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Abstract

Objective

Vitamin D supplementation may be a simple preventive measure against respiratory tract
infections (RTls) but evidence from randomized controlled trials is inconclusive. We aimed to
systematically summarize results from interventions studying the protective effect of vitamin
D supplementation on clinical and laboratory confirmed RTls in healthy adults and children.

Methods

Medline, EMBASE, CENTRAL, and CINAHL were screened from inception until present
(last updated in January 2016) completed by a search of the grey literature, clinical trial reg-
isters and conference abstracts. We included randomized trials comparing vitamin D versus
placebo or no treatment. Two independent reviewers were responsible for study selection
and data extraction. Cochrane’s risk of bias tool and the GRADE approach were used for
quality assessment. Estimates were pooled with random-effects models. Heterogeneity
was explored by sub-group and meta-regression analyses.

Results

Of 2627 original hits, 15 trials including 7053 individuals were ultimately eligible. All used
oral cholecalciferol. We found a 6% risk reduction with vitamin D3 supplementation on clini-
cal RTls, but the result was not statistically significant (RR 0.94; 95% CI 0.88 to 1.00). Het-
erogeneity was large (I-square 57%) and overall study quality was low. There were too few
studies to reliably assess a potential risk reduction of laboratory confirmed RTI. Evidence
was insufficient to demonstrate an association between vitamin D supplementation and risk
of clinical RTI in sub-groups with vitamin D deficiency.

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016

1/17


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0162996&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://osf.io/tyzvs/

@PLOS |oxe

Vitamin D Supplementation and Respiratory Infections

Competing Interests: The authors have declared
that no competing interests exist.

Conclusions

In previously healthy individuals vitamin D supplementation does not reduce the risk of clini-
cal RTls. However, this conclusion is based on a meta-analysis where the included studies
differed with respect to population, baseline vitamin D levels and study length. This needs
to be considered when interpreting the results. Future trials should focus on vitamin D defi-
cient individuals and apply more objective and standardized outcome measurements.

Introduction

Viral respiratory infections due to influenza and other respiratory viruses affect millions of
people annually [1, 2]. The severity of illness can range from relatively mild, such as the com-
mon cold in healthy adults, to an increased risk of complications among small children and
increased mortality in elderly people [3-5]. Winter epidemics of viral respiratory infections are
associated with high rates of absenteeism and loss of work place productivity [6]. Although
vaccines against influenza are available, their efficacy is reduced in mismatched seasons, and
vaccines for other viral respiratory pathogens are not available [7, 8]. Behavioral measures,
such as hand washing, may be used to reduce the burden, however their effectiveness is uncer-
tain as is compliance [9, 10].

Expression of antimicrobial peptides, such as cathelicidin, which play an important role in
the regulation of the innate immune system, is dependent on vitamin D [11]. It follows that
vitamin D insufficiency can interfere with an adequate response to inflammation and infection.
Moreover, vitamin D can inhibit inflammatory cytokines that are upregulated during influenza
virus infection [12]. Vitamin D is therefore thought to have a role in both preventing and
reducing the burden of viral respiratory infections.

Observational studies have shown an inverse correlation between 25-hydroxyvitamin D [25
(OH)D] levels and the occurrence of respiratory tract infections in both children and adults
[13-15]. The risk of confounding caused by inadequate adjustment is, however, a major limita-
tion of observational study designs.

Five systematic reviews have summarized randomized controlled trials on the use of vitamin
D to prevent respiratory infections [16-20]. Two of the five reviews did not perform a meta-
analysis either due to a paucity of studies [20] or due to heterogeneity [18]. Charan and col-
leagues assessed five randomized controlled trials (RCTs) and found a protective effect of Vita-
min D on RTIs in children and adults [OR 0.58, 95% confidence interval (CI) 0.42-0.81] [17].
A more recent review, that included 11 randomised placebo-controlled studies, reported a
pooled OR of 0.64 (95% CI, 0.49-0.84) for a preventive effect of vitamin D on RTIs [16]. How-
ever, this review is limited by the fact that the outcome was a composite of direct and indirect
measures of RTI. Both reviews showed marked clinical heterogeneity among the included
trials.

