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A B S T R A C T

Background

Vitamin D is a micronutrient important for bone growth and immune function. Deficiency can lead to rickets and has been linked to various
infections, including respiratory infections. The evidence on the effects of supplementation on infections in children has not been assessed
systematically.

Objectives

To evaluate the role of vitamin D supplementation in preventing pneumonia, tuberculosis (TB), diarrhoea, and malaria in children under
five years of age. This includes high-, middle-, and low-income countries.

Search methods

We searched the Cochrane Infectious Diseases Group Specialized Register, the Cochrane Central Register of Controlled Trials (CENTRAL),
the Cochrane Library, MEDLINE, EMBASE, LILACS, the WHO International Clinical Trials Registry Platform (ICTRP; http://www.who.int/ictrp/
en/) , ClinicalTrials.gov and the ISRCTN registry (http://www.isrctn.com/) up to 16 June 2016.

Selection criteria

We included randomized controlled trials (RCTs) that evaluated preventive supplementation of vitamin D (versus placebo or no
intervention) in children under five years of age.

Data collection and analysis

Two review authors independently screened the titles and abstracts, extracted the data, and assessed the risk of bias of included trials.

Main results

Four trials met the inclusion criteria, with a total of 3198 children under five years of age, and were conducted in Afghanistan, Spain,
and the USA. Prevalence of vitamin D deficiency varied widely in these populations (range: 73.1% in Afghanistan, 10 to 12% in USA, and
6.2% in Spain). The included trials evaluated mortality (two trials), pneumonia incidence (two trials), diarrhoea incidence (two trials),
hospitalization (two trials), and mean serum vitamin D concentrations (four trials).
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We do not know whether vitamin D supplementation impacts on all-cause mortality because this outcome was underpowered due to few
events (risk ratio (RR) 1.43, 95% confidence interval (CI) 0.54 to 3.74; one trial, 3046 participants, low quality evidence).

For pneumonia, episodes of 'radiologically confirmed' first or only episode of pneumonia were little different in the supplemented and
unsupplemented group (Rate Ratio: 1.06, 95% confidence interval (CI) 0.89 to 1.26; two trials, 3134 participants, moderate quality evidence),
and similarly for children with confirmed or unconfirmed pneumonia (RR 0.95, 95% CI 0.87 to 1.04; one trial, 3046 participants). In these
two trials there were no obvious differences between supplemented and unsupplemented children regarding episodes of diarrhoea.

In the single large trial from Afghanistan, the trial authors reported that vitamin D supplementation was associated with an increase in
repeat episodes of pneumonia confirmed by chest radiograph (RR 1.69, 95% CI 1.28 to 2.21; one trial, 3046 participants), but not reflected
in the outcome of confirmed or unconfirmed pneumonia (RR 1.06, 95% CI 1.00 to 1.13; one trial, 3046 participants).

For hospital admission measured in one small trial, there was no difference detected (RR 0.86, 95% CI 0.20 to 3.62; one trial, 88 participants;
very low quality evidence).

The mean serum vitamin D concentrations were higher in supplemented compared to unsupplemented children at the end of
supplementation (MD 7.72 ng/mL, 95% CI 0.50 to 14.93; four trials, 266 participants, low quality evidence). These results were driven
primarily by two smaller trials with large magnitudes of effect. In the other two bigger trials, serum vitamin D concentrations were elevated
in the intervention group for most of the trial duration but not at the end of supplementation. This may be due to time elapsed at
measurement from the last dose, incomplete compliance, or increased need of vitamin D with infant age.

We did not find any trial that reported on the incidence of TB, malaria or febrile illness, duration of pneumonia, duration of diarrhoea,
severity of infection, and cause-specific mortality (due to TB, diarrhoea, or malaria).

Authors' conclusions

Evidence from one large trial did not demonstrate benefit of vitamin D supplementation on the incidence of pneumonia or diarrhoea
in children under five years. To our knowledge, trials that evaluated supplementation for preventing other infections, including TB and
malaria, have not been performed.

23 April 2019

Update pending

Studies awaiting assessment

The CIDG is currently examining a search conducted up to April 2019 for potentially relevant studies. These studies have not yet been
incorporated into this Cochrane Review. All eligible published studies found in the last search (16 Jun, 2016) were included and four ongoing
studies were identified (see 'Characteristics of ongoing studies' section).

P L A I N   L A N G U A G E   S U M M A R Y

Vitamin D supplementation for preventing infections in children under five

Background

Vitamin D is a micronutrient important for bone growth and immune function. Deficiency can lead to rickets and has been linked to various
infections, including respiratory infections. Several studies have reported an association between vitamin D deficiency and infections
among children, and is thought to be related to the role of vitamin D in the immune system. In this systematic review, Cochrane researchers
examined the role of vitamin D supplementation in prevention of infections in children under five years of age. The researchers studied the
infections of pneumonia, tuberculosis (TB), diarrhoea, and malaria in this review.

Study characteristics

The review authors examined the available evidence up to 17 June 2016, and included four trials with a total of 3198 children under five
years of age. The included trials were conducted in Afghanistan, Spain and the USA.

Key findings

The review did not detect an effect of vitamin D supplementation on death (low quality evidence); the occurrence of the first or only
episode of pneumonia; or on children with pneumonia, irrespective of whether this had been confirmed by hospital tests (moderate
quality evidence). Limited evidence showed that there was no obvious difference in the first or repeat episodes of diarrhoea between
supplemented and unsupplemented children. We do not know about whether Vitamin D influences hospital admissions as there was only
one small study measuring this (very low quality evidence). The mean serum vitamin D concentrations were higher in the supplemented
versus unsupplemented children at the end of supplementation period (low quality evidence). One large trial from Afghanistan showed
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an increase in repeat episodes of confirmed pneumonia but not on confirmed and unconfirmed pneumonia. None of the included trials
reported on TB or malaria as outcomes.

Conclusions

One large trial has not demonstrated an effect of vitamin D on death or respiratory infections in children under five years of age. We did
not find trials evaluating Vitamin D supplementation to prevent other infections such as TB and malaria.
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Summary of findings for the main comparison.   Vitamin D versus control for preventing infections in children under five years of age

Vitamin D versus control for preventing infections in children under five years of age

Patient or population: children under five years of age
Settings: hospitals, clinics, and community
Intervention: vitamin D supplementation (daily dose of 402 IU or quarterly supplementation of 100,000 IU)

Control: placebo or no supplementation

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Vitamin D

Relative/absolute effect

(95% CI)

Number of partici-

pants

(trials)

Quality of the evi-

dence

(GRADE)

All-cause mortality 5 per 1000 7 per 1000 
(3 to 19)

Risk ratio 1.43 
(0.54 to 3.74)

3046

(1)

⊕⊕⊝⊝

low 1,2

Cause-specific mortality 3 per 1000 5 per 1000

(1 to 16)

Risk ratio 1.50 
(0.42 to 5.30)

3046

(1)

⊕⊕⊝⊝

low 1,2

Incidence rate radiologically con-
firmed first or only episode of pneu-
monia

157 episodes per

1000 person-years

166 episodes per 1000

person years 
(140 to 198)

Rate ratio 1.06 
(0.89 to 1.26)

3134
(2)

⊕⊕⊕⊝

moderate 2,3

Any hospital admission 9 per 100 8 per 100

(2 to 33`)

Risk ratio 0.86

(0.20 to 3.62)

88

(1)

⊕⊝⊝⊝

very low 4,5,6

TB cases - - - 0 studies -

Diarrhoea cases - - - 2 studies7 -

Malaria cases - - - 0 studies -

Febrile illness - - - 0 studies -

Mean serum vitamin D concentra-
tions

141 125 Mean difference 7.72ng/mL higher

(0.50 higher to 14.93 higher)
266 ⊕⊕⊝⊝

low 2,8
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(4)

*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% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
Abbreviations: CI: confidence interval; RR: risk ratio; GRADE: Grading of Recommendations Assessment, Development and Evaluation; TB: tuberculosis; HR: hazard ratio.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1Downgraded by 1 for imprecision: the estimate varies from 46% decrease to over 3-fold increase for all-cause mortality; and from 58% decrease to over 5-fold increase for cause-
specific mortality.
2Downgraded by 1 for indirectness: data comes mainly from a single large trial conducted in Afghanistan with a high baseline prevalence of vitamin D deficiency limiting the
generalizability of the estimate to developed countries. However, findings from this setting would be generalizable to majority of other developing countries.
3Imprecision: no serious imprecision as the Afghanistan trial was adequately powered to detect clinically important benefits with vitamin D. The 95% CI of the result is narrow
and probably excludes clinically important benefits.
4Downgraded by 1 for high risk of bias in Alonso 2011 due to unblinding, high/differential loss to follow-up and selective outcome reporting.
5Downgraded by 1 for indirectness: data comes mainly from one trial in developed country limiting the generalizability of the estimate to developing countries.
6The effect estimates are also imprecise with wide CIs.
7No effect however meta-analysis could not be performed since Alonso 2011 reported the RR while Manaseki-Holland 2012 reported the HR.
8Downgraded by 1 for imprecision: the estimate varies from 0.50 to over 14.00 ng/mL increase.
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B A C K G R O U N D

Description of the condition

Vitamin D is a family of fat-soluble molecules that are important
micronutrients for humans, and two forms (D2 and D3) play a
central role in bone growth by increasing the uptake of calcium
from the gut (Bentley 2013). Vitamin D is therefore especially
important in growing children, and a deficiency in vitamin D can
lead to rickets, which is characterized by weak and deformed bones.

Humans can obtain both vitamin D2 and D3 from their diet,
with fish liver oils, eggs, and milk being particularly rich in
both. However, we obtain most of our vitamin D in the form of
vitamin D3 by synthesizing it directly when their skin is exposed
to sunlight. This powers a photochemical reaction in which a
derivative of cholesterol is converted into pre-vitamin D3, which is
then transformed into vitamin D3 by the heat of the skin (Wagner
2008a).

Vitamin D2 and D3 are water-insoluble and are transported in the
blood to the liver bound to carrier proteins, mainly vitamin D-
binding protein. Here, they are converted to 25-hydroxyvitamin
D (25(OH)D), which is the major circulating form of vitamin D.
In the kidneys, 25(OH)D is converted to 1,25-dihydroxyvitamin D
(1,25(OH)D) via the action of the enzyme 1α hydroxylase (Holick
2008; White 2008). This is the active form of vitamin D in the body,
and is thus the true hormonal form of vitamin D. It binds to the
vitamin D receptor (VDR), which is found on the nuclear membrane
of many cells (Walker 2009).

