included study was assessed using the Newcastle-Ottawa Scale (NOS) for
cohort, case-control and cross-sectional study designs (4dditional Tables 34, 3B and 3C).?° We
classified studies as low (1-3), medium (4-6) or high quality (7-9) for purposes of sensitivity

analysis.

Prevalence and mortality outcomes

In the majority of studies (n = 36), prevalence of vitamin D deficiency was extracted as reported
with a threshold of < 50 nmol/L. If prevalence was not reported directly, it was calculated using
data provided in each study (cases < 50 nmol/L / total number of study participants, (4ddditional
Table 44and 4B). Extracted or calculated prevalence values were then combined in a meta-

analysis. For mortality, we calculated unadjusted odd ratios (OR) as:

OR = (vitamin D deficient patients who died * vitamin D non-deficient patients who did not die)/

(vitamin D deficient patients who did not die * vitamin D non-deficient patients who died)

We had sufficient information to calculate ORs < 50 nmol/L for 36 studies (75%). For the 12
studies with insufficient information, we used the lower cut-off values reported as a conservative
approximation (Additional Table 5). We converted 25(OH) D values using: nmol/L. = ng/mL *

2.496.

Data analysis
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We obtained proportions of vitamin D deficiency with 95% confidence intervals (CI) using the
Clopper-Pearson method? in R. We used a random effects model®! to account for the variation
observed within and between studies due to the different ages and acute conditions in the
populations considered. For mortality, we also obtained pooled proportions and pooled ORs with
fixed effect model for sensitivity analysis and to avoid false conclusions that could result from

small-study effects.??

We investigated possible sources of heterogeneity using sensitivity and subgroup analyses. The I
statistic was used to estimate the percentage of total variation across studies which can be attributed
to heterogeneity. A Q value of < 0.05 was considered significant and an I? statistic greater or equal
to 75% indicated a high level of variation due to heterogeneity.’* 3* We used Egger’s regression
test to present results for publication bias and funnel plot asymmetry?> and generated funnel plots

for visual assessment and screen for evidence of publication bias.

To further assess heterogeneity, we utilised meta-regression to identify predictor variables that
could explain variation in study prevalence estimates. We used restricted maximum likelihood
(REML) estimations in the model to account for residual heterogeneity*® and the Knapp-Hartung
method to adjust confidence intervals and test statistics. This method estimates between study
variance using a t-distribution, rather than a z-distribution, yielding a more conservative
inference.’” We tested the following continuous predictors: year of study publication, total sample
size and quality score. Categorical variables included study setting (PICU, NICU), study design
(case-control, cross-sectional and cohort) and country group by geographic region and economic

development (group 1, group 2, and group 3) and were dummy coded.
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We used R version 3.5.0 and Microsoft Excel 2010 for analyses and data collection. The R
packages “meta”™? and “metafor”3® were used for analyses. Only results of the random effects

model are reported for prevalence due to the expected heterogeneity between populations being

considered. Our protocol is registered in PROSPERO (CRD42016050638).

Role of the funding source

The study received funding from the UK Medical Research Council. The funders had no role in
data collection, analysis, interpretation or writing of the report. All authors had access to the data

in the study.

RESULTS

Screening and study characteristics

After title and abstract screening, we identified 2,890 potentially relevant studies (Figure 1) and
eighty-five full text articles were assessed for eligibility. Rationale for study exclusion included:
studies including adults, study populations other than critically ill children or with acute
conditions, studies of circulating vitamin D levels and deficiency in healthy children or in children
with chronic conditions. Four studies*** were excluded due to insufficient data reporting
(Additional Table 6). We also excluded three studies**-4¢ that used the same cohort of children and
included a single study to represent the cohort.#” Ultimately, 48 studies met criteria for inclusion

(Additional Table 7).

Figure 1 Flow chart of study selection process
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The primary objective of most studies was to determine circulating vitamin D concentration
(“status”) in children and/or prevalence of vitamin D deficiency. Secondary objectives included
investigation of associations between deficiency of circulating vitamin D and various outcomes,
such as hospital mortality length of stay, requirement of ventilation and/or illness severity

(Additional Table 8).

All included studies reported vitamin D measurement assay methods used (Additional Table 9)
and stated that samples were collected and analysed within the first 24 hours of hospital admission.
Studies reported ethical approval and consent for participation from parents or guardians
(Additional Table 10). Included studies were published between 2004 and 2017, with the majority
(n =39, 81.3%) published between 2014 and 2017 (Additional Table 7). In total, 5,520 children
were hospitalized in paediatric or neonatal intensive care units or emergency units. Sample sizes
of critically ill children ranged from 25* to 511.#° In 16 studies the total number of cases was

greater than 100.

Studies originated from 15 countries, with the majority from India® 3%-3% (n = 10) or Turkey*® 3%-64
(n="7) (Additional Table 7). All were of medium or high quality (NOS score median 6-5, range 4-
8). The score range for cohort studies was 6 to 8 (n = 20), for case-control studies 5 to 8 (n = 24)
and for cross sectional 4 to 6 (n = 4). Studies used a broad range of ages to classify patients as
“children”. Six studies (12.5%)%- 606265 included only neonates. In two%% 65 of these six studies,
neonates were preterm. The largest age range was seen in the study of Ayulo et al 2014, which

included individuals between 1 and 21 years of age (Additional Table 11).
All studies included both female and male participants. For mortality, four of the 18 studies (22%)

carried out multivariate regression analysis with adjustment for confounders. The remaining

10
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1

2

i studies presented results using a variety of methods, including Spearman’s correlation analysis,

5 . . , . ..

6 chi-square or Fisher’s exact tests or descriptive statistics.

7

8 . . .

9 Prevalence of vitamin D deficiency

10

1 1 . . . o, . .

12 We included 48 studies representing a total of 5,220 critically ill children. Of these, 2,664 (48%)

13

14 were classified as vitamin D deficient (< 50 nmol/L). Prevalence of deficiency ranged from 5%°%

15

16 i . . .

17 to 95%* (Additional Table 12). Sample sizes ranged from 25 to 511, with a median of 82

18

19 individuals (Additional Table 13). Using a random effects model, the pooled prevalence estimate

20

21 of vitamin D deficiency was 54.9% (95% CI 48.0-61.6) with a high proportion of variation

22

;i attributed to heterogeneity (I = 95.0%, 95% CI 94.0-95.8, p < 0.0001) (Figure 2) and evidence of

25

2% funnel plot asymmetry (p = 0.015, Egger’s test) (Table I and Additional Figure I).

27

28

29

30

31

32

33

34

35 Table 1 Pooled estimates of vitamin D deficiency in critically ill children and critically ill children with sepsis

36 and those with respiratory tract infections

37 Patient category Number of studies Pooled proportion % (95% CI) Heterogeneity Q value, Eggers

38 (Total number of 18] d.f. p-value

individuals; Random Fixed % (95% CI) p-value

39 number of deficient effects effects

40 individuals)

41 Critically ill children 48 (5,520; 2,664) 54.9 46.8 95.0 931.46, 0.015
(includes those with (48.0-61.6) (45.4-48.3) (94.0-95.8) 57,

42 sepsis) <0.0001

43

44 Critically ill children 16 (788; 499) 63.8 62.6 90.5 157.99, 0.828

45 (only those with sepsis) (49.9-75.7) (58.6-66.5) (86.2-93.5) 15,

46 <0.0001

47 Only those admitted 24 (1,683; 778) 499 432 93.9 378.7, 0217

48 with respiratory tract (37.6-62.2) (40.4-46.1) (92.1-95.3) 23,

49 infections <0.0001

50 . > . — . .

51 CI = confidence intervals; I = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <

52 50 nmol/L (20 ng/mL). I? statistic used to estimate heterogeneity between pooled studies: I>> 75% was considered

53 high heterogeneity.

54

55

56

57

58 11

59
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Figure 2 Pooled prevalence estimate for vitamin D deficiency in critically ill children by study design.

Sensitivity analysis for prevalence

We did not detect material differences in prevalence after exclusion of the 12 studies which did
not directly report prevalence < 50 nmol/L (53.1%, 95% CI 45.6-60.4; 1> = 95.1%, 95% CI 93.9-

96.0, p <0.0001) (4dditional Table 13).

When examining results by sample size (defining “large” as > 100 and “small” as < 100), we found
that the 168 47-49-31, 59,60, 67-75 gty dies with larger sample size included 3,561 total individuals and
gave a prevalence estimate of 50.8% (95% CI 40.5-61.1; 1> = 96.9%, 95% CI 95.9-97.6, p <
0.0001). The remaining 32 studies with “smaller” sample sizes included 1,959 total children and
estimated pooled prevalence as 57.2% (95% 47.3-66.7; I>= 92.7, 95% CI 90.7-94.3, p < 0.0001)

(Additional Table 14).

We also conducted analysis by study design. Cohort studies (n = 20) yielded a prevalence estimate
of 48.4% (95% CI 39.7-57.3; I2= 95.5%, 95% CI 94.1-96.5, p < 0.0001). In case-control studies
(n = 24) the estimate was 64.1% (95% CI 53.2-73.6; 1> = 92.8%, 95% CI 90.5-94.6, p < 0.0001)
and in cross-sectional (n=4) 34.8% (95% CI 12.8-66.0; I>=96.7%, 95% CI 94.0-98.2, p <0.0001)

(Additional Table 14, Figure 2).

We assessed whether studies’ country of origin influenced results. Studies in India gave an
estimate of 69.5% (95% CI 53.0-81.5; 1> = 93.6%, 95% CI 90.2-95.8, p < 0.0001). Similarly, we
found higher pooled prevalence estimates for studies from Turkey (76.3%, 95% CI 60.9-87.0; I>=
91.1%, 95% CI 84.2-95.0, p < 0.0001). We also grouped studies by geography and economic

12
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development. Group 1: USA, Chile, Australia, Canada, Ireland, Japan, Spain; group 2: South
Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and group 3: Bangladesh, Thailand, and India.
Prevalence was 36.1% (95% CI 27.8-45.4) for group 1 (n = 18), 62.7% (95% CI 52.2-72.2) for
group 2 (n = 18) and 71.4% (95% CI 57.9-82.0) for group 3 (n = 12) (Additional Figure 2).

Variation attributable to heterogeneity was still high in the three subgroups (I > 90%).

Given the broad age range in included studies, we combined studies with only neonates?3: 60, 62-65
and observed a prevalence estimate of 85.6% (95% CI 78.5-90.6) with moderate variation
attributable to heterogeneity (I>= 54.3%, 95% CI 0.0-81.7, p value = 0.05). In all other studies (n
= 42) that included children of broad age ranges, estimated prevalence was lower at 49.7% (95%
CI 42.9-56.5; 1= 94.7%, 95% CI 93.6-95.6, p value < 0.0001) (Additional Table 14, Additional

Figure 3).

Post-hoc investigation to determine sources of heterogeneity

To investigate the substantial heterogeneity observed in prevalence estimates, we incorporated
study-specific characteristics (year of publication, total study sample size, quality score, study
design, country group and clinical setting) as covariates in a random effects meta-regression
model. We identified clinical setting and country groups as significant predictors (Figure 3). We
found that the model fitted with all available covariates can explain 37.52% of I? with F = 5.1119,
p = 0.0005 (Additional Table 15). We also conducted univariate meta-regressions for each of the

six predictors (Additional Figure 4).

Figure 3 Bubble plots of univariate meta-regressions.

13
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Prevalence of vitamin D deficiency in critically ill children with sepsis and in those with

respiratory tract infections

A total of 788 (median 42, range 9 -160) patients had a diagnosis of sepsis, of which 499 (63.3%)
were vitamin D deficient. Nine of the sixteen studies including septic patients were cohort (56.3%)
and seven (43.8%) case-control (Additional Table 16). Most studies originated from India (n = 6)
Turkey (n = 3) or Ireland (n = 2) and 15 were published between 2014 and 2017. Thirteen studies
took place in a PICU and the remaining®® 63 6% in NICUs. We found that all studies were of medium
to high quality (median NOS score 6.5, range 5 — 8). Pooled prevalence of vitamin D deficiency
was 63.8% (95% CI 49.9-75.7) (Figure 4). Variation attributable to heterogeneity was high (I>=
90.5%, 95% CI 86.2-93.5%, p < 0.0001). Funnel plot was symmetric suggesting no publication

bias (p = 0.828, Egger’s test) (Additional Figure 5).

Figure 4 Pooled prevalence estimate for vitamin D deficiency in critically ill children with sepsis.

We also analysed studies of patients admitted for respiratory tract infections (n = 24) such as acute
lower respiratory tract infection (ALRTI), pneumonia and bronchiolitis. Of these 1,683 total
individuals (median 49), 778 (46.2%) were vitamin D deficient. These studies were of high to
medium quality (median NOS score 6.5, range 6 - 8). Most originated from India (n = 6) and Spain
(n = 4). We found a prevalence estimate of 49.9% (95% CI 37.6-62.2; I>=93.9%, 95% CI 92.1-
95.3, p <0.0001), with no evidence of publication bias (p = 0.217, Egger’s test) (Table 1). Two of

these studies>®- 76 also investigated sepsis.

Sensitivity analysis for prevalence in children with sepsis

14
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Exclusion of the studies’® 6% 6377 utilising thresholds other than < 50 nmol/L for deficiency yielded
a similar estimate of prevalence at 61.4% (95% CI 43.5-76.6; 1= 91.2% 86.5-94.2, p < 0.0001)

(Additional Table 17).

We examined pooled prevalence estimates according to sample size (< 40 versus > 40). Studies
with a small sample size (n = 7; 123 total individuals) showed a prevalence estimate of 63.2%
(95% CI 45.0-78.2) with moderate variation attributable to heterogeneity (I> = 66.2%, 95% CI
24.5-84.9, p = 0.0068). For the remaining nine studies (sample sizes > 40, 665 total individuals)
the estimate was 63.9% (95% CI 44.9 - 79.4) with high variation attributable to heterogeneity (I?

=94.3%, 95% C191.2-96.3, p < 0.0001).

There was no material change in prevalence estimates when analysed according to study design.
The nine cohort studies (463 total individuals) gave an estimate of 62.6% (95% CI 40.7-80.4) with
high variation attributable to heterogeneity (I> = 92.8%, 95% CI 88.6-95.5, p < 0.0001). Case-
control studies (n = 7; 325 total individuals) showed a prevalence of 65.2% (95% CI 47.3-79.7; 12

= 87.0%, 95% CI 75.5-93.1, p < 0.0001) (Additional Table 17, Additional Figure 6).

Studies from India (n = 6) gave a prevalence estimate of 66.4% (95% CI 48.3-80.7; I? = 83.6%,
95% CI 65.7-92.2, < 0.0001). The three studies from Turkey assessing septic patients gave a
pooled estimate of 59.2% (95% CI 13.6-93.1; 1> = 97.8%, 95% CI 95.8- 98.8, p < 0.0001)

(Additional Table 17).

The prevalence estimate in the three studies®® 9365 including neonates with sepsis was 76.9% (95%
CI61.9-87.3, 12 = 74.7%, 95% CI 15.9-92.4, p-value 0.019). The thirteen studies with children of
different ages, excluding neonates, gave a pooled estimate of 60.1% (95% CI 43.7-74.5; I? =

90.8%, 95% CI 86.1-93.9, p value < 0.0001) (Additional Table 17).

15
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Mortality in critically ill children

We identified 18 studies®: 47> 30-33, 55, 58,59, 65, 68, 69, 71, 76-80 gaggegsing vitamin D status and mortality.
These studies included a total of 2,463 individuals, from which 220 deaths (17.2%) were observed
in 1,278 (51.9%) individuals with vitamin D deficiency and 99 deaths (8.4%) were observed in

1,185 individuals without deficiency (48.1%).

All 18 studies took place in a PICU apart from one® in a NICU. Sixteen of these studies (89%)
were published between 2014 and 2017. Fourteen were cohort (77.8%) and four case-controls
(22.2%). Almost half (n = 7) of the studies originated from India. Quality scores ranged from 5 to

& with a median of 6.

Using a random effects model, we found that vitamin D deficiency in critically ill children
significantly increased the risk of death (OR 1.81, 95% CI 1.24-2.64, p-value = 0.002) with low,
non-significant heterogeneity (I = 25.7%, 95% CI 0.0-58.0, p = 0.153) (Table 1, Figure 5). We

did not identify evidence of publication bias (p = 0.084, Egger’s test) (Addditional Figure 7).

Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient
critically ill children.

Sensitivity analysis for mortality in critically ill children

We obtained similar results through the fixed effects model (OR 1.72, 95% CI 1.27-2.33, p =
0.0005) (Table 1, Additional Figure 8). When excluding studies with thresholds other than < 50
nmol/L indicating deficiency, we found the association between vitamin D deficiency and

increased risk of mortality still significant but lower, both with the random (OR 1.59, 95% CI 1.05-
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2.41,p=0.028; I>=24.3%, 95% CI 0.0-59.9, p = 0.191) and fixed effect models (OR 1.52, 95%
CI 1.08-2.13, p = 0.016) with no indication of publication bias (p = 0.12, Egger’s test) (Additional

Table 18).

A significant association was also observed in analysis of the 14 cohort studies, both with the
random (OR 1.80, 95% CI 1.15-2.81, p = 0.01) and fixed effects model (OR 1.65, 95% CI 1.17-
2.34, p-value = 0.004) with low variation attributable to heterogeneity (I> = 31.3%, 95% CI 0.0-
63.7). Pooling the four case-control studies together we obtained a significant positive association
with the fixed (OR 1.97, 95% CI 1.02-3.82, p = 0.044) effects model but non-significant with the
random effects model (OR 1.97, 95% CI 0.88-4.42, p = 0.098). The association was positive but
not-significant when pooling the seven studies from India with the random effects model (OR 1.08,
95% CI1 0.70-1.69, p-value = 0.710; I? = 0.0% 0.0-62.4, p = 0.589) and similar with fixed effects

(OR 1.08, 95% CI 0.70-1.69, p = 0.710) (Additional Table 18).

Mortality in patients with sepsis and respiratory tract infections

We were unable to identify a sufficient number of studies assessing vitamin D and mortality for
meta-analysis in individuals with sepsis. Three studies® 3% 0 measured vitamin D levels in
paediatric patients with sepsis. One study® assessed mortality and did not find a significant
association in children from 1 to 12 years with sepsis (n=124). None of the studies with children
admitted for respiratory tract infections looked at the association of vitamin D deficient versus

vitamin D not deficient children with mortality.

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

DISCUSSION

Vitamin D deficiency is highly prevalent worldwide, even in countries with abundant sunshine.
Studies demonstrated high prevalence of vitamin D deficiency in otherwise healthy children from
high-income countries (9 to 24%) but also from middle and low-income countries in Indian

subcontinent (36 to 90%).8

We identified 48 studies representing a total of 5,520 children treated in ICU or emergency units
for acute conditions who had blood vitamin D levels measured close to or upon admission. Our
analysis shows that prevalence of vitamin D deficiency is high (range 5%° to 95%°%) across ICU
and emergency units in the paediatric population, particularly in individuals with sepsis.
Importantly, our analysis showed a significantly increased risk of mortality in critically ill children
with vitamin D deficiency. We carried out several analyses for sensitivity including fixed effects
models, by study design, country group, age and sample size and found consistent results. A
recently published meta-analysis®! also investigated prevalence of vitamin D deficiency in

critically ill children and its association with risk of mortality and showed similar results to ours.

Sub-group analyses in patients with sepsis or respiratory tract infections demonstrated a high
prevalence of vitamin D deficiency, consistent with the increased risk of bacterial or nosocomial

infection in vitamin D deficient individuals identified elsewhere.3!

Although sepsis is a leading cause of paediatric mortality and morbidity worldwide,?? we found
few studies assessing the relationship between vitamin D status and mortality in this population.
We were unable to identify sufficient studies including patients with sepsis to perform a meta-
analysis of vitamin D status and mortality. Sepsis remains an area of unmet need with high social
and financial costs.?* Diagnostic criteria,®} a lack of adequate biomarkers®* and targeted treatment
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remain important challenges in research on sepsis. We did not find studies that assessed the risk
of mortality in relation to vitamin D deficiency in children admitted for respiratory tract infections

either.

Strengths of our review include the large number of studies and large total sample size, allowing
a high-powered investigation to identify meaningful associations. For our systematic review and
meta-analysis, we followed pre-specified eligibility criteria and used the PRISMA?” and MOOSE
guidelines?® for reporting. We carried out sensitivity analyses with few material differences in
results. However, we note that the relationship between vitamin D deficiency and mortality was
sensitive to study design and studies from India, probably due to the smaller number of individuals
in those analyses. Only the prevalence analysis with neonates indicated lower variation attributable
to heterogeneity (I> = 54.3%) along with a higher prevalence estimate (86%) compared to other
analyses. As expected, heterogeneity across studies is high overall, particularly for prevalence
estimates. We utilised meta-regression to investigate this substantial heterogeneity around
prevalence estimates. From the six variables in our multi-variable model, only clinical setting and
country groups were found to be significant predictors of pooled prevalence estimates of vitamin
D deficiency and the full model could explain 37.52% of I2. Studies in NICU yielded higher
prevalence estimates compared to studies in PICU. Studies from group 3 countries were also
associated with higher prevalence estimates compared to studies from countries of group 1 and 2.
Other variables, mainly individual patient characteristics such as age and ethnicity, were not
directly available to us and may account for significant heterogeneity. Future research should also
investigate biological heterogeneity in order to strengthen the evidence and produce generalisable

results.
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Our systematic review did not identify longitudinal studies with multiple time-point, pre-disease
or pre-admission vitamin D measurements. The majority of studies were single centre with
heterogeneous patient groups and relatively small sample sizes. Few studies accounted for
important confounders that influence vitamin D levels such as age, gender, BMI, season of
measurements, vitamin D supplementation and comorbidities. The relationship observed between
vitamin D deficiency and mortality could be due to reverse causation and future studies will need

to control for these covariates and other confounders.

Although included studies were generally of good quality, sample sizes varied considerably and
were typically small. Over half of studies included less than 100 cases and only 10 studies (19.6%)
had a total sample size of more than 200 individuals. In addition, studies used a variety of
definitions and age ranges to designate individuals as children. Our analysis only included
mortality as a clinical outcome. A further general limitation is the difference in thresholds for
vitamin D deficiency, particularly in the levels which are considered normal for infants and young
children. Our assessment used the currently recommended threshold for deficiency (<50 nmol/L)!®

and used a conservative estimate for studies which used different criteria.

Vitamin D remains an attractive biomarker and potential therapeutic agent in acute and critical
care patients. Carefully designed and adequately powered studies are needed to determine the
importance and therapeutic value of vitamin D in the general and septic paediatric critical care

population.

Availability of data and materials

Data and computational code used for processing and analysis are available at

https://github.com/margarc/VitaminD children
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Main Figures
Figure 1 Flow chart of study selection process

Figure 2 Pooled prevalence estimate for vitamin D deficiency in critically ill children by study design. Forest
plot shows results from the random effects model. Each diamond represents the pooled proportion of vitamin D
deficiency for each of the subgroups (case-control, cohort, cross-sectional study designs). The diamond at the bottom
represents the overall pooled proportion of all the 48 studies together. Each square shows the prevalence estimate of
each study and the horizontal line across each square represents the 95% confidence interval (CI) of the prevalence
estimate.

Figure 3 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor variables;
A clinical setting and B country groups are shown on the x-axis and the effect measure logit transformed proportion
shown on the vertical (y-axis). NICU = Neonatal Intensive Care Unit; PICU = Pediatric Intensive Care Unit; grp =
country group; country group 1 = USA, Chile, Australia, Canada, Ireland, Japan, Spain; country group 2 = South
Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and country group 3 = Bangladesh, Thailand, and India
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Figure 4 Pooled prevalence estimate for vitamin D deficiency in critically ill children with sepsis. Forest plot
shows result from the random effects model. The diamond represents the overall pooled proportion of vitamin D
deficiency from the meta-analysis of the 16 studies. Each square shows the prevalence estimate of each study and the
horizontal line across each square represents the 95% confidence interval (CI) of the prevalence estimate.

Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient
critically ill children. Forest plot shows result from the random effects model. Diamond represents the
overall OR (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the
horizontal line across each square represents the 95% confidence interval (CI) of the estimate.
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Additional Table 16 Characteristics of studies included in the meta-analysis for prevalence in individuals with sepsis
Additional Table 17 Sensitivity analyses for prevalence of vitamin D deficiency in critically ill children with sepsis

Additional Table 18 Sensitivity analyses for mortality

Additional Figures
Additional Figure 1 Funnel plot of studies of prevalence of vitamin D deficiency in critically ill children

Additional Figure 2 Pooled prevalence estimate for vitamin D deficiency in critically ill children (subgroup analysis
by country group)

Additional Figure 3 Pooled prevalence estimate for vitamin D deficiency in critically ill children (subgroup analysis
of neonates versus all other age groups)

Additional Figure 4 Bubble plots of univariate meta-regressions.
Additional Figure 5 Funnel plot for prevalence of vitamin D deficiency in critically ill children with sepsis

Additional Figure 6 Pooled prevalence estimate for vitamin D deficiency in critically ill children with sepsis
(subgroup analysis by study design)

Additional Figure 7 Funnel plot of risk of mortality in vitamin D deficient versus vitamin D non-deficient critically
ill children

Additional Figure 8 Pooled odds ratio and 95% CI for risk of mortality in vitamin D deficient versus vitamin D non-
deficient critically ill children (fixed effects model)
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Databases: PubMed and OVID
and Google Scholar

v

Studies screened on the basis of title
and abstract

10 more potentially
relevant identified

by checking
reference lists

37 excluded after full text
screening because:

Not relevant exposures or
outcomes, experimental in vitro,
reviews, opinions or
commentaries, patients not treated
in intensive care units or
emergency units or for acute
conditions, overlapping cohorts

Y

48 studies for inclusion
in the narrative review

A 4
2,815 excluded:
2,890 references identified as being potentially Experimental, reviews, gene stud_tes.
relevant from PubMed, OVID and Google Scholar >| study protocols. authors’ replies.
searches opinions, d].SCll.SSLOIlS or
commentaries, studies of serum
vitamin D levels and deficiency in
v healthy children or children with
chronic conditions, or children not
> 85 eligible for full treated in ICUs or emergency u[.liIs. .
text screening Other reasons mc]udn?d: studl.es in
adults, letter to the editor, studies of
not critically ill children or with acute
conditions, e-book or book chapter
\
Full text screening, according to
the predefined eligibility criteria Mortality:

18 studies included in the meta-analysis
of all critically ill children

0 studies included in meta-analysis of
children with sepsis

(Only 1 study was eligible for inclusion)
0 studies included in mefa-analysis of
children admitted for respiratory tract
infections

Prevalence:

48 studies had data for inclusion in the meta-analysis of all critically ill children
16 studies included in the meta-analysis of critically ill children with sepsis

24 studies included in the meta-analysis of critically ill children admitted with
respiratory tract infections
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Study VD deficient (n) Total (N) Prevalence
case_control
Rey 2014 46 156 — H 0.29
Ponnarmeni 2016 63 124 —— 051
Onwuneme 2015 (1) 71 120 ——0— 0.59
Jia 2017 92 110 4 —8— 0.84
Say 2017 87 100 —— 0.87
Sakka 2014 89 96 ¢ —- 0.93
Cayir 2014 50 88 —'— 0.57
Basha 2014 53 81 —— 0.65
Wayse 2004 76 80 —& 0.95
El-Gamasy 2017 26 80 —i— 4 0.32
Roth 2009 3 64 -B— H 0.05
Hebbar 2014 37 61 —— 0.61
Narang 2016 28 50 —— 0.56
Cetinkaya 2015 42 50 H —8— 0.84
Ahmed 2014 15 50 —a— H 0.30
Jat 2016 42 50 8 —— 0.84
Cizmeci 2015 28 40 ‘—'— 0.70
Khakshour 2015 9 37 —— t 0.24
Korwutthikulrangsri 2015 25 32 P ——— 078
Elmoneim 2016 17 30 — 0.57
Dinlen 2016 26 30 — 0.87
Moreno-Solis 2015 9 48 —a— d 0.19
Karatekin 2009 23 25 —a 0.92
Roth 2010 21 25 i —— i 0.84
Random effects model 1627 > 0.64
Heterogeneity: 1 = 92.8%, t* = 1.1191, p < 0.01
cohort 4
Madden 2012 205 511 - 0.40
Lopez 2016 84 347 b 4 0.24
Garcia-Soler 2017 149 340 - 0.44
McNally 2012 225 326 . 0.69
Rippel 2012 109 316 - 0.34
Asilioglu 2017 120 250 —— 0.48
Ayulo 2014 61 216 — 0.28
Shah 2016 128 154 4 — 0.83
Halwany 2017 38 102 — 0.37
Sankar 2016 75 101 8 —i— 0.74
Onwuneme2015 (2) 86 94 — 091
Dayal 2014 23 92 —— H 0.25
Bustos 2016 39 20 —a 0.43
Hurwitz 2017 1" 90 4 0.12
Badawi 2017 39 88 —'—‘ 0.44
Prasad 2015 67 80 4 —=— 0.84
Banajeh 2009 29 79 — 0.37
Ebenezer 2016 21 52 —— 0.40
Sankar 2017 31 43 —'— 0.72
Inamo 2011 8 28 — s 0.29
Random effects model 3399 0.48
Heterogeneity: 1 = 95.5%, t* = 0.6120, p < 0.01 :
cross_sectional i
Alonso 2015 45 288 - 0.16
Yaghmaie 2017 53 82 —— 0.65
Binks 2014 11 74 —— 0.15
Alvarez 2016 29 50 —— 0.58
Random effects model 494 : 0.35
Heterogeneity: 1 = 96.7%, t* = 1.6695, p < 0.01
Random effects model 5520 e 0.55
Heterogeneity: 1* = 95.0%, +* = 0.8587, p <001

0.2 04 0.6 0.8

Figure 2 Pooled prevalence estimate for vitamin D deficiency in critically ill children by study design. Forest
plot shows results from the random effects model. Each diamond represents the pooled proportion of
vitamin D deficiency for each of the subgroups (case-control, cohort, cross-sectional study designs). The
diamond at the bottom represents the overall pooled proportion of all the 48 studies together. Each square
shows the prevalence estimate of each study and the horizontal line across each square represents the 95%

confidence interval (CI) of the prevalence estimate.

203x254mm (300 x 300 DPI)

95% CI

[0.48; 0.62]

Weight

22%
22%
22%
2.1%
2.1%
2.0%
22%
22%
1.8%
22%
1.6%
2.1%
2.1%
2.0%
21%
2.0%
2.0%
2.0%
1.9%
2.0%
1.7%
2.0%
1.4%
1.7%
47.9%

2.3%
2.3%
2.3%
2.3%
2.3%
2.3%
2.3%
22%
22%
22%
2.0%
22%
22%
2.1%
22%
21%
22%
2.1%
2.0%
1.9%
43.5%

22%
22%
21%
2.1%
8.6%

100.0%

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 77



Page 31 of 77 BMJ Open

oNOYTULT D WN =

o
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23 NICU PICU grp1_or_2 grp3

Clinical setting Country group

27 Figure 3 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor
28 variables; A clinical setting and B country groups are shown on the x-axis and the effect measure logit
29 transformed proportion shown on the vertical (y-axis). NICU = Neonatal Intensive Care Unit; PICU =
Pediatric Intensive Care Unit; grp = country group; country group 1 = USA, Chile, Australia, Canada,
Ireland, Japan, Spain; country group 2 = South Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and
31 country group 3 = Bangladesh, Thailand, and India
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Study VD deficient (n) Total (N)

Shah 2016 135 160 H —=
Asilioglu 2017 20 120 —#— ]

Say 2017 87 100 i ——
Ponnarmeni 2016 32 62 —

McNally 2012 33 48 — =
Onwuneme 2015 (2) 32 46 ——
El-Gamasy 2017 20 46 —_—

Sankar 2017 31 43 ——
Cizmeci 2015 28 40 —
Onwuneme 2015 (1) 32 35 —s—
Hebbar 2014 17 30 —
Ebenezer 20186 8 16 —
Korwutthikulrangsri 2015 4 12—

Prasad 2015 9 11 D

Bustos 2016 7 10 _—
Dayal 2014 4 9 —
Random effects model 788

Heterogeneity: I° = 80.5%, 1* = 1,1583, p < 0.01

Figure 4 Pooled prevalence estimate for vitamin D deficiency in critically ill children with sepsis. Forest plot
shows result from the random effects model. The diamond represents the overall pooled proportion of
vitamin D deficiency from the meta-analysis of the 16 studies. Each square shows the prevalence estimate
of each study and the horizontal line across each square represents the 95% confidence interval (CI) of the

prevalence estimate.
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1

2

3

4

5

6

7

8

9

1 O Deficient Not deficient

‘I'I Study Dead (n) Total (N) Dead (n) Total (N) 0Odds Ratio OR 95% Cl  Weight

12 Ebenezer 2016 5 21 5 31 1.62 [0.41; 6.51 5.6%
Ponnarmeni 2016 10 63 9 61 - 1.09 [0.41; 2.90 9.1%

13 Sankar 2016 23 75 8 26 1.00 [0.38; 2.62 9.2%
Rippel 2012 3 109 7 207 0.81 [0.20; 3.19 5.7%
Dayal 2014 3 23 3 69 330 [0.62; 17.65] 4.2%

14 Shah 2016 54 128 14 26 0.63 [0.27; 1.46 10.8%
Prasad 2015 14 67 1 13 3.17  [0.38; 26.50 2.8%

15 Bustos 2016 4 39 0 51 1306 [0.68,25017]  15%
McNally 2012 5 225 0 101 5.06 [0.28; 92.45 1.6%

16 Elmoneim 2016 1 17 1 13 0.75 [0.04; 13.24 1.6%
Korwutthikulrangsri 2015 (] 25 0 T 5.00 [0.25; 100.15] 1.5%

]7 Ayulo 2014 4 61 2 155 5.37 [0.96; 30.11 4.0%
Garcia-Soler 2017 7 149 3 191 3.09 [0.79; 12.16 5.7%
Onwuneme 2015 (2) 5 60 0 34 6.84 [0.37;127.56 1.5%

18
Asilioglu 2017 16 120 9 85 1.30 [0.55; 3.10 10.5%
El-Gamasy 2017 14 26 13 54 3.68 [1.36, 9.92 8.9%

19
Badawi 2017 27 39 17 49 424 [1.72; 1041 10.1%

20 Sankar 2017 19 31 7 12 1.13 [0.29; 4.39 5.8%
Random effects model 1278 1185 1.81 [1.24; 2.64] 100.0%

21 Heterogeneity: I = 25.7%, 1° = 0.1564, p = 0.15 I

22 0.01

23
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27 Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient

28 critically ill children. Forest plot shows result from the random effects model. Diamond represents the overall

29 OR (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the

30 horizontal line across each square represents the 95% confidence interval (CI) of the estimate.
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Additional Table 1 PRISMA Checklist 2009 |

. : A Reported on
Section/topic # Checklist item P
page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured 2 | Provide a structured summary including, as applicable: background; objectives; data 2-3
summary sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. 5-6
Objectives 4 | Provide an explicit statement of questions being addressed with reference to 6-8
participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), 10
registration and, if available, provide registration information including registration number.
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report 7
characteristics (e.g., years considered, language, publication status) used as criteria for
eligibility, giving rationale.
Information 7 | Describe all information sources (e.g., databases with dates of coverage, contact with 7-9
sources study authors to identify additional studies) in the search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, including any limits 8 and
used, such that it could be repeated. supplementary
material
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic | 7-9
review, and, if applicable, included in the meta-analysis).
Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in 7
process duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) 7-8
and any assumptions and simplifications made.
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including 8
individual studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.
Summary 13 | State the principal summary measures (e.g., risk ratio, difference in means). 8
measures
Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, 8-10
results including measures of consistency (e.g., I?) for each meta-analysis.
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Additional Table 1 PRISMA Checklist 2009

Section/topic

Checklist item

Reported on
page #

Risk of bias across 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 8
studies publication bias, selective reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 9-10 and 15
regression), if done, indicating which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, 10
with reasons for exclusions at each stage, ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, 14-19
characteristics PICOS, follow-up period) and provide the citations. (supplementary
material)
Risk of bias within 19 | Present data on risk of bias of each study and, if available, any outcome level 5-7
studies assessment (see item 12). (supplementary
material)
Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple 13,15,18 and
individual studies summary data for each intervention group (b) effect estimates and confidence intervals, | supplementary
ideally with a forest plot. material
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and 13 and
measures of consistency. supplementary
material pages
32-36
Risk of bias across 22 | Present results of any assessment of risk of bias across studies (see Item 15). 5-7
studies (supplementary
material)
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, supplementary
meta-regression [see Item 16]). material pages
32-36
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for each main 19-21
evidence outcome; consider their relevance to key groups (e.g., healthcare providers, users, and
policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level 20-22
(e.g., incomplete retrieval of identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and 22
implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply 22

of data); role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097 For more
information, visit: www.prisma-statement.org.
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Additional Table 2A Search terms used in OVID

1. Vitamin D

2. Sepsis or septic shock

3. Vitamin D or cholecalciferol* or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol
4. Intensive care unit* or critical care

S.

6. Multiple organ dysfunction syndrome or multiple organ failure
7. (land2)or5

8. ((lor3)and2or4

9. (lor3)and?2

10. (1 or3)and4

11. (lor3)and5

12.  Sepsis

13.  multi* organ dysfunction syndrome or multiple organ failure
14.  multi* organ dysfunction syndrome or multi* organ failure

15. (2or8)and3

16. critical* ill or acute condition* or intensive care unit

17.  child* or pediatric*

18. vitamin D or cholecalciferol or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol
19. 15and 16 and 17

20. Vitamin D blood levels or 25-hydroxyvitamin

21. 5and3and 15 and 16

22. 2and15and 16 and 17

23. 16and2

24. 16and2and3

25. Pediatric*

26. Pediatric* and 5 and 2

27. 24 and 3 and 15
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Additional Table 2B Search terms used in PubMed

Term searched

1. Vitamin D.mp.

2. (sepsis or septic shock).mp.

3. (vitamin D or cholecalciferol* or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol).mp.

oNOYTULT D WN =

4. (intensive care unit* or critical care).mp.

9 5. (multi* organ dysfunction syndrome or multiple organ failure).mp.

11 6.  (critical* ill or acute condition* or intensive care unit).mp.

7. (toddler or infant or child* or neonate* or baby or teenager or pediatric* or paediatric*).mp.

12 8. 3and6and2and7
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Additional Table 3A Newcastle Ottawa study quality scoring system (cohort studies)

Study Selection Comparability QOutcome

Representat | Selection of the | Ascertainment Demonstration that | Comparability of | Assessment of | Was follow-up long | Adequacy of | Number

iveness of | non-exposed of exposure outcome of interest was | cohorts on the basis | outcome enough for outcome to | follow up of | of stars

the exposed | cohort not present at the start | of the design or occur (=28 days after | cohorts (out of 9

cohort of the study analysis (maximum admission to the ICU) total)

2 stars)
Ebenezer 2016 1 1 1 1 0 1 0 1 6
Sankar 2016 1 1 1 1 2 1 0 1 8
Rippel 2012 1 1 1 1 1 1 1 1 8
Madden 2012 1 1 1 1 2 1 0 1 8
McNally 2012 1 1 1 0 1 1 1 1 7
Dayal 2014 1 1 1 1 0 1 0 1 6
Ayulo 2014 1 1 1 1 2 1 0 0 7
Bustos 2016 1 1 1 0 2 1 0 1 7
Prasad 2015 1 1 1 0 2 1 0 1 7
Onwuneme 1 1 1 1 2 1 0 1 8
2015 (2)
Inamo 2011 1 1 1 0 1 1 0 1 6
Shah 2016 1 1 1 1 0 1 0 1 6
Lopez 2016 1 1 1 1 2 1 0 1 8
Garcia-Soler 1 1 1 1 2 1 0 0 7
2017
Sankar 2017 1 1 1 1 2 1 0 1 8
Asilioglu 2017 1 1 1 1 1 1 0 1 7
Halwany 2017 1 1 1 1 1 1 0 0 6
Hurwitz 2017 1 1 1 0 1 1 0 1 6
Banajeh 2009 1 1 1 0 1 1 1 1 7
Badawi 2017 1 1 1 1 1 1 1 1 8
The  Newecastle-Ottawa Scale  (NOS) for  assessing  the quality of non-randomised studies in  meta-analyses. Available  at:
http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp.
5
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Additional Table 3B Newcastle Ottawa study quality scoring system (case-control studies)

Study

SELECTION

COMPARABILITY

EXPOSURE

Is the
definition
adequate?

case

Selection
controls

Representati
veness of the
cases

of

Definition
controls

of

Comparability of cases
and controls on the basis
of the design or analysis
(maximum 2 stars)

Ascertainment of
exposure

Same method of
ascertainment for
cases and controls
(yes or no or 0 star
if no mention)

Non-
response
rate

Number of stars
(out of 9 total)

Wayse 2004

Karatekin 2009

Roth 2009

Roth 2010

Cetinkaya 2015

Onwuneme 2015 (1)

Cizmeci 2015

Korwutthikulrangsri
2015
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(23 ENT el fe ) [l BN |l [ N [o)}

Elmoneim 2016

Narang 2016

Dinlen 2016

Ahmed 2015

— ===

k==l [=}

Cayir 2014

Say 2017

Basha 2014

Jia 2017

Jat 2016

Moreno-Solis 2015

Sakka 2014

Hebbar 2014

Rey 2014

Ponnarmeni 2016

El-Gamasy 2017
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Khakshour 2015
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1
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0

5

The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp.
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2
3 Additional Table 3C Newcastle Ottawa study quality scoring system (cross-sectional studies)
aximum 3 stars aximum 2 stars aximum 3 stars
4 SELECTION (Maxi 5 ) COMPARABILITY (Maxi 2 ) OUTCOME (Maxi 3 )
5
6 Study Representativene | Sample size Non- Ascertainment | Subjects in different outcome groups are | Assessment of the Statistical test Number of stars
ss of the sample respondents of the exposure | comparable, based on the study design | outcome (max=2 (max=1 star) (out of 10 total)
7 (risk factor) or analysis. Confounding factors are | stars)
8 controlled.
9_ Yaghmaie 2017 1 0 0 0 1 1 1 4
1 nAlvarez 2016 1 0 0 1 1 2 1 6
~ Alonso 2015 1 0 0 1 1 1 1 5
I'Binks 2014 1 0 0 1 1 2 1 6

12The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. Available at:
13http://www.ohri.ca/programs/clinical epidemiology/oxford.asp.

14
15
16
17
18
19
20
21
22
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25
26
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Additional Table 4A Circulating 25(OH)D threshold levels used in the selected studies

Study Number of cases 25(OH)D categories (as given) Number of cases in each
category
Asilioglu 2017 250 Deficiency: <20 ng/mL 120
Sufficiency: >=20 ng/mL 85
Halwany 2017 102 Deficiency: <20 ng/ml 38
Insufficiency: 20-29.9 ng/ml 39
“Normal” levels: 30 ng/ml 25
Hurwitz 2017 90 Deficiency: <20 ng/mL 11
Garcia-Soler 2017 340 Deficiency: <20 ng/mL 149
Insufficiency: 20-30 ng/mL 128
25(0OH)D levels: 30-40 ng/mL 41
Optimal levels >40 ng/mL 22
Badawi 2017 88 Deficiency: < 50nmol/l 39
Severe deficiency: <30 nmol/l 30
Jia 2017 110 Severe deficiency: <10 ng/ml 36
Deficiency: 10-20 ng/ml 56
Insufficiency: 21-30 ng/ml 17
Sufficiency: >30 ng/ml 1
Yaghmaie 2017 82 Deficiency: <30 ng/ml 53
Sufficiency: >=30 ng/ml 29
Say 2017 100 Severe deficiency (group 1) <5 ng/mL. 63
Insufficiency (group2): 5to 15 ng/mL 24
Sufficiency (group 3) >15 ng/mL 13
El-Gamasy 2017 80 Serious deficiency: < 30 nmol/L 26
Insufficiency: 30-75 nmol/L 27
Adequate levels >75 nmol/L 27
Sankar 2017 43 Severe deficiency: serum 25 (OH) D <10 ng/mL 31
Shah 2016 154 25(0OH)D < 20 ng/mL 128
25(0OH)D >20 ng/mL 26
Ponnarmeni 2016 124 Deficiency: < 50nmol/L 63
Insufficiency: 50-75 nmol/L 31
<75, insufficient and deficient 94
Sufficiency: >75 nmol/L 30
Sankar 2016 101 Deficiency: < 20 ng/mL 75
Severe deficiency: <15 ng/mL 62
‘No deficiency’: > 20 ng/mL 26
Bustos 2016 90 Deficiency: <20 ng/ml 39
Normal levels: >20 ng/ml 51
Ebenezer 2016 52 Deficiency: < 20ng/mL 21
Insufficiency: 20-30 ng/ml 12
‘Normal levels: > 20 ng/L 31
Elmoneim 2016 21 Deficiency: < 20 ng/mL 17
Insufficiency: 20-30 ng/mL 4
Normal levels: > 30 ng/mL 9
Jat 2016 50 Deficiency: <20 ng/ml 42
Insufficiency: 20-30 ng/ml 2
Sufficiency: >=30 ng/ml 1
Narang 2016 50 “Severe deficiency”: <20ng/ml 28
Dinlen 2016 30 Deficiency: <=15 ng/mL 26
Severe deficiency: <=5 ng/mL 3
Lopez 2016 347 25-OHD levels: <10 ng/mL 19
25-OHD levels: 10-20 ng/mL 65
25-OHD levels: 20-30 ng/mL 134
Alvarez 2016 50 25(0H) D levels: <20 ng/mL 29
25(0H) D levels: 20-30 ng/mL 37
Onwuneme 2015 (1) 120 25(0OH)D levels: <50nmol/L 71
25(0OH)D levels: >50nmol/L 49
Onwuneme 2015 (2) 94 25(0OH)D levels: <20 ng/mL 86
25(0OH)D levels: < 30 nmol/L 60
25(0OH)D levels: >=30 nmol/L 34
Prasad 2015 80 Deficiency: < 20 ng/ml 67
Sufficiency: > 20 ng/mL 13
Moreno-Solis 2015 48 Deficiency: <20 ng/ml 9
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Insufficiency: 21-29 ng/ml 16
Sufficiency: >30 ng/ml 23
Alonso 2015 288 Deficiency: <20 ng/ml 45
<10 ng/ml 6
Korwutthikulrangsri 2015 32 Deficiency: < 20 ng/ml 25
Insufficiency: 20-29.9 ng/ml 7
Sufficiency: > 30 ng/mL 0
Khakshour 2015 37 Deficiency: <20 ng/mL 9
Cizmeci 2015 40 Deficiency: <20 ng/ml 28
Insufficiency: 21-29 ng/ml 7
Normal levels: >30 ng/ml 5
Cetinkaya 2015 50 Severe deficiency: <10 ng ml™? 42
Insufficiency: 11 to 32 ng ml* 8
Ayulo 2014 216 Deficient: < 15 ng/ml 61
Insufficient: 15-29 ng/mL 102
Sufficient: > 30 ng/mL 53
Dayal 2014 92 Deficiency: <50 nmol/L 23
Insufficiency: 50-75 nmol/L 41
Sufficiency: > 75 nmol/L 28
25(0H) D levels: < 75 nmol/L 64
‘Non-deficiency’: > 50 nmol/L 69
Hebbar 2014 61 Deficiency: < 10 ng/mL 10
Insufficiency: 10 to 20 ng/mL 27
Sufficiency: > 20 ng/mL 24
Rey 2014 156 Deficiency: < 20 ng/mL 46
25(0OH)D levels: > 20 ng/mL 110
Ahmed 2014 50 Deficiency: <50 nmol/L 15
Basha 2014 81 Deficiency: <50 nmol/L 53
Insufficiency: <75 nmol/L 14
Normal level: >75 nmol/L 14
Sakka 2014 96 Severe deficiency: 0-5 ng/mL 29
Deficiency: 5-15 ng/mL 49
Insufficiency: 15— 20 ng/mL 11
Sufficiency: 20-100 ng/mL 7
Cayir 2014 88 Normal levels: 20 ng/mL 38
Insufficiency: 15-20ng/mL 18
Deficiency: <15ng/mL 32
Binks 2014 74 25(0H) D levels: < 50 nmol/L 11
Madden 2012 511 25(0H) D levels: < 10 ng/mL 36
25(0H) D levels: 10-19.9 ng/mL 169
Deficiency: < 20 ng/ml 205
Insufficiency: <30 ng/mL 364
Rippel 2012 316 Deficiency: < 50 nmol/L 109
‘Normal levels’: >50 nmol/L 207
Madden 2012 511 25(0OH)D levels: < 10 ng/mL 36
25(0OH)D levels: 10-19.9 ng/mL 169
Deficiency: < 20 ng/mL 205
Insufficiency: <30 ng/mL 364
McNally 2012 326 Deficiency: < 50 nmol/L 225
25(0OH)D levels: 50 to 75 nmol/L 75
‘Not deficient’: > 50 nmol/L 101
Inamo 2011 28 25(0OH)D levels: < 10 ng/mL 4
25(0OH)D levels: < 15 ng/mL 8
25(0OH)D levels: < 25 ng/mL 12
25(0OH)D levels: < 40 ng/mL 28
Roth 2010 25 25(0OH)D levels: < 40 nmol/L 21
Banajeh 2009 79 Deficiency: <30 nmol/L 29
Karatekin 2009 25 Serum 25(0OH)D <10 (deficiency) 19
Serum 25(0OH)D 11 to 20 (deficiency) 4
Serum 25(0OH)D 21 to 32 (insufficiency) 1
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Serum 25(0OH)D 32 to 100 (sufficiency)

Roth 2009 64 <40 nmol/L 3
Wayse 2004 80 Plasma 25(0OH)D3 > 22.5 nmol/L 26
Plasma 25(0OH)D3 > 50 nmol/L 4

25(OH)D in nmol/L = 25(OH)D in ng/mL multiplied by 2.496
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Study Number of cases 25(0OH)D categories (as provided by each study) Number of cases
1 Asilioglu 2017 30 Deficiency: <20 ng/mL 20
5 sepsis Sufficiency: >=20 ng/mL 10
3 Say 2017 100 Severe deficiency (group 1) <5 ng/mL. 63
neonatal sepsis Insufficiency (group2): 5 to 15 ng/mL 24
4 Sufficiency (group 3) >15 ng/mL 13
5 El-Gamasy 2017 46 Serious deficiency: < 30 nmol/L 20
6 sepsis Insufficiency: 30-75 nmol/L 18
7 Adequate levels >75 nmol/L 8
Sankar 2017 43 Severe deficiency: serum 25 (OH) D <10 ng/mL 31
8 septic shock
9 Shah 2016 100 25(0OH)D <20 ng/mL 84
10 sepsis at admission 25(0OH)D >=20 ng/mL 26
11 Ponnarmeni 2016 124 Deficiency: <50nmol/L 63
12 Sepsis Insufficiency: 50-75 nmol/L 31
13 <75, insufficient + deficient 94
Sufficiency: >75 nmol/L 30
14 Bustos 2016 10 Deficiency: < 20 ng/ml 7
15 sepsis intraabdominal Normal levels: > 20 ng/mL 3
16 Ebenezer 2016 16 25(0OH)D <20 ng/mL 8
17 shock 25(0OH)D >=20 ng/mL 8
" Onwuneme 2015 (1) 35 25(0OH)D <50 ng/mL 32
18 culture positive sepsis 25(0H)D >=50 ng/mL 3
19 Onwuneme 2015 (2) 46 Deficiency: < 30 nmol/L 32
20 culture positive sepsis and Sufficiency: > 30 nmol/L 14
21 late-onset sepsis
" Prasad 2015 11 25(0OH)D <20 ng/mL 9
22 positive blood culture 25(0OH)D >=20 ng/mL 2
23 Korwutthikulrangsri 2015 17 25(0H)D <20 ng/mL 14
24 shock and septicaemia 25(0OH)D >=20 ng/mL 3
25 Cizmez 2015 40 Deficiency: <20 ng/ml 28
suspected sepsis Insufficiency: 21-29 ng/ml 7
26 Normal levels: >30 ng/ml 5
27 Dayal 2014 9 25(0H)D <20 ng/mL 4
28 nosocomial sepsis 25(0OH)D >=20 ng/mL 5
29 Hebbar 2014 30 25(0OH)D <20 ng/mL 17
30 shock and/or Sepsis 25(0OH)D >=20 ng/mL 13
31 McNally2012 48 25(0H) D levels: <50 nmol/L 33
3 septic 25(0H) D levels: >50 nmol/L 15
Z
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58 11
59

60
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Additional Table 5 Studies with thresholds other than <50 nmol/L

Study Threshold used by study
Roth 2009 < 40 nmol/L

Roth 2010 < 40 nmol/L

Say 2017 <=15 ng/mL (37.4 nmol/L)
Inamo 2011 <=15 ng/mL (37.4 nmol/L)
Ayulo 2014 <=15 ng/mL (37.4 nmol/L)
Dinlen 2016 <=15 ng/mL (37.4 nmol/L)
Onwuneme 2015 (2) < 30 nmol/L

Yaghmaie 2017 < 30 ng/mL (74.88 nmol/L)
Gamasay 2017 < 30 nmol/L

Banajeh 2009 < 30 nmol/L

Sankar 2017 <=10 ng/mL (24.9 nmol/L)
Cetinkaya 2015 <=10 ng/mL (24.9 nmol/L)
25(0OH) D values nmol/L = ng/mL * 2.496
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Additional Table 6 Excluded studies

Study Design Sample size Characteristics of pediatric population Country Reasons for exclusion of
paper
Seliem 2016 Hospital-based Cases, n=30 Cases: group 1, full-term neonates with EOS and their mothers. Egypt Requested data without reply or
case-control Controls, n=30 Controls, group 2: 30 full-term healthy neonates and their mothers with no data not available
clinical or laboratory evidence of sepsis.
Gamal 2017 Case-control Cases, n=50 Cases: neonates with early onset neonatal sepsis that occurred at <72 hours Egypt Requested data without reply or
Control, n=30 Controls: Age and sex healthy neonates with no prenatal risk factor for early data not available
neonatal sepsis enrolled in the study as a control group.
Aydemir 2014 Hospital-based Cases, n=40 Cases: children with sepsis between 1 and 16 years old Turkey Requested data without reply or
case control Controls, n= 20 Controls: children without sepsis data not available
Garg 2016 Hospital-based Cases, n=40 Cases: children from 6 months to 5 years of age admitted or attending OPD | India Requested data without reply or

case-control

Controls, n=40

in department of Pediatrics.