Since publication of the last meta-analysis [16], 11 other randomized trials studying the
preventive effect of vitamin D on RTIs have been reported. The disease burden, lack of consis-
tent findings, and new available evidence justify another systematic review to assess potential
benefit.

The goal of this systematic review was to summarize the RCT evidence comparing vitamin
D supplementation to placebo or no treatment on the prevention of RTTs, the duration and
severity of RTIs, absenteeism due to RTIs, and potential adverse effects in healthy populations.
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Methods

A protocol was established before start of the data extraction process and is available on Open
Science Framework (https://osf.io/tyzvs/). The manuscript was prepared according to the state-
ment of Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRIS-
MA-P) 2015 [21] (S1 Methods).

Literature search

Electronic databases were searched for trials that met our criteria without any restriction to lan-
guage or year of publication: CENTRAL (The Cochrane Central Register of Controlled trials,
from inception to February 12, 2015), MEDLINE (1966 to February 12, 2015) and EMBASE
(1974 to February 12, 2015) through the OVID interface, and CINAHL through EBSCO (1981
to February 14, 2015), with weekly updates until January 4, 2016. Additionally, a search in the
OpenGrey database (http://www.opengrey.eu/) was performed for any potential studies. Cited
references from retrieved studies and reviews were crosschecked, and the International Clinical
Trials Registry Platform (http://apps.who.int/trialsearch/) was scanned for ongoing trials. Prin-
cipal investigators from completed but unpublished trials, as well as first authors from confer-
ence abstracts, were directly contacted for obtaining the full manuscript if available.

The following search terms using subject headings and variations on keywords were applied
to all databases: vitamin D, cholecalciferol, ergocalciferol, calcifediol, hydroxyvitamin, dihydro-
tachysterol, alphacalcidol, respiratory tract infection, influenza, flu, common cold, and pneu-
monia (S2 Methods).

Study selection

Randomized controlled trials were eligible with no restrictions on language or publication year.
Healthy individuals of any age were eligible for inclusion given that various underlying disor-
ders (e.g. osteoporosis, corticosteroid treatment in pulmonary obstructive disease, rheumatoid
arthritis, or any other forms of compromised immune system) would either qualify those
affected for vitamin D supplementation or render them more susceptible to RTIs.

The intervention was any form of vitamin D with either placebo or no treatment as compar-
ator. Concomitant interventions were accepted as long as the type, dosage, and duration of
application were identical in both the intervention and comparator arm.

The two primary outcomes of interest were: first episode of clinical RTI reported as cold or
influenza-like illness with or without formal adjudication by medical personnel, and first epi-
sode of laboratory confirmed RTT assessed by standard microbiological methods. Secondary
outcomes were the duration and severity of RTI-symptoms, and absenteeism due to RTI. Side
effects of treatment included hypercalcemia, hyperphosphatemia, and the development of uri-
nary tract stones.

Trials that met inclusion criteria were excluded if the intervention and/or comparator arm
included a compound of micronutrients or multivitamin since it would be impossible to infer a
single beneficiary effect to vitamin D. Studies with mycobacterial or fungal respiratory infec-
tions as the sole outcome were also excluded.

Data abstraction and synthesis

Essential data were extracted, where possible, for each treatment arm individually. For studies
with different time points of measurement data were extracted only at the time point closest to
the end of the intervention. Because of the half-life of vitamin D [22], we did not record out-
comes measured later than one month after the last administration in trials where participants
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received daily supplementations. For trials with bolus delivery, the latest time point considered
acceptable for outcome measurement was at the end of the administration interval. The process
of study selection and data abstraction was performed by two independent reviewers (D.V.G.
and C.M.G. or D.V.G. and D.D.) using piloted screening forms. Disagreements were resolved by
consensus. Trial authors were contacted for clarification or obtaining additional information.

Two independent reviewers (D.V. and D.D.) assessed the risk of bias using the Cochrane’s
collaboration tool [23]. Sequence generation, concealment of allocation, and completeness of
follow-up were evaluated at the study level. With respect to performance bias we referred to
the primary outcome clinical RTT since the other outcomes were deemed at lower risk. Con-
tents of trial protocols were compared with those in the publication to estimate the risk of
reporting bias. If insufficient information was provided, the authors judged the specific risk of
bias as unclear. A third reviewer (L.L.) was consulted to solve discrepancies.