Vitamin D levels in the body are best measured using the
concentration of 25(OH)D in blood serum. According to the US
Institute of Medicine (IOM 2010), concentrations of 25(OH)D above
50 nmol/L (20 ng/mL) can provide benefit to most in the population
and are considered in the normal range. Vitamin D deficiency
refers to concentrations below this cut-off value. It is estimated
that around one billion people in the world may have suboptimal
vitamin D concentrations (Walker 2009). The major risk factors are
lack of sunlight (especially during winter months), vegetarian diets,
a dark pigmented skin (as melanin acts as a natural sunscreen),
increased pollution, and wearing long-sleeved garments or clothes
completely covering the body (Williams 2008; Nimitphong 2013).
Modern recommendations to avoid the sun to prevent skin cancers
may also be contributing to a deficiency in vitamin D (Misra 2008).

Fortified foods such as infant formulas, breakfast cereal, cheese,
and cows' milk are the major dietary sources of vitamin D in
children, but they may not be consumed in sufficient quantities.
Furthermore, dairy products may not be fortified in all countries.
Diet contributes less than 10% to 20% of an adult’s vitamin D
stores, and this proportion may be even smaller in children (Sichert-
Hellert 2006). Since vitamin D is a fat-soluble vitamin, a diet that is
extremely low in fat can also impair its absorption. Breast milk can
be a poor source of vitamin D, particularly if the mother has clinical
or subclinical vitamin D deficiency.

Over the past 20 years, much attention has been paid to recognition
of vitamin D deficiency in children worldwide. Childhood vitamin
D deficiency is highly prevalent in many developing countries,
even those with abundant sunlight such as Turkey (Ozgür 1996),
Iran (Salimpour 1975; Bassil 2013), Saudi Arabia (Elidrissy 1984),
Jordan (Bassil 2013), the United Arab Emirates (Bassil 2013), Algeria

(Garabedian 1991), India (Ghai 1991; Wayse 2004), China (Zhao
1991; Zhao 1992; Du 2001; Zhang 2013), and Nigeria (Akpede 1999;
Akpede 2001). A study on the health status of children in low- and
middle-income countries reported that 73.1% of underprivileged
children were 25(OH)D-deficient (Manaseki-Holland 2008). A high
occurrence of vitamin D deficiency in infants and children has also
been reported in many other countries, including industrialized
ones (Prentice 2008) such as the USA (Mansbach 2009), the
UK (Lawson 1999), Greece (Nicolaidou 2006), Finland Lehtonen-
Veromaa 1999), Canada (Ward 2007), and New Zealand (Grant
2009).

Description of the intervention

In the past, clinicians have primarily focused on the role of
vitamin D in preventing and treating rickets. However, a few
early researchers realized that children with rickets were more
likely to have respiratory infections. Initially, clinicians presumed
these infections were caused by poor lung function as a result of
bone deformities and the overall compromised nutritional status
associated with rickets. Since then, several studies, including case-
control and case series studies, have linked rickets with pneumonia
and respiratory tract infections (Salimpour 1975; Muhe 1997;
Najada 2004), and implicated vitamin D deficiency as a potential
risk factor for these infections. Many epidemiological studies
have also been conducted in children to assess the link between
inadequate vitamin D concentrations and respiratory infections,
including tuberculosis (TB) (Wayse 2004; Nnoaham 2008; Williams
2008; Karatekin 2009; McNally 2009; Roth 2009). The findings from
these studies have been mixed, with some reporting strong positive
associations and others no associations. A retrospective case-
series of 64 paediatric TB patients during a two-year period in UK
showed that 86% of children were either vitamin D-deficient or
vitamin D-insufficient (Williams 2008). Other case-control studies
in Europe and Australia showed an increased risk of vitamin D
deficiency in children with TB compared to healthy controls (Gray
2012; Venturini 2014), while another study from India did not find
vitamin D deficiency a risk factor for TB in children (Jubulis 2014).
Evidence is also emerging on the role of vitamin D deficiency as a
risk factor for gastroenteritis. A prospective cohort study of school-
age children in Colombia reported a significant two-fold increased
risk of diarrhoea with vomiting over a one-year period in vitamin D-
deficient compared to vitamin D-sufficient children. This indicated
increased susceptibility to norovirus and Salmonella or Shigella
bacterial infections (Thornton 2013). Vitamin D insufficiency has
also been linked to more severe malarial infections in Ugandan
children 18 months to 12 years old (Cusick 2014). In animal models,
vitamin D is known to inhibit the development of cerebral malaria
during Plasmodium berghei infection (He 2014); and in another
study, the death rate in mice from P. berghei infection reduced aSer
addition of cod liver oil or vitamin D and dicalcium phosphate to
antimalarial drugs (Sautet 1957; Luong 2015).

The precise molecular mechanisms by which vitamin D helps
defend people against infectious disease are now being elucidated.
It has become clear that 1,25(OH)D plays a role not only in calcium
homeostasis and bone metabolism, but also in the integrity of
the innate immune system (Bhutta 2008; Wagner 2008b; Dimitrov
2015). Acting via the VDR, 1,25(OH)D alters the activity of many
immune system cells, including macrophages, regulatory T cells,
and natural killer cells.

Vitamin D supplementation for preventing infections in children under five years of age (Review)
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Based on bone health benefits of vitamin D, the US Institute of
Medicine (IOM) published new dietary guidelines in 2010, with the
adequate intake for infants of 400 International Units (IU) daily
of vitamin D, and raised the Recommended Dietary Allowance
(RDA) for children older than one year from 400 IU/day in 2008
(Wagner 2008a) to 600 IU/day (IOM 2010). Health Canada also
has similar recommendations of 400 IU/day for all exclusively
breastfed, healthy infants; this should be continued until the
infant's diet provides at least 400 IU/day from other sources
(Canadian Paediatric Society 2007). However, the IOM committee
did not find sufficient conclusive evidence for effects on non-
skeletal outcomes (Shapses 2011). It is therefore not yet known if
these doses are sufficient to deliver all potential non-skeletal health
benefits related to vitamin D, and some experts recommend that
at least 1000 IU/day may be required to consistently raise serum
25(OH)D concentrations above 30 ng/mL (Holick 2011). Vitamin D is
generally safe and well tolerated when given at appropriate doses;
cases of hypercalcaemia have been documented with vitamin D
toxicity (only at doses of 50,000 IU/day or more for several weeks),
which may eventually lead to vascular and tissue calcification with
subsequent renal and cardiovascular damage (IOM 2010).

How the intervention might work

Vitamin D influences the action of more than 200 human genes in a
wide range of tissues and displays as many molecular mechanisms
(Cannell 2008). In particular, it interacts with the human immune
system in a wide variety of ways, and helps to protect against
infectious diseases (Gunville 2013). For example, it has been
known for 20 years that exposure to 1,25(OH)D stimulates anti-
mycobacterial activity in human monocytes and macrophages.
Recent research suggests that this is due to vitamin D helping to
generate antimicrobial peptides (AMPs) like cathelicidin and some
β defensins (White 2008; Gunville 2013). These AMPs then lead
to enhanced killing of intracellular Mycobacterium tuberculosis by
direct membrane damage and also by acting as chemoattractants
for monocytes.

Recent research also indicates that a sufficient intake of vitamin
D is essential for killer T cells to fend off serious infections,
by controlling T cell antigen receptor (TCR) signalling and the
activation of human T cells. Besides this, 1,25(OH)D also suppresses
an overzealous adaptive immune response to pathogens that may
be difficult for macrophages to handle efficiently (Walker 2009). The
levels of plasma interleukin-1ß have also been shown to be low in
children with vitamin D deficiency which can predispose them to
infections (Liang 2010; Bentley 2013).

The relationship between vitamin D and infectious diseases is
also supported by genetic studies of polymorphisms in the gene
for the VDR. Researchers have found a significant link between
single nucleotide polymorphisms of genes related to the innate
immune function, including the VDR, and genetic susceptibility to
respiratory syncytial virus (RSV) bronchiolitis (Janssen 2007).

While there is much research on the beneficial effects of vitamin
D for TB infections, data are emerging from various sources about
its role in fighting other bacterial and viral pathogens. Apart from
the synthesis of AMPs (cathelicidin and defensins), the binding of
activated vitamin D to the VDR can modulate viral lower respiratory
tract disease. One of the defensins, retrocyclin-2, inhibits infection
with the influenza virus by blocking its fusion with cell membranes
(Leikina 2005). Respiratory tract infections peak during the winter

season when there is less sunlight and so vitamin D deficiency
during this season may enhance the infectivity of influenza viruses.
A randomized controlled trial (RCT) on 334 schoolchildren showed
that vitamin D supplements had a beneficial effect on influenza A
incidence during the four-month study period (Urashima 2010).

Vitamin D and its role in malarial infection has also been explored.
It inhibits development of cerebral malaria in animal models
due to suppression of inducible systemic inflammatory responses
with reduced production of cytokines (interferon-Ƴ and tumour
necrosis factor) (He 2014). Vitamin D also inhibits penetration of
P. berghei into erythrocyte membranes (Sergacheva 1986) and
inhibits growth of Plasmodium falciparum in red blood cells in
vitro (Vial 1982). VDR expression was also higher in patients with
Plasmodium vivax infection, which indicates a link between VDR
polymorphism and severity of malarial infection (Ray 2012).

Cystic fibrosis (CF) is an inherited disorder seen in children, and is
characterized by pancreatic insufficiency and recurrent infections.
Children with CF have inadequate fat-soluble vitamins, including
vitamin D. Yim 2007 showed that there was enhanced antibacterial
activity against airway pathogens, such as Pseudomonas
aeruginosa and Bordetella bronchiseptica, in both normal and
CF bronchial epithelial cells in participants supplemented with
1,25(OH)D. They also witnessed 1,25(OH)D-induced production of
cathelicidin in this cell type.

Why it is important to do this review

Globally, pneumonia and diarrhoea constitute the leading
infectious causes of childhood deaths in children under five years
of age, and the burden is concentrated in Southeast Asia and Africa.
This also explains the focus of this Cochrane Review on this age
range. According to 2010 estimates, there were 120 million episodes
of pneumonia and 1.731 billion episodes of diarrhoea worldwide
(Walker 2013). Twelve per cent of pneumonia episodes and 2% of
diarrhoea episodes progressed to severe disease; the case-fatality
ratio for severe pneumonia was 8.9% (uncertainty range: 3.1 to
12.5%) and for severe diarrhoea 2.0% (1.4 to 4.4%) (Walker 2013).

Rickets is the best-known medical condition associated with
vitamin D deficiency. It has also been linked to various infectious
diseases, especially respiratory infections such as pneumonia, TB,
and bronchiolitis, which suggests that suboptimal concentrations
of vitamin D may be responsible in the aetiology of these infections
(see the 'Description of the intervention' section). Due to lack of
evidence on the role of vitamin D in preventing infections, the
mortality and morbidity burden of infections in children due to
vitamin D deficiency has not yet been quantified.

Vitamin D supplementation is a relatively simple intervention that
might decrease the incidence of many infections. A study in the
UK on a small cohort reported that the cost of preventing vitamin
D deficiency in a high-risk population of Asian children was much
lower than the cost of treating the general health issues linked
with chronic vitamin D deficiency (Zipitis 2006). Because of its cost
effectiveness and ease of administration, it can easily be applied
on a large scale to children in communities or in health facilities.
Vitamin D could therefore help prevent the enormous burden of
morbidity and mortality in children.

Vitamin D supplementation for preventing infections in children under five years of age (Review)
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O B J E C T I V E S

To evaluate the role of vitamin D supplementation for preventing
pneumonia, tuberculosis (TB), diarrhoea, and malaria in children
under five years of age. This includes high-, middle-, and low-
income countries.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomized controlled trials (RCTs), whether individually- or
cluster-RCTs.

Types of participants

Children under five years of age. We excluded studies on
children with pre-existing illnesses, such as rickets, human
immunodeficiency virus (HIV)/ acquired immune deficiency
syndrome (AIDS), meningitis, severe malnutrition, and sickle cell
disease. We also excluded studies of supplementation in preterm
and low birthweight infants.

Types of interventions

Interventions

We included trials of synthetic oral vitamin D supplementation
of various doses and frequencies compared to a control
group (placebo or no intervention). The co-interventions (for
example, multiple vitamins or adjunct mineral and nutrient
supplementation) should have been identical in both groups, that
is vitamin D supplementation was the only difference between
the intervention and control groups. We excluded studies that
evaluated the effects of food fortification or the consumption of
vitamin D-rich foods. If a trial included more than one eligible
intervention group (for example, differing in dose), we combined
the groups for the main analysis, although they could be treated
separately for subgroup analyses.

Comparisons

• Vitamin D versus placebo or no treatment.

• Vitamin D plus 'other micronutrient(s)' versus 'other
micronutrient(s)'.

We excluded the following comparisons.

• Vitamin D plus 'other micronutrient' versus placebo or no
treatment.

• Vitamin D plus 'other micronutrient' versus 'different other
micronutrient'.

Types of outcome measures

Primary outcomes

• Incidence rate (number of cases or episodes per total child-
years) of the following.
* Pneumonia.

* Tuberculosis (TB).

Secondary outcomes

• Incidence rate (number of cases or episodes per total child-
years) of the following.
* Diarrhoea.

* Malaria.

• Incidence rate (cases or episodes per total child-years) of febrile
illness.

• Duration (mean number of days of all episodes) of the following.
* Pneumonia (positive clinical examination or chest

radiograph findings).

* Diarrhoea.

• Severity of infection.
* Moderate or severe pneumonia (as defined by the authors).

* Moderate or severe diarrhoea, that is, history of loose stools
more than three times per day and history of oral dehydration
or intravenous fluid therapy.

• All-cause mortality (included post hoc in this review).

• Cause-specific mortality (included post hoc in this review).
* Pneumonia.

* TB.

* Diarrhoea.

* Malaria.

• Hospital admission rate due to infections.

• Change in mean serum vitamin D concentrations

• Adverse outcomes

• New cases per total children of the following.
* Nausea within 72 hours.

* Vomiting within 72 hours.

* Headache within 72 hours.

* Constipation.

* Kidney stones.

We included trials that reported on at least one of the review-
defined outcomes. If a trial had information on infection-related
outcomes in the full text but data were unavailable, we contacted
the trial authors to get the complete results.

Time of outcome assessment

We grouped outcomes by time: zero to 12 months, 13 to 60 months,
and over 60 months. When trials reported multiple time points, we
extracted the longest outcome interval in a given time period.

Search methods for identification of studies

We attempted to identify all relevant studies regardless
of language, setting/region (low-, middle-, and high-income
countries), or publication status (published, unpublished, in press,
and ongoing).

Electronic searches

We searched the following databases for relevant studies using
the search terms and strategy detailed in Appendix 1: the
Cochrane Infectious Diseases Group (CIDG) Specialized Register;
the Cochrane Central Register of Controlled Trials (CENTRAL),
published in the Cochrane Library issue 6 2016; MEDLINE (Pubmed,
1966 to 16 June 2016); EMBASE (OVID, 1980 to 16 June 2016);
and LILACS (1982 to 16 June 2016). We also searched the
WHO International Clinical Trials Registry Platform (ICTRP; http://

Vitamin D supplementation for preventing infections in children under five years of age (Review)
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www.who.int/ictrp/en/) , ClinicalTrials.gov and the ISRCTN registry
(http://www.isrctn.com/) for ongoing trials, using "vitamin D" and
‘child* OR infant*’ as search term (all accessed on 16 June 2016).

Searching other resources

We contacted researchers in the field to identify additional studies
that may be eligible for inclusion. We also checked the reference
lists of all studies identified by the above methods.

Data collection and analysis

Selection of studies

Two review authors (MYY and FR) independently assessed studies
for inclusion. They selected potentially relevant studies by
screening the titles and abstracts of studies, if available. We
retrieved and reviewed full-text articles when we could not

determine their relevance from titles or abstracts. Three review
authors (MYY, RAS, and FR) independently screened these full-text
articles to assess the eligibility of all potentially relevant studies and
filled out eligibility forms, which we designed in accordance with
the specified inclusion criteria. We resolved differences of opinion
about studies' suitability for inclusion by discussion between all
review authors. We presented the excluded studies that appeared
to meet the inclusion criteria but on further investigation of the
full-text article did not in the 'Characteristics of excluded studies'
table, along with the reason(s) for their exclusion. In the case of
conference abstracts, if additional data were not forthcoming, we
used the information provided in the abstract for review purposes.
We also attempted to contact the trial authors regarding eligibility
for studies where eligibility was unclear.Figure 1 shows the study
flow diagram.

 

Figure 1.   Study flow diagram.
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Data extraction and management

We used a data extraction sheet to extract the following information
from each included trial.

• Dates.

• Location (country, urban/rural).

• Method of recruitment.

• Inclusion criteria.

• Unit of analysis.

• Allocation ratio.

• Risk of bias (see below).

• Participants.
* Sample size and person-time of follow-up.

* Socio-demographics (age, gender).

* Co-morbidities.

• Intervention and comparison.
* Number of eligible intervention groups.

• For each intervention and comparison group of interest.
* Dosage.

* Duration.

* Frequency.

* Co-intervention (if any).

* Details of the comparison.

• Outcomes.
* Outcomes and time points (a) collected and (b) reported.

• For each outcome of interest.
* Outcome definition and unit of measurement (if relevant).

* Loss to follow-up.

• Miscellaneous.
* Key conclusions of trial authors.

* References to other relevant trials.

* Correspondence required.

For incidence rates (count data), we extracted the number of events
in the treatment and control groups, and the total person-time at
risk in each group, or the rate ratio and a measure of variance,
for example, standard error (SE) directly from the trial report. We
used cumulative incidences or risks for dichotomous data such
as mortality risks and adverse events for which we extracted the
number of participants experiencing the condition and the total
number of participants in each treatment group.

Assessment of risk of bias in included studies

Two review authors (MYY and RAS) independently assessed
methodological quality using the Cochrane 'Risk of bias'
assessment tool (Higgins 2011). We assessed the included trials
based on the following six components.

Sequence generation (checking for selection bias and baseline

exchangeability)

For each included trial we described the method used to generate
allocation sequence in sufficient detail. We assessed the method as
at one of the following levels of bias.

• Low risk (any truly random process, for example, random
number table, computer random number generation).

• High risk (any quasi- or non-random process, for example, odd
or even date of birth; hospital or clinic record number).

• Unclear risk.

Allocation concealment (checking for selection bias and baseline

exchangeability)

We described for each included trial the method used to conceal
the allocation sequence and determine whether intervention
allocation could have been foreseen in advance of or during
recruitment, or changed aSer assignment. We assessed the method
as the following.

• Low risk (for example, telephone or central randomization;
consecutively numbered sealed opaque envelopes).

• High risk (for example, open random allocation; unsealed or
non-opaque envelopes).

• Unclear risk.

Blinding (checking for possible performance bias)

We described for each included trial the methods used, if any, to
blind trial participants and personnel from knowledge of which
intervention a participant received. We judged trials to be at low
risk of bias if they were blinded, or if we judge that the lack
of blinding could not have affected the results. We assessed the
methods as follows.

• Low, high, or unclear risk for participants.

• Low, high, or unclear risk for personnel.

• Low, high, or unclear risk for outcome assessors.

Incomplete outcome data (checking for possible attrition bias

through withdrawals, dropouts, protocol deviations)

For each included trial we described the data missing, including
attrition and exclusions from the analysis. We stated whether
the trial authors reported attrition and exclusions, the numbers
included in the analysis at each stage (compared with the total
randomized participants), and if the trial authors reported the
reasons for attrition. We assessed the methods as follows.

• Low risk.

• High risk.

• Unclear risk.

Selective reporting bias (deviation from a priori specification in

the protocol)

We assessed selective reporting bias in the included trials as
follows.

• Low risk (where it was clear that the trial authors reported all of
the trial's prespecified outcomes and all expected outcomes of
interest to the review).

• High risk (where the trial authors did not report all the trial's
prespecified outcomes; did not prespecify one or more primary
outcomes; reported the outcomes of interest incompletely and
so could not be used, the trial failed to include the results of a
key outcome that we would have expected the trial authors to
have reported).

• Unclear risk.

Vitamin D supplementation for preventing infections in children under five years of age (Review)

Copyright © 2016 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

10



Cochrane
Library

Trusted evidence.

Informed decisions.

Better health.

 

 

Cochrane Database of Systematic Reviews

Other potential sources of bias

For each included trial, we described susceptibility to other
possible sources of bias, for example, information bias
(misclassification). We assessed whether each included trial was
free of other issues that could put it at risk of bias.

• Low risk.

• High risk.

• Unclear risk.

Overall risk of bias

We made explicit judgements about whether the included trials
were at high or low risk of bias, according to the criteria given
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). With reference to the risk of bias criteria we have
listed above, we assessed the likely magnitude and direction of
bias. We had planned to explore the impact of the level of bias
through undertaking sensitivity analyses for the primary outcomes.

We presented findings in a 'Risk of bias' tables where, for each
question-based entry, our 'Risk of bias' judgement is followed
by a text box that provides details on the available information
that led us to each judgement. Also we presented the results in
'Risk of bias' figures. For information that was unclear based on
the full-text article(s), we attempted to contact the trial authors
for clarification. We resolved any disagreements between the two
review authors who performed the 'Risk of bias' assessments by
discussion among all the review authors. Further details about the
'Risk of bias' assessment tool are included in Chapter 8 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

Quality of the evidence

We assessed the quality of the evidence using the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) approach (Schünemann 2009) for the following outcomes
for the main comparison of vitamin D versus placebo/control.

• All-cause mortality.

• Incidence rates of pneumonia.

• Incidence rates of TB.

• Incidence rates of diarrhoea.

• Incidence rates of febrile illness.

• Incidence rates of malaria.

• Mean serum vitamin D concentrations.

We used the GRADEpro Guideline Development Tool (GDT)
(GRADEpro GDT 2015) to import data from Review Manager
(RevMan) (RevMan 2014) to create a 'Summary of findings' table.
We produced a summary of the intervention effect and a measure
of quality for each of the above outcomes using the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) approach. The GRADE approach uses five considerations
(study limitations, consistency of effect, imprecision, indirectness,
and publication bias) to assess the quality of evidence for each
outcome. The evidence can be downgraded from 'high quality' by
one level for serious (or by two levels for very serious) limitations
based on assessments in these five areas.

Measures of treatment effect

Count data

We used rate ratios with 95% confidence intervals (CIs) to combine
count data.

Dichotomous data

For dichotomous data, we presented results as risk ratios with 95%
CIs using intention-to-treat (ITT) analysis results from the included
trials.

Continuous data

We combined the continuous data using mean differences (MDs)
if continuous data were summarized by arithmetic means and
standard deviations. We combined them on the log scale using the
MD where the data were summarized using geometric means, We
reported medians and ranges.

Unit of analysis issues

No cluster-randomized controlled trials (cluster-RCTs) met the
inclusion criteria of this review, and all included RCTs performed
randomization and analysed at the individual level.

Dealing with missing data

We described missing data, including 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. We reported the reasons for dropout. If data were missing
for some cases, or if the trial authors did not report the reasons
for dropping out, we contacted the trial authors. If there were
missing data for dichotomous outcomes, we used ITT analyses
as opposed to the complete-case analyses because in the latter
the intervention and control groups are no longer exchangeable
at baseline with respect to different characteristics that may
introduce confounding bias in the analysis.

Assessment of heterogeneity

We assessed the included RCTs for clinical, methodological, and
statistical heterogeneity. We assessed clinical heterogeneity by
comparing the distribution of important factors, such as the study
participants, study 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
loss to follow-up. We assessed statistical heterogeneity among
the included trials by visual inspection of forest plot and the
I2 statistic (calculated as I2 statistic = 100% x (Q-df )/Q; where
Q is Cochrane’s heterogeneity statistic and df is the degree of
freedom) (Higgins 2003). The I2 statistic describes the percentage of
variability attributable to between-study heterogeneity rather than
due to sampling error or chance. If the I2 statistic value exceeded
50%, we considered heterogeneity to be substantial. We had also
planned to undertake subgroup analyses to explore reasons for
high levels of heterogeneity, where applicable.

Assessment of reporting biases

We planned to use funnel plots to assess reporting biases but only
four trials met our inclusion criteria. See the 'Differences between
protocol and review' section.
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Data synthesis

We performed meta-analyses using RevMan (RevMan 2014). We
chose a fixed-effect model when the I2 statistic value less than or
equal to 50%, and a random-effects model otherwise. We used
generic inverse variance (GIV) analysis for count data such as
the rate ratio, where the estimates of log rate ratio and its SE
were directly entered. This was to facilitate the use of rate ratios
for studies where the actual denominator of person-time was
unavailable or was given in standardized units only, such as per
1000 child-days. For dichotomous data, such as the risk ratio, we
entered detailed information on the number of events and total
participants rather than relying on the GIV method. 

Subgroup analysis and investigation of heterogeneity

See the 'Differences between protocol and review' section.

Sensitivity analysis

See the 'Differences between protocol and review' section.

R E S U L T S

Description of studies

See the 'Characteristics of included studies', 'Characteristics of
excluded studies', and 'Characteristics of ongoing studies' sections.

Results of the search

We identified 245 titles and abstracts from our literature search
(aSer we removed duplicates), which we further screened. We
selected 60 abstracts for full-text review, and four trials (six articles)
met the inclusion criteria (Figure 1). Two trials reported the
outcomes of pneumonia, diarrhoea, and any hospital admissions
(Alonso 2011; Manaseki-Holland 2012); for Alonso 2011, we sought
detailed data on infections from the trial authors. All four included
trials reported mean serum vitamin D concentrations (Greer 1981;
Greer 1989; Alonso 2011; Manaseki-Holland 2012). We did not find
any studies that evaluated either tuberculosis (TB) or malaria as
outcomes.

Included studies

We have presented essential information about the included trials
in the 'Characteristics of included studies' table. We obtained the
data on infections from the Alonso 2011 trial from the trial authors.

Greer 1981 was conducted in a single, private paediatric practice
in Cincinnati, Ohio (USA) where the standard procedure was not to
give breast-fed babies vitamin D. It was a randomized double-blind
prospective trial. The trial included 18 healthy, term, exclusively
breast-fed infants and randomly divided participants into two
groups. One group (N = 9) received a daily placebo of propylene
glycol and the other group (N = 9) received vitamin D 400 IU/d
till 12 weeks of age. The dose was in accordance with the IOM
recommendations (400 IU/d). The proportion of season-adjusted
vitamin D deficiency/inadequacy in this population is reported to
be 10% among male and 12% among female children during 2001
to 2006 (Looker 2011).

Greer 1989 was conducted in a private paediatric practice in
Madison, Wisconsin (USA) where all mothers were planning to
exclusively breast-feed their babies for the first six months of
life. It was a randomized double-blind prospective trial. The trial
included 46 healthy, term, breast-fed white infants and randomly
divided participants into two groups. One group (N = 24) received
a daily placebo of propylene glycol and the other group (N = 22)
received vitamin D 400 IU/d until six months of age. The dose
was in accordance with the IOM recommendations (400 IU/d). The
proportion of season-adjusted vitamin D deficiency/inadequacy in
this population is reported to be 10% among male and 12% among
female children during 2001 to 2006 (Looker 2011).

Alonso 2011 was conducted in 11 primary healthcare centres of a
community in northern Spain. The participants included healthy
term infants presenting for a routine health visit in the first 15
days of life. The intervention group included 48 infants who
were administered vitamin D 402 IU/day, while the control group
comprised of 54 infants who did not receive either vitamin D or
placebo. The trial excluded seven infants from each group before
the start of the trial, with a final sample of 88 infants (intervention
= 41, control = 47). There were 52.3% male participants; the follow-
up period was 12 months. The dose given was in accordance with
the IOM recommendations (400 IU/d). The trial authors did not
report the outcomes of incidence of pneumonia and diarrhoea in
the published paper and we obtained unpublished data from the
contact author Dr Maruchi Alonso. We have presented this data in
Appendix 2. The proportion of vitamin D deficiency in the paediatric
population in Italy with the same latitude as Spain is reported to be
6.2% (Lippi 2007).

Manaseki-Holland 2012 was conducted in Kabul, Afghanistan,
within the catchment area of a teaching hospital serving an inner-
city population. The participants included infants aged one to 11
months, with 1524 randomized to the intervention group and 1522
to placebo controls. The intervention group received quarterly
oral 100,000 IU vitamin D3 supplementation versus placebo in the
comparison group; the follow-up period was 18 months. There were
52.2% male participants, and 42.4% were under six months of age.
The frequency of supplementation ranged from a single dose to
six doses during the follow-up period. The dose given represented
upper level of intake (1000 to 2500 IU/d) because most children
were vitamin D-deficient at baseline. The proportion of vitamin D
deficiency in this paediatric population is reported to be 73.1%
(Manaseki-Holland 2008).

Excluded studies

We excluded 54 studies that did not meet our inclusion criteria. We
provided further details in the 'Characteristics of excluded studies'
table.

Risk of bias in included studies

All the included trials were individually randomized controlled
trials (RCTs). Figure 2 and Figure 3 provide a graphical summary of
the 'Risk of bias' assessments for the included trials.
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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 trials.
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Figure 3.   'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included trial.
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Allocation

Alonso 2011 and Manaseki-Holland 2012 were at low risk of bias
for randomization as the trial used methods for random sequence
generation and allocation concealment that were adequate. The
randomization process in Greer 1981 and Greer 1989 was through
random number tables by the pharmacist aSer the trial authors
called in (obtained from communication with the trial authors) and
so were at low risk for this bias; however, the trial authors did not
describe the procedures for allocation concealment, which resulted
in the judgements of unclear risk.

Blinding

Alonso 2011 was unblinded to participants and personnel and
hence we rated it at high risk of bias; while the risk was unclear
for the blinding of outcome assessment since it did not provide
any information. Greer 1981, Greer 1989, and Manaseki-Holland
2012 were at low risk of bias since the treatment was masked from
participants and personnel and the outcome assessors were also
blinded.

Incomplete outcome data

Alonso 2011 was at high risk of attrition bias since it had a high
loss to follow-up rate in the intervention group (26.8%) compared
to the control group (8.5%) and the trial authors did not give
the distribution of reasons for drop out in each group. Manaseki-
Holland 2012 was also at high risk of attrition bias since the attrition
rate was approximately 30% in each group and the trial authors did
not report the reasons for loss to follow-up in the published paper.
Greer 1981 and Greer 1989 were at low risk of attrition bias. In Greer
1981 there was no loss to follow-up, while although in Greer 1989
the attrition rates were approximately 10% to 20%, the reasons
for loss to follow-up were similarly distributed between the two
groups.

Selective reporting

The protocols were unavailable for any of the included trials,
however Alonso 2011 did not report any of the infection outcomes
in the published paper. Furthermore, the methods section
mentioned outcomes such as child's body weight, length, and

head circumference that the trial authors did not further discuss
in the results section. The protocols of the Greer 1981, Greer
1989, and Manaseki-Holland 2012 were unavailable but based on
the 'methods' section of these articles, it seems the trial authors
reported all expected pre-specified outcomes.

Other potential sources of bias

Greer 1981 and Greer 1989 did not adequately describe the
allocation concealment process, with a slight possibility of
confounding and selection bias at baseline.

Effects of interventions

See: Summary of findings for the main comparison Vitamin D
versus control for preventing infections in children under five years
of age

Primary outcomes

Primary outcomes for our review included incidence rates of
pneumonia and TB. Two trials reported incidence rates of
pneumonia (Alonso 2011; Manaseki-Holland 2012); while none
reported incidence rate of TB. Since Manaseki-Holland 2012
reported first and repeat episodes of pneumonia separately and
we could not access data on overall person-time of the children
followed in the two groups, we therefore report this outcome as first
and repeat episodes of pneumonia.

Incidence rate of first or only episode of pneumonia

Two trials reported incidence rate of first or only episode of
pneumonia confirmed by chest radiograph (Alonso 2011; Manaseki-
Holland 2012). One trial reported confirmed or unconfirmed
pneumonia (Manaseki-Holland 2012). Moderate quality evidence
showed that there was no effect of vitamin D supplementation
on the incidence of first or only episode of pneumonia confirmed
by chest radiograph (rate ratio (RR) 1.06, 95% confidence interval
(CI) 0.89 to 1.26; 3134 participants, two trials, moderate quality
evidence; Analysis 1.1; Figure 4). The result was similar for
confirmed or unconfirmed pneumonia (RR 0.95, 95% CI: 0.87 to
1.04; 3046 participants, one trial) (Manaseki-Holland 2012).

 

Figure 4.   Forest plot of comparison: 1 Vitamin D versus control, outcome: 1.1 Incidence rate radiologically

confirmed first or only episode of pneumonia.

 
Incidence rate of repeat episodes of pneumonia

One large trial from Afghanistan reported incidence rate of repeat
episodes of pneumonia (Manaseki-Holland 2012). There was a
significant increase in repeat episodes pneumonia confirmed by
chest radiograph (RR 1.69, 95% CI 1.28 to 2.21; 3046 participants,

one trial), but not reflected in the outcome of confirmed or
unconfirmed pneumonia (RR 1.06, 95% CI 1.00 to 1.13; 3046
participants; one trial).
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Secondary outcomes

We reported the incidence rate of diarrhoea separately as first
and repeat episodes of diarrhoea, since Manaseki-Holland 2012
reported it separately and we could not access data on overall
person-time of the children followed in the two groups.

Incidence rate of first or only episode of diarrhoea

Two trials reported incidence rate of first or only episode of
diarrhoea (Alonso 2011; Manaseki-Holland 2012); however, we
could not perform a meta-analysis since Alonso 2011 reported rate
ratios while Manaseki-Holland 2012 reported hazard ratios (HR).
The incidence of first or only episode of diarrhoea was similar in
the supplemented and unsupplemented children in both trials (RR
0.14, 95% CI 0.01 to 2.59; 88 participants, Alonso 2011; and HR 1.02,
95% CI 0.95 to 1.11; 3046 participants, Manaseki-Holland 2012).

Incidence rate of repeat episodes of diarrhoea

One trial reported the incidence of repeat episodes of diarrhoea
(Manaseki-Holland 2012). There was no effect of vitamin D
supplementation on the repeat episodes of diarrhoea (HR 1.05, 95%
CI 0.98 to 1.17; 3046 participants, one trial).

All-cause mortality

One large trial from Afghanistan reported all-cause mortality
(Manaseki-Holland 2012). Due to the low quality evidence from this
trial and few events resulting in an underpowered outcome, we do
not know whether vitamin D supplementation impacts on all-cause
mortality (RR 1.43, 95% CI 0.54 to 3.74; 3046 participants, one trial;
Analysis 1.2; Figure 5). The risk difference showed no excess deaths
in the supplementation group compared to the control group (risk
difference 0.00, 95% CI −0.00 to 0.01; 3046 participants, one trial).

 

Figure 5.   Forest plot of comparison: 1 Vitamin D versus control, outcome: 1.2 All-cause mortality.

 
Cause-specific mortality

The same large trial in Afghanistan, Manaseki-Holland 2012,
reported no significant difference in pneumonia and septicaemia
cause-specific mortality between the supplemented and the
control groups (RR 1.50, 95% CI 0.42 to 5.30; 3046 participants, one
trial. There was no reported cause-specific mortality in either group
in the Alonso 2011 trial.

Hospital admissions

Two trials reported that vitamin D supplementation did not
affect any hospital admissions (Alonso 2011; Manaseki-Holland
2012). Numeric data was unavailable from Manaseki-Holland 2012
(despite contact with the trial authors). The estimates from Alonso
2011 trial did not detect a difference, but numbers were small (RR
0.86; 95% CI 0.20 to 3.62, 88 participants, one trial; very low quality
evidence).

Mean serum vitamin D concentrations

Four trials reported mean serum vitamin D concentrations (Greer
1981; Greer 1989; Alonso 2011; Manaseki-Holland 2012). At the end

of supplementation period, mean concentrations of vitamin D were
higher in the supplemented relative to unsupplemented children
(mean difference (MD) 7.72 ng/mL, 95% CI 0.50 to 14.93; 266
participants, four trials; low quality evidence; Analysis 1.4; Figure
6). This was driven primarily by two smaller trials (Greer 1981; Greer
1989). In the larger two trials that also contributed to outcomes
of pneumonia and mortality (Alonso 2011; Manaseki-Holland
2012), vitamin D concentrations were higher in the intervention
group at other time points but could not be sustained until the
end of supplementation.This may be related to time elapsed at
measurement (four months) from the last dose (Manaseki-Holland
2012), or other reasons such as incomplete compliance or increased
need of vitamin D with infant age (Alonso 2011). Baseline vitamin D
concentrations were available for one out of four trials (MD 0.34 ng/
mL, 95% CI −3.30 to 3.98; 46 participants, one trial; Analysis 1.5). We
contacted the authors of the remaining three trials but either the
baseline measurement was not done (Alonso 2011), was done one
week aSer the first dose (Manaseki-Holland 2012), or the trial was
too old for trial authors to have the data (Greer 1981).
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Figure 6.   Forest plot of comparison: 1 Vitamin D versus control, outcome: 1.4 Mean serum vitamin D concentrations

in ng/mL.

 
Adverse events

None of the included trials reported any adverse events of
vitamin D supplementation. In Alonso 2011, one infant had
vitamin D concentrations that were too high (almost 100 ng/mL)
and supplementation was suspended. An abdominal ultrasound
and a subsequent analytical control were performed, and were
normal (personal communication with Alonso M). Two children in
Manaseki-Holland 2012 trial had toxic concentrations of vitamin D
(150 ng/mL).

None of the included trials reported other prespecified secondary
outcomes including incidence rates of TB, malaria, and febrile
illness; duration of pneumonia; duration of diarrhoea; severity
of infection; cause-specific mortality (due to TB, diarrhoea, or
malaria); and adverse events, such as hypercalcaemia or seizures.

Subgroup analyses

We did not find sufficient trials to conduct prespecified subgroup
analyses or to explore heterogeneity.

Sensitivity analyses

We did not find sufficient trials to conduct prespecified sensitivity
analyses.

D I S C U S S I O N

This systematic review evaluated the effects of vitamin D
supplementation on preventing pneumonia, tuberculosis (TB),
diarrhoea, and malaria in children under five years of age.

Summary of main results

In the large trial from Afghanistan, the incidence of first or
only episode of pneumonia (both radiologically confirmed, and
confirmed or unconfirmed) was similar in supplemented and
unsupplemented children (Manaseki-Holland 2012). None of the
included trials reported the impact of vitamin D supplementation
on incidence rate of TB. Among secondary outcomes, there was no
effect of vitamin D supplementation on first and repeat episodes
of diarrhoea, all-cause mortality, cause specific mortality, and any
hospital admissions. The mean vitamin D concentrations at the
last follow-up were higher in intervention compared to control
groups in the meta-analysis of four, driven by two smaller trials
(Greer 1981; Greer 1989). In individual results of larger two trials
(Alonso 2011; Manaseki-Holland 2012), the concentrations in the

intervention and control groups were similar at the last follow-up,
although levels were higher in intervention group at other time
points during the trial. There were no adverse events reported in
any of the included trials. None of the included trials reported
other prespecified secondary outcomes, including incidence rates
of malaria, incidence rates of febrile illness, duration of pneumonia,
duration of diarrhoea, severity of infection, and cause-specific
mortality (due to TB, diarrhoea, and malaria).

Overall completeness and applicability of evidence

We found that there was no benefit of vitamin D supplementation
in preventing either pneumonia or diarrhoea in children under five
years. However, the included trials had limitations. Alonso 2011
had a very small sample size and may not have been adequately
powered to detect small differences in outcome. This trial was
conducted in a developed country among infants at lower risk
of vitamin D deficiency. Manaseki-Holland 2012 was a secondary
analysis of a large trial conducted in Afghanistan; a population that
has both a high prevalence of vitamin D deficiency and incidence
of pneumonia. This trial was adequately powered with a larger
sample size; however, it is only generalizable to similar settings.
Greer 1981 and Greer 1989 were small trials and the allocation
process in these trials was also not adequately described. Thus, the
existing evidence of vitamin D supplementation among children
on infectious diseases has limited applicability since we included
only two trials in separate settings in the final analysis. The
higher number of repeat episodes of pneumonia in the vitamin D
supplementation group is counterintuitive and based on a single
trial that is likely to be a chance finding (Manaseki-Holland 2012).
However, the need for further trials in areas with low vitamin D
deficiency should be assessed based on other competing resources
for research.

Quality of the evidence

We judged Greer 1981 and Greer 1989 as at unclear risk of bias
for allocation concealment. However, these trials were of low risk
of bias for random sequence generation, blinding, incomplete
outcome, and selective reporting.

We considered the Alonso 2011 trial to be at 'high risk of
bias' for blinding, incomplete outcome, and selective reporting.
This trial did not use a placebo, and the participants, trial
personnel, and outcome assessors were not blinded to the
treatment assignment, thereby introducing possible differential
misclassification of outcomes that could shiS the rate ratios in
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either direction. Alonso 2011 did not report any of the infection-
related outcomes in the published paper.

Regarding the large trial from Afghanistan, Manaseki-Holland 2012,
we judged it to be at 'low risk of bias' for randomization, allocation
concealment, blinding, and selective reporting. However, the trial
had a high loss to follow-up across all intervention groups. There
was potential random misclassification of episodes of pneumonia,
both confirmed or unconfirmed by chest radiographs, that could
have attenuated the results towards the null (Manaseki-Holland
2012).

For important outcomes we used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach to
assess the quality of the evidence. We rated the quality of the
evidence for the 'incidence rate of radiologically confirmed first or
only episode of pneumonia' as moderate quality ; while 'all-cause
mortality', 'cause-specific mortality' and 'mean serum vitamin D
concentrations' were low quality ; and 'any hospital admissions'
were very low quality.

Potential biases in the review process

We believe that there were minimal potential biases in this
review process. There was a systematic evaluation at all stages,
including literature search screening, full-text eligibility, and
data extraction. Two review authors did this independently and
resolved discrepancies by discussion among all the review authors.
We modified a few points in the protocol post hoc (aSer the
data extraction) in this review to incorporate all the outcomes
mentioned in the included trials, for example, all-cause mortality
and cause-specific mortality, but most outcomes remained those
prespecified in the protocol.

Agreements and disagreements with other studies or

reviews

A previous meta-analysis that covered two different trials studied
the preventive effect of vitamin D supplementation on respiratory
tract infections in paediatric populations (Charan 2012). The review
did not evaluate pneumonia as an outcome separately from other
upper and lower respiratory tract infections, such as influenza. It
included the Manaseki-Holland 2010 trial that we excluded because
participant children had pneumonia at baseline at the start of
supplementation. We included the additional trials of Alonso 2011
and Manaseki-Holland 2012 This meta-analysis did not study other
infections, such as TB, diarrhoea, or malaria. Mao 2013 also did
a meta-analysis on the role of vitamin D supplementation in
preventing respiratory tract infections but included both paediatric
and adult studies. They included only one trial, Manaseki-Holland
2012, from among two trials on infections selected for our review.
Multiple other reviews on vitamin D supplementation studied

either high-risk children with asthma or cystic fibrosis or reported
outcomes other than infections such as bone mineral density or
miscellaneous other outcomes (Ferguson 2009; Winzenberg 2010;
Winzenberg 2011; Theodoratou 2014; Pojsupap 2015).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This Cochrane review has limited implications for current practice
or changing guidelines regarding vitamin D supplementation to
healthy children, given the evidence from only very few studies
available. The large trial from Afghanistan suggested no benefit of
vitamin D supplementation on pneumonia or diarrhoea incidence
(Manaseki-Holland 2012).

Implications for research

Our findings suggest that this area of research should be prioritized
as only four trials (two with infections as outcome) met our
inclusion criteria. Whether further trials are worthwhile in areas
with low baseline vitamin D deficiency is a judgement that needs to
be made carefully against other competing resources for research.
Effect modification in outcomes according to baseline vitamin D
concentrations may be studied. However, it is notable that most
children in the Manaseki-Holland 2012 trial were likely to be vitamin
D-deficient (Manaseki-Holland 2008) and yet no benefits were
observed. In this trial, the vitamin D concentrations were higher
in the intervention group for most of the study duration but were
not different at the last measurement that was four months aSer
the last dose. Also, whether the intermittent bolus therapy of
vitamin D as used in this trial may be more efficient than a regimen
of daily therapy in increasing serum vitamin D concentrations is
still uncertain as the evidence is mixed (Emel 2012; Tan 2015). In
conclusion, there appears to be no benefit of vitamin D with regard
to preventing infections, that is pneumonia and diarrhoea. The
need for further RCTs should also be carefully considered in context
of baseline vitamin D deficiency prevalence and other research
priorities.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods Individual randomized trial.

Location: Northern Spain.

Setting: primary health care centres in a community.

Duration: 12 months (enrolment from February 2007 through February 2008).

Participants Number: 102 enrolled (14 excluded before start of prophylaxis, 7 in each group).

Inclusion criteria: healthy term infants presenting for a routine health visit within the first 15 days of
life.

Exclusion criteria: infants with chronic disease, use of medications affecting vitamin D metabolism, re-
fusal of parents, prematurity, dark skin, sunlight exclusion for cultural, religious or other reasons, and
breastfeeding by vegetarian mothers. In summary, the trial excluded infants at risk of vitamin D defi-
ciency.

Interventions Intervention: vitamin D supplementation 402 IU/d containing 67 IU of cholecalciferol per drop (N = 41).

Control: no vitamin D supplementation. No placebo was used (N = 47).

Outcomes • Serum 25OHD concentration.

• Parathyroid hormone measurement.

• Infections, including upper respiratory tract, atopic dermatitis, febrile syndrome, bronchiolitis, gas-
troenteritis, pneumonia, and dacrocystitis.

Sources of funding The trial was funded partly by grant FIS ECO8/00238 from the Instituto de Salud Carlos III and by the
Fundacion Nutricion y Crecimiento.

Conflicts of interest The trial authors did not report this information.

Notes We acquired data on infections (outcome 3), which were not reported in the published article, from the
trial author.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The principal investigator made the assignment by phone using a
computer software".

Comment: adequately done.

Allocation concealment
(selection bias)

Low risk Quote: "The principal investigator made the assignment by phone using a
computer software".

Comment: adequately done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "The study was not blinded to parents and investigators".

Comment: unblinded.

Alonso 2011 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: unclear.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Intervention group: 11/41 = 26.8% lost to follow-up.

Control group: 4/47 = 8.5% lost to follow-up.

The attrition rate was higher in intervention group. The trial authors men-
tioned the reasons for loss to follow-up but did not give details of the distribu-
tion between groups.

Selective reporting (re-
porting bias)

High risk The trial protocol was unavailable. However, the methods section mentions
outcomes such as child's body weight, length and head circumference that the
trial authors did not discuss in the results. The trial authors did not report in-
fection outcomes and we obtained them from the unpublished data.

Other bias Low risk There was no other evidence of confounding or selection bias.

Alonso 2011  (Continued)

 
 

Methods Double-blind randomized prospective trial.

Location: Cincinnati, Ohio.

Setting: single private paediatric practice.

Duration: 12 weeks.

Participants Number: 18 enrolled.

Inclusion criteria: healthy, term, exclusively breast-fed infants between the second and third weeks of
life.

Exclusion criteria: Infants with major congenital anomalies, bone disorders, and gastrointestinal dis-
ease were excluded.

Interventions Intervention: 400 IU of vitamin D2 per day diluted with propylene glycol to a concentration of 400 IU/

mL (N = 9).

Control: a daily placebo of propylene glycol (N = 9).

Outcomes • Bone mineralization at 3, 6, and 12 weeks of age.

• Serum calcium, magnesium, phosphate, alkaline phosphatase, 25(OH)D, calcitonin, and parathyroid
hormone concentrations in the infant at 3, 6, and 12 weeks of age.

• Maternal nutrition by 24-hr dietary recall at 3, 6, and 12 weeks of lactation.

• Breast milk calcium, magnesium and total phosphate at 3, 6, and 12 weeks of lactation.

Sources of funding Supported in part by a grant from Ross Laboratories and the National Institute of Child Health and Hu-
man Development, HD 11725-02.

Conflicts of interest The trial authors did not report this information.

Notes  

Risk of bias

Greer 1981 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Eighteen healthy, term, exclusively breast-fed infants were divided
randomly into two groups. The randomization was done with a random num-
bers table by the pharmacist after we called in" (obtained from communica-
tion with the authors).

Comment: adequately done.

Allocation concealment
(selection bias)

Unclear risk Comment: unclear. The trial authors did not provide enough information.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Eighteen healthy, term, exclusively breast-fed infants were divided
randomly into two groups and studied prospectively in a double-blind fash-
ion".

Comment: adequately done.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Eighteen healthy, term, exclusively breast-fed infants were divided
randomly into two groups and studied prospectively in a double-blind fash-
ion".

Comment: adequately done.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: there was no attrition or lost to follow-up in this trial.

Selective reporting (re-
porting bias)

Low risk The trial protocol was unavailable; but based on 'methods' section, it seems
the trial authors reported all expected prespecified trial outcomes.

Other bias High risk There is a possibility of confounding and selection bias because the trial au-
thors did not adequately describe the randomisation methods.

Greer 1981  (Continued)

 
 

Methods Double-blind randomized prospective trial.

Location: Madison, Wisconsin.

Setting: private paediatric practice.

Duration: 6 months (24 weeks).

Participants Number: 46 enrolled from October 1985 to January 1987.

Inclusion criteria: healthy, term, breast-fed white infants during the first week of life.

Exclusion criteria:Infants with major congenital anomalies, bone disorders, and gastrointestinal dis-
ease were excluded.

Interventions Intervention: 400 IU of vitamin D2 per day diluted with propylene glycol to a concentration of 400 IU/

mL (N = 22).

Control: a daily placebo of propylene glycol (N = 24).

All participating families were given a small supply of vitamin D-free formula to be used only for emer-
gency situations.

Greer 1989 
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Outcomes • Serum calcium, phosphorus, parathyroid hormone, 25(OH)D2, 25(OH)D3, and 1,25(OH)D concentra-

tions in the infant at 1.5, 3, and 6 months of age.

• Weight and length measurements at each visit.

• Bone mineral content and bone width at 1.5, 3, and 6 months of age.

• Ultraviolet B light exposure through a personal dosimeter worn by infants.

Sources of funding Supported by U.S. Department of Agriculture grant No. 85-CRCR-1-1712.

Conflicts of interest This trial authors did not report this information.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Forty-six term, breast-fed infants were divided randomly into two
groups. The randomization was done with a random numbers table by the
pharmacist after we called in" (obtained from communication with the au-
thors).

Comment: adequately done.

Allocation concealment
(selection bias)

Unclear risk Comment: unclear risk.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Forty-six term, breast-fed infants were divided randomly into two
groups and studied in a double-blind fashion".

Comment: adequately done.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Forty-six term, breast-fed infants were divided randomly into two
groups and studied in a double-blind fashion".

Comment: adequately done.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intervention group: 3/22 = 13.6% lost to follow-up at 6 months.

Control group: 5/24 = 20.8% lost to follow-up at 6 months.

The attrition rate was high but almost similar across the two groups. The tri-
al authors mentioned the reasons for loss to follow-up and these were distrib-
uted equally between the two groups.

Selective reporting (re-
porting bias)

Low risk The trial protocol was unavailable; but based on 'methods' section, it seems
that the trial authors reported all expected prespecified outcomes from the tri-
al.

Other bias High risk There is a possibility of confounding and selection bias because the trial au-
thors did not adequately describe the randomization methods.

Greer 1989  (Continued)

 
 

Methods Individual randomized placebo-controlled superiority trial.

Manaseki-Holland 2012 
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Location: catchment area of the Maiwand Teaching Hospital, serving an inner-city population in Kabul,
Afghanistan.

Setting: community-based trial.

Duration: 18 months, enrolment between 4 November and 4 December 2008 with follow-up until May
2009.

Participants Number: 3046 enrolled.

Inclusion criteria: infants aged 1 to 11 months and living in the trial region.

Exclusion criteria: children expected to migrate within 18 months, with diagnosis of rickets or past his-
tory of vitamin D treatment, or having kwashiorkor or marasmus.

Interventions Intervention: quarterly supplementation of 100,000 IU (2.5 mg) of vitamin D (cholecalciferol) in olive oil
(2 mL) (N = 1524).

Control: 2 mL placebo (olive oil) (N = 1522).

Outcomes • Incidence of first or only episode of pneumonia confirmed by chest radiograph.

• Incidence of first or only episode of pneumonia radiograph confirmed and clinically defined.

• Incidence of repeat episodes of pneumonia.

• Proportion of children with an episode of pneumonia.

• Hospital admissions.

• All-cause mortality.

• Pneumonia- or septicaemia-specific mortality.

• Mean serum calcifediol concentration.

Sources of funding The Wellcome Trust and British Council Delphi programme funded this trial. USAID, Afghanistan and
Washington State University also supported the trial author(s).

Conflicts of interest Trial authors have no known conflicts of interest.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "An independent statistician (Shabbar Jaffar) randomised unique iden-
tification numbers individually in fixed blocks of 20 to the vitamin D. or place-
bo group by use of a random number generator with the SAS routine".

Comment: adequately done.

Allocation concealment
(selection bias)

Low risk Quote: "An independent statistician (Shabbar Jaffar) randomised unique iden-
tification numbers individually in fixed blocks of 20 to the vitamin D. or place-
bo group by use of a random number generator with the SAS routine."

Comment: adequately done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The vitamin D3 and the placebo were the same colour (pale yellow),
taste, and quantity (0·5 mL) and therefore the study staff and the families did
not know to which group the children were assigned".

Comment: adequately done.

Blinding of outcome as-
sessment (detection bias) 

Low risk Quote: "The masked radiographs were read by two independent paediatric ra-
diologists".

Manaseki-Holland 2012  (Continued)
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All outcomes Comment: adequately done.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Intervention group: 436/1524 = 28.6% lost to follow-up and 10/1524 died.

Control group: 445/1522 = 29.2% lost to follow-up and 7/1522 died.

The attrition rate was high but similar across the two groups. The trial authors
did not mention the reasons for loss to follow-up.

Selective reporting (re-
porting bias)

Low risk The trial protocol was unavailable; but based on 'methods' section, it seems
that the trial authors reported all expected prespecified trial outcomes.

Other bias Low risk There was no other evidence of confounding or information bias (misclassifi-
cation).

Manaseki-Holland 2012  (Continued)

Abbreviations: N: number of participants.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Al-Shaar 2014 This trial compared 2 different doses of vitamin D in adolescents.

Ala-Houhala 1988 This trial included children above 5 years of age.

Alam 2011 This trial included children with acute diarrhoea.

Arpadi 2009 This trial included HIV-infected children aged 6 to 16 years.

Basile 2006 This trial provided v itamin D supplementation to mothers and not to children.

Camargo 2012 This trial targeted children above 5 years of age.

Camargo 2014 This trial included children with a topic dermatitis.

Carpenter 1996 This trial included children with hypophosphataemic rickets.

Choudhary 2012 This trial included children with severe pneumonia.

Economos 2014 This trial evaluated the impact of fortified juices.

Gallo 2013 This trial did not have a placebo/control group and it compared different dosages of vitamin D.

Ganmaa 2012 This trial included children above 5 years of age.

Gordon 2008 This trial did not have a placebo/control group.

Grant 2015 The trial supplemented b oth mothers from 27 weeks' gestation and their infants with vitamin D.

Hanson 2011 This trial included preterm infants (< 32 weeks' gestational age) during initial hospitaliz ation.

Havens 2012 This trial included HIV infected youth aged 18 to 24 years.

Hettiarachchi 2010 This trial evaluated the impact of fortified cereal-based food, not supplementation.

Hillman 2008 This trial included children aged 3 to 15 years with juvenile arthritis.
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Study Reason for exclusion

Ho 1985 This trial evaluated the impact of vitamin D obtained through sunshine and not through supple-
ments.

Holmlund-Suila 2012 This trial did not have a placebo/control group and compared different dosages of vitamin D.

Kakalia 2011 This trial included HIV-infected children.

Khandelwal 2014 This study evaluated the levels of Vitamin D in children diagnosed with tuberculosis .

Kilpinen-Loisa 2007 This trial included children aged 9 to 18 years with developmental disabilities.

Kumar 2011 This trial included low birthweight term infants.

Kutluk 2002 This trial included children with nutritional rickets.

Liakakos 1975 This trial included epileptic children aged 5 to 14 years of age.

Lodha 2014 This trial included children diagnosed with tuberculosis .

Lucas 1996 This trial did not have a placebo/control group and targeted preterm infants.

Maalouf 2008 This trial targeted children aged 10 to 17 years.

Madar 2009 Vitamin D supplementation not the only difference between intervention and control groups (clus-
ter- randomised controlled trial (cluster-RCT)). The intervention group was infants of immigrant
origin 6 weeks old who received free drops of vitamin D2 plus customiz ed information handouts
compared to control group who received usual care.

Majak 2009 This trial targeted asthmatic children aged 6 to 12 years.

Manaseki-Holland 2010 This trial included children with clinical episode of pneumonia at baseline.

Marchisio 2013 This trial included otitis-prone children and evaluated otitis media as outcome.

Morcos 1998 This trial included children with tuberculosis.

Moya 1977 This trial did not have a placebo/control group and included children with rickets.

Natarajan 2014 This trial compared different doses of vitamin D and did not have a suitable placebo/control group.

Ndeezi 2010 This trial did not have a suitable placebo/control group.

Pettifor 1986 This trial included very-low birthweight infants and did not have a suitable placebo/control group.

Rajakumar 2015 This RCT included children 8 to 14 years old.

Rothberg 1982 This trial included mother-infant pairs, however all the infants received v itamin D and there was no
control group.

Saadi 2009 This trial did not have a suitable placebo/control group.

Sacheck 2015 Th is RCT included schoolchildren aged 8 to 15 years.

Schou 2003 This trial included asthmatic children above 5 years of age.
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Study Reason for exclusion

Schümann 2009 This trial evaluated the impact of foodLETS (fortification in infant food), not supplementation.

Sidbury 2008 This trial included children with atopic dermatitis.

Specker 1992 This trial did not have suitable placebo/control group.

Stallings 2014 This trial included human immunodeficiency virus (HIV)- infected children above 5 years of age.

Sudfeld 2015 This trial included HIV- infected and HIV- exposed infants and did not have a suitable placebo/con-
trol group.

Tan 2015 The study i ncluded Aboriginal children under 16 years of age. This was a RCT of vitamin D given as
oral daily or single-dose stoss therapy but had no placebo or control group.

Thacher 1999 This trial included children with rickets.

Thacher 2009 This trial compared 2 doses of vitamin D among children with rickets.

Urashima 2010 This trial included children above 5 years of age.

Wagner 2006 This trial supplemented mothers with different doses of v itamin D and did not have a suitable
placebo/control group.

Zeghoud 1994 This trial compared different doses of vitamin D and did not have a suitable placebo/control group.

Abbreviations: HIV : human immun odeficiency virus; RCT: randomized controlled trial.
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title PREVARID - PREVention of Acute Respiratory Infections with Vitamin D. Does vitamin D supplemen-
tation prevent acute respiratory infection health care visits among children under 2 years old? A
randomized controlled trial

Methods Parallel randomized controlled trial.

Participants Children who are residents of New Zealand, are < 2 years old a the time of their acute lower respi-
ratory tract infection (ALRI) hospital admission and reside in the Auckland District Health Board
catchment area.

Interventions Weekly vitamin D supplementation (5000 IU) for 12 months after ALRI hospital admission.

Outcomes Number of ARI hospital admissions

Number of ARI presentations to health care

Number of ARI presentations to hospital emergency departments

Number of antibiotic prescriptions dispensed during 12 month follow-up

Serum 25(OH)D concentration at baseline and 6 months, plus at 12 months in a 10% subsample

Starting date 1 July 2016

Contact information cc.grant@auckland.ac.nz

ACTRN12616000659404 
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Notes The results are expected to be available by next year. No mention about stratification of ARI into
pneumonia, bronchiolitis, upper respiratory tract infection, etc.

ACTRN12616000659404  (Continued)

 
 

Trial name or title Evaluation of the Effectiveness of Vitamin D Supplementation to Pregnant Women and Their In-
fants in Pakistan

Methods Double-blind randomized controlled trial.

Participants Pregnant women from 20 to 22 weeks of gestation and their infants

Interventions Vitamin D supplement versus placebo

Outcomes Vitamin D deficiency
Pre-eclampsia
Stillbirths
Low birth weight
Prematurity

Starting date February 2010

Contact information zulfiqar.bhutta@aku.edu

Notes No other details yet available

NCT01229189 

 
 

Trial name or title Vitamin D and Its Affect on Growth Rates and Bone Mineral Density Until Age 5

Methods Double-blind randomized controlled trial

Participants Children between 9 to 12 months of age with normal 25(OH)D levels and those with 25(OH)D defi-
ciency. Children with vitamin D deficiency were randomized.

Interventions Vitamin D supplementation of 800 IU for one year versus placebo

Outcomes Height at the age of 3 years.

Bone densitometry by ultrasound.

Starting date September 2011

Contact information avigdor@hadassah.org.il

Notes The outcomes may be irrelevant to this Cochrane review

NCT01419821 
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Trial name or title A Randomized, Double-blind, Controlled Trial of Vitamin D for the Prevention of Acute Respiratory
Infections in Children Aged 18 to 36 Months in Santiago, Coyhaique and Punta Arenas, Chile.

Methods Double-blind randomized controlled trial, efficacy study, parallel assignment.

Participants 276 preschool children aged 18 to 36 months attending daycare in Santiago, Coyhaique, or Punta
Arenas.

Interventions Oral 5600 IU vitamin D3 versus oral 11200 IU vitamin D3 versus oral placebo in liquid weekly during
6 months.

Outcomes Incidence of acute respiratory tract infections at 6 months.

Adverse events during 6 months.

Hospitalizations due to acute respiratory tract infections during 6 months.

Serum cathelicidin levels at baseline and 6 months.

Serum 25(OH)D levels at baseline and 6 months.

Viral etiology of acute respiratory tract infections during 6 months.

Bone metabolism parameters, that is serum measurement of parathyroid hormone, alkaline phos-
phatases, calcium, phosphorus, and urinary calcium/creatinine ratio at baseline and 6 months.

Starting date February 2014

Contact information mlreyes@med.puc.cl

Notes Results of the trial not yet available. Estimated study completion date: May 2016.