Controls: children receiving care at the Hospital’s ambulatory, emergency or
in-patient units and presenting with non-respiratory complaints also not
having any clinical indication of vitamin D deficiency.

data not available
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Additional Table 7 Characteristics of the 48 included studies

Study Design Number of cases Characteristics of population Country Vitamin D thresholds Quality
(controls, where and setting as defined by the score
appropriate) study (NOS)
Historical 250 Cases: aged 1 month to <18 years Turkey, Deficiency: <20 7
Asilioglu 2017 cohort PICU ng/mL
(single
centre)
Halwany 2017 Cohort 102 Cases: children aged >1 month to <5 Egypt, Deficiency: <20 ng/ml
(single years PICU Insufficiency: 20-29.9 6
centre) ng/ml
“Normal” levels: 30
ng/ml
Hurwitz 2017 Prospective 90 Cases: aged <5 years hospitalized with USA, PICU | Deficiency: <20
cohort LRTI and RSV and/or hMPV ng/mL 6
(single
centre)
Cohort 340 Cases: aged 6 months to 17 years Spain, Deficient: <20 ng/mL
Garcia-Soler 2017 (single Critically ill with various conditions PICU Insufficiency: 20-30 7
centre) ng/mL
25(0H)D levels: 30-40
ng/mL
Optimal levels >40
ng/mL
Badawi 2017 Cohort 88 Cases: 1 month to 12 years Egypt, Deficiency: <
(single PICU 50nmol/I, 8
centre) Severe deficiency: <30
nmol/l
Jia 2017 Hospital- 110 (110) Cases: infants (< 1 year of age) with China, Severe deficiency: <10 7
based case- ALRTI PICU ng/ml
control Controls: Healthy from similar areas Deficiency: 10-20
(single attending the hospital for vaccination ng/ml
centre) during study period Insufficiency: 21-30
ng/ml
Sufficiency: >30 ng/ml
Cross 82 Cases: hospitalized in PICU Iran, PICU Deficiency: <30 ng/ml 4
Yaghmaie 2017 sectional
(single
centre)
Say 2017 Case- 100 (13) Cases: premature infants less than 37 Turkey, Severe deficiency
control weeks diagnosed with early or late -onset | NICU (group 1) <5 ng/mL. 6
(single neonatal sepsis Insufficiency (group?2):
centre) Controls: From same population of 5 to 15 ng/mL
neonates with sepsis but not vitamin D Sufficiency (group 3)
deficient >15 ng/mL
El-Gamasy 2017 Case- 80 (20) Cases: 3 months to 12 years hospitalized | Egypt, Seriously deficient: <
control with acute kidney injury PICU 30 nmol/L 7
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(single Controls: completely healthy subjects Insufficient: 30-75
centre) nmol/L
Adequate >75 nmol/L
Sankar 2017 Cohort 43 Cases: <=17 years of age India, PICU | Severe vitamin D
(single deficiency: serum 25
centre) (OH) D <10 ng/mL
Shah 2016 Cohort 154 Cases: aged between 1 month and 15 India, PICU | Deficiency: <20
(single years pug/mL
centre)
Ponnarmeni 2016 Case- 124 (338) Cases: aged 1-12 years admitted with a India, PICU | Deficiency: <50
control diagnosis of sepsis nmol/L
(single Controls: from previous prospective Insufficiency: 50-75
centre) study, apparently healthy children of nmol/L
upper socioeconomic status who attended Sufficiency: > 75
the  out-patient  department  for nmol/L
immunization or with minor ailments
Sankar 2016 Cohort 101 Cases: aged 1 month to 17 years India, PICU | Deficiency: <20
(single ng/ml
centre) Severe deficiency:
<15 ng/mL
Bustos 2016 Cohort 90 Cases: critically ill, greater than 37 Chile, Deficiency: < 20 ng/ml
(single weeks and less than 15 years of age PICU Normal levels: > 20
centre) ng/mL
Cohort 52 Cases: <18 years of age; medical and India, PICU | Deficiency: <20
(single surgical diagnoses ng/ml
centre) Insufficiency: 20-30
Ebenezer 2016 ng/ml
Normal levels: >20
ng/L
Elmoneim 2016 Case- 30 Cases: aged less than 14 years Saudi Deficiency: < 20ng/ml
control Controls: with “normal” vitamin D levels | Arabia, Insufficiency: 20-30
(single PICU ng/mL
centre) Normal: > 30 ng/mL
Hospital- 50 (50) Cases: 1 month to 12 years of age India, PICU | Deficiency: < 20 ng/ml
Jat 2016 based case- admitted with pneumonia Insufficiency: 20-30
control Controls: admitted for reasons other than ng/ml Sufficiency: >=
(single respiratory symptoms, required blood 30 ng/ml
centre) sampling
Hospital- 50 (50) Cases: 2 months to 5 years of age India, PICU | Severe deficiency:
based case- admitted as in-patients or seen in the < 20ng/ml
Narang 2016 control outpatient department with ALRI
(single Controls: healthy, same age group,
centre) attending outpatients’ service for
immunization or admitted for minor
conditions other than ALRI
Dinlen 2016 Hospital- 30 (30) Cases: term neonates with ALRI Turkey, Deficient: <= 15
based case- Controls: healthy neonates, same age as NICU ng/mL
control the study group.
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(single Severe deficiency: <=
centre) 5 ng/mL
Lopez 2016 Prospective 347 Cases: 0 to >48 months admitted to | Spain, 25-OHD levels: <10
cohort hospital with ALRI prospectively | PICU ng/mL
(multi recruited through the GENDRES 25-OHD levels: 10-20
centre) (GENetic,vitamin D and RESpiratory ng/mL
infections research network) 25-OHD levels: 20-30
ng/mL
Cross- 50 Cases: patients aged 0 to 18 years USA, PICU | 25(0OH)D < 20 ng/mL
Alvarez 2016 sectional 25(0OH)D < 30 ng/mL
(single
centre)
Case- 120 (30) Cases: with suspected sepsis (<12 years | Ireland, 25(0H) D levels: <50
control old) PICU nmol/L
Onwuneme 2015 (single Controls: paediatric controls admitted for 25(0H) D levels: >50
@) centre) elective day case surgery during the same nmol/L
study period and were not suspected of
having sepsis
Cohort 94 Cases: preterm infants <32 weeks | Ireland, Deficiency: < 30
(single gestation NICU nmol/L
Onwuneme 2015 centre) Sufficiency: > 30
(2) nmol/L
Prasad 2015 Cohort 80 Cases: 2 months to 12 years old India, PICU | Deficiency: < 20 ng/ml
(single Sufficient: > 20 ng/mL
centre)
Hospital- Cases: aged 1-11 months with acute Spain, Deficiency: < 20 ng/ml
Moreno-Solis 2015 | based case- 48 (30) bronchiolitis PICU Insufficiency: 21-29
control Controls: healthy, <12 months, admitted ng/ml Sufficiency: >
(single to the outpatient clinic without 30 ng/ml
centre) respiratory symptoms or history of
hospitalization for bronchiolitis or
wheezing
Cross 288 Cases: aged 1 month to 13 years Spain, Deficient: <20 ng/ml
Alonso 2015 sectional PICU and < 10 ng/ml
(single
centre)
Nested 32 (36) Cases: requiring PICU admission Thailand, Deficiency: < 20
case- Controls: Healthy, enrolled during the | PICU ng/mLI
Korwutthikulrangsri | control same period of time and served as the Insufficiency: 20-29.9
M 2015 (single control group (age in months) ng/ml
centre) Sufficiency: > 30
ng/mL
Khakshour 2015 Case- 37 (53) Cases: below 5 years of age and suffering | Iran, PICU Deficiency: < 20
control from respiratory infections ng/mL
Controls: those who were not suffering
from respiratory infections
Cizmeci 2015 Case- 40 (43) Cases: infants with suspected early-onset | Turkey, Deficiency: <20 ng/ml
control neonatal sepsis. NICU Insufficiency: 21-29
(single Controls: For each newborn of group 1, ng/ml
centre) one healthy infant selected as a control
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Normal levels: > 30

ng/ml
Cetinkaya 2015 Hospital- 50 (50) Cases: term infants with clinically | Turkey, Severe deficiency: <10
based case- suspected (probable) early infection | NICU ng ml~*
control (early-onset sepsis) within the first 3 Insufficiency: 11 to 32
(single postnatal days of life and were >37 weeks ng ml!
centre) of gestational age Adequacy: 32 to 100
Controls: healthy infants with no signs of ng ml~!
clinical/laboratory infection
Cohort 216 Cases: between the ages of 1 and 21 years | Spain, Deficient: < 15 ng/ml
Ayulo 2014 (single PICU Insufficient: 15-29
centre) ng/mL
Sufficient: > 30 ng/mL
Cohort 92 Cases: Children aged 3 months to 12 | India, PICU | Deficiency: <50
(single years nmol/L
centre) Insufficiency: 50-75
Dayal 2014 nmol/L
Sufficiency: > 75
nmol/L
25(0H) D levels: < 75
nmol/L
Hebbar 2014 Case- 61 (46) Cases: children 0 to 18 years USA, PICU | Deficient: <10 ng/ml
control Controls:  patients recruited among Insufficient: 10 to 20
(single children in the magnetic resonance ng/ml
centre) imaging suite. Sufficient: > 20 ng/mL
Rey 2014 Case- 156 (289) Cases: heterogeneous group of critically | Spain, Deficient: <20 ng/ml
control ill children aged <16 years PICU
(single Control group for comparison: population
centre) of healthy children
Hospital- 50 (50) Cases: aged 2-60 months hospitalized | Africa, Deficiency: <50
Ahmed 2014 based case- with ALRI PICU nmol/L
control Controls: age-matched with cases within
(single 1 or 2 months, attending well-child clinics
centre) or general clinics without evidence of
respiratory infection or admitted to the
hospital for elective surgery
Hospital- 81 (89) Cases: under 5 years old with severe Egypt, Deficiency: < 50
based case- pneumonia selected from the inpatient PICU nmol/L
Basha 2014 control departments and emergency units of the Insufficiency: < 75
(single hospital nmol/L
centre) Controls: healthy, selected from the Sufficiency: > 75

outpatient surgical clinics of the hospital
during their visit for umbilical or
inguinal hernia repair and not suffering
from upper or lower respiratory
infections

nmol/L
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Population 96 (96) Cases: <2 years old with ALRI, 48 Egypt, Severe deficiency: 0-5
Sakka 2014 based case- diagnosed with pneumonia and 48 with PICU ng/mL Deficiency: 5—
control bronchiolitis 15 ng/mL
(single Controls: age and sex matched with no Insufficiency: 15— 20
centre) respiratory symptoms or signs from the ng/mL Sufficiency:
Health office 20-100 ng/mL
Hospital- 88 (81) Cases: 1 to 13 years diagnosed with acute | Turkey, Normal levels: 20
based case- otitis media PICU ng/mL
Cayir 2014 control Controls: Healthy same age range Insufficiency: 15-
(single 20ng/mL
centre) Deficiency: <15ng/mL
Binks 2014 Cross- 74 Cases: aged <3 years admitted with acute | Australia, 25(0H) D levels: < 50
sectional lower respiratory infections (ALRIs) or | PICU nmol/L
other conditions
Cohort 511 Cases: less than 21 years old USA, PICU | 25(0OH) D levels: < 10
(single ng/mL
Madden 2012 centre) 25(0H) D levels: 10-
19.9 ng/mL
Deficiency: < 20 ng/ml
Insufficiency: < 30
ng/mL
Rippel 2012 Cohort 316 Cases: children aged 16.5 (3.1-75.2) | Australia, Deficiency: < 50
(single months PICU nmol/L
centre) “Normal” levels: > 50
nmol/L
Cohort 326 Cases: Newborn to 17 years of age Canada, Deficiency: < 50
McNally 2012 (multi- PICUs nmol/L
centre) 25(0H) D levels:
50 to 75 nmol/L
Inamo 2011 Cohort 28 Cases: between 1 and 48 months | Japan, Deficiency: < 15ng/ml
(single hospitalized with ALRI, 26 diagnosed | PICU Severe deficiency:
centre) with bronchiolitis and two as having <5ng/mL
pneumonia
Hospital- 25 (25) Cases: 1-18 months hospitalized with | Bangladesh, | Deficiency: < 40
based case- ALRI PICU nmol/L
control Controls: selected by population-based
Roth 2010 (single sampling. aged 1-23 months, and
centre) matched to cases on age (+2 months) and
sex
Banajeh 2009 Prospective 79 Cases: 2-59 months with WHO-defined | Iran, PICU Deficiency: < 30
cohort very severe community acquired (VSP) nmol/L
(single pneumonia
centre)
Karatekin 2009 Hospital- 25 (15) Cases: newborns with acute respiratory | Turkey, Deficiency: < 20 ng/ml
based case- infections NICU
control,
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(single Controls: healthy, age matched from
centre) outpatients’ service where they went for
immunization.
Hospital- 64 (65) Cases: aged 1-25 months admitted with | Canada, Deficiency: < 40
based case- ALRI PICU nmol/L
Roth 2009 control Controls: aged 1-25 months undergoing
(single elective  surgery, no  history of
centre) hospitalization for ALRI
Wayse 2004 Hospital- 80 (70) Cases: < 5 years with severe ALRI India, PICU | Deficiency: Plasma
based case- Controls: healthy, attending outpatients 25(0OH)D3 <50
control, service for immunization nmol/L
(single
centre)

LRTI = lower respiratory tract infection; PICU = paediatric intensive care unit; RSV = respiratory syncytial virus; ALRI = acute
lower respiratory infection; WHO = World Health Organization; VSP = very severe community acquired pneumonia; NICU =

neonatal intensive care unit.
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Additional Table 8 Objectives and outcomes of included studies

Study

Objectives/aims of study

Main outcome(s) and conclusion(s)

Madden 2012

Prevalence of vitamin D deficiency in critically ill children and
factors influencing admission 25-hydroxyvitamin D (25(0OH)D)
levels

Identified high prevalence of vitamin D deficiency and insufficiency in critically ill
children. Inverse association severity of illness on admission and 25(0OH) levels

Lopez 2016

Role of Vitamin D in Children hospitalized with Lower Tract Acute
Respiratory Infections

25-hydroxyvitamin D levels of study population below normal range. Correlation
of higher disease severity with lower levels of 25-hydroxyvitamin D.

Garcia-Soler 2017

Prevalence and risks factors of vitamin D deficiency, as well as its
relationship with length of PICU stay morbidity and mortality in a
PICU.

Vitamin D deficiency is frequent in paediatric critical patients. It also has an
association with higher severity scores, season of year and parental educational
attainment.

Vitamin D levels associated with various laboratory parameters of SIRS. Vitamin
D deficiency associated with increased risk of morbidity and mortality.
Inconclusive findings on its association with PICU length of stay were inconclusive

McNally 2012 Prevalence of vitamin D deficiency, risk factors and potential | Most of critically ill children vitamin D deficient at PICU admission. Lower
association with clinically relevant outcomes in critically ill children | 25(OH) D levels associated with increased catecholamine requirements, fluid bolus
in Canada. administration, hypocalcemia, and longer PICU admission.

Rippel 2012 Prevalence of hypovitaminosis D and association with outcome in | Hypovitaminosis D is frequent in critically ill children in PICU, especially in infants
critically ill children requiring admitted in intensive care. and children with heart disease. Hypovitaminosis D associated with hypocalcemia

in non-cardiac population, and increased need for calcium replacement in the
cardiac population.

No association between vitamin D status and survival or PICU length of stay.
Strong association with early postoperative inotropic needs in the cardiac
population.

Alonso 2015 Investigate relationship of serum  25-hydroxyvitamin D | Results doubt the assumption that a serum 250H D threshold indicates vitamin
concentrations with serum parathyroid hormone (PTH) levels, body | D deficiency in children.
mass index (BMI), and environmental factors in a population of
Caucasian children living at latitude 43°N.

Asilioglu 2017 Measure occurrence of VDD in critically ill children. Assess | Hypovitaminosis D occurrence high in critically ill children and associated with
determinants of vitamin D status and compare vitamin D deficient | higher vasopressor requirement. Not associated with other markers of illness
and sufficient cases in respect of severity of illness. severity including mortality.

Ayulo 2014 Prevalence of vitamin D deficiency among children in PICU Vitamin D deficiency common. No significant correlation between disease severity

and vitamin D levels levels of vitamin D. Mortality associated with vitamin D levels

Rey 2014 Identify prevalence of 25 hydroxivitamin D or 25(0OH) vitamin D | Hypovitaminosis D incidence high in PICU patients. Hypovitaminosis D not
deficiency on pediatric intensive care unit (PICU) admission, and if | associated with higher prediction of risk mortality scores.
associated with increased prediction of mortality risk scores.

Shah 2016 Determine prevalence of vitamin D deficiency High prevalence of vitamin D deficiency. Parathyroid gland response secondary

in critically ill children its association with illness severity,
parathyroid response and clinical outcomes.

vitamin D deficiency or hypocalcemia impaired in critically ill.

Ponnarmeni 2016

Vitamin D deficiency in critically ill children with sepsis admitted
to PICU and its association with: mortality, length of stay, illness
severity, requirement for ventilation and catecholamines

High prevalence of vitamin D deficiency
No significant association between vitamin D deficiency and other outcomes such
as mortality

Onwuneme 2015 (1)

Assess vitamin D status, and its determinants, in chidren with
suspected sepsis admitted to PICU. Also investigated association
between vitamin D status and clinical outcomes.

Children admitted to the PICU with suspected sepsis lower 250H D compared to
controls. Inadequate 25 OH D levels associated with confirmed sepsis and poor
outcomes.

Jia 2017

Association of vitamin D with ALRTI in Chinese infants

Lowered plasma level of 25-OH Vitamin D makes children susceptible to ALRTI.

Halwany 2017

Frequency of vitamin D deficiency in critically ill pediatric intensive
care unit [PICU] patients and relation to state of serum 25(0OH) D to
disease severity.

High prevalence of vitamin D deficiency in critically ill children.
Negative correlation of Vitamin D level with PELOD score. Recommend screening
of critically ill children for vitamin D deficiency to restore their serum levels.
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Sankar 2016 Prevalence of vitamin D deficiency on admission and examine | High prevalence of vitamin D deficiency. Vitamin D deficient children with longer
association with length of ICU stay ICU stay duration or mortality

Say 2017 Evaluate effects of low vitamin D levels in cord blood on neonatal No significant relationship between the cord blood vitamin D levels and the risk
sepsis in preterm infants. of neonatal sepsis in premature infants.

Sakka 2014 Determine the relation between vitamin D deficiency, anemia and Vitamin D deficiency, low BMI, low hemoglobin level, rachitic signs were risk

the severity of ALRTIs in hospitalized children.

factors for the severity of ALRTISs.

Onwuneme2015 (2)

Investigate the association between serum 25-hydroxyvitamin D
(250HD) levels and outcomes in preterm infants (<32 weeks
gestation).

High prevalence of low 250HD. Association between vitamin D status and acute
respiratory morbidity in preterm infants after birth. In none of the following
outcomes was the difference statistically significant: surfactant use, inotrope
requirement, RDS, pneumothorax, pulmonary hemorrhage, chronic lung disease,
sepsis, retinopathy of prematurity, intraventricular hemorrhage, periventricular
leucomalacia, patent ductus arteriosus, and mortality

Dayal 2014 Prevalence of vitamin D deficiency Reduced serum vitamin D levels in children
Association of serum vitamin D levels with duration of stay in
hospital, mortality and requirement of ventilation

Bustos 2016 Determine prevalence of vitamin D deficiency and its association | Vitamin D deficiency was prevalent in critically ill children and associated with
with other clinically relevant outcomes in children admitted to | adverse clinical outcomes.

Paediatric Intensive Care Unit

Hurwitz 2017 Measure retinol binding protein and vitamin D in children aged <5 | Low vitamin levels in 50% of the children and associated with significantly
years hospitalized with lower respiratory tract infection and | elevated risk of the need for intensive care unit admission and invasive
respiratory syncytial virus and/or human meta pneumovirus | mechanical ventilation.
detections

Cayir 2014 Investigate the relationship between Vitamin D deficiency and Serum 25-hydroxy vitamin D levels significantly lower in children with acute
acute otitis media infection otitis media compared to the controls. Vitamin D deficiency plays a role in otitis

media infection.

Badawi 2017 Investigated if VDD is related to higher severity scores and organ | VDD prevalence was reported in about half of the critically ill patients, and it was
dysfunction. Primary objective of study was to estimate the | observed to be related to multiple organ dysfunctions and rapid clinical
prevalence of VDD in a group of critically ill children, and | deterioration.
secondary objectives was to correlate vitamin D status with pediatric
logistic organ dysfunction (PELOD) and pediatric risk ofmortality
111 (PRISM 1I1) scores.

Yaghmaie 2017 Investigate relation of vitamin D deficiency with potential | Vitamin D deficiency among paediatric intensive care unit patients similar to
demographic and clinical factors. western countries, also with similar age and BMI distribution. Significant relation

observed between age and serum level of vitamin D.
Basha 2014 Aimed to evaluate vitamin D status as a risk factor for severe | Significant association between vitamin D deficiency and severe pneumonia in

pneumonia in Egyptian hospitalized children under 5 years

Egyptian children below 5 years

Prasad 2015

Prevalence of vitamin D deficiency in critically ill children and
association with illness severity& other outcomes

High prevalence of vitamin D deficiency in critically ill children and association
with PRISM I11 scores in a developing country.

Groups did not differ in terms of PICU stay, duration of hospital stay, culture
positivity, biochemical parameters (serum calcium, serum phosphate), need of
ventilation or steroids, presence of coagulopathy and mortality.

Wayse 2004

If vitamin D deficiency in Indian children under 5 years old of age
is risk factor for severe acute lower respiratory infection (ALRI).

Subclinical vitamin D deficiency & nonexclusive breastfeeding in four first months
of life found to be significant risk factors for severe ALRI in Indian children.

El-Gamasy 2017

Assess serum 25 (OH)D level in critically ill paediatric patients with
AKI at PED of Tanta University Emergency Hospital (TUEH)
within the first 24 hours of admission and evaluate its correlation
with duration of hospital stay and mortality outcome.

Vitamin D deficiency associated with higher incidence of sepsis and mortality.
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Banajeh 2009

Determine if rickets and VDD predict the outcomes in very severe
pneumonia (VSP).

In WHO-defined VSP, nutritional rickets was strongly associated with a reduced
successful treatment outcome, and VDD was a significant and independent
predictor of reduced circulating PMNs and persistent hypoxemia.

Binks 2014 Aimed to determine prevalence of vitamin D insufficiency among | Vitamin D insufficiency was observed in about one-third of these hospitalised
children hospitalised with ALRI in the Northern Territory. children. Children hospitalised with an ALRI less likely to have vitamin D
insufficiency compared with children hospitalised for other conditions
(predominantly gastroenteritis).
Roth 2009 Test the hypothesis that vitamin D status is associated with the risk | Among children aged 1 month to 2 years, vitamin D status not associated with ALRI
of ALRI in Canadian children (1 month to 2 years old) requiring hospitalization
Hebbar 2014 Prevalence of vitamin D insufficiency and relationship between | High prevalence of vitamin D deficiency
vitamin D levels infection and innate immunity Serum vitamin D levels - no correlation with illness severity score
Ebenezer 2016 Determine vitamin D status and association with outcomes Vitamin D deficiency common among pediatric patients
No association between vitamin D status and admission and mortality such as
higher mortality and/or longer PICU stay
Deficiency associated with mechanical ventilation severity of illness, vasopressor
need
Narang 2016 Identify an effective nutritional agent that reduces the need for | Severe vitamin D deficiency (<20 ng/ml), nonexclusive breastfeeding in the first
antibiotics, duration of pneumonia and length of hospitalization | six months of life, inadequate sun exposure found to be significant risk factors for
would be highly cost-beneficial. ALRTI in Indian children.
Alvarez 2016 Study aimed to investigate relationship between vitamin D status Vitamin D sufficiency was associated with more reduced plasma hCySS, indicative

and plasma markers of lutathione (GSH) and cysteine (Cys) redox
and immunity in critically ill children

of lower oxidative stress, in critically ill children. Plasma GSH, GSSG, and
glutamine, however, were lower in the vitamin D sufficient group. Vitamin D role
in maintaining redox status during pediatric critical illness requires further study.

Cetinkaya 2015

Evaluate the effect of vitamin D levels on early-onset sepsis (EOS)
in term infants

Lower maternal and neonatal 25-OHD levels associated with EOS. Suggest that
adequate vitamin D supplementation during pregnancy may be helpful to prevent
EOS in term neonates.

Ahmed 2014

Examine relationship between vitamin D status and hospitalization
for ALRTI in Nigerian children.

ALRTI not associated with vitamin D status, but associated with less exposure to
sunlight. Exposure to sunlight & vitamin D supplementation contributed to vitamin
D status in this population.

Jat 2016

Evaluate Vitamin D levels and its correlation with severity and
outcome of pneumonia in children.

Majority (86.4%) of children were vitamin D deficient. Vitamin D levels were
found different in cases and controls and were not related to severity and outcome
of pneumonia.

Sankar 2017

Evaluate association of severe vitamin D deficiency with clinically
important outcomes in children with septic shock.

Prevalence of severe vitamin D deficiency is high in children with septic shock
admitted to pediatric intensive care unit. Severe vitamin D deficiency at admission
seems to be associated with lower rates of shock reversal at 24 hours of ICU stay.

Cizmeci 2015

Investigate if neonates with early-onset neonatal sepsis (EONS) had
lower levels of vitamin D

Cord-blood 25(0OH) D levels of neonates with EONS significantly lower than that
of the healthy controls, and a low level of cord-blood vitamin D was found to be
associated with an increased risk of EONS. Further studies are warranted to confirm
this association.

Khakshour 2015

Clarify the association between vitamin D deficiency and acute
respiratory infection in children below age 5 years.

The group of children with respiratory disorders, 9 (42.9%) exhibited vitamin D
deficiency. No meaningful statistical relation vitamin D deficiency with acute
respiratory infections (p>0.05)

Korwutthikulrangsri
2015

Determine vitamin D status in critically ill children and its
relationship with adrenal function

Higher prevalence of vitamin D deficiency in critically ill children in comparison
to controls. Patients vitamin D deficiency had higher median (IQR) PRISM Il score
and higher proportion of mortality than those with serum 25-OHD of equal or more
than 12 ng/mL.

Elmoneim 2016

Association of the level of vitamin D on admission & length of stay
in the PICU, or duration of mechanical ventilation.

High prevalence of vitamin D deficiency among PICU patients & significant
association with increased LOS and need for mechanical ventilation. Not
significant association with mortality rate.
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Dinlen 2016

Determine the association between serum 25-hydroxy vitamin D
[25(0OH)D] levels and acute respiratory tract infections (ALRTI) in
newborns

Lower blood 25(0H) D levels might be associated with increased risk of ALRTI in
term newborn babies. Appropriate vitamin D supplementation during pregnancy
and early childhood may enhance newborns’ respiratory health.

Moreno-Solis 2015

Examine prevalence of hypovitaminosis D in infants with acute
bronchiolitis compared with control subjects and to evaluate the
relationship between serum 25-hydroxyvitamin D (25(0OH) D) and
the severity of bronchiolitis.

Prevalence of hypovitaminosis D is high in Spanish infants with bronchiolitis. The
severity of acute bronchiolitis increases with a decline in serum 25 (OH) D level.

Inamo 2011

Relationship between serum vitamin D concentrations and severity
of ALRI in hospitalized children in Japan.

Significantly more children with ALRI that required supplementary oxygen and
ventilator management were vitamin D deficient. Findings suggest:
immunomodulatory properties of vitamin D may influence the severity of ALRI.

Karatekin 2009

Association of serum 25-hydroxy vitamin D concentrations in
newborns with acute lower respiratory infection (ALRI) and without
clinical signs of rickets, and their mothers

Newborns with subclinical vitamin D deficiency may have an increased risk of
suffering from ALRI. Strong positive correlation between newborns’ and mothers’
25(0OH) D concentrations indicates that adequate vitamin D supplementation of
mothers should be emphasized during pregnancy especially in winter months.

Roth 2010

Investigate association between vitamin D status and ALRI

Vitamin D status associated with ALRI in early childhood.
Randomized trials needed to establish if interventions to improve vitamin D status
could reduce burden of ALRI in early childhood.
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Additional Table 9 Assay used in each study to measure Vitamin D levels

Assay

Paper

Number of studies

Radioimmunoassay

Madden 2012; Inamo 2011; Karatekin 2009; Roth 2009; Roth 2010;
Sakka 2014; Moreno-Solis 2015; Khashour 2015

8

Competitive binding enzyme linked Basha 2014 1

immunoassay

Binding protein assay Onwuneme 2015 (2) 1

Liquid chromatography-mass spectrometry McNally 2012; Korwutthikulrangsri 2015; Binks 2014; Cetinkaya 2015; 7
Cizmeci 2015; Asilioglu 2017; Onwuneme (1)

Chemiluminescence immunoassay or Alonso 2015; Rey 2014; Sankar 2016; Shah 2016; Prasad 2015; Ahmed 11

chemiluminescent tracer 2015; Lopez 2016; Alvarez 2016; Say 2017; Sankar 2017; Jat 2017

ELISA Ponnarmeni 2016; Hebbar 2014; EImoneim 2016; Narang 2016; Jia 2017; | 9
El-Gamasy 2017; Halwany 2017; Banajeh 2009; Badawi 2017

ELFA (enzyme linked fluorescent assay) Bustos 2014 1

Electrochemiluminescence Immunoassay Dayal 2014, Ebenezer 2016, Garcia Soler 2017; Cayir 2014; 4

(ECLIA)

Clinical Laboratory Improvement Hurwitz 2017 1

Amendments—approved Vitamin D assay

(Elecsys; Roche Diagnostics, Indianapolis,

Indiana)

Commercial immunoassay lit (I RIA Diasorin Wayse 2004, Ayulo 2014, 2

UK)

Immunoassay analyzer Rippel 2012 1

APPLIED 3200 Biosystem Dinlen 2016 1

Not reported Yaghmaie 2017 1
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Additional Table 10 Funding and ethical approval of included studies

Study Funding Approval of study and ethics
Madden 2012 Reported Children’s Hospital Boston institutional review board. Informed consent obtained from family.
Lopez 2016 Reported Approved by the Ethical Committee of Clinical Investigation of Galicia (CEIC ref 010/015) and all of the regional ethics

committees of the participant centres informed consent forms were obtained from either a parent or legal guardian for each
subject before study inclusion.

Garcia-Soler 2017

Not reported

Study protocol approved by regional research ethics committee. Obtained informed consent from family of patients. Data
recorded anonymously (encrypted electronic database).
Project adhered to the principles of Declaration of Helsinki and standards for good clinical practice.

McNally 2012 Reported Research ethics board approval for vitamin D sub study obtained from 6 centers, representing 337 of the original 389 study
participants.

Rippel 2012 Not Reported Approved by Ethics Committee of The Royal Children’s Hospital Melbourne

Alonso 2015 Reported Regional Ethics Committee of the Principality of Asturias

Asilioglu 2017 Not reported Approval of study by the Local Ethics Committee of Ondokuz Mayis University (Samsun, Turkey).

Ayulo 2014 Not reported Institutional Review Board: Montefiore Medical Centre

Rey 2014 Reported Hospital Ethics Committee

Shah 2016 Reported Ethical approval obtained from Institutional ethics committee. Parents of children satisfying criteria gave written informed
consent for participation of their child in the study.

Ponnarmeni 2016 Not reported The institution’s ethics committee. Informed consent obtained

Onwuneme 2015 (1) Reported Approval by ethics committees of: Children’s University Hospital, Temple Street and Our

Lady’s Children’s Hospital, Dublin, Ireland. Participants were informed and provided written consent before recruitment.

Jia 2017 Not reported Approved by Human Ethical Committee of Affiliated Hospital of Yan’an University, Yan’an. Informed consent was taken
from mothers and/or parent of infants.

Halwany 2017 Not reported Approval by the Medical Ethics Committee of the Faculty of Medicine, Alexandria University

Sankar 2016 Not reported Institutional Ethics committee. Informed consent obtained

Say 2017 Not reported Approval by the local Ethics Committee and informed parental consent was obtained for all infants.

Sakka 2014 Not reported Not reported

Onwuneme2015 (2) Reported Ethics Committee of National Maternity Hospital. Informed written consent obtained from parents before recruitment

Dayal 2014 Not reported Ethics Committee of the Institute. Informed consent obtained.

Bustos 2016 Reported Comité Etico Cientifico del Servicio de Salud de Concepcion

Hurwitz 2017 Reported Informed consent obtained and study protocol approved by the Institutional Review Boards at the University of Tennessee,
St Jude Research Hospital, and the Centers for Disease Control and Prevention.

Cayir 2014 Not reported Approval from the institutional ethics committee and consent from the parents of all children in the study.

Badawi 2017 Not reported Children’s Cairo University institutional review board approved study. Informed consent obtained from parents

Yaghmaie 2017 Not reported Study carried out in accordance with the Declaration of Helsinki, and the ethics committee of the Tehran University of

Medical Sciences approved the protocols of the study. Records of patients’ were kept confidential. Patients’ consent provided
for blood sampling and vitamin D serum level was assessed from patients’ files, so no invasive method or extra blood
sampling was done.
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Basha 2014 Not reported Oral consent from the mothers.
Prasad 2015 Not reported Institutional review board approved the protocol. Written informed consent obtained from parents or guardians.
Wayse 2004 Reported Information not provided

El-Gamasy 2017

Not reported

Study approved from the Ethical Committee of the Faculty of Medicine, Tanta University.
Informed verbal or written parental consents from all subjects involved in the study.

Banajeh 2009 Reported Protocol approved and described in previous paper
Binks 2014 Reported Testing performed after approval by the Human Research Ethics Committee of the Northern
Territory Department of Health and Menzies School of Health Research
Roth 2009 Reported Caregiver of each participant provided written informed consent and completed a questionnaire
Study approved by the Human Research Ethics Board of the University of Alberta Health Sciences Faculties
Hebbar 2014 Reported Institutional Review Boards of Emory University and Children’s Healthcare Atlanta
Informed consent obtained
Ebenezer 2016 Reported Institutional Review Board (IRB), Informed consent from parents

Narang 2016

Not reported

Not reported

Alvarez 2016 Reported Study approved by both the Emory University and Children’s Healthcare of Atlanta Institutional Review Boards, and
informed consent was obtained from patients’ guardians prior to any study procedures

Cetinkaya 2015 Not reported Study protocol approved by the local Ethics Committee. Informed parental consent was obtained for all infants

Ahmed 2014 Not reported Informed written or oral consent obtained from the parents, and the study was approved by the
National Hospital Abuja Ethics Committee

Jat 2016 Not reported Ethics committee approval was taken before commencing the study. Parent’s informed consent was taken before enrolling
children into study.

Sankar 2017 No funding Study approved by the institutional ethics committee.

Cizmeci 2015 Reported Acquisition of cord-blood was approved by the local ethics committee of Fatih University Medical School.

Khakshour 2015 Not reported Obtained informed consent from parents, data collection done using demographic questionnaire

and serum level of 25-dehydroxycalcciferol was measured. Samples taken by a trained nurse at admission based on physician's
orders.

Korwutthikulrangsri 2015

Not reported

Ramathibodi Hospital Ethics Committee. Written informed consent from legal guardians of all participants

Elmoneim 2016

Reported

MCH hospital Ethics Committee approved study protocol

Dinlen 2016

Not reported

Study approved by the Local Ethics Committee. All parents fully informed about this investigation as well as its aim. Written
consent was obtained from all parents.

Moreno-Solis 2015

Reported

Written informed consent obtained from parents or legal guardian of all enrolled children. Protocol of study approved by the
Ethics Committee before the beginning of this study.

Inamo 2011

Not reported

Ethics Committee of Nihon University Nerima-Hikarigaoka Hospital. Informed consent obtained from the parents of all
patients before inclusion in the study.

Karatekin 2009

Not reported

Study approved by the Institution’s Ethics Committee, and informed consent was obtained from the study participants.

Roth 2010

Reported

Approved by The Johns Hopkins Bloomberg School of Public Health Institutional Review Board and the ethics committee of
the Bangladesh Institute for Child Health at the Dhaka Shishu Hospital, Bangladesh. Signed permission prior to enrolment
from parents/guardians.
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Additional Table 11 Age groups of children in each study

First author, date Age group

Wayse 2004 <5 years

Karatekin 2009 Neonates

Roth 2009 <2 years

Roth 2010 1-18 months

Inamo 2011 <4 years

Madden 2012 <21 years

Rippel 2012 16.5 (3.1 to 75.2) months
McNally 2012 Newborn to 17 years
Ayulo 2014 1 to 21 years

Dayal 2014 3 months to 21 years
Hebbar 2014 0 to 18 years

Rey 2014 <16 years

Cetinkaya 2015 >37 weeks
Onwuneme (1) 2015 <12 years

Onwuneme (2) 2015

<32 weeks gestation

Prasad 2015 2 months to 12 years
Alonso 2015 1 month to 13 years
Korwutthikulrangsri 2015 79 (61) cases; 92 (40) controls months
Cizmeci 2015 Neonates

Shah 2016 1 month to 15 years
Ponnarmeni 2016 1to 12 years

Sankar 2016 1 month to 17 years
Bustos 2016 >37 weeks and <15 years
Ebenezer 2016 <18 years

Elmoneim 2016 <14 years

Narang 2016 2 months to 5 years
Dinlen 2016 Neonates

Lopez 2016 0 to >48 months
Alvarez 2016 0 to 18 years
Garcia-Soler 2017 6 months to 17 years
Sankar 2017 <17 years

Ahmed 2015 2 to 60 months

Cayir 2014 1 to 13 years

Say 2017 <37 weeks

Asilioglu 2017 <=18 years

Basha 2014 <5 years

Jia 2017 <1 year

Jat 2017 1 month to 12 years
Yaghmaie 2017 Age range not stated
El-Gamasay 2017 3 months to 12 years
Binks 2014 <3 years

Halwany 2017 >1 month to <=5 years
Badawi 2017 1 month to 12 years
Moreno-Solis 2015 1 to 11 months

Sakka 2014 <2 years
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Hurwitz 2017 <5 years
Banajeh 2009 2 to 59 months
Khakshour 2015 <5 years

Additional Table 12 Prevalence of vitamin D deficiency in each study of critically ill
children (sorted from highest to lowest)

Study Prevalence of vitamin D Number of vitamin D Total
deficiency (%0) deficient children number of
children

Wayse 2004 95.00 76 80
Sakka 2014 92.70 89 96
Karatekin 2009 92.00 23 25
Onwuneme2015 (2) 91.48 86 94

Say 2017 87.00 87 100
Dinlen 2016 86.70 26 30
Cetinkaya 2015 84.00 42 50

Jat 2016 84.00 42 50

Roth 2010 84.00 21 25
Prasad 2015 83.75 67 80

Jia 2017 83.64 92 110
Shah 2016 83.11 128 154
Korwutthikulrangsri 2015 78.12 25 32
Sankar 2016 74.26 75 101
Sankar 2017 72.09 31 43
Cizmeci 2015 70.00 28 40
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McNally 2012 69.02 225 326
Basha 2014 65.43 53 81
Yaghmaie 2017 64.63 53 82
Hebbar 2014 60.66 37 61
Onwuneme 2015 (1) 59.16 71 120
Alvarez 2016 58.00 29 50
Cayir 2014 56.82 50 88
Elmoneim 2016 56.67 17 30
Narang 2016 56.00 28 50
Ponnarmeni 2016 50.81 63 124
Asilioglu 2017 48.00 120 250
Badawi 2017 44.30 39 88
Garcia-Soler 2017 43.82 149 340
Bustos 2016 43.30 39 90
Ebenezer 2016 40.38 21 52
Madden 2012 40.12 205 511
Halwany 2017 37.25 38 102
Banajeh 2009 36.71 29 79
Rippel 2012 34.49 109 316
El-Gamasy 2017 32.50 26 80
Ahmed 2014 30.00 15 50
Rey 2014 29.49 46 156
Inamo 2011 28.50 8 28
Dayal 2014 25.00 23 92
Khakshour 2015 24.32 9 37
Lopez 2016 24.20 84 347
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Alonso 2015 15.63 45 288

Ayulo 2014 15.63 61 216

Binks 2014 14.86 11 74

Moreno-Solis 2015 13.33 9 48

Hurwitz 2017 12.22 11 90

Roth 2009 4.69 3 64
Additional Table 13 Characteristics of studies used in the meta-analysis of prevalence
Study Total Total number of | Country, setting Age range Design Quality

number of vitamin D score
patients deficient patients (NOS)
Madden 2012 511 205 Boston US, PICU <21 years cohort 8
Lopez 2016 347 84 Spain, hospitalised 0 to >48 months cohort
Garcia-Soler 2017 340 149 Spain, PICU 6 months to 17 years cohort 7
McNally 2012 326 225 Canada, PICU newborn to 17 years of cohort 7
age
Rippel 2012 316 109 Australia, PICU 16.5 (3.1-75.2) months cohort 8
Alonso 2015 288 45 Spain, PICU 1 month to 13 years cross 5
sectional
Asilioglu 2017 250 120 Turkey, PICUs <= 18 years cohort 6
Ayulo 2014 216 61 Spain, PICU 1 month to 13 years Cross 5
sectional

Rey 2014 156 46 Spain, PICU <16 years case-control 8
Shah 2016 154 128 India,PICU 1 month-15 years cohort 6
Ponnarmeni 2016 124 63 India, PICU aged 1-12 years case-control 6
Onwuneme 2015 (1) 120 71 Ireland, PICU <12 years old case-control 8
Jia 2017 110 92 China, PICU infants <1 years old case-control 7
Halwany 2017 102 38 Alexandria, PICU >1 month to < 5 years cohort 6
Sankar 2016 101 75 India, PICU 1 month to 17 years cohort 8
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Say 2017 100 87 Turkey, NICU gestational age <37 case-control 6
weeks
Sakka 2014 96 89 Egypt, hospitalized infants (<2 years old) case-control 8
Onwuneme 2015 (2) 94 86 Ireland, NICU preterm infants at <32 cohort 8
weeks gestation
Dayal 2014 92 23 India, PICU 3 months to 12 years cohort 6
Bustos 2016 90 39 Chile, PICU >37 weeks and <15 cohort 7
years
Hurwitz 2017 90 11 USA, hospitalised <5 years old cohort 6
Cayir 2014 88 50 Turkey, PICU 1 to 13 years case-control 7
Badawi 2017 88 39 Cairo, Egypt PICU 1 month to 12 years cohort 7
Yaghmaie 2017 82 53 Iran, PICU children undefined cross 4
sectional
Basha 2014 81 53 Cairo Egypt, PICU <5 years old case-control 7
Prasad 2015 80 67 India, PICU 2 months-12 years cohort 7
Wayse 2004 80 76 Indapur India, PICU | <5 years case-control 6
El-Gamasy 2017 80 26 Egypt, PICU 3 months to 12 years Case-control 7
Banajeh 2009 79 29 Iran, hospitalised aged 2-59 months cohort 7
Binks 2014 74 11 Australia, PICU <3 years old Cross 6
sectional
Roth 2009 64 3 Canada, PICU aged 1-25 months case-control 7
Hebbar 2014 61 37 Atlanta, PICU 0 to 18 years case-control 6
Ebenezer 2016 52 21 India, PICU <18 years cohort 6
Narang 2016 50 28 Punjab, India, PICU | 2 months to 5 years case-control 6
Alvarez 2016 50 29 Atlanta, PICU 0 to 18 years Cross 6
sectional
Cetinkaya 2015 50 42 Instabul/Turkey, neonates case-control 6
NICU
Ahmed 2014 50 15 Nigeria, PICU 2-60 months case-control 8
Jat 2016 50 42 India, PICU 1 month to 12 years case-control 8
Sankar 2017 43 31 India, PICU <=17 years cohort 8
Cizmeci 2015 40 28 Instabul/Turkey, neonates case-control 7
NICU
Khakshour 2015 37 9 Iran, hospitalized <5 years Case-control 5
Korwutthikulrangsri 32 25 Bangkok, PICU months not more nested case- 5
2015 specific range control
Elmoneim 2016 30 17 Saudi Arabia, PICU | <14 years case-control 5
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Dinlen 2016 30 26 Ankara Turkey, neonates case-control
NICU

Moreno-Solis 2015 48 9 Spain, PICU infants 1-11 months case-control

Inamo 2011 28 8 Tokyo Japan, PICU | 1-48 months cohort

Karatekin 2009 25 23 Istanbul Turkey, neonates case-control
NICU

Roth 2010 25 21 Bangladesh 1-18 months case-control

Studies arranged from largest to smallest total sample size. NOS = Newcastle Ottawa Score

Additional Table 14 Sensitivity analyses for prevalence of vitamin D deficiency in all critically ill children

Patient category

Number of studies

(Total number of individuals;
number of vitamin D deficient
individuals)

Pooled proportion
% (95% Cl)

Random effects model

Pooled proportion
% (95% ClI)

Fixed effects model

Heterogeneity (12)
% (95% CI)

Q value, d.f.
p-value

Critically ill children,
excluding studies that used
other thresholds

36 (4,629; 2,191)

53.1 (45.6-60.4)