Statistical analyses

Study results were quantitatively combined for each outcome. For dichotomous outcomes we
calculated pooled estimates expressed as relative risks (RR) with the corresponding 95% confi-
dence intervals (Cls) using the Mantel-Haenszel method. The duration of symptoms and the
number of days absent were summarized as mean differences (MDs) using the inverse variance
method. Where necessary, we converted geometric means and CIs or medians and ranges into
means and standard deviations (SDs) using published formulas [24, 25]. Due to the different
types of reported estimates of symptom severity, we combined the corresponding log odds
ratios and standard errors of the log odds ratio using the inverse variance method. We consid-
ered primarily data from intention to treat analyses or data with estimates from multiple
imputation.

Two trials [26, 27] had more than one treatment group, but only one non-treatment group.
Data from the treatment groups were therefore collapsed to compute the effect size to avoid
double-counting of individuals or violation of independency. We quantified heterogeneity
using the -statistic [28] and applied a random-effects model (DerSimonian and Laird) for all
summary statistics [29].

We planned further exploration with sensitivity analyses excluding studies with high risk of
bias for the primary outcome, and by deleting each study in turn to examine the magnitude of
change in the summary effect. If results changed significantly, we pre-specified that corre-
sponding studies had to be scrutinized further to explore heterogeneity. We planned a sub-
group analysis to study whether the effect of vitamin D on clinical RTTs is different in
participants with a low baseline 25(OH)D level (< 20ng/mL corresponding to < 50 nmol/L)
compared to participants with sufficient (> 20ng/mL) levels applying a test for interaction
[30]. Another subgroup analysis evaluated whether the effect of vitamin D on clinical RTIs var-
ied with different administration intervals (daily/weekly vs. monthly/three-monthly). We per-
formed a meta-regression analysis of the log risk ratio of clinical RTI on the average daily
dosage of vitamin D.

Evaluation of the overall body of evidence

Risk of publication bias was visually and formally assessed with a funnel plot and Egger’s test
[31], respectively. Data were analyzed using the statistical software packages Review Manager
(version 5.3) and Comprehensive Meta-Analysis (version 3.0). We assessed the overall confi-
dence in the estimate applying the criteria published by the GRADE working group [32]: risk
of bias, inconsistency, indirectness, imprecision, and publication bias. We integrated the evi-

dence profile in the summary of findings table using GRADE profiler software.
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Results

Of the initial 2627 potentially relevant citations, 114 full texts were screened and 15 studies
were deemed eligible (Fig 1 and S1 Table). A total of 7053 healthy individuals were random-
ized, with 50.6% women, and the median age was 19 years (IQR 10-49). Ten studies investi-
gated adolescents or adults [33-42]; two included only infants [26, 43], two were conducted in
school-aged children [44, 45], and one assessed solely elderly people [27]; the latter was pre-
sented as abstract. Complete data were available for 7001 cases. Baseline 25(OH)D serum levels
were measured in 11 studies, and in four of these trials (73% of the participants) that measured
25(OH)D serum levels average baseline levels were insufficient (< 20 ng/mL) [27, 33, 43, 44].
All trials administered cholecalciferol (vitamin D3) orally. Average daily dose was 1500 IU
(range: 300 to 3700 IU). Frequency of administration ranged from daily to every three months.

3459 records identified
through database searching

16 additional records
identified through other
sources

A4 A 4

2627 records after duplicates
removed

|

2627 records screened

2513 records excluded

v

A\ 4

99 full-text articles excluded:
No RCTs (81)
None healthy (10)

114 full-text articles
assessed for eligibility

L Comparator was low dose vitamin
D or another
15 studies included in vitamin/micronutrient (4)
review Outcomes not of interest or
¢ composite outcome (3)
Indirect effect (1)

14 studies included in
meta-analysis of clinical
respiratory tract
infections
Reason for exclusion of 1
study: Results reported
as Hazard Ratio

Fig 1. PRISMA flow diagram of the study selection process.

doi:10.1371/journal.pone.0162996.9001
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All but one trial [34] used a placebo as comparator. Trial duration varied between seven weeks
and three years (median 17 weeks) (Table 1).