NCT02046577 

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Vitamin D versus control

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method Effect size

1 Incidence rate radiologically confirmed
first or only episode of pneumonia

2 3134 Rate Ratio (Fixed, 95% CI) 1.06 [0.89, 1.26]

2 All-cause mortality 1   Risk Ratio (M-H, Fixed,
95% CI)

Subtotals only

3 Any hospital admission 1 88 Risk Ratio (M-H, Fixed,
95% CI)

0.86 [0.20, 3.62]

4 End of supplementation mean serum vi-
tamin D concentrations in ng/mL

4 266 Mean Difference (IV, Ran-
dom, 95% CI)

7.72 [0.50, 14.93]

5 Baseline mean serum vitamin D concen-
trations in ng/mL

1 46 Mean Difference (IV, Fixed,
95% CI)

0.34 [-3.30, 3.98]
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Analysis 1.1.   Comparison 1 Vitamin D versus control, Outcome 1 Incidence

rate radiologically confirmed first or only episode of pneumonia.

Study or subgroup Vitamin D Control log[Rate

Ratio]

Rate Ratio Weight Rate Ratio

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI

Alonso 2011 41 47 -0.9 (1.63) 0.3% 0.42[0.02,10.22]

Manaseki-Holland 2012 1524 1522 0.1 (0.09) 99.7% 1.06[0.89,1.27]

   

Total (95% CI)       100% 1.06[0.89,1.26]

Heterogeneity: Tau2=0; Chi2=0.32, df=1(P=0.57); I2=0%  

Test for overall effect: Z=0.64(P=0.52)  

Favours Vitamin D 1000.01 100.1 1 Favours control

 
 

Analysis 1.2.   Comparison 1 Vitamin D versus control, Outcome 2 All-cause mortality.

Study or subgroup Vitamin D Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Manaseki-Holland 2012 10/1524 7/1522 0% 1.43[0.54,3.74]

Favours Vitamin D 20.5 1.50.7 1 Favours control

 
 

Analysis 1.3.   Comparison 1 Vitamin D versus control, Outcome 3 Any hospital admission.

Study or subgroup Vitamin D Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Alonso 2011 3/41 4/47 100% 0.86[0.2,3.62]

   

Total (95% CI) 41 47 100% 0.86[0.2,3.62]

Total events: 3 (Vitamin D), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.21(P=0.84)  

Favours Intervention 1000.01 100.1 1 Favours Control

 
 

Analysis 1.4.   Comparison 1 Vitamin D versus control, Outcome 4 End

of supplementation mean serum vitamin D concentrations in ng/mL.

Study or subgroup Vitamin D Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Alonso 2011 28 39.9 (9.6) 43 36.9 (13.6) 26.09% 3[-2.4,8.4]

Greer 1981 9 38 (9.9) 9 20.8 (9.9) 20.49% 17.2[8.05,26.35]

Greer 1989 19 37 (11.9) 19 23.5 (9.9) 23.79% 13.43[6.47,20.39]

Manaseki-Holland 2012 69 20.8 (4.8) 70 20.1 (8.6) 29.63% 0.72[-1.59,3.03]

   

Total *** 125   141   100% 7.72[0.5,14.93]

Heterogeneity: Tau2=44.3; Chi2=21.61, df=3(P<0.0001); I2=86.11%  

Favours Control 10050-100 -50 0 Favours Vitamin D
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Study or subgroup Vitamin D Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=2.1(P=0.04)  

Favours Control 10050-100 -50 0 Favours Vitamin D

 
 

Analysis 1.5.   Comparison 1 Vitamin D versus control, Outcome

5 Baseline mean serum vitamin D concentrations in ng/mL.

Study or subgroup Vitamin D Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Greer 1989 22 23.9 (4.7) 24 23.5 (7.7) 100% 0.34[-3.3,3.98]

   

Total *** 22   24   100% 0.34[-3.3,3.98]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.18(P=0.85)  

Favours Control 10050-100 -50 0 Favours Vitamin D

 

 

A P P E N D I C E S

Appendix 1. Detailed search strategies

 

Search set CIDG SR1 CENTRAL MEDLINE2 EMBASE2 LILACS2

1 Vitamin D VITAMIN D VITAMIN D VITAMIN D Vitamin D

2 Child* CHOLECALCIFEROL CHOLECALCIFEROL COLECALCIFEROL Child$

3 Infant* ERGOCALCIFEROLS ERGOCALCIFEROLS ERGOCALCIFEROL Infant$

4 Newborn* CALCITRIOL VITAMIN D DEFICIENCY Vitamin D [ti, ab] Newborn$

5 2 3 or 4 Vitamin D [ti, ab] Vitamin D [ti, ab] 1 or 2 or 3 or 4 2 or 3 or 4

6 1 and 5 1 or 2 or 3 or 4 or 5 1 or 2 or 3 or 4 or 5 Child* [ti, ab] 1 and 5

7  - Child* [ti, ab] Child* [ti, ab] Infant* [ti, ab]  -

8  - Infant* [ti, ab] Infant* [ti, ab] Newborn* [ti, ab]  -

9  - Newborn* [ti, ab] Newborn* [ti, ab] Neonatal* [ti, ab]  -

10  - Neonatal* [ti, ab] Neonatal* [ti, ab] 6 or 7 or 8 or 9  -

11  - 7 or 8 or 9 or 10 7 or 8 or 9 or 10 Infect* [ti, ab]  -

12  - Infect* [ti, ab] Infect* [ti, ab] Malaria [ti, ab]  -

13  - Malaria [ti, ab] Malaria [ti, ab] Diarrh* [ti, ab]  -
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14  - Diarrh* [ti, ab] Diarrh* [ti, ab] Pneumonia [ti, ab]  -

15  - Pneumonia [ti, ab] Pneumonia [ti, ab] Tuberculosis [ti, ab]  -

16  - Tuberculosis [ti, ab] Tuberculosis [ti, ab] 11 or 12 or 13 or 14 or
15

 -

17  - 12 or 13 or 14 or 15 or
16

12 or 13 or 14 or 15 or 16 5 and 10 and 16  -

18  - 6 and 11 and 17 6 and 11 and 17  -  -

1Cochrane Infectious Diseases Group Specialized Register.
2Search terms used in combination with the search strategy for retrieving trials developed by Cochrane (Higgins 2011); Upper case:
MeSH or EMTREE heading; Lower case: free-text term.

  (Continued)

 

Appendix 2. Data provided by Alonso 2011 trial authors

 

Age of infants

(months)

Vitamin D prophylaxis

(N = 41)

No vitamin D prophylaxis

(N = 47)

3 1 suspected sepsis

1 upper respiratory tract infection

2 upper respiratory tract infection

2 Atopic dermatitis

3 Febrile syndrome

1 bronchiolitis

1 Dacryocystitis

6 4 upper respiratory tract infection

1 pyelonephritis

1 asthma

5 upper respiratory tract infection

2 gastroenteritis

1 pneumonia

1 bronchiolitis

1 febrile syndrome

12 6 upper respiratory tract infection

3 asthma

1 bronchiolitis

1 urinary tract infection

8 upper respiratory tract infection

2 gastroenteritis

1 bronchiolitis

 

 
Abbreviations: N=Number of participants

Person-time: in the prophylaxis group, 30 infants were followed for 12 months, 6 were excluded from 3 to 6 months and 5 infants were
excluded from 6 to 12 months. In the group without prophylaxis: 43 infants were followed by 12 months; 2 were excluded from 3 to 6
months and 2 were excluded from 6 to 12 months.
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These data can be found in Figure 1 (Alonso 2011).

The denominator (person-time) in the prophylaxis group is: (6 × 4.5) + (5 × 9) + (30 × 12)= 27 + 45 + 360 = 432 persons-months.

The denominator (person-time) in the group without prophylaxis is: (2 × 4.5) + (2 × 9) + (43 × 12) = 9 + 18 + 516 = 543 persons-months.
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• Two new authors joined the review author team (RAS and FR).

• Under the 'Types of participants' section, we modified the exclusion criteria. We excluded studies among children with severe illnesses
like rickets, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), meningitis, severe malnutrition, sickle
cell disease, etc. Similarly, we also decided to exclude studies of supplementation in preterm and low birthweight infants. These groups
represent high-risk children and might have different biological response to supplementation and extremely high baseline risk of
infections, and results would not be generalizable to healthy children.

• In the 'Types of interventions' section, we removed the condition of at least two weeks of supplementation. The pattern/dosage of
supplementation of vitamin D is different from other micronutrients such as zinc. It can be given in large doses as a single administration
and need not be given on a continuous daily basis for supplementation.

• We amended the wording of 'vitamin D levels' to 'vitamin D concentrations' throughout the review.

• We added the outcomes of all-cause mortality and cause-specific mortality post hoc because the included trials presented data on
these outcomes.

• We modified the 'Assessment of risk of bias in included studies' section to make it more explicit and in accordance with the latest
recommendations of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011).

• We removed sections on dealing with cluster-randomized controlled trials (cluster-RCTs) since we did not find any cluster-RCTs in this
review.

We did not implement the following aspects of analyses in the protocol.

Assessment of reporting biases

If we had found a sufficient number of trials that met the inclusion criteria of this Cochrane review, we would have generated funnel plots
to help assess the possibility of publication bias. We would have inspected the funnel plot visually for asymmetry and also have used
statistical analytical indicators such as the Begg's or Egger's P-values. If we suspected publication bias, then we would have used the trim-
and-fill method to infer the existence of unpublished studies, as determined from the funnel plot, and would subsequently have corrected
the meta-analysis by imputing the presence of missing studies to yield an unbiased pooled estimate.

Subgroup analyses and investigation of heterogeneity

We had planned to carry out the following three prespecified subgroup analyses for incidence of infections.

• Subgroup analysis according to the age of participants: less than one year of age and one to less than five years of age.
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• Subgroup analysis to examine the possibility that there would be a variable response according to the dosages of vitamin D
supplementation, for example, standard dosages versus high (greater than standard).

• Subgroup analysis according to the duration of vitamin D supplementation, for example, low (six months or less) versus high (greater
than six months).

We had also planned to explore the contribution of these variables to heterogeneity by meta-regression.

Sensitivity analyses

We had planned to perform sensitivity analyses according to the following factors.

• Method and adequacy of allocation concealment.

• Blinding status of the participants.

• Percentage lost to follow-up by excluding studies with an attrition of greater than or equal to 20%.

• Random-effects model for the primary analysis.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Diarrhea  [epidemiology]  [*prevention & control];  Incidence;  Malaria  [prevention & control];  Pneumonia  [epidemiology]  [*prevention
& control];  Randomized Controlled Trials as Topic;  Tuberculosis, Pulmonary  [prevention & control];  Vitamin D  [*administration &
dosage]  [blood];  Vitamin D Deficiency  [epidemiology];  Vitamins  [*administration & dosage]

MeSH check words

Child, Preschool; Humans; Infant
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