46.2 (44.6-47.8)

95.1 (93.9-96.0)

707.2, 35, < 0.0001

Sample size >=100
(large)

16 (3,561; 1,598)

50.8 (40.5-61.1)

44.3 (42.5-46.0)

96.9 (95.9-97.6)

481.7 15<0.0001

Sample size <100
(small)

32 (1,959; 1,066)

57.2 (47.3-66.7)

52.5 (49.9-55.1)

92.7 (90.7-94.3)

424.3 31<0.0001

Cohort studies

20 (3,399; 1,548)

48.4 (39.7-57.3)

444 (42.6-46.2)

95.5 (94.1-96.5)

418.6 19 <0.0001

Case-control

24 (1,627, 978)

64.1 (53.2-73.6)

57.9 (55.0-60.7)

92.8 (90.5-94.6)

320.5 23<0.0001

Cross sectional

4 (494; 138)

34.8 (12.8-66.0)

30.3(25.9-35.2)

96.7 (94.0-98.2)

90.4 3<0.0001

Studies from India

10 (826; 554)

69.5 (53.0-81.5)

64.1 (60.3-67.8)

93.6 (90.2-95.8)

140.2, 9, < 0.0001

Studies from Turkey

7 (583; 376)

76.3 (60.9-87.0)

61.0 (56.6-65.2)

91.1 (842-95.0)

67.5, 6, <0.0001

Studies that only recruited
neonates

6 (292; 339)

85.6 (78.5-90.6)

85.1 (80.7-88.7)

54.3(0.0-81.7)

11.0, 5, 0.052

Studies with children of all
other ages except neonates

42 (5,181; 2,372)

497 (42.9-56.5)

451 (43.6-46.6)

94.7 (93.6-95.6)

778.7 41<0.0001

CI = confidence intervals; 12 = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <50 nmol/L (20 ng/mL)
I2 statistic used to estimate heterogeneity between pooled studies: 1°>>= 75% was considered as high heterogeneity
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Additional Table 15 Multivariate meta-regression model for prevalence

Predictors k b-coefficient se t-value p-value ci.lb ci.ub F-value 172 (%) RN2 QE

(%)
year+ cilinical 48 5.111 95.11 37.52 642.96,
setting+quality p <0.0001

score+design+country
group+total sample size

year -0.0146 0.0598 -0.2442 0.8083 -0.1354 0.1062
total study sample size 0.0002 0.0017 0.1016 0.9196 -0.0033 0.0037
country group 1.3197 0.3853 3.425 0.0014** 0.5415 2.0979
clinical setting -2.1096 0.5059 -4.17 0.0002*** -3.1313 -1.0879
design group (cohort vs 0.4242 0.3570 1.1883 0.2415 -0.2967 1.1451
gtur:iirt)y score 0.2066 0.1493 1.3836 0.174 -0.0949 0.5081

k = number of outcomes included in the model fitting; se = standard errors of the coefficients; ci.lb = lower bound of the confidence intervals for the
coefficients; ci.ub = upper bound of the confidence intervals for the coefficients; QE = test statistic for the test of (residual) heterogeneity; 1"2 = residual
heterogeneity / unaccounted variability; R*2 (amount of heterogeneity accounted for; PICU = pediatric intensive care units, NICU = neonatal intensive

care units; *p < 0.05, **p <0.01, ***p < 0.001

Additional Table 16 Characteristics of studies included in the meta-analysis for prevalence in individuals with sepsis

Study Total number of Total number of Country, setting Age Design Quality
patients with vitamin D deficient score
sepsis patients with sepsis (NOS)

Shah 2016 160 135 India, PICU 1 month to 16 years cohort 6

Asilioglu 2017 120 20 Turkey, PICU 1 month to <18 years cohort 7

Say 2017 100 87 Turkey, NICU preterm infants at <37 weeks case-control 6

gestation

Ponnarmeni 2016 62 32 India, PICU 1 to 12 years case-control 6

McNally 2012 48 33 Canada, PICU newborn to 17 years cohort 7

Onwuneme 2015 (2) 46 32 Ireland, NICU preterm infants at <32 weeks cohort 8

gestation

El-Gamasy 2017 46 20 Egypt, pediatric emergency 3 months to 12 years case-control 7

department
Sankar 2017 43 31 India, PICU <=17 years cohort 8
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Cizmez 2015 40 28 Turkey, NICU neonates case-control 7
Onwuneme 2015 (1) 35 32 Ireland, PICU <12 years old case-control 8
Hebbar 2014 30 17 Atlanta, PICU 0 to 18 years case-control 6
Ebenezer 2016 16 8 India, PICU <18 years cohort 6
Korwutthikulrangsri 2015 | 12 4 Bangkok, PICU moths (<8/9) nested-case 5
control
Prasad 2015 11 9 India, PICU 2 months to 12 years cohort 7
Bustos 2016 10 7 Chile, PICU >37 weeks and < than 15 years cohort 7
Dayal 2014 9 4 India, tertiary care hospital 3 months to 12 years cohort 6
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Additional Table 17 Sensitivity analyses for prevalence of vitamin D deficiency in critically ill children with sepsis

Patient category

Number of studies
(Total number  of
individuals; number of
vitamin D deficient
individuals)

Pooled proportion
(%, 95% CI)

Random effects

Pooled proportion
(%, 95% CI)

Fixed effects

Heterogeneity (I?)
%, 95% CI

Q value,
d.f.
p-value

Excluding studies that used
other thresholds

12 (553; 329)

61.4 (43.5-76.6)

59.2 (54.3- 64.0)

91.2 (86.5-94.2)

125.0, 11, < 0.0001

Sample size >=40 9 (665; 418) 63.9 (44.9-79.4) 62.9 (58.5-67.1) 94.3 (91.2-96.3) 140.1, 8, < 0.0001
g:ﬁge size <40 7(123; 81) 63.2 (45.0-78.2) 61.2 (51.1-70.4) 66.2 (24.5-84.9) 17.8, 6, 0.0068
E:Scrx)lg studies 9 (463; 279) 62.6 (40.7-80.4) 61.8 (56.4-67.0) 92.8 (88.6-95.5) 111.5, 8, < 0.0001
Case-control 7 (325; 220) 65.2 (47.3-79.7) 63.7 (57.6-69.3) 87.0 (75.5-93.1) 46.3, 6, < 0.0001
Studies from India 6 (219; 301) 66.4 (48.3-80.7) 70.7 (64.8-75.9) 83.6 (65.7-92.2) 30.5, 5, < 0.0001
Studies from Turkey 3(260; 135) 59.2 (13.6-93.1) 51.2 (43.2-59.3) 97.8 (95.8- 98.8) 90.0, 2, <0.0001
Studies that only included 3 (186, 147) 76.9 (61.9-87.3) 77.7 (70.8-83.3) 74.7 (15.9-92.4) 7.9,2,0.019

neonates

Studies that included children
of all other ages except
neonates

13 (602, 352)

60.1 (43.7-74.5)

57.8 (53.1-62.4)

90.8 (86.1-93.9)

130.2, 12, < 0.0001

CI = confidence intervals; I> = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <50 nmol/L (20 ng/mL). I?
statistic used to estimate heterogeneity between pooled studies: 1> >= 75% was considered as high heterogeneity
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Additional Table 18 Sensitivity analyses for mortality. Pooled odds ratios for risk of mortality in deficient versus not deficient children

Patient category Number of Pooled OR (95% CI) Heterogeneity (I>) % | Q value, Eggers
studies Vitamin D deficient/ Vitamin D non-deficient 95% CI) d.f. p-value (4d.p)
(Total number p-value p-value
of individuals) Random effects Fixed effects
Excluding studies | 14 1.59 (1.05-2.41) 1.52 (1.08-2.13) 24.3 (0.0-59.9) 17.18, p-value =0.12
that used other | (2,030) p-value = 0.028 p-value =0.016 13,
thresholds 0.1910
Cobhort studies only | 14 1.80 (1.15-2.81) 1.65 (1.17-2.34) 31.3(0.0-63.7) 18.92, p-value = 0.0423
(2,197) p-value = 0.009 p-value = 0.004 13,
0.1255
Studies from India 7 1.08 (0.70-1.69) 1.08 (0.70-1.69) 0.0 (0.0-62.4) 4.56, Number of studies (k=5)
(646) p-value =0.710 p-value =0.710 6, too small to test for small
0.589 study effects (k.min=10)

CI = Confidence Intervals; I? = I squared statistic used to estimate heterogeneity (inconsistency); df = degrees of freedom, results reported in 1 decimal
place; OR= odds ratio. Vitamin D deficiency defined as < 50 nmol/L or 20 ng/ml. We used the I statistic to estimate heterogeneity between pooled

studies: I >= 75% was considered as high heterogeneity.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

36



oNOYTULT D WN =

BMJ Open Page 70 of 77

Additional Figures

Additional Figure 1 Funnel plot of studies of prevalence of vitamin D deficiency in critically ill children.
Horizontal axis shows logit transformed proportion and the standard error of the logit transformed proportion is plotted
on the vertical axis. Each dot represents an individual study and the vertical line represents the pooled proportion from
a random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p = 0.015, Egger’s test)
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Additional Figure 2. Pooled prevalence estimate for vitamin D deficiency in critically ill children (by country
group). Forest plot shows results from the random effects model. Diamonds represent pooled proportion of vitamin
D deficiency for the countries in each subgroup (group 1, group2, group 3). The diamond at the bottom shows the
overall pooled estimate of all the 48 studies. Each square shows the prevalence estimate of each study and the
horizontal line across each square represents the 95% confidence interval (Cl) of the prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl  Weight
group1 :

Madden 2012 205 511 - i 0.40 [0.36; 0.45 2.3%
Lopez 2016 84 347 = 0.24 [0.20; 0.29 2.3%
Garcia-Soler 2017 149 340 & 0.44 [0.38; 049 2.3%
McNally 2012 225 326 P —E 0.69 [0.64; 0.74 2.3%
Rippel 2012 109 316 — : 0.34 [0.29; 040 2.3%
Alonso 2015 45 288 = 0.16 [0.12; 0.20 2.2%
Ayulo 2014 61 216 —— ; 0.28 [0.22;0.35 2.3%
Rey 2014 46 156 —= 0.29 [0.22;0.37, 2.2%
Onwuneme 2015 (1) 71 120 —- 0.59 [0.50;0.68 2.2%
Onwuneme2015 (2) 86 94 —i— 0.91 [0.84; 0.96 2.0%
Bustos 2016 39 90 — 043 [0.33;0.54 2.2%
Hurwitz 2017 11 90 —&— 0.12 [0.06; 0.21 2.1%
Binks 2014 11 74 —— ; 0.15 [0. 08, 0.25 2.1%
Roth 2009 3 64 —— 0.05 [0.01;0.13 1.6%
Hebbar 2014 37 61 — 0.61 [0.47;0.73 2.1%
Alvarez 2016 29 50 —— 0.58 [0.43;0.72 21%
Moreno-Solis 2015 9 48 — : 0.19 0.09; 0.33 2.0%
Inamo 2011 8 28 — 0.29 [0.13;0.49 1.9%
Random effects model 3219 : 0.36 [0.28; 0.45 38.5%
Heterogeneity: /* = 95.6%, 1> = 0.6310, p < 0.01 ;

group2 :

Asilioglu 2017 120 250 —&— 0.48 [0.42;0.54 2.3%
Jia 2017 92 110 —a— 0.84 0.75; 0.90 2.1%
Halwany 2017 38 102 —— 0.37 [0.28;047 2.2%
Say 2017 87 100 —i— 0.87 [0.79; 0.93 2.1%
Sakka 2014 89 96 ; —8 0.93 [0.86; 0.97, 2.0%
Cayir 2014 50 88 —— 0.57 [0.46; 0.67 2.2%
Badawi 2017 39 88 — 0.44 [0.34; 0.55 2.2%
Yaghmaie 2017 53 82 —8— 065 [0.53;0.75 2.2%
Basha 2014 53 81 — 0.65 0.54; 0.76 2.2%
El-Gamasy 2017 26 80 —— 0.32 [0.22;044 2.2%
Banajeh 2009 29 79 —E— 0.37 [0.26; 0.48 2.2%
Cetinkaya 2015 42 50 H — 0.84 [0.71;0.93 2.0%
Ahmed 2014 15 50 — : 0.30 [0.18; 0.45 2.1%
Cizmeci 2015 28 40 — 0.70 [0.53;0.83 2.0%
Khakshour 2015 9 37 — ; 0.24 0.12; 0.41 2.0%
Elmoneim 2016 17 30 — 0.57 [0.37;0.75 2.0%
Dinlen 2016 26 30 : —— 0.87 [0.69;0.96 1.7%
Karatekin 2009 23 25 —a— 0.92 [0.74; 0.99 1.4%
Random effects model 1418 + 0.63 [0.52;0.72 37.0%
Heterogeneity: I° = 92%, <> = 0.7717, p < 0.01 -

group3 .

Shah 2016 128 154 : — 0.83 [0.76; 0.89 2.2%
Ponnarmeni 2016 63 124 —i— 0.51 [0.42; 0.60 2.2%
Sankar 2016 75 101 ; — 0.74 [0.65; 0.82 2.2%
Dayal 2014 23 92 —a— 0.25 [0.17;0.35 2.2%
Prasad 2015 67 80 ; — 0.84 [0.74;0.91 2.1%
Wayse 2004 76 80 —& 095 [0.88;0.99 1.8%
Ebenezer 2016 21 52 — 0.40 [0.27;0.55 2.1%
Narang 2016 28 50 — 0.56 [0.41;0.70 2.1%
Jat 2016 42 50 : —— 0.84 [0.71;0.93 2.0%
Sankar 2017 31 43 — 0.72 [0.56; 0.85 2.0%
Korwutthikulrangsri 2015 25 32 P 0.78 [0.60;0.91 1.9%
Roth 2010 21 25 g —l— 0.84 [0.64; 0.95 1.7%
Random effects model 883 H 0.71 [0.58; 0.82 24.5%
Heterogeneity: /° = 92.5%, t* = 1.0012, p < 0.01 i

Random effects model 5520 g 0.55 [0.48; 0.62] 100.0%

Heterogeneity: /> = 95.0%, * = 0.8587, p < 0.01 f T T !
0.2 0.4 0.6 0.8
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Additional Figure 3. Pooled prevalence estimates for vitamin D deficiency in critically ill children (neonates
versus all other age groups). Forest plot shows results from the random effects model. Diamonds represent pooled
proportion of vitamin D deficiency for the studies in neonates and all other age groups. The diamond at the bottom
shows the overall pooled estimate of all the 48 studies. Each square shows the prevalence estimate of each study and
the horizontal line across each square represents the 95% confidence interval (Cl) of the prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl Weight
neonates 4

Karatekin 2009 23 25 i —_— 0.92 [0.74;0.99 1.4%
Cizmeci 2015 28 40 — 0.70 [0.53;0.83 2.0%
Dinlen 2016 26 30 i —— 0.87 [0.69; 0.96 1.7%
Cetinkaya 2015 42 50 — 0.84 [0.71;0.93 2.0%
Onwuneme2015 (2) 86 94 ] —— 0.91 [0.84;0.96 2.0%
Say 2017 87 100 — 0.87 [0.79; 0.93 2.1%
Random effects model 339 1 0.86 [0.78; 0.91 11.2%
Heterogeneity: P= 54.3%, 2 =0.1916, p=0.05 :

other !

Rippel 2012 109 316 —— : 0.34 [0.29; 0.40 2.3%
Jia 2017 92 110 i — 0.84 [0.75; 0.90 2.1%
Halwany 2017 38 102 —i— 0.37 [0.28;0.47 2.2%
Sakka 2014 89 96 ] —— 0.93 [0.86; 0.97 2.0%
Hurwitz 2017 11 90 — 0.12 [0.06; 0.21 2.1%
Basha 2014 53 81 — 0.65 [0.54;0.76 2.2%
Wayse 2004 76 80 : —& 0.95 [0.88;0.99 1.8%
Banajeh 2009 29 79 —a— 0.37 [0.26; 0.48 2.2%
Binks 2014 11 74 —— 0.15 [0.08; 0.25 2.1%
Narang 2016 28 50 —_— 0.56 [0.41;0.70; 2.1%
Ahmed 2014 15 50 — 0.30 [0.18; 0.45 2.1%
Khakshour 2015 9 37 — { 0.24 [0.12; 0.41 2.0%
Moreno-Solis 2015 9 48 —_— 0.19 [0.09;0.33 2.0%
Inamo 2011 8 28 — 0.29 [0.13; 0.49 1.9%
Roth 2010 21 25 —_— 0.84 [0.64;0.95 1.7%
Roth 2009 3 64 —8— : 0.05 [0.01;0.13] 1.6%
Madden 2012 205 511 - ] 0.40 [0.36; 0.45 2.3%
Lopez 2016 84 347 - 0.24 [0.20; 0.29 2.3%
Garcia-Soler 2017 149 340 — 0.44 [0.38; 0.49 2.3%
McNally 2012 225 326 — 0.69 [0.64;0.74 2.3%
Alonso 2015 45 288 = i 0.16  [0.12; 0.20, 2.2%
Asilioglu 2017 120 250 —'—' 0.48 [0.42;0.54 2.3%
Ayulo 2014 61 216 — | 0.28 [0.22; 0.35 2.3%
Rey 2014 46 156 —=— i 0.29 [0.22;0.37 2.2%
Shah 2016 128 154 i —iE— 0.83 [0.76; 0.89 2.2%
Ponnarmeni 2016 63 124 —-— 0.51 [0.42; 0.60 2.2%
Onwuneme 2015 (1) T4 120 — 0.59 [0.50; 0.68 2.2%
Sankar 2016 75 101 — 0.74 [0.65; 0.82 2.2%
Dayal 2014 23 92 — ] 0.25 [0.17; 0.35 2.2%
Bustos 2016 39 90 —-'— 0.43 [0.33;0.54, 2.2%
Cayir 2014 50 88 —& 0.57 [0.46; 0.67 2.2%
Badawi 2017 39 88 —-— 0.44 [0.34;0.55 2.2%
Yaghmaie 2017 53 82 — 0.65 [0.53;0.75 2.2%
Prasad 2015 67 80 ] —_— 0.84 [0.74;0.91 2.1%
El-Gamasy 2017 26 80 —a 0.32 [0.22;0.44 2.2%
Hebbar 2014 37 61 — 0.61 [0.47;0.73 2.1%
Ebenezer 2016 21 52 —-'-—' 0.40 [0.27;0.55 2.1%
Alvarez 2016 29 50 — 0.58 [0.43;0.72 2.1%
Jat 2016 42 50 — 0.84 [0.71;0.93 2.0%
Sankar 2017 31 43 — 0.72 [0.56; 0.85 2.0%
Korwutthikulrangsri 2015 25 32 ] —— 0.78 [0.60; 0.91 1.9%
Elmoneim 2016 17 30 — 0.57 [0.37;0.75 2.0%
Random effects model 5181 0.50 [0.43; 0.57 88.8%

Heterogeneity: /2 = 94.7%, t° = 0.7456, p < 0.01

Random effects model 5520 : 0.55 [0.48;0.62] 100.0%
Heterogeneity: /% = 95.0%, 1> = 0.8587, p < 0.01 I T T !
0.2 0.4 0.6 0.8
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Additional Figure 4 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor
variables: A study design, B year of publication, C quality score and D total children are plotted on the x-axis with the
effect measure “logit transformed proportion” shown on the vertical (y-axis).
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Additional Figure 5 Funnel plot for prevalence of vitamin D deficiency in critically ill children with sepsis.
Horizontal axis shows logit transformed proportion and the standard error of the logit transformed proportion is plotted
on the vertical axis. Each dot represents an individual study and the vertical line represents the pooled proportion from
a random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p = 0.828, Egger’s test).

Funnel Plot with pseudo 95% Confidence Intervals
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1

2

3 Additional Figure 6 Pooled prevalence estimate for vitamin D deficiency in critically ill children with sepsis

4 (subgroup analysis by study design). Forest plot shows results from the random effects model. Diamonds represent

Z the pooled proportion of vitamin D deficiency for the studies in each subgroup (case-control and cohort). The diamond

- at the bottom shows the overall pooled estimate of all the 16 studies. Each square shows the prevalence estimate of

8 each study and the horizontal line across each square represents the 95% confidence interval (CI) of the prevalence

9 estimate.

10

11

12

13 Study VD deficient (n) Total (N) Prevalence 95% Cl Weight

14 case_control :

15 Say 2017 87 100 ; —=— 0.87 [0.79; 0.93 6.8%
Ponnarmeni 2016 32 62 — 0.52 [0.39; 0.65 6.9%

16 El-Gamasy 2017 20 46 —a— 0.43 [0.29;0.59]  6.8%

17 Cizmeci 2015 28 40 —— 0.70 [0.53;0.83 6.6%
Onwuneme 2015 (1) 32 35 : —_ 0.91 [0.77;0.98 5.6%

18 Hebbar 2014 17 30 —a— 0.57 [0.37;0.75 6.5%

19 Korwutthikulrangsri 2015 4 12 . 0.33 [0.10; 0.65 5.5%
Random effects model 325 0.65 [0.47;0.80] 44.7%

20 Heterogeneity: I? = 87%, % = 0.8288, p <0.01

21
cohort ;

22 Shah 2016 135 160 ; —— 0.84 [0.78;0.90 7.0%

23 Asilioglu 2017 20 120 —— : 0.17 [0.10;0.25 6.9%

5 McNally 2012 33 48 —a— 0.69 [0.54; 0.81 6.7%

4 Onwuneme 2015 (2) 32 46 —— 0.70 [0.54;0.82 6.7%
25 Sankar 2017 31 43 —B— 0.72 [0.56;0.85 6.6%
5 Ebenezer 2016 8 16 0.50 [0.25;0.75 6.0%
6 Prasad 2015 9 11 0.82 [0.48;0.98 4.8%

27 Bustos 2016 7 10 0.70 [0.35;0.93 5.2%

28 Dayal 2014 4 9 0.44 [0.14;0.79 5.3%
Random effects model 463 0.63 [0.41;0.80] 55.3%

29 Heterogeneity: /2 = 92.8%, t* = 1.6438, p < 0.01

30 Random effects model 788 0.64 [0.50;0.76] 100.0%

31 Heterogeneity: /2 = 90.5%, 1> = 1.1583, p < 0.01 [ I I |
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Additional Figure 7 Funnel plot of risk of mortality in vitamin D deficient versus vitamin D non-deficient
critically ill children. Horizontal axis shows logit transformed odds ratio and the standard error of the log odds ratio
is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the overall pooled
odds ratio from random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p = 0.084,
Egger’s test).
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1

2

3 Additional Figure 8 Pooled odds ratio (OR) and 95% CI for risk of mortality in vitamin D deficient versus

4 vitamin D non-deficient critically ill children (fixed effects model). Diamond represents the overall odds ratio (with

Z corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the horizontal line across

- each square represents the 95% confidence interval (CI) of the estimate.

8

9 e :

Deficient Not deficient

10 Study Dead (n) Total (N) Dead (n) Total (N) Odds Ratio OR 95% ClI  Weight

1 Ebenezer 2016 5 21 5 31 : 162 [0.41; 651 4.9%

12 Ponnarmeni 2016 10 63 9 61 — 1.09 0.41; 2.90 9.8%

13 Sankar 2016 23 75 8 26 — 1.00 [0.38; 262] 10.0%
Rippel 2012 3 109 7 207 —— 0.81 [0.20; 3.19 5.0%

14 Dayal 2014 3 23 3 69 ——— 3.30 [0.62; 17.65 3.3%

15 Shah 2016 54 128 14 26 —E ! 0.63 [0.27; 1.46] 13.0%
Prasad 2015 14 67 1 13 —_— 3.17  [0.38; 26.50 2.1%

16 Bustos 2016 4 39 0 51 : 13.06 [0.68; 250.17 1.1%

17 McNally 2012 5 225 0 101 T 506 [0.28; 92.45 1.1%
Elmoneim 2016 1 17 1 13 ; 0.75 [0.04; 13.24 1.1%

18 Korwutthikulrangsri 2015 6 25 0 7 T 5.00 [0.25;100.15 1.0%

19 Ayulo 2014 4 61 2 155 B T — 5.37 [0.96; 30.11 3.1%
Garcia-Soler 2017 4 149 3 191 T 3.09 [0.79; 12.16 5.0%

20 Onwuneme 2015 (2) 5 60 0 34 : 6.84 [0.37;127.56 1.1%
Asilioglu 2017 16 120 9 85 —f— 130 [0.55; 3.10] 12.4%

21 El-Gamasy 2017 14 26 13 54 B — 368 [1.36; 9.92 9.5%

22 Badawi 2017 27 39 17 49 — 424 [1.72; 10.41 11.5%

23 Sankar 2017 19 31 7 12 —a— 113  [0.29; 4.39 5.1%

|
24 Fixed effect model 1278 1185 : 1.72 [1.27; 2.33] 100.0%
25 Heterogeneity: /° = 25.7%, t* = 0.1564, p = 0.15 f T ' !
0.01 0.1 1 10 100

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58 44

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



BMJ Open

BM) Open

Importance of vitamin D in acute and critically ill children
with subgroup analyses of sepsis and respiratory tract
infections: a systematic review and meta-analysis

Journal: | BMJ Open

Manuscript ID | bmjopen-2018-027666.R1

Article Type: | Research

Date Submitted by the

Author 18-Jan-2019

Complete List of Authors: | Cariolou, Margarita; Imperial College London School of Public Health,
Epidemiology and Biostatistics

Cupp, Meghan; Imperial College London School of Public Health,
Epidemiology and Biostatistics

Evangelou, Evangelos; Imperial College London School of Public Health,
Epidemiology and Biostatistics; University of Ioannina School of
Medicine, Department of Hygiene and Epidemiology

Tzoulaki, Ioanna; Imperial College London, Epidemiology and Public
Health; University of Ioannina School of Medicine, Department of
Hygiene and Epidemiology

Berlanga-Taylor, Antonio; Imperial College London School of Public
Health, Epidemiology and Biostatistics

<b>Primary Subject

Heading</b>: Epidemiology

Secondary Subject Heading: | Paediatrics, Research methods

Vitamin D, EPIDEMIOLOGY, meta-analysis, sepsis, PAEDIATRICS,

Keywords: | |NTENSIVE & CRITICAL CARE

o

5 ARONE™

CHOLA
SUHOLA

Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 84

oNOYTULT D WN =

N

10

11

12

13

14

15

16

17

18

19

BMJ Open

Importance of vitamin D in acute and critically ill children with subgroup analyses of

sepsis and respiratory tract infections: a systematic review and meta-analysis

Margarita Cariolou! MPH, Meghan A. Cupp' MPH, Evangelos Evangelou'> PhD, loanna

Tzoulaki!> PhD and Antonio J. Berlanga-Taylor'* DPhil

IMRC-PHE Centre for Environment and Health, Department of Epidemiology & Biostatistics,
School of Public Health, Faculty of Medicine, Imperial College London, St Mary's Campus,

Norfolk Place, UK, LONDON W2 1PG

?Department of Hygiene and Epidemiology, University of loannina Medical School, lToannina,

Greece

*Correspondence  should be addressed to Dr. Antonio J. Berlanga-Taylor
(a.berlanga@imperial.ac.uk), MRC-PHE Centre for Environment and Health, Department of
Epidemiology & Biostatistics, School of Public Health, Faculty of Medicine, Imperial College

London, St Mary's Campus, Norfolk Place, LONDON W2 1PG.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

BMJ Open

ABSTRACT

Objectives: To estimate the prevalence of 25-hydroxyvitamin D (25(OH)D) deficiency and

investigate its association with mortality in children with acute or critical conditions.

Design: Systematic review and meta-analysis of observational studies.

Data sources: PubMed, OVID, Google Scholar and the Cochrane Library searched until 21

December 2018.

Eligibility criteria: Studies of children hospitalised with acute or critical conditions who had

blood 25(OH)D levels measured.

Data extraction and synthesis: We obtained pooled prevalence estimates of 25(OH)D deficiency
and odds ratios for mortality. We calculated 95% confidence and prediction intervals and

investigated heterogeneity and evidence of small-study effects.

Results: Fifty-two studies were included. Of 7,434 children, 3,473 (47.0%) were 25(OH)D
deficient (<50 nmol/L). The pooled prevalence estimate of 25(OH)D deficiency was 54.6% (95%
CI 48.5-60.6, 1>=95.3%, p<0.0001). Prevalence was similar after excluding smaller studies
(51.5%). In children with sepsis (18 studies, 889 total individuals) prevalence was 64.0% (95% CI
52.0-74.4, 1°=89.3%, p<0.0001) and 48.7% (95% CI 38.2-59.3; 1°=94.3%, p<0.0001) in those with
respiratory tract infections (RTI) (25 studies, 2,699 total individuals). Overall, meta-analysis of
mortality (18 studies, 2,463 total individuals) showed increased risk of death in 25(OH)D deficient
children (OR 1.81, 95% CI 1.24-2.64, p=0.002, 1>=25.7%, p=0.153). A cohort-only sensitivity
analysis agreed with the overall observation (n=14, OR 1.80, 95% CI 1.15-2.81, p=0.009,

1’=31.3%, p=0.126) but showed small-study effects (Egger’s test p=0.042). Four (22.0%) of 18
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studies statistically adjusted for confounders. There were insufficient studies to meta-analyse

sepsis and RTI related mortality.

Conclusions: Our results suggest that 25(OH)D deficiency in acute and critically ill children is
high and associated with increased mortality. Small-study effects, reverse causation and other
biases may have confounded results. Larger, carefully designed studies in homogeneous
populations with confounder adjustment are needed to clarify the association between 25(OH)D

levels with mortality and other outcomes.

Registration PROSPERO (CRD42016050638)

Copyright Open access article under terms of CC BY

Keywords paediatric, vitamin D, intensive care, sepsis, meta-analysis, prevalence, mortality,

systematic review, respiratory tract infections

Strengths and limitations of this study

e We comprehensively assessed the magnitude and relevance of vitamin D (25(OH)D)
circulating levels in paediatric acute and critically ill patients using a large number of
studies with large total sample size with pre-specified sub-group and sensitivity analyses.

e We used PRISMA and MOOSE guidelines for reporting.

e We used the currently recommended cut-off of less than 50 nmol/L for vitamin D
deficiency.

e We did not find enough studies to perform meta-analyses for mortality from sepsis or
respiratory tract infection in relation to vitamin D status.

e We did not identify longitudinal studies with multiple time-point, pre-admission or pre-
disease vitamin D measurements.

e Most studies were single centre with heterogeneous patient groups and few controlled for
important confounders that influence vitamin D levels such as age, BMI, gender, season of
measurements, vitamin D supplementation and comorbidities.
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INTRODUCTION

Vitamin D is an essential nutrient!> 2 representing a group of fat soluble secosteroids with key
endocrine functions.? It is synthesized in the skin upon sunlight exposure* while dietary sources,
such as oily fish, egg yolk, certain fungi and supplements, are usually secondary sources. Vitamin
D is critical in bone metabolism® and calcium homeostasis,® as well as acting as an important
regulator in extra-skeletal metabolic processes,” cardiovascular and immune systems.® Many
observational and laboratory studies have observed the anti-inflammatory properties of vitamin

D,’ including direct regulation of endogenous anti-microbial peptide production.!”

It is therefore crucial for humans to have sufficient vitamin D levels to maintain bone health and
possibly improve response to infection.® !> 12 Infants and children are especially dependent on
vitamin D to achieve healthy bone development and growth.!3- 14 Well-known functional outcomes
of adequate vitamin D levels in children include rickets prevention, higher bone mineral content
and reduced bone fracture rates.> ' In otherwise healthy children in the United States, the reported
prevalence of vitamin D deficiency (250HD levels of < 25 nmol/L) ranges from 9 to 18%.!° The
Endocrine Society Clinical Practice Guidelines and the Institute of Medicine (IOM) suggest that

25(0OH)D levels less than 50 nmol/L (20 ng/mL) reflect a deficient state.* 16

Studies in adults reflect a high prevalence of vitamin D deficiency both in general intensive care
unit (ICU) and sepsis patients and strongly suggest an association between low vitamin D and poor
clinical outcomes, including increased mortality, particularly in those suffering from sepsis.? !
Recent clinical trials of vitamin D supplementation in adults appear promising in both general

critical care'® 1 and sepsis.?’
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Sepsis remains a challenging clinical entity with high social and economic costs.?! Each year there
are approximately 123,000 sepsis cases and around 37,000 deaths in England alone.?? Recent
reports show an increased prevalence of paediatric sepsis,?® likely a reflection of an increased
population with chronic comorbidities, higher rates of opportunistic infections and multi-drug
resistant organisms.?* Respiratory tract infections account for a large proportion of underlying

diagnoses in acute and critical care conditions®* 2° but remain understudied.?®

The magnitude, relevance and quality of evidence of vitamin D deficiency in children receiving
acute care is not clear. Several recent studies have addressed these questions with mixed results.
We sought to summarise the evidence regarding the implications of vitamin D deficiency and its
prevalence in general acute care, ICU, respiratory tract infection and sepsis patients in the
paediatric population. We carried out a systematic review and meta-analysis of circulating vitamin
D levels, as measured by 25(OH)D, to assess the prevalence of vitamin D deficiency (< 50 nmol/L)

and its association with mortality in these conditions.

METHODS

We planned and conducted our systematic review and meta-analysis according to the PRISMA
guidelines?’ (Additional Table 1). We also followed the Meta-Analysis of Observational Studies
in Epidemiology (MOOSE) guidelines?® as no relevant randomized controlled trials have been

reported.

Search strategy and selection criteria

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

BMJ Open

Our population of interest consists of paediatric patients with acute conditions and/or those treated
in ICU or emergency units for acute conditions whose vitamin D status was assessed prior to or
during admission. We included published cross sectional, case-control and cohort studies that
measured circulating 25(OH)D levels and either reported prevalence, odds ratios (OR) or data to
enable calculation of these measures. Studies were excluded if they were reviews, case reports,
surveys, commentaries, replies, not original contributions, experimental in vitro or if they recruited
patients who were not treated in emergency, neonatal intensive care units (NICUs), paediatric
intensive care units (PICUs) or for acute conditions. Studies were also excluded if they only
enrolled vitamin D deficient patients, investigated healthy populations only or did not measure
circulating 25(OH)D levels as an indicator of vitamin D status. When we identified more than one
publication utilising the same cohort, we included the publication which shared our review’s

objective to investigate vitamin D levels and prevalence of deficiency.

For purposes of our review, we classified vitamin D deficiency as being 25(OH)D less than 50
nmol/L (equivalent to 20 ng/mL), as suggested by the IOM.!® Different age categories were used
to designate patients as “children” in the studies reviewed. We therefore included all “children”
(neonates up to 21 years) as defined by each treating facility and this included “neonates”,

2 ¢

“infants”, “toddlers”, “children” and “adolescents”.

We searched PubMed, OVID, Google Scholar and the Cochrane Library from inception up until
21st December 2018, with no language restrictions. Search terms used across these databases

9% ¢¢

included: “critical care”, “vitamin D”, “pediatric”, “child”, “neonate”, “toddler”, “intensive care
unit”, “sepsis” and “septic shock”. Search terms used in OVID and PubMed are listed in the

Additional Tables 24 and 2B. Literature searches were performed by two investigators

independently (MC and AJBT) and included initial screening of titles and abstracts, followed by
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full text screening. Any disagreements for study eligibility were resolved by discussion between
the two investigators. Reference lists of the selected papers, including reviews, were also checked
for relevant titles. Abstracts of relevant titles were then assessed for eligibility. Corresponding
authors were contacted to obtain additional information if necessary. A data extraction form was
designed a priori in Excel. Variables extracted from each study included year of publication,
country of study, clinical setting, cut-off given to define vitamin D deficiency, total number of

children, total number of cases, study design and age range.

Study quality assessment

The quality of each included study was assessed using the Newcastle-Ottawa Scale (NOS) for
cohort, case-control and cross-sectional study designs (4dditional Tables 34, 3B and 3C).?° We
classified studies as low (1-3), medium (4-6) or high quality (7-9) for purposes of sensitivity

analysis.

Prevalence and mortality outcomes

In the majority of studies (n = 40), prevalence of vitamin D deficiency was extracted as reported
with a threshold of < 50 nmol/L. If prevalence was not reported directly, it was calculated using
data provided in each study (cases < 50 nmol/L / total number of study participants) (4dditional
Table 44 and 4B). Extracted or calculated prevalence values were then combined in a meta-

analysis. For mortality, we calculated unadjusted odd ratios (OR) as:

OR = (vitamin D deficient patients who died * vitamin D non-deficient patients who did not die)/

vitamin eficient patients who did not die * vitamin D non-deficient patients who die
t D defi t patients who did not die * vit D defi t patients who died
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We had sufficient information to calculate ORs < 50 nmol/L for 40 studies (77.0%). For the 12
studies with insufficient information, we used the lower cut-off values reported as a conservative
approximation (Additional Table 5). We converted 25(OH)D values using: nmol/L = ng/mL *

2.496.

Data analysis

We obtained proportions of vitamin D deficiency with 95% confidence intervals (CI) using the
Clopper-Pearson method® in R. We used a random effects model®! to account for the variation
observed within and between studies due to the different ages and acute conditions in the
populations considered. For each meta-analysis we also obtained the 95% prediction interval (PI)
to further account for between study heterogeneity. This helps to evaluate how consistent an
observed effect would be in a future study that will investigate the same association.>? We obtained
pooled proportions and pooled ORs with fixed effect model for sensitivity analysis or in cases
where heterogeneity was low.3333 For prevalence we also calculated median and interquartile

range (IQR) for comparisons with pooled prevalence estimates.

We investigated possible sources of heterogeneity using sensitivity and subgroup analyses.
Cochran’s Q was used to assess the heterogeneity and the I? statistic was used to estimate the
percentage of total variation across studies which can be attributed to heterogeneity. Confidence
intervals of I? were calculated to aid interpretation.’® A Q value of < 0.05 was considered
significant and an I? statistic greater or equal to 75% indicated a high level of variation due to
heterogeneity.3” 3® We used Egger’s regression test to present results of small-study effects and
funnel plot asymmetry? and generated funnel plots for visual assessment and screening. A p-value

< 0.05 indicated evidence of small-study effects. With few studies, Egger’s test has low power to
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detect such bias, therefore we only estimated small-study effects for analyses with more than ten
studies.*® When small-study effects were detected based on this threshold, we used trim-and-fill

methods to add potentially missed studies and re-calculate an adjusted pooled estimate.*!

To further assess heterogeneity, we utilised meta-regression to identify predictor variables that
could explain variation in study prevalence estimates. We used restricted maximum likelihood
(REML) estimations in the model to account for residual heterogeneity*? and the Knapp-Hartung
method to adjust confidence intervals and test statistics. This method estimates between study
variance using a t-distribution, rather than a z-distribution, yielding a more conservative
inference.** We tested the following continuous predictors: year of study publication, total sample
size and quality score. Categorical variables included study setting (PICU, NICU), study design
(case-control, cross-sectional and cohort) and country group by geographic region and economic

development (group 1, group 2, and group 3) and were dummy coded.

We used R version 3.5.0 and Microsoft Excel 2010 for analyses and data collection. The R
packages “meta”* and “metafor”™* were used for analyses. Only results of the random effects
model are reported for prevalence due to the expected heterogeneity between populations being

considered. Our protocol is registered in PROSPERO (CRD42016050638).

Role of the funding source

The study received funding from the UK Medical Research Council. The funders had no role in
data collection, analysis, interpretation or writing of the report. All authors had access to the data

in the study.

Patient involvement
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No patients were involved in this study. We only used data from previously published studies.

RESULTS

Screening and study characteristics

After title and abstract screening, we identified 2,890 potentially relevant studies (Figure 1) and
eighty-five full text articles were assessed for eligibility. Rationale for study exclusion included:
studies including adults, study populations other than critically ill children or with acute
conditions, studies of circulating vitamin D levels and deficiency in healthy children or in children
with chronic conditions. Four studies*-*® were excluded due to insufficient data reporting
(Additional Table 6). We also excluded three studies®*->2 that used the same cohort of children and
included a single study to represent the cohort.> Ultimately, 52 studies met criteria for inclusion

(Additional Table 7).

Figure I Flow chart of study selection process

The primary objective of most included studies was to determine circulating vitamin D
concentration (‘“status”) in children and/or prevalence of vitamin D deficiency. Secondary
objectives included investigation of associations between deficiency of circulating vitamin D and
various outcomes, such as hospital mortality length of stay, requirement of ventilation and/or

illness severity (Additional Table 8).

All included studies reported vitamin D measurement assay methods used (Additional Table 9)
and stated that samples were collected and analysed within the first 24 hours of hospital admission.
Studies reported ethical approval and consent for participation from parents or guardians

(Additional Table 10). Included studies were published between 2004 and 2018, with the majority

10
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(n =40, 77.0%) published between 2014 and 2017 (Additional Table 7). In total, 7,434 children
were hospitalized in paediatric or neonatal intensive care units or emergency units or for acute
conditions. Sample sizes of critically ill children ranged from 255 to 1,016.%3 In 18 studies the

total number of cases was greater than 100.

Studies originated from 15 countries, with the majority from India® >%-% (n = 11) or Turkey>* 66-71
(n=7) (Additional Table 7). All were of medium or high quality (NOS score median 6.5, range 4-
8). The score range for cohort studies was 6 to 8 (n = 22), for case-control studies 5 to 8 (n = 26)
and for cross sectional 4 to 6 (n = 4). Studies used a broad range of ages to classify patients as
“children”. Seven studies (13.5%)* 6> 67-6%-72 included only neonates. In two%’- 72 of these studies,
neonates were preterm. The largest age range was seen in the study of Ayulo et al 2014, which
included individuals between 1 and 21 years of age (Additional Table 11). Forty-two of the
included studies (80.8%) included patients admitted for medical conditions and the other ten>3: ¢!-
66, 73-78 included both surgical and medical patients. Of the 52 included studies 26 used a control

group and had a total number of 2,479 controls of which 773 (31.2%) were vitamin D deficient.

All studies included both female and male participants. For mortality, four of the 18 studies
(22.0%) carried out multivariate regression analysis with adjustment for confounders. The
remaining studies presented results using a variety of methods, including Spearman’s correlation

analysis, chi-square or Fisher’s exact tests or descriptive statistics.

Prevalence of vitamin D deficiency

We included 52 studies representing a total of 7,434 children hospitalised with critical or acute
conditions. Of these, 3,473 (47.0%) were classified as vitamin D deficient (< 50 nmol/L).

11
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1 Prevalence of deficiency ranged from 5.0%7° to 95.0%%° , median (IQR) 56.3% (31.9 to 75.2%)
2 (Additional Table 12). Sample sizes ranged from 25 to 1,016, with a median of 82 individuals
3 (Additional Table 13). Using a random effects model, the pooled prevalence estimate of vitamin
4 D deficiency was 54.6% (95% CI 48.5-60.6) with a high proportion of variation attributed to
5  heterogeneity (I>= 95.3%, 95% CI 94.5-96.0, p < 0.0001) (Figure 2) and evidence of funnel plot
6 asymmetry (p = 0.01, Egger’s test) (Table I and Additional Figure I). Trim and fill analysis
7  estimated 11 unpublished studies in the lower left-hand side of the funnel plot (Additional Figure
8 I). The re-calculated adjusted pooled estimate was lower 43.6% (95% CI 37.5-50.0) with

9 significant heterogeneity (p < 0.0001).

Table 1 - Pooled estimates of vitamin D (25(OH)D) deficiency in acute and critically ill children and those with
sepsis or respiratory tract infections

Patient Number of studies Pooled Pooled proportion Heterogeneity Q value, Eggers
category (Total number of proportion 95% PI (%, 95% CI) ) d.f. p-value
individuals; (%, 95% CI) % (95% CI) p-value
number of Fixed effects for
deficient Random effects heterogeneity
individuals)
All children 52 (7,434, 3,473) 54.6 (48.5-60.6) 17.5-87.2 45.7 (44.4-46.9) 95.3 (94.5-96.0) 1086.6, 0.01
(includes those 51,
with sepsis and <0.0001
respiratory tract
infections)
Critically ill 18 (889; 565) 64.0 (52.0-74.4) 17.1-93.9 63.0 (59.3-66.6) 89.3 (84.6-92.5) 158.52 0.81
children  with 17
sepsis only <0.0001
Critically ill 25 (2,699; 1,076) 48.7 (38.2-59.3) 9.96-89.1 37.0 (35.0-39.1) 94.3 (92.7-95.6) 423.07 0.05
children with 24
respiratory tract <0.0001
infections only

CI = confidence intervals; I? = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as
25(0OH)D < 50 nmol/L (20 ng/mL). I? statistic used to estimate heterogeneity between pooled studies: I > 75% was
considered high heterogeneity; PI = Prediction Interval

10

11

12 Figure 2 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children by study
13 design.

14

15  Sensitivity analysis for prevalence

12
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We did not detect material differences in prevalence after exclusion of the 12 studies which did
not directly report prevalence < 50 nmol/L (53.0%, 95% CI 46.4-59.5; I?= 95.5%, 95% CI (94.5-

96.2, p <0.0001) (4dditional Table 14).

When examining results by median sample size (defining “large” as > 82 and “small” as < 82), we
found that the 268 33, 55-58, 66-68, 72-74, 77, 78, 80-91 styydies with larger sample size included 6,094 total
individuals and gave a prevalence estimate of 51.5% (95% CI 43.6-59.4; 1>= 96.8%, 95% CI 96.0-
97.4, p < 0.0001) . The remaining 26 studies with “smaller” sample sizes included 1,340 total
children and estimated pooled prevalence as 58.2% (95% CI 47.5-68.2; I?’= 90.9%, 95% CI 87.9-

93.2, p < 0.0001) (Additional Table 14).

We also conducted analysis by study design. Cohort studies (n = 22) yielded a prevalence estimate
of 48.3% (95% CI 40.2-56.5; 1> = 95.8%, 95% CI 94.6-96.7, p < 0.0001). In case-control studies
(n = 26) the estimate was 63.4% (95% CI 54.9-71.2; 1> = 92.2%, 95% CI 89.8-94.1, p < 0.0001)
and in cross-sectional (n =4) 34.8% (95% CI 12.8-66.0; I>= 96.7%, 95% CI 94.0-98.2, p <0.0001)

(Additional Table 14, Figure 2).

We assessed whether studies’ country of origin influenced results. Studies in India gave an
estimate of 68.9% (95% CI 54.9-80.1; I?=96.7% (95% CI 94.0-98.2, p < 0.0001). Similarly, we
found higher pooled prevalence estimates for studies from Turkey (76.3%, 95% CI 60.9-87.0; I>=
91.1%, 95% CI 84.2-95.0, p < 0.0001). We also grouped studies by geography and economic
development. Group 1: USA, Chile, Australia, Canada, Ireland, Japan, Spain; group 2: South
Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and group 3: Bangladesh, Thailand, and India.

Prevalence was 37.2% (95% CI 29.7-45.5) for group 1 (n = 20), 61.8% (95% CI 53.2-69.7) for

13
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group 2 (n = 19) and 70.8% (95% CI 58.3-80.7) for group 3 (n = 13) (Additional Figure 2).

Variation attributable to heterogeneity was still high in the three subgroups (I > 90.0%).

Given the broad age range in included studies, we combined studies with only neonates># 63 67, 69-
2 and observed a prevalence estimate of 83.0% (95% CI 73.1-89.8) with less variation attributable
to heterogeneity (I = 76.6%, 95% CI 51.0-88.9, p = 0.0003). In all other studies (n = 45) that
included children of other age ranges, estimated prevalence was lower at 49.7% (95% CI 43.5-

55.8; 12=95.2%, 95% CI 94.3-96.0, p < 0.0001) (Additional Table 14, Additional Figure 3).

Post-hoc investigation to determine sources of heterogeneity

To investigate the substantial heterogeneity observed in prevalence estimates, we incorporated
study-specific characteristics (year of publication, total study sample size, quality score, study
design, country group and clinical setting) as covariates in a random effects meta-regression
model. We identified clinical setting and country groups as significant predictors, p <0.01 (Figure
3). We found that the model fitted with all available covariates can explain 29.6% of I? with F =
4.14, p = 0.002 (Additional Table 15). We also conducted univariate meta-regressions for each of

the six predictors (Additional Figure 4).

Figure 3 Bubble plots of univariate meta-regressions.

Prevalence of vitamin D deficiency in children with sepsis and in those with respiratory tract

infections

A total of 889 (median 42, range 9 -160) patients had a diagnosis of sepsis, of which 565 (63.5%)

were vitamin D deficient. Ten of the eighteen studies including septic patients were cohort (55.6%)
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and eight (44.4%) case-control (Additional Table 16). Most studies originated from India (n = 7)
Turkey (n = 3) or Ireland (n = 2) and 16 were published between 2014 and 2017. Thirteen studies
took place in a PICU and the remaining®> ¢7- 70 72 in NICUs. We found that all studies were of
medium to high quality (median NOS score 6.5, range 5 — 8). Pooled prevalence of vitamin D
deficiency was 64.0% (95% CI 52.0-74.4) (Figure 4) and median (IQR), 68.5% (50.4 to 71.6%)).
Variation attributable to heterogeneity was high (I> = 89.3%, 95% CI 84.6-92.5, p < 0.0001).
Funnel plot was symmetric (p > 0.05) suggesting no small-study effects (p = 0.81, Egger’s test)

(Additional Figure 5).

Figure 4 Pooled prevalence estimate for vitamin D deficiency in children with sepsis.

We also separately analysed studies of patients admitted for respiratory tract infections (n = 25)
such as acute lower respiratory tract infection (ALRTI), pneumonia and bronchiolitis. Of these
2,699 total individuals (median 50), 1,076 (39.9%) were vitamin D deficient. These studies were
of high to medium quality (median NOS score 7, range 6 - 8). Most originated from India (n = 6)
and Spain (n = 4). We found a prevalence estimate of 48.7% (95% CI 38.2-59.3; I>= 94.3%, 95%
CI 92.7-95.6, p < 0.0001) and median (IQR) at 36.7% (24.3 to 83.6%) with marginally non-
significant evidence of bias (p = 0.05, Egger’s test) (Table 1). We therefore applied the trim and
fill method and obtained an adjusted pooled estimate of 37.4% (95% CI 27.6-48.4) after four

studies were added.

Sensitivity analysis for prevalence in children with sepsis

Exclusion of the studies® 67-72.92 utilising thresholds other than < 50 nmol/L for deficiency yielded
a similar estimate of prevalence at 62.0% (95% CI 47.3-74.7; I>= 89.7%, 95% CI 84.5-93.2, p <

0.0001) (Additional Table 17).
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We examined pooled prevalence estimates according to median sample size (< 42 versus > 42).
Studies with a smaller sample size (n = 9; 204 total individuals) showed a pooled prevalence
estimate of 64.7% (95% CI 52.5-75.3) with moderate variation attributable to heterogeneity (I> =
57.9%, 95% CI 11.8-79.9, p =0.015). For the remaining nine studies (sample sizes > 42, 685 total
individuals) the estimate was 63.2% (95% CI 44.6-78.5) with high variation attributable to

heterogeneity (I>= 94.3%, 95% CI 91.1-96.3, p < 0.0001).

There was no material change in prevalence estimates when analysed according to study design.
The ten cohort studies (504 total individuals) gave an estimate of 63.2% (95% CI 43.7-79.1) with
high variation attributable to heterogeneity (I>= 92.0, 95% CI 87.3-94.9 p < 0.0001). Case-control
studies (n = 8; 385 total individuals) showed a pooled prevalence of 64.9% (95% CI 50.1-77.3; 1

=84.9%, 95% CI 72.0-91.8, p < 0.0001) (Additional Table 17, Additional Figure 6).

Studies from India (n = 7) gave a prevalence estimate of 66.0% (95% CI 51.4-78.1); 1> = 81.1%,
95% CI 61.8-90.6, p < 0.0001). The three studies from Turkey assessing septic patients gave a
pooled estimate of 59.2% (95% CI 13.6-93.1; 1> = 97.8%, 95% CI 95.8-98.8, p < 0.0001)

(Additional Table 17).

The pooled prevalence estimate in the four studies®> %7 70 72 including neonates with sepsis was
73.7% (95% CI 60.3-83.8, 1> =76.0% 34.1-91.3, p = 0.006). The fourteen studies with children of
different ages, excluding neonates, gave a pooled estimate of 60.7% (95% CI 45.5-74.0); 1> =
90.1%, 95% CI1 85.2-93.4, p <0.0001) (Additional Table 17). Four of the studies®-¢1-37-8 included

children admitted with either sepsis or respiratory tract infections.

Mortality in acute and critically ill children
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We identified 18 studies®: 33 36-39; 61, 64, 66, 72, 74-78, 82, 89,92 a5gegsing vitamin D status and mortality.
These studies included a total of 2,463 individuals, from which 220 deaths (17.2%) were observed
in 1,278 (51.9%) individuals with vitamin D deficiency and 99 deaths (8.4%) were observed in

1,185 individuals without deficiency (48.1%).

All 18 studies took place in a PICU apart from one’?, which considered only NICU patients.
Sixteen of these studies (89.0%) were published between 2014 and 2017. Fourteen were cohort
(77.8%) and four case-controls (22.2%). Almost half (n = 7) of the studies originated from India.

Quality scores ranged from 5 to 8 with a median of 6.

Using a random effects model, we found that vitamin D deficiency in critically ill children
significantly increased the risk of death (OR 1.81, 95% CI 1.24-2.64, p = 0.002) with low, non-
significant heterogeneity (I = 25.7%, 95% CI 0.0-58.0, p = 0.153) (Figure 5). However, small-
study effects cannot be easily excluded (p = 0.084, Egger’s test) (Additional Figure 7) and the 95%

prediction interval (0.71-4.62) included the null value.

Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient
acute and critically ill children.

Sensitivity analysis for mortality in acute and critically ill children

We obtained similar results through the fixed effects model (OR 1.72, 95% CI 1.27-2.33, p =
0.0005) (4dditional Figure 8). When excluding studies with thresholds other than < 50 nmol/L
indicating deficiency, we found the association between vitamin D deficiency and increased risk
of mortality still significant but lower, both with the random (OR 1.59, 95% CI 1.05-2.41, p =

0.028; 12=24.3%, 95% CI 0.00-59.9, p = 0.191) and fixed effect models (OR 1.52, 95% CI 1.08-
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2.13,p=0.016) without clear indication of small-study effects (p = 0.120, Egger’s test) (Additional

Table 18).

A significant association was also observed in analysis of the 14 cohort studies, both with the
random (OR 1.80, 95% CI 1.15-2.81, p = 0.01) and fixed effects model (OR 1.65, 95% CI 1.17-
2.34, p = 0.004) with low variation attributable to heterogeneity (I> = 31.3%, 95% CI 0.0-63.7) but
significant small-study effects (p = 0.042). Trim and fill analysis estimated five unpublished
studies and a non-significant association (OR 1.57, 95% CI 1.09-2.28, p=0.131). Pooling the four
case-control studies together, we obtained a significant positive association with the fixed (OR
1.97, 95% CI 1.02-3.82, p = 0.044) effects model but non-significant with the random effects
model (OR 1.97, 95% CI 0.88-4.42, p = 0.098). The association was positive but not-significant
when pooling the seven studies from India with the random effects model (OR 1.08, 95% CI 0.70-
1.69, p = 0.710; 1> = 0.0% 0.0-62.4, p = 0.589) and similar with fixed effects (OR 1.08, 95% CI

0.70-1.69, p = 0.710) (Additional Table 18).

Mortality in patients with sepsis and respiratory tract infections

We were unable to identify a sufficient number of studies assessing vitamin D and mortality for
meta-analysis in individuals with sepsis. Three studies® % ¢7 measured vitamin D levels in
paediatric patients with sepsis. One study® assessed mortality and did not find a significant
association in children from 1 to 12 years with sepsis (n=124). None of the studies with children
admitted for respiratory tract infections looked at the association between vitamin D deficiency

and childhood mortality.

DISCUSSION
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Vitamin D deficiency is highly prevalent worldwide, even in countries with abundant sunshine.
Studies have shown high prevalence of vitamin D deficiency in otherwise healthy children from
high-income countries (9 to 24%) but also from middle and low-income countries in the Indian

subcontinent (36 to 90%).8

We identified 52 studies representing a total of 7,434 children treated in ICU or emergency units
for acute conditions who had blood 25(OH)D levels measured close to or upon admission. Our
analysis shows that prevalence of vitamin D deficiency is generally high but very variable (range
5% to 95%9%%) across ICU and emergency units in the paediatric population, particularly in
individuals with sepsis. Importantly, our analysis showed a significantly increased risk of mortality
in critically ill children with vitamin D deficiency. We carried out several analyses for sensitivity
including fixed effects models, by study design, country group, age and sample size and found
generally consistent results. A recently published meta-analysis®® also investigated prevalence of
vitamin D deficiency in critically ill children and its association with risk of mortality and showed
similar results to ours. The study did not clearly report heterogeneity and small-study effects

however, which we found to be critical limitations that must be addressed.

Subgroup analyses in patients with sepsis or respiratory tract infections demonstrated a high
prevalence of vitamin D deficiency, consistent with the increased risk of bacterial or nosocomial

infection in vitamin D deficient individuals identified elsewhere.??

Although sepsis is a leading cause of paediatric mortality and morbidity worldwide,’* we found
few studies assessing the relationship between vitamin D status and mortality in this population.
We were unable to identify sufficient studies including patients with sepsis to perform a meta-

analysis of vitamin D status and mortality. Sepsis remains an area of unmet need with high social
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and financial costs.?* Diagnostic criteria,’’ a lack of adequate biomarkers® and targeted treatment
remain important challenges in research on sepsis. We did not find studies that assessed the risk
of mortality in relation to vitamin D deficiency in children admitted for respiratory tract infections

either.

Strengths of our review include the large number of studies and large total sample size, allowing
a high-powered investigation to identify meaningful associations. For our systematic review and
meta-analysis, we followed pre-specified eligibility criteria and used the PRISMA?” and MOOSE
guidelines®® for reporting. We carried out multiple sensitivity analyses with few material
differences in results. However, we note that the relationship between vitamin D deficiency and
mortality was sensitive to study design and studies from India, probably due to the smaller number
of individuals in those analyses. As expected for prevalence estimates, heterogeneity across studies
was high overall. Only the prevalence analysis with neonates indicated somewhat lower variation
attributable to heterogeneity (I> = 76.6%) along with a higher prevalence estimate (83.0%)
compared to other analyses. We utilised meta-regression to investigate this substantial
heterogeneity. From the six variables in our multi-variable model, only clinical setting and country
groups were found to be significant predictors of pooled prevalence estimates of vitamin D
deficiency and the full model could explain 29.6% of heterogeneity (I). Studies in NICU yielded
higher prevalence estimates compared to studies in PICU. Studies from group 3 countries were
also associated with higher prevalence estimates compared to studies from countries of group 1
and 2. Other variables, mainly individual patient characteristics such as age and ethnicity, were

not directly available to us and may account for significant heterogeneity.

Our systematic review did not identify longitudinal studies with multiple time-point, pre-disease

or pre-admission vitamin D measurements. The majority of studies were single centre with
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heterogeneous patient groups and relatively small sample sizes. Few studies accounted for
important confounders that influence vitamin D levels such as age, gender, BMI, season of
measurements, vitamin D supplementation and comorbidities. The relationship observed between
vitamin D deficiency and mortality could be due to reverse causation and future studies will need
to control for covariates and other confounders. Low vitamin D levels could also represent a
chronically deficient state due to reduced sunlight exposure, because of chronic illness, lifestyle
factors or different country latitudes. In addition, we cannot rule out measurement bias such as
dilution from intravenous fluids. Our results should be interpreted with caution since our review
is based on evidence from observational studies. More research is warranted to strengthen the
evidence and investigate whether vitamin D could be causally linked to acute or critical illness and
what its contribution might be through various mechanisms such as anti-inflammatory or anti-

microbial peptide responses.

Although included studies were generally of good quality, sample sizes varied considerably and
were typically small. Half of the studies included less than 100 cases and only 10 (19.2 %) had a
total sample size of more than 200 individuals. In addition, studies used a variety of definitions
and age ranges to designate individuals as children. Our analysis only included mortality as a
clinical outcome. A further general limitation is the difference in thresholds for vitamin D
deficiency, particularly in the levels which are considered normal for infants and young children.
Our assessment used the currently recommended threshold for deficiency (25(OH)D < 50
nmol/L)'® and a conservative estimate for studies which used different criteria. Although our
review included a large number of studies and individuals, all studies were observational, and

results could be subject to small-study effects.
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Vitamin D remains an attractive biomarker and potential therapeutic agent in acute and critical
care patients. Our review suggests that high quality focussed studies in each relevant paediatric
population are needed first, which could then be followed by trials to establish safety and

appropriate treatment regimens in children with acute or critical illness.
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Main Figures
Figure 1 Flow chart of study selection process

Figure 2 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children by study design.
Forest plot shows results from the random effects model. Each diamond represents the pooled proportion of 25(OH)D
deficiency for each of the subgroups (case-control, cohort, cross-sectional study designs). The diamond at the bottom
represents the overall pooled proportion of all the 52 studies together. Each square shows the prevalence estimate of
each study and the horizontal line across each square represents the 95% confidence interval (CI) of the prevalence
estimate.

Figure 3 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor variables;
A clinical setting and B country groups are shown on the x-axis and the effect measure logit transformed proportion
shown on the vertical (y-axis). NICU = Neonatal Intensive Care Unit; PICU = Pediatric Intensive Care Unit; grp =
country group; country group 1 = USA, Chile, Australia, Canada, Ireland, Japan, Spain; country group 2 = South
Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and country group 3 = Bangladesh, Thailand, and India

Figure 4 Pooled prevalence estimate for vitamin D deficiency in children with sepsis. Forest plot shows result
from the random effects model. The diamond represents the overall pooled proportion of 25(OH)D deficiency from
the meta-analysis of the 18 studies. Each square shows the prevalence estimate of each study and the horizontal line
across each square represents the 95% confidence interval (CI) of the prevalence estimate.

Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient acute
and critically ill children. Forest plot shows result from the random effects model. Diamond represents the
overall OR (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the
horizontal line across each square represents the 95% confidence interval (CI) of the estimate.

Supplementary Material

Additional Tables

Additional Table 1 PRISMA Checklist 2009

Additional Table 2A Search terms used in OVID

Additional Table 2B Search terms used in PubMed

Additional Table 3A Newcastle Ottawa study quality scoring system (cohort studies)
Additional Table 3B Newcastle Ottawa study quality scoring system (case-control studies)

Additional Table 3C Newcastle Ottawa study quality scoring system (cross sectional studies)
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Additional Table 4A Circulating 25(OH)D threshold levels used in the selected studies

Additional Table 4B Circulating 25(OH)D threshold levels used in the selected studies for prevalence in sepsis
Additional Table 5 Studies with thresholds other than <50 nmol/L

Additional Table 6 Excluded studies

Additional Table 7 Characteristics of the 52 included studies

Additional Table 8 Objectives and outcomes of included studies

Additional Table 9 Assay used in each study to measure Vitamin D levels

Additional Table 10 Funding and ethical approval of included studies

Additional Table 11 Age groups of children in each study

Additional Table 12 Prevalence of vitamin D deficiency in each study of acute and critically ill children (sorted from
highest to lowest)

Additional Table 13 Characteristics of studies used in the meta-analysis for prevalence

Additional Table 14 Sensitivity analyses for prevalence of vitamin D deficiency in acute and critically ill children
Additional Table 15 Multivariate meta-regression model for prevalence

Additional Table 16 Characteristics of studies included in the meta-analysis for prevalence in individuals with sepsis

Additional Table 17 Sensitivity analyses for prevalence of vitamin D deficiency in acute and critically ill children
with sepsis

Additional Table 18 Sensitivity analyses for mortality

Additional Figures
Additional Figure 1 Funnel plot of studies of prevalence of vitamin D deficiency in acute and critically ill children

Additional Figure 2 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children
(subgroup analysis by country group)

Additional Figure 3 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children
(subgroup analysis of neonates versus all other age groups)

Additional Figure 4 Bubble plots of univariate meta-regressions.
Additional Figure 5 Funnel plot for prevalence of vitamin D deficiency in acute and critically ill children with sepsis

Additional Figure 6 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children with
sepsis (subgroup analysis by study design)
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Additional Figure 7 Funnel plot of risk of mortality in vitamin D deficient versus vitamin D non-deficient acute and
2 critically ill children

3 Additional Figure 8 Pooled odds ratio and 95% CI for risk of mortality in vitamin D deficient versus vitamin D non-
4 deficient acute and critically ill children (fixed effects model)
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Figure 2 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children by study
design. Forest plot shows results from the random effects model. Each diamond represents the pooled
proportion of 25(OH)D deficiency for each of the subgroups (case-control, cohort, cross-sectional study
designs). The diamond at the bottom represents the overall pooled proportion of all the 52 studies together.
Each square shows the prevalence estimate of each study and the horizontal line across each square

represents the 95% confidence interval (CI) of the prevalence estimate.
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Figure 4 Pooled prevalence estimate for vitamin D deficiency in children with sepsis. Forest plot shows result
from the random effects model. The diamond represents the overall pooled proportion of 25(0OH)D deficiency
from the meta-analysis of the 18 studies. Each square shows the prevalence estimate of each study and the
horizontal line across each square represents the 95% confidence interval (CI) of the prevalence estimate.
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Additional Table 1 PRISMA Checklist 2009 |

: q Aot Reported on
Section/topic # Checklist item P
page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured 2 | Provide a structured summary including, as applicable: background; objectives; data 2-3
summary sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. 4-5
Objectives 4 | Provide an explicit statement of questions being addressed with reference to 6-8
participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), | 9
registration and, if available, provide registration information including registration number.
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report 5-7
characteristics (e.g., years considered, language, publication status) used as criteria for
eligibility, giving rationale.
Information 7 | Describe all information sources (e.g., databases with dates of coverage, contact with 6-7
sources study authors to identify additional studies) in the search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, including any limits 6 and
used, such that it could be repeated. supplementary
material
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic | 6-7
review, and, if applicable, included in the meta-analysis).
Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in 7
process duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) 7-8
and any assumptions and simplifications made.
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including 8
individual studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.
Summary 13 | State the principal summary measures (e.g., risk ratio, difference in means). 8
measures
Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, 8-10
results including measures of consistency (e.g., I?) for each meta-analysis.

Additional Table 1 PRISMA Checklist 2009
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Section/topic
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Checklist item

Reported on
page #

Risk of bias across 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 8
studies publication bias, selective reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 9-10 and 15
regression), if done, indicating which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, 10
with reasons for exclusions at each stage, ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, 14-19
characteristics PICOS, follow-up period) and provide the citations. (supplementary
material)
Risk of bias within 19 | Present data on risk of bias of each study and, if available, any outcome level 5-7
studies assessment (see item 12). (supplementary
material)
Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple 13,15,18 and
individual studies summary data for each intervention group (b) effect estimates and confidence intervals, | supplementary
ideally with a forest plot. material
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and 13 and
measures of consistency. supplementary
material pages
32-36
Risk of bias across 22 | Present results of any assessment of risk of bias across studies (see Item 15). 5-7
studies (supplementary
material)
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, supplementary
meta-regression [see Item 16]). material pages
32-36
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for each main 19-21
evidence outcome; consider their relevance to key groups (e.g., healthcare providers, users, and
policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level 20-22
(e.g., incomplete retrieval of identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and 22
implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply 22

of data); role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097 For more
information, visit: www.prisma-statement.org.
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Additional Table 2A Search terms used in OVID

1.  Vitamin D

2. Sepsis or septic shock

3. Vitamin D or cholecalciferol* or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol
4. Intensive care unit* or critical care

S.

6. Multiple organ dysfunction syndrome or multiple organ failure
7. (land2)or5

8. ((Qlor3)and2or4

9. (lor3)and?2

10. (1 or3)and4

11. (lor3)and5

12.  Sepsis

13.  multi* organ dysfunction syndrome or multiple organ failure
14.  multi* organ dysfunction syndrome or multi* organ failure

15. (2or8)and3

16. critical* ill or acute condition* or intensive care unit

17.  child* or pediatric*

18. vitamin D or cholecalciferol or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol
19. 15and 16 and 17

20. Vitamin D blood levels or 25-hydroxyvitamin

21. 5and3and 15 and 16

22. 2and 15and 16 and 17

23. l16and2

24. 16 and 2 and 3

25. Pediatric*

26. Pediatric* and 5 and 2

27. 24and3and 15
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Additional Table 2B Search terms used in PubMed

Term searched

1. Vitamin D.mp.

2.  (sepsis or septic shock).mp.

3. (vitamin D or cholecalciferol* or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol).mp.

oNOYTULT D WN =

4. (intensive care unit* or critical care).mp.

9 5. (multi* organ dysfunction syndrome or multiple organ failure).mp.

11 6.  (critical* ill or acute condition* or intensive care unit).mp.

12 7. (toddler or infant or child* or neonate* or baby or teenager or pediatric* or paediatric*).mp.

8. 3and6and2and?7
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Additional Table 3A Newcastle Ottawa study quality scoring system (cohort studies)

Study Selection Comparability QOutcome

Representat | Selection of the | Ascertainment Demonstration that | Comparability  of | Assessment of | Was follow-up long | Adequacy of | Number

iveness of | non-exposed of exposure outcome of interest was | cohorts on the basis | outcome enough for outcome to | follow up of | of stars

the exposed | cohort not present at the start | of the design or occur (=28 days after | cohorts (out of 9

cohort of the study analysis (maximum admission to the ICU) total)

2 stars)
Ebenezer 2016 1 1 1 1 0 1 0 1 6
Sankar 2016 1 1 1 1 2 1 0 1 8
Rippel 2012 1 1 1 1 1 1 1 1 8
Madden 2012 1 1 1 1 2 1 0 1 8
McNally 2012 1 1 1 0 1 1 1 1 7
Dayal 2014 1 1 1 1 0 1 0 1 6
Ayulo 2014 1 1 1 1 2 1 0 0 7
Bustos 2016 1 1 1 0 2 1 0 1 7
Prasad 2015 1 1 1 0 2 1 0 1 7
Onwuneme 1 1 1 1 2 1 0 1 8
2015 (2)
Inamo 2011 1 1 1 0 1 1 0 1 6
Shah 2016 1 1 1 1 0 1 0 1 6
Lopez 2016 1 1 1 1 2 1 0 1 8
Garcia-Soler 1 1 1 1 2 1 0 0 7
2017
Sankar 2017 1 1 1 1 2 1 0 1 8
Asilioglu 2017 1 1 1 1 1 1 0 1 7
Halwany 2017 1 1 1 1 1 1 0 0 6
Hurwitz 2017 1 1 1 0 1 1 0 1 6
Banajeh 2009 1 1 1 0 1 1 1 1 7
Badawi 2017 1 1 1 1 1 1 1 1 8
Vo 2018 1 1 1 1 2 1 0 1 8
Mathias 2017 1 1 1 1 0 1 0 1 6
The  Newcastle-Ottawa Scale  (NOS) for  assessing  the quality of non-randomised studies in  meta-analyses. Available  at:
http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp.
7
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Additional Table 3B Newcastle Ottawa study quality scoring system (case-control studies)

Study SELECTION COMPARABILITY EXPOSURE Number of stars
(out of 9 total)

Is the case | Representati | Selection of | Definition of | Comparability of cases | Ascertainment of | Same method of | Non-

definition veness of the | controls controls and controls on the basis | exposure ascertainment for | response

adequate? cases of the design or analysis cases and controls | rate

(maximum 2 stars) (yes or no or 0 star
if no mention)

Wayse 2004 1 1 0 0 1 1 1 1 6
Karatekin 2009 1 1 0 0 1 1 1 1 6
Roth 2009 1 1 0 1 1 1 1 0 7
Roth 2010 1 1 1 1 2 1 1 0 8
Cetinkaya 2015 1 1 0 0 0 1 1 1 6
Onwuneme 2015 (1) 1 1 0 1 2 1 1 1 8
Cizmeci 2015 1 1 0 0 2 1 1 1 7
Korwutthikulrangsri 1 1 0 0 0 1 1 1 5
2015
Elmoneim 2016 1 1 0 0 0 1 1 1 5
Narang 2016 1 1 0 0 1 1 1 1 6
Dinlen 2016 1 1 0 0 1 1 1 1 6
Ahmed 2015 1 1 0 1 2 1 1 1 8
Cayir 2014 1 1 0 0 2 1 1 1 7
Say 2017 1 1 0 0 2 1 1 0 6
Basha 2014 1 1 0 1 2 1 1 0 7
Jia 2017 1 1 0 1 1 1 1 1 7
Jat 2016 1 1 0 1 2 1 1 1 8
Moreno-Solis 2015 1 1 0 1 1 1 0 1 6
Sakka 2014 1 1 0 1 2 1 1 1 8
Hebbar 2014 1 1 0 0 1 1 1 1 6
Rey 2014 1 1 1 1 1 1 1 1 8
Ponnarmeni 2016 1 1 0 0 0 1 1 1 6
El-Gamasy 2017 1 1 1 0 2 1 1 0 7
Khakshour 2015 1 1 0 0 1 1 1 0 5
Dhandai 2018 1 1 0 0 1 1 1 1 6
Li 2018 1 1 1 1 2 1 1 0 8

The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical epidemiology/oxford.asp.
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1
2
3 Additional Table 3C Newcastle Ottawa study quality scoring system (cross-sectional studies)
4 SELECTION (Maximum 5 stars) COMPARABILITY (Maximum 2 stars) OUTCOME (Maximum 3 stars)
5
6 Study Representativene | Sample size Non- Ascertainment | Subjects in different outcome groups are | Assessment of the Statistical test Number of stars
7 ss of the sample respondents of the exposure | comparable, based on the study design | outcome (max=2 (max=1 star) (out of 10 total)
8 (risk factor) or analysis. Confounding factors are | stars)
controlled.

9 Yaghmaie 2017 1 0 0 0 1 1 1 4
10Alvarez 2016 1 0 0 1 1 2 1 6
11 Alonso 2015 1 0 0 1 1 1 1 5

' Binks 2014 1 0 0 1 1 2 1 6

“The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. Available at:

: 3 http://www.ohri.ca/programs/clinical epidemiology/oxford.asp.
i
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1 Additional Table 4A Circulating 25(OH)D threshold levels used in the selected studies
2 Study Number of cases 25(OH)D categories (as given) Number of cases in each
category
3 Asilioglu 2017 250 Deficiency: <20 ng/mL 120
4 Sufficiency: >=20 ng/mL 85
5 Halwany 2017 102 Deficiency: <20 ng/ml 38
6 Insufficiency: 20-29.9 ng/ml 39
“Normal” levels: 30 ng/ml 25
7 Hurwitz 2017 90 Deficiency: <20 ng/mL 11
8 Garcia-Soler 2017 340 Deficiency: <20 ng/mL 149
9 Insufficiency: 20-30 ng/mL 128
10 25(0OH)D levels: 30-40 ng/mL 41
Optimal levels >40 ng/mL 22
1 Badawi 2017 88 Deficiency: < 50nmol/l 39
12 Severe deficiency: <30 nmol/l 30
13 Jia 2017 110 Severe deficiency: <10 ng/ml 36
14 Deficiency: 10-20 ng/ml 56
15 Insufficiency: 21-30 ng/ml 17
Sufficiency: >30 ng/ml 1
16 Yaghmaie 2017 82 Deficiency: <30 ng/ml 53
17 Sufficiency: >=30 ng/ml 29
18 Say 2017 100 Severe deficiency (group 1) <5 ng/mL. 63
19 Insufficiency (group2): 5 to 15 ng/mL 24
Sufficiency (group 3) >15 ng/mL 13
20 El-Gamasy 2017 80 Serious deficiency: < 30 nmol/L 26
21 Insufficiency: 30-75 nmol/L 27
22 Adequate levels >75 nmol/L 27
23 Sankar 2017 43 Severe deficiency: serum 25 (OH) D <10 ng/mL 31
Shah 2016 154 25(0H)D < 20 ng/mL 128
24 25(0H)D >20 ng/mL 26
25 Ponnarmeni 2016 124 Deficiency: < 50nmol/L 63
26 Insufficiency: 50-75 nmol/L 31
27 <75, insufficient and deficient 94
28 Sufficiency: >75 nmol/L 30
29 Sankar 2016 101 Deficiency: <20 ng/mL 75
30 Severe deficiency: <15 ng/mL 62
‘No deficiency’: > 20 ng/mL 26
31 Bustos 2016 90 Deficiency: <20 ng/ml 39
32 Normal levels: >20 ng/ml 51
33 Ebenezer 2016 52 Deficiency: < 20ng/mL 21
34 Insufficiency: 20-30 ng/ml 12
35 ‘Normal levels: > 20 ng/L 31
Elmoneim 2016 21 Deficiency: < 20 ng/mL 17
36 Insufficiency: 20-30 ng/mL 4
37 Normal levels: > 30 ng/mL 9
38 Jat 2016 50 Deficiency: <20 ng/ml 42
39 Insufficiency: 20-30 ng/ml 2
Sufficiency: >=30 ng/ml 1
40 Narang 2016 50 “Severe deficiency”: <20ng/ml 28
41 Dinlen 2016 30 Deficiency: <=15 ng/mL 26
42 Severe deficiency: <=5 ng/mL 3
43 Lopez 2016 347 25-OHD levels: <10 ng/mL 19
25-OHD levels: 10-20 ng/mL 65
Zg 25-OHD levels: 20-30 ng/mL 134
46 Alvarez 2016 50 25(0H) D levels: <20 ng/mL 29
47 25(0H) D levels: 20-30 ng/mL 37
Onwuneme 2015 (1) 120 25(0OH)D levels: <50nmol/L 71
48 25(0H)D levels: >50nmol/L 49
49 Onwuneme 2015 (2) 94 25(0H)D levels: <20 ng/mL 86
50 25(0OH)D levels: < 30 nmol/L 60
51 25(0OH)D levels: >=30 nmol/L 34
Prasad 2015 80 Deficiency: < 20 ng/ml 67
52 Sufficiency: > 20 ng/mL 13
53 Moreno-Solis 2015 48 Deficiency: <20 ng/ml 9
54
55
56
57
58 10
59
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Insufficiency: 21-29 ng/ml 16
Sufficiency: >30 ng/ml 23
Alonso 2015 288 Deficiency: <20 ng/ml 45
<10 ng/ml 6
Korwutthikulrangsri 2015 32 Deficiency: < 20 ng/ml 25
Insufficiency: 20-29.9 ng/ml 7
Sufficiency: > 30 ng/mL 0
Khakshour 2015 37 Deficiency: <20 ng/mL 9
Cizmeci 2015 40 Deficiency: <20 ng/ml 28
Insufficiency: 21-29 ng/ml 7
Normal levels: >30 ng/ml 5
Cetinkaya 2015 50 Severe deficiency: <10 ng ml™? 42
Insufficiency: 11 to 32 ng ml* 8
Ayulo 2014 216 Deficient: < 15 ng/ml 61
Insufficient: 15-29 ng/mL 102
Sufficient: > 30 ng/mL 53
Dayal 2014 92 Deficiency: <50 nmol/L 23
Insufficiency: 50-75 nmol/L 41
Sufficiency: > 75 nmol/L 28
25(0H) D levels: < 75 nmol/L 64
‘Non-deficiency’: > 50 nmol/L 69
Hebbar 2014 61 Deficiency: < 10 ng/mL 10
Insufficiency: 10 to 20 ng/mL 27
Sufficiency: > 20 ng/mL 24
Rey 2014 156 Deficiency: < 20 ng/mL 46
25(0OH)D levels: > 20 ng/mL 110
Ahmed 2014 50 Deficiency: <50 nmol/L 15
Basha 2014 81 Deficiency: <50 nmol/L 53
Insufficiency: <75 nmol/L 14
Normal level: >75 nmol/L 14
Sakka 2014 96 Severe deficiency: 0-5 ng/mL 29
Deficiency: 5-15 ng/mL 49
Insufficiency: 15— 20 ng/mL 11
Sufficiency: 20-100 ng/mL 7
Cayir 2014 88 Normal levels: 20 ng/mL 38
Insufficiency: 15-20ng/mL 18
Deficiency: <15ng/mL 32
Binks 2014 74 25(0H) D levels: < 50 nmol/L 11
Madden 2012 511 25(0H) D levels: < 10 ng/mL 36
25(0H) D levels: 10-19.9 ng/mL 169
Deficiency: < 20 ng/ml 205
Insufficiency: <30 ng/mL 364
Rippel 2012 316 Deficiency: < 50 nmol/L 109
‘Normal levels’: >50 nmol/L 207
Madden 2012 511 25(0OH)D levels: < 10 ng/mL 36
25(0OH)D levels: 10-19.9 ng/mL 169
Deficiency: < 20 ng/mL 205
Insufficiency: <30 ng/mL 364
McNally 2012 326 Deficiency: < 50 nmol/L 225
25(0OH)D levels: 50 to 75 nmol/L 75
‘Not deficient’: > 50 nmol/L 101
Inamo 2011 28 25(0OH)D levels: < 10 ng/mL 4
25(0OH)D levels: < 15 ng/mL 8
25(0OH)D levels: < 25 ng/mL 12
25(0OH)D levels: < 40 ng/mL 28
Roth 2010 25 25(0OH)D levels: < 40 nmol/L 21
Banajeh 2009 79 Deficiency: <30 nmol/L 29
Karatekin 2009 25 Serum 25(0OH)D <10 (deficiency) 19
Serum 25(0OH)D 11 to 20 (deficiency) 4
Serum 25(0OH)D 21 to 32 (insufficiency) 1
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Serum 25(0OH)D 32 to 100 (sufficiency)

Roth 2009

64

<40 nmol/L

Wayse 2004

80

Plasma 25(0OH)D3 > 22.5 nmol/L

26

Plasma 25(0OH)D3 > 50 nmol/L

Mathias 2017

41

25(0OH)D < 20 ng/ml

28

25(0OH)D < 30 ng/ml

36

oNOYTULT D WN =

Dhandai 2018

60

Deficiency: < 20 ng/ml

38

Insufficiency: <29 ng/ml

17

Optimum: 30-50 ng/ml

Vo 2018

1016

25(0OH)D < 20 ng/ml

298

20-29.9 ng/ml

352

>=30 ng/ml

366

13 Li 2018

797

Severe deficiency: < 10 ng/mL

159

Deficiency: 10-20 ng/mL

286

Insufficiency: 20— 30 ng/mL

223

Sufficiency: > 30 ng/mL

127

16 25(OH)D in nmol/L = 25(OH)D in ng/mL multiplied by 2.496
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Additional Table 4B Circulating 25(0OH)D threshold levels used in the selected studies for prevalence in sepsis
Study Number of cases 25(0OH)D categories (as provided by each study) Number of cases
1 Asilioglu 2017 30 Deficiency: <20 ng/mL 20
2 sepsis Sufficiency: >=20 ng/mL 10
3 Say 2017 100 Severe deficiency (group 1) <5 ng/mL. 63
4 neonatal sepsis Insufficiency (group2): 5to 15 ng/mL 24
Sufficiency (group 3) >15 ng/mL 13
5 El-Gamasy 2017 46 Serious deficiency: < 30 nmol/L 20
6 sepsis Insufficiency: 30-75 nmol/L 18
7 Adequate levels >75 nmol/L 8
8 Sankar 2017 43 Severe deficiency: serum 25 (OH) D <10 ng/mL 31
septic shock
9 “shah 2016 100 25(0H)D <20 ng/mL 84
10 sepsis 25(0H)D >=20 ng/mL 26
11 Ponnarmeni 2016 124 Deficiency: <50nmol/L 63
12 SEpss Insufficiency: 50-75 nmol/L 31
13 <75, insufficient + deficient 94
14 Sufficiency: >75 nmol/L 30
T Bustos 2016 10 Deficiency: < 20 ng/ml 7
15 sepsis intraabdominal Normal levels: > 20 ng/mL 3
16 Ebenezer 2016 16 25(0H)D <20 ng/mL 8
17 shock 25(0OH)D >=20 ng/mL 8
18 Onwuneme 2015 (1) 35 25(0OH)D <50 ng/mL 32
culture positive sepsis 25(0OH)D >=50 ng/mL 3
19 Onwuneme 2015 (2) 46 Deficiency: < 30 nmol/L 32
20 culture positive sepsisand | Sufficiency: > 30 nmol/L 14
21 late-onset sepsis
22 Prasad 2015 11 25(0OH)D <20 ng/mL 9
positive blood culture 25(0OH)D >=20 ng/mL 2
23 Korwutthikulrangsri 2015 17 25(0OH)D <20 ng/mL 14
24 shock and septicaemia 25(0OH)D >=20 ng/mL 3
25 Cizmez 2015 40 Deficiency: <20 ng/ml 28
26 suspected sepsis Insufficiency: 21-29 ng/ml 7
- Normal levels: >30 ng/ml 5
27 Dayal 2014 9 25(0OH)D <20 ng/mL 4
28 nosocomial sepsis 25(0OH)D >=20 ng/mL 5
29 Hebbar 2014 30 25(0OH)D <20 ng/mL 17
30 shock and/or Sepsis 25(0OH)D >=20 ng/mL 13
31 McNally2012 48 25(0H) D levels: <50 nmol/L 33
32 septic 25(0OH) D levels: >50 nmol/L 15
< Mathias 2017 41 25(0H)D < 20 ng/ml 28
33 sepsis, severe sepsis or 25(0OH)D < 30 ng/ml 36
34 septic shock
35 Dhandai 2018 60 Deficiency: < 20 ng/ml 38
sepsis Insufficiency: <29 ng/ml 17
36 Optimum: 30-50 ng/ml 5
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58 13
59

60

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 49 of 84

oNOYTULT D WN =

BMJ Open

Additional Table 5 Studies with thresholds other than < 50 nmol/L

Study Threshold used by study
Roth 2009 < 40 nmol/L

Roth 2010 < 40 nmol/L

Say 2017 <=15 ng/mL (37.4 nmol/L)
Inamo 2011 <=15 ng/mL (37.4 nmol/L)
Ayulo 2014 <=15 ng/mL (37.4 nmol/L)
Dinlen 2016 <=15 ng/mL (37.4 nmol/L)
Onwuneme 2015 (2) < 30 nmol/L

Yaghmaie 2017 < 30 ng/mL (74.88 nmol/L)
El-Gamasy 2017 < 30 nmol/L

Banajeh 2009 < 30 nmol/L

Sankar 2017 <=10 ng/mL (24.9 nmol/L)
Cetinkaya 2015 <=10 ng/mL (24.9 nmol/L)
25(0OH) D values nmol/L = ng/mL * 2.496
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Additional Table 6 Excluded studies

Study Design Sample size Characteristics of pediatric population Country Reasons for exclusion of
paper
Seliem 2016 Hospital-based Cases, n=30 Cases: group 1, full-term neonates with EOS and their mothers. Egypt Requested data without reply or
case-control Controls, n=30 Controls, group 2: 30 full-term healthy neonates and their mothers with no data not available
clinical or laboratory evidence of sepsis.
Gamal 2017 Case-control Cases, n=50 Cases: neonates with early onset neonatal sepsis that occurred at <72 hours Egypt Requested data without reply or
Control, n= 30 Controls: Age and sex healthy neonates with no prenatal risk factor for early data not available
neonatal sepsis enrolled in the study as a control group.
Aydemir 2014 Hospital-based Cases, n=40 Cases: children with sepsis between 1 and 16 years old Turkey Requested data without reply or
case control Controls, n= 20 Controls: children without sepsis data not available
Garg 2016 Hospital-based Cases, n=40 Cases: children from 6 months to 5 years of age admitted or attending OPD | India Requested data without reply or

case-control

Controls, n=40

in department of Pediatrics.

Controls: children receiving care at the Hospital’s ambulatory, emergency or
in-patient units and presenting with non-respiratory complaints also not
having any clinical indication of vitamin D deficiency.

data not available

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

15



Page 51 of 84

oNOYTULT D WN =

BMJ Open

Additional Table 7 Characteristics of the 52 included studies

Study Design Number of cases Characteristics of population Country Vitamin D thresholds Quality
(controls, where and setting as defined by the score
appropriate) study (NOS)
Historical 250 Cases: aged 1 month to <18 years Turkey, Deficiency: <20 7
Asilioglu 2017 cohort PICU ng/mL
(single
centre)
Halwany 2017 Cohort 102 Cases: children aged >1 month to <5 Egypt, Deficiency: <20 ng/ml
(single years PICU Insufficiency: 20-29.9 6
centre) ng/ml
“Normal” levels: 30
ng/ml
Hurwitz 2017 Prospective 90 Cases: aged <5 years hospitalized with USA, PICU | Deficiency: <20
cohort LRTI and RSV and/or hMPV ng/mL 6
(single
centre)
Cohort 340 Cases: aged 6 months to 17 years Spain, Deficient: <20 ng/mL
Garcia-Soler 2017 (single Critically ill with various conditions PICU Insufficiency: 20-30 7
centre) ng/mL
25(0OH)D levels: 30-40
ng/mL
Optimal levels >40
ng/mL
Badawi 2017 Cohort 88 Cases: 1 month to 12 years Egypt, Deficiency: <
(single PICU 50nmol/I, 8
centre) Severe deficiency: <30
nmol/l
Jia 2017 Hospital- 110 (110) Cases: infants (< 1 year of age) with China, Severe deficiency: <10 7
based case- ALRTI PICU ng/ml
control Controls: Healthy from similar areas Deficiency: 10-20
(single attending the hospital for vaccination ng/ml
centre) during study period Insufficiency: 21-30
ng/ml
Sufficiency: >30 ng/ml
Cross 82 Cases: hospitalized in PICU Iran, PICU Deficiency: <30 ng/ml 4
Yaghmaie 2017 sectional
(single
centre)
Say 2017 Case- 100 (13) Cases: premature infants less than 37 Turkey, Severe deficiency
control weeks diagnosed with early or late -onset | NICU (group 1) <5 ng/mL. 6
(single neonatal sepsis Insufficiency (group2):
centre) Controls: From same population of 5 to 15 ng/mL
neonates with sepsis but not vitamin D Sufficiency (group 3)
deficient >15 ng/mL
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Case- 80 (20) Cases: 3 months to 12 years hospitalized | Egypt, Seriously deficient: <
control with acute kidney injury PICU 30 nmol/L
El-Gamasy 2017 (single Controls: completely healthy subjects Insufficient: 30-75
centre) nmol/L
Adequate >75 nmol/L
Sankar 2017 Cohort 43 Cases: <=17 years of age India, PICU | Severe vitamin D
(single deficiency: serum 25
centre) (OH) D <10 ng/mL
Shah 2016 Cohort 154 Cases: aged between 1 month and 15 India, PICU | Deficiency: <20
(single years pg/mL
centre)
Ponnarmeni 2016 Case- 124 (338) Cases: aged 1-12 years admitted with a India, PICU | Deficiency: <50
control diagnosis of sepsis nmol/L
(single Controls: from previous prospective Insufficiency: 50-75
centre) study, apparently healthy children of nmol/L
upper socioeconomic status who attended Sufficiency: >75
the  out-patient  department  for nmol/L
immunization or with minor ailments
Sankar 2016 Cohort 101 Cases: aged 1 month to 17 years India, PICU | Deficiency: <20
(single ng/ml
centre) Severe deficiency:
<15 ng/mL
Bustos 2016 Cohort 90 Cases: critically ill, greater than 37 Chile, Deficiency: < 20 ng/ml
(single weeks and less than 15 years of age PICU Normal levels: > 20
centre) ng/mL
Cohort 52 Cases: <18 years of age; medical and India, PICU | Deficiency: <20
(single surgical diagnoses ng/ml
centre) Insufficiency: 20-30
Ebenezer 2016 ng/ml
Normal levels: >20
ng/L
Elmoneim 2016 Case- 30 Cases: aged less than 14 years Saudi Deficiency: < 20ng/ml
control Controls: with “normal” vitamin D levels | Arabia, Insufficiency: 20-30
(single PICU ng/mL
centre) Normal: > 30 ng/mL
Hospital- 50 (50) Cases: 1 month to 12 years of age India, PICU | Deficiency: < 20 ng/ml
Jat 2016 based case- admitted with pneumonia Insufficiency: 20-30
control Controls: admitted for reasons other than ng/ml Sufficiency: >=
(single respiratory symptoms, required blood 30 ng/ml
centre) sampling
Hospital- 50 (50) Cases: 2 months to 5 years of age India, PICU | Severe deficiency:
based case- admitted as in-patients or seen in the < 20ng/ml
Narang 2016 control outpatient department with ALRI
(single Controls: healthy, same age group,
centre) attending outpatients’ service for

immunization or admitted for minor
conditions other than ALRI
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Dinlen 2016 Hospital- 30 (30) Cases: term neonates with ALRI Turkey, Deficient: <= 15
based case- Controls: healthy neonates, same age as NICU ng/mL
control the study group. Severe deficiency: <=
(single 5 ng/mL
centre)
Lopez 2016 Prospective 347 Cases: 0 to >48 months admitted to | Spain, 25-OHD levels: <10
cohort hospital with ALRI prospectively | PICU ng/mL
(multi recruited through the GENDRES 25-OHD levels: 10-20
centre) (GENetic,vitamin D and RESpiratory ng/mL
infections research network) 25-OHD levels: 20-30
ng/mL
Cross- 50 Cases: patients aged 0 to 18 years USA, PICU | 25(0OH)D < 20 ng/mL
Alvarez 2016 sectional 25(0OH)D < 30 ng/mL
(single
centre)
Case- 120 (30) Cases: with suspected sepsis (<12 years | Ireland, 25(0H) D levels: <50
control old) PICU nmol/L
Onwuneme 2015 (single Controls: paediatric controls admitted for 25(0H) D levels: >50
@) centre) elective day case surgery during the same nmol/L
study period and were not suspected of
having sepsis
Cohort 94 Cases: preterm infants <32 weeks | Ireland, Deficiency: < 30
(single gestation NICU nmol/L
Onwuneme 2015 centre) Sufficiency: > 30
(2) nmol/L
Prasad 2015 Cohort 80 Cases: 2 months to 12 years old India, PICU | Deficiency: < 20 ng/ml
(single Sufficient: > 20 ng/mL
centre)
Hospital- Cases: aged 1-11 months with acute Spain, Deficiency: < 20 ng/ml
Moreno-Solis 2015 | based case- 48 (30) bronchiolitis PICU Insufficiency: 21-29
control Controls: healthy, <12 months, admitted ng/ml Sufficiency: >
(single to the outpatient clinic without 30 ng/ml
centre) respiratory symptoms or history of
hospitalization for bronchiolitis or
wheezing
Cross 288 Cases: aged 1 month to 13 years Spain, Deficient: <20 ng/ml
Alonso 2015 sectional PICU and < 10 ng/ml
(single
centre)
Nested 32 (36) Cases: requiring PICU admission Thailand, Deficiency: < 20
case- Controls: Healthy, enrolled during the | PICU ng/mLI
Korwutthikulrangsri | control same period of time and served as the Insufficiency: 20-29.9
M 2015 (single control group (age in months) ng/ml
centre) Sufficiency: > 30
ng/mL
Khakshour 2015 Case- 37 (53) Cases: below 5 years of age and suffering | Iran, PICU Deficiency: < 20
control from respiratory infections ng/mL

Controls: those who were not suffering
from respiratory infections
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Cizmeci 2015 Case- 40 (43) Cases: infants with suspected early-onset | Turkey, Deficiency: <20 ng/ml
control neonatal sepsis. NICU Insufficiency: 21-29
(single Controls: For each newborn of group 1, ng/ml
centre) one healthy infant selected as a control Normal levels: > 30
ng/ml
Cetinkaya 2015 Hospital- 50 (50) Cases: term infants with clinically | Turkey, Severe deficiency: <10
based case- suspected (probable) early infection | NICU ng ml~*
control (early-onset sepsis) within the first 3 Insufficiency: 11 to 32
(single postnatal days of life and were >37 weeks ng ml!
centre) of gestational age Adequacy: 32 to 100
Controls: healthy infants with no signs of ng ml~!
clinical/laboratory infection
Cohort 216 Cases: between the ages of 1 and 21 years | Spain, Deficient: < 15 ng/ml
Ayulo 2014 (single PICU Insufficient: 15-29
centre) ng/mL
Sufficient: > 30 ng/mL
Cohort 92 Cases: Children aged 3 months to 12 | India, PICU | Deficiency: <50
(single years nmol/L
centre) Insufficiency: 50-75
Dayal 2014 nmol/L
Sufficiency: > 75
nmol/L
25(0H) D levels: < 75
nmol/L
Hebbar 2014 Case- 61 (46) Cases: children 0 to 18 years USA, PICU | Deficient: <10 ng/ml
control Controls:  patients recruited among Insufficient: 10 to 20
(single children in the magnetic resonance ng/ml
centre) imaging suite. Sufficient: > 20 ng/mL
Rey 2014 Case- 156 (289) Cases: heterogeneous group of critically | Spain, Deficient: <20 ng/ml
control ill children aged <16 years PICU
(single Control group for comparison: population
centre) of healthy children
Hospital- 50 (50) Cases: aged 2-60 months hospitalized | Africa, Deficiency: <50
Ahmed 2014 based case- with ALRI PICU nmol/L
control Controls: age-matched with cases within
(single 1 or 2 months, attending well-child clinics
centre) or general clinics without evidence of
respiratory infection or admitted to the
hospital for elective surgery
Basha 2014 Hospital- 81 (89) Cases: under 5 years old with severe Egypt, Deficiency: < 50
based case- pneumonia selected from the inpatient PICU nmol/L
control departments and emergency units of the Insufficiency: < 75
(single hospital nmol/L
centre) Controls: healthy, selected from the Sufficiency: > 75

outpatient surgical clinics of the hospital
during their visit for umbilical or
inguinal hernia repair and not suffering

nmol/L
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from upper or lower respiratory
infections

Population 96 (96) Cases: <2 years old with ALRI, 48 Egypt, Severe deficiency: 0-5
Sakka 2014 based case- diagnosed with pneumonia and 48 with PICU ng/mL Deficiency: 5—
control bronchiolitis 15 ng/mL
(single Controls: age and sex matched with no Insufficiency: 15— 20
centre) respiratory symptoms or signs from the ng/mL Sufficiency:
Health office 20-100 ng/mL
Hospital- 88 (81) Cases: 1 to 13 years diagnosed with acute | Turkey, Normal levels: 20
based case- otitis media PICU ng/mL
Cayir 2014 control Controls: Healthy same age range Insufficiency: 15-
(single 20ng/mL
centre) Deficiency: <15ng/mL
Binks 2014 Cross- 74 Cases: aged <3 years admitted with acute | Australia, 25(0H) D levels: < 50
sectional lower respiratory infections (ALRIs) or | PICU nmol/L
other conditions
Cohort 511 Cases: less than 21 years old USA, PICU | 25(0OH) D levels: < 10
(single ng/mL
Madden 2012 centre) 25(0H) D levels: 10-
19.9 ng/mL
Deficiency: < 20 ng/ml
Insufficiency: < 30
ng/mL
Rippel 2012 Cohort 316 Cases: children aged 16.5 (3.1-75.2) | Australia, Deficiency: < 50
(single months PICU nmol/L
centre) “Normal” levels: > 50
nmol/L
Cohort 326 Cases: Newborn to 17 years of age Canada, Deficiency: < 50
McNally 2012 (multi- PICUs nmol/L
centre) 25(0H) D levels:
50 to 75 nmol/L
Inamo 2011 Cohort 28 Cases: between 1 and 48 months | Japan, Deficiency: < 15ng/ml
(single hospitalized with ALRI, 26 diagnosed | PICU Severe deficiency:
centre) with bronchiolitis and two as having < 5ng/mL
pneumonia
Hospital- 25 (25) Cases: 1-18 months hospitalized with | Bangladesh, | Deficiency: < 40
based case- ALRI PICU nmol/L
control Controls: selected by population-based
Roth 2010 (single sampling. aged 1-23 months, and
centre) matched to cases on age (+2 months) and
sex
Banajeh 2009 Prospective 79 Cases: 2-59 months with WHO-defined | Iran, PICU Deficiency: < 30
cohort very severe community acquired (VSP) nmol/L
(single pneumonia
centre)
Karatekin 2009 Hospital- 25 (15) Cases: newborns with acute respiratory | Turkey, Deficiency: < 20 ng/ml
based case- infections NICU
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control, Controls: healthy, age matched from
(single outpatients’ service where they went for
centre) immunization.
Hospital- 64 (65) Cases: aged 1-25 months admitted with | Canada, Deficiency: < 40
based case- ALRI PICU nmol/L
Roth 2009 control Controls: aged 1-25 months undergoing
(single elective  surgery, no history of
centre) hospitalization for ALRI
Wayse 2004 Hospital- 80 (70) Cases: < 5 years with severe ALRI India, PICU | Deficiency: Plasma
based case- Controls: healthy, attending outpatients 25(0OH)D3 <50
control, service for immunization nmol/L
(single
centre)
Prospective 41 Cases: less than 18 years admitted with | USA, PICU | 25(OH)D levels < 20
Mathias 2017 cohort diagnosis of sepsis, severe sepsis or septic ng/ml
(single shock. 25(0OH)D levels <30
centre) ng/ml
Case- 60 (60) Cases: neonates admitted with late-onset | India, Deficiency: < 20 ng/ml
Dhandai 2018 control sepsis (LOS) NICU Insufficiency: <29
(multi- Controls: neonates admitted during same ng/ml
centre) period with clinically significant Optimum: 30-50 ng/ml
physiological hyperbilirubinaemia
(without sepsis)
Vo 2018 Prospective 1016 Cases: Infants less than twelve months | USA, PICU | 25(OH)D < 20 ng/ml
cohort old hospitalized for bronchiolitis 25(0OH)D: 20-29.9
(multi- ng/ml
centre) 25(0OH)D >= 30 ng/ml
Li 2018 Case- 797 (785) Cases: children with pneumonia or | China, Severe deficiency: <
control pneumonia-induced sepsis group PICU 10 ng/mL
(single- Deficiency: 10-20
centre) ng/mL
Insufficiency: 20— 30
ng/mL
Sufficiency: > 30
ng/mL

LRTI = lower respiratory tract infection; PICU = paediatric intensive care unit; RSV = respiratory syncytial virus; ALRI = acute
lower respiratory infection; WHO = World Health Organization; VSP = very severe community acquired pneumonia; NICU =

neonatal intensive care unit.
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Additional Table 8 Objectives and outcomes of included studies

Study

Objectives/aims of study

Main outcome(s) and conclusion(s)

Madden 2012

Prevalence of vitamin D deficiency in critically ill children and
factors influencing admission 25-hydroxyvitamin D (25(0OH)D)
levels

Identified high prevalence of vitamin D deficiency and insufficiency in critically ill
children. Inverse association severity of illness on admission and 25(OH) levels

Lopez 2016

Role of Vitamin D in Children hospitalized with Lower Tract Acute
Respiratory Infections

25-hydroxyvitamin D levels of study population below normal range. Correlation
of higher disease severity with lower levels of 25-hydroxyvitamin D.

Garcia-Soler 2017

Prevalence and risks factors of vitamin D deficiency, as well as its
relationship with length of PICU stay morbidity and mortality in a
PICU.

Vitamin D deficiency is frequent in paediatric critical patients. It also has an
association with higher severity scores, season of year and parental educational
attainment.

Vitamin D levels associated with various laboratory parameters of SIRS. Vitamin
D deficiency associated with increased risk of morbidity and mortality.
Inconclusive findings on its association with PICU length of stay were inconclusive

McNally 2012 Prevalence of vitamin D deficiency, risk factors and potential | Most of critically ill children vitamin D deficient at PICU admission. Lower
association with clinically relevant outcomes in critically ill children | 25(OH) D levels associated with increased catecholamine requirements, fluid bolus
in Canada. administration, hypocalcemia, and longer PICU admission.

Rippel 2012 Prevalence of hypovitaminosis D and association with outcome in | Hypovitaminosis D is frequent in critically ill children in PICU, especially in infants
critically ill children requiring admitted in intensive care. and children with heart disease. Hypovitaminosis D associated with hypocalcemia

in non-cardiac population, and increased need for calcium replacement in the
cardiac population.

No association between vitamin D status and survival or PICU length of stay.
Strong association with early postoperative inotropic needs in the cardiac
population.

Alonso 2015 Investigate  relationship of serum  25-hydroxyvitamin D | Results doubt the assumption that a serum 250H D threshold indicates vitamin
concentrations with serum parathyroid hormone (PTH) levels, body | D deficiency in children.
mass index (BMI), and environmental factors in a population of
Caucasian children living at latitude 43°N.

Asilioglu 2017 Measure occurrence of VDD in critically ill children. Assess | Hypovitaminosis D occurrence high in critically ill children and associated with
determinants of vitamin D status and compare vitamin D deficient | higher vasopressor requirement. Not associated with other markers of illness
and sufficient cases in respect of severity of illness. severity including mortality.

Ayulo 2014 Prevalence of vitamin D deficiency among children in PICU Vitamin D deficiency common. No significant correlation between disease severity

and vitamin D levels levels of vitamin D. Mortality associated with vitamin D levels

Rey 2014 Identify prevalence of 25 hydroxivitamin D or 25(0OH) vitamin D | Hypovitaminosis D incidence high in PICU patients. Hypovitaminosis D not
deficiency on pediatric intensive care unit (PICU) admission, and if | associated with higher prediction of risk mortality scores.
associated with increased prediction of mortality risk scores.

Shah 2016 Determine prevalence of vitamin D deficiency High prevalence of vitamin D deficiency. Parathyroid gland response secondary

in critically ill children its association with illness severity,
parathyroid response and clinical outcomes.

vitamin D deficiency or hypocalcemia impaired in critically ill.

Ponnarmeni 2016

Vitamin D deficiency in critically ill children with sepsis admitted
to PICU and its association with: mortality, length of stay, illness
severity, requirement for ventilation and catecholamines

High prevalence of vitamin D deficiency
No significant association between vitamin D deficiency and other outcomes such
as mortality

Onwuneme 2015 (1)

Assess vitamin D status, and its determinants, in chidren with
suspected sepsis admitted to PICU. Also investigated association
between vitamin D status and clinical outcomes.

Children admitted to the PICU with suspected sepsis lower 250H D compared to
controls. Inadequate 25 OH D levels associated with confirmed sepsis and poor
outcomes.

Jia 2017

Association of vitamin D with ALRTI in Chinese infants

Lowered plasma level of 25-OH Vitamin D makes children susceptible to ALRTI.

Halwany 2017

Frequency of vitamin D deficiency in critically ill pediatric intensive
care unit [PICU] patients and relation to state of serum 25(OH) D to
disease severity.

High prevalence of vitamin D deficiency in critically ill children.
Negative correlation of Vitamin D level with PELOD score. Recommend screening
of critically ill children for vitamin D deficiency to restore their serum levels.
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Sankar 2016 Prevalence of vitamin D deficiency on admission and examine | High prevalence of vitamin D deficiency. Vitamin D deficient children with longer
association with length of ICU stay ICU stay duration or mortality

Say 2017 Evaluate effects of low vitamin D levels in cord blood on neonatal No significant relationship between the cord blood vitamin D levels and the risk
sepsis in preterm infants. of neonatal sepsis in premature infants.

Sakka 2014 Determine the relation between vitamin D deficiency, anemia and Vitamin D deficiency, low BMI, low hemoglobin level, rachitic signs were risk

the severity of ALRTIs in hospitalized children.

factors for the severity of ALRTISs.

Onwuneme2015 (2)

Investigate the association between serum 25-hydroxyvitamin D
(250HD) levels and outcomes in preterm infants (<32 weeks
gestation).

High prevalence of low 250HD. Association between vitamin D status and acute
respiratory morbidity in preterm infants after birth. In none of the following
outcomes was the difference statistically significant: surfactant use, inotrope
requirement, RDS, pneumothorax, pulmonary hemorrhage, chronic lung disease,
sepsis, retinopathy of prematurity, intraventricular hemorrhage, periventricular
leucomalacia, patent ductus arteriosus, and mortality

Dayal 2014 Prevalence of vitamin D deficiency Reduced serum vitamin D levels in children
Association of serum vitamin D levels with duration of stay in
hospital, mortality and requirement of ventilation

Bustos 2016 Determine prevalence of vitamin D deficiency and its association | Vitamin D deficiency was prevalent in critically ill children and associated with
with other clinically relevant outcomes in children admitted to | adverse clinical outcomes.

Paediatric Intensive Care Unit

Hurwitz 2017 Measure retinol binding protein and vitamin D in children aged <5 | Low vitamin levels in 50% of the children and associated with significantly
years hospitalized with lower respiratory tract infection and | elevated risk of the need for intensive care unit admission and invasive
respiratory syncytial virus and/or human meta pneumovirus | mechanical ventilation.
detections

Cayir 2014 Investigate the relationship between Vitamin D deficiency and Serum 25-hydroxy vitamin D levels significantly lower in children with acute
acute otitis media infection otitis media compared to the controls. Vitamin D deficiency plays a role in otitis

media infection.

Badawi 2017 Investigated if VDD is related to higher severity scores and organ | VDD prevalence was reported in about half of the critically ill patients, and it was
dysfunction. Primary objective of study was to estimate the | observed to be related to multiple organ dysfunctions and rapid clinical
prevalence of VDD in a group of critically ill children, and | deterioration.
secondary objectives was to correlate vitamin D status with pediatric
logistic organ dysfunction (PELOD) and pediatric risk ofmortality
111 (PRISM 111 scores.

Yaghmaie 2017 Investigate relation of vitamin D deficiency with potential | Vitamin D deficiency among paediatric intensive care unit patients similar to
demographic and clinical factors. western countries, also with similar age and BMI distribution. Significant relation

observed between age and serum level of vitamin D.
Basha 2014 Aimed to evaluate vitamin D status as a risk factor for severe | Significant association between vitamin D deficiency and severe pneumonia in

pneumonia in Egyptian hospitalized children under 5 years

Egyptian children below 5 years

Prasad 2015

Prevalence of vitamin D deficiency in critically ill children and
association with illness severity& other outcomes

High prevalence of vitamin D deficiency in critically ill children and association
with PRISM I11 scores in a developing country.

Groups did not differ in terms of PICU stay, duration of hospital stay, culture
positivity, biochemical parameters (serum calcium, serum phosphate), need of
ventilation or steroids, presence of coagulopathy and mortality.

Wayse 2004

If vitamin D deficiency in Indian children under 5 years old of age
is risk factor for severe acute lower respiratory infection (ALRI).

Subclinical vitamin D deficiency & nonexclusive breastfeeding in four first months
of life found to be significant risk factors for severe ALRI in Indian children.

El-Gamasy 2017

Assess serum 25 (OH)D level in critically ill paediatric patients with
AKI at PED of Tanta University Emergency Hospital (TUEH)
within the first 24 hours of admission and evaluate its correlation
with duration of hospital stay and mortality outcome.

Vitamin D deficiency associated with higher incidence of sepsis and mortality.
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Banajeh 2009

Determine if rickets and VDD predict the outcomes in very severe
pneumonia (VSP).

In WHO-defined VSP, nutritional rickets was strongly associated with a reduced
successful treatment outcome, and VDD was a significant and independent
predictor of reduced circulating PMNs and persistent hypoxemia.

Binks 2014 Aimed to determine prevalence of vitamin D insufficiency among | Vitamin D insufficiency was observed in about one-third of these hospitalised
children hospitalised with ALRI in the Northern Territory. children. Children hospitalised with an ALRI less likely to have vitamin D
insufficiency compared with children hospitalised for other conditions
(predominantly gastroenteritis).
Roth 2009 Test the hypothesis that vitamin D status is associated with the risk | Among children aged 1 month to 2 years, vitamin D status not associated with ALRI
of ALRI in Canadian children (1 month to 2 years old) requiring hospitalization
Hebbar 2014 Prevalence of vitamin D insufficiency and relationship between | High prevalence of vitamin D deficiency
vitamin D levels infection and innate immunity Serum vitamin D levels - no correlation with illness severity score
Ebenezer 2016 Determine vitamin D status and association with outcomes Vitamin D deficiency common among pediatric patients
No association between vitamin D status and admission and mortality such as
higher mortality and/or longer PICU stay
Deficiency associated with mechanical ventilation severity of illness, vasopressor
need
Narang 2016 Identify an effective nutritional agent that reduces the need for | Severe vitamin D deficiency (<20 ng/ml), nonexclusive breastfeeding in the first
antibiotics, duration of pneumonia and length of hospitalization | six months of life, inadequate sun exposure found to be significant risk factors for
would be highly cost-beneficial. ALRTI in Indian children.
Alvarez 2016 Study aimed to investigate relationship between vitamin D status Vitamin D sufficiency was associated with more reduced plasma hCySS, indicative

and plasma markers of lutathione (GSH) and cysteine (Cys) redox
and immunity in critically ill children

of lower oxidative stress, in critically ill children. Plasma GSH, GSSG, and
glutamine, however, were lower in the vitamin D sufficient group. Vitamin D role
in maintaining redox status during pediatric critical illness requires further study.

Cetinkaya 2015

Evaluate the effect of vitamin D levels on early-onset sepsis (EOS)
in term infants

Lower maternal and neonatal 25-OHD levels associated with EOS. Suggest that
adequate vitamin D supplementation during pregnancy may be helpful to prevent
EOS in term neonates.

Ahmed 2014

Examine relationship between vitamin D status and hospitalization
for ALRTI in Nigerian children.

ALRTI not associated with vitamin D status, but associated with less exposure to
sunlight. Exposure to sunlight & vitamin D supplementation contributed to vitamin
D status in this population.

Jat 2016

Evaluate Vitamin D levels and its correlation with severity and
outcome of pneumonia in children.

Majority (86.4%) of children were vitamin D deficient. Vitamin D levels were
found different in cases and controls and were not related to severity and outcome
of pneumonia.

Sankar 2017

Evaluate association of severe vitamin D deficiency with clinically
important outcomes in children with septic shock.

Prevalence of severe vitamin D deficiency is high in children with septic shock
admitted to pediatric intensive care unit. Severe vitamin D deficiency at admission
seems to be associated with lower rates of shock reversal at 24 hours of ICU stay.

Cizmeci 2015

Investigate if neonates with early-onset neonatal sepsis (EONS) had
lower levels of vitamin D

Cord-blood 25(0OH) D levels of neonates with EONS significantly lower than that
of the healthy controls, and a low level of cord-blood vitamin D was found to be
associated with an increased risk of EONS. Further studies are warranted to confirm
this association.

Khakshour 2015

Clarify the association between vitamin D deficiency and acute
respiratory infection in children below age 5 years.

The group of children with respiratory disorders, 9 (42.9%) exhibited vitamin D
deficiency. No meaningful statistical relation vitamin D deficiency with acute
respiratory infections (p>0.05)

Korwutthikulrangsri
2015

Determine vitamin D status in critically ill children and its
relationship with adrenal function

Higher prevalence of vitamin D deficiency in critically ill children in comparison
to controls. Patients vitamin D deficiency had higher median (IQR) PRISM 111 score
and higher proportion of mortality than those with serum 25-OHD of equal or more
than 12 ng/mL.

Elmoneim 2016

Association of the level of vitamin D on admission & length of stay
in the PICU, or duration of mechanical ventilation.

High prevalence of vitamin D deficiency among PICU patients & significant
association with increased LOS and need for mechanical ventilation. Not
significant association with mortality rate.
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Dinlen 2016

Determine the association between serum 25-hydroxy vitamin D
[25(0OH)D] levels and acute respiratory tract infections (ALRTI) in
newborns

Lower blood 25(0H) D levels might be associated with increased risk of ALRTI in
term newborn babies. Appropriate vitamin D supplementation during pregnancy
and early childhood may enhance newborns’ respiratory health.

Moreno-Solis 2015

Examine prevalence of hypovitaminosis D in infants with acute
bronchiolitis compared with control subjects and to evaluate the
relationship between serum 25-hydroxyvitamin D (25(0OH) D) and
the severity of bronchiolitis.

Prevalence of hypovitaminosis D is high in Spanish infants with bronchiolitis. The
severity of acute bronchiolitis increases with a decline in serum 25 (OH) D level.

Inamo 2011

Relationship between serum vitamin D concentrations and severity
of ALRI in hospitalized children in Japan.

Significantly more children with ALRI that required supplementary oxygen and
ventilator management were vitamin D deficient. Findings suggest:
immunomodulatory properties of vitamin D may influence the severity of ALRI.

Karatekin 2009

Association of serum 25-hydroxy vitamin D concentrations in
newborns with acute lower respiratory infection (ALRI) and without
clinical signs of rickets, and their mothers

Newborns with subclinical vitamin D deficiency may have an increased risk of
suffering from ALRI. Strong positive correlation between newborns’ and mothers’
25(0OH) D concentrations indicates that adequate vitamin D supplementation of
mothers should be emphasized during pregnancy especially in winter months.

Roth 2010

Investigate association between vitamin D status and ALRI

Vitamin D status associated with ALRI in early childhood.
Randomized trials needed to establish if interventions to improve vitamin D status
could reduce burden of ALRI in early childhood.

Mathias 2017

Determination of association of 25(OH)D with cathelicidin and DBP
(D binding protein) in children with sepsis

No association between vitamin D and cathelicidin or DBP (D binding protein)
levels

Dhandai 2018

Assess vitamin D deficiency as possible risk factor for late-onset
sepsis in term and late preterm neonates

Vitamin D deficient neonates are at greater risk for late onset sepsis compared to
those with sufficient vitamin D levels

Vo 2018

Investigate the association between circulating 25-hydroxyvitamin
D status upon admission and disease severity in infants hospitalized
for bronchiolitis. Also, to determine if the association differs by the
form of 25(0OH)D (total, bioavailable or free 25 (OH) D.

Infants with total 25 (OH) D < 20 ng/ml had higher risk of intensive care and longer
hospital length-of-stay

Li 2018

Assess vitamin D nutritional status of children of 3 days to 14 years
and investigated the relationship between community-acquired
pneumonia and serum 25(0OH)D level

Children with low serum 25 (OH) D levels may be at higher risk of receiving
mechanical ventilation and presenting with multiple organ dysfunction. Vitamin D
supplementation could be beneficial for the treatment and prevention of CAP
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Additional Table 9 Assay used in each study to measure Vitamin D levels

Assay

Paper

Total Number of studies

Radioimmunoassay

Madden 2012; Inamo 2011; Karatekin 2009; Roth 2009; Roth 2010;
Sakka 2014; Moreno-Solis 2015; Khashour 2015

8

Competitive binding enzyme linked Basha 2014 1
immunoassay
Binding protein assay Onwuneme 2015 (2) 1
Liquid chromatography-mass spectrometry McNally 2012; Korwutthikulrangsri 2015; Binks 2014; Cetinkaya 2015; 7
Cizmeci 2015; Asilioglu 2017; Onwuneme (1)
Chemiluminescence immunoassay or Alonso 2015; Rey 2014; Sankar 2016; Shah 2016; Prasad 2015; Ahmed 13
chemiluminescent tracer 2015; Lopez 2016; Alvarez 2016; Say 2017; Sankar 2017; Jat 2017
Mathias 2017; Li 2018
ELISA Ponnarmeni 2016; Hebbar 2014; EImoneim 2016; Narang 2016; Jia 2017; | 9
El-Gamasy 2017; Halwany 2017; Banajeh 2009; Badawi 2017
ELFA (enzyme linked fluorescent assay) Bustos 2014 1
Electrochemiluminescence Immunoassay Dayal 2014, Ebenezer 2016, Garcia Soler 2017; Cayir 2014; 4
(ECLIA)
Clinical Laboratory Improvement Hurwitz 2017 1
Amendments—approved Vitamin D assay
(Elecsys; Roche Diagnostics, Indianapolis,
Indiana)
Commercial immunoassay lit (I RIA Diasorin Wayse 2004, Ayulo 2014, 2
UK)
Immunoassay analyzer Rippel 2012 1
APPLIED 3200 Biosystem Dinlen 2016 1
Not reported Yaghmaie 2017; Dhandai 2018 2
Abbott Architect assay (Abbott, Waukegan, Vo 2018 1

Illinois)
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Additional Table 10 Funding and ethical approval of included studies

Study Funding Approval of study and ethics
Madden 2012 Reported Children’s Hospital Boston institutional review board. Informed consent obtained from family.
Lopez 2016 Reported Approved by the Ethical Committee of Clinical Investigation of Galicia (CEIC ref 010/015) and all of the regional ethics

committees of the participant centres informed consent forms were obtained from either a parent or legal guardian for each
subject before study inclusion.

Garcia-Soler 2017

Not reported

Study protocol approved by regional research ethics committee. Obtained informed consent from family of patients. Data
recorded anonymously (encrypted electronic database).
Project adhered to the principles of Declaration of Helsinki and standards for good clinical practice.

McNally 2012 Reported Resga.rch ethics board approval for vitamin D sub study obtained from 6 centers, representing 337 of the original 389 study

Rippel 2012 Not Reported pAi)r;t)lrc(:s:gtls)y Ethics Committee of The Royal Children’s Hospital Melbourne

Alonso 2015 Reported Regional Ethics Committee of the Principality of Asturias

Asilioglu 2017 Not reported Approval of study by the Local Ethics Committee of Ondokuz Mayis University (Samsun, Turkey).

Ayulo 2014 Not reported Institutional Review Board: Montefiore Medical Centre

Rey 2014 Reported Hospital Ethics Committee

Shah 2016 Reported Ethical approval obtained from Institutional ethics committee. Parents of children satisfying criteria gave written informed
consent for participation of their child in the study.

Ponnarmeni 2016 Not reported The institution’s ethics committee. Informed consent obtained

Onwuneme 2015 (1) Reported Approval by ethics committees of: Children’s University Hospital, Temple Street and Our

Lady’s Children’s Hospital, Dublin, Ireland. Participants were informed and provided written consent before recruitment.

Jia 2017 Not reported Approved by Human Ethical Committee of Affiliated Hospital of Yan’an University, Yan’an. Informed consent was taken
from mothers and/or parent of infants.

Halwany 2017 Not reported Approval by the Medical Ethics Committee of the Faculty of Medicine, Alexandria University

Sankar 2016 Not reported Institutional Ethics committee. Informed consent obtained

Say 2017 Not reported Approval by the local Ethics Committee and informed parental consent was obtained for all infants.

Sakka 2014 Not reported Not reported

Onwuneme2015 (2) Reported Ethics Committee of National Maternity Hospital. Informed written consent obtained from parents before recruitment

Dayal 2014 Not reported Ethics Committee of the Institute. Informed consent obtained.

Bustos 2016 Reported Comité Etico Cientifico del Servicio de Salud de Concepcion

Hurwitz 2017 Reported Informed consent obtained and study protocol approved by the Institutional Review Boards at the University of Tennessee,
St Jude Research Hospital, and the Centers for Disease Control and Prevention.

Cayir 2014 Not reported Approval from the institutional ethics committee and consent from the parents of all children in the study.

Badawi 2017 Not reported Children’s Cairo University institutional review board approved study. Informed consent obtained from parents

Yaghmaie 2017 Not reported Study carried out in accordance with the Declaration of Helsinki, and the ethics committee of the Tehran University of

Medical Sciences approved the protocols of the study. Records of patients” were kept confidential. Patients’ consent provided
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for blood sampling and vitamin D serum level was assessed from patients’ files, so no invasive method or extra blood
sampling was done.

Basha 2014 Not reported Oral consent from the mothers.
Prasad 2015 Not reported Institutional review board approved the protocol. Written informed consent obtained from parents or guardians.
Wayse 2004 Reported Information not provided

El-Gamasy 2017

Not reported

Study approved from the Ethical Committee of the Faculty of Medicine, Tanta University.
Informed verbal or written parental consents from all subjects involved in the study.

Banajeh 2009 Reported Protocol approved and described in previous paper
Binks 2014 Reported Testing performed after approval by the Human Research Ethics Committee of the Northern
Territory Department of Health and Menzies School of Health Research
Roth 2009 Reported Caregiver of each participant provided written informed consent and completed a questionnaire
Study approved by the Human Research Ethics Board of the University of Alberta Health Sciences Faculties
Hebbar 2014 Reported Institutional Review Boards of Emory University and Children’s Healthcare Atlanta
Informed consent obtained
Ebenezer 2016 Reported Institutional Review Board (IRB), Informed consent from parents
Narang 2016 Not reported Not reported
Alvarez 2016 Reported Study approved by both the Emory University and Children’s Healthcare of Atlanta Institutional Review Boards, and
informed consent was obtained from patients’ guardians prior to any study procedures
Cetinkaya 2015 Not reported Study protocol approved by the local Ethics Committee. Informed parental consent was obtained for all infants
Ahmed 2014 Not reported Informed written or oral consent obtained from the parents, and the study was approved by the
National Hospital Abuja Ethics Committee
Jat 2016 Not reported Ethics committee approval was taken before commencing the study. Parent’s informed consent was taken before enrolling
children into study.
Sankar 2017 No funding Study approved by the institutional ethics committee.
Cizmeci 2015 Reported Acquisition of cord-blood was approved by the local ethics committee of Fatih University Medical School.
Khakshour 2015 Not reported Obtained informed consent from parents, data collection done using demographic questionnaire

and serum level of 25-dehydroxycalcciferol was measured. Samples taken by a trained nurse at admission based on physician's
orders.

Korwutthikulrangsri 2015

Not reported

Ramathibodi Hospital Ethics Committee. Written informed consent from legal guardians of all participants

Elmoneim 2016

Reported

MCH hospital Ethics Committee approved study protocol

Dinlen 2016

Not reported

Study approved by the Local Ethics Committee. All parents fully informed about this investigation as well as its aim. Written
consent was obtained from all parents.

Moreno-Solis 2015

Reported

Written informed consent obtained from parents or legal guardian of all enrolled children. Protocol of study approved by the
Ethics Committee before the beginning of this study.

Inamo 2011

Not reported

Ethics Committee of Nihon University Nerima-Hikarigaoka Hospital. Informed consent obtained from the parents of all
patients before inclusion in the study.

Karatekin 2009

Not reported

Study approved by the Institution’s Ethics Committee, and informed consent was obtained from the study participants.

Roth 2010

Reported

Approved by The Johns Hopkins Bloomberg School of Public Health Institutional Review Board and the ethics committee of
the Bangladesh Institute for Child Health at the Dhaka Shishu Hospital, Bangladesh. Signed permission prior to enrolment
from parents/guardians.
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Mathias 2017

Reported

The institution’s Human Investigation Committee approved the study after a full board review and informed consent obtained

Dhandai 2018

Not reported

The institute’s ethics committee approved the study and informed written consent had been given by their parents or guardians

Vo 2018 Reported The institutional review boards at all participating sites approved the protocol and informed consent obtained from the infants’
parents/legal guardians
Li 2018 Not reported Protocols for the study and written consent approved by the ethics committee of the Capital Institute of Pediatrics at Beijing,

China
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Additional Table 11 Age groups of children in each study

First author, date Age group

Wayse 2004 <5 years

Karatekin 2009 Neonates

Roth 2009 <2 years

Roth 2010 1-18 months

Inamo 2011 <4 years

Madden 2012 <21 years

Rippel 2012 16.5 (3.1 to 75.2) months
McNally 2012 Newborn to 17 years
Ayulo 2014 1 to 21 years

Dayal 2014 3 months to 12 years
Hebbar 2014 0 to 18 years

Rey 2014 <16 years

Cetinkaya 2015 >37 weeks
Onwuneme (1) 2015 <12 years

Onwuneme (2) 2015

<32 weeks gestation

Prasad 2015 2 months to 12 years
Alonso 2015 1 month to 13 years
Korwutthikulrangsri 2015 79 (61) cases; 92 (40) controls months
Cizmeci 2015 Neonates

Shah 2016 1 month to 15 years
Ponnarmeni 2016 1to 12 years

Sankar 2016 1 month to 17 years
Bustos 2016 >37 weeks and <15 years
Ebenezer 2016 <18 years

Elmoneim 2016 <14 years

Narang 2016 2 months to 5 years
Dinlen 2016 Neonates

Lopez 2016 0 to >48 months
Alvarez 2016 0 to 18 years
Garcia-Soler 2017 6 months to 17 years
Sankar 2017 <17 years

Ahmed 2015 2 to 60 months
Cayir 2014 110 13 years

Say 2017 <37 weeks

Asilioglu 2017 <=18 years

Basha 2014 <5 years

Jia 2017 <1 year

Jat 2017 1 month to 12 years
Yaghmaie 2017 Age range not stated
El-Gamasy 2017 3 months to 12 years
Binks 2014 <3 years

Halwany 2017 >1 month to <=5 years
Badawi 2017 1 month to 12 years
Moreno-Solis 2015 1 to 11 months
Sakka 2014 <2 years

Hurwitz 2017 <5 years

Banajeh 2009 2 to 59 months
Khakshour 2015 <5 years

Mathias 2017 <= 18 years

Dhandai 2018 Neonates

Vo 2018 < 12 months

Li 2018 3 days to 14 years
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Additional Table 12 Prevalence of vitamin D deficiency in each study of acute and

critically ill children (sorted from highest to lowest)

Study Prevalence of vitamin D Number of vitamin D Total
deficiency (%0) deficient children number of
children

Wayse 2004 95.00 76 80
Sakka 2014 92.70 89 96
Karatekin 2009 92.00 23 25
Onwuneme2015 (2) 91.48 86 94
Say 2017 87.00 87 100
Dinlen 2016 86.70 26 30
Cetinkaya 2015 84.00 42 50
Jat 2016 84.00 42 50
Roth 2010 84.00 21 25
Prasad 2015 83.75 67 80
Jia 2017 83.64 92 110
Shah 2016 83.11 128 154
Korwutthikulrangsri 2015 78.12 25 32
Sankar 2016 74.26 75 101
Sankar 2017 72.09 31 43
Cizmeci 2015 70.00 28 40
Mathias 2017 70.00 28 41
McNally 2012 69.02 225 326
Basha 2014 65.43 53 81
Yaghmaie 2017 64.63 53 82
Dhandai 2018 63.30 38 60
Hebbar 2014 60.66 37 61
Onwuneme 2015 (1) 59.16 71 120
Alvarez 2016 58.00 29 50
Cayir 2014 56.82 50 88
Elmoneim 2016 56.67 17 30
Narang 2016 56.00 28 50
Li 2018 55.83 445 797
Ponnarmeni 2016 50.81 63 124
Asilioglu 2017 48.00 120 250
Badawi 2017 44.30 39 88
Garcia-Soler 2017 43.82 149 340
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Bustos 2016 43.30 39 90
Ebenezer 2016 40.38 21 52
Madden 2012 40.12 205 511
Halwany 2017 37.25 38 102
Banajeh 2009 36.71 29 79
Rippel 2012 34.49 109 316
El-Gamasy 2017 32.50 26 80
Ahmed 2014 30.00 15 50
Rey 2014 29.49 46 156
Vo 2018 29.33 298 1016
Inamo 2011 28.50 8 28
Dayal 2014 25.00 23 92
Khakshour 2015 24.32 9 37
Lopez 2016 24.20 84 347
Alonso 2015 15.63 45 288
Ayulo 2014 15.63 61 216
Binks 2014 14.86 11 74
Moreno-Solis 2015 13.33 9 48
Hurwitz 2017 12.22 11 90
Roth 2009 4.69 3 64
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Additional Table 13 Characteristics of studies used in the meta-analysis of prevalence

Study Total Total number of | Country, setting Age range Design Quality
number of vitamin D score
patients deficient (NOS)

patients

Vo 2018 1016 298 USA, PICU < 12 months cohort 8

Li2018 797 445 China, PICU 3 days to 14 years case-control 8

Madden 2012 511 205 Boston US, PICU <21 years cohort 8

Lopez 2016 347 84 Spain, hospitalised 0 to >48 months cohort 8

Garcia-Soler 2017 340 149 Spain, PICU 6 months to 17 years cohort 7

McNally 2012 326 225 Canada, PICU newborn to 17 years of cohort 7

age

Rippel 2012 316 109 Australia, PICU 16.5 (3.1-75.2) months | cohort 8

Alonso 2015 288 45 Spain, PICU 1 month to 13 years Cross 5

sectional

Asilioglu 2017 250 120 Turkey, PICUs <= 18 years cohort 6

Ayulo 2014 216 61 Spain, PICU 1 month to 13 years Cross 5

sectional

Rey 2014 156 46 Spain, PICU <16 years case-control 8

Shah 2016 154 128 India,PICU 1 month-15 years cohort 6

Ponnarmeni 2016 124 63 India, PICU aged 1-12 years case-control 6

Onwuneme 2015 (1) 120 71 Ireland, PICU <12 years old case-control 8

Jia 2017 110 92 China, PICU infants <1 years old case-control 7

Halwany 2017 102 38 Alexandria, PICU >1 month to <5 years cohort 6

Sankar 2016 101 75 India, PICU 1 month to 17 years cohort 8

Say 2017 100 87 Turkey, NICU gestational age <37 case-control 6

weeks

Sakka 2014 96 89 Egypt, hospitalized | infants (<2 years old) case-control 8

Onwuneme 2015 (2) 94 86 Ireland, NICU preterm infants at <32 cohort 8

weeks gestation

Dayal 2014 92 23 India, PICU 3 months to 12 years cohort 6

Bustos 2016 90 39 Chile, PICU >37 weeks and <15 cohort 7

years

Hurwitz 2017 90 11 USA, hospitalised <5 years old cohort 6

Cayir 2014 88 50 Turkey, PICU 1 to 13 years case-control 7

Badawi 2017 88 39 Cairo, Egypt PICU | 1 month to 12 years cohort 7

Yaghmaie 2017 82 53 Iran, PICU children undefined Cross 4

sectional

Basha 2014 81 53 Cairo Egypt, PICU | <5 years old case-control 7

Prasad 2015 80 67 India, PICU 2 months-12 years cohort 7

Wayse 2004 80 76 Indapur India, <§ years case-control 6

PICU

El-Gamasy 2017 80 26 Egypt, PICU 3 months to 12 years Case-control | 7

Banajeh 2009 79 29 Iran, hospitalised aged 2—59 months cohort 7

Binks 2014 74 11 Australia, PICU <3 years old Cross 6

sectional

Roth 2009 64 3 Canada, PICU aged 1-25 months case-control 7

Hebbar 2014 61 37 Atlanta, PICU 0 to 18 years case-control 6

Dhandai 2018 60 38 India, NICU neonates case-control 6
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Ebenezer 2016 52 21 India, PICU <18 years cohort 6
Narang 2016 50 28 Punjab, India, 2 months to 5 years case-control 6
PICU
Alvarez 2016 50 29 Atlanta, PICU 0 to 18 years cross 6
sectional
Cetinkaya 2015 50 42 Instabul/Turkey, neonates case-control 6
NICU
Ahmed 2014 50 15 Nigeria, PICU 2—-60 months case-control 8
Jat 2016 50 42 India, PICU 1 month to 12 years case-control 8
Sankar 2017 43 31 India, PICU <=17 years cohort 8
Mathias 2017 41 28 USA, PICU <= 18 years cohort 6
Cizmeci 2015 40 28 Instabul/Turkey, neonates case-control 7
NICU
Khakshour 2015 37 9 Iran, hospitalized <5 years Case-control | 5
Korwutthikulrangsri 32 25 Bangkok, PICU months not more nested case- 5
2015 specific range control
Elmoneim 2016 30 17 Saudi Arabia, <14 years case-control 5
PICU
Dinlen 2016 30 26 Ankara Turkey, neonates case-control 6
NICU
Moreno-Solis 2015 48 9 Spain, PICU infants 1-11 months case-control 6
Inamo 2011 28 8 Tokyo Japan, PICU | 1-48 months cohort 6
Karatekin 2009 25 23 Istanbul Turkey, neonates case-control 6
NICU
Roth 2010 25 21 Bangladesh 1-18 months case-control 8

Studies arranged from largest to smallest total sample size. NOS = Newcastle Ottawa Score
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Additional Table 14 Sensitivity analyses for prevalence of vitamin D deficiency in acute and critically ill children

Patient category Number of studies Pooled 95% PI Pooled proportion Heterogeneity Q value, d.f. Median % (IQR)
(Total number of proportion % (95% CI) (B p-value of vitamin D
individuals; number % (95% CI) % (95% ClI) for heterogeneity deficiency
of vitamin D Fixed effects model
deficient Random effects model
individuals)
Acute and critically 40 (6,543; 3,000) 53.0 (46.4-59.5) 17.7-85.5 45.1 (43.8-46.5) 95.5 (94.5-96.2) 859.8, 39, < 0.0001 55.9 (33.4-55.9)
ill children, excluding
studies that used other
thresholds
Sample size 26 (6,094; 2,731) 51.5 (43.6-59.4) 16.5-85.2 44.0 (42.6-45.3) 96.8 (96.0-97.4) 773.1, 25, < 0.0001 46.2 (30.7-67.9)
>= 82 (large)
Sample size < 82 26 (1,340; 742) 58.2 (47.5-68.2) 13.2-92.8 54.8 (51.7-58.0) 90.9 (87.9-93.2) 275.4, 25, < 0.0001 62.0 (33.6-82.3)
(small)
Cohort studies 22 (4,456, 1,874) 48.3 (40.2-56.5) 15.7-82.4 41.0 (39.5-42.6) 95.8 (94.6-96.7) 499.6, 21, <0.0001 41.9 (30.6-68.8)
Case-control 26 (2,484, 1,461) 63.4 (54.9-71.2) 22.2-91.4 57.2 (55.1-59.4) 92.2 (89.8-94.1) 322.2, 25, < 0.0001 62.0 (52.1-84.0)
Cross sectional 4 (494, 138) 34.8 (12.8-66.0) 0.10-99.6 30.3(25.9-35.2) 96.7 (94.0-98.2) 90.4, 3, <0.0001 36.8 (15.4-59.7)
Studies from India 11 (886; 592) 68.9 (54.9-80.1) 18.3-95.6 64.0 (60.4-67.5) 96.7 (94.0 98.2) 140.2, 10, < 0.0001 72.1 (53.4-83.4)
Studies from Turkey 7 (583; 376) 76.3 (60.9-87.0) 20.9-97.5 61.0 (56.6-65.2) 91.1 (84.2-95.0) 67.5, 6, <0.0001 84 (63.4-86.8)
Studies that only 7 (399; 330) 83.0(73.1-90.0) 42.4-97.0 80.7 (76.1-84.5) 76.6 (51.0-88.9) 25.7, 6, 0.0003 86.7 (77.0-89.2)
recruited neonates
Studies with children 45 (7,035; 3,143) 49.7 (43.5-55.8) 16.1-83.5 44.2 (43.0-45.5) 95.2 (94.3-96.0) 919.9, 44, < 0.0001 48.0 (29.5-68.3)

of all other ages
except neonates

CI = confidence intervals; 12 = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <50 nmol/L (20 ng/mL)
12 statistic used to estimate heterogeneity between pooled studies: 12>= 75% was considered as high heterogeneity, Pl= Prediction interval; IQR =
interquartile range: Lower (Q1) to Upper (Q3) quartile
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Additional Table 15 Multivariate meta-regression model for prevalence

Predictors k b- se t-value p-value ci.lb ci.ub F-value | 172 (%) R”"2 (%) QE
coefficient

Full model: year + clinical setting + 52 4.14 96.0 29.6 759.8
quality score + design + country group p <0.0022
9 + total sample size

oNOYTULT D WN =

10 year -0.024 0.059 -0.419 0.677 -0.143 0.094

1 total study sample size -0.0005 0.001 -0.545 0.588 -0.002 0.001

13 country group (group 1 or 2 versus 0.996 0.359 2771 0.008 0.272 1.719
group 3)

14 clinical setting (NICU versus PICU) -1.645 0471 -3.49 0.001 2593 | -0.698

design group (cohort vs other i.e. 0.288 0.321 0.899 0.374 -0.358 0.935
case-control or cross sectional)

17 quality score 0.214 0.152 1.410 0.165 -0.092 0.521

k = number of outcomes included in the model fitting; se = standard errors of the coefficients; ci.lb = lower bound of the confidence intervals for
the coefficients; ci.ub = upper bound of the confidence intervals for the coefficients; QE = test statistic for the test of (residual) heterogeneity; 12 =
residual heterogeneity / unaccounted variability; R*2 (amount of heterogeneity accounted for; PICU = pediatric intensive care units, NICU =
neonatal intensive care units
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Additional Table 16 Characteristics of studies included in the meta-analysis for prevalence in individuals with sepsis

Study Total number of Total number of Country, setting Age Design Quality
patients with vitamin D deficient score
sepsis patients with sepsis (NOS)

Shah 2016 160 135 India, PICU 1 month to 16 years cohort 6

Asilioglu 2017 120 20 Turkey, PICU 1 month to <18 years cohort 7

Say 2017 100 87 Turkey, NICU preterm infants at <37 weeks case-control 6

gestation

Dhandai 2018 60 38 India, NICU neonates case-control 6

Ponnarmeni 2016 62 32 India, PICU 1to 12 years case-control 6

McNally 2012 48 33 Canada, PICU newborn to 17 years cohort 7

Onwuneme 2015 (2) 46 32 Ireland, NICU preterm infants at <32 weeks cohort 8

gestation

El-Gamasy 2017 46 20 Egypt, pediatric emergency 3 months to 12 years case-control 7

department
Sankar 2017 43 31 India, PICU <=17 years cohort 8

Mathias 2017 41 28 USA, PICU <=18 years cohort 6

Cizmeci 2015 40 28 Turkey, NICU neonates case-control 7

Onwuneme 2015 (1) 35 32 Ireland, PICU <12 years old case-control 8

Hebbar 2014 30 17 Atlanta, PICU 0 to 18 years case-control 6

Ebenezer 2016 16 8 India, PICU <18 years cohort 6

Korwutthikulrangsri 2015 | 12 4 Bangkok, PICU moths (<8/9) nested-case 5

control

Prasad 2015 11 9 India, PICU 2 months to 12 years cohort 7

Bustos 2016 10 7 Chile, PICU >37 weeks and < than 15 years cohort 7

Dayal 2014 9 4 India, tertiary care hospital 3 months to 12 years cohort 6
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Additional Table 17 Sensitivity analyses for prevalence of vitamin D deficiency in acute and critically ill children with sepsis

Patient category Number of studies (Total Pooled 95% PI Pooled Heterogeneity Q value, d.f. Median %
number of individuals; proportion proportion @) p-value (IQR) of
number of vitamin D (%, 95% CI) (%, 95% CI) %, 95% CI for heterogeneity vitamin D
deficient individuals) deficiency
Random effects Fixed effects

Excluding studies that | 14 (654; 395) 62.0 (47.3-74.72) | 13.3-945 | 60.4 (56.0-64.7) | 89.7 (84.5-93.2) 126.5, 13,<0.0001 | 65.8 (50.4-70.0)

used other thresholds

Sample size >= 42 9 (685; 428) 63.2 (44.6-78.5) 9.4-96.6 62.5 (58.2-66.6) | 94.3 (91.1-96.3) 139.2, 8 <0.0001 68.8 (51.6-72.1)

(large)

Sample size < 42 9 (204; 137) 64.7 (52.5-75.3) 29.5-89.0 | 64.7(57.4-71.4) | 57.9(11.8-79.9) 19.0, 8, 0.0148 68.3 (50.0-70.0)

(small)

Cohort studies 10 (504; 307) 63.2 (43.7-79.1) 8.57-96.9 | 62.5(57.5-67.4) | 92.0(87.3-94.9) 112.2,9<0.0001 69.2 (54.6-71.6)

Case-control 8 (385; 285) 64.9 (50.1-77.3) 18.6-93.8 | 63.6 (58.2-68.7) | 84.9 (72.0-91.8) 46.3, 7 <0.0001 60 (49.6-74.3)

Studies from India 7 (361; 257) 66.0 (51.4-78.1) 21.3-93.3 | 69.2(63.9-74.1) | 81.1(61.8-90.6) 31.7,6 < 0.0001 63.3 (50.8-77.0)

Studies from Turkey 3(260; 135) 59.2 (13.6-93.1) 0.00-100 51.2 (43.2-59.3) | 97.8(95.8-98.8) | 90.0, 2, < 0.0001 70.0 (43.3-78.5)

Studies that only included | 4 (246; 185) 73.7 (60.3-83.8) 15.9-97.7 | 73.5(67.3-78.9) | 76.0 (34.1-91.3) 12.5, 3, 0.0058 69.8 (68.0-74.3)

neonates

Studies that included 14 (643; 380) 60.7 (45.5-74.0) 11.8-94.7 | 58.7 (54.2-63.0) | 90.1 (85.2-93.4) 131.8, 13 < 0.0001 62.5 (45.8-71.6)

children of all other ages
except neonates

CI = confidence intervals; 1> = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <50 nmol/L (20 ng/mL).
I? statistic used to estimate heterogeneity between pooled studies: 12>= 75% was considered as high heterogeneity; PI= Prediction interval;
IQR = interquartile range: Lower (Q1) to Upper (Q3) quartile
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Additional Table 18 Sensitivity analyses for mortality. Pooled odds ratios for risk of mortality in deficient versus not deficient children

Patient category Number of Pooled OR (95% CI) Heterogeneity (I) % Q value, Eggers
studies Vitamin D deficient/ Vitamin D non-deficient 95% CI) d.f. p-value
(Total number p-value p-value for
of individuals) Random effects Fixed effects heterogeneity
Excluding studies | 14 1.59 (1.05-2.41) 1.52 (1.08-2.13) 24.3 (0.0-59.9) 17.18, p-value = 0.120
that used other | (2,030) p-value = 0.028 p-value =0.016 13,
thresholds 0.1910
Cohort studies only | 14 1.80(1.15-2.81) 1.65 (1.17-2.34) 31.3 (0.0-63.7) 18.92, p-value = 0.042
(2,197) p-value = 0.009 p-value = 0.004 13,
0.1255
Case-control 7 (266) 1.97 (0.88-4.42) 1.97 (1.02-3.82) 19.7 (0.0-87.7) 3.73, Number of studies too
studies only p-value = 0.098 p-value = 0.044 3, small to test for small
0.2916 study effects (k.min=10)
Studies from India | 7 1.08 (0.70-1.69) 1.08 (0.70-1.69) 0.0 (0.0-62.4) 4.56, Number of studies too
(646) p-value =0.710 p-value =0.710 6, small to test for small
0.589 study effects (k.min=10)

CI = Confidence Intervals; I? = I squared statistic used to estimate heterogeneity (inconsistency); df = degrees of freedom, results reported in 1 decimal
place; OR= odds ratio. Vitamin D deficiency defined as < 50 nmol/L or 20 ng/ml. We used the I? statistic to estimate heterogeneity between pooled

studies: 12>= 75% was considered as high heterogeneity.
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Additional Figures

Additional Figure 1 Funnel plot of studies of prevalence of vitamin D deficiency in acute and critically ill
children. Horizontal axis shows logit transformed proportion and the standard error of the logit transformed proportion
is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the pooled
proportion from a random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p = 0.01,
Egger’s test).

Plot A shows the funnel plot before trim and fill method was applied and B after. Solid circles in plot B represent
original data and open circles represent imputed filled studies (11 studies added) on the left-hand side of the funnel

plot.

A B
o | o |
o ¥ i o ;
T g
i i
sl Y g [RE
[} I b o it o
ot i
] : (P
o 97y © o % i4 .
;b A
o %k o S}l
o [ oo o I e
o 7 ° b o o 7] %% o °
° o,’oQ! v e © o bei 1 © ©
{3 1
Pyt £ ° © I
e ;o0 % = & ;0 b A
2 5 g 1 o 2 °, b \ o
i} o ) ! v im} ° ! i
E o] :‘ : O i C%p [o] E o] (=] 'II OII' qp ©
3 < 2 ,'I i I\ ° o S < o ° o; \ ® o
& © 7 ¢ i c o 7] ; H
8 2 ! Yo 8 % Vo
» ! i \ » { |
! . 5 J i
4 I 1 it 1
! : \ ; \
2 H y o o ; ? ©
T 1
! : L OO OO ! i 00
d | 5 h i
© o < H | © ° ! %
o ! ! h o 7 ! ¥
; | Y ! \
B i I‘\ ! Ill
f Il ) y' L
[ 1 1 r s
l| : "‘ l| .
’ ' b o o ! 3, o
T T T T T T T T T T T T T T
-3 2 1 0 1 2 3 -3 -2 1 0 1 2 3
Logit Transformed Proportion Logit Transformed Proportion

40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Additional Figure 2. Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children (by
country group). Forest plot shows results from the random effects model. Diamonds represent pooled proportion of
vitamin D deficiency for the countries in each subgroup (group 1, group2, group 3). The diamond at the bottom shows
the overall pooled estimate of all the 52 studies. Each square shows the prevalence estimate of each study and the
horizontal line across each square represents the 95% confidence interval (Cl) of the prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl Weight
group1 :

Vo 2018 298 1016 = ; 0.29 [0.27;0.32 2.1%
Madden 2012 205 511 —& : 0.40 [0.36; 0.45 2.1%
Lopez 2016 84 347 = ; 0.24 [0.20;0.29 21%
Garcia-Soler 2017 149 340 - 0.44 [0.38;0.49 2.1%
McNally 2012 225 326 i —i 0.69 [0.64;0.74 21%
Rippel 2012 109 316 - i 0.34 [0.29; 0.40 21%
Alonso 2015 45 288 - ; 0.16 [0.12;0.20 2.1%
Ayulo 2014 61 216 —— : 0.28 [0.22;0.35 2.1%
Rey 2014 46 156 —— ; 0.29 [0.22;0.37 2.1%
Onwuneme 2015 (1) 71 120 —— 0.59 [0.50; 0.68 21%
Onwuneme2015 (2) 86 94 ; —8- 0.91 [0.84;0.96 1.8%
Bustos 2016 39 90 —e— 0.43 [0.33;0.54 2.0%
Hurwitz 2017 1 90 —E— ; 0.12 [0.06; 0.21 1.9%
Binks 2014 1" 74 — i 0.15 [0.08; 0.25 1.9%
Roth 2009 3 64 —— ; 0.05 [0.01;0.13 1.5%
Hebbar 2014 37 61 —— 0.61 [0.47;0.73 2.0%
Alvarez 2016 29 50 — 0.58 [0.43;0.72 1.9%
Mathias 2017 28 41 - 0.68 [0.52;0.82 1.9%
Moreno-Solis 2015 9 48 — : 0.19 [0.09; 0.33] 1.8%
Inamo 2011 8 28 — e 0.29 [0.13;0.49 1.7%
Random effects model 4276 - : 0.37 [0.30; 0.45 39.5%
Heterogeneity: 1° = 95.5%, t* = 0.5336, p < 0.01 §

group2 :

Li2018 445 797 - 0.56 [0.52;0.59 2.1%
Asilioglu 2017 120 250 —— 0.48 [0.42;0.54 2.1%
Jia 2017 92 110 ; —&— 0.84 [0.75; 0.90 2.0%
Halwany 2017 38 102 —e— 0.37 [0.28;0.47 2.0%
Say 2017 87 100 : —— 0.87 [0.79;0.93 1.9%
Sakka 2014 89 96 : — 0.93 [0.86; 0.97 1.8%
Cayir 2014 50 88 —a 0.57 [0.46; 0.67 2.0%
Badawi 2017 39 88 —E— 0.44 [0.34;0.55 2.0%
Yaghmaie 2017 53 82 — 0.65 [0.53;0.75] 2.0%
Basha 2014 53 81 — 0.65 [0.54;0.76 2.0%
El-Gamasy 2017 26 80 —s— ; 0.32 [0.22;0.44 2.0%
Banajeh 2009 29 79 —— 0.37 [0.26; 0.48 2.0%
Cetinkaya 2015 42 50 : — 0.84 [0.71;0.93 1.8%
Ahmed 2014 15 50 — : 0.30 [0.18;0.45 1.9%
Cizmeci 2015 28 40 — 0.70 [0.53;0.83 1.9%
Khakshour 2015 9 37 — ] 0.24 [0.12;0.41 1.8%
Elmoneim 2016 17 30 — 0.57 [0.37;0.75 1.8%
Dinlen 2016 26 30 : —_— 0.87 [0.69; 0.96 1.5%
Karatekin 2009 23 25 — 0.92 [0.74;0.99 1.2%
Random effects model 2215 0.62 [0.53; 0.70; 36.1%
Heterogeneity: ?=915%, t* = 0.5125, p <0.01

group3

Shah 2016 128 154 H —— 0.83 [0.76; 0.89 2.0%
Ponnarmeni 2016 63 124 —&— 0.51 [0.42;0.60 2.1%
Sankar 2016 75 101 ; —a— 0.74 [0.65; 0.82 2.0%
Dayal 2014 23 92 — : 0.25 [0.17;0.35 2.0%
Prasad 2015 67 80 3 —— 0.84 [0.74;0.91 1.9%
Wayse 2004 76 80 : —& 0.95 [0.88;0.99 1.6%
Dhandai 2018 38 60 —— 0.63 [0.50;0.75 2.0%
Ebenezer 2016 21 52 — 0.40 [0.27;0.55 1.9%
Narang 2016 28 50 — 0.56 [0.41;0.70 1.9%
Jat 2016 42 50 : —— 0.84 [0.71,0.93 1.8%
Sankar 2017 31 43 j—— 0.72 [0.56; 0.85 1.9%
Korwutthikulrangsri 2015 25 32 P — 0.78 [0.60; 0.91 1.7%
Roth 2010 21 25 0 E——— 0.84 [0.64;0.95 1.5%
Random effects model 943 § =: 0.71 [0.58; 0.81 24.4%
Heterogeneity: /> = 91.8%, t* = 0.8997, p < 0.01 ]

Random effects model 7434 = 0.55 [0.48;0.61] 100.0%
Prediction interval [0.18; 0.87]

Heterogeneity: /> = 95.3%, t* = 0.7300, p < 0.01 f T T 1
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Additional Figure 3. Pooled prevalence estimates for vitamin D deficiency in acute and critically ill children
(neonates versus all other age groups). Forest plot shows results from the random effects model. Diamonds represent
pooled proportion of vitamin D deficiency for the studies in neonates and all other age groups. The diamond at the
bottom shows the overall pooled estimate of all the 52 studies. Each square shows the prevalence estimate of each
study and the horizontal line across each square represents the 95% confidence interval (Cl) of the prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl Weight
neonates 3

Karatekin 2009 23 25 —_—s 0.92 [0.74;0.99 1.2%
Cizmeci 2015 28 40 — 0.70 [0.53;0.83 1.9%
Dinlen 2016 26 30 : —_— 0.87 [0.69;0.96 1.5%
Cetinkaya 2015 42 50 : —— 0.84 [0.71;0.93 1.8%
Onwuneme2015 (2) 86 94 i —— 0.91 [0.84;0.96 1.8%
Say 2017 87 100 —i— 0.87 [0.79;0.93 1.9%
Dhandai 2018 38 60 —_ 0.63 [0.50;0.75 2.0%
Random effects model 399 5 0.83 [0.73; 0.90 12.2%
Heterogeneity: /% = 76.6%, 1° = 0.4533, p < 0.01 :

other :

Mathias 2017 28 41 -— 0.68 [0.52;0.82 1.9%
Vo 2018 298 1016 = ] 0.29 [0.27;0.32 2.1%
Li 2018 445 797 = 0.56 [0.52;0.59 2.1%
Rippel 2012 109 316 —— 0.34 [0.29;0.40 2.1%
Jia 2017 92 110 : —a 0.84 [0.75;0.90 2.0%
Halwany 2017 38 102 —— 0.37 [0.28;0.47 2.0%
Sakka 2014 89 96 : —= 0.93 [0.86;0.97 1.8%
Hurwitz 2017 11 90 —— : 0.12 [0.06; 0.21 1.9%
Basha 2014 53 81 — 0.65 [0.54;0.76 2.0%
Wayse 2004 76 80 : —&- 0.95 [0.88;0.99 1.6%
Banajeh 2009 29 79 —— 0.37 [0.26;0.48 2.0%
Binks 2014 i 74 —— : 0.15 [0.08;0.25 1.9%
Narang 2016 28 50 —_— 0.56 [0.41;0.70 1.9%
Ahmed 2014 15 50 — : 0.30 [0.18;0.45 1.9%
Khakshour 2015 9 a7 — 0.24 [0.12;0.41 1.8%
Moreno-Solis 2015 9 48 —s— : 0.19 [0.09; 0.33 1.8%
Inamo 2011 8 28 —a— 0.29 [0.13;0.49 1.7%
Roth 2010 21 25 _— 0.84 [0.64;0.95 1.5%
Roth 2009 3 64 —+—— : 0.05 [0.01;0.13 1.5%
Madden 2012 205 511 = : 0.40 [0.36;0.45 2.1%
Lopez 2016 84 347 = : 0.24 [0.20;0.29 2.1%
Garcia-Soler 2017 149 340 = 0.44 [0.38;0.49 2.1%
McNally 2012 225 326 S B 0.69 [0.64;0.74 2.1%
Alonso 2015 45 288 - : 0.16 [0.12;0.20 2.1%
Asilioglu 2017 120 250 —— 0.48 [0.42;0.54 2.1%
Ayulo 2014 61 216 — 0.28 [0.22;0.35 2.1%
Rey 2014 46 156 —i— : 0.29 [0.22;0.37 2.1%
Shah 2016 128 154 : — 0.83 [0.76;0.89 2.0%
Ponnarmeni 2016 63 124 —i— 0.51 [0.42;0.60 2.1%
Onwuneme 2015 (1) 7 120 —— 0.59 [0.50;0.68 2.1%
Sankar 2016 75 101 : —— 0.74 [0.65;0.82 2.0%
Dayal 2014 23 92 — : 0.25 [0.17;0.35 2.0%
Bustos 2016 39 90 — 0.43 [0.33;0.54 2.0%
Cayir 2014 50 88 —— 0.57 [0.46;0.67 2.0%
Badawi 2017 39 88 —8— 0.44 [0.34;0.55 2.0%
Yaghmaie 2017 53 82 —— 0.65 [0.53;0.75 2.0%
Prasad 2015 67 80 : — 0.84 [0.74;0.91 1.9%
El-Gamasy 2017 26 80 —8 : 0.32 [0.22;0.44 2.0%
Hebbar 2014 37 61 — 0.61 [0.47;0.73 2.0%
Ebenezer 2016 21 52 —a— 040 [0.27;0.55 1.9%
Alvarez 2016 29 50 — 0.58 [0.43;0.72 1.9%
Jat 2016 42 50 : —— 0.84 [0.71;0.93 1.8%
Sankar 2017 31 43 — 0.72 [0.56; 0.85 1.9%
Korwutthikulrangsri 2015 25 32 ;. ——— 88— 0.78 [0.60;0.91 1.7%
Elmoneim 2016 17 30 — 0.57 [0.37;0.75 1.8%
Random effects model 7035 : 0.50 [0.44; 0.56 87.8%
Heterogeneity: /% = 95.2%, 1° = 0.6427, p < 0.01 ;

Random effects model 7434 : 0.55 [0.48;0.61] 100.0%
Prediction interval [0.18; 0.87]

Heterogeneity: 1 = 95.3%, % = 0.7300, p < 0.01 I T T !
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Additional Figure 4 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor
variables: A study design, B year of publication, C quality score and D total children are plotted on the x-axis with the
effect measure logit transformed proportion shown on the vertical (y-axis).
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Additional Figure 5 Funnel plot for prevalence of vitamin D deficiency in acute and critically ill children with
sepsis. Horizontal axis shows logit transformed proportion and the standard error of the logit transformed proportion
is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the pooled
proportion from a random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p = 0.81,
Egger’s test).
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Additional Figure 6 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children with
sepsis (subgroup analysis by study design). Forest plot shows results from the random effects model. Diamonds
represent the pooled proportion of vitamin D deficiency for the studies in each subgroup (case-control and cohort).
The diamond at the bottom shows the overall pooled estimate of all the 18 studies. Each square shows the prevalence
estimate of each study and the horizontal line across each square represents the 95% confidence interval (Cl) of the
prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl Weight
case_control

Say 2017 87 100 — 0.87 [0.79; 0.93] 6.0%
Ponnarmeni 2016 32 62 —_— 0.52 [0.39; 0.65; 6.2%
Dhandai 2018 38 60 —_— 0.63 [0.50; 0.75; 6.1%
El-Gamasy 2017 20 46 —_— 0.43 [0.29; 0.59 6.0%
Cizmeci 2015 28 40 —_— 0.70 [0.53;0.83 5.9%
Onwuneme 2015 (1) 32 35 — 0.91 [0.77;0.98 4.8%
Hebbar 2014 17 30 —a 0.57 [0.37;0.75 5.8%
Korwutthikulrangsri 2015 4 12 0.33 [0.10; 0.65 4.7%
Random effects model 385 0.65 [0.50; 0.77 45.6%
Heterogeneity: /> = 84.9%, > = 0.6343, p < 0.01

cohort H

Shah 2016 135 160 : — 0.84 [0.78; 0.90 6.3%
Asilioglu 2017 20 120 —&— 0.17 [0.10; 0.25] 6.2%
McNally 2012 33 48 0.69 [0.54; 0.81 6.0%
Onwuneme 2015 (2) 32 46 —_— 0.70 [0.54; 0.82 6.0%
Sankar 2017 31 43 —_— 0.72 [0.56; 0.85] 5.9%
Mathias 2017 28 41 —— 0.68 [0.52;0.82 5.9%
Ebenezer 2016 8 16 —_— 0.50 [0.25;0.75 5.2%
Prasad 2015 9 11 —_—— 0.82 [0.48;0.98 4.0%
Bustos 2016 T 10 : 0.70 [0.35;0.93 4.4%
Dayal 2014 4 9 s 0.44 [0.14;0.79 4.5%
Random effects model 504 : 0.63 [0.44; 0.79 54.4%
Heterogeneity: I° = 92%, t° = 1.4264, p < 0.01 !

Random effects model 889 : 0.64 [0.52; 0.74] 100.0%
Prediction interval [0.17; 0.94]

Heterogeneity: /° = 89.3%, > = 0.9673, p < 0.01 I T T 1
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Additional Figure 7 Funnel plot of risk of mortality in vitamin D deficient versus vitamin D non-deficient acute
and critically ill children. Horizontal axis shows logit transformed odds ratio and the standard error of the log odds
ratio is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the overall
pooled odds ratio from random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p
=0.084, Egger’s test).
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Additional Figure 8 Pooled odds ratio (OR) and 95% CI for risk of mortality in vitamin D deficient versus
vitamin D non-deficient acute and critically ill children (fixed effects model). Diamond represents the overall odds
ratio (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the horizontal
line across each square represents the 95% confidence interval (Cl) of the estimate.

Deficient
Study Dead (n) Total (N)
Ebenezer 2016 5 21
Ponnarmeni 2016 10 63
Sankar 2016 23 75
Rippel 2012 3 109
Dayal 2014 3 23
Shah 2016 54 128
Prasad 2015 14 67
Bustos 2016 4 39
McNally 2012 5 225
Elmoneim 2016 1 174
Korwutthikulrangsri 2015 6 25
Ayulo 2014 4 61
Garcia-Soler 2017 74 149
Onwuneme 2015 (2) 5 60
Asilioglu 2017 16 120
El-Gamasy 2017 14 26
Badawi 2017 27 39
Sankar 2017 19 31
Fixed effect model 1278

Heterogeneity: /* = 25.7%, * = 0.1564, p = 0.15
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ABSTRACT

Objectives: To estimate the prevalence of 25-hydroxyvitamin D (25(OH)D) deficiency and

investigate its association with mortality in children with acute or critical conditions.

Design: Systematic review and meta-analysis of observational studies.

Data sources: PubMed, OVID, Google Scholar and the Cochrane Library searched until 21

December 2018.

Eligibility criteria: Studies of children hospitalised with acute or critical conditions who had

blood 25(OH)D levels measured.

Data extraction and synthesis: We obtained pooled prevalence estimates of 25(OH)D deficiency
and odds ratios for mortality. We calculated 95% confidence and prediction intervals and

investigated heterogeneity and evidence of small-study effects.

Results: Fifty-two studies were included. Of 7,434 children, 3,473 (47.0%) were 25(OH)D
deficient (<50 nmol/L). The pooled prevalence estimate of 25(OH)D deficiency was 54.6% (95%
CI 48.5-60.6, 1>=95.3%, p<0.0001). Prevalence was similar after excluding smaller studies
(51.5%). In children with sepsis (18 studies, 889 total individuals) prevalence was 64.0% (95% CI
52.0-74.4, 1°=89.3%, p<0.0001) and 48.7% (95% CI 38.2-59.3; 1°=94.3%, p<0.0001) in those with
respiratory tract infections (RTI) (25 studies, 2,699 total individuals). Overall, meta-analysis of
mortality (18 cohort studies, 2,463 total individuals) showed increased risk of death in 25(OH)D
deficient children (OR 1.81, 95% CI 1.24-2.64, p=0.002, 1>=25.7%, p=0.153). Four (22.0%) of the
18 studies statistically adjusted for confounders. There were insufficient studies to meta-analyse

sepsis and RTI related mortality.
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Conclusions: Our results suggest that 25(OH)D deficiency in acute and critically ill children is
high and associated with increased mortality. Small-study effects, reverse causation and other
biases may have confounded results. Larger, carefully designed studies in homogeneous
populations with confounder adjustment are needed to clarify the association between 25(OH)D

levels with mortality and other outcomes.

Registration PROSPERO (CRD42016050638)

Copyright Open access article under terms of CC BY

Keywords paediatric, vitamin D, intensive care, sepsis, meta-analysis, prevalence, mortality,

systematic review, respiratory tract infections

Strengths and limitations of this study

e We comprehensively assessed the magnitude and relevance of vitamin D (25(OH)D)
circulating levels in paediatric acute and critically ill patients using a large number of
studies with large total sample size with pre-specified sub-group and sensitivity analyses.

e We used the currently recommended cut-off of less than 50 nmol/L for vitamin D
deficiency.

e We did not find enough studies to perform meta-analyses for mortality from sepsis or
respiratory tract infection in relation to vitamin D status.

e We did not identify longitudinal studies with multiple time-point, pre-admission or pre-
disease vitamin D measurements.

e Most studies were single centre with heterogeneous patient groups and few controlled for
important confounders that influence vitamin D levels such as age, BMI, gender, season of
measurements, vitamin D supplementation and comorbidities.
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INTRODUCTION

Vitamin D is an essential nutrient!> 2 representing a group of fat soluble secosteroids with key
endocrine functions.? It is synthesized in the skin upon sunlight exposure* while dietary sources,
such as oily fish, egg yolk, certain fungi and supplements, are usually secondary sources. Vitamin
D is critical in bone metabolism® and calcium homeostasis,® as well as acting as an important
regulator in extra-skeletal metabolic processes,” cardiovascular and immune systems.® Many
observational and laboratory studies have observed the anti-inflammatory properties of vitamin

D,’ including direct regulation of endogenous anti-microbial peptide production.!”

It is therefore crucial for humans to have sufficient vitamin D levels to maintain bone health and
possibly improve response to infection.® !> 12 Infants and children are especially dependent on
vitamin D to achieve healthy bone development and growth.!3- 14 Well-known functional outcomes
of adequate vitamin D levels in children include rickets prevention, higher bone mineral content
and reduced bone fracture rates.> ' In otherwise healthy children in the United States, the reported
prevalence of vitamin D deficiency (250HD levels of < 25 nmol/L) ranges from 9 to 18%.!° The
Endocrine Society Clinical Practice Guidelines and the Institute of Medicine (IOM) suggest that

25(0OH)D levels less than 50 nmol/L (20 ng/mL) reflect a deficient state.* 16

Studies in adults reflect a high prevalence of vitamin D deficiency both in general intensive care
unit (ICU) and sepsis patients and strongly suggest an association between low vitamin D and poor
clinical outcomes, including increased mortality, particularly in those suffering from sepsis.? !
Recent clinical trials of vitamin D supplementation in adults appear promising in both general

critical care'® 1 and sepsis.?’
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Sepsis remains a challenging clinical entity with high social and economic costs.?! Each year there
are approximately 123,000 sepsis cases and around 37,000 deaths in England alone.?? Recent
reports show an increased prevalence of paediatric sepsis,?® likely a reflection of an increased
population with chronic comorbidities, higher rates of opportunistic infections and multi-drug
resistant organisms.?* Respiratory tract infections account for a large proportion of underlying

diagnoses in acute and critical care conditions®* 2° but remain understudied.?®

The magnitude, relevance and quality of evidence of vitamin D deficiency in children receiving
acute care is not clear. Several recent studies have addressed these questions with mixed results.
We sought to summarise the evidence regarding the implications of vitamin D deficiency and its
prevalence in general acute care, ICU, respiratory tract infection and sepsis patients in the
paediatric population. We carried out a systematic review and meta-analysis of circulating vitamin
D levels, as measured by 25(OH)D, to assess the prevalence of vitamin D deficiency (< 50 nmol/L)

and its association with mortality in these conditions.

METHODS

We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to report our review.?’ (Additional Table 1). We also followed the Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) guidelines®® as no relevant randomized

controlled trials have been reported.

Search strategy and selection criteria

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

BMJ Open

Our population of interest consists of paediatric patients with acute conditions and/or those treated
in ICU or emergency units for acute conditions whose vitamin D status was assessed prior to or
during admission. We included published cross sectional, case-control and cohort studies that
measured circulating 25(OH)D levels and either reported prevalence, odds ratios (OR) or data to
enable calculation of these measures. Studies were excluded if they were reviews, case reports,
surveys, commentaries, replies, not original contributions, experimental in vitro or if they recruited
patients who were not treated in emergency, neonatal intensive care units (NICUs), paediatric
intensive care units (PICUs) or for acute conditions. Studies were also excluded if they only
enrolled vitamin D deficient patients, investigated healthy populations only or did not measure
circulating 25(OH)D levels as an indicator of vitamin D status. When we identified more than one
publication utilising the same cohort, we included the publication which shared our review’s

objective to investigate vitamin D levels and prevalence of deficiency.

For purposes of our review, we classified vitamin D deficiency as being 25(OH)D less than 50
nmol/L (equivalent to 20 ng/mL), as suggested by the IOM.!® Different age categories were used
to designate patients as “children” in the studies reviewed. We therefore included all “children”
(neonates up to 21 years) as defined by each treating facility and this included “neonates”,

2 ¢

“infants”, “toddlers”, “children” and “adolescents”.

We searched PubMed, OVID, Google Scholar and the Cochrane Library from inception up until
21st December 2018, with no language restrictions. Search terms used across these databases

9% ¢¢

included: “critical care”, “vitamin D”, “pediatric”, “child”, “neonate”, “toddler”, “intensive care
unit”, “sepsis” and “septic shock”. Search terms used in OVID and PubMed are listed in the

Additional Tables 24 and 2B. Literature searches were performed by two investigators

independently (MC and AJBT) and included initial screening of titles and abstracts, followed by
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full text screening. Any disagreements for study eligibility were resolved by discussion between
the two investigators. Reference lists of the selected papers, including reviews, were also checked
for relevant titles. Abstracts of relevant titles were then assessed for eligibility. Corresponding
authors were contacted to obtain additional information if necessary. A data extraction form was
designed a priori in Excel. Variables extracted from each study included year of publication,
country of study, clinical setting, cut-off given to define vitamin D deficiency, total number of

children, total number of cases, study design and age range.

Study quality assessment

The quality of each included study was assessed using the Newcastle-Ottawa Scale (NOS) adapted
a priori for this review, for cohort, case-control and cross-sectional study designs (Additional
Tables 34, 3B and 3C).?° We classified studies as low (1-3), medium (4-6) or high quality (7-9)

for purposes of sensitivity analysis.

Prevalence and mortality outcomes

In the majority of studies (n = 40), prevalence of vitamin D deficiency was extracted as reported
with a threshold of < 50 nmol/L. If prevalence was not reported directly, it was calculated using
data provided in each study (cases < 50 nmol/L / total number of study participants) (4dditional
Tables 44 and 4B). Extracted or calculated prevalence values were then combined in a meta-

analysis. For mortality, we calculated unadjusted odd ratios (OR) as:

OR = (vitamin D deficient patients who died * vitamin D non-deficient patients who did not die)/

vitamin eficient patients who did not die * vitamin D non-deficient patients who die
t D defi t patients who did not die * vit D defi t patients who died
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We had sufficient information to calculate ORs < 50 nmol/L for 40 studies (77.0%). For the 12
studies with insufficient information, we used the lower cut-off values reported as a conservative
approximation (Additional Table 5). We converted 25(OH)D values using: nmol/L = ng/mL *

2.496.

Data analysis

We obtained proportions of vitamin D deficiency with 95% confidence intervals (CI) using the
Clopper-Pearson method® in R. We used a random effects model®! to account for the variation
observed within and between studies due to the different ages and acute conditions in the
populations considered. For each meta-analysis we also obtained the 95% prediction interval (PI)
to further account for between study heterogeneity. This helps to evaluate how consistent an
observed effect would be in a future study that will investigate the same association.>? We obtained
pooled proportions and pooled ORs with fixed effect model for sensitivity analysis or in cases
where heterogeneity was low.3333 For prevalence we also calculated median and interquartile

range (IQR) for comparisons with pooled prevalence estimates.

We investigated possible sources of heterogeneity using sensitivity and subgroup analyses.
Cochran’s Q was used to assess the heterogeneity and the I? statistic was used to estimate the
percentage of total variation across studies which can be attributed to heterogeneity. Confidence
intervals of I? were calculated to aid interpretation.’® A Q value of < 0.05 was considered
significant and an I? statistic greater or equal to 75% indicated a high level of variation due to
heterogeneity.3” 3® We used Egger’s regression test to present results of small-study effects and
funnel plot asymmetry? and generated funnel plots for visual assessment and screening. A p-value

< 0.05 indicated evidence of small-study effects. With few studies, Egger’s test has low power to
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detect such bias, therefore we only estimated small-study effects for analyses with more than ten
studies.*® When small-study effects were detected based on this threshold, we used trim-and-fill

methods to add potentially missed studies and re-calculate an adjusted pooled estimate.*!

To further assess heterogeneity, we utilised meta-regression to identify predictor variables that
could explain variation in study prevalence estimates. We used restricted maximum likelihood
(REML) estimations in the model to account for residual heterogeneity*? and the Knapp-Hartung
method to adjust confidence intervals and test statistics. This method estimates between study
variance using a t-distribution, rather than a z-distribution, yielding a more conservative
inference.** We tested the following continuous predictors: year of study publication, total sample
size and quality score. Categorical variables included study setting (PICU, NICU), study design
(case-control, cross-sectional and cohort) and country group by geographic region and economic

development (group 1, group 2, and group 3) and were dummy coded.

We used R version 3.5.0 and Microsoft Excel 2010 for analyses and data collection. The R
packages “meta”* and “metafor”™* were used for analyses. Only results of the random effects
model are reported for prevalence due to the expected heterogeneity between populations being

considered. Our protocol is registered in PROSPERO (CRD42016050638).

Role of the funding source

The study received funding from the UK Medical Research Council. The funders had no role in
data collection, analysis, interpretation or writing of the report. All authors had access to the data

in the study.

Patient involvement
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No patients were involved in this study. We only used data from previously published studies.

RESULTS

Screening and study characteristics

After title and abstract screening, we identified 2,890 potentially relevant studies (Figure 1) and
eighty-five full text articles were assessed for eligibility. Rationale for study exclusion included:
studies including adults, study populations other than critically ill children or with acute
conditions, studies of circulating vitamin D levels and deficiency in healthy children or in children
with chronic conditions. Four studies*-*® were excluded due to insufficient data reporting
(Additional Table 6). We also excluded three studies®*->2 that used the same cohort of children and
included a single study to represent the cohort.> Ultimately, 52 studies met criteria for inclusion

(Additional Table 7).

Figure I Flow chart of study selection process

The primary objective of most included studies was to determine circulating vitamin D
concentration (‘“status”) in children and/or prevalence of vitamin D deficiency. Secondary
objectives included investigation of associations between deficiency of circulating vitamin D and
various outcomes, such as hospital mortality length of stay, requirement of ventilation and/or

illness severity (Additional Table 8).

All included studies reported vitamin D measurement assay methods used (Additional Table 9)
and stated that samples were collected and analysed within the first 24 hours of hospital admission.
Studies reported ethical approval and consent for participation from parents or guardians

(Additional Table 10). Included studies were published between 2004 and 2018, with the majority

10
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(n =40, 77.0%) published between 2014 and 2017 (Additional Table 7). In total, 7,434 children
were hospitalized in paediatric or neonatal intensive care units or emergency units or for acute
conditions. Sample sizes of critically ill children ranged from 255 to 1,016.%3 In 18 studies the

total number of cases was greater than 100.

Studies originated from 15 countries, with the majority from India® >%-% (n = 11) or Turkey>* 66-71
(n =7) (Additional Table 7). All were of medium or high quality (NOS score median 7, range 4-
8). The score range for cohort studies was 6 to 8 (n = 30), for case-control studies 5 to 8 (n = 18)
and for cross sectional 4 to 6 (n = 4). Studies used a broad range of ages to classify patients as
“children”. Seven studies (13.5%)* 6> 67-6%-72 included only neonates. In two%’- 72 of these studies,
neonates were preterm. The largest age range was seen in the study of Ayulo et al 2014, which
included individuals between 1 and 21 years of age (Additional Table 11). Forty-two of the
included studies (80.8%) included patients admitted for medical conditions and the other ten>3: ¢!-
66, 73-78 included both surgical and medical patients. Of the 52 included studies 26 used a control

group and had a total number of 2,479 controls of which 773 (31.2%) were vitamin D deficient.

All studies included both female and male participants. For mortality, four of the 18 studies
(22.0%) carried out multivariate regression analysis with adjustment for confounders. The
remaining studies presented results using a variety of methods, including Spearman’s correlation

analysis, chi-square or Fisher’s exact tests or descriptive statistics.

Prevalence of vitamin D deficiency

We included 52 studies representing a total of 7,434 children hospitalised with critical or acute
conditions. Of these, 3,473 (47.0%) were classified as vitamin D deficient (< 50 nmol/L).

11
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1 Prevalence of deficiency ranged from 5.0%7° to 95.0%%° , median (IQR) 56.3% (31.9 to 75.2%)
2 (Additional Table 12). Sample sizes ranged from 25 to 1,016, with a median of 82 individuals
3 (Additional Table 13). Using a random effects model, the pooled prevalence estimate of vitamin
4 D deficiency was 54.6% (95% CI 48.5-60.6) with a high proportion of variation attributed to
5  heterogeneity (I>= 95.3%, 95% CI 94.5-96.0, p < 0.0001) (Figure 2) and evidence of funnel plot
6 asymmetry (p = 0.01, Egger’s test) (Table I and Additional Figure I). Trim and fill analysis
7  estimated 11 unpublished studies in the lower left-hand side of the funnel plot (Additional Figure
8 I). The re-calculated adjusted pooled estimate was lower 43.6% (95% CI 37.5-50.0) with

9 significant heterogeneity (p < 0.0001).

Table 1 - Pooled estimates of vitamin D (25(OH)D) deficiency in acute and critically ill children and those with
sepsis or respiratory tract infections

Patient Number of studies Pooled Pooled proportion Heterogeneity Q value, Eggers
category (Total number of proportion 95% PI (%, 95% CI) ) d.f. p-value
individuals; (%, 95% CI) % (95% CI) p-value
number of Fixed effects for
deficient Random effects heterogeneity
individuals)
All children 52 (7,434, 3,473) 54.6 (48.5-60.6) 17.5-87.2 45.7 (44.4-46.9) 95.3 (94.5-96.0) 1086.6, 0.01
(includes those 51,
with sepsis and <0.0001
respiratory tract
infections)
Critically ill 18 (889; 565) 64.0 (52.0-74.4) 17.1-93.9 63.0 (59.3-66.6) 89.3 (84.6-92.5) 158.52 0.81
children  with 17
sepsis only <0.0001
Critically ill 25 (2,699; 1,076) 48.7 (38.2-59.3) 9.96-89.1 37.0 (35.0-39.1) 94.3 (92.7-95.6) 423.07 0.05
children with 24
respiratory tract <0.0001
infections only

CI = confidence intervals; I? = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as
25(0OH)D < 50 nmol/L (20 ng/mL). I? statistic used to estimate heterogeneity between pooled studies: I > 75% was
considered high heterogeneity; PI = Prediction Interval

10

11

12 Figure 2 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children by study
13 design.

14

15  Sensitivity analysis for prevalence

12
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We did not detect material differences in prevalence after exclusion of the 12 studies which did
not directly report prevalence < 50 nmol/L (53.0%, 95% CI 46.4-59.5; 1> = 95.5%, 95% CI 94.5-

96.2, p <0.0001) (4dditional Table 14).

When examining results by median sample size (defining “large” as > 82 and “small” as < 82), we
found that the 268 33, 55-58, 66-68, 72-74, 77, 78, 80-91 styydies with larger sample size included 6,094 total
individuals and gave a prevalence estimate of 51.5% (95% CI 43.6-59.4; 1>= 96.8%, 95% CI 96.0-
97.4, p < 0.0001) . The remaining 26 studies with “smaller” sample sizes included 1,340 total
children and estimated pooled prevalence as 58.2% (95% CI 47.5-68.2; I?’= 90.9%, 95% CI 87.9-

93.2, p < 0.0001) (Additional Table 14).

We also conducted analysis by study design. Cohort studies (n = 30) yielded a prevalence estimate
of 49.6% (95% CI 42.7-56.4; 12 = 94.9%, 95% CI 93.6-95.9, p < 0.0001). In case-control studies
(n = 18) the estimate was 68.1% (95% CI 56.5-77.8; 1> = 93.0%, 95% CI 90.4-94.9, p < 0.0001)
and in cross-sectional (n =4) 34.8% (95% CI 12.8-66.0; I>= 96.7%, 95% CI 94.0-98.2, p <0.0001)

(Additional Table 14, Figure 2).

We assessed whether studies’ country of origin influenced results. Studies in India gave an
estimate of 68.9% (95% CI 54.9-80.1; I?=96.7% (95% CI 94.0-98.2, p < 0.0001). Similarly, we
found higher pooled prevalence estimates for studies from Turkey (76.3%, 95% CI 60.9-87.0; I>=
91.1%, 95% CI 84.2-95.0, p < 0.0001). We also grouped studies by geography and economic
development. Group 1: USA, Chile, Australia, Canada, Ireland, Japan, Spain; group 2: South
Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and group 3: Bangladesh, Thailand, and India.

Prevalence was 37.2% (95% CI 29.7-45.5) for group 1 (n = 20), 61.8% (95% CI 53.2-69.7) for

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

BMJ Open

group 2 (n = 19) and 70.8% (95% CI 58.3-80.7) for group 3 (n = 13) (Additional Figure 2).

Variation attributable to heterogeneity was still high in the three subgroups (I > 90.0%).

Given the broad age range in included studies, we combined studies with only neonates># 63 67, 69-
2 and observed a prevalence estimate of 83.0% (95% CI 73.1-89.8) with less variation attributable
to heterogeneity (I = 76.6%, 95% CI 51.0-88.9, p = 0.0003). In all other studies (n = 45) that
included children of other age ranges, estimated prevalence was lower at 49.7% (95% CI 43.5-

55.8; 12=95.2%, 95% CI 94.3-96.0, p < 0.0001) (Additional Table 14, Additional Figure 3).

Post-hoc investigation to determine sources of heterogeneity

To investigate the substantial heterogeneity observed in prevalence estimates, we incorporated
study-specific characteristics (year of publication, total study sample size, quality score, study
design, country group and clinical setting) as covariates in a random effects meta-regression
model. We identified clinical setting and country groups as significant predictors, p <0.01 (Figure
3). We found that the model fitted with all available covariates can explain 32.9% of I? with F =
4.57,p=0.001 (Additional Table 15). We also conducted univariate meta-regressions for each of

the six predictors (Additional Figure 4).

Figure 3 Bubble plots of univariate meta-regressions.

Prevalence of vitamin D deficiency in children with sepsis and in those with respiratory tract

infections

A total of 889 (median 42, range 9 -160) patients had a diagnosis of sepsis, of which 565 (63.5%)

were vitamin D deficient. Sixteen of the eighteen studies including septic patients were cohort

14
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(88.9%) and two (11.1%) case-control (Additional Table 16). Most studies originated from India
(n="7) Turkey (n = 3) or Ireland (n = 2) and 16 were published between 2014 and 2017. Thirteen
studies took place in a PICU and the remaining®> ¢7-7% 72 in NICUs. We found that all studies were
of medium to high quality (median NOS score 7, range 6 — 8). Pooled prevalence of vitamin D
deficiency was 64.0% (95% CI 52.0-74.4) (Figure 4) and median (IQR), 68.5% (50.4 to 71.6%)).
Variation attributable to heterogeneity was high (I> = 89.3%, 95% CI 84.6-92.5, p < 0.0001).
Funnel plot was symmetric (p > 0.05) suggesting no small-study effects (p = 0.81, Egger’s test)

(Additional Figure 5).

Figure 4 Pooled prevalence estimate for vitamin D deficiency in children with sepsis.

We also separately analysed studies of patients admitted for respiratory tract infections (n = 25)
such as acute lower respiratory tract infection (ALRTI), pneumonia and bronchiolitis. Of these
2,699 total individuals (median 50), 1,076 (39.9%) were vitamin D deficient. These studies were
of high to medium quality (median NOS score 7, range 6 - 8). Most originated from India (n = 6)
and Spain (n = 4). We found a prevalence estimate of 48.7% (95% CI 38.2-59.3; I>= 94.3%, 95%
CI 92.7-95.6, p < 0.0001) and median (IQR) at 36.7% (24.3 to 83.6%) with marginally non-
significant evidence of bias (p = 0.05, Egger’s test) (Table 1). We therefore applied the trim and
fill method and obtained an adjusted pooled estimate of 37.4% (95% CI 27.6-48.4) after four

studies were added.

Sensitivity analysis for prevalence in children with sepsis

Exclusion of the studies® 67-72.92 utilising thresholds other than < 50 nmol/L for deficiency yielded
a similar estimate of prevalence at 62.0% (95% CI 47.3-74.7; I>= 89.7%, 95% CI 84.5-93.2, p <

0.0001) (Additional Table 17).

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

BMJ Open

We examined pooled prevalence estimates according to median sample size (< 42 versus > 42).
Studies with a smaller sample size (n = 9; 204 total individuals) showed a pooled prevalence
estimate of 64.7% (95% CI 52.5-75.3) with moderate variation attributable to heterogeneity (I> =
57.9%, 95% CI 11.8-79.9, p =0.015). For the remaining nine studies (sample sizes > 42, 685 total
individuals) the estimate was 63.2% (95% CI 44.6-78.5) with high variation attributable to

heterogeneity (I>= 94.3%, 95% CI 91.1-96.3, p < 0.0001).

There was no material change in prevalence estimates when analysed according to study design.
The sixteen cohort studies (749 total individuals) gave an estimate of 61.4% (95% CI 48.6-72.8)
with high variation attributable to heterogeneity (I>= 88.8%, 95% CI 83.5-92.4, p < 0.0001). Case-
control studies (n = 2; 140 total individuals) showed a pooled prevalence of 80.0% (95% CI 58.8-

91.8; 1> =81.3%, 95% CI 20.5-95.6, p < 0.0001) (Additional Table 17, Additional Figure 6).

Studies from India (n = 7) gave a prevalence estimate of 66.0% (95% CI 51.4-78.1); 1> = 81.1%,
95% CI 61.8-90.6, p < 0.0001). The three studies from Turkey assessing septic patients gave a
pooled estimate of 59.2% (95% CI 13.6-93.1; 1> = 97.8%, 95% CI 95.8-98.8, p < 0.0001)

(Additional Table 17).

The pooled prevalence estimate in the four studies® ¢7- 70 72 including neonates with sepsis was
73.7% (95% CI 60.3-83.8, 1> =76.0% 34.1-91.3, p = 0.006). The fourteen studies with children of
different ages, excluding neonates, gave a pooled estimate of 60.7% (95% CI 45.5-74.0); 1> =
90.1%, 95% CI1 85.2-93.4, p <0.0001) (Additional Table 17). Four of the studies®¢1-37-8 included

children admitted with either sepsis or respiratory tract infections.

Mortality in acute and critically ill children

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 83



Page 17 of 83

oNOYTULT D WN =

10

11

12

13

14
15

16

17

18

19

20

21

22

BMJ Open

We identified 18 cohort studies®: 33> 36-39 61, 64, 66, 72, 74-78, 82, 89, 92 gggessing vitamin D status and
mortality. These studies included a total of 2,463 individuals, from which 220 deaths (17.2%) were
observed in 1,278 (51.9%) individuals with vitamin D deficiency and 99 deaths (8.4%) were

observed in 1,185 individuals without deficiency (48.1%).

All 18 studies took place in a PICU apart from one’?, which considered only NICU patients.
Sixteen of these studies (89.0%) were published between 2014 and 2017. Almost half (n = 7) of

the studies originated from India. Quality scores ranged from 5 to 8 with a median of 6.5.

Using a random effects model, we found that vitamin D deficiency in critically ill children
significantly increased the risk of death (OR 1.81, 95% CI 1.24-2.64, p = 0.002) with low, non-
significant heterogeneity (I = 25.7%, 95% CI 0.0-58.0, p = 0.153) (Figure 5). However, small-
study effects cannot be easily excluded (p = 0.084, Egger’s test) (Additional Figure 7) and the 95%

prediction interval (0.71-4.62) included the null value.

Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient
acute and critically ill children.

Sensitivity analysis for mortality in acute and critically ill children

We obtained similar results through the fixed effects model (OR 1.72, 95% CI 1.27-2.33, p =
0.0005) (4dditional Figure 8). When excluding studies with thresholds other than < 50 nmol/L
indicating deficiency, we found the association between vitamin D deficiency and increased risk
of mortality still significant but lower, both with the random (OR 1.59, 95% CI 1.05-2.41, p =

0.028; 12=24.3%, 95% CI 0.00-59.9, p = 0.191) and fixed effect models (OR 1.52, 95% CI 1.08-
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2.13,p=0.016) without clear indication of small-study effects (p = 0.120, Egger’s test) (Additional

Table 18).

The association was positive but not-significant when pooling the seven studies from India with
the random effects model (OR 1.08, 95% CI 0.70-1.69, p = 0.710; I = 0.0% 0.0-62.4, p = 0.589)

and similar with fixed effects (OR 1.08, 95% CI 0.70-1.69, p = 0.710) (Additional Table 18).

Mortality in patients with sepsis and respiratory tract infections

We were unable to identify a sufficient number of studies assessing vitamin D and mortality for
meta-analysis in individuals with sepsis. Three studies® % 67 measured vitamin D levels in
paediatric patients with sepsis. One study® assessed mortality and did not find a significant
association in children from 1 to 12 years with sepsis (n=124). None of the studies with children
admitted for respiratory tract infections looked at the association between vitamin D deficiency

and childhood mortality.

DISCUSSION

Vitamin D deficiency is highly prevalent worldwide, even in countries with abundant sunshine.
Studies have shown high prevalence of vitamin D deficiency in otherwise healthy children from
high-income countries (9 to 24%) but also from middle and low-income countries in the Indian

subcontinent (36 to 90%).8

We identified 52 studies representing a total of 7,434 children treated in ICU or emergency units
for acute conditions who had blood 25(OH)D levels measured close to or upon admission. Our
analysis shows that prevalence of vitamin D deficiency is generally high but very variable (range
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5%7° to 95%%%) across ICU and emergency units in the paediatric population, particularly in
individuals with sepsis. Importantly, our analysis showed a significantly increased risk of mortality
in critically ill children with vitamin D deficiency. We carried out several analyses for sensitivity
including fixed effects models, by study design, country group, age and sample size and found
generally consistent results. A recently published meta-analysis®® also investigated prevalence of
vitamin D deficiency in critically ill children and its association with risk of mortality and showed
similar results to ours. The study did not clearly report heterogeneity and small-study effects

however, which we found to be critical limitations that must be addressed.

Subgroup analyses in patients with sepsis or respiratory tract infections demonstrated a high
prevalence of vitamin D deficiency, consistent with the increased risk of bacterial or nosocomial

infection in vitamin D deficient individuals identified elsewhere.®3

Although sepsis is a leading cause of paediatric mortality and morbidity worldwide,’* we found
few studies assessing the relationship between vitamin D status and mortality in this population.
We were unable to identify sufficient studies including patients with sepsis to perform a meta-
analysis of vitamin D status and mortality. Sepsis remains an area of unmet need with high social
and financial costs.?* Diagnostic criteria,” a lack of adequate biomarkers®® and targeted treatment
remain important challenges in research on sepsis. We did not find studies that assessed the risk
of mortality in relation to vitamin D deficiency in children admitted for respiratory tract infections

either.

Strengths of our review include the large number of studies and large total sample size, allowing
a high-powered investigation to identify meaningful associations. For our systematic review and

meta-analysis, we followed pre-specified eligibility criteria and used the PRISMA?7 and MOOSE
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guidelines?® for reporting. We carried out multiple sensitivity analyses with few material
differences in results. However, we note that the relationship between vitamin D deficiency and
mortality was sensitive to study design and studies from India, probably due to the smaller number
of individuals in those analyses. As expected for prevalence estimates, heterogeneity across studies
was high overall. Only the prevalence analysis with neonates indicated somewhat lower variation
attributable to heterogeneity (I> = 76.6%) along with a higher prevalence estimate (83.0%)
compared to other analyses. We utilised meta-regression to investigate this substantial
heterogeneity. From the six variables in our multi-variable model, only clinical setting and country
groups were found to be significant predictors of pooled prevalence estimates of vitamin D
deficiency and the full model could explain 32.9% of heterogeneity (I%). Studies in NICU yielded
higher prevalence estimates compared to studies in PICU. Studies from group 3 countries were
also associated with higher prevalence estimates compared to studies from countries of group 1
and 2. Other variables, mainly individual patient characteristics such as age and ethnicity, were

not directly available to us and may account for significant heterogeneity.

Our systematic review did not identify longitudinal studies with multiple time-point, pre-disease
or pre-admission vitamin D measurements. The majority of studies were single centre with
heterogeneous patient groups and relatively small sample sizes. Few studies accounted for
important confounders that influence vitamin D levels such as age, gender, BMI, season of
measurements, vitamin D supplementation and comorbidities. The relationship observed between
vitamin D deficiency and mortality could be due to reverse causation and future studies will need
to control for covariates and other confounders. Low vitamin D levels could also represent a
chronically deficient state due to reduced sunlight exposure, because of chronic illness, lifestyle

factors or different country latitudes. In addition, we cannot rule out measurement bias such as
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dilution from intravenous fluids. Our results should be interpreted with caution since our review
is based on evidence from observational studies. More research is warranted to strengthen the
evidence and investigate whether vitamin D could be causally linked to acute or critical illness and
what its contribution might be through various mechanisms such as anti-inflammatory or anti-

microbial peptide responses.

Although included studies were generally of good quality, sample sizes varied considerably and
were typically small. Half of the studies included less than 100 cases and only 10 (19.2 %) had a
total sample size of more than 200 individuals. In addition, studies used a variety of definitions
and age ranges to designate individuals as children. Our analysis only included mortality as a
clinical outcome. A further general limitation is the difference in thresholds for vitamin D
deficiency, particularly in the levels which are considered normal for infants and young children.
Our assessment used the currently recommended threshold for deficiency (25(OH)D < 50
nmol/L)'® and a conservative estimate for studies which used different criteria. Although our
review included a large number of studies and individuals, all studies were observational, and

results could be subject to small-study effects.

Vitamin D remains an attractive biomarker and potential therapeutic agent in acute and critical
care patients. Our review suggests that high quality focussed studies in each relevant paediatric
population are needed first, which could then be followed by trials to establish safety and

appropriate treatment regimens in children with acute or critical illness.

Availability of data and materials
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Data and computational code used for processing and analysis are available at

https://github.com/margarc/VitaminD children
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Main Figures
Figure 1 Flow chart of study selection process

Figure 2 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children by study design.
Forest plot shows results from the random effects model. Each diamond represents the pooled proportion of 25(OH)D
deficiency for each of the subgroups (case-control, cohort, cross-sectional study designs). The diamond at the bottom
represents the overall pooled proportion of all the 52 studies together. Each square shows the prevalence estimate of
each study and the horizontal line across each square represents the 95% confidence interval (CI) of the prevalence
estimate.
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Figure 3 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor variables;
A clinical setting and B country groups are shown on the x-axis and the effect measure logit transformed proportion
shown on the vertical (y-axis). NICU = Neonatal Intensive Care Unit; PICU = Pediatric Intensive Care Unit; grp =
country group; country group 1 = USA, Chile, Australia, Canada, Ireland, Japan, Spain; country group 2 = South
Africa, China, Egypt, Iran, Turkey, Saudi Arabia; and country group 3 = Bangladesh, Thailand, and India

Figure 4 Pooled prevalence estimate for vitamin D deficiency in children with sepsis. Forest plot shows result
from the random effects model. The diamond represents the overall pooled proportion of 25(OH)D deficiency from
the meta-analysis of the 18 studies. Each square shows the prevalence estimate of each study and the horizontal line
across each square represents the 95% confidence interval (CI) of the prevalence estimate.

Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient acute
and critically ill children. Forest plot shows result from the random effects model. Diamond represents the
overall OR (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the
horizontal line across each square represents the 95% confidence interval (CI) of the estimate.
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Figure 5 Pooled odds ratio (OR) of risk of mortality in vitamin D deficient versus vitamin D non-deficient
acute and critically ill children. Forest plot shows result from the random effects model. Diamond represents
the overall OR (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each
study and the horizontal line across each square represents the 95% confidence interval (CI) of the
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Additional Table 1 PRISMA Checklist 2009 |

: q Aot Reported on
Section/topic # Checklist item P
page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured 2 | Provide a structured summary including, as applicable: background; objectives; data 2-3
summary sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. 4-5
Objectives 4 | Provide an explicit statement of questions being addressed with reference to 6-8
participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), | 9
registration and, if available, provide registration information including registration number.
Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report 5-7
characteristics (e.g., years considered, language, publication status) used as criteria for
eligibility, giving rationale.
Information 7 | Describe all information sources (e.g., databases with dates of coverage, contact with 6-7
sources study authors to identify additional studies) in the search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, including any limits 6 and
used, such that it could be repeated. supplementary
material
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic | 6-7
review, and, if applicable, included in the meta-analysis).
Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in 7
process duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) 7-8
and any assumptions and simplifications made.
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including 8
individual studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.
Summary 13 | State the principal summary measures (e.g., risk ratio, difference in means). 8
measures
Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, 8-10
results including measures of consistency (e.g., I?) for each meta-analysis.
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Reported on
page #

Risk of bias across 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 8
studies publication bias, selective reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 9-10 and 15
regression), if done, indicating which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, 10
with reasons for exclusions at each stage, ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, 14-19
characteristics PICOS, follow-up period) and provide the citations. (supplementary
material)
Risk of bias within 19 | Present data on risk of bias of each study and, if available, any outcome level 5-7
studies assessment (see item 12). (supplementary
material)
Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple 13,15,18 and
individual studies summary data for each intervention group (b) effect estimates and confidence intervals, | supplementary
ideally with a forest plot. material
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and 13 and
measures of consistency. supplementary
material pages
32-36
Risk of bias across 22 | Present results of any assessment of risk of bias across studies (see Item 15). 5-7
studies (supplementary
material)
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, supplementary
meta-regression [see Item 16]). material pages
32-36
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for each main 19-21
evidence outcome; consider their relevance to key groups (e.g., healthcare providers, users, and
policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level 20-22
(e.g., incomplete retrieval of identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and 22
implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply 22

of data); role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097 For more
information, visit: www.prisma-statement.org.
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2

3

4

5

6

7

8

9

10

11 Additional Table 2A Search terms used in OVID

12 1. Vitarpin D :
2. Sepsis or septic shock

13 3. Vitamin D or cholecalciferol* or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol

14 4. Intensive care unit* or critical care

15 5. Multiple organ dysfunction syndrome or multiple organ failure

16 6. (land2)or5
7. ((Qor3)and2or4

17 8. (lor3)and2

18 9. (lor3)and4

19 10. (lor3)and5

20 11.  Sepsis

2 12. mult?* organ dysfunct?on syndrome or mult?ple organ failure
13.  multi* organ dysfunction syndrome or multi* organ failure

22 14. (2or8)and3

23 15. critical* ill or acute condition* or intensive care unit

24 16. child* or pediatric*

25 17. vitamin D or cholecalciferol or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol
18. 15and 16 and 17

26 19. Vitamin D blood levels or 25-hydroxyvitamin

27 20. 5and3and 15 and 16

28 21. 2and15and 16 and 17
22. 1

29 23. 12 zzgiandS»

30 24. Pediatric*

31 25. Pediatric* and 5 and 2

32 26. 24 and 3 and 15

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59
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Additional Table 2B Search terms used in PubMed

Term searched
1. Vitamin D.mp.
. (sepsis or septic shock).mp.
3. (vitamin D or cholecalciferol* or ergocalciferol or 25-hydroxyvitamin D or calcidiol or calcitriol).mp.
4. (intensive care unit* or critical care).mp.
5. (multi* organ dysfunction syndrome or multiple organ failure).mp.
6.  (critical* ill or acute condition* or intensive care unit).mp.
7. (toddler or infant or child* or neonate* or baby or teenager or pediatric* or paediatric*).mp.
8. 3and6and2and?
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1

2

3 Additional Table 3A Newcastle Ottawa study quality scoring system (cohort studies)

4 Study Selection Comparability Outcome

5 Represent | Selection of the | Ascertainment Demonstration that | Comparability of cohorts | Assessment of | Was follow-up long | Adequacy of | Number

6 ativeness non-exposed of exposure outcome of interest was | on the basis of the design or | outcome enough for outcome | follow up of | of stars

7 of the | cohort not present at the start | analysis (maximum 2 stars) to occur (> 28 days | cohorts (out of 9

exposed of the study after admission to the total)

8 cohort ICU)

9 Ebenezer 2016 1 1 1 1 0 1 0 1 6

10 Sankar 2016 1 1 1 1 2 1 0 1 8

11 Rippel 2012 1 1 1 1 1 1 1 1 8
Madden 2012 1 1 1 1 2 1 0 1 8

12 McNally 2012 1 1 1 0 1 1 1 1 7

13 Dayal 2014 1 1 1 1 0 1 0 1 6

14 Ayulo 2014 1 1 1 1 2 1 0 0 7

15 Bustos 2016 1 1 1 0 2 1 0 1 7

16 Prasad 2015 1 1 1 0 2 1 0 1 7

17 Onwuneme 2015 (2) 1 1 1 1 2 1 0 1 8
Inamo 2011 1 1 1 0 1 1 0 1 6

18 Shah 2016 1 1 1 1 0 1 0 1 6

19 Lopez 2016 1 1 1 1 2 1 0 1 8

20 Garcia-Soler 2017 1 1 1 1 2 1 0 0 7

21 Sankar 2017 1 1 1 1 2 1 0 1 8

22 Asilioglu 2017 1 1 1 1 1 1 0 1 7
Halwany 2017 1 1 1 1 1 1 0 0 6

23 Hurwitz 2017 1 1 1 0 1 1 0 1 6

24 Banajeh 2009 1 1 1 0 1 1 1 1 7

25 Badawi 2017 1 1 1 1 1 1 1 1 8

26 Rey 2014 1 1 1 1 2 0 0 1 7
Ponnarmeni 2016 1 0 1 1 1 1 0 1 6

27 Onwuneme 2015 (1) 1 1 1 1 1 1 0 1 8

28 El-Gamasy 2017 1 0 1 1 2 1 0 1 7

29 Dhandai 2018 1 1 1 1 1 1 0 1 7

30 Hebbar 2014 1 0 1 1 1 1 0 1 6

31 Korwutthikulrangsri 1 1 1 1 2 1 0 0 7
2015

32 Elmoneim 2016 1 1 1 1 0 1 0 1 7

33 Vo 2018 1 1 1 1 2 1 0 1 8

34 Mathias 2017 1 1 1 1 0 1 0 1 6

35 The Newcastle-Ottawa Scale (NOS) for assessing the quality of  non-randomised studies in meta-analyses. Available at:

36 http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp.

37

38

39

40

41

42

43 7

44
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Additional Table 3B Newcastle Ottawa study quality scoring system (case-control studies)

Study SELECTION COMPARABILITY EXPOSURE Number of stars
(out of 9 total)

Is the case | Representati | Selection of | Definition of | Comparability of cases | Ascertainment of | Same method of | Non-

definition veness of the | controls controls and controls on the basis | exposure ascertainment for | response

adequate? cases of the design or analysis cases and controls | rate

(maximum 2 stars) (yes or no or 0 star
if no mention)

Wayse 2004 1 1 0 0 1 1 1 1 6
Karatekin 2009 1 1 0 0 1 1 1 1 6
Roth 2009 1 1 0 1 1 1 1 0 7
Roth 2010 1 1 1 1 2 1 1 0 8
Cetinkaya 2015 1 1 0 0 0 1 1 1 6
Cizmeci 2015 1 1 0 0 2 1 1 1 7
Narang 2016 1 1 0 0 1 1 1 1 6
Dinlen 2016 1 1 0 0 1 1 1 1 6
Ahmed 2015 1 1 0 1 2 1 1 1 8
Cayir 2014 1 1 0 0 2 1 1 1 7
Say 2017 1 1 0 0 2 1 1 0 6
Basha 2014 1 1 0 1 2 1 1 0 7
Jia 2017 1 1 0 1 1 1 1 1 7
Jat 2016 1 1 0 1 2 1 1 1 8
Moreno-Solis 2015 1 1 0 1 1 1 0 1 6
Sakka 2014 1 1 0 1 2 1 1 1 8
Khakshour 2015 1 1 0 0 1 1 1 0 5
Li2018 1 1 1 1 2 1 1 0 8

The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp.
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Additional Table 3C Newcastle Ottawa study quality scoring system (cross-sectional studies)

SELECTION (Maximum 5 stars)

COMPARABILITY (Maximum 2 stars)

OUTCOME (Maximum 3 stars)

Study

oNOYTULT D WN =

Representativene
ss of the sample

Sample size

Non-
respondents

Ascertainment
of the exposure
(risk factor)

Subjects in different outcome groups are
comparable, based on the study design
or analysis. Confounding factors are
controlled.

Assessment of the
outcome (max=2

stars)

Statistical test
(max=1 star)

Number of stars
(out of 10 total)

9 Yaghmaie 2017

10Alvarez 2016

o|lo|o

0
0
0

N =]

N

13 Alonso 2015
' Binks 2014

Rk

0

0

1

1

N[ [N|-

N Gl

o go |~

“The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. Available at:

: 3 http://www.ohri.ca/programs/clinical epidemiology/oxford.asp.
i

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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Additional Table 4A Circulating 25(OH)D threshold levels used in the selected studies

Study Number of cases 25(OH)D categories (as given) Number of cases in each
category
Asilioglu 2017 250 Deficiency: <20 ng/mL 120
Sufficiency: >=20 ng/mL 85
Halwany 2017 102 Deficiency: <20 ng/ml 38
Insufficiency: 20-29.9 ng/ml 39
“Normal” levels: 30 ng/ml 25
Hurwitz 2017 90 Deficiency: <20 ng/mL 11
Garcia-Soler 2017 340 Deficiency: <20 ng/mL 149
Insufficiency: 20-30 ng/mL 128
25(0OH)D levels: 30-40 ng/mL 41
Optimal levels >40 ng/mL 22
Badawi 2017 88 Deficiency: < 50nmol/l 39
Severe deficiency: <30 nmol/I 30
Jia 2017 110 Severe deficiency: <10 ng/ml 36
Deficiency: 10-20 ng/ml 56
Insufficiency: 21-30 ng/ml 17
Sufficiency: >30 ng/ml 1
Yaghmaie 2017 82 Deficiency: <30 ng/ml 53
Sufficiency: >=30 ng/ml 29
Say 2017 100 Severe deficiency (group 1) <5 ng/mL. 63
Insufficiency (group2): 5 to 15 ng/mL 24
Sufficiency (group 3) >15 ng/mL 13
El-Gamasy 2017 80 Serious deficiency: < 30 nmol/L 26
Insufficiency: 30-75 nmol/L 27
Adequate levels >75 nmol/L 27
Sankar 2017 43 Severe deficiency: serum 25 (OH) D <10 ng/mL 31
Shah 2016 154 25(0OH)D < 20 ng/mL 128
25(0OH)D >20 ng/mL 26
Ponnarmeni 2016 124 Deficiency: < 50nmol/L 63
Insufficiency: 50-75 nmol/L 31
<75, insufficient and deficient 94
Sufficiency: >75 nmol/L 30
Sankar 2016 101 Deficiency: < 20 ng/mL 75
Severe deficiency: <15 ng/mL 62
‘No deficiency’: > 20 ng/mL 26
Bustos 2016 90 Deficiency: <20 ng/ml 39
Normal levels: >20 ng/ml 51
Ebenezer 2016 52 Deficiency: < 20ng/mL 21
Insufficiency: 20-30 ng/ml 12
‘Normal levels: > 20 ng/L 31
Elmoneim 2016 21 Deficiency: < 20 ng/mL 17
Insufficiency: 20-30 ng/mL 4
Normal levels: > 30 ng/mL 9
Jat 2016 50 Deficiency: <20 ng/ml 42
Insufficiency: 20-30 ng/ml 2
Sufficiency: >=30 ng/ml 1
Narang 2016 50 “Severe deficiency”: <20ng/ml 28
Dinlen 2016 30 Deficiency: <=15 ng/mL 26
Severe deficiency: <=5 ng/mL 3
Lopez 2016 347 25-OHD levels: <10 ng/mL 19
25-OHD levels: 10-20 ng/mL 65
25-OHD levels: 20-30 ng/mL 134
Alvarez 2016 50 25(0H) D levels: <20 ng/mL 29
25(0OH) D levels: 20-30 ng/mL 37
Onwuneme 2015 (1) 120 25(0OH)D levels: <50nmol/L 71
25(0OH)D levels: >50nmol/L 49
Onwuneme 2015 (2) 94 25(0OH)D levels: <20 ng/mL 86
25(0OH)D levels: < 30 nmol/L 60
25(0OH)D levels: >=30 nmol/L 34
Prasad 2015 80 Deficiency: < 20 ng/ml 67
Sufficiency: > 20 ng/mL 13
Moreno-Solis 2015 48 Deficiency: <20 ng/ml 9
Insufficiency: 21-29 ng/ml 16
Sufficiency: >30 ng/ml 23
10
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Alonso 2015 288 Deficiency: <20 ng/ml 45
<10 ng/ml 6
Korwutthikulrangsri 2015 32 Deficiency: < 20 ng/ml 25
Insufficiency: 20-29.9 ng/ml 7
Sufficiency: > 30 ng/mL 0
Khakshour 2015 37 Deficiency: <20 ng/mL 9
Cizmeci 2015 40 Deficiency: <20 ng/ml 28
Insufficiency: 21-29 ng/ml 7
Normal levels: >30 ng/ml 5
Cetinkaya 2015 50 Severe deficiency: <10 ng ml™? 42
Insufficiency: 11 to 32 ng ml*! 8
Ayulo 2014 216 Deficient: < 15 ng/ml 61
Insufficient: 15-29 ng/mL 102
Sufficient: > 30 ng/mL 53
Dayal 2014 92 Deficiency: <50 nmol/L 23
Insufficiency: 50-75 nmol/L 41
Sufficiency: > 75 nmol/L 28
25(0H) D levels: < 75 nmol/L 64
‘Non-deficiency’: > 50 nmol/L 69
Hebbar 2014 61 Deficiency: < 10 ng/mL 10
Insufficiency: 10 to 20 ng/mL 27
Sufficiency: > 20 ng/mL 24
Rey 2014 156 Deficiency: < 20 ng/mL 46
25(0OH)D levels: > 20 ng/mL 110
Ahmed 2014 50 Deficiency: <50 nmol/L 15
Basha 2014 81 Deficiency: <50 nmol/L 53
Insufficiency: <75 nmol/L 14
Normal level: >75 nmol/L 14
Sakka 2014 96 Severe deficiency: 0-5 ng/mL 29
Deficiency: 5-15 ng/mL 49
Insufficiency: 15— 20 ng/mL 11
Sufficiency: 20-100 ng/mL 7
Cayir 2014 88 Normal levels: 20 ng/mL 38
Insufficiency: 15-20ng/mL 18
Deficiency: <15ng/mL 32
Binks 2014 74 25(0H) D levels: < 50 nmol/L 11
Madden 2012 511 25(0H) D levels: < 10 ng/mL 36
25(0H) D levels: 10-19.9 ng/mL 169
Deficiency: < 20 ng/ml 205
Insufficiency: <30 ng/mL 364
Rippel 2012 316 Deficiency: < 50 nmol/L 109
‘Normal levels’: >50 nmol/L 207
Madden 2012 511 25(0OH)D levels: < 10 ng/mL 36
25(0OH)D levels: 10-19.9 ng/mL 169
Deficiency: < 20 ng/mL 205
Insufficiency: <30 ng/mL 364
McNally 2012 326 Deficiency: < 50 nmol/L 225
25(0OH)D levels: 50 to 75 nmol/L 75
‘Not deficient’: > 50 nmol/L 101
Inamo 2011 28 25(0OH)D levels: < 10 ng/mL 4
25(0OH)D levels: < 15 ng/mL 8
25(0OH)D levels: < 25 ng/mL 12
25(0OH)D levels: < 40 ng/mL 28
Roth 2010 25 25(0OH)D levels: <40 nmol/L 21
Banajeh 2009 79 Deficiency: <30 nmol/L 29
Karatekin 2009 25 Serum 25(0OH)D <10 (deficiency) 19
Serum 25(0OH)D 11 to 20 (deficiency) 4
Serum 25(0OH)D 21 to 32 (insufficiency) 1
Serum 25(0OH)D 32 to 100 (sufficiency) 1
Roth 2009 64 < 40 nmol/L 3
Wayse 2004 80 Plasma 25(0OH)D3 > 22.5 nmol/L 26
Plasma 25(0OH)D3 > 50 nmol/L 4
Mathias 2017 41 25(0OH)D < 20 ng/ml 28
11
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25(0OH)D < 30 ng/ml 36
Dhandai 2018 60 Deficiency: < 20 ng/ml 38
Insufficiency: <29 ng/ml 17
Optimum: 30-50 ng/ml 5
Vo 2018 1016 25(0OH)D < 20 ng/ml 298
20-29.9 ng/ml 352
>=30 ng/ml 366
Li 2018 797 Severe deficiency: < 10 ng/mL 159
Deficiency: 10-20 ng/mL 286
Insufficiency: 20— 30 ng/mL 223
Sufficiency: > 30 ng/mL 127

25(OH)D in nmol/L = 25(OH)D in ng/mL multiplied by 2.496
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Additional Table 4B Circulating 25(0OH)D threshold levels used in the selected studies for prevalence in sepsis

Study Number of cases 25(0OH)D categories (as provided by each study) Number of cases
1 Asilioglu 2017 30 Deficiency: <20 ng/mL 20
2 sepsis Sufficiency: >=20 ng/mL 10
3 Say 2017 100 Severe deficiency (group 1) <5 ng/mL. 63
4 neonatal sepsis Insufficiency (group2): 5to 15 ng/mL 24
Sufficiency (group 3) >15 ng/mL 13
5 El-Gamasy 2017 46 Serious deficiency: < 30 nmol/L 20
6 sepsis Insufficiency: 30-75 nmol/L 18
7 Adequate levels >75 nmol/L 8
8 Sankar 2017 43 Severe deficiency: serum 25 (OH) D <10 ng/mL 31
septic shock
9 “shah 2016 100 25(0OH)D <20 ng/mL 84
10 sepsis 25(0OH)D >=20 ng/mL 26
11 Ponnarmeni 2016 124 Deficiency: <50nmol/L 63
12 SEpss Insufficiency: 50-75 nmol/L 31
13 <75, insufficient + deficient 94
14 Sufficiency: >75 nmol/L 30
T Bustos 2016 10 Deficiency: < 20 ng/ml 7
15 sepsis intraabdominal Normal levels: > 20 ng/mL 3
16 Ebenezer 2016 16 25(0OH)D <20 ng/mL 8
17 shock 25(0OH)D >=20 ng/mL 8
18 Onwuneme 2015 (1) 35 25(0OH)D <50 ng/mL 32
culture positive sepsis 25(0OH)D >=50 ng/mL 3
19 Onwuneme 2015 (2) 46 Deficiency: < 30 nmol/L 32
20 culture positive sepsis and Sufficiency: > 30 nmol/L 14
21 late-onset sepsis
22 Prasad 2015 11 25(0OH)D <20 ng/mL 9
positive blood culture 25(0OH)D >=20 ng/mL 2
23 Korwutthikulrangsri 2015 17 25(0OH)D <20 ng/mL 14
24 shock and septicaemia 25(0OH)D >=20 ng/mL 3
25 Cizmez 2015 40 Deficiency: <20 ng/ml 28
26 suspected sepsis Insufficiency: 21-29 ng/ml 7
- Normal levels: >30 ng/ml 5
27 Dayal 2014 9 25(0H)D <20 ng/mL 4
28 nosocomial sepsis 25(0H)D >=20 ng/mL 5
29 Hebbar 2014 30 25(0OH)D <20 ng/mL 17
30 shock and/or Sepsis 25(0OH)D >=20 ng/mL 13
31 McNally2012 48 25(0H) D levels: <50 nmol/L 33
32 septic 25(0H) D levels: >50 nmol/L 15
< Mathias 2017 41 25(0H)D < 20 ng/ml 28
33 sepsis, severe sepsis or 25(0H)D < 30 ng/ml 36
34 septic shock
35 Dhandai 2018 60 Deficiency: < 20 ng/ml 38
sepsis Insufficiency: <29 ng/ml 17
36 Optimum: 30-50 ng/ml 5
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58 13
59

60
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Additional Table 5 Studies with thresholds other than < 50 nmol/L

Study Threshold used by study
Roth 2009 < 40 nmol/L

Roth 2010 < 40 nmol/L

Say 2017 <=15 ng/mL (37.4 nmol/L)
Inamo 2011 <=15 ng/mL (37.4 nmol/L)
Ayulo 2014 <=15 ng/mL (37.4 nmol/L)
Dinlen 2016 <=15 ng/mL (37.4 nmol/L)
Onwuneme 2015 (2) < 30 nmol/L

Yaghmaie 2017 < 30 ng/mL (74.88 nmol/L)
El-Gamasy 2017 < 30 nmol/L

Banajeh 2009 < 30 nmol/L

Sankar 2017 <=10 ng/mL (24.9 nmol/L)
Cetinkaya 2015 <=10 ng/mL (24.9 nmol/L)
25(0OH) D values nmol/L = ng/mL * 2.496
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Additional Table 6 Excluded studies

Study Design Sample size Characteristics of pediatric population Country Reasons for exclusion of
paper
Seliem 2016 Hospital-based Cases, n=30 Cases: group 1, full-term neonates with EOS and their mothers. Egypt Requested data without reply or
case-control Controls, n= 30 Controls, group 2: 30 full-term healthy neonates and their mothers with no data not available
clinical or laboratory evidence of sepsis.
Gamal 2017 Case-control Cases, n=50 Cases: neonates with early onset neonatal sepsis that occurred at <72 hours Egypt Requested data without reply or
Control, n=30 Controls: Age and sex healthy neonates with no prenatal risk factor for data not available
early neonatal sepsis enrolled in the study as a control group.
Aydemir 2014 Hospital-based Cases, n=40 Cases: children with sepsis between 1 and 16 years old Turkey Requested data without reply or
case control Controls, n= 20 Controls: children without sepsis data not available
Garg 2016 Hospital-based Cases, n=40 Cases: children from 6 months to 5 years of age admitted or attending OPD India Requested data without reply or

case-control

Controls, n=40

in department of Pediatrics.

Controls: children receiving care at the Hospital’s ambulatory, emergency
or in-patient units and presenting with non-respiratory complaints also not
having any clinical indication of vitamin D deficiency.

data not available
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Additional Table 7 Characteristics of the 52 included studies

Study Design Number of cases Characteristics of population Country Vitamin D thresholds Quality
(controls, where and setting as defined by the score
appropriate) study (NOS)
Historical 250 Cases: aged 1 month to <18 years Turkey, Deficiency: <20 7
Asilioglu 2017 cohort PICU ng/mL
(single
centre)
Halwany 2017 Cohort 102 Cases: children aged >1 month to <5 Egypt, Deficiency: <20 ng/ml
(single years PICU Insufficiency: 20-29.9 6
centre) ng/ml
“Normal” levels: 30
ng/ml
Hurwitz 2017 Prospective 90 Cases: aged <5 years hospitalized with USA, Deficiency: <20
cohort LRTI and RSV and/or hMPV PICU ng/mL 6
(single
centre)
Cohort 340 Cases: aged 6 months to 17 years Spain, Deficient: <20 ng/mL
Garcia-Soler 2017 (single Critically ill with various conditions PICU Insufficiency: 20-30 7
centre) ng/mL
25(0OH)D levels: 30-40
ng/mL
Optimal levels >40
ng/mL
Badawi 2017 Cohort 88 Cases: 1 month to 12 years Egypt, Deficiency: <
(single PICU 50nmol/I, 8
centre) Severe deficiency: <30
nmol/l
Jia 2017 Hospital- 110 (110) Cases: infants (< 1 year of age) with China, Severe deficiency: <10 7
based case- ALRTI PICU ng/ml
control Controls: Healthy from similar areas Deficiency: 10-20
(single attending the hospital for vaccination ng/ml
centre) during study period Insufficiency: 21-30
ng/ml
Sufficiency: >30 ng/ml
Cross 82 Cases: hospitalized in PICU Iran, Deficiency: <30 ng/ml 4
Yaghmaie 2017 sectional PICU
(single
centre)
Say 2017 Case- 100 (13) Cases: premature infants less than 37 Turkey, Severe deficiency
control weeks diagnosed with early or late -onset NICU (group 1) <5 ng/mL. 6
(single neonatal sepsis Insufficiency (group2):
centre) Controls: From same population of 5 to 15 ng/mL
neonates with sepsis but not vitamin D Sufficiency (group 3)
deficient >15 ng/mL
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Cohort 80 (20) Cases: 3 months to 12 years hospitalized Egypt, Seriously deficient: <
(single with acute kidney injury PICU 30 nmol/L
El-Gamasy 2017 centre) Controls: completely healthy subjects Insufficient: 30-75
nmol/L
Adequate >75 nmol/L
Sankar 2017 Cohort 43 Cases: <=17 years of age India, Severe vitamin D
(single PICU deficiency: serum 25
centre) (OH) D <10 ng/mL
Shah 2016 Cohort 154 Cases: aged between 1 month and 15 India, Deficiency: <20
(single years PICU pg/mL
centre)
Ponnarmeni 2016 Cohort 124 (338) Cases: aged 1-12 years admitted with a India, Deficiency: < 50
(single diagnosis of sepsis PICU nmol/L
centre) Controls: from previous prospective Insufficiency: 50-75
study, apparently healthy children of nmol/L
upper socioeconomic status who attended Sufficiency: >75
the  out-patient  department  for nmol/L
immunization or with minor ailments
Sankar 2016 Cohort 101 Cases: aged 1 month to 17 years India, Deficiency: <20
(single PICU ng/ml
centre) Severe deficiency:
<15 ng/mL
Bustos 2016 Cohort 90 Cases: critically ill, greater than 37 Chile, Deficiency: < 20 ng/ml
(single weeks and less than 15 years of age PICU Normal levels: > 20
centre) ng/mL
Cohort 52 Cases: <18 years of age; medical and India, Deficiency: <20
(single surgical diagnoses PICU ng/ml
centre) Insufficiency: 20-30
Ebenezer 2016 ng/ml
Normal levels: >20
ng/L
Elmoneim 2016 Cohort 30 Cases: aged less than 14 years Saudi Deficiency: < 20ng/ml
(single Controls: with “normal” vitamin D levels Arabia, Insufficiency: 20-30
centre) PICU ng/mL
Normal: > 30 ng/mL
Hospital- 50 (50) Cases: 1 month to 12 years of age India, Deficiency: < 20 ng/ml
Jat 2016 based case- admitted with pneumonia PICU Insufficiency: 20-30
control Controls: admitted for reasons other than ng/ml Sufficiency: >=
(single respiratory symptoms, required blood 30 ng/ml
centre) sampling
Hospital- 50 (50) Cases: 2 months to 5 years of age India, Severe deficiency:
based case- admitted as in-patients or seen in the PICU < 20ng/ml
Narang 2016 control outpatient department with ALRI
(single Controls: healthy, same age group,
centre) attending outpatients’ service for

immunization or admitted for minor
conditions other than ALRI
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Dinlen 2016 Hospital- 30 (30) Cases: term neonates with ALRI Turkey, Deficient: <= 15
based case- Controls: healthy neonates, same age as NICU ng/mL
control the study group. Severe deficiency: <=
(single 5 ng/mL
centre)
Lopez 2016 Prospective 347 Cases: 0 to >48 months admitted to Spain, 25-OHD levels: <10
cohort hospital with ALRI  prospectively PICU ng/mL
(multi recruited through the GENDRES 25-OHD levels: 10-20
centre) (GENetic,vitamin D and RESpiratory ng/mL
infections research network) 25-OHD levels: 20-30
ng/mL
Cross- 50 Cases: patients aged 0 to 18 years USA, 25(0OH)D < 20 ng/mL
Alvarez 2016 sectional PICU 25(0OH)D < 30 ng/mL
(single
centre)
Cohort 120 (30) Cases: with suspected sepsis (<12 years Ireland , 25(0H) D levels: <50
(single old) PICU nmol/L
Onwuneme 2015 centre) Controls: paediatric controls admitted for 25(0H) D levels: >50
@) elective day case surgery during the same nmol/L
study period and were not suspected of
having sepsis
Cohort 94 Cases: preterm infants <32 weeks Ireland, Deficiency: < 30
(single gestation NICU nmol/L
Onwuneme 2015 centre) Sufficiency: > 30
(2) nmol/L
Prasad 2015 Cohort 80 Cases: 2 months to 12 years old India, Deficiency: < 20 ng/ml
(single PICU Sufficient: >20 ng/mL
centre)
Hospital- Cases: aged 1-11 months with acute Spain, Deficiency: < 20 ng/ml
Moreno-Solis 2015 | based case- 48 (30) bronchiolitis PICU Insufficiency: 21-29
control Controls: healthy, <12 months, admitted ng/ml Sufficiency: >
(single to the outpatient clinic without 30 ng/ml
centre) respiratory symptoms or history of
hospitalization for bronchiolitis or
wheezing
Cross 288 Cases: aged 1 month to 13 years Spain, Deficient: <20 ng/ml
Alonso 2015 sectional PICU and < 10 ng/ml
(single
centre)
Cohort 32 (36) Cases: requiring PICU admission Thailand, Deficiency: < 20
(single Controls: Healthy, enrolled during the PICU ng/mLI
Korwutthikulrangsri centre) same period of time and served as the Insufficiency: 20-29.9
2015 control group (age in months) ng/ml
Sufficiency: > 30
ng/mL
Khakshour 2015 Case- 37 (53) Cases: below 5 years of age and suffering Iran, Deficiency: < 20
control from respiratory infections PICU ng/mL

Controls: those who were not suffering
from respiratory infections
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Cizmeci 2015 Case- 40 (43) Cases: infants with suspected early-onset Turkey, Deficiency: <20 ng/ml
control neonatal sepsis. NICU Insufficiency: 21-29
(single Controls: For each newborn of group 1, ng/ml
centre) one healthy infant selected as a control Normal levels: > 30
ng/ml
Cetinkaya 2015 Hospital- 50 (50) Cases: term infants with clinically Turkey, Severe deficiency: <10
based case- suspected (probable) early infection NICU ng ml~*
control (early-onset sepsis) within the first 3 Insufficiency: 11 to 32
(single postnatal days of life and were >37 weeks ng ml!
centre) of gestational age Adequacy: 32 to 100
Controls: healthy infants with no signs of ng ml~!
clinical/laboratory infection
Cohort 216 Cases: between the ages of 1 and 21 years Spain, Deficient: < 15 ng/ml
Ayulo 2014 (single PICU Insufficient: 15-29
centre) ng/mL
Sufficient: > 30 ng/mL
Cohort 92 Cases: Children aged 3 months to 12 India, Deficiency: <50
(single years PICU nmol/L
centre) Insufficiency: 50-75
Dayal 2014 nmol/L
Sufficiency: > 75
nmol/L
25(0H) D levels: < 75
nmol/L
Hebbar 2014 Cohort 61 (46) Cases: children 0 to 18 years USA, Deficient: <10 ng/ml
(single Controls:  patients recruited among PICU Insufficient: 10 to 20
centre) children in the magnetic resonance ng/ml
imaging suite. Sufficient: > 20 ng/mL
Rey 2014 Cohort 156 (289) Cases: heterogeneous group of critically Spain, Deficient: <20 ng/ml
(single ill children aged <16 years PICU
centre) Control group for comparison: population
of healthy children
Hospital- 50 (50) Cases: aged 2-60 months hospitalized Africa, Deficiency: <50
Ahmed 2014 based case- with ALRI PICU nmol/L
control Controls: age-matched with cases within
(single 1 or 2 months, attending well-child clinics
centre) or general clinics without evidence of
respiratory infection or admitted to the
hospital for elective surgery
Basha 2014 Hospital- 81 (89) Cases: under 5 years old with severe Egypt, Deficiency: < 50
based case- pneumonia selected from the inpatient PICU nmol/L
control departments and emergency units of the Insufficiency: < 75
(single hospital nmol/L
centre) Controls: healthy, selected from the Sufficiency: > 75

outpatient surgical clinics of the hospital
during their visit for umbilical or
inguinal hernia repair and not suffering

nmol/L
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from upper or lower respiratory
infections

Population 96 (96) Cases: <2 years old with ALRI, 48 Egypt, Severe deficiency: 0-5
Sakka 2014 based case- diagnosed with pneumonia and 48 with PICU ng/mL Deficiency: 5—
control bronchiolitis 15 ng/mL
(single Controls: age and sex matched with no Insufficiency: 15— 20
centre) respiratory symptoms or signs from the ng/mL Sufficiency:
Health office 20-100 ng/mL
Hospital- 88 (81) Cases: 1 to 13 years diagnosed with acute Turkey, Normal levels: 20
based case- otitis media PICU ng/mL
Cayir 2014 control Controls: Healthy same age range Insufficiency: 15-
(single 20ng/mL
centre) Deficiency: <15ng/mL
Binks 2014 Cross- 74 Cases: aged <3 years admitted with acute | Australia, 25(0H) D levels: < 50
sectional lower respiratory infections (ALRIs) or PICU nmol/L
other conditions
Cohort 511 Cases: less than 21 years old USA, 25(0H) D levels: < 10
(single PICU ng/mL
Madden 2012 centre) 25(0H) D levels: 10-
19.9 ng/mL
Deficiency: < 20 ng/ml
Insufficiency: < 30
ng/mL
Rippel 2012 Cohort 316 Cases: children aged 16.5 (3.1-75.2) Australia, Deficiency: < 50
(single months PICU nmol/L
centre) “Normal” levels: > 50
nmol/L
Cohort 326 Cases: Newborn to 17 years of age Canada, Deficiency: < 50
McNally 2012 (multi- PICUs nmol/L
centre) 25(0H) D levels:
50 to 75 nmol/L
Inamo 2011 Cohort 28 Cases: between 1 and 48 months Japan, Deficiency: < 15ng/ml
(single hospitalized with ALRI, 26 diagnosed PICU Severe deficiency:
centre) with bronchiolitis and two as having < 5ng/mL
pneumonia
Hospital- 25 (25) Cases: 1-18 months hospitalized with | Bangladesh, | Deficiency: < 40
based case- ALRI PICU nmol/L
control Controls: selected by population-based
Roth 2010 (single sampling. aged 1-23 months, and
centre) matched to cases on age (+2 months) and
sex
Banajeh 2009 Prospective 79 Cases: 2-59 months with WHO-defined Iran, Deficiency: < 30
cohort very severe community acquired (VSP) PICU nmol/L
(single pneumonia
centre)
Karatekin 2009 Hospital- 25 (15) Cases: newborns with acute respiratory Turkey, Deficiency: < 20 ng/ml
based case- infections NICU
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control, Controls: healthy, age matched from
(single outpatients’ service where they went for
centre) immunization.
Hospital- 64 (65) Cases: aged 1-25 months admitted with Canada, Deficiency: < 40
based case- ALRI PICU nmol/L
Roth 2009 control Controls: aged 1-25 months undergoing
(single elective  surgery, no history of
centre) hospitalization for ALRI
Wayse 2004 Hospital- 80 (70) Cases: < 5 years with severe ALRI India, Deficiency: Plasma
based case- Controls: healthy, attending outpatients PICU 25(0OH)D3 <50
control, service for immunization nmol/L
(single
centre)
Prospective 41 Cases: less than 18 years admitted with USA, 25(0OH)D levels < 20
Mathias 2017 cohort diagnosis of sepsis, severe sepsis or septic PICU ng/ml
(single shock. 25(0OH)D levels <30
centre) ng/ml
Cohort 60 (60) Cases: neonates admitted with late-onset India, Deficiency: < 20 ng/ml
Dhandai 2018 (multi- sepsis (LOS) NICU Insufficiency: <29
centre) Controls: neonates admitted during same ng/ml
period with clinically significant Optimum: 30-50 ng/ml
physiological hyperbilirubinaemia
(without sepsis)
Vo 2018 Prospective 1016 Cases: Infants less than twelve months USA, 25(0OH)D < 20 ng/ml
cohort old hospitalized for bronchiolitis PICU 25(0OH)D: 20-29.9
(multi- ng/ml
centre) 25(0OH)D >= 30 ng/ml
Li 2018 Case- 797 (785) Cases: children with pneumonia or China, Severe deficiency: <
control pneumonia-induced sepsis group PICU 10 ng/mL
(single- Deficiency: 10-20
centre) ng/mL
Insufficiency: 20— 30
ng/mL
Sufficiency: > 30
ng/mL

LRTI = lower respiratory tract infection; PICU = paediatric intensive care unit; RSV = respiratory syncytial virus; ALRI = acute
lower respiratory infection; WHO = World Health Organization; VSP = very severe community acquired pneumonia; NICU =

neonatal intensive care unit.
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Additional Table 8 Objectives and outcomes of included studies

Study

Objectives/aims of study

Main outcome(s) and conclusion(s)

Madden 2012

Prevalence of vitamin D deficiency in critically ill children and
factors influencing admission 25-hydroxyvitamin D (25(0OH)D)
levels

Identified high prevalence of vitamin D deficiency and insufficiency in critically ill
children. Inverse association severity of illness on admission and 25(OH) levels

Lopez 2016

Role of Vitamin D in Children hospitalized with Lower Tract Acute
Respiratory Infections

25-hydroxyvitamin D levels of study population below normal range. Correlation
of higher disease severity with lower levels of 25-hydroxyvitamin D.

Garcia-Soler 2017

Prevalence and risks factors of vitamin D deficiency, as well as its
relationship with length of PICU stay morbidity and mortality in a
PICU.

Vitamin D deficiency is frequent in paediatric critical patients. It also has an
association with higher severity scores, season of year and parental educational
attainment.

Vitamin D levels associated with various laboratory parameters of SIRS. Vitamin
D deficiency associated with increased risk of morbidity and mortality.
Inconclusive findings on its association with PICU length of stay were inconclusive

McNally 2012

Prevalence of vitamin D deficiency, risk factors and potential
association with clinically relevant outcomes in critically ill children
in Canada.

Most of critically ill children vitamin D deficient at PICU admission. Lower
25(0OH) D levels associated with increased catecholamine requirements, fluid bolus
administration, hypocalcemia, and longer PICU admission.

Rippel 2012

Prevalence of hypovitaminosis D and association with outcome in
critically ill children requiring admitted in intensive care.

Hypovitaminosis D is frequent in critically ill children in PICU, especially in infants
and children with heart disease. Hypovitaminosis D associated with hypocalcemia
in non-cardiac population, and increased need for calcium replacement in the
cardiac population.

No association between vitamin D status and survival or PICU length of stay.
Strong association with early postoperative inotropic needs in the cardiac
population.

Alonso 2015

Investigate relationship of serum  25-hydroxyvitamin D
concentrations with serum parathyroid hormone (PTH) levels, body
mass index (BMI), and environmental factors in a population of
Caucasian children living at latitude 43°N.

Results doubt the assumption that a serum 250H D threshold indicates vitamin
D deficiency in children.

Asilioglu 2017

Measure occurrence of VDD in critically ill children. Assess
determinants of vitamin D status and compare vitamin D deficient
and sufficient cases in respect of severity of illness.

Hypovitaminosis D occurrence high in critically ill children and associated with
higher vasopressor requirement. Not associated with other markers of illness
severity including mortality.

Ayulo 2014

Prevalence of vitamin D deficiency among children in PICU

Vitamin D deficiency common. No significant correlation between disease severity
and vitamin D levels levels of vitamin D. Mortality associated with vitamin D levels

Rey 2014

Identify prevalence of 25 hydroxivitamin D or 25(0OH) vitamin D
deficiency on pediatric intensive care unit (PICU) admission, and if
associated with increased prediction of mortality risk scores.

Hypovitaminosis D incidence high in PICU patients. Hypovitaminosis D not
associated with higher prediction of risk mortality scores.

Shah 2016

Determine prevalence of vitamin D deficiency
in critically ill children its association with illness severity,
parathyroid response and clinical outcomes.

High prevalence of vitamin D deficiency. Parathyroid gland response secondary
vitamin D deficiency or hypocalcemia impaired in critically ill.

Ponnarmeni 2016

Vitamin D deficiency in critically ill children with sepsis admitted
to PICU and its association with: mortality, length of stay, illness
severity, requirement for ventilation and catecholamines

High prevalence of vitamin D deficiency
No significant association between vitamin D deficiency and other outcomes such
as mortality

Onwuneme 2015 (1)

Assess vitamin D status, and its determinants, in chidren with
suspected sepsis admitted to PICU. Also investigated association
between vitamin D status and clinical outcomes.

Children admitted to the PICU with suspected sepsis lower 250H D compared to
controls. Inadequate 25 OH D levels associated with confirmed sepsis and poor
outcomes.

Jia 2017

Association of vitamin D with ALRTI in Chinese infants

Lowered plasma level of 25-OH Vitamin D makes children susceptible to ALRTI.

Halwany 2017

Frequency of vitamin D deficiency in critically ill pediatric intensive
care unit [PICU] patients and relation to state of serum 25(OH) D to
disease severity.

High prevalence of vitamin D deficiency in critically ill children.
Negative correlation of Vitamin D level with PELOD score. Recommend screening
of critically ill children for vitamin D deficiency to restore their serum levels.
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Sankar 2016 Prevalence of vitamin D deficiency on admission and examine | High prevalence of vitamin D deficiency. Vitamin D deficient children with longer
association with length of ICU stay ICU stay duration or mortality

Say 2017 Evaluate effects of low vitamin D levels in cord blood on neonatal No significant relationship between the cord blood vitamin D levels and the risk
sepsis in preterm infants. of neonatal sepsis in premature infants.

Sakka 2014 Determine the relation between vitamin D deficiency, anemia and Vitamin D deficiency, low BMI, low hemoglobin level, rachitic signs were risk

the severity of ALRTIs in hospitalized children.

factors for the severity of ALRTISs.

Onwuneme2015 (2)

Investigate the association between serum 25-hydroxyvitamin D
(250HD) levels and outcomes in preterm infants (<32 weeks
gestation).

High prevalence of low 250HD. Association between vitamin D status and acute
respiratory morbidity in preterm infants after birth. In none of the following
outcomes was the difference statistically significant: surfactant use, inotrope
requirement, RDS, pneumothorax, pulmonary hemorrhage, chronic lung disease,
sepsis, retinopathy of prematurity, intraventricular hemorrhage, periventricular
leucomalacia, patent ductus arteriosus, and mortality

Dayal 2014 Prevalence of vitamin D deficiency Reduced serum vitamin D levels in children
Association of serum vitamin D levels with duration of stay in
hospital, mortality and requirement of ventilation

Bustos 2016 Determine prevalence of vitamin D deficiency and its association | Vitamin D deficiency was prevalent in critically ill children and associated with
with other clinically relevant outcomes in children admitted to | adverse clinical outcomes.

Paediatric Intensive Care Unit

Hurwitz 2017 Measure retinol binding protein and vitamin D in children aged <5 | Low vitamin levels in 50% of the children and associated with significantly
years hospitalized with lower respiratory tract infection and | elevated risk of the need for intensive care unit admission and invasive
respiratory syncytial virus and/or human meta pneumovirus | mechanical ventilation.
detections

Cayir 2014 Investigate the relationship between Vitamin D deficiency and Serum 25-hydroxy vitamin D levels significantly lower in children with acute
acute otitis media infection otitis media compared to the controls. Vitamin D deficiency plays a role in otitis

media infection.

Badawi 2017 Investigated if VDD is related to higher severity scores and organ | VDD prevalence was reported in about half of the critically ill patients, and it was
dysfunction. Primary objective of study was to estimate the | observed to be related to multiple organ dysfunctions and rapid clinical
prevalence of VDD in a group of critically ill children, and | deterioration.
secondary objectives was to correlate vitamin D status with pediatric
logistic organ dysfunction (PELOD) and pediatric risk ofmortality
111 (PRISM 111 scores.

Yaghmaie 2017 Investigate relation of vitamin D deficiency with potential | Vitamin D deficiency among paediatric intensive care unit patients similar to
demographic and clinical factors. western countries, also with similar age and BMI distribution. Significant relation

observed between age and serum level of vitamin D.
Basha 2014 Aimed to evaluate vitamin D status as a risk factor for severe | Significant association between vitamin D deficiency and severe pneumonia in

pneumonia in Egyptian hospitalized children under 5 years

Egyptian children below 5 years

Prasad 2015

Prevalence of vitamin D deficiency in critically ill children and
association with illness severity& other outcomes

High prevalence of vitamin D deficiency in critically ill children and association
with PRISM I11 scores in a developing country.

Groups did not differ in terms of PICU stay, duration of hospital stay, culture
positivity, biochemical parameters (serum calcium, serum phosphate), need of
ventilation or steroids, presence of coagulopathy and mortality.

Wayse 2004

If vitamin D deficiency in Indian children under 5 years old of age
is risk factor for severe acute lower respiratory infection (ALRI).

Subclinical vitamin D deficiency & nonexclusive breastfeeding in four first months
of life found to be significant risk factors for severe ALRI in Indian children.

El-Gamasy 2017

Assess serum 25 (OH)D level in critically ill paediatric patients with
AKI at PED of Tanta University Emergency Hospital (TUEH)
within the first 24 hours of admission and evaluate its correlation
with duration of hospital stay and mortality outcome.

Vitamin D deficiency associated with higher incidence of sepsis and mortality.
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Banajeh 2009

Determine if rickets and VDD predict the outcomes in very severe
pneumonia (VSP).

In WHO-defined VSP, nutritional rickets was strongly associated with a reduced
successful treatment outcome, and VDD was a significant and independent
predictor of reduced circulating PMNs and persistent hypoxemia.

Binks 2014 Aimed to determine prevalence of vitamin D insufficiency among | Vitamin D insufficiency was observed in about one-third of these hospitalised
children hospitalised with ALRI in the Northern Territory. children. Children hospitalised with an ALRI less likely to have vitamin D
insufficiency compared with children hospitalised for other conditions
(predominantly gastroenteritis).
Roth 2009 Test the hypothesis that vitamin D status is associated with the risk | Among children aged 1 month to 2 years, vitamin D status not associated with ALRI
of ALRI in Canadian children (1 month to 2 years old) requiring hospitalization
Hebbar 2014 Prevalence of vitamin D insufficiency and relationship between | High prevalence of vitamin D deficiency
vitamin D levels infection and innate immunity Serum vitamin D levels - no correlation with illness severity score
Ebenezer 2016 Determine vitamin D status and association with outcomes Vitamin D deficiency common among pediatric patients
No association between vitamin D status and admission and mortality such as
higher mortality and/or longer PICU stay
Deficiency associated with mechanical ventilation severity of illness, vasopressor
need
Narang 2016 Identify an effective nutritional agent that reduces the need for | Severe vitamin D deficiency (<20 ng/ml), nonexclusive breastfeeding in the first
antibiotics, duration of pneumonia and length of hospitalization | six months of life, inadequate sun exposure found to be significant risk factors for
would be highly cost-beneficial. ALRTI in Indian children.
Alvarez 2016 Study aimed to investigate relationship between vitamin D status Vitamin D sufficiency was associated with more reduced plasma hCySS, indicative

and plasma markers of lutathione (GSH) and cysteine (Cys) redox
and immunity in critically ill children

of lower oxidative stress, in critically ill children. Plasma GSH, GSSG, and
glutamine, however, were lower in the vitamin D sufficient group. Vitamin D role
in maintaining redox status during pediatric critical illness requires further study.

Cetinkaya 2015

Evaluate the effect of vitamin D levels on early-onset sepsis (EOS)
in term infants

Lower maternal and neonatal 25-OHD levels associated with EOS. Suggest that
adequate vitamin D supplementation during pregnancy may be helpful to prevent
EOS in term neonates.

Ahmed 2014

Examine relationship between vitamin D status and hospitalization
for ALRTI in Nigerian children.

ALRTI not associated with vitamin D status, but associated with less exposure to
sunlight. Exposure to sunlight & vitamin D supplementation contributed to vitamin
D status in this population.

Jat 2016

Evaluate Vitamin D levels and its correlation with severity and
outcome of pneumonia in children.

Majority (86.4%) of children were vitamin D deficient. Vitamin D levels were
found different in cases and controls and were not related to severity and outcome
of pneumonia.

Sankar 2017

Evaluate association of severe vitamin D deficiency with clinically
important outcomes in children with septic shock.

Prevalence of severe vitamin D deficiency is high in children with septic shock
admitted to pediatric intensive care unit. Severe vitamin D deficiency at admission
seems to be associated with lower rates of shock reversal at 24 hours of ICU stay.

Cizmeci 2015

Investigate if neonates with early-onset neonatal sepsis (EONS) had
lower levels of vitamin D

Cord-blood 25(0OH) D levels of neonates with EONS significantly lower than that
of the healthy controls, and a low level of cord-blood vitamin D was found to be
associated with an increased risk of EONS. Further studies are warranted to confirm
this association.

Khakshour 2015

Clarify the association between vitamin D deficiency and acute
respiratory infection in children below age 5 years.

The group of children with respiratory disorders, 9 (42.9%) exhibited vitamin D
deficiency. No meaningful statistical relation vitamin D deficiency with acute
respiratory infections (p>0.05)

Korwutthikulrangsri
2015

Determine vitamin D status in critically ill children and its
relationship with adrenal function

Higher prevalence of vitamin D deficiency in critically ill children in comparison
to controls. Patients vitamin D deficiency had higher median (IQR) PRISM Il score
and higher proportion of mortality than those with serum 25-OHD of equal or more
than 12 ng/mL.

Elmoneim 2016

Association of the level of vitamin D on admission & length of stay
in the PICU, or duration of mechanical ventilation.

High prevalence of vitamin D deficiency among PICU patients & significant
association with increased LOS and need for mechanical ventilation. Not
significant association with mortality rate.
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Dinlen 2016

Determine the association between serum 25-hydroxy vitamin D
[25(0OH)D] levels and acute respiratory tract infections (ALRTI) in
newborns

Lower blood 25(0H) D levels might be associated with increased risk of ALRTI in
term newborn babies. Appropriate vitamin D supplementation during pregnancy
and early childhood may enhance newborns’ respiratory health.

Moreno-Solis 2015

Examine prevalence of hypovitaminosis D in infants with acute
bronchiolitis compared with control subjects and to evaluate the
relationship between serum 25-hydroxyvitamin D (25(OH) D) and
the severity of bronchiolitis.

Prevalence of hypovitaminosis D is high in Spanish infants with bronchiolitis. The
severity of acute bronchiolitis increases with a decline in serum 25 (OH) D level.

Inamo 2011

Relationship between serum vitamin D concentrations and severity
of ALRI in hospitalized children in Japan.

Significantly more children with ALRI that required supplementary oxygen and
ventilator management were vitamin D deficient. Findings suggest:
immunomodulatory properties of vitamin D may influence the severity of ALRI.

Karatekin 2009

Association of serum 25-hydroxy vitamin D concentrations in
newborns with acute lower respiratory infection (ALRI) and without
clinical signs of rickets, and their mothers

Newborns with subclinical vitamin D deficiency may have an increased risk of
suffering from ALRI. Strong positive correlation between newborns’ and mothers’
25(0OH) D concentrations indicates that adequate vitamin D supplementation of
mothers should be emphasized during pregnancy especially in winter months.

Roth 2010

Investigate association between vitamin D status and ALRI

Vitamin D status associated with ALRI in early childhood.
Randomized trials needed to establish if interventions to improve vitamin D status
could reduce burden of ALRI in early childhood.

Mathias 2017

Determination of association of 25(OH)D with cathelicidin and DBP
(D binding protein) in children with sepsis

No association between vitamin D and cathelicidin or DBP (D binding protein)
levels

Dhandai 2018

Assess vitamin D deficiency as possible risk factor for late-onset
sepsis in term and late preterm neonates

Vitamin D deficient neonates are at greater risk for late onset sepsis compared to
those with sufficient vitamin D levels

Vo 2018

Investigate the association between circulating 25-hydroxyvitamin
D status upon admission and disease severity in infants hospitalized
for bronchiolitis. Also, to determine if the association differs by the
form of 25(0OH)D (total, bioavailable or free 25 (OH) D.

Infants with total 25 (OH) D < 20 ng/ml had higher risk of intensive care and longer
hospital length-of-stay

Li 2018

Assess vitamin D nutritional status of children of 3 days to 14 years
and investigated the relationship between community-acquired
pneumonia and serum 25(0OH)D level

Children with low serum 25 (OH) D levels may be at higher risk of receiving
mechanical ventilation and presenting with multiple organ dysfunction. Vitamin D
supplementation could be beneficial for the treatment and prevention of CAP
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Additional Table 9 Assay used in each study to measure Vitamin D levels

Assay Paper Total Number of studies
Radioimmunoassay Madden 2012; Inamo 2011; Karatekin 2009; Roth 2009; Roth 2010; 8
Sakka 2014; Moreno-Solis 2015; Khashour 2015
Competitive binding enzyme linked Basha 2014 1
immunoassay
Binding protein assay Onwuneme 2015 (2) 1
Liquid chromatography-mass spectrometry McNally 2012; Korwutthikulrangsri 2015; Binks 2014; Cetinkaya 2015; 7
Cizmeci 2015; Asilioglu 2017; Onwuneme (1)
Chemiluminescence immunoassay or Alonso 2015; Rey 2014; Sankar 2016; Shah 2016; Prasad 2015; Ahmed 13
chemiluminescent tracer 2015; Lopez 2016; Alvarez 2016; Say 2017; Sankar 2017; Jat 2017
Mathias 2017; Li 2018
ELISA Ponnarmeni 2016; Hebbar 2014; EImoneim 2016; Narang 2016; Jia 2017 9
El-Gamasy 2017; Halwany 2017; Banajeh 2009; Badawi 2017
ELFA (enzyme linked fluorescent assay) Bustos 2014 1
Electrochemiluminescence Immunoassay Dayal 2014, Ebenezer 2016, Garcia Soler 2017; Cayir 2014; 4
(ECLIA)
Clinical Laboratory Improvement Hurwitz 2017 1
Amendments—approved Vitamin D assay
(Elecsys; Roche Diagnostics, Indianapolis,
Indiana)
Commercial immunoassay lit (I RIA Diasorin Wayse 2004, Ayulo 2014, 2
UK)
Immunoassay analyzer Rippel 2012 1
APPLIED 3200 Biosystem Dinlen 2016 1
Not reported Yaghmaie 2017; Dhandai 2018 2
Abbott Architect assay (Abbott, Waukegan, Vo 2018 1

Illinois)
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Additional Table 10 Funding and ethical approval of included studies

Study Funding Approval of study and ethics
Madden 2012 Reported Children’s Hospital Boston institutional review board. Informed consent obtained from family.
Lopez 2016 Reported Approved by the Ethical Committee of Clinical Investigation of Galicia (CEIC ref 010/015) and all of the regional ethics

committees of the participant centres informed consent forms were obtained from either a parent or legal guardian for each
subject before study inclusion.

Garcia-Soler 2017

Not reported

Study protocol approved by regional research ethics committee. Obtained informed consent from family of patients. Data
recorded anonymously (encrypted electronic database).
Project adhered to the principles of Declaration of Helsinki and standards for good clinical practice.

McNally 2012 Reported Resga.rch ethics board approval for vitamin D sub study obtained from 6 centers, representing 337 of the original 389 study

Rippel 2012 Not Reported pAi)r;t)lrc(:s:gtls)y Ethics Committee of The Royal Children’s Hospital Melbourne

Alonso 2015 Reported Regional Ethics Committee of the Principality of Asturias

Asilioglu 2017 Not reported Approval of study by the Local Ethics Committee of Ondokuz Mayis University (Samsun, Turkey).

Ayulo 2014 Not reported Institutional Review Board: Montefiore Medical Centre

Rey 2014 Reported Hospital Ethics Committee

Shah 2016 Reported Ethical approval obtained from Institutional ethics committee. Parents of children satisfying criteria gave written informed
consent for participation of their child in the study.

Ponnarmeni 2016 Not reported The institution’s ethics committee. Informed consent obtained

Onwuneme 2015 (1) Reported Approval by ethics committees of: Children’s University Hospital, Temple Street and Our

Lady’s Children’s Hospital, Dublin, Ireland. Participants were informed and provided written consent before recruitment.

Jia 2017 Not reported Approved by Human Ethical Committee of Affiliated Hospital of Yan’an University, Yan’an. Informed consent was taken
from mothers and/or parent of infants.

Halwany 2017 Not reported Approval by the Medical Ethics Committee of the Faculty of Medicine, Alexandria University

Sankar 2016 Not reported Institutional Ethics committee. Informed consent obtained

Say 2017 Not reported Approval by the local Ethics Committee and informed parental consent was obtained for all infants.

Sakka 2014 Not reported Not reported

Onwuneme2015 (2) Reported Ethics Committee of National Maternity Hospital. Informed written consent obtained from parents before recruitment

Dayal 2014 Not reported Ethics Committee of the Institute. Informed consent obtained.

Bustos 2016 Reported Comité Etico Cientifico del Servicio de Salud de Concepcion

Hurwitz 2017 Reported Informed consent obtained and study protocol approved by the Institutional Review Boards at the University of Tennessee,
St Jude Research Hospital, and the Centers for Disease Control and Prevention.

Cayir 2014 Not reported Approval from the institutional ethics committee and consent from the parents of all children in the study.

Badawi 2017 Not reported Children’s Cairo University institutional review board approved study. Informed consent obtained from parents

Yaghmaie 2017 Not reported Study carried out in accordance with the Declaration of Helsinki, and the ethics committee of the Tehran University of

Medical Sciences approved the protocols of the study. Records of patients’ were kept confidential. Patients’ consent provided
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for blood sampling and vitamin D serum level was assessed from patients’ files, so no invasive method or extra blood
sampling was done.

Basha 2014 Not reported Oral consent from the mothers.
Prasad 2015 Not reported Institutional review board approved the protocol. Written informed consent obtained from parents or guardians.
Wayse 2004 Reported Information not provided

El-Gamasy 2017

Not reported

Study approved from the Ethical Committee of the Faculty of Medicine, Tanta University.
Informed verbal or written parental consents from all subjects involved in the study.

Banajeh 2009 Reported Protocol approved and described in previous paper
Binks 2014 Reported Testing performed after approval by the Human Research Ethics Committee of the Northern
Territory Department of Health and Menzies School of Health Research
Roth 2009 Reported Caregiver of each participant provided written informed consent and completed a questionnaire
Study approved by the Human Research Ethics Board of the University of Alberta Health Sciences Faculties
Hebbar 2014 Reported Institutional Review Boards of Emory University and Children’s Healthcare Atlanta
Informed consent obtained
Ebenezer 2016 Reported Institutional Review Board (IRB), Informed consent from parents
Narang 2016 Not reported Not reported
Alvarez 2016 Reported Study approved by both the Emory University and Children’s Healthcare of Atlanta Institutional Review Boards, and
informed consent was obtained from patients’ guardians prior to any study procedures
Cetinkaya 2015 Not reported Study protocol approved by the local Ethics Committee. Informed parental consent was obtained for all infants
Ahmed 2014 Not reported Informed written or oral consent obtained from the parents, and the study was approved by the
National Hospital Abuja Ethics Committee
Jat 2016 Not reported Ethics committee approval was taken before commencing the study. Parent’s informed consent was taken before enrolling
children into study.
Sankar 2017 No funding Study approved by the institutional ethics committee.
Cizmeci 2015 Reported Acquisition of cord-blood was approved by the local ethics committee of Fatih University Medical School.
Khakshour 2015 Not reported Obtained informed consent from parents, data collection done using demographic questionnaire

and serum level of 25-dehydroxycalcciferol was measured. Samples taken by a trained nurse at admission based on physician's
orders.

Korwutthikulrangsri 2015

Not reported

Ramathibodi Hospital Ethics Committee. Written informed consent from legal guardians of all participants

Elmoneim 2016

Reported

MCH hospital Ethics Committee approved study protocol

Dinlen 2016

Not reported

Study approved by the Local Ethics Committee. All parents fully informed about this investigation as well as its aim. Written
consent was obtained from all parents.

Moreno-Solis 2015

Reported

Written informed consent obtained from parents or legal guardian of all enrolled children. Protocol of study approved by the
Ethics Committee before the beginning of this study.

Inamo 2011

Not reported

Ethics Committee of Nihon University Nerima-Hikarigaoka Hospital. Informed consent obtained from the parents of all
patients before inclusion in the study.

Karatekin 2009

Not reported

Study approved by the Institution’s Ethics Committee, and informed consent was obtained from the study participants.

Roth 2010

Reported

Approved by The Johns Hopkins Bloomberg School of Public Health Institutional Review Board and the ethics committee of
the Bangladesh Institute for Child Health at the Dhaka Shishu Hospital, Bangladesh. Signed permission prior to enrolment
from parents/guardians.
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Mathias 2017 Reported The institution’s Human Investigation Committee approved the study after a full board review and informed consent obtained
Dhandai 2018 Not reported The institute’s ethics committee approved the study and informed written consent had been given by their parents or guardians
Vo 2018 Reported The institutional review boards at all participating sites approved the protocol and informed consent obtained from the infants’
parents/legal guardians
Li 2018 Not reported Protocols for the study and written consent approved by the ethics committee of the Capital Institute of Pediatrics at Beijing,
China
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Additional Table 11 Age groups of children in each study

First author, date Age group

Wayse 2004 <5 years

Karatekin 2009 Neonates

Roth 2009 <2 years

Roth 2010 1-18 months

Inamo 2011 <4 years

Madden 2012 <21 years

Rippel 2012 16.5 (3.1 to 75.2) months
McNally 2012 Newborn to 17 years
Ayulo 2014 1 to 21 years

Dayal 2014 3 months to 12 years
Hebbar 2014 0 to 18 years

Rey 2014 <16 years

Cetinkaya 2015 >37 weeks
Onwuneme (1) 2015 <12 years

Onwuneme (2) 2015

<32 weeks gestation

Prasad 2015 2 months to 12 years
Alonso 2015 1 month to 13 years
Korwutthikulrangsri 2015 79 (61) cases; 92 (40) controls months
Cizmeci 2015 Neonates

Shah 2016 1 month to 15 years
Ponnarmeni 2016 1to 12 years

Sankar 2016 1 month to 17 years
Bustos 2016 >37 weeks and <15 years
Ebenezer 2016 <18 years

Elmoneim 2016 <14 years

Narang 2016 2 months to 5 years
Dinlen 2016 Neonates

Lopez 2016 0 to >48 months
Alvarez 2016 0 to 18 years
Garcia-Soler 2017 6 months to 17 years
Sankar 2017 <17 years

Ahmed 2015 2 to 60 months
Cayir 2014 110 13 years

Say 2017 <37 weeks

Asilioglu 2017 <=18 years

Basha 2014 <5 years

Jia 2017 <1 year

Jat 2017 1 month to 12 years
Yaghmaie 2017 Age range not stated
El-Gamasy 2017 3 months to 12 years
Binks 2014 <3 years

Halwany 2017 >1 month to <=5 years
Badawi 2017 1 month to 12 years
Moreno-Solis 2015 1 to 11 months
Sakka 2014 <2 years

Hurwitz 2017 <5 years

Banajeh 2009 2 to 59 months
Khakshour 2015 <5 years

Mathias 2017 <= 18 years

Dhandai 2018 Neonates

Vo 2018 < 12 months

Li 2018 3 days to 14 years
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Additional Table 12 Prevalence of vitamin D deficiency in each study of acute and
critically ill children (sorted from highest to lowest)

Study Prevalence of vitamin D Number of vitamin D Total
deficiency (%0) deficient children number of
children

Wayse 2004 95.00 76 80
Sakka 2014 92.70 89 96
Karatekin 2009 92.00 23 25
Onwuneme2015 (2) 91.48 86 94
Say 2017 87.00 87 100
Dinlen 2016 86.70 26 30
Cetinkaya 2015 84.00 42 50
Jat 2016 84.00 42 50
Roth 2010 84.00 21 25
Prasad 2015 83.75 67 80
Jia 2017 83.64 92 110
Shah 2016 83.11 128 154
Korwutthikulrangsri 2015 78.12 25 32
Sankar 2016 74.26 75 101
Sankar 2017 72.09 31 43
Cizmeci 2015 70.00 28 40
Mathias 2017 70.00 28 41
McNally 2012 69.02 225 326
Basha 2014 65.43 53 81
Yaghmaie 2017 64.63 53 82
Dhandai 2018 63.30 38 60
Hebbar 2014 60.66 37 61
Onwuneme 2015 (1) 59.16 71 120
Alvarez 2016 58.00 29 50
Cayir 2014 56.82 50 88
Elmoneim 2016 56.67 17 30
Narang 2016 56.00 28 50

Li 2018 55.83 445 797
Ponnarmeni 2016 50.81 63 124
Asilioglu 2017 48.00 120 250
Badawi 2017 44.30 39 88
Garcia-Soler 2017 43.82 149 340
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Bustos 2016 43.30 39 90
Ebenezer 2016 40.38 21 52
Madden 2012 40.12 205 511
Halwany 2017 37.25 38 102
Banajeh 2009 36.71 29 79
Rippel 2012 34.49 109 316
El-Gamasy 2017 32.50 26 80
Ahmed 2014 30.00 15 50
Rey 2014 29.49 46 156
Vo 2018 29.33 298 1,016
Inamo 2011 28.50 8 28
Dayal 2014 25.00 23 92
Khakshour 2015 24.32 9 37
Lopez 2016 24.20 84 347
Alonso 2015 15.63 45 288
Ayulo 2014 15.63 61 216
Binks 2014 14.86 11 74
Moreno-Solis 2015 13.33 9 48
Hurwitz 2017 12.22 11 90
Roth 2009 4.69 3 64
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Additional Table 13 Characteristics of studies used in the meta-analysis of prevalence

Study Total Total number of Country, setting Age range Design Quality
number of vitamin D score
patients deficient (NOS)
patients
Vo 2018 1,016 298 USA, PICU < 12 months cohort 8
Li2018 797 445 China, PICU 3 days to 14 years case-control 8
Madden 2012 511 205 Boston US, PICU <21 years cohort 8
Lopez 2016 347 84 Spain, hospitalised | 0 to>48 months cohort 8
Garcia-Soler 2017 340 149 Spain, PICU 6 months to 17 years cohort 7
McNally 2012 326 225 Canada, PICU newborn to 17 years of cohort 7
age
Rippel 2012 316 109 Australia, PICU 16.5 (3.1-75.2) months cohort 8
Alonso 2015 288 45 Spain, PICU 1 month to 13 years cross 5
sectional
Asilioglu 2017 250 120 Turkey, PICUs <= 18 years cohort 6
Ayulo 2014 216 61 Spain, PICU 1 month to 13 years Ccross 5
sectional
Rey 2014 156 46 Spain, PICU <16 years cohort 7
Shah 2016 154 128 India,PICU 1 month-15 years cohort 6
Ponnarmeni 2016 124 63 India, PICU aged 1-12 years cohort 6
Onwuneme 2015 (1) 120 71 Ireland, PICU <12 years old cohort 8
Jia 2017 110 92 China, PICU infants <1 years old case-control 7
Halwany 2017 102 38 Alexandria, PICU >1 month to <5 years cohort 6
Sankar 2016 101 75 India, PICU 1 month to 17 years cohort 8
Say 2017 100 87 Turkey, NICU gestational age <37 case-control 6
weeks
Sakka 2014 96 89 Egypt, hospitalized | infants (<2 years old) case-control 8
Onwuneme 2015 (2) 94 86 Ireland, NICU preterm infants at <32 cohort 8
weeks gestation
Dayal 2014 92 23 India, PICU 3 months to 12 years cohort 6
Bustos 2016 90 39 Chile, PICU >37 weeks and <15 cohort 7
years
Hurwitz 2017 90 11 USA, hospitalised <5 years old cohort 6
Cayir 2014 88 50 Turkey, PICU 1 to 13 years case-control 7
Badawi 2017 88 39 Cairo, Egypt PICU | 1 month to 12 years cohort 7
Yaghmaie 2017 82 53 Iran, PICU children undefined cross 4
sectional
Basha 2014 81 53 Cairo Egypt, PICU | <5 years old case-control 7
Prasad 2015 80 67 India, PICU 2 months-12 years cohort
Wayse 2004 80 76 Indapur India, <§ years case-control 6
PICU
El-Gamasy 2017 80 26 Egypt, PICU 3 months to 12 years cohort 7
Banajeh 2009 79 29 Iran, hospitalised aged 2—59 months cohort 7
Binks 2014 74 11 Australia, PICU <3 years old Cross 6
sectional
Roth 2009 64 3 Canada, PICU aged 1-25 months case-control 7
Hebbar 2014 61 37 Atlanta, PICU 0 to 18 years cohort 6
Dhandai 2018 60 38 India, NICU neonates cohort 7
33
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Ebenezer 2016 52 21 India, PICU <18 years cohort 6

Narang 2016 50 28 Punjab, India, 2 months to 5 years case-control 6
PICU

Alvarez 2016 50 29 Atlanta, PICU 0 to 18 years Ccross 6

sectional

Cetinkaya 2015 50 42 Instabul/Turkey, neonates case-control 6
NICU

Ahmed 2014 50 15 Nigeria, PICU 2—-60 months case-control 8

Jat 2016 50 42 India, PICU 1 month to 12 years case-control 8

Sankar 2017 43 31 India, PICU <=17 years cohort 8

Mathias 2017 41 28 USA, PICU <= 18 years cohort 6

Cizmeci 2015 40 28 Instabul/Turkey, neonates case-control 7
NICU

Khakshour 2015 37 9 Iran, hospitalized <5 years case-control 5

Korwutthikulrangsri 32 25 Bangkok, PICU months not more cohort 7

2015 specific range

Elmoneim 2016 30 17 Saudi Arabia, <14 years cohort 7
PICU

Dinlen 2016 30 26 Ankara Turkey, neonates case-control 6
NICU

Moreno-Solis 2015 48 9 Spain, PICU infants 1-11 months case-control 6

Inamo 2011 28 8 Tokyo Japan, PICU | 1-48 months cohort 6

Karatekin 2009 25 23 Istanbul Turkey, neonates case-control 6
NICU

Roth 2010 25 21 Bangladesh 1-18 months case-control 8

Studies arranged from largest to smallest total sample size. NOS = Newcastle Ottawa Score
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1

2

3

4

5

6 Additional Table 14 Sensitivity analyses for prevalence of vitamin D deficiency in acute and critically ill children

7 Patient category Number of studies Pooled 95% PI Pooled proportion Heterogeneity Q value, d.f. Median % (IQR)

8 (Total number of proportion % (95% CI) (B p-value of vitamin D

9 individuals; number % (95% CI) % (95% ClI) for heterogeneity deficiency

of vitamin D Fixed effects model

10 deficient Random effects model

11 individuals)

12 Acute and critically 40 (6,543; 3,000) 53.0 (46.4-59.5) 17.7-85.5 45.1 (43.8-46.5) 95.5 (94.5-96.2) 859.8, 39, < 0.0001 55.9 (33.4-55.9)
ill children, excluding

13 studies that used other

14 thresholds

15 Sample size 26 (6,094; 2,731) 51.5 (43.6-59.4) 16.5-85.2 44.0 (42.6-45.3) 96.8 (96.0-97.4) 773.1, 25, < 0.0001 46.2 (30.7-67.9)
>= 82 (large)

:? Sample size < 82 26 (1,340; 742) 58.2 (47.5-68.2) 13.2-92.8 54.8 (51.7-58.0) 90.9 (87.9-93.2) 275.4, 25, < 0.0001 62.0 (33.6-82.3)
(small)

18 Cohort studies 30 (5,119; 2,197) 49.6 (42.7-56.4) 17.6-81.9 42.1 (40.7-43.6) 94.9 (93.6-95.9) 567.0, 29, < 0.0001 44.1 (33.0-67.1)

19

20 Case-control 18(1,821; 1,138) 68.1 (56.5-77.8) 19.3-95.0 60.8 (58.2-63.3) 93.0 (90.4-94.9) 243.9, 17, 0.0001 76.8 (55.9-86.0)

21 Cross sectional 4 (494; 138) 34.8 (12.8-66.0) 0.10-99.6 30.3 (25.9-35.2) 96.7 (94.0-98.2) 90.4, 3, < 0.0001 36.8 (15.4-59.7)

22 Studies from India 11 (886; 592) 68.9 (54.9-80.1) 18.3-95.6 64.0 (60.4-67.5) 96.7 (94.0 98.2) 140.2, 10, < 0.0001 72.1(53.4-83.4)

23 Studies from Turkey 7 (583; 376) 76.3 (60.9-87.0) 20.9-97.5 61.0 (56.6-65.2) 91.1 (84.2-95.0) 67.5, 6, < 0.0001 84 (63.4-86.8)

24 Studies that only 7 (399; 330) 83.0(73.1-90.0) 42.4-97.0 80.7 (76.1-84.5) 76.6 (51.0-88.9) 25.7, 6, 0.0003 86.7 (77.0-89.2)
recruited neonates

25 Studies with children 45 (7,035; 3,143) 49.7 (43.5-55.8) 16.1-835 44.2 (43.0-45 5) 95.2 (94.3-96.0) 919.9, 44, < 0.0001 48.0 (29.5-68.3)

26 of all other ages

27 except neonates

28 CI = confidence intervals; 12 = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <50 nmol/L (20 ng/mL)

29 12 statistic used to estimate heterogeneity between pooled studies: 12>= 75% was considered as high heterogeneity, Pl= Prediction interval; IQR =

30 interquartile range: Lower (Q1) to Upper (Q3) quartile
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Additional Table 15 Multivariate meta-regression model for prevalence

Predictors k b- se t-value p-value ci.lb ci.ub F-value | 172 (%) R"2 (%) QE
coefficient

Full model: year + clinical setting + 52 4.57 95.7 329 702.6, p < 0.0001

quality score + design + country group

+ total sample size

year -0.015 0.058 -0.256 0.799 -0.132 0.103

total study sample size -0.001 0.001 -0.731 0.469 -0.002 0.001

country group (group 1 or 2 versus 1.009 0.356 2.831 0.007 0.291 1.726

group 3)

clinical setting (NICU versus PICU) -1.573 0.465 -3.384 0.002 -2.510 -0.637

design group (cohort vs other i.e. 0.482 0.324 1.488 0.144 -0.170 1.135

case-control or cross sectional)

quality score 0.296 0.170 1.744 0.088 -0.046 0.637

k = number of outcomes included in the model fitting;

se = standard errors of the coefficients; ci.lb = lower bound of the confidence intervals for the

coefficients; ci.ub = upper bound of the confidence intervals for the coefficients; QE = test statistic for the test of (residual) heterogeneity; 1"2 = residual
heterogeneity / unaccounted variability; R*2 (amount of heterogeneity accounted for; PICU = pediatric intensive care units, NICU = neonatal intensive

care units
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Additional Table 16 Characteristics of studies included in the meta-analysis for prevalence in individuals with sepsis

Study Total number of Total number of Country, setting Age Design Quality
patients with vitamin D deficient score
sepsis patients with sepsis (NOS)
Shah 2016 160 135 India, PICU 1 month to 16 years cohort 6
Asilioglu 2017 120 20 Turkey, PICU 1 month to <18 years cohort 7
Say 2017 100 87 Turkey, NICU preterm infants at <37 weeks case-control 6
gestation
Dhandai 2018 60 38 India, NICU neonates cohort 7
Ponnarmeni 2016 62 32 India, PICU 1to 12 years cohort 6
McNally 2012 48 33 Canada, PICU newborn to 17 years cohort 7
Onwuneme 2015 (2) 46 32 Ireland, NICU preterm infants at <32 weeks cohort 8
gestation
El-Gamasy 2017 46 20 Egypt, pediatric emergency 3 months to 12 years cohort 7
department
Sankar 2017 43 31 India, PICU <=17 years cohort 8
Mathias 2017 41 28 USA, PICU <=18 years cohort 6
Cizmeci 2015 40 28 Turkey, NICU neonates case-control 7
Onwuneme 2015 (1) 35 32 Ireland, PICU <12 years old cohort 8
Hebbar 2014 30 17 Atlanta, PICU 0 to 18 years cohort 6
Ebenezer 2016 16 8 India, PICU <18 years cohort 6
Korwutthikulrangsri 2015 12 4 Bangkok, PICU moths (<8/9) cohort 7
Prasad 2015 11 9 India, PICU 2 months to 12 years cohort 7
Bustos 2016 10 7 Chile, PICU >37 weeks and < than 15 years cohort 7
Dayal 2014 9 4 India, tertiary care hospital 3 months to 12 years cohort 6
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Additional Table 17 Sensitivity analyses for prevalence of vitamin D deficiency in acute and critically ill children with sepsis

Patient category Number of studies (Total Pooled 95% PI Pooled Heterogeneity Q value, d.f. Median %
number of individuals; proportion proportion @) p-value (IQR) of
number of vitamin D (%, 95% CI) (%, 95% CI) %, 95% CI for heterogeneity vitamin D
deficient individuals) deficiency
Random effects Fixed effects

Excluding studies that | 14 (654; 395) 62.0 (47.3-74.7) 13.3-945 | 60.4 (56.0-64.7) | 89.7 (84.5-93.2) 126.5, 13,<0.0001 | 65.8 (50.4-70.0)

used other thresholds

Sample size >= 42 9 (685; 428) 63.2 (44.6-78.5) 9.4-96.6 62.5 (58.2-66.6) | 94.3 (91.1-96.3) 139.2, 8 <0.0001 68.8 (51.6-72.1)

(large)

Sample size < 42 9 (204; 137) 64.7 (52.5-75.3) 29.5-89.0 | 64.7(57.4-71.4) | 57.9(11.8-79.9) 19.0, 8, 0.0148 68.3 (50.0-70.0)

(small)

Cohort studies 16 (749; 450) 61.4 (48.6-72.8) 15.5-93,2 | 60.0 (55.9-63.9) | 88.8(83.5-92.4) 134.2,15, <0.0001 | 65.8 (48.6-70.5)

Case-control 2 (140; 115) 80.0 (58.8-91.8) NA 81.0(73.3-86.9) | 81.3(20.5-95.6) 5.35, 1, 0.0207 78.5(74.2-82.8)

Studies from India 7 (361; 257) 66.0 (51.4-78.1) 21.3-93.3 | 69.2(63.9-74.1) | 81.1(61.8-90.6) 31.7,6 <0.0001 63.3 (50.8-77.0)

Studies from Turkey 3 (260; 135) 59.2 (13.6-93.1) 0.00-100 51.2 (43.2-59.3) | 97.8 (95.8-98.8) | 90.0, 2, <0.0001 70.0 (43.3-78.5)

Studies that only included | 4 (246; 185) 73.7 (60.3-83.8) 15.9-97.7 | 73.5(67.3-78.9) | 76.0(34.1-91.3) 12.5, 3, 0.0058 69.8 (68.0-74.3)

neonates

Studies that included 14 (643; 380) 60.7 (45.5-74.0) 11.8-94.7 | 58.7 (54.2-63.0) | 90.1 (85.2-93.4) 131.8, 13 < 0.0001 62.5 (45.8-71.6)

children of all other ages
except neonates

CI = confidence intervals; I = heterogeneity; df = degrees of freedom. Vitamin D deficiency defined in our study as <50 nmol/L (20 ng/mL).
12 statistic used to estimate heterogeneity between pooled studies: 12>= 75% was considered as high heterogeneity; PI= Prediction interval,
IQR = interquartile range: Lower (Q1) to Upper (Q3) quartile; NA= Not available
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Additional Table 18 Sensitivity analyses for mortality. Pooled odds ratios for risk of mortality in deficient versus not deficient children

Patient category Number of Pooled OR (95% CI) Heterogeneity (I) % Q value, Eggers
studies Vitamin D deficient/ Vitamin D non-deficient 95% CI) d.f. p-value
(Total number p-value p-value for
of individuals) Random effects Fixed effects heterogeneity
Excluding studies 14 1.59 (1.05-2.41) 1.52(1.08-2.13) 24.3 (0.0-59.9) 17.18, p-value = 0.120
that used other (2,030) p-value = 0.028 p-value =0.016 13,
thresholds 0.1910
Studies from India 7 1.08 (0.70-1.69) 1.08 (0.70-1.69) 0.0 (0.0-62.4) 4.56, Number of studies too
(646) p-value = 0.710 p-value =0.710 6, small to test for small
0.589 study effects (k.min=10)

CI = Confidence Intervals; I? = I squared statistic used to estimate heterogeneity (inconsistency); df = degrees of freedom, results reported in 1 decimal
place; OR= odds ratio. Vitamin D deficiency defined as < 50 nmol/L or 20 ng/ml. We used the I statistic to estimate heterogeneity between pooled

studies: I >= 75% was considered as high heterogeneity.
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Additional Figures

Additional Figure 1 Funnel plot of studies of prevalence of vitamin D deficiency in acute and critically ill
children. Horizontal axis shows logit transformed proportion and the standard error of the logit transformed proportion
is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the pooled
proportion from a random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p=0.01,
Egger’s test).

Plot A shows the funnel plot before trim and fill method was applied and B after. Solid circles in plot B represent
original data and open circles represent imputed filled studies (11 studies added) on the left-hand side of the funnel

plot.
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Additional Figure 2. Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children (by
country group). Forest plot shows results from the random effects model. Diamonds represent pooled proportion of
vitamin D deficiency for the countries in each subgroup (group 1, group2, group 3). The diamond at the bottom shows
the overall pooled estimate of all the 52 studies. Each square shows the prevalence estimate of each study and the
horizontal line across each square represents the 95% confidence interval (Cl) of the prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl  Weight
group1

Vo 2018 298 1016 = 0.29 [0.27;0.32 21%
Madden 2012 205 511 = 0.40 [0.36; 0.45] 2.1%
Lopez 2016 84 347 = 0.24 [0.20; 0.29] 21%
Garcia-Soler 2017 149 340 —& 0.44 [0.38; 0.49 21%
McNally 2012 225 326 i —E 0.69 [0.64; 0.74] 2.1%
Rippel 2012 109 316 — 2 0.34 [0.29;0.40 21%
Alonso 2015 45 288 -5 0.16  [0.12; 0.20] 2.1%
Ayulo 2014 61 216 —— 0.28 [0.22; 0.35] 2.1%
Rey 2014 46 156 —— : 0.29 [0.22; 0.37] 2.1%
Onwuneme 2015 (1) 71 120 —8— 0.59 [0.50;0.68 21%
Onwuneme2015 (2) 86 94 . —a— 0.91 [0.84; 0.96] 1.8%
Bustos 2016 39 90 —e— 0.43 [0.33; 0.54 2.0%
Hurwitz 2017 1" 90 — : 0.12 [0.06;0.21 1.9%
Binks 2014 1 74 —=— 4 0.15 [0.08; 0.25] 1.9%
Roth 2009 3 64 &— 4 0.05 [0.01;0.13 1.5%
Hebbar 2014 37 61 — 0.61 [0.47;0.73] 2.0%
Alvarez 2016 29 50 L 0.58 [0.43;0.72 1.9%
Mathias 2017 28 41 — 0.68 [0.52;0.82 1.9%
Moreno-Solis 2015 9 48 — : 0.19 [0.09; 0.33] 1.8%
Inamo 2011 8 28 — s 0.29 [0.13;0.49 1.7%
Random effects model 4276 . : 0.37 [0.30; 0.45 39.5%
Heterogeneity 1 = 955%, v = 0.5336, p <0.01 §

group2 i

Li 2018 445 797 & 0.56 [0.52; 0.59 2.1%
Asilioglu 2017 120 250 —— 0.48 [0.42; 0.54 21%
Jia 2017 92 110 H —8— 0.84 [0.75; 0.90] 2.0%
Halwany 2017 38 102 —— 0.37 [0.28; 0.47] 2.0%
Say 2017 87 100 —E— 0.87 [0.79;0.93 1.9%
Sakka 2014 89 96 —=- 0.93 [0.86; 0.97] 1.8%
Cayir 2014 50 88 —_— 0.57 [0.46;067 2.0%
Badawi 2017 39 88 —a— 0.44 [0.34; 0.55] 2.0%
Yaghmaie 2017 53 82 — 0.65 [0.53;0.75 2.0%
Basha 2014 53 81 —a 0.65 [0.54;0.76] 2.0%
El-Gamasy 2017 26 80 — : 0.32 [0.22;0.44 2.0%
Banajeh 2009 29 79 —— 0.37 [0.26; 0.48] 2.0%
Cetinkaya 2015 42 50 : —_— 0.84 [0.71;0.93 1.8%
Ahmed 2014 15 50 — H 0.30 [0.18;0.45 1.9%
Cizmeci 2015 28 40 — 0.70 [0.53; 0.83] 1.9%
Khakshour 2015 9 37 — : 0.24 [0.12;0.41 1.8%
Elmoneim 2016 17 30 —_— 0.57 [0.37; 0.75] 1.8%
Dinlen 2016 26 30 — 0.87 [0.69; 0.96 1.5%
Karatekin 2009 23 25 : — 0.92 [0.74; 0.99 1.2%
Random effects model 2215 a 0.62 [0.53; 0.70 36.1%
Heterogeneity: I° = 91.5%, t* = 0.5125, p < 0.01 :

group3 §

Shah 2016 128 154 —8— 0.83 [0.76; 0.89] 2.0%
Ponnarmeni 2016 63 124 — 0.51 [0.42;0.60 21%
Sankar 2016 75 101 P —E— 0.74 [0.65;0.82 2.0%
Dayal 2014 23 92 — : 0.25 [0.17;0.35 2.0%
Prasad 2015 67 80 i —— 0.84 [0.74;0.91 1.9%
Wayse 2004 76 80 H —& 0.95 [0.88;0.99 1.6%
Dhandai 2018 38 60 —— 0.63 [0.50;0.75 2.0%
Ebenezer 2016 21 52 — 0.40 [0.27; 0.55] 1.9%
Narang 2016 28 50 — 0.56 [0.41;0.70] 1.9%
Jat 2016 42 50 : — 0.84 [0.71;0.93] 1.8%
Sankar 2017 31 43 —— 0.72 [0.56; 0.85 1.9%
Korwutthikulrangsri 2015 25 32 P —— 0.78 [0.60; 0.91 1.7%
Roth 2010 21 25 —_— 0.84 [0.64; 0.95 1.5%
Random effects model 943 { E—— 0.71 [0.58; 0.81 24.4%
Heterogeneity: /° = 91.8%, ©* = 0.8997, p < 0.01 :

Random effects model 7434 : 0.55 [0.48;0.61] 100.0%
Prediction interval [0.18; 0.87]

Heterogeneity: 1? = 95.3%, 1° = 0.7300, p <0.01 f T T 1
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Additional Figure 3. Pooled prevalence estimates for vitamin D deficiency in acute and critically ill children
(neonates versus all other age groups). Forest plot shows results from the random effects model. Diamonds represent
pooled proportion of vitamin D deficiency for the studies in neonates and all other age groups. The diamond at the
bottom shows the overall pooled estimate of all the 52 studies. Each square shows the prevalence estimate of each
study and the horizontal line across each square represents the 95% confidence interval (Cl) of the prevalence estimate.

Study VD deficient (n) Total (N) Prevalence 95% Cl Weight
neonates 3

Karatekin 2009 23 25 —_—s 0.92 [0.74;0.99 1.2%
Cizmeci 2015 28 40 — 0.70 [0.53;0.83 1.9%
Dinlen 2016 26 30 : —_— 0.87 [0.69;0.96 1.5%
Cetinkaya 2015 42 50 H —— 0.84 [0.71;0.93 1.8%
Onwuneme2015 (2) 86 94 & —— 0.91 [0.84;0.96 1.8%
Say 2017 87 100 —i— 0.87 [0.79;0.93 1.9%
Dhandai 2018 38 60 —_ 0.63 [0.50;0.75 2.0%
Random effects model 399 5 0.83 [0.73; 0.90 12.2%
Heterogeneity: /% = 76.6%, 1° = 0.4533, p < 0.01 :

other :

Mathias 2017 28 41 -— 0.68 [0.52;0.82 1.9%
Vo 2018 298 1016 = ] 0.29 [0.27;0.32 2.1%
Li 2018 445 797 = 0.56 [0.52;0.59 2.1%
Rippel 2012 109 316 —— 0.34 [0.29;0.40 2.1%
Jia 2017 92 110 : —a 0.84 [0.75;0.90 2.0%
Halwany 2017 38 102 —— 0.37 [0.28;0.47 2.0%
Sakka 2014 89 96 : —= 0.93 [0.86;0.97 1.8%
Hurwitz 2017 11 90 —— : 0.12 [0.06; 0.21 1.9%
Basha 2014 53 81 — 0.65 [0.54;0.76 2.0%
Wayse 2004 76 80 : —&- 0.95 [0.88;0.99 1.6%
Banajeh 2009 29 79 —— 0.37 [0.26;0.48 2.0%
Binks 2014 i 74 —— : 0.15 [0.08;0.25 1.9%
Narang 2016 28 50 —_— 0.56 [0.41;0.70 1.9%
Ahmed 2014 15 50 — : 0.30 [0.18;0.45 1.9%
Khakshour 2015 9 a7 — 0.24 [0.12;0.41 1.8%
Moreno-Solis 2015 9 48 —s— : 0.19 [0.09; 0.33 1.8%
Inamo 2011 8 28 —a— 0.29 [0.13;0.49 1.7%
Roth 2010 21 25 _— 0.84 [0.64;0.95 1.5%
Roth 2009 3 64 —+—— : 0.05 [0.01;0.13 1.5%
Madden 2012 205 511 = : 0.40 [0.36;0.45 2.1%
Lopez 2016 84 347 = : 0.24 [0.20;0.29 2.1%
Garcia-Soler 2017 149 340 = 0.44 [0.38;0.49 2.1%
McNally 2012 225 326 S B 0.69 [0.64;0.74 2.1%
Alonso 2015 45 288 - : 0.16 [0.12;0.20 2.1%
Asilioglu 2017 120 250 —— 0.48 [0.42;0.54 2.1%
Ayulo 2014 61 216 — 0.28 [0.22;0.35 2.1%
Rey 2014 46 156 —i— : 0.29 [0.22;0.37 2.1%
Shah 2016 128 154 : — 0.83 [0.76;0.89 2.0%
Ponnarmeni 2016 63 124 —i— 0.51 [0.42;0.60 2.1%
Onwuneme 2015 (1) 7 120 —— 0.59 [0.50;0.68 2.1%
Sankar 2016 75 101 : —— 0.74 [0.65;0.82 2.0%
Dayal 2014 23 92 — : 0.25 [0.17;0.35 2.0%
Bustos 2016 39 90 — 0.43 [0.33;0.54 2.0%
Cayir 2014 50 88 —— 0.57 [0.46;0.67 2.0%
Badawi 2017 39 88 —8— 0.44 [0.34;0.55 2.0%
Yaghmaie 2017 53 82 —— 0.65 [0.53;0.75 2.0%
Prasad 2015 67 80 : — 0.84 [0.74;0.91 1.9%
El-Gamasy 2017 26 80 —8 : 0.32 [0.22;0.44 2.0%
Hebbar 2014 37 61 — 0.61 [0.47;0.73 2.0%
Ebenezer 2016 21 52 —a— 040 [0.27;0.55 1.9%
Alvarez 2016 29 50 — 0.58 [0.43;0.72 1.9%
Jat 2016 42 50 : —— 0.84 [0.71;0.93 1.8%
Sankar 2017 31 43 — 0.72 [0.56; 0.85 1.9%
Korwutthikulrangsri 2015 25 32 ;. ——— 88— 0.78 [0.60;0.91 1.7%
Elmoneim 2016 17 30 — 0.57 [0.37;0.75 1.8%
Random effects model 7035 : 0.50 [0.44; 0.56 87.8%
Heterogeneity: /% = 95.2%, 1° = 0.6427, p < 0.01 ;

Random effects model 7434 : 0.55 [0.48;0.61] 100.0%
Prediction interval [0.18; 0.87]

Heterogeneity: 1 = 95.3%, % = 0.7300, p < 0.01 I T T !
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1

2

3 Additional Figure 4 Bubble plots of univariate meta-regressions. Each study is represented by a circle. Predictor
4 variables: A study design, B year of publication, C quality score and D total children are plotted on the x-axis with the
Z effect measure logit transformed proportion shown on the vertical (y-axis).
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Additional Figure 5 Funnel plot for prevalence of vitamin D deficiency in acute and critically ill children with
sepsis. Horizontal axis shows logit transformed proportion and the standard error of the logit transformed proportion
is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the pooled
proportion from a random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (p=0.81,
Egger’s test).
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1

2

3 Additional Figure 6 Pooled prevalence estimate for vitamin D deficiency in acute and critically ill children with

‘5‘ sepsis (subgroup analysis by study design). Forest plot shows results from the random effects model. Diamonds

p represent the pooled proportion of vitamin D deficiency for the studies in each subgroup (case-control and cohort).

- The diamond at the bottom shows the overall pooled estimate of all the 18 studies. Each square shows the prevalence

8 estimate of each study and the horizontal line across each square represents the 95% confidence interval (Cl) of the

9 prevalence estimate.

10

11

12 Study VD deficient (n) Total (N) Prevalence 95% ClI Weight

13
case_control :

14 Say 2017 87 100 : ——— 0.87 [0.79;0.93]  6.0%

15 Cizmeci 2015 28 40 _ 070 [0.53;0.83] 5.9%
Random effects model 140 0.80 [0.59; 0.92 11.9%

16 Heterogeneity: /° = 81.3%, ©> = 0.4514, p = 0.02 :

17 cohort !

18 Shah 2016 135 160 : — 0.84 [0.78;0.90] 6.3%
Asilioglu 2017 20 120 —=— : 0.17 [0.10;0.25]  6.2%

19 Ponnarmeni 2016 32 62 —a 0.52 [0.39; 0.65 6.2%

20 Dhandai 2018 38 60 —a— 0.63 [0.50;0.75]  6.1%
McNally 2012 33 48 e 069 [0.54,0.81] 6.0%

21 Onwuneme 2015 (2) 32 46 —— 0.70 [0.54; 0.82 6.0%
El-Gamasy 2017 20 46 — 0.43 [0.29;0.59]  6.0%

22 Sankar 2017 31 43 _— 072 [0.56;0.85]  5.9%

23 Mathias 2017 28 41 —_— 068 [0.52;0.82] 5.9%
Onwuneme 2015 (1) 32 35 : e 091 [0.77,0.98]  4.8%

24 Hebbar 2014 17 30 —_— 057 [0.37;0.75] 5.8%
Ebenezer 2016 8 16 : 050 [0.25;0.75] 52%

25 Korwutthikulrangsri 2015 4 12 0.33 [0.10; 0.65 4.7%

26 Prasad 2015 9 1 : 082 [048,098] 4.0%

%7 Bustos 2016 7 10 : 0.70 [0.35;0.93]  4.4%
Dayal 2014 4 9 : 044 [0.14;079] 4.5%

28 Random effects model 749 0.61 [0.49; 0.73 88.1%
Heterogeneity: /° = 88.8%, <* = 0.9437, p < 0.01 :

2 :

9 Random effects model 889 0.64 [0.52; 0.74] 100.0%

30 Prediction interval [0.17; 0.94]

31 Heterogeneity: /> = 89.3%, <° = 0.9673, p < 0.01 I I | |
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Additional Figure 7 Funnel plot of risk of mortality in vitamin D deficient versus vitamin D non-deficient acute
and critically ill children. Horizontal axis shows logit transformed odds ratio and the standard error of the log odds
ratio is plotted on the vertical axis. Each dot represents an individual study and the vertical line represents the overall
pooled odds ratio from random-effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits
(p=0.084, Egger’s test).
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1

2

3 Additional Figure 8 Pooled odds ratio (OR) and 95% CI for risk of mortality in vitamin D deficient versus

4 vitamin D non-deficient acute and critically ill children (fixed effects model). Diamond represents the overall odds

> ratio (with corresponding 95% Confidence Interval). Each square shows the odds ratio of each study and the horizontal

6 . . . .

- line across each square represents the 95% confidence interval (Cl) of the estimate.

8

9 - =

Deficient Not deficient

10 Study Dead (n) Total (N) Dead (n) Total (N) Odds Ratio OR 95% Cl Weight

" Ebenezer 2016 5 21 5 31 f 162  [0.41; 6.51 4.9%

12 Ponnarmeni 2016 10 63 9 61 —E— 109  [0.41. 2.90 9.8%

13 Sankar 2016 23 75 8 26 —8— 1.00 [0.38; 262] 10.0%
Rippel 2012 3 109 7 207 —— 0.81 0 20; 3.19 5.0%

14 Dayal 2014 3 23 3 69 —f—— 3.30 62; 17.65 3.3%

15 Shah 2016 54 128 14 26 —= 0.63 BO 27; 1.46] 13.0%
Prasad 2015 14 67 1 13 —_— 317 38;' 26.50 2.1%

16 Bustos 2016 4 39 0 51 ; 13.06 [0 68;250.17 1.1%

17 McNally 2012 5 225 0 101 T 506 [0.28; 92.45 1.1%
Elmonéim 2016 1 17 1 13 : 0.75 [0.04; 13.24 1.1%

18 Korwutthikulrangsri 2015 6 25 0 7 . 5.00 [0.25;100.15 1.0%

19 Ayulo 2014 4 61 2 155 B — 537 [0.96; 30.11 3.1%
Garcia-Soler 2017 7 149 3 191 +— 3.09 [0.79' 12.16 5.0%

20 Onwuneme 2015 (2) 5 60 0 34 ; 6.84 [0.37;127.56 1.1%
Asilioglu 2017 16 120 9 85 —E— 1.30 [0.55; 3.10] 12.4%

21 El-Gamasy 2017 14 26 13 54 —=— 368 [1.36; 9.92 9.5%

22 Badawi 2017 27 39 17 49 — 424 [1.72; 10.41 11.5%

23 Sankar 2017 19 31 7 12 —a— 113 [0.29; 4.39 5.1%

1
24 Fixed effect model 1278 1185 4 1.72 [1.27; 2.33] 100.0%
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MOOSE (Meta-analyses Of Observational Studies in Epidemiology) Checklist

A reporting checklist for Authors, Editors, and Reviewers of Meta-analyses of Observational Studies. You must report the page
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number in your manuscript where you consider each of the items listed in this checklist. If you have not included this information,
either revise your manuscript accordingly before submitting or note N/A.

Reporting Criteria Reported (Yes/No) Reported on Page No.
Reporting of Background

Problem definition Yes 4-5

Hypothesis statement Yes

Description of Study Outcome(s) Yes

Type of exposure or intervention used Yes 1-2

Type of study design used Yes 2

Study population Yes 4%7
Reporting of Search Strategy _

Qualifications of searchers (eg, librarians

. . Yes 6

and investigators)

Search strategy, including time period

included in the synthesis and keywords Yes 6

Effort to include all available studies,

including contact with authors ves 67

Databases and registries searched Yes 6

Search software used, name and

version, including special features used Yes 6,9

(eg, explosion)

Use of hand searching (eg, reference

lists of obtained articles) Yes !

List of C|ta.t|ons If)caFed .a.nd t.hose v 10 & Suppl.

excluded, including justification

Method for addressing articles

published in languages other than Yes 6

English

Metho<.:| of handli.ng abstracts and Ves ;

unpublished studies

Description of any contact with authors Yes 7
Reporting of Methods

Description of relevance or

appropriateness of studies assembled for Yes 6-7

assessing the hypothesis to be tested

Rationale for the selection and coding of

data (eg, sound clinical principles or Yes 6-7

convenience)

Documentation of how data were

classified and coded (eg, multiple raters, Yes 7

blinding, and interrater reliability)

Assessment of confounding (eg,

comparability of cases and controls in Yes 7

studies where appropriate
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Reporting Criteria Reported (Yes/No) Reported on Page No.
; Assessment of study quality, including
3 blinding of quality assessors; Yes
4 stratification or regression on possible 7420
5 predictors of study results
6 Assessment of heterogeneity Yes 8-9
; Description of statistical methods (eg,
9 complete description of fixed or random
10 effects models, justification of whether
11 the chosen models account for predictors Yes 8-9
12 of study results, dose-response models,
13 or cumulative meta-analysis) in sufficient
1: detail to be replicated
16 Provision of appropriate tables and
17 graphics Yes 12 & Suppl.
18 Reporting of Results
19 Table giving descriptive information for Ves 1085 |
;? each study included upp’
22 Results of sensitivity testing (eg,
23 subgroup analysis) ves 13,15-16
24 Indication of statistical uncertainty of
25 findings Yes 20-21
;? Reporting of Discussion
28 Quantitative assessment of bias (eg, Ves 590 1518
29 publication bias) ’
30 Justification for exclusion (eg, exclusion
31 of non—English-language citations) Yes !
32 Assessment of quality of included studies Yes 7
gi Reporting of Conclusions
35 Consideration of alternative explanations
Yes 21-22
36 for observed results
37 Generalization of the conclusions (ie,
38 appropriate for the data presented and Yes 21-22
23 within the domain of the literature review)
41 Guidelines for future research Yes 21-22
42 Disclosure of funding source Yes 9&22
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44 Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this
22 checklist as part of the main manuscript document. It must be uploaded as a separate file.
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