Risk of bias in individual studies was moderate to low: three trials [26, 27, 33] were deemed
at high risk for selective reporting, one study [34] was judged at high risk for performance bias
due to its open-labelled design (Fig 2).

Risk of clinical and laboratory confirmed RTI

There were a total of 4077 first episodes of clinical RTIs in 14 studies. Baseline risk in the con-
trol group was 60.4%. The pooled risk of experiencing an RTI was 6% lower in the vitamin D
group compared to the non-treatment group, but the result was not statistically significant (RR
0.94; 95% CI 0.88 to 1.00) (Fig 3). Between study variability was large (I2 = 57%). We found a
10% lower risk of a first laboratory-confirmed viral respiratory infection in the vitamin D
group versus the comparator group. The result was not statistically significant (RR 0.90; 95%
CI 0.68 to 1.21) and heterogeneity was large (12 = 66%) (Fig 4). Of the four studies assessing
this outcome, two tested only for influenza virus A and B [42, 45] whereas the other two studies
[36, 39] applied a diagnostic panel comprising 16 respiratory viruses and encountered predom-
inantly rhinovirus cases.

Symptom duration, absenteeism and severity of RTI

The pooled summary estimate of six studies [35, 36, 38-41] showed a marginal mean reduction
in symptom duration (MD -0.06 days; 95% CI -0.29 to 0.18) in the vitamin D group compared
to placebo, which was not statistically significant (Fig 5).

The three studies [37, 39, 42] which measured the number of sick days leading to absence
from duty or school yielded highly inconsistent results: The pooled mean difference was 0.06
days in favour of placebo but with a 95% CI crossing the null (95% CI -1.33 to 1.37) (Fig 6).

Five studies [35, 36, 38, 39, 41] assessed severity of RTI symptoms on various scales. Defini-
tions applied to assess symptom severity were as follows: the average self-rated score of symp-
tom severity on a scale of 1 to 7 (1 = very mild, 3 = mild, 5 = moderate, 7 = severe) [35], the sum
of seven consecutive daily severity scores [36, 39], and the mean severity score on a scale from
1-5 (1 = healthy and 5 = very ill) [38] and 0-5 (0 = no symptoms and 5 = most severe symp-
toms) [41], respectively. The pooled OR of 0.95 (95% CI 0.76 to 1.18) suggests less pronounced
severity in the vitamin D group, but this result did not reach statistical significance (Fig 7).

Adverse events

Six studies specifically addressed at least one of the following: hypercalcemia [27, 33], hyper-
phosphatemia [41, 42, 45], or nephrolithiasis [33, 38, 41, 42, 45]. Nine of ten cases with mild
hypercalcemia occurred in the same trial with concomitant calcium administration [33]. There
were no identified cases of either hyperphosphatemia or nephrolithiasis.

Additional analyses

Although the RR of 0.77 (95% CI 0.59-1.02) suggests a probable beneficiary effect of vitamin D
on clinical RTT among those with low (< 20 ng/ml) versus sufficient (> 20 ng/ml) baseline 25
(OH)D levels, the test for subgroup differences, however, was not statistically significant (P =
.08). There was a lower risk of clinical RTTs among those with daily/weekly vitamin D supple-
mentation (RR 0.87; 95% CI 0.76 to 0.99) versus those with less frequent (monthly or three-
monthly) bolus administration (RR 0.99; 95% CI 0.96 to 1.02), but the difference was not statis-
tically significant (P = .06). Average daily dosage turned out to be a non-significant predictor

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016 6/17



@PLOS ‘ ONE

Vitamin D Supplementation and Respiratory Infections

Table 1. Characteristics of included studies.

Author, Study design, No. Age, mean |Women |Baseline Oral vitamin D3 Control Interval |Outcomes
year [Ref.] |Duration*, rando- |(SD) (%) mean 25(0H) | (cholecalciferol) (in included in
Country mized Dlevels (in | mcg) review
ng/mL)
Aloia, 2007 | Post-hoc analysis | E: 104 | E:59.9(6.2) | E: 100 E:19.3(8.4) | Years 1-2: 20 mcg Placebo daily Clinical RTI
[33] of RCT,3years, |c.104 |C:61.2 (6.3) | C: 100 C:17.2(6.6) Year 3: 50 mcg Plus plus calcium
u.s. calcium 1200-1500 1200-1500
mg mg
Camargo, Sub-study of a E:141 |E:10.1(0.9) | E: 46 E:7.0(5.0- | Mongolian milk with Non fortified | daily Clinical RTI
2012 [44] cluster RCT, 7 9.9) 7.5 mcg milk
weeks, Mongolia | c: 103 | C:9.8(1.0) [C:50 | C:6.8(4.3-
9.5)f
De Gruijl, RCT, 8 weeks, E: 37 E:21.9(2.3) | E: 89 E:23.2(7.2) |25mcg no treatment | daily Clinical RTI
2012[34] | TheNetherlands | c.33 | C:21.5(2.1) |C:94 | C:24.8(9.6)
Dubnov- RCT, 12 weeks, E: 28 E:15.2(1.3) | E: 39 E:24.3 (4.9 50 mcg Placebo daily Clinical RTI,
Raz, 2014 Israel C:27 C:15.1 (1 9) C:33 C:24.4 (47) mean duration &
[35] severity
Goodall, RCT, 2x2 E:300 |E:19(18- |E:64 n.d. 250 mcg +/- gargling Placebo +/- | weekly | Clinical & lab.
2014 [36] factorial design, 8 21) gargling confirmed RTI,
weeks, Canada | c.300 |C:19 (18- |[C:63 mean duration &
21) severity
Grant, 2015 | Ad hoc analysis | E1:87 |E1:0 E1:51 E1:24 (23— |E1:10mcg Placebo daily Clinical RTI
[26] of aRCT, 12 24.5)
months#, New | E.86 | E2:0 E2:56 | E2:27.5(26- | E2: 20 mcg**
Zealand 28)
C:87 c:0 C:48 C:15(12-
17)t
Laaksi, RCT, 6 months, E: 80 18-28years | E: 0 E:31.5(6.0) |[10mcg Placebo daily Clinical RTI, no.
2010[37] Finland C:84 C:0 C:29.8 days absent
(8.3)tt
Li-Ng, 2009 | RCT, 3 months, |E:84 E:59.3(13) |E:78 E:25.7 (10.2) | 50 mcg Placebo daily Clinical RTI,
(38] U.S. C:78 | C:58.1 C:81  [C:252(10.3) mean duration &
(13.4) severity
Manasek, RCT, 18 months, | E: 1524 | E: 0.5 E: 47 E:n.d. 2500 mcg Placebo every 3 | Clinical RTI
2012[43] | Afghanistan C:1522 | C:05 C:49  [Ci16(11-21) months
#i#
Murdoch, RCT, 18 months, | E: 161 | E: 47 (10) E:75 E: 29 (9) At 0 and 1 month: Placebo Every Clinical RTI, lab.
2012[39] New Zealand C:161 | C:48(10) C:75 C: 28 (9) 5000 mcg, then 2500 month confirmed mean
mcg duration &
severity, no. days
absent
Neale, 2013 | Cross-sectional E1:215 | 60-84 years | E1: 46 E1:16.6 (5.1) [ E1: 750 mcg Placebo every Clinical RTI
(27] study nested E2: 215 E2:47 |E2:16.6(5.6) | E2: 1500 mcg month
within RCT, 12 - - -
months, Australia C:214 C: 46 C:16.8(5.3)
Rees, 2013 | RCT sub-study, E:399 |E:60.7 (6.7) | E: 41 E: 33.3(9.9) |25 mcg +/- calcium Placebo +/- | daily Clinical RTI,
[40] 2x2 factorial C:360 |C:60.5(6.4) | C: 44 C:25.1(9.1) 1200mg calcium mean duration
design, 17 1200mg
months, USA
Simpson, RCT, 17 weeks, | E: 18 E: 30.3 E: 50 E:24.2 (5.6) |500 mcg Placebo weekly | Duration, severity
2015 [41] Australia (11.8)
C:16 C:35(12.5) [C:69 C:30.6 (10.9)
Urashima, | RCT, 4 months, E:217 |E:10.0(2.2) | E: 43 n.d. 30 mcg Placebo daily Clinical RTI, lab.
2010 [45] Japan C: 213 C:104 (2.4) C: 45 confirmed
(Continued)
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Table 1. (Continued)

Author, Study design,
year [Ref.] |Duration*,
Country

Urashima, |RCT, 8 weeks,
2014 [42] Japan

No.
rando-
mized

E: 148
C:99

Age, mean |(Women |Baseline Oral vitamin D3 Control Interval |Outcomes
(SD) (%) mean 25(0H) | (cholecalciferol) (in included in
D levels (in | mcg) review
ng/mL)
15-18 years | E: 33 n.d. 50 mcg Placebo daily Clinical RTI, lab.
C: 35 confirmed, no.

days absent

* If not otherwise indicated, study duration is identical with duration of intervention
* Medians with interquartile range (IQR)
#12 months = follow-up of infants, Total duration of intervention: 27 weeks gestation + until infants were 6 months
**|nfant dosages only are indicated
* Measured in 29 (experimental group) and 44 (control group) men, respectively

## Cord blood measurements

Abbreviations: C: control group; E: experimental group(s); IU: international units; n.d.: no data; RCT: randomized controlled trial; RTI: respiratory tract

infection

Units of measurement, if not otherwise indicated: Age is reported in years, Vitamin D serum levels are indicated as ng/ml (where necessary, conversion from

nmol/L to ng/ml was performed using factor: 0.4), Vitamin D dose is indicated in microgram (mcg) where 0.025 mcg cholecalciferol is equivalentto 1 [U

cholecalciferol.

doi:10.1371/journal.pone.0162996.t001

in the univariate model evaluating the effect of vitamin D on clinical RTI (P = .49) and thus,
could not explain the between-study variance (R-squared analog = 0.00) (S1-S3 Figs).

Risk of bias across studies

We observed large heterogeneity for the two primary outcomes. We could not identify one par-
ticular study of major influence by removing one study at a time. Both, the aspect of the funnel
plot and Egger’s test (P = .03) suggested possible publication bias (S4 and S5 Figs). Due to the
low number of studies in the secondary outcomes we suspected ubiquitous risk of publication
bias and therefore downgraded the overall quality of evidence for each individual outcome (S2
Table).

Discussion

In this meta-analysis we were unable to demonstrate a significant beneficiary effect of vitamin
D versus placebo or no treatment on clinical RTI in a generally healthy population (RR 0.94,
95% CI 0.88 to 1.00). Vitamin D supplementation may potentially lower the risk of laboratory
confirmed RTI and marginally reduce mean duration and severity of symptoms. However, nei-
ther of these pooled estimates were statistically significant. The confidence in the estimate of
effect based on the overall body of evidence was considered to be low, mainly due to unex-
plained heterogeneity (inconsistency) in the primary outcomes and the probability of publica-
tion bias.

How our results compare to previous reviews

Contrary to two previous meta-analyses [16, 17] in which vitamin D supplementation was
associated with significantly less RTT events, our findings suggest no preventive effect of vita-
min D, thereby confirming the pooled results of Mao and colleagues [19], which found no dif-
ference of vitamin D versus placebo in reducing the risk of RT1Is in healthy individuals (RR
0.98, 95% CI 0.93-1.03).
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Dubnov-Raz 2014

Incomplete outcome data (attrition bias)

Aloia 2007

- | Allocation concealment (selection bias)

-~

Camargo 2012

-~ ‘ Selective reporting (reporting bias)

De Gruijl, 2012

Goodall, 2014

Grant, 2015

Laaksi, 2010

Li-Ng, 2009

Manaseki, 2012

Murdoch 2012

Neale, 2013

Rees 2013

Simpson, 2015

Urashima, 2010

Urashima, 2014

OO OO O® OO OO O® O® O®| ®| O® | ® | RrRandomsequence generation (selection bias)

. . . . . . . . . . