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ABSTRACT

Background

Children with acute pneumonia may be vitamin D deficient. Clinical trials have found that prophylactic vitamin D supplementation
decreases children's risk of developing pneumonia. Data on the therapeutic effects of vitamin D in acute childhood pneumonia are limited.
This is an update of a Cochrane Review first published in 2018.

Objectives

To evaluate the efficacy and safety of vitamin D supplementation as an adjunct to antibiotics for the treatment of acute childhood
pneumonia.

Search methods

We searched CENTRAL, MEDLINE, Embase, and two trial registries on 28 December 2021. We applied no language restrictions.

Selection criteria

We included randomised controlled trials (RCTs) that compared vitamin D supplementation with placebo in children (aged one month to
five years) hospitalised with acute community-acquired pneumonia, as defined by the World Health Organization (WHO) acute respiratory
infection guidelines. For this update, we reappraised eligible trials according to research integrity criteria, excluding RCTs published from
April 2018 that were not prospectively registered in a trials registry according to WHO or Clinical Trials Registry - India (CTRI) guidelines (it
was not mandatory to register clinical trials in India before April 2018).

Data collection and analysis

Two review authors independently assessed trials for inclusion and extracted data. For dichotomous data, we extracted the number of
participants experiencing the outcome and the total number of participants in each treatment group. For continuous data, we used the
arithmetic mean and standard deviation (SD) for each treatment group together with number of participants in each group. We used
standard methodological procedures expected by Cochrane.

Main results

In this update, we included three new trials involving 468 children, bringing the total number of trials to seven, with 1601 children (631
with pneumonia and 970 with severe or very severe pneumonia). We categorised three previously included studies and three new studies
as 'awaiting classification' based on the research integrity screen.
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Five trials used a single bolus dose of vitamin D (300,000 IU in one trial and 100,000 IU in four trials) at the onset of illness or within 24 hours
of hospital admission; one used a daily dose of oral vitamin D (1000 IU for children aged up to one year and 2000 IU for children aged over
one year) for five days; and one used variable doses (on day 1, 20,000 IU in children younger than six months, 50,000 IU in children aged
six to 12 months, and 100,000 U in children aged 13 to 59 months; followed by 10,000 1U/day for four days or until discharge). Three trials
performed microbiological diagnosis of pneumonia, radiological diagnosis of pneumonia, or both.

Vitamin D probably has little or no effect on the time to resolution of acute illness (mean difference (MD) -1.28 hours, 95% confidence
interval (Cl) -5.47 to 2.91; 5 trials, 1188 children; moderate-certainty evidence). We do not know if vitamin D has an effect on the duration
of hospitalisation (MD 4.96 hours, 95% Cl -8.28 to 18.21; 5 trials, 1023 children; very low-certainty evidence). We do not know if vitamin D
has an effect on mortality rate (risk ratio (RR) 0.69, 95% Cl 0.44 to 1.07; 3 trials, 584 children; low-certainty evidence). The trials reported
no major adverse events.

According to GRADE criteria, the evidence was of very low-to-moderate certainty for all outcomes, owing to serious trial limitations,
inconsistency, indirectness, and imprecision.

Three trials received funding: one from the New Zealand Aid Corporation, one from an institutional grant, and one from multigovernment
organisations (Bangladesh, Sweden, and UK). The remaining four trials were unfunded.

Authors' conclusions

Based on the available evidence, we are uncertain whether vitamin D supplementation has important effects on outcomes of acute
pneumonia when used as an adjunct to antibiotics. The trials reported no major adverse events. Uncertainty in the evidence is due to
imprecision, risk of bias, inconsistency, and indirectness.

PLAIN LANGUAGE SUMMARY

Is vitamin D an effective and safe addition to antibiotics for treating children with acute pneumonia?
What is pneumonia, and how can it be treated?

Pneumoniaisinflammation (swelling) of the lungs caused by an infection. Treatment for pneumoniaincludes antibiotics, providing oxygen
through a mask, and other supportive therapies. Vitamin D boosts immune defences and reduces excessive inflammation: these effects
may help children recover from an episode of pneumonia.

What did we want to find out?
We wanted to find out if vitamin D, taken together with antibiotics, can help children to recover from an episode of pneumonia.
What did we do?

We searched for trials that looked at vitamin D compared with placebo (dummy treatment) in children aged between one month and five
years who had pneumonia. We compared and summarised the results of the studies and rated our confidence in the evidence, based on
factors such as study methods and sizes.

Study characteristics

We included seven trials involving 1601 children from low- and middle-income countries. In five trials, children received a single large dose
of vitamin D when they joined the trial or within 24 hours of admission to hospital. In two trials, children received vitamin D for five days.
One trial excluded children with normal vitamin D levels. Two trials reported the cause of children's pneumonia.

Key results

Vitamin D probably has little or no effect on the time it takes children to get better from pneumonia. We do not know if vitamin D has an
effect on the time children spend in hospital or the number of children who die. The studies reported no major harmful events.

What are the limitations of the evidence?

We have only moderate confidence in the evidence on the time it took children to recover from pneumonia, because all children in this
comparison were from low-income regions, so the results may not apply to higher-income populations. We have little confidence in the
evidence on death rate, because of the same applicability problem outlined above, and because the result was compatible with both
appreciable benefit and harm. We have very little confidence in the evidence on time spent in hospital, because of the same applicability
problem outlined above, because the children and health providers in one study knew what the allocated treatment was, and because the
results were very inconsistent across the studies included in the comparison.

How up to date is the evidence?

Vitamin D as an adjunct to antibiotics for the treatment of acute childhood pneumonia (Review) 2
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The evidence is current to 28 December 2021.
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SUMMARY OF FINDINGS

Summary of findings 1. Vitamin D compared with placebo for acute childhood pneumonia

Vitamin D compared with placebo for acute childhood pneumonia

Patient or population: children with acute pneumonia

Settings: hospital setting

Intervention: vitamin D

Comparison: placebo

Outcomes

Illustrative comparative risks*

Relative effect

No. of partici-

Certainty of

Comments

(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding risk
Control Vitamin D
Time to resolution  Mean time in the Mean time in the inter- — 1188 DODO The appropriate effect measure for
of acuteillness control group vention group was 1.28 (5 studies) Moderate? time-to-event data is hazard ratio; how-
] ranged from 50.8 hours less (5.47 hours ever, the studies reported this informa-
(Follow-up varied  hours to 119.52 less to 2.91 hours more). tion as continuous data.
from 2 to 14 days) hours.
Duration of hospi-  Mean duration in Mean duration in thein-  — 1023 B0 3 studies reported median values; we
talisation the control group tervention group was (5 studies) Very lowa,b,c converted them to means and standard
) ranged from 106.82  from 4.96 hours more deviations.
(Follow-up varied hours to 248.4 (8.28 hours less to 18.21
from 2 to 14 days) hours. hours more).
Mortality rate 97 per 1000 94 per 1000 RRO0.69 (0.44t0 584 BDOO Only 3 trials reported the important out-
) 1.07) ) Lowa.d come of mortality rate. In the remaining
(Follow-up time (6 to 1000) (3 studies) studies, either no deaths occurred or the

varied from 2 to 14
days)

trial authors did not report them.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; MD: mean difference; RR: risk ratio.

GRADE Working Group grades of evidence
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High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for serious indirectness: this comparison only included studies from low-income regions with high baseline prevalence of vitamin D deficiency (results
not generalisable).

bDowngraded one level for serious risk of bias concerns: one study had unclear risk of attrition and reporting bias and the other had high risk of performance bias.
cDowngraded one level for serious inconsistency: statistical heterogeneity was substantial (I* = 73%) and significant (P = 0.005).

dDowngraded one level for serious imprecision: 95% Cl includes appreciable harm and benefit.
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BACKGROUND

Description of the condition

Pneumonia is an acute lower respiratory tract infection that
primarily affects the lungs. Microscopically, the alveoli are filled
with exudative fluid (pus), which compromises breathing and
gas exchange in the lungs (Scott 2012). Clinical manifestations
of acute childhood pneumonia include cough, fever, breathing
difficulty, lower chest wall indrawing, and hypoxia (Das 2021; Scott
2012). The most common aetiological agents are bacteria and
viruses (e.g. Streptococcus pneumoniae, Haemophilus influenzae,
and respiratory syncytial virus; Mathew 2015).

Risk factors for acute childhood pneumonia include mixed
feeding or non-breastfeeding, undernutrition, indoor air pollution,
prematurity, overcrowding, and lack of immunisation against
measles (Goyal 2021; Rudan 2008). In 2019, of the 5.3 million
deaths of children aged up to five years globally, 49.2% were due
to infectious diseases (Perin 2022), and 13.9% (0.74 million) were
attributed to pneumonia (Perin 2022).

The management of acute childhood pneumonia includes
antibiotics, oxygen therapy, other supportive therapy, and, in
severe cases, assisted ventilation (Chee 2022; Lassi 2014; Lodha
2013). Studies investigating the effects in this population of
nutritional supplements such as zinc, vitamin A, and vitamin C have
produced unfavourable results (Das 2012; Haider 2011a; Haider
2011b; Hemila 2013; Mathew 2010; Wahed 2008). Similarly, over-
the-counter medications (e.g. mucolytics and antitussives) have
shown no beneficial effects (Chang 2014).

Description of the intervention

Vitamin D is a fat-soluble vitamin that plays an important role in
calcium and phosphorous homeostasis and bone mineralisation
(Wagner 2008). There are two types: vitamin D, (ergocalciferol),
which is derived from plants, and vitamin D5 (cholecalciferol),
which is derived from animals. Vitamin D is primarily synthesised in
the skin (as vitamin D) after exposure to ultraviolet B radiation; less
than 10% is derived from dietary sources (McAllister 2006; Munns
2016). The main form circulating in the blood is 25-hydroxy-vitamin
D (25(0OH)-D), which is synthesised in the liver, and the active or
true hormonal form is 1,25-dihydroxyvitamin D (1,25(0H),-D or
calcitriol), which is synthesised in the kidneys (Munns 2016; Walker
2009). The active form binds to the vitamin D receptor (VDR) present
in the nucleus, before orchestrating a wide range of actions in the
body (Walker 2009). VDR is present in cells of almost every organ
system of the body, including immune cells. The best available
parameter to indicate the status of vitamin D in the body is blood
25(0H)-D level, owing to the long half-life of this substance. This
method is used to define the status of vitamin D in children, as
follows (Munns 2016).

« Sufficient (50 to 250 nmol/L)

« Insufficient (37.5 to 50 nmol/L)

« Deficient (37.5 nmol/L or less)

« Severely deficient (12.5 nmol/L or less)
« Excessive (more than 250 nmol/L)

Most multivitamins (which comein liquid, tablet, and capsule form)
include vitamin D as a nutritional supplement (doses vary from
50 IU to 1000 IU). Intramuscular injections may be indicated in

special circumstances. The recommended daily dose for children
and adolescents is 400 IU. The upper limit should not exceed 2000
IU per day in children aged over one year, and 1000 IU per day
in infants aged up to one year. However, children with vitamin
D deficiency can receive a daily dose of 1000 IU to 10,000 IU
(depending on the child's age) for two to three months to enable
the serum vitamin D level to normalise (Munns 2016).

Vitamin D deficiency or insufficiency is prevalent in low-income
countries (Joshi 2014; Kelishadi 2014; Thacher 2012; Torun 2013;
Zhang 2013), and also occurs in high-income countries (Grant 2009;
Mansbach 2009; Ward 2007). One 10-year data series reported 126
cases of vitamin D deficiency rickets in Australia (Robinson 2006),
and one two-year data series reported 104 cases in Canada (Ward
2005). In the USA and the UK, there are no definitive prevalence
estimates for vitamin D deficiency rickets. Historical prevalence
estimates from the USA indicate increases from 65 instances
between 1975 and 1985 to 166 instances between 1986 and 2003
(Weisberg 2004); there were 62 instances between 2004 and 2006
(McAllister 2006; Mylott 2004). Vitamin D deficiency rickets remains
asignificant public health problem in other parts of the world (Joshi
2014; Wondale 2005).

Variables associated with vitamin D deficiency are: increased
urbanisation, time spent indoors, and use of sunscreen; increasing
latitude; seasonal change (winter or rainy season); air pollution;
prematurity; and malabsorptive disorders (Munns 2016). Vitamin
D deficiency substantially increases risk of pneumonia amongst
children aged up to five years (Akeredolu 2021; Binks 2014; Najada
2004; Oktaria 2021). Studies have also found a link between single
nucleotide polymorphisms (SNPs) of genes related to the VDR,
and susceptibility to respiratory syncytial virus infection (Janssen
2007). Few trials that provided vitamin D supplements to children
with pneumonia have reported a reduction in recurrent episodes
(Manaseki-Holland 2010; Singh 2019).

How the intervention might work

Vitamin D is thought to boost mucosal immune defences
and reduce excessive inflammation (Pfeffer 2012). The
immune-enhancing actions of vitamin D include induction of
monocyte differentiation, inhibition of lymphocyte proliferation,
stimulation of phagocytosis-dependent and antibody-dependent
macrophages, and modulation of cytokine and antibody-
producing lymphocytes (Liu 2006; Raloff 2006; White 2008).
Hydroxylation of vitamin D to the active form occurs in the
kidneys by the enzyme 1-alpha hydroxylase or CYP27B1; the
same hydroxylation pathway also operates in other cells that
participate in immune regulation, such as epithelial cells and
monocyte-macrophages (Hewison 2011). In the airways (bronchial
epithelial cells), 1-alpha hydroxylase activity increases in response
to any acute insult or inflammatory stimulus (Hansdottir 2008).
Cathelicidin is an antimicrobial peptide whose expression is
increased over immune cells in response to infection, and the
whole cascade depends on vitamin D (Gombart 2005; White 2008).
As a result, the vitamin D/cathelicidin-circuit is activated in acute
respiratory tract infections, including pneumonia. Experimental
models have shown that vitamin D dampens adaptive immune
responses and modulates key elements of innate immune response
in dendritic cells following S pneumoniae infection (Olliver 2013).
Vitamin D also confers antiviral properties that affect the role of toll-
like receptors (TLR), particularly TLR7 (Alvarez-Rodriguez 2012).

Vitamin D as an adjunct to antibiotics for the treatment of acute childhood pneumonia (Review) 6
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Some studies have shown that daily vitamin D supplementation has
better therapeutic efficacy than large bolus doses for pneumonia,
tuberculosis, and fracture in older adults (Heaney 2012; Hollis 2011;
Manaseki-Holland 2012; Martineau 2012; Nielsen 2010). Clinical
studies have shown that vitamin D at a higher dose could be
immunosuppressive. Kimball 2011 investigated high-dose vitamin
D (10,000 IU per day) and found suppressed proliferative response
of peripheral blood monocytes. The findings of Manaseki-Holland
and colleagues supported this finding (Manaseki-Holland 2012). In
one study, large bolus doses (100,000 1U) of vitamin D four times
per year in infants led to slightly increased risk of repeat episodes
of all types of pneumonia and mortality (Manaseki-Holland 2010).
However, the same study found a 13% reduced risk of clinically
defined pneumonia up to three months after vitamin D treatment
in children who received a single large bolus dose of 100,000 U
(Manaseki-Holland 2010). This may mean that the immunological
effectiveness of vitamin D is blunted at extremes of dosages (either
very high or low therapeutic dose).

Why it is important to do this review

Pneumonia is a leading cause of global mortality in children
aged up to five years; more than 90% of deaths occur in low-
income countries (Perin 2022). Although antibiotic therapy is the
main treatment for pneumonia, irrational use has contributed to
increasing resistance. In addition, most children in low-income
countries have limited access to healthcare facilities. Vitamin D is
a relatively simple intervention that may be a helpful addition to
standard treatment for acute childhood pneumonia. Due to its low
cost and ease of administration, vitamin D can be administered
to children with acute pneumonia. Vitamin D, as an adjunct
to antibiotics, may help to reduce childhood mortality from
pneumonia. In a previous review, we found no role for oral vitamin D
supplementation in children aged under five with acute pneumonia
(Das 2013). This Cochrane Review includes updated searches to
assist healthcare providers in making informed decisions about
providing vitamin D for children with acute pneumonia.

OBJECTIVES

To evaluate the efficacy and safety of vitamin D supplementation
as an adjunct to antibiotics for the treatment of acute childhood
pneumonia.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs).

Types of participants

Children aged from one month to five years, hospitalised with a
clinical diagnosis of community-acquired pneumonia (CAP). We
defined pneumonia according to the World Health Organization
(WHO) acute respiratory infection guidelines (Scott 2012). We
defined pneumonia as the presence of age-specific tachypnoea
(more than 60 breaths per minute in children aged up to two
months; more than 50 breaths per minute in children aged
from two months to 11 months; and more than 40 breaths per
minute in children aged from 12 months to 60 months) with or
without cough or fever. We defined severe pneumonia as the

presence of age-specific tachypnoea along with lower chest wall
indrawing or any of the danger signs (cyanosis, inability to feed,
or lethargy). We excluded trials that enrolled children with other
debilitating diseases, severe wasting (weight for height z-score
below -3), asthma or other respiratory diseases, hospital-acquired
pneumonia, or postoperative conditions.

Types of interventions

Interventions began after diagnosis of CAP. The interventions
consisted of treatment with vitamin D as an adjunct to antibiotics
and other supportive measures. The trials compared vitamin D
with placebo only. We considered any dose schedule (low or high
dose, daily dose or bolus dose, any duration) and any route (oral or
injection).

Types of outcome measures

Outcome measures frequently used to determine the clinical
efficacy of any acute pneumonia treatment are time to resolution
of illness, duration of hospitalisation, treatment failure, adverse
events, and mortality.

Primary outcomes

« Time to resolution of acute illness
« Duration of hospitalisation

We defined time to resolution of acute illness as the time
needed to achieve the following parameters from treatment
initiation: respiratory rate below age-specific cutoff, no lower chest
indrawing, no danger signs or hypoxia, and ability to feed. These
parameters had to be present for at least two consecutive days or
48 hours. We defined duration of hospitalisation as the time period
between trial enrolment and discharge.

Secondary outcomes

« Time to resolution of tachypnoea

« Time to resolution of lower chest wall indrawing

« Time to resolution of hypoxia (blood oxygen saturation below
95%)

« Time to resolution of fever

« Time to resolution of inability to feed or lethargy

« Treatment failure rate

« Mortality rate

« Adverse events (if any)

We defined treatment failure as no reduction in breathing rate after
48 hours compared to the rate recorded at enrolment.

Search methods for identification of studies
Electronic searches

We searched the following electronic databases.

« Cochrane Central Register of Controlled Trials (CENTRAL) 2021,
Issue 12, part of the Cochrane Library (accessed 28 December
2021), which contains the Cochrane Acute Respiratory Infections
(ARI) Group's Specialised Register

+ Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
(1946 to 28 December 2021)
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« Embase (2010 to 28 December 2021)

We used the search strategy presented in Appendix 1 to
search CENTRAL and MEDLINE. The MEDLINE search was
combined with the Cochrane Highly Sensitive Search Strategy
for identifying randomised trials in MEDLINE (sensitivity- and
precision-maximising version, 2008 revision, Ovid format; Lefebvre
2011; Schiinemann 2011). We adapted the search strategy to search
Embase (Appendix 2).

Searching other resources

We searched the following clinical trials registries for ongoing trials
on 28 December 2021.

« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov)

« WHO International Clinical Trials Registry Platform (ICTRP;
www.who.int/clinical-trials-registry-platform)

We also searched the Journal of Orthomolecular Medicine (isom.ca/
jom/; 1986 to December 2021), which focuses on dietary
supplements for illness. We contacted researchers in the relevant
field to identify additional trials that may be eligible for inclusion.
We also checked the reference lists of all trials identified.

Data collection and analysis
Selection of studies

Two review authors (RRD, SSN) independently screened titles
and abstracts to identify potentially relevant trials. When they
could not ascertain relevance from the titles or abstracts, they
retrieved the full text for assessment. The same two review authors
independently assessed the eligibility of potentially relevant trials
by evaluating the full-text reports and completing eligibility forms
designed in accordance with the specified inclusion criteria.
They resolved any differences in opinion through discussion or
by consulting the third review author (MS) when necessary.
We described excluded trials in a Characteristics of excluded
studies table, along with reasons for their exclusion. In the case of
conference abstracts, if additional data were not forthcoming, we
used the information provided in the abstract. We contacted trial
authors where we required clarification or additional information.

Research integrity screening

Cochrane defines a problematic study as "Any published or
unpublished study where there are serious questions about the
trustworthiness of the data or findings, regardless of whether the
study has been formally retracted; scientific misconduct will not be
the only reason that a study might be problematic; problems may
result from poor research practises or honest errors" (Cochrane
policy - managing problematic studies). Following suggestions
from the Cochrane Research Integrity Editor to identify and
handle problematic trials, we changed the inclusion criteria for
this update. We considered research integrity of the individual
trial as an important eligibility criteria. Some useful tools are
available for evaluation of publication integrity, such as the
REAPPRAISED checklist (Grey 2020). The Cochrane Pregnancy and
Childbirth Group has also developed a data extraction sheet
that addresses scientific integrity and trustworthiness (Alfirevic
2021). In addition, there is available implementation guidance
on the Cochrane policy of managing potentially problematic
trials (Implementation guidance - problematic studies). We used

the Cochrane implementation guidance, and adopted the tool
described in Popp 2022 and Weibel 2022. Two review authors
(RRD, SSN) independently evaluated the newly included trials and
previously included trials for research integrity. Trials were eligible
if there were no issues related to the following critical criteria.

« Retraction notice or expression of concern

« Trial registration (as per guidelines of the WHO (WHO 2018) and
Clinical Trials Registry - India (CTRI; Shetty 2021)

o Ethics committee approval

« Plausible trial authorship

« Sufficient description of trial methods (e.g. randomisation,
blinding, allocation concealment, and loss to follow-up)

« Plausibility of trial results

We excluded trials that were retracted or had expressions of
concerns published, and trials published from April 2018 that had
not been registered in a trial registry, as per the guidelines of the
WHO (WHO 2018) and Clinical Trials Registry - India (CTRI; Shetty
2021). We did not apply the criterion of trial registration to
trials published before April 2018, when it was not mandatory
to register clinical trials in India. We moved previously included
trials to Characteristics of studies awaiting classification if there
were issues with the other four criteria listed above, or if the trial
authors had not responded to our email queries regarding trial
methodology or results.

Data extraction and management

We extracted the following information from each trial using a
piloted data extraction form.

« Author

o Year

+ Location (country)

« Setting (hospital or community)
« Method of recruitment

« Inclusion criteria

+ Unit of analysis

« Allocation ratio

« Risk of bias

« Participant data (age, sex, sample size, pneumonia or severe
pneumonia)

« Intervention (dosage, duration, frequency, and co-intervention,
if any)

« Outcomes (outcome definition, valid unit of measurement, time
points of collection and reporting)

+ Lossto follow-up
« Key conclusions
« References to other relevant trials

Two review authors (RRD, SSN) independently extracted data from
the trials, resolving any discrepancies through discussion or by
consulting the third review author (MS). For dichotomous data
(e.g. mortality or adverse events), we extracted the number of
participants experiencing the condition and the total number of
participants in each treatment group. For continuous data (e.g.
time to resolution or duration of illness), we used the arithmetic
mean and standard deviation (SD) for each treatment group
together with the number of participants in each group. If trials
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reported standard error (SE), we converted it to SD. If trials reported
geometric means, we recorded this information and extracted the
SD on the log scale. If trials used medians, we derived mean and SD
using established methods (Hozo 2005; Luo 2018; Wan 2014). If the
report provided a 95% confidence interval (Cl) instead of a mean
and SD for continuous data, we extracted the mean and SD from the
95% Cl.

Assessment of risk of bias in included studies

Two review authors (RRD, SSN) independently assessed
methodological quality using the Cochrane risk of bias tool (RoB
1; Higgins 2011). We assessed included trials based on the following
six components.

« Method of sequence generation
« Allocation concealment

« Blinding of participants, health providers, and outcome
assessors

« Incomplete outcome data
« Selective outcome reporting

« Other biases (including detection bias, e.g. differential effort to
locate death records for the intervention and control groups)

We presented findings in risk of bias tables with the review authors'
judgement (low, high, or unclear risk of bias) and support for the
judgement. We also reported the results in risk of bias graphs. We
attempted to contact the trial authors for clarification where data
were missing, or where we needed clarification about reporting.
A third review author (MS) resolved any disagreements. Further
details about the risk of bias tool are provided in the Cochrane
Handbook of Systematic Reviews of Interventions (Higgins 2011).
Had we identified any cluster-RCTs, we would have looked for
sources of bias originating from differences between individually
randomised trials and cluster-RCTs (e.g. the relationship between
allocation concealment and recruitment bias may be greater in
cluster-RCTs).

Measures of treatment effect

We extracted and entered outcome data into Review Manager 5
(RevMan 5) software for statistical analysis (Review Manager 2014).
We used the standard methods of the Cochrane Acute Respiratory
Infections (ARI) Review Group to synthesise data. Outcomes with
continuous data included time to resolution of acute illness;
duration of hospitalisation; and time to resolution of tachypnoea,
lower chest wall indrawing, hypoxia, fever, and inability to feed
or lethargy. For continuous data, we calculated mean differences
(MDs) with 95% Cls to estimate the treatment effect. Where trials
provided data as medians and ranges, including interquartile
ranges (IQRs), we first derived the mean and SD, then calculated
the MD and 95% CIl. Outcomes with dichotomous data included
treatment failure rate, mortality rate, and adverse events rate. For
dichotomous data, we calculated risk ratios (RRs) with 95% Cls.

Unit of analysis issues

Trials that randomise units other than individuals (i.e. clusters),
should present results with controls for clustering (e.g. robust SEs
or hierarchical linear models). We included no cluster-randomised
trials in our review, so we had no unit of analysis issues.

Dealing with missing data

We described missing data, including dropouts, and reported
reasons for dropouts. Differential dropout rates can lead to biased
estimates of the effect size, and bias may arise if the reasons for
dropping out differ across groups. If data were missing, or if trials
did not report reasons for dropouts, we contacted the trial authors
for further information. When trials performed analyses with only
completer data and also analyses that controlled for dropouts (ITT),
we extracted the ITT analyses.

Assessment of heterogeneity

We assessed included trials for clinical, methodological, and
statistical heterogeneity. We assessed clinical heterogeneity by
comparing the distribution of important factors such as trial
participants, trial setting, dose and duration of the intervention,
and co-interventions. We evaluated methodological heterogeneity
on the basis of factors such as the method of sequence generation,
allocation concealment, blinding of outcome assessment, and
losses to follow-up. We used the Chi? test for statistical
heterogeneity between trials and considered P < 0.10 as indicating
significant heterogeneity. We used the I? statistic to assess the
magnitude of heterogeneity, basing our interpretation on the
following considerations (Higgins 2011).

« 0% to 40%: might not be important

« 30% to 60%: may represent moderate heterogeneity
« 50% to 90%: may represent substantial heterogeneity
» 75% to 100%: considerable heterogeneity

The importance of the observed I? value depends on the magnitude
and direction of effects, and on the strength of evidence for
heterogeneity (e.g. P value from the Chi? test, or CI for I?).
Uncertainty in the value of I? is substantial when the number of
trials is small.

Assessment of reporting biases

We undertook a comprehensive electronic search and searched
trial registries to minimise the effects of publication bias. Had we
identified 10 or more trials reporting the primary outcomes, we
would have created funnel plots of effect estimates against their
SEs (on a reversed scale) using RevMan 5 (Review Manager 2014).
However, the primary outcome data were pooled from less than 10
trials, precluding the construction of funnel plots.

Data synthesis

We carried out statistical analyses using RevMan 5 (Review Manager
2014). We performed meta-analyses using a random-effects model
due to the presence of clinical heterogeneity. We did not include
any cluster-RCTs. We calculated overall effects using inverse
variance methods. We presented results as the average treatment
effect with 95% Cl and Tau? and |12 estimates.

Subgroup analysis and investigation of heterogeneity

In this updated review, we conducted subgroup analyses and
investigated possible sources and causes of heterogeneity in the
pooled analysis of primary outcome measures involving different
dose schedules of vitamin D (low or high dose, single bolus or
daily dose, oral or parenteral route, duration of less or more than
five days). We did not conduct subgroup analysis for population
(aged up to one year or one to five years, boys or girls), trial setting
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(hospital or community, outpatient or inpatient, low-, middle-, or
high-income countries), aetiology (bacterial or viral pneumonia), or
severity of illness (pneumonia, severe pneumonia, or very severe
pneumonia) as there were too few trials.

Sensitivity analysis

In this updated review, we conducted a sensitivity analysis to
explore the effect of trial quality on results. This involved excluding
trials at risk of bias (selection, performance, detection, attrition,
or reporting bias) to assess for any substantive difference to
the overall result. We did not investigate the effects of the
randomisation unit (individual versus cluster) on the outcomes,
as we identified no eligible cluster-RCTs. We explored the effects
of fixed-effect or random-effects analyses for outcomes with
statistical heterogeneity. We used primary outcomes in sensitivity
analyses.

Summary of findings and assessment of the certainty of the
evidence

We created a summary of findings table with the following
outcomes.

« Time to resolution of acute illness
« Duration of hospitalisation
« Mortality rate

We used the five GRADE considerations (risk of bias, inconsistency,
imprecision, indirectness, and publication bias) to assess the
certainty of a body of evidence as it related to the trials that
contributed data for the prespecified outcomes (Atkins 2004). We
used methods and recommendations described in Section 8.5
and Chapter 12 of the Cochrane Handbook for Systematic Reviews
of Interventions (Schiinemann 2011), employing GRADEpro GDT
software (GRADEpro GDT). We justified all decisions to downgrade
the certainty of the evidence using footnotes, and made comments
to aid the reader’s understanding of the review where necessary.
Where it was not possible to carry out a meta-analysis, we
summarised the data for each trial.

RESULTS

Description of studies
Results of the search

After deduplication, we retrieved 1209 records (MEDLINE: 514;
CENTRAL: 2; Embase: 690; Google Scholar: 3) in an updated search
covering the period July 2018 to December 2021. Two review
authors (RRD, SSN) excluded 1201 records based on the title and
abstract screen. We retrieved the full-text reports of the remaining
eight records, which corresponded to eight separate trials, and
assessed them against our eligibility criteria. We excluded two new
trials: one did not study pneumonia specifically (Jadhav 2021), and
the other did not report outcomes for acute pneumonia (Singh
2019). Of the six remaining trials, one had been classified as
ongoing in the previous version of this review, but had since been
published (Chowdhury 2021). The second trial classified as ongoing
in the previous version of this review was not recruiting at the
time of our updated search and had no update posted since 4
February 2014; it remains in the ongoing category for this update
(NCT02054182).

Eligibility screening for research integrity

We re-assessed all eligible trials for issues related to research
integrity. Of the 13 eligible trials (seven included in the previous
review and six deemed potentially eligible for inclusion in this
update), four passed all the criteria of research integrity screening
(Chowdhury 2021; Gupta 2016; Labib 2021; Somnath 2017). Three
trials provided no information about registration (Choudhary
2012; Jingi 2018; Manaseki-Holland 2010). However, as they were
published on or before 2018, the trial registration criterion did
not apply to them, and as they passed all other criteria of
research integrity screening, we included them in this update.
The remaining six trials did not meet one or more criteria in
addition to trial registration, and were moved to Studies awaiting
classification (Bisht 2017; Dhungel 2015; Gaber 2018; Rahmati 2016;
Rajshekhar 2016; Shamaoon 2018). See Figure 1.
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Figure 1. Study flow diagram.
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Included studies

We included seven RCTs involving a total of 1601 children (631
with pneumonia and 970 with severe or very severe pneumonia)
after applying the research integrity criteria (Choudhary 2012;
Chowdhury 2021; Gupta 2016; Jingi 2018; Labib 2021; Manaseki-
Holland 2010; Somnath 2017). See Characteristics of included
studies table. All trials were conducted in low- and middle-income
countries (LMICs). Participant characteristics, aetiological agents,
and prevalence of vitamin D deficiency appeared to be very similar
across trials. The trials differed in terms of inclusion criteria
and dose and duration of vitamin D use. Three trials received
funding: one from the New Zealand Aid Corporation, one from an
institutional grant, and one from multigovernment organisations
(Bangladesh, Sweden, and UK). The remaining four trials were
unfunded.

Choudhary 2012 was a single-centre trial conducted in India that
aimed to determine the role of oral vitamin D supplementation for
resolution of severe pneumonia in children. The trial enrolled 200
children (100/100, intervention/control) aged between two months
and five years who were hospitalised with WHO-defined severe
pneumonia. Thirty per cent of children in the vitamin D group and
33% of children in the control group had a history of recurrent
pneumonia. Five children had clinical evidence of rickets. One-third
of the children had wheezing at enrolment.

Children in the intervention arm received oral vitamin D, for five
days at a dose of 1000 IU (for those aged up to one year) or 2000 |U
(for those aged over one year). Children in the placebo arm received
lactose alone. The children received antibiotics in accordance
with the Indian Academy of Pediatrics (IAP) 2006 guidelines (IAP
2006). The guidelines recommend the following age-specific drug
combinations.

« Infants aged up to three months: cefotaxime/ceftriaxone with
or without gentamicin/amikacin as first-line therapy and co-
amoxyclav plus gentamicin/amikacin as second-line therapy

o Children aged three months to five years: ampicillin/
chloramphenicol or ampicillin plus chloramphenicol or co-
amoxyclav as first-line therapy and co-amoxyclav or cefotaxime/
ceftriaxone as second-line therapy

« Children with staphylococcal infection: in addition to age-
specific treatment combinations, adjuvant therapy with
cloxacillin as first-line therapy and vancomycin/teicoplanin as
second-line therapy

Primary trial outcomes were time to resolution of severe
pneumonia (absence of lower chest indrawing, hypoxia, cyanosis,
and lethargy with inability to feed). Secondary outcomes were
duration of hospitalisation, time to resolution of tachypnoea, chest
retraction, and inability to feed.

Chowdhury 2021 was a single-centre trial conducted in Bangladesh
that aimed to determine the role of oral vitamin D supplementation
for resolution of severe pneumonia in children. The trial enrolled
197 children (97/100, intervention/control) aged between two
months and five years who were hospitalised with WHO-
defined severe pneumonia. Children who presented with severe
malnutrition with any sign of pneumonia were also considered to
have severe pneumonia. Most children (n = 134, 68%) were infants.
Nearly half of children were severely malnourished. Nearly one-
third had a repeat episode of pneumonia. Vitamin D deficiency was

presentin 21% of children in the intervention group and 35% in the
placebo group (P =0.02).

Children in the intervention arm received oral vitamin D; (liquid
formulation as Vigantol oil) at a dose of 20,000 IU (for those aged
up to six months), 50,000 IU (for those aged between six and 12
months), or 100,000 IU (for those aged between 13 and 59 months)
on day 1, followed by 10,000 IU daily thereafter for four days or
until discharge. Children in the placebo arm received miglyol oil
812 (vehicle used in Vigantol oil). First-line parenteral antibiotics
included ampicillin and gentamicin. Children who did not respond
(no improvement after 48 hours or deterioration of pneumonia
signs or symptoms after 24 hours of initiation of antibiotics) were
switched to second-line antibiotics (ceftriaxone and levofloxacin).

Primary trial outcomes were time to resolution of severe
pneumonia (absence of tachypnoea, lower chest indrawing,
hypoxia or lethargy, cyanosis, convulsion, or inability to feed).
Secondary outcomes were duration of hospitalisation, time to
resolution of tachypnoea, hypoxia, and chest indrawing.

Gupta 2016 was a single-centre trial conducted in India that
aimed to determine the role of oral vitamin D supplementation
for the treatment and prevention of pneumonia in children. The
trial enrolled 324 children (162/162, intervention/control) aged
between six months and five years who were hospitalised with
WHO-defined severe pneumonia. The prevalence of moderate
malnutrition according to the WHO definition was 21.3%. The
prevalence of anaemia (haemoglobin below 11 g/dL) was 82.4%.
The prevalence of hypocalcaemia was 55.9%, and the prevalence
of hypophosphataemia was 31.4%. Vitamin D deficiency was
present in 37.6% of children in the vitamin D group and 40.1%
of children in the placebo group. Blood culture was positive in
8.6% (Staphylococcus aureus isolated in 8.3%). Around 90% of
children had abnormal chest X-ray findings (consolidation, bilateral
patchy opacities, hyperinflation, or minor infiltrates). Wheezing
was present in 84.6% of children in the vitamin D group and 78.4%
of children in the control group.

Children in the intervention arm received a single oral dose
of vitamin D; of 100,000 IU on the day of enrolment. Children
in the placebo arm received a product similarly prepared and
given as a single dose on the day of enrolment. The children
received antibiotics according to IAP 2006 guidelines, as specified
for Choudhary 2012 (IAP 2006).

Primary trial outcomes were time to resolution of severe
pneumonia (time from enrolment to absence of chest indrawing
for 24 hours) and proportion of children with recurrent pneumonia
over the following six months. Secondary outcomes were change
in serum levels of 25(0H)-D and parathyroid hormone after two
weeks and three months of therapy, change in serum levels of
cathelicidin and immunoglobulins after two weeks of therapy,
duration of hospitalisation, time to complete recovery from
pneumonia (normalisation of respiratory rate), fever clearance
time, and repeat episodes of pneumonia.

Jingi 2018 was a single-centre trial conducted in India that aimed
to determine if supplementation of oral vitamin D; with antibiotics
reduced duration of hospitalisation in children with pneumonia.
The trial enrolled 80 children (40/40, intervention/control) aged
between two months and 60 months who were hospitalised with
WHO-defined acute pneumonia. Severe pneumonia was present in
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37.5% of the children randomised; the remainder had pneumonia.
Previous pneumonia episodes had affected 17.5% of the children.
All children received penicillin G as first-line antibiotic treatment
or cefotaxime as second-line antibiotic treatment in addition to
supportive care.

Children in the intervention arm received a single dose (300,000
IU) of intramuscular vitamin D; within 24 hours of admission.
Children in the control arm received a sterile water injection. Study
outcomes were time to resolution of illness and repeat episodes of
pneumonia.

Labib 2021 was a single-centre trial conducted in Egypt that
aimed to determine if supplementation of oral vitamin D; with
antibiotics reduced the time to resolution of pneumoniain children
with pneumonia and insufficient or deficient vitamin D levels.
The trial enrolled 191 children (93/98, intervention/control) aged
between one month and 12 years who were hospitalised with WHO-
defined acute pneumonia. Severe pneumonia was present in 65%
of children randomised; the remainder had pneumonia. More than
46% of children had comorbidities. All children received antibiotics
as per the WHO 2014 pneumonia treatment guideline (WHO 2014).

Although Labib 2021 did not comply with our predefined inclusion
criteria (it included children up to 12 years of age), we decided
to include the trial because the median age and IQR were below
five years. This means either there were no children aged over five
years, or the number of children aged over than five years was
negligible. We felt that excluding the trial (which included children
with pneumonia and severe pneumonia) may have introduced bias.
We contacted the corresponding authors to request data, but these
data were unavailable (Labib 2022 [pers comm]).

Children in the intervention arm received a single dose (100,000 IU)
of intramuscular vitamin D; within 24 hours of admission. Children
in the control arm received a saline injection. Study outcomes
assessed were laboratory and biochemical parameters, duration of
hospitalisation, time to resolution of illness, and mortality.

Manaseki-Holland 2010 was a single-centre trial conducted in
Afghanistan that aimed to determine whether oral vitamin D,
supplementation with antibiotics reduced duration of illness in
children with pneumonia. The trial enrolled 453 children (224/229,
intervention/control) aged between one month and 36 months
with WHO-defined acute pneumonia treated in outpatient and
inpatient settings. Amongst the children randomised, severe
pneumonia was present in 17.4% of the intervention group
and 15.3% of the placebo group; the remaining children
had pneumonia. The trial excluded children with very severe
pneumonia. All children received antibiotics as per the WHO
Integrated Management of Childhood Illness (IMCI) guidelines:
children aged up to two months received intramuscular gentamicin
and intramuscular benzylpenicillin, and children aged from two
months to five years received oral amoxicillin, or intramuscular
chloramphenicol if oral administration was not possible (WHO
2005).

Although Manaseki-Holland 2010 did not comply with all
predefined inclusion criteria (not all children were treated as

inpatients), we decided to include the trial because many
participants had pneumonia. We felt that excluding the trial (which
included children with pneumonia and severe pneumonia) may
have introduced bias.

Children in the intervention arm received a single dose (100,000 IU)
of oral vitamin D; at onset of pneumonia. Children in the placebo
arm received olive oil alone. All children received antibiotics
according to the national pneumonia treatment protocol based on
IMCI guidelines.

Study outcomes were time to recovery (respiratory rate below 40
breaths per minute, no danger signs or subcostal recession, and no
fever, for 48 consecutive hours), treatment failure, and pneumonia
recurrence.

Somnath 2017 was a single-centre trial conducted in India that
aimed to determine the role of oral vitamin D supplementation
on pneumonia in children. The trial enrolled 156 children
(78/78, intervention/placebo) aged between two months and five
years who were hospitalised with WHO-defined pneumonia. Very
severe pneumonia was present in 10 children (12.8%) in the
vitamin D group and 11 children (14.3%) in the control group.
Children in the intervention arm received a single dose of oral
vitamin D5 (100,000 IU) on day 1 of admission as cholecalciferol
granules mixed with water or milk. Children in the placebo
arm received standard therapy. All children received antibiotics
according to practice guidelines at the trial centre. The primary
trial outcome was duration of hospitalisation (means and SDs
obtained from trial authors upon request; Somnath 2022 [pers
comm]), and secondary outcomes were time to resolution of
fever, complications associated with pneumonia, need for transfer
to the paediatric intensive care unit, mortality, and pneumonia
recurrence in the following six months.

Excluded studies

We excluded three trials (Jadhav 2021; Singh 2019; Zhou 2016). One
trial administered nutritional supplements (vitamin A, vitamin D,
zing, and iron) to children with pneumonia who were nutritionally
deficient for these vitamins and minerals (Zhou 2016). Moreover,
the trial included children with asthmatic pneumonia. The other
two trials mostly focused on prevention of repeat pneumonia
episodes, and did not report any outcomes related to the treatment
of an acute or current pneumonia episode (Jadhav 2021; Singh
2019).

Studies awaiting classification

See Characteristics of studies awaiting classification. All six trials
were generally eligible for inclusion but did not meet the research
integrity criteria (Bisht 2017; Dhungel 2015; Gaber 2018; Rahmati
2016; Rajshekhar 2016; Shamaoon 2018). We contacted the trial
authors but received only partial responses that could not clarify
the issue, or no response at all.

Risk of bias in included studies

See Figure 2 and Figure 3.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

All seven trials used sequentially numbered, sealed envelopes or
codes for allocation of participants to the two groups, and were
judged at low risk of bias (Choudhary 2012; Chowdhury 2021; Gupta
2016; Jingi 2018; Labib 2021; Manaseki-Holland 2010; Somnath
2017).

Blinding

Six trials blinded participants and carers and made efforts to
prevent unblinding by providing interventions and placebos
that were similar in terms of appearance, taste, and colour
(Choudhary 2012; Chowdhury 2021; Gupta 2016; Jingi 2018; Labib
2021; Manaseki-Holland 2010); we judged them at low risk of
performance bias. In five of these six trials, investigators broke the
code only after administration of the intervention, data collection,
follow-up, and tabulation (Choudhary 2012; Chowdhury 2021;
Gupta 2016; Jingi 2018; Labib 2021); we judged them at low risk of
detection bias. Manaseki-Holland 2010 did not describe methods to
ensure blinding of outcome assessment, so we judged it at unclear
risk of detection bias. Somnath 2017 did not blind participants or
personnel and so was at high risk of performance bias; however,
risk of detection bias in this trial was low, as outcome assessment
was blinded.

Incomplete outcome data

We assessed six trials at low risk of attrition bias (Chowdhury
2021; Gupta 2016; Jingi 2018; Labib 2021; Manaseki-Holland
2010; Somnath 2017). In Jingi 2018, 13 children (13.9%) were
lost to follow-up (seven in vitamin D group, six in placebo
group). In Chowdhury 2021, 12 children (6.1%) either left against
medical advice or were referred to another hospital (five in
vitamin D group, seven in placebo group). Manaseki-Holland
2010 excluded data of 24 children (5.2%) from primary outcome
analysis; two of these children (0.4%) had missing or incomplete
data. Labib 2021 reported no attrition. Chowdhury 2021 and Gupta
2016 analysed data using the intention-to-treat (ITT), and Somnath
2017 analysed using a modified ITT principle (two children in
placebo group were found to have tuberculosis and were excluded
from analysis). In Choudhary 2012, seven children (3.5%) left
against medical advice (numberin each group not mentioned), and
there was a discrepancy in the number of children with complete
outcome data in the table (n = 173) versus the text (n = 193). We
therefore judged this trial at unclear risk of attrition bias.

Selective reporting

We assessed four trials as at low risk of reporting bias, as they
were registered in clinical trials registries (Chowdhury 2021; Gupta
2016; Labib 2021; Somnath 2017). The remaining trials were not
registered and had no available protocols; we judged them at
unclear risk of bias.

Other potential sources of bias

There were no other potential sources of bias in the included trials.

Effects of interventions

See: Summary of findings 1 Vitamin D compared with placebo for
acute childhood pneumonia

Primary outcomes
Time to resolution of acute illness

Five trials reported time to resolution of acute illness (Choudhary
2012; Chowdhury 2021; Gupta 2016; Jingi 2018; Manaseki-
Holland 2010). Two trials provided the data as medians and
IQRs (Choudhary 2012; Chowdhury 2021). We contacted the
corresponding trial authors to request means and SDs, but these
data were unavailable (Chowdhury 2022 [pers comm]; Gupta 2016
[pers comm]). We therefore calculated the corresponding mean
and SD as per the available statistical methods (Hozo 2005; Luo
2018; Wan 2014). Vitamin D compared to placebo probably has little
or no effect on time to resolution of acute illness (MD —1.28 hours,
95% Cl -5.47 to 2.91; I* = 0%; 5 trials, 1188 participants; moderate-
certainty evidence; Analysis 1.1; Summary of findings 1).

Subgroup analysis: low-dose versus high-dose vitamin D

One trial used low-dose vitamin D (Choudhary 2012), and four used
high-dose vitamin D (Chowdhury 2021; Gupta 2016; Jingi 2018;
Manaseki-Holland 2010). We do not know if low-dose vitamin D has
an effect on the time to resolution of acute illness (MD 5.19 hours,
95% Cl -4.73 to 15.11; 173 participants; Analysis 1.2). High-dose
vitamin D compared to placebo may have little or no effect on the
time to resolution of acute illness (MD -2.69 hours, 95% CI -7.31 to
1.94; 1 = 0%; 1015 participants; Analysis 1.2).

Subgroup analysis: effect of oral versus parenteral vitamin D

Three trials used oral dose (Choudhary 2012; Chowdhury 2021,
Manaseki-Holland 2010); meta-analysis of their results indicated
that oral vitamin D may have little or no effect on time to resolution
of acute illness (MD -0.65 hours, 95% Cl| -7.42 to 6.12; 1> = 20%);
799 participants; Analysis 1.3). Two trials used a parenteral dose of
vitamin D (Gupta 2016; Jingi 2018); meta-analysis of their results
indicated that parenteral vitamin D compared to placebo may have
little or no effect on time to resolution of acute illness (MD —1.68
hours, 95% CI -7.01 to 3.66; 1> = 0%; 389 participants; Analysis 1.3)

Duration of hospitalisation

Five trials reported duration of hospitalisation (Choudhary 2012;
Chowdhury 2021; Gupta 2016; Labib 2021; Somnath 2017). Four
trials provided data as medians and IQRs (Choudhary 2012;
Chowdhury 2021; Labib 2021; Somnath 2017). We contacted the
corresponding authors to request means and SDs, but these data
were unavailable from three trials (Chowdhury 2022 [pers comm];
Gupta 2016 [pers comm]; Labib 2022 [pers comm]). We calculated
the corresponding means and SDs as per the available statistical
methods (Hozo 2005; Luo 2018; Wan 2014). Somnath 2022 [pers
comm] provided means and SDs. We do not know if vitamin D
compared to placebo has an effect on duration of hospitalisation
(MD 4.96 hours, 95% CI -8.28 to 18.21; 1> = 73%; 5 trials, 1023
participants; very low-certainty evidence; Analysis 2.1; Summary of
findings 1). Follow-up varied from two to 14 days.

Sensitivity analysis: excluding trials with transformed data

We explored the cause of heterogeneity by excluding the three
trials that did not provide means and SDs (Choudhary 2012;
Chowdhury 2021; Labib 2021). This adjustment reduced statistical
heterogeneity but did not change our conclusion (MD -2.99 hours,
95% Cl —12.05 to 6.07; 1> = 44%; 2 trials, 462 participants; low-
certainty evidence; Analysis 2.2).
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Subgroup analysis: low-dose versus high-dose vitamin D

One trial used low-dose vitamin D (Choudhary 2012); based on
the evidence it provided, we do not know if low-dose vitamin D
compared to placebo has an effect on duration of hospitalisation
(MD 8.0 hours, 95% CI -0.99 to 16.99; 173 participants; Analysis 2.3).
Four trials used high-dose vitamin D (Chowdhury 2021; Gupta 2016;
Labib2021; Somnath 2017); based on meta-analysis of their results,
we do not know if low-dose vitamin D compared to placebo has an
effect on duration of hospitalisation (MD 5.15 hours, 95% Cl —14.29
to 24.59; 12 = 76%; 850 participants; Analysis 2.3).

Subgroup analysis: effect of oral versus parenteral vitamin D

Three trials used oral dose vitamin D (Choudhary 2012; Somnath
2017; Chowdhury 2021); based on meta-analysis of their results,
we do not know if oral vitamin D compared to placebo has an
effect on the duration of hospitalisation (MD 0.52 hours, 95% Cl
-15.51 to 16.54; |12 = 64%; 524 participants; Analysis 2.4). Two trials
used parenteral dose of vitamin D (Gupta 2016; Labib 2021); based
on meta-analysis of their results, we do not know if parenteral
vitamin D compared to placebo has an effect on the duration of
hospitalisation (MD 12.34 hours, 95% Cl —23.99 to 48.66; 12 = 88%;
499 participants; Analysis 2.4).

Secondary outcomes

The follow-up time for the secondary outcomes varied from two to
14 days.

Time to resolution of tachypnoea

Two trials reported time to resolution of tachypnoea (Choudhary
2012; Chowdhury 2021). Choudhary 2012 presented the data as
medians and IQRs; we contacted the corresponding author to
request means and SDs, but these data were unavailable (Gupta
2016 [pers comm]). Therefore, we calculated the corresponding
means and SDs as per the available statistical methods (Hozo 2005;
Luo 2018; Wan 2014). Vitamin D compared to placebo probably has
little or no effect on the time to resolution of tachypnoea (MD 4.70
hours, 95% CI -4.48 to 13.88; 2 trials, 368 participants; moderate-
certainty evidence; Analysis 3.1).

Time to resolution of lower chest wall indrawing

Two trials reported time to resolution of lower chest wall indrawing
(Choudhary 2012; Chowdhury 2021). Choudhary 2012 presented
the data as medians and IQRs; we contacted the corresponding
author to request means and SDs, but these data were
unavailable (Gupta 2016 [pers comm]). We therefore calculated
the corresponding means and SDs as per the available statistical
methods (Hozo 2005; Luo 2018; Wan 2014). Vitamin D compared
to placebo probably has little or no effect on time to resolution of
lower chest wall indrawing (MD 2.99 hours, 95% Cl -4.38 to 10.35; 2
trials, 370 participants; moderate-certainty evidence; Analysis 4.1).

Time to resolution of hypoxia

Two trials reported time to resolution of hypoxia (Choudhary 2012;
Chowdhury 2021). Choudhary 2012 presented the data as medians
and IQRs; we contacted the corresponding author to request
means and SDs, but these data were unavailable (Gupta 2016 [pers
comm]). We therefore calculated the corresponding means and
SDs as per the available statistical methods (Hozo 2005; Luo 2018;
Wan 2014). We do not know if vitamin D compared to placebo has
an effect on time to resolution of hypoxia (MD -9.39 hours, 95%

Cl —29.41 to 10.63; 1> = 90%; 2 trials, 370 participants; very low-
certainty evidence; Analysis 5.1).

Time to resolution of fever

Three trials reported time to resolution of fever (Choudhary 2012;
Gupta 2016; Somnath 2017). Choudhary 2012 presented the data
as medians and IQRs; we contacted the corresponding author to
request means and SDs, but these data were unavailable (Gupta
2016 [pers comm]). We therefore calculated the corresponding
means and SDs as per the available statistical methods (Hozo 2005;
Luo 2018; Wan 2014). We do not know if vitamin D compared
to placebo has an effect on time to resolution of fever (MD
1.84 hours, 95% Cl -2.31 to 6.0; 484 participants; low-certainty
evidence; Analysis 6.1).

Time to resolution of inability to feed or lethargy

One trial reported time to resolution of inability to feed or lethargy
(Choudhary 2012). Choudhary 2012 presented the data as medians
and IQRs; we contacted the corresponding author to request
means and SDs, but these data were unavailable (Gupta 2016 [pers
comm]). Therefore, we calculated the corresponding means and
SDs as per the available statistical methods (Hozo 2005; Luo 2018;
Wan 2014). We do not know if vitamin D compared to placebo has
an effect on the time to resolution of inability to feed or lethargy
(MD 8.0 hours, 95% Cl 0.60 to 15.40; 1 trial, 173 participants; very
low-certainty evidence; Analysis 7.1).

Treatment failure rate

Although no trials specifically reported failure rate after 48 hours
of treatment, three trials reported treatment response (Choudhary
2012; Chowdhury 2021; Jingi 2018). In Choudhary 2012, 23 (11.5%)
children remained in the same condition, and four (2%) children
had their condition worsen, but the report provided no description
of the groups or the time period. As a result, we were unable to
include data from this trial in the meta-analysis. We do not know if
vitamin D compared to placebo has an effect on treatment failure
rate (RR 0.77, 95% Cl 0.38 to 1.56; 2 trials, 277 participants; low-
certainty evidence; Analysis 8.1).

Mortality rate

Three trials reported mortality (Choudhary 2012; Chowdhury 2021,
Labib 2021). We do not know if vitamin D compared to placebo
has an effect on mortality rate (RR 0.69, 95% Cl 0.44 to 1.07; 584
participants; low-certainty evidence; Analysis 9.1).

Manaseki-Holland 2010 reported three deaths (two in the vitamin
D group and one in the placebo group) during the 90-day
follow-up evaluation of repeated episodes of pneumonia. Because
it was not clear if the children died during treatment of the
index episode of pneumonia, we contacted the corresponding
author for clarification (Manaseki-Holland 2017 [pers comm]). They
confirmed that the children died during the 90-day follow-up
period (not during the index episode). Accordingly, we did not
include mortality data from Manaseki-Holland 2010 in our analysis.

Adverse events

One trial reported adverse events; these were minor and all
occurred in the vitamin D group (Choudhary 2012). We do not know
if vitamin D compared to placebo has an effect on the risk of adverse
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events (RR 4.94, 95% Cl 0.24 to 101.48; 173 participants; very low-
certainty evidence; Analysis 10.1).

DISCUSSION

Summary of main results

In this review update, we applied research integrity criteria,
and included seven trials involving a total of 1601 children:
631 with pneumonia and 970 with severe or very severe
pneumonia (Choudhary 2012; Chowdhury 2021; Gupta 2016;
Jingi 2018; Labib 2021; Manaseki-Holland 2010; Somnath 2017).
No trials were conducted in high-income countries. Participant
characteristics, aetiological agents, and prevalence of vitamin D
deficiency appeared to be very similar across trials. The trials
differed in terms of inclusion criteria and dose and duration of
vitamin D use. Three trials received funding: one from the New
Zealand Aid Corporation, one from an institutional grant, and one
from multigovernment organisations (Bangladesh, Sweden, and
UK). The remaining four trials were unfunded.

The appropriate effect measure for time-to-event data (time to
resolution of acute illness) is hazard ratio, but the trials reported
this outcome with continuous data. Only two trials reported
vitamin D benefits for children with acute pneumonia (Chowdhury
2021; Labib 2021). In Chowdhury 2021, there was a trend towards
reduction in time to recovery from pneumonia and duration of
hospitalisation in children with a sufficient serum vitamin D level.
Three trials included children with both non-severe and severe
pneumonia, but none reported outcomes separately for children
with severe pneumonia (Jingi 2018; Labib 2021; Manaseki-Holland
2010). Though mortality rate is an important outcome for policy
decisions, only three trials reported this outcome (Choudhary 2012;
Chowdhury 2021; Labib 2021). The remaining trials did not report
any deaths. See Summary of findings 1.

We questioned whether vitamin D was ineffective for treating
children with acute pneumonia due to real therapeutic
ineffectiveness of vitamin D, improper dose or mode of
administration, or type or severity of the underlying illness. These
are important aspects that should be investigated in future trials.

Theincluded trials differed significantly in vitamin D dose. One trial
administered oral vitamin D at a total dose of 5000 IU or 10,000
IU (according to the child's age) over five days (Choudhary 2012).
Four trials administered a single bolus dose of 100,000 IU either
at the onset of illness or within 24 hours of admission (Gupta
2016; Labib 2021; Manaseki-Holland 2010; Somnath 2017). Jingi
2018 administered a single bolus dose of 300,000 IU within 24
hours of admission. Chowdhury 2021 administered 20,000 IU to
children aged under six months, 50,000 IU to those aged six to 12
months, and 100,000 IU to those aged 13 to 59 months on day
1; followed by 10,000 IU daily for four days or until discharge. As
discussed in How the intervention might work, a daily vitamin D
supplementation has better therapeutic efficacy than large bolus
doses for pneumonia, tuberculosis, and fracture in older adults
(Heaney 2012; Hollis 2011; Manaseki-Holland 2012; Martineau 2012;
Nielsen 2010). Clinical studies have shown that at a higher dose,
vitamin D could be immunosuppressive, and the immunological
effectiveness of vitamin D is blunted at extreme doses (either very
high or low therapeutic doses; Kimball 2011; Manaseki-Holland
2010; Manaseki-Holland 2012). This conclusion was supported by
thefindings of various trials that used a daily dose of 1000 IU to 2000

IU per day of vitamin D but did not document any benefit (Bisht
2017; Choudhary 2012; Gaber 2018; Rajshekhar 2016). The doses
used in these studies may have been insufficient, considering the
high prevalence of vitamin D deficiency along with severe illness
(severe pneumonia) in the studied populations. The ideal situation
would have been correlation with vitamin D levels measured before
and after supplementation.

Two trials reported vitamin D level before and after
supplementation, but failed to show any benefit of vitamin D (Gupta
2016; Somnath 2017). However, in Chowdhury 2021, there was
a trend towards reduction in time to recovery from pneumonia
and duration of hospitalisation in children with a sufficient serum
vitamin D level. Another trial found that vitamin D supplementation
may reduce mortality risk, time to recovery, and hypoxaemia (Labib
2021). According to National Institutes of Health, the no-observed-
adverse-effect level of vitamin D is 2400 IU, and the lowest-
observed-adverse-effect level is 3800 IU (NIH Vitamin D Fact Sheet).
Future trials may consider use of higher doses with monitoring of
toxicity and serum vitamin D level. It is premature to hypothesise
about the real therapeutic ineffectiveness of vitamin D because
clinical trials are ongoing and results are not yet available.

Although the included trials were conducted in LMICs (Afghanistan,
Egypt, and India), only three trials reported prevalence of
malnutrition (Chowdhury 2021; Gupta 2016; Jingi 2018). Gupta
2016 reported moderate (grade Il) malnutrition but did not specify
the prevalence of malnutrition in either the vitamin D or the
control group; therefore, it was difficult to examine the effect
of vitamin D in malnourished children. Jingi 2018 reported the
prevalence of moderate malnutrition in both trial arms, but
found no benefit of vitamin D supplementation. Chowdhury
2021 reported severe malnutrition in more than half of the children
in both the groups, and found a trend towards reduction of
time to recovery from pneumonia and duration of hospitalisation
in children with a sufficient serum vitamin D level. Underlying
malnutrition may affect the state of immunity and hence blunt
the vitamin D effect. Malnutrition also lowers serum vitamin D
levels. Furthermore, severe pneumonia may establish a systemic
inflammatory response in the host that causes a decrease in the
serum vitamin D level (Bang 2011). It would therefore be prudent to
trial the level of inflammatory markers along with vitamin D levels
in children with non-severe/severe pneumonia.

No trials reported the aetiology of pneumonia. This is important for
any differential therapeutic effect of vitamin D (if any) in bacterial
or viral pneumonia. Because there is a seasonal variation in the
predominance of aetiological agents (e.g. viruses dominating over
bacteria in the rainy season), any trial conducted over a year would
be meaningful. This is also important because vitamin D levels
may decrease during winter and the rainy season due to less sun
exposure. Chowdhury 2021 was conducted over 48 months, Gupta
2016 over 29 months, Jingi 2018 and Somnath 2017 over 12
months, Labib 2021 and Manaseki-Holland 2010 over three to six
months, and Choudhary 2012 did not mention the trial duration.

Viral pneumonia is commonly associated with wheezing. One trial
excluded children with wheezing (Manaseki-Holland 2010). Almost
one-third of children in Choudhary 2012 and more than 80% of
children in Gupta 2016 had wheezing. The remaining trials did
not report this variable. Recurrent pneumonia affected almost
one-third of children in Choudhary 2012 and Chowdhury 2021,
and 17.5% of children in Jingi 2018. These children likely had an
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underlying immune dysfunction or other problem predisposing
them to recurrence. Vitamin D alone may not correct this, resulting
in no observable clinical effect or benefit. The timing of vitamin D
administration in the course of pneumonia (early versus late) may
also have affected outcome measures. Any information regarding
the duration of illness prior to initiating vitamin D would be
meaningful, but no trial reported this. Likewise, no trials provided
information regarding prior antibiotic use. A large proportion of
children needing second-line or broader-spectrum antibiotics due
to severe illness would lead to a reduction in trial power, making it
difficult to detect any difference attributable to vitamin D.

Overall completeness and applicability of evidence

We included seven trials, only one of which showed any beneficial
effect of vitamin D for children with acute pneumonia. Our results
may not be applicable to children with acute pneumonia in high-
income countries, children with HIV or severe malnutrition, and
neonates (aged up to one month). At the time of writing this review,
we could find no additional or ongoing trials that could provide
additional evidence.

Certainty of the evidence

The GRADE assessment showed that the evidence for duration
of hospitalisation, time to resolution of hypoxia, inability to
feed or lethargy, and adverse events was very low-certainty. The
evidence for mortality rate, treatment failure rate, and time to
resolution of fever was low-certainty. The evidence for time to
resolution of acute illness, lower chest indrawing, and tachypnoea
was moderate-certainty (see Summary of findings 1). Reasons for
downgrading included serious trial limitations (one trial was open-
label), serious inconsistency (statistical heterogeneity), serious
indirectness (due to lack of generalisability of trial findings
and differing characteristics of the trial population), and serious
imprecision (wide 95% Cl around the pooled effect, inclusion of no
effect, and upper or lower confidence limit crossing the minimal
important difference for benefit or harm).

Potential biases in the review process

All included trials measured the effect of vitamin D in childhood
pneumonia. It is possible that we missed trials that measured
acute respiratory tract infection or lower respiratory tract infection
rather than pneumonia specifically, as a secondary outcome. We
aimed to avoid this scenario by conducting a wide search and
carefully assessing the relevance of each paper identified. We were
unable to assess aetiological agents (bacterial or viral) to inform
reporting of any beneficial effects of vitamin D, as no included trials
reported these data. Furthermore, because no trials measured
serum vitamin D levels, we cannot estimate the dose-response
effect in children with acute pneumonia.

Agreements and disagreements with other studies or
reviews

We published an earlier systematic review on this topic (Das
2013), which included two trials (Choudhary 2012; Manaseki-
Holland 2010). In the first version of this review (Das 2018), we
included seven trials (Choudhary 2012; Dhungel 2015; Gupta 2016;
Manaseki-Holland 2010; Rahmati 2016; Rajshekhar 2016; Somnath
2017). In this update, we moved three previously included trials
to Characteristics of studies awaiting classification (Dhungel 2015;

Rahmati 2016; Rajshekhar 2016). Our conclusions are unchanged
from the previous version of this review.

AUTHORS' CONCLUSIONS

Implications for practice

We do not know if vitamin D supplementation as an adjunct
to antibiotic treatment has an important effect on any of the
measured outcomes in children aged under five years with acute
pneumonia. The trials reported no major adverse events. We rated
the certainty of the evidence as very low to moderate. Reasons for
downgrading included imprecision, risk of bias, inconsistency, and
indirectness.

Implications for research

Future trials may consider use of a higher dosage schedule of
vitamin D along with monitoring of toxicity and serum vitamin D
level. Investigators should measure baseline and post-treatment
vitamin D levels to correlate the outcome measures with subclinical
or clinical vitamin D deficiency. Reported variables should include
prevalence of malnutrition, as this may affect the therapeutic effect
of vitamin D independently of the illness.

Future trials should also report the level of inflammatory markers
along with vitamin D levels in children affected with acute non-
severe or severe pneumonia. It is important to study the aetiology
of pneumonia (bacterial, viral, or atypical), and trials should ideally
be conducted over one year to include all seasons, because
seasonal change can affect vitamin D levels and aetiology of
pneumonia.

Future trials should report the duration of illness prior to initiation
of therapy with vitamin D, as well as prior antibiotic use, as this can
modify recovery. Trial authors should include this information in
the baseline data to enable comparison amongst trials.

Future trials should also include a subgroup of children with severe
malnutrition, rickets, or both, and a subgroup of children with
wheezing.
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Co-interventions: antibiotics were administered as per the IAP 2006 guidelines (age < 3 months: cefo-
taxime/ceftriaxone + gentamicin/amikacin as first line, co-amoxyclav + gentamicin/amikacin as second
line; age 3 months-5 years: ampicillin/chloramphenicol or ampicillin + chloramphenicol or co-amoxy-
clav as first line, and co-amoxyclav or cefotaxime/ceftriaxone as second line. In cases of staphylococcal
infection, cloxacillin as first line and vancomycin/teicoplanin as second line was added to age-specific
combination).

Outcomes Primary
« Time to resolution of severe pneumonia (absence of lower chest indrawing, hypoxia, cyanosis, lethar-
gy, and inability to feed)
Secondary
« Duration of hospitalisation
« Time to resolution of:
o tachypnoea
o fever
o hypoxia
o chestretraction
o inability to feed/lethargy
Notes Funding source: no funding agency
Trial registration: no
Ethical approval: obtained
Other: investigators did not perform microbiological or radiological diagnosis of pneumonia or mea-
sure serum vitamin D; levels.
Contact with trial authors: email, 24 April 2016. Trial reported medians and IQRs; we requested means
and SDs, but this information was unavailable.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer randomisation.
tion (selection bias)
Allocation concealment Low risk Sealed envelopes.
(selection bias)
Blinding of participants Low risk Trial ensured blinding of participants and caretaker, and unlikely that blinding
and personnel (perfor- was broken, as the intervention and placebo had in similar appearance, taste,
mance bias) and colour.
All outcomes
Blinding of outcome as- Low risk Code broken only after intervention, data collection, follow-up, and tabula-
sessment (detection bias) tion.
All outcomes
Incomplete outcome data  Unclear risk 7 children (3.5%) left against medical advice and could not complete the study
(attrition bias) (number in each group not mentioned). No mention of ITT. Discrepancy be-
All outcomes tween number of children included in analysis in table (n = 173) and text (n =
193). We wrote to trial authors for clarification, but the data were unavailable.
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Selective reporting (re- Unclear risk Trial not registered, but all outcomes proposed in the methods section were
porting bias) reported.
Other bias Low risk No other known risks of bias.
Chowdhury 2021
Study characteristics
Methods Study design: randomised, double-blind, placebo-controlled trial

Study duration: 48 months

Participants Setting: hospital inpatient department
Country: Bangladesh
Number: 197 (treatment: 97; control: 100)
Age: treatment: median 8 (range 5 to 13) months; control: median 10 (range 5.5 to 14) months
Sex: 124 (63%) boys
Inclusion criteria

« Age 2 months-5 years
« Hospitalisation for WHO-defined severe pneumonia

Exclusion criteria

« Hypercalcaemia

+ Allergy to vitamin D

« Congenital heart disease

« Renal or hepatic insufficiency

« Hypernatraemia

« Tuberculosis

« Asthma

o Critically ill condition

 Vitamin D or calcium supplementation in the 4 weeks prior to study enrolment

Additional information

« Children who presented with severe malnutrition and any sign of pneumonia were also considered
as having severe pneumonia.

« 134 children (68%) were infants.

« Nearly half were severely malnourished, and half were exclusively breastfed.

« Nearly 1in 3 had a repeat episode of pneumonia.

« Vitamin D deficiency was present in 21% of children in treatment group and 35% of children in control
group (P =0.02).

« Chest X-ray performed in all children.

« Investigators measured serum vitamin D and PTH (every 5th child).

Interventions Treatment group

« Intervention: oral vitamin D (liquid formulation as Vigantol oil)

« Dose, frequency, duration: 20,000 IU (children aged < 6 months), 50,000 IU (6-12 months), or 100,000
IU (13-59 months) on day 1 followed by 10,000 IU daily thereafter for 4 days or until discharge
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Chowdhury 2021 (Continued)
Control group

« Intervention: oral miglyol oil 812 (vehicle used in Vigantol oil)
« Dose, frequency, duration: once daily for 5 days

Co-interventions: first-line parental antibiotics included ampicillin and gentamicin. Children who did
not respond (no improvement after 48 hours or deterioration of clinical signs/symptoms of pneumonia
after 24 hours of initiation of antibiotics) were switched to second-line antibiotics ceftriaxone and lev-

ofloxacin
Outcomes Primary
« Time to resolution of severe pneumonia (absence of tachypnoea, lower chest indrawing, hypoxia or
lethargy, cyanosis, convulsion or inability to feed)
Secondary
« Duration of hospitalisation
« Time to resolution of:
o tachypnoea
o hypoxia
o lower chestindrawing
Notes Funding source: Government agencies of Bangladesh, Canada, Sweden, and UK
Trial registration: registered at ClinicalTrials.gov
Ethical approval: obtained
Other: the trial reported 4 deaths (3 in vitamin D group and 1 in placebo group) during 6 months' fol-
low-up of repeat episodes of pneumonia
Contact with trial authors: email, 27 February 2022. The trial reported medians and IQRs; we requested
means and SDs, but these data were unavailable.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer randomisation.
tion (selection bias)
Allocation concealment Low risk Sealed envelopes.
(selection bias)
Blinding of participants Low risk Trial ensured blinding of participants and caretaker; unlikely that blinding was
and personnel (perfor- broken, as intervention and placebo were similar in appearance, taste, and
mance bias) colour.
All outcomes
Blinding of outcome as- Low risk Code broken only after intervention, data collection, follow-up, and tabula-
sessment (detection bias) tion.
All outcomes
Incomplete outcome data  Low risk 12 children (6.1%) lost to follow-up or referred to another hospital (vitamin D:
(attrition bias) 5; placebo: 7). ITT analysis.
All outcomes
Selective reporting (re- Low risk Trial registered and all relevant outcomes reported.

porting bias)
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Chowdhury 2021 (Continued)
Other bias

Low risk No other known risks of bias.

Gupta 2016

Study characteristics

Methods

Study design: randomised, double-blind, placebo-controlled trial

Study duration: 29 months

Participants

Setting: hospital inpatient department

Country: India

Number: 324 (treatment: 162; control: 162)

Age: treatment: mean 16.4 (SD 12.9) months; control: mean 16.8 (SD 11.4) months
Sex: treatment: 69.7% boys; control: 69.7% boys

Inclusion criteria

+ Age 5 months-2 years
+ Hospitalisation for severe pneumonia

Exclusion criteria

» Rickets

« Severe acute malnutrition

« Asthma

« Hypertension

» Complicated pneumonia or illness severe enough to require ventilation
« Chronic respiratory disease

» Heartdisease

« Renal or hepatic insufficiency

+ Neurologicalillness

« Immunodeficiency

« Vitamin D or calcium supplementation in the 4 weeks prior to enrolment
« Hypercalcaemia

+ Allergy to vitamin D

« Immunisation with pneumococcal/flu vaccine

Additional information

+ Prevalence of moderate malnutrition as per WHO definition was 21.3%.

« Prevalence of anaemia (Hb <11 g/dL) was 82.4%, hypocalcaemia 55.9%, hypophosphataemia 31.4%.

« Vitamin D deficiency present in 37.6% of children in treatment group and 40.1% of children in control
group.

« Wheezing present in 84.6% of children in treatment group and 78.4% of children in control group.

Interventions

Treatment group

« Intervention: oral vitamin D,
« Dose, frequency, duration: single dose of 100,000 IU on day of enrolment

Control group
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« Intervention: oral placebo (not described)
« Dose, frequency, duration: single dose on day of enrolment

Co-interventions: antibiotics administered as per IAP 2006 guidelines (age <3 months: cefotaxime/cef-
triaxone + gentamicin/amikacin as first line, and co-amoxyclav + gentamicin/amikacin as second line;
age 3 months-5 years: ampicillin/chloramphenicol or ampicillin + chloramphenicol or co-amoxyclav as
first line, and co-amoxyclav or cefotaxime/ceftriaxone as second line. In cases of staphylococcal infec-
tion, cloxacillin as first line and vancomycin/teicoplanin as second line was added to age-specific com-
bination).

Outcomes Primary
« Time to resolution of severe pneumonia (from enrolment until absence of chest indrawing for 24
hours)
« Proportion of children with recurrence of pneumonia in following 6 months
Secondary
« Changein serum level of 25(0H)-D and PTH after 2 weeks and 3 months of therapy
« Changein serum level of cathelicidin and immunoglobulins (IgA, 1gG, IgM) after 2 weeks of therapy
« Duration of hospitalisation
« Time to complete recovery from pneumonia (normalisation of respiratory rate)
« Fever clearance time
« Incidence rate of pneumonia during follow-up
Notes Funding source: no funding agency
Trial registration: registered retrospectively at CTRI (Clinical Trials Registry - India)
Ethical approval: obtained
Other: 8.6% of children had positive blood culture (Staphylococcus aureus isolated in 8.3%), and 90.1%
of children had abnormal chest X-ray findings (consolidation, bilateral patchy opacities, hyperinflation,
minor infiltrates).
Contact with trial authors: no
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer randomisation.
tion (selection bias)
Allocation concealment Low risk Sealed envelopes.
(selection bias)
Blinding of participants Low risk Trial ensured blinding of participants and caretaker, and unlikely that blinding
and personnel (perfor- was broken, as the intervention and placebo were similar in appearance, taste,
mance bias) and colour.
All outcomes
Blinding of outcome as- Low risk Code broken only after intervention, data collection, follow-up, and tabula-
sessment (detection bias) tion.
All outcomes
Incomplete outcome data  Low risk Estimated sample size for outcome of acute pneumonia was 230 (115 in each
(attrition bias) group), and for recurrent pneumonia, 324 (162 in each group). However, tri-
All outcomes
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Gupta 2016 (Continued)

al authors used data from 314 children (vitamin D: 156; placebo: 158) for both
types of pneumonia episodes.

Selective reporting (re- Low risk The trial was registered.
porting bias)

Other bias Low risk No other known risks of bias.
Jingi 2018
Study characteristics
Methods Study design: randomised, double-blind, placebo-controlled trial

Study duration: 12 months

Participants Setting: hospital inpatient department
Country: India
Number: 80 (treatment: 40; control: 40)
Age: not reported
Sex: 48 (60%) boys
Inclusion criteria

+ Age 2 months-60 months
+ WHO-defined pneumonia (62.5%) or severe pneumonia (37.5%)

Exclusion criteria

« Clinical features of rickets
« Severe malnutrition
« History suggestive of asthma

« Underlying disorders (cough > 2 weeks, tuberculosis, congenital heart diseases, retroviral disease,
epilepsy, nephrotic syndrome, bleeding disorder)

« Anyvitamin D supplementation in previous 12 months
Additional information

« Severe pneumonia was present in 40% of treatment group and 35% of control group.

« Children were followed until 3 months for repeat pneumonia episodes.

« Chest X-ray showed consolidation in 37.5% of treatment group and 27.5% of control group.

« Blood culture was positive in 2.5% of treatment group and 5% of control group.

« More than 75% of children were exclusively breastfed.

 Previous pneumonia episode was present in 10% of treatment group and 7.5% of control group.
« More than 75% cases belonged to lower SES.

« Complete immunisation was present in > 80%.

Interventions Treatment group

« Intervention: vitamin D IM
« Dose, frequency, duration: single dose of 300,000 IU (1 mL) given within 24 hours of admission

Control group
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« Intervention: sterile water IM
« Dose, frequency, duration: 1 mL

Co-interventions: children received antibiotics that included penicillin G (first line) and cefotaxime (sec-
ond line) along with oxygen and supportive care.

Outcomes Primary
« Time to resolution of illness
Secondary
« Risk of repeat episode of pneumonia during the 3 months after treatment
Notes Funding source: no funding agency
Trial registration: no
Ethical approval: obtained
Other: no microbiological diagnosis of pneumonia performed (only blood culture). Only 4% children
had normal chest X-ray. Serum vitamin D level not measured. No report of adverse events or mortality.
Contact with trial authors: no
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer randomisation.
tion (selection bias)
Allocation concealment Low risk Sealed envelopes.
(selection bias)
Blinding of participants Low risk Trial ensured blinding of participants and caretaker, and unlikely that blinding
and personnel (perfor- was broken, as intervention and placebo looked alike.
mance bias)
All outcomes
Blinding of outcome as- Low risk Code broken only after intervention, data collection, follow-up, and tabula-
sessment (detection bias) tion.
All outcomes
Incomplete outcome data  Low risk 13 children (13.9%) lost to follow-up (vitamin D: 7; placebo: 6). ITT analysis not
(attrition bias) performed.
All outcomes
Selective reporting (re- Unclear risk Trial not registered, but all outcomes proposed in the methods section were
porting bias) reported.
Other bias Low risk No other known risk of bias.
Labib 2021
Study characteristics
Methods Study design: randomised, double-blind, placebo-controlled trial
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Study duration: 5 months

Participants Setting: hospital inpatient department
Country: Egypt
Number: 191 (treatment: 93; control: 98)
Age: treatment: median 24 (range 18 to 48) months; control: median 24 (range 10 to 48) months
Sex: 136 (71.2%) boys
Inclusion criteria

« Age 1 month-12 years
+ WHO-defined pneumonia
« Insufficient or deficient vitamin D levels

Exclusion criteria

« Rickets (2 children)

« Marked illnesses (severe malnutrition, measles, heart or renal disorders, meningitis, endocrine dys-
function, hypercalcaemia, hyperthyroidism, suspected tuberculosis; 4 children)

« High-dose vitamin D supplementation in previous 3 months (3 children)
« Sufficient vitamin D levels (52 children)
« Toxic vitamin D levels (7 children)

Additional information

« Severe pneumonia was present in 68.8% of treatment group and 61.2% of control group.
« More than 76% of children were breastfed.
« Comorbidities were present in 51.6% of treatment group and 42.9% of control group.

Interventions Treatment group

+ Intervention: vitamin D IM
« Dose, frequency, duration: single dose of 100,000 IU (1 mL) given at onset of pneumonia

Control group

« Intervention: saline IM
+ Dose, duration, frequency: single 1 mL injection at onset of pneumonia

Co-interventions: children received antibiotics according to the national pneumonia treatment proto-
col based on WHO 2012 guidelines

Outcomes Primary

« Changein serum level of:
o 25(0H)D
o Pa0,/FiO,
o serum creatinine
o C-reactive protein
o bilirubin
+ Platelet count
+ PpSOFA scores for severe cases

Secondary

« Duration of hospitalisation
« Time to complete recovery from pneumonia

Vitamin D as an adjunct to antibiotics for the treatment of acute childhood pneumonia (Review) 34
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Labib 2021 (continued)

« Mortality

Notes Funding source: no funding
Trial registration: registered retrospectively at ClinicalTrials.gov
Ethical approval: obtained
Other: microbiological and radiological diagnosis of pneumonia not performed

Contact with trial authors: email, 27 February 2022. The trial reported medians and IQRs; we request-
ed means and SDs, but these data were unavailable. We also requested clarification regarding the age
of participants, as the median (IQR) age was below 5 years (although the upper age limit was 12 years);
these data were also unavailable.

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Random number sequence elicited using an Excel spreadsheet.

tion (selection bias)

Allocation concealment Low risk Closed dark envelopes.
(selection bias)

Blinding of participants Low risk Trial ensured blinding of participants and caretaker, and unlikely that blinding
and personnel (perfor- was broken, as intervention and placebo looked alike.
mance bias)

All outcomes

Blinding of outcome as- Low risk Code broken only after intervention, data collection, and follow-up.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No attrition.
(attrition bias)
All outcomes

Selective reporting (re- Low risk Trial was registered and relevant outcomes reported.
porting bias)

Other bias Low risk No other known risk of bias.

Manaseki-Holland 2010

Study characteristics

Methods Study design: randomised, double-blind, placebo-controlled trial
Study duration: 2 months

Participants Setting: hospital outpatient and inpatient department
Country: Afghanistan
Number: 453 (treatment: 224; control: 229)
Age: treatment: mean 13.18 (SD 9.1) months; control: 13.19 (SD 9.2) months
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Sex: treatment: 57.8% boys; control: 55.6% boys
Inclusion criteria

+ Age 1 month to 36 months
« Acute pneumonia

Exclusion criteria

« Very severe pneumonia

o Wheezing

« Rickets

« Severe malnutrition

« Other severe comorbid conditions

+ Severe wasting (weight for height < 3 SD)
o Chronicillnesses

« Vitamin D intake in previous 4 weeks

« Asthma

Additional information

« Severe pneumonia was present in 17.4% of intervention group and 15.3% of placebo group.
« Exclusion of cases with wheeze reduced the chances of including viral respiratory diseases.

Interventions

Treatment group

« Intervention: oral vitamin D,
» Dose, frequency, duration: single 100,000 IU dose given at onset of pneumonia

Control group

« Intervention: oral olive oil
« Dose, frequency, duration: single 2 mL dose given at onset of pneumonia

Co-interventions: children received antibiotics according to the national pneumonia treatment proto-
col based upon Integrated Management of Childhood Illnesses (IMCI) guidelines (age <2 months: intra-
muscular gentamicin and intramuscular benzylpenicillin; age 2 months to 5 years: oral amoxicillin or in-
tramuscular chloramphenicol (if oral administration not possible))

Outcomes

Primary

« Time to resolution of pneumonia/recovery for 48 consecutive hours
+ Treatment failure

Secondary

« Risk of repeat episode of pneumonia during 90-day post-treatment period
« Risk of survival without repeat episode of pneumonia

Notes

Funding source: New Zealand Aid Corporation. The pharmacy department of Aga Khan University Hos-
pital (Karachi, Pakistan) provided the study medications.

Trial registration: not registered
Ethical approval: obtained

Other: investigators did not perform microbiological or radiological diagnosis of pneumonia or mea-
sure serum vitamin D, levels. The trial reported 3 deaths (2 in vitamin D group and 1 in placebo group)
during the 90-day follow-up evaluation of repeat episodes of pneumonia.
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Manaseki-Holland 2010 (continued)
Contact with trial authors: email, 4 May 2017. Because it was not clear whether the children had died
during treatment of the index episode of pneumonia, we contacted the corresponding author; she be-
lieved the children had died during the 90-day follow-up (not during the index episode). Therefore, we
did not use mortality data in the analysis.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random number sequence generated in an Excel spreadsheet with no restric-
tion (selection bias) tions.

Allocation concealment Low risk Sealed codes.

(selection bias)

Blinding of participants Low risk Trial ensured blinding of participants and caretaker, and unlikely that blinding
and personnel (perfor- was broken, as the intervention and placebo were similar in appearance, taste,
mance bias) and colour.

All outcomes

Blinding of outcome as- Unclear risk Not mentioned
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Data of 24 (5.2%) children (vitamin D: 13; placebo: 11) were excluded from pri-
(attrition bias) mary outcome analysis. Of these 24 children, outcome data of 2 children (1 in
All outcomes each group) were unavailable/missing. The remaining 22 children (vitamin D:

12, placebo: 10) were either recovered or lost within 24 hours.

Selective reporting (re- Unclear risk Trial not registered, but all outcomes proposed in the methods section were
porting bias) reported.
Other bias Low risk No known other risks.
Somnath 2017
Study characteristics
Methods Study design: RCT

Study duration: 12 months

Participants Setting: hospital inpatient department
Country: India
Number: 156 (treatment: 78; control: 78)

Age: mean 13 months (treatment: 53.8% of children < 12 months, 46.2% > 12 months; control: 47.4% <
12 months, 52.6% > 12 months)

Sex: treatment: 69.2% boys; control: 65.8% boys
Inclusion criteria

» Age 2 months-60 months
« Acute lower respiratory infection
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Exclusion criteria

« Tuberculosis

« Bronchial asthma

« Congenital lung malformation

« Immunodeficiency states

« Malabsorption syndromes

« Chronicdiarrhoea

« Liverdisease

+ Kidney disease

« Any known contraindications for vitamin D administration

Additional information

« Very severe pneumonia in 10 children (12.8%) in treatment group and 11 children (14.3%) in control
group

Interventions

Treatment group

« Intervention: oral vitamin D
+ Dose, frequency, duration: single 100,000 IU dose given on first day of admission

Control group

« Intervention: standard therapy
« Dose, frequency, duration: not described

Co-interventions: children received standard pneumonia treatment as per the guideline. Details of an-
tibiotics not mentioned.

Outcomes

Primary
« Duration of hospitalisation
Secondary

« Time to defervescence

« Complications associated with ALRI (syn/para-pneumonic effusion, empyema, lung abscess, pneu-
mothorax, secondary infections, and acute respiratory distress syndrome)

+ Need for PICU transfer
« Mortality associated with ALRI
+ Proportion of children with recurrence of pneumonia in following 6 months

Notes

Funding source: institute (JIPMER) Intramural Grant
Trial registration: registered at CTRI (Clinical Trial Registry - India).
Ethical approval: obtained

Other: Investigators did not perform microbiological diagnosis of pneumonia. Only 7% of study popula-
tion had normal serum, and 71% had deficient level. No adverse events or mortality reported.

Contact with trial authors: yes, 4 Aug 2022

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated block randomisation.
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Allocation concealment Low risk Sealed, opaque envelopes.
(selection bias)

Blinding of participants High risk Not blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome assessors blinded to the intervention.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Data analysed using modified ITT principle (2 children in placebo group were
(attrition bias) found to have tuberculosis after randomisation and were excluded from analy-
All outcomes sis). As such, the trial authors calculated a total sample size of 140 (70 in each

group), but included and analysed 154 children (vitamin D: 78, placebo: 76).

Selective reporting (re- Low risk The trial was registered.
porting bias)

Other bias Low risk No other known risk of bias.

ALRI: acute lower respiratory tract infection; Hb: haemoglobin; IAP: Indian Academy of Pediatrics; Ig: immunoglobulin; IM: intramuscular;
IQR: interquartile range; ITT: intention-to-treat; IU: international unit; LAMA: left against medical advice; OH-D: mono-hydroxy-vitamin
D; PaO,/FiO,: partial pressure of oxygen divided by fractional inhaled oxygen; PICU: paediatric intensive care unit; pSOFA: paediatric
sequential organ failure assessment score; PTH: parathyroid hormone; RCT: randomised controlled trial; SD: standard deviation; SES:
socio-economic status; WHO: World Health Organization.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Jadhav 2021 Studied acute respiratory tract infection, not pneumonia or lower respiratory tract infection sepa-
rately.

Singh 2019 Longitudinal, community-based study. Vitamin D provided as quarterly boluses until 1 year along

with standard treatment of pneumonia. However, the trial authors did not report outcomes for
acute pneumonia episodes.

Zhou 2016 Multiple nutrients (iron, zinc, vitamin A, vitamin D) were supplemented in children with nutrient de-
ficiency/malnutrition and pneumonia. The trial included children with asthmatic pneumonia.

Characteristics of studies awaiting classification [ordered by study ID]

Bisht 2017
Methods Study design: randomised, double-blind, placebo-controlled trial
Study duration: 27 months
Participants Setting: hospital inpatient department
Country: India
Number: 200 (treatment: 100; control: 100)
Vitamin D as an adjunct to antibiotics for the treatment of acute childhood pneumonia (Review) 39

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Bisht 2017 (continued)

Age: treatment: mean 16.72 (SD 11.6) months; control: mean 13.98 (SD 11.79) months
Sex: 128 (64%) boys
Inclusion criteria

o Age 2 months-5 years

« Hospitalisation for WHO-defined severe pneumonia

« Number: 200 (treatment: 100; control: 100)

o Age: treatment: mean 16.72 (SD 11.66) months; control: mean 13.98 (SD 11.79) months
o Sex: 128 (64%) boys

Exclusion criteria

« Severe wasting (weight for height or height for age <3 SD)
o Chronicillnesses

« Vitamin D intake in previous 4 weeks

« Empyema

« Systemic disease (heart, renal, liver)

« Mechanical ventilation

Additional information

o 93% of children were breastfed (20% exclusively breastfed).
« Investigators did not attempt microbiological testing to identify aetiological agents

Interventions

Treatment group

« Intervention: oral vitamin D

« Dose, frequency, duration: 1000 IU (children aged < 1 year) or 2000 IU (> 1 year) administered daily
in 5 mL of fortified milk for 7 days

Control group

« Intervention: unfortified regular milk
« Dose, frequency, duration: 5 mL once daily for 7 days

Co-interventions: antibiotics administered as per IAP guidelines (age < 3 months: cefotaxime/ceftri-
axone + gentamicin/amikacin as first line, and co-amoxyclav + gentamicin/amikacin as second line;
age 3 months-5 years: ampicillin/chloramphenicol or ampicillin + chloramphenicol or co-amoxy-
clav as first line, and co-amoxyclav or cefotaxime/ceftriaxone as second line. In cases of staphylo-
coccal infection, cloxacillin as first line and vancomycin/teicoplanin as second line was added to
the age-specific combination).

Outcomes

Primary

« Timetoresolution of illness (absence of tachypnoea, lower chest indrawing, hypoxia, and inability
to feed)

« Duration of hospitalisation
Secondary

« Time to resolution of:
o tachypnoea

o hypoxia
o chest retraction
o inability to feed/lethargy
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Notes Reason for awaiting classification: registry number not reported; ethics committee approval not re-
ported; baseline details not reported in sufficient detail to assess whether randomisation worked
properly; incomplete or missing study flow diagram.

Funding source: no funding agency

Other: investigators did not perform microbiological or radiological diagnosis of pneumonia or
measure serum vitamin D levels.

Dhungel 2015

Methods Study design: RCT

Study duration: 6 months

Participants Setting: hospital inpatient department
Country: Pakistan
Number: 200 (treatment: 100; control: 100)
Age: treatment: mean 8.1 (SD 11.0) months; control: mean 6.9 (SD 10.1) months
Sex: 122/200 (61%) boys
Inclusion criteria

« Age 2 months-60 months
« Non-severe or severe pneumonia

Exclusion criteria

« \Very severe pneumonia

o Wheezing

« Rickets

« Severe malnutrition

o Other severe comorbid conditions

o Chronic respiratory disease (asthma, tuberculosis)
o Heart disease

« Vitamin D intake in previous 3 months

o Grade lll malnutrition

« Normalvitamin D levels

Additional information

« Severe pneumonia was present in 43% of children.

Interventions Treatment group

« Intervention: vitamin D3 IM
« Dose, frequency, duration: single 100,000 IU dose given within 24 hours of admission

Control group

« Intervention: none (only standard care, including antibiotics)
« Dose, frequency, duration: not applicable
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Dhungel 2015 (continued)

Co-interventions: children received antibiotics that included cefotaxime, ceftriaxone, ampiclox,
clarithromycin, amikacin, vancomycin. Children received either 1 antibiotic or a combination.

Outcomes Primary
« Duration of hospitalisation
Secondary

« Risk of repeat episode of pneumonia during the 3-month post-treatment period

Notes Reason for awaiting classification: registry number not reported; ethics committee approval not re-
ported; insufficient reporting of study design (e.g. randomisation) and unclear that study was prop-
erly randomised; number of participants in each group inconsistent with the reported randomisa-
tion method (e.g. block randomisation); baseline details not reported in sufficient detail to assess
whether randomisation worked properly; incomplete or missing study flow diagram; implausible
number of children with the condition recruited within the timeframe; implausible study results
(e.g. massive risk reduction).

Funding source: no funding agency

Other: the investigators did not perform microbiological diagnosis of pneumonia. Only 4% of chil-
dren had normal chest X-ray. Serum vitamin D, level was measured, and those with normal level (>
20 ng/mL) were excluded. No report of adverse events or mortality.

Contact with trial authors: no

Gaber 2018
Methods Study design: randomised, double-blind, placebo-controlled trial
Study duration: 4 months
Participants Setting: hospital inpatient department

Country: Egypt
Number: 80 (treatment: 40; control: 40)
Age: treatment: mean 8.8 (SD 2.6) months; control: mean 9.1 (SD 4.0) months
Sex: 45 (56.3%) boys
Inclusion criteria
o Age 1 month-23 months
« Hospitalisation for severe pneumonia
Exclusion criteria
« Allergy to vitamin D
« Hypercalcaemia
« Hypernatraemia
« Rickets
o Tuberculosis
« Underlying diseases (heart, liver, kidney, malabsorption syndrome)
« Criticalillness
« Bronchiolitis
o Any vitamin D or calcium supplementation in previous 4 weeks
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Gaber 2018 (continued)

Additional information

« Chest X-ray showed consolidation in all cases.

« Parapneumonic effusion was seen in 12.5% of cases in treatment group and 17.5% of cases in
control group.
« Atelectasis was seen in 7.5% of cases in treatment group and 5% of cases in control group.

Interventions

Treatment group

« Intervention: oral vitamin D drops
« Dose, frequency, duration: 100 IU/kg daily for 5 days

Control group

« Intervention: oral drops (not defined)
« Dose, frequency, duration: daily for 5 days

Co-interventions: treatment included intravenous antibiotics, oxygenation, and antipyretics. In-
halation of bronchodilator was administered according to the treating physician

Outcomes

Primary

« Time to resolution of severe pneumonia (absence of lower chest indrawing, hypoxia, cyanosis,
lethargy, and inability to feed)

Secondary

« Duration of hospitalisation

« Time to resolution of:
o tachypnoea

o hypoxia
o chestretraction
o inability to feed/lethargy

Notes

Reason for awaiting classification: registry number not reported; ethics committee approval and
informed consent not reported; insufficient reporting of the study design (e.g. randomisation) and
unclear that the study was properly randomised; incomplete or missing study flow diagram; unre-
alistic response rate or loss to follow-up.

Other: the trial was not registered in any database, and the study protocol was not available. Inves-
tigators did not perform microbiological diagnosis of pneumonia or measure serum vitamin D lev-
els.

Rahmati 2016

Methods

Study design: RCT

Study duration: 12 months

Participants

Setting: hospital inpatient department

Country: Iran

Number: 100 (treatment: 50; control: 50)

Age: treatment: mean 17.6 months; control: mean 16.8 months

Sex: treatment: 54% boys; control: 61.2% boys
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Inclusion criteria

« Age 2 months-72 months
« CAP

Exclusion criteria

« Immune deficiency

« Allergic airway diseases

« Hospitalisation > 24 hours

« High-dose vitamin D supplementation

Additional information

« No children had severe pneumonia.

Interventions

Treatment group

« Intervention: oral vitamin D
« Dose, frequency, duration: 50,000 IU daily for 2 days

Control group

« Intervention: olive oil
« Dose, frequency, duration: not mentioned

Co-interventions: children received a single antibiotic as ceftriaxone.

Outcomes Primary
« Duration of hospitalisation/antibiotic therapy
« Duration of fever

Notes Reason for awaiting classification: insufficient reporting of the study design (e.g. randomisation)
and unclear that the study was properly randomised; baseline details not reported in sufficient de-
tail to assess whether randomisation worked properly; incomplete or missing study flow diagram;
unrealistic response rate or loss of follow-up.
Funding source: no funding agency
Trial registration: registered at ClinicalTrials.gov.
Ethical approval: obtained
Other: investigators did not perform microbiological diagnosis of pneumonia or measure serum vi-
tamin D, levels. No report of adverse events or mortality.
Contact with trial authors: emails, 8 November 2017 and 15 November 2017. We asked the trial au-
thors to clarify the outcomes duration of antibiotic therapy and duration of hospitalisation, and the
unit (day or hour) for duration of hospital admission. We received no response before 10 January
2018 (Das 2017 [pers comm])

Rajshekhar 2016
Methods Study design: randomised, double-blind, placebo-controlled trial

Study duration: not reported

Participants

Setting: hospital inpatient department
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Rajshekhar 2016 (continued)

Country: India

Number: 96 (treatment: 48; control: 48)

Age: treatment: mean 1.94 (SD 1.46) years; control: mean 2.08 (SD 1.92) years
Sex: 58/96 (60.4%) boys

Inclusion criteria

o Age 2 months-5 years
« Hospitalisation for severe pneumonia

Exclusion criteria

o Vitamin D supplementation in the 4 weeks prior to admission
« Severe malnutrition

« CHD

« Congenital deformities of chest

« Immunodeficiency states

Additional information

« History of recurrent pneumonia was present in 35.4% of children in the treatment group and
39.6% of children in the control group.

« Morechildreninthe treatment group (93.8%) adhered to the vaccination thanin the control group
(79.2%)

« Bottle feeding was more common in the treatment group (79.2%) than in the control group
(18.8%)

Interventions

Treatment group

« Intervention: vitamin D; tablet

« Dose, frequency, duration: 1000 IU (for children aged = 1 year) or 2000 IU (> 1 year) administered
daily for 5 days

Control group

« Intervention: lactose tablet
« Dose, frequency, duration: 1 tablet once daily for 5 days

Co-interventions: antibiotics were administered as per the IAP 2012 guidelines and included
amoxycillin, amoxyclav, third-generation parenteral cephalosporins, and macrolides.

Outcomes Primary
« Time to resolution of severe pneumonia (absence of lower chest indrawing, hypoxia, cyanosis,

and inability to feed)

Notes Reason for awaiting classification: registry number not reported; ethics committee approval not re-
ported; baseline details not reported in sufficient detail to assess whether randomisation worked
properly; incomplete or missing study flow diagram.

Funding source: no funding agency
Other: investigators did not perform microbiological or radiological diagnosis of pneumonia or
measure serum vitamin D, levels. Meyer Organics Private Ltd. was involved in the randomisation
process.
Contact with trial authors: email, 3 June 2017. We requested information on study methodology,
which the trial authors provided (Rajshekhar 2017 [pers comm])
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Shamaoon 2018

Methods Study design: RCT

Study duration: 6 months

Participants Setting: hospital inpatient department
Country: Pakistan
Number: 200 (treatment: 100; control: 100)
Age: mean 7.5 months
Sex: 122 (61%) boys
Inclusion criteria

« Age 2 months-59 months
« WHO-defined pneumonia
« Insufficient or deficient vitamin D levels

Exclusion criteria

« \Very severe disease (total score >2)

« Acute asthma, tuberculosis, CHD, or suspicion of any of these after examination
« 3rd degree malnutrition (weight for age <-2SD)

« Vitamin D supplementation or normal vitamin D levels (> 20 ng/mL)

Additional information

« Illness duration before admission was 3.5 days.
« No malnutrition in 36% of cases.
o Chest X-ray showed consolidation in > 50% of cases.

Interventions Treatment group

« Intervention: vitamin D IM
« Dose, frequency, duration: single 100,000 IU dose at onset of pneumonia

Control group

« Intervention: not mentioned
« Dose, frequency, duration: not mentioned

Co-interventions: children received antibiotics according to the national pneumonia treatment
guidelines

Outcomes Primary
« Duration of hospitalisation
Secondary

« Recurrence of pneumonia within 30 days of recovery

Notes Reason for awaiting classification: registry number not reported; ethics committee approval not re-
ported; insufficient reporting of the study design (e.g. randomisation) and unclear that the study
was properly randomised; baseline details not reported in sufficient detail to assess whether ran-
domisation worked properly; incomplete or missing study flow diagram.
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Shamaoon 2018 (Continued)

Other: the trial was not registered in any database, and the study protocol was not available. The
investigators did not perform microbiological diagnosis of pneumonia.

Contact with trial authors: no. There was another publication (duplicate) with some change in au-
thorsin 2019.

CAP: community-acquired pneumonia; CHD: congenital heart disease; IAP: Indian Academy of Pediatrics; IM: intramuscular; 1U:
international unit; RCT: randomised controlled trial; SD: standard deviation; WHO: World Health Organization.

Characteristics of ongoing studies [ordered by study ID]

NCT02054182
Study name Effect of vitamin D supplementation in young South African children hospitalised with acute lower
respiratory infection
Methods RCT

Participants

Children aged 1 month-5 years, admitted to hospital with acute lower respiratory tract infection
(i.e. bronchiolitis or pneumonia or both)

Interventions

Vitamin D: 2500 IU daily from enrolment until hospital discharge

Outcomes

Primary: change from baseline in modified Respiratory Distress Assessment Instrument score at
hospital discharge

Secondary: duration of hospitalisation

Starting date

February 2014

Contact information

Winter-Rose S Nkosi, Univeristy of Limpopo, Medunsa Campus, czawr@webmail.co.za

Notes

ClinicalTrials.gov identifier: NCT02054182

|U: international units; RCT: randomised controlled trial.

DATA AND ANALYSES

Comparison 1. Time to resolution of acute illness

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Time to resolution of acute illness 5 1188 Mean Difference (1V, Fixed, -1.28[-5.47,2.91]
95% Cl)

1.2 Time to resolution of acuteiillness 5 1188 Mean Difference (1V, Fixed, -1.28 [-5.47,2.91]

(subgroup analysis: low-dose versus 95% Cl)

high-dose vitamin D)

1.2.1 Low-dose vitamin D 1 173 Mean Difference (1V, Fixed, 5.19[-4.73,15.11]
95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.2.2 High-dose vitamin D 4 1015 Mean Difference (1V, Fixed, -2.69[-7.31,1.94]
95% Cl)
1.3 Time to resolution of acuteiillness 5 1188 Mean Difference (1V, Fixed, -1.28 [-5.47,2.91]
(subgroup analysis: oral versus par- 95% Cl)
enteral vitamin D)
1.3.1 Oral vitamin D 3 799 Mean Difference (1V, Fixed, -0.65[-7.42,6.12]
95% Cl)
1.3.2 Parenteral vitamin D 2 389 Mean Difference (1V, Fixed, -1.68[-7.01, 3.66]

Analysis 1.1. Comparison 1: Time to resolution of acute illness, Outcome 1: Time to resolution of acute illness

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Choudhary 2012 72 36.18 87 66.81 30.16 86  17.9% 5.19[-4.73, 15.11]
Chowdhury 2021 77.6 48.1 97 83.3 60.1 100 7.6% -5.70 [-20.88 , 9.48]
Gupta 2016 48.8 25 153 50.8 29.5 156  47.3% -2.00 [-8.09, 4.09]
Jingi 2018 86.4 18.72 40 87 30.48 40 143% -0.60[-11.68,10.48]
Manaseki-Holland 2010 113.76 53.28 211 119.52 69.36 218 12.9% -5.76 [-17.44 ,5.92]
Total (95% CI) 588 600 100.0% -1.28 [-5.47 , 2.91]

Heterogeneity: Chi2 = 2.59, df =4 (P = 0.63); 2= 0%
Test for overall effect: Z = 0.60 (P = 0.55)
Test for subgroup differences: Not applicable

2100 -50
Favours vitamin D

0 50 100
Favours placebo

Analysis 1.2. Comparison 1: Time to resolution of acute illness, Outcome 2: Time to
resolution of acute illness (subgroup analysis: low-dose versus high-dose vitamin D)

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.2.1 Low-dose vitamin D
Choudhary 2012 72 36.18 87 66.81 30.16 86 17.9% 5.19[-4.73, 15.11] du
Subtotal (95% CI) 87 86 17.9% 5.19 [-4.73, 15.11] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 1.03 (P = 0.31)
1.2.2 High-dose vitamin D
Chowdhury 2021 77.6 48.1 97 83.3 60.1 100 7.6% -5.70 [-20.88 , 9.48] .
Gupta 2016 48.8 25 153 50.8 29.5 156  47.3% -2.00 [-8.09, 4.09]
Jingi 2018 86.4 18.72 40 87 30.48 40 143% -0.60[-11.68, 10.48]
Manaseki-Holland 2010 113.76 53.38 211 119.52 69.36 218 12.9% -5.76 [-17.45, 5.93]
Subtotal (95% CI) 501 514 82.1% -2.69 [-7.31, 1.94]
Heterogeneity: Chi2 = 0.60, df = 3 (P =0.90); I2= 0%
Test for overall effect: Z = 1.14 (P = 0.25)
Total (95% CI) 588 600 100.0% -1.28 [-5.47 , 2.91]

Heterogeneity: Chi? = 2.59, df = 4 (P = 0.63); 12 = 0%

Test for overall effect: Z = 0.60 (P = 0.55)

Test for subgroup differences: Chi? = 1.99, df = 1 (P = 0.16), I> = 49.7%

2100 =50
Favours vitamin D

0 50 100
Favours placebo
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Analysis 1.3. Comparison 1: Time to resolution of acute illness, Outcome 3: Time
to resolution of acute illness (subgroup analysis: oral versus parenteral vitamin D)

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.3.1 Oral vitamin D
Choudhary 2012 72 36.18 87 6681  30.16 86  17.9% 5.19 [-4.73, 15.11] da
Chowdhury 2021 77.6 48.1 97 83.3 60.1 100 7.6%  -5.70[-20.88,9.48] —
Manaseki-Holland 2010 113.76  53.28 211 11952 69.36 218 129%  -5.76[-17.44,5.92] e
Subtotal (95% CI) 395 404 38.4% -0.65 [-7.42, 6.12] ¢
Heterogeneity: Chi? = 2.49, df = 2 (P = 0.29); I = 20%
Test for overall effect: Z = 0.19 (P = 0.85)
1.3.2 Parenteral vitamin D
Gupta 2016 48.8 153 50.8 295 156 47.3% -2.00 [-8.09 , 4.09]
Jingi 2018 864  18.72 40 87  30.48 40  143%  -0.60[-11.68 , 10.48]
Subtotal (95% CI) 193 196 61.6% -1.68 [-7.01, 3.66]
Heterogeneity: Chi2 = 0.05, df =1 (P =0.83); 2= 0%
Test for overall effect: Z = 0.61 (P = 0.54)
Total (95% CI) 588 600 100.0% -1.28 [-5.47 , 2.91]
Heterogeneity: Chi? = 2.59, df =4 (P = 0.63); I>= 0%
Test for overall effect: Z = 0.60 (P = 0.55) _1:00 _5:0 0 5:0 160
Test for subgroup differences: Chi2 = 0.05, df =1 (P = 0.82), I = 0% Favours vitamin D Favours placebo
Comparison 2. Duration of hospitalisation
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Duration of hospitalisation 5 1023 Mean Difference (IV, Random,  4.96 [-8.28, 18.21]
95% Cl)
2.2 Duration of hospitalisation (sen- 2 462 Mean Difference (1V, Fixed, -2.99 [-12.05, 6.07]
sitivity analysis: studies with trans- 95% Cl)
formed data excluded)
2.3 Duration of hospitalisation (sub- 5 1023 Mean Difference (IV, Random, 4.96[-8.28, 18.21]
group analysis: low-dose versus high- 95% Cl)
dose vitamin D)
2.3.1 Low-dose vitamin D 1 173 Mean Difference (IV, Random,  8.00[-0.99, 16.99]
95% Cl)
2.3.2 High-dose vitamin D 4 850 Mean Difference (IV, Random,  5.15[-14.29, 24.59]
95% Cl)
2.4 Duration of hospitalisation (sub- 5 1023 Mean Difference (IV, Random,  3.92[-8.57, 16.42]
group analysis: oral versus parenteral 95% Cl)
vitamin D)
2.4.1 Oral vitamin D 3 524 Mean Difference (IV, Random,  0.52[-15.51, 16.54]
95% Cl)
2.4.2 Parenteral vitamin D 2 499 Mean Difference (IV, Random,  12.34[-23.99,
95% Cl) 48.66]
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Analysis 2.1. Comparison 2: Duration of hospitalisation, Outcome 1: Duration of hospitalisation

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Choudhary 2012 114.82 30.15 87  106.82 30.16 86 27.2% 8.00[-0.99, 16.99] .
Chowdhury 2021 104.4 54.2 97 120 72.2 100 19.9% -15.60 [-33.39, 2.19] =
Gupta 2016 104.7 37.9 152 109.4 46 156 26.8% -4.70 [-14.10, 4.70] =
Labib 2021 280.9 72.29 93 248.4 90.3 98 15.9% 32.50[9.36, 55.64] [
Somnath 2017 205.2 122.4 78  185.76 91.44 76 10.2% 19.44 [-14.63, 53.51] R
Total (95% CI) 507 516 100.0% 4.96 [-8.28 , 18.21]
Heterogeneity: Tau? = 147.12; Chi2 = 15.07, df = 4 (P = 0.005); 12 = 73%
Test for overall effect: Z = 0.73 (P = 0.46) 2100 50 0 50 100
Test for subgroup differences: Not applicable Favours vitamin D Favours placebo

Analysis 2.2. Comparison 2: Duration of hospitalisation, Outcome 2: Duration
of hospitalisation (sensitivity analysis: studies with transformed data excluded)

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Gupta 2016 104.7 37.9 152 109.4 46 156 92.9% -4.70 [-14.10, 4.70]
Somnath 2017 205.2 122.4 78  185.76 91.44 76 7.1% 19.44[-14.63, 53.51]
Total (95% CI) 230 232 100.0% -2.99 [-12.05, 6.07]
Heterogeneity: Chi2 = 1.79, df = 1 (P = 0.18); I2 = 44%
Test for overall effect: Z = 0.65 (P = 0.52) 100 50 0 50 100
Test for subgroup differences: Not applicable Favours vitamin D Favours placebo

Analysis 2.3. Comparison 2: Duration of hospitalisation, Outcome 3: Duration
of hospitalisation (subgroup analysis: low-dose versus high-dose vitamin D)

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 Low-dose vitamin D
Choudhary 2012 114.82 30.15 87  106.82 30.16 86 27.2% 8.00[-0.99, 16.99] .
Subtotal (95% CI) 87 86 27.2% 8.00 [-0.99, 16.99] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 1.74 (P = 0.08)
2.3.2 High-dose vitamin D
Chowdhury 2021 104.4 54.2 97 120 72.2 100 19.9% -15.60 [-33.39, 2.19] —
Gupta 2016 104.7 37.9 152 109.4 46 156 26.8% -4.70 [-14.10, 4.70] =
Labib 2021 280.9 72.29 93 248.4 90.3 98 15.9% 32.50[9.36, 55.64] —_—
Somnath 2017 205.2 122.4 78  185.76 91.44 76 10.2% 19.44[-14.63, 53.51] R S —
Subtotal (95% CI) 420 430 72.8% 5.15 [-14.29, 24.59] ’
Heterogeneity: Tau? = 279.77; Chi2 = 12.60, df = 3 (P = 0.006); I = 76%
Test for overall effect: Z = 0.52 (P = 0.60)
Total (95% CI) 507 516 100.0% 4.96 [-8.28 , 18.21]
Heterogeneity: Tau? = 147.12; Chi2 = 15.07, df = 4 (P = 0.005); 12 = 73%
Test for overall effect: Z = 0.73 (P = 0.46) 2100 50 0 50 100
Test for subgroup differences: Chi2 = 0.07, df = 1 (P = 0.79), 2 = 0% Favours vitamin D Favours placebo
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Analysis 2.4. Comparison 2: Duration of hospitalisation, Outcome 4: Duration
of hospitalisation (subgroup analysis: oral versus parenteral vitamin D)

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.4.1 Oral vitamin D
Choudhary 2012 114.82 30.15 87  106.82 30.16 86 26.6% 8.00[-0.99, 16.99] .
Chowdhury 2021 104.4 54.2 97 120 72.2 100 19.0% -15.60 [-33.39, 2.19] —a
Somnath 2017 176.46 90.64 78 168 72.55 76 13.3% 8.46 [-17.44 , 34.36] JE
Subtotal (95% CI) 262 262 58.8% 0.52 [-15.51 , 16.54] ‘
Heterogeneity: Tau? = 125.60; Chi? = 5.53, df = 2 (P = 0.06); I? = 64%
Test for overall effect: Z = 0.06 (P = 0.95)
2.4.2 Parenteral vitamin D
Gupta 2016 104.7 37.9 152 109.4 46 156 26.2% -4.70 [-14.10, 4.70] —ml
Labib 2021 280.9 72.29 93 248.4 90.3 98  15.0% 32.50[9.36, 55.64] [
Subtotal (95% CI) 245 254 41.2% 12.34 [-23.99, 48.66] ‘
Heterogeneity: Tau? = 610.71; Chi2 = 8.52, df = 1 (P = 0.004); I2 = 88%
Test for overall effect: Z = 0.67 (P = 0.51)
Total (95% CI) 507 516 100.0% 3.92 [-8.57 , 16.42]
Heterogeneity: Tau? = 131.84; Chi2 = 14.32, df = 4 (P = 0.006); I = 72%
Test for overall effect: Z = 0.62 (P = 0.54) -100 50 0 50 100
Test for subgroup differences: Chi2 = 0.34, df = 1 (P = 0.56), I = 0% Favours vitamin D Favours placebo
Comparison 3. Time to resolution of tachypnoea
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
3.1 Time to resolution of tachyp- 2 368 Mean Difference (IV, Fixed, 95%  4.70 [-4.48, 13.88]

noea

Cl)

Analysis 3.1. Comparison 3: Time to resolution of tachypnoea, Outcome 1: Time to resolution of tachypnoea

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Choudhary 2012 77.63 36.18 87 72.7 37.71 84 68.6% 4.93[-6.15, 16.01]
Chowdhury 2021 53.6 60.2 97 49.4 57.1 100 31.4%  4.20[-12.19, 20.59]
Total (95% CI) 184 184 100.0% 4.70 [-4.48 , 13.88]

Heterogeneity: Chi2 = 0.01, df =1 (P = 0.94); I = 0%
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: Not applicable

200 50 50 100
Favours vitamin D Favours placebo

Comparison 4. Time to resolution of lower chest indrawing
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
4.1 Time to resolution of lower chest 2 370 Mean Difference (IV, Fixed, 2.99 [-4.38,
indrawing 95% Cl) 10.35]
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Analysis 4.1. Comparison 4: Time to resolution of lower chest
indrawing, Outcome 1: Time to resolution of lower chest indrawing
Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Choudhary 2012 64 36.18 87 64 36.19 86  46.6%  0.00[-10.78, 10.78]
Chowdhury 2021 69.6 36.1 97 64 36.1 100 53.4% 5.60 [-4.48 , 15.68]
Total (95% CI) 184 186 100.0% 2.99 [-4.38, 10.35]

Heterogeneity: Chi2 = 0.55, df = 1 (P = 0.46); 12=0%
Test for overall effect: Z = 0.80 (P = 0.43)
Test for subgroup differences: Not applicable

Comparison 5. Time to resolution of hypoxia

200 50 0 50 100
Favours vitamin D Favours placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
5.1 Time to resolution of hypoxia 2 370 Mean Difference (IV, Random, -9.39[-29.41, 10.63]

95% Cl)

Analysis 5.1. Comparison 5: Time to resolution of hypoxia, Outcome 1: Time to resolution of hypoxia

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Choudhary 2012 16 12.06 87 16 12.06 86 54.2% 0.00 [-3.59, 3.59]
Chowdhury 2021 33.6 30.1 97 54.1 54.1 100 45.8% -20.50 [-32.68 , -8.32] -
Total (95% CI) 184 186 100.0% -9.39 [-29.41, 10.63]
Heterogeneity: Tau? = 189.14; Chi2 = 10.01, df = 1 (P = 0.002); I = 90%
Test for overall effect: Z = 0.92 (P = 0.36) -100 50 0 50 100

Test for subgroup differences: Not applicable

Comparison 6. Time to resolution of fever

Favours vitamin D Favours placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
6.1 Time to resolution of fever 3 484 Mean Difference (IV, Fixed, 95% 1.84[-2.31,6.00]

cl)
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Analysis 6.1. Comparison 6: Time to resolution of fever, Outcome 1: Time to resolution of fever

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Choudhary 2012 82.82 30.15 87 77.64 36.2 85 17.4% 5.18 [-4.79, 15.15]
Gupta 2016 20.7 18.2 78 18.1 14.1 80  66.8% 2.60[-2.49, 7.69]
Somnath 2017 56.4 28.08 78 61.44 37.44 76 15.8%  -5.04[-15.51, 5.43]
Total (95% CI) 243 241 100.0% 1.84[-2.31, 6.00]
Heterogeneity: Chi2 = 2.17, df = 2 (P = 0.34); I = 8%
Test for overall effect: Z = 0.87 (P = 0.38) 100 50 0 50 100
Test for subgroup differences: Not applicable Favours vitamin D Favours placebo

Comparison 7. Time to resolution of inability to feed or lethargy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

7.1 Time to resolution of inability to feed 1 173 Mean Difference (IV, Ran- 8.00[0.60, 15.40]

or lethargy dom, 95% Cl)

Analysis 7.1. Comparison 7: Time to resolution of inability to feed or
lethargy, Outcome 1: Time to resolution of inability to feed or lethargy

Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Choudhary 2012 66.82 30.15 87 58.82 18.1 86 100.0% 8.00[0.60, 15.40]
Total (95% CI) 87 86 100.0% 8.00 [0.60 , 15.40]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.12 (P = 0.03) 2100 50 0 50 100
Test for subgroup differences: Not applicable Favours vitamin D Favours placebo

Comparison 8. Treatment failure

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
8.1 Treatment failure 2 277 Risk Ratio (M-H, Fixed, 95% Cl) 0.77[0.38, 1.56]
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Analysis 8.1. Comparison 8: Treatment failure, Outcome 1: Treatment failure

Vitamin D Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chowdhury 2021 9 97 12 100 74.7% 0.77[0.34, 1.75]
Jingi 2018 3 40 4 40 25.3% 0.75[0.18, 3.14]
Total (95% CI) 137 140 100.0% 0.77 [0.38 , 1.56]
Total events: 12 16

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.97); 12 = 0%
Test for overall effect: Z = 0.73 (P = 0.46)
Test for subgroup differences: Not applicable

Comparison 9. Mortality rate

0.1 1 10 100
Favours placebo

0.01
Favours vitamin D

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
9.1 Mortality rate 3 584 Risk Ratio (M-H, Fixed, 95% Cl) 0.69[0.44, 1.07]

Analysis 9.1. Comparison 9: Mortality rate, Outcome 1: Mortality rate

Vitamin D Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Choudhary 2012 1 98 1 95 2.7% 0.97 [0.06, 15.28]
Chowdhury 2021 1 100 5 100  13.4% 0.20[0.02, 1.68] R —
Labib 2021 23 93 32 98  83.8% 0.76[0.48, 1.19]
Total (95% CI) 291 293 100.0% 0.69 [0.44 , 1.07]
Total events: 25 38
Heterogeneity: Chi2 = 1.52, df =2 (P = 0.47); 2= 0% 0.01 01 1 10 100

Test for overall effect: Z = 1.67 (P = 0.09)
Test for subgroup differences: Not applicable

Comparison 10. Adverse events

Favours vitamin D Favours placebo

Outcome or subgroup title No. of studies

No. of partici-
pants

Statistical method Effect size

10.1 Adverse events 1

173

Risk Ratio (M-H, Random, 95% Cl) 4.94[0.24,101.48]

Vitamin D as an adjunct to antibiotics for the treatment of acute childhood pneumonia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

54



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Analysis 10.1. Comparison 10: Adverse events, Outcome 1: Adverse events

Vitamin D Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Choudhary 2012 2 87 0 86 100.0% 4.94[0.24,101.48] - N
Total (95% CI) 87 86 100.0% 4.94[0.24 , 101.48]
Total events: 2 0
Heterogeneity: Not applicable 0.01 01 1 10 100
Test for overall effect: Z = 1.04 (P = 0.30) Favours vitamin D Favours placebo

Test for subgroup differences: Not applicable

APPENDICES

Appendix 1. MEDLINE (Ovid) search strategy

1 exp Pneumonia/ (239521)

2 (pneumon* or bronchpneumon* or pleuropneumon®).tw. (215609)
3 Respiratory Tract Infections/ (41149)

4 (lower respiratory tract infection* or lower respiratory infection™ Irti).tw. (7202)
50r/1-4 (421099)

6 exp Vitamin D/ (64645)

7 ("vitamin d" or "vit d").tw,nm. (78012)

8 ("vitamin d2" or "vitamin d3").tw,nm. (13632)

9 (ergocalciferol* or cholecalciferol* or calcitriol*).tw,nm. (32666)

10 or/6-9 (96378)

115and 10 (1262)

12"2018"yr. (1169392)

13"2021"yr. (1661342)

14 or/12-13 (2830734)

15 11 and 14 (554)

Appendix 2. Embase (Elsevier) search strategy

#13 #11 AND #12 771

#12 1054,414

#12.8 #12.3 NOT #12.7 954412

#12.7 #12.4 NOT #12.6

#12.6#12.4 AND #12.5

#12.5'human'/de AND [embase]/lim

#12.4'animal'/de OR 'nonhuman'/de OR 'animal experiment'/de AND [embase]/lim
#12.3#12.1 OR #12.2

#12.2random*:ab ti OR placebo*:ab,ti OR crossover*:ab,ti OR 'cross over':ab,ti OR allocat*:ab.ti OR tri-
al:ti OR (doubl* NEXT/1 blind*):ab,ti AND [embase]/lim

#12.1'randomized controlled trial'/exp OR 'single blind procedure'/exp OR 'double blind procedure'/
exp OR 'crossover procedure'/exp AND [embase]/lim

#11 #5 AND #10 2,058
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(Continued)
#10 #6 OR #7 OR #8 OR #9 16,1899
#9 ergocalciferol*:ab,ti OR cholecalciferol*:ab,ti OR calcitriol*:ab,ti AND 11,129
[embase]/lim
#8 'vitamin d2'":ab,ti OR 'vitamin d3':ab,ti AND [embase]/lim 7,701
#7 'vitamin d":ab,ti OR 'vit d":ab,ti AND [embase]/lim 97,082
#6 'vitamin d'/exp AND [embase]/lim 147,383
#5 #1 OR#2 OR#3 OR #4 430,784
#4 'lower respiratory tract infection':ab,ti OR 'lower respiratory tractin- 11,409
fections':ab,ti OR 'lower respiratory infection':ab,ti OR 'lower respira-
tory infections':ab,ti OR lrti:ab,ti AND [embase]/lim
#3 'lower respiratory tract infection'/de AND [embase]/lim 13,609
#2 pneumon*:ab,ti OR pleuropneumon*:ab,ti OR bronchopneumon*:abti 264,395
AND [embase]/lim
#1 'pneumonia’/exp AND [embase]/lim 319,502

WHAT'S NEW

Date Event Description
28 December 2021 New citation required but conclusions Vitamin D as an adjunct to antibiotics did not benefit children
have not changed with acute pneumonia. The overall conclusions of vitamin D sup-

plementation in acute pneumonia remain unchanged.

28 December 2021 New search has been performed We updated the searches and included three new trials (Chowd-
hury 2021; Jingi 2018; Labib 2021) with a total of 468 partici-
pants, and excluded two new trials (Jadhav 2021; Singh 2019).
We moved three previously included trials to Studies awaiting
classification (Dhungel 2015; Rahmati 2016; Rajshekhar 2016),
and identified three new trials awaiting classification (Bisht 2017;
Gaber 2018; Shamaoon 2018). We performed subgroup analysis
and sensitivity analysis in this updated review.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In the protocol, we indicated that if we found cluster-randomised trials for inclusion, we would adjust for clustering using the intracluster
correlation coefficient (Das 2015). However, we did not identify any cluster-randomised trials for inclusion.

We previously described an I? threshold of greater than 50% to indicate substantial heterogeneity. For this update, we followed the
thresholds provided in the Cochrane Handbook of Systematic Reviews of Interventions (Higgins 2011).

We also indicated in the protocol that we would perform additional analyses (subgroup analysis and sensitivity analysis). We could not
perform these analyses in the first version of the review, but did perform them in this update.

In the protocol, we did not describe the research integrity step of study selection. In this review update, eligible studies had to meet specific
research integrity screening criteria. We moved three previously included trials to Characteristics of studies awaiting classification (Dhungel
2015; Rahmati 2016; Rajshekhar 2016), and added three new trials to Characteristics of studies awaiting classification (Bisht 2017; Gaber
2018; Shamaoon 2018).

INDEX TERMS

Medical Subject Headings (MeSH)

*Anti-Bacterial Agents [adverse effects] [therapeutic use]; *Community-Acquired Infections [complications] [diagnosis] [drug
therapy]; *Pneumonia [complications] [diagnosis] [drug therapy] [prevention & control]; *Vitamin D [administration & dosage]
[adverse effects] [therapeutic use]; *Vitamin D Deficiency [complications] [drug therapy]; Vitamins [administration & dosage]
[adverse effects] [therapeutic use]

MeSH check words

Child, Preschool; Humans; Infant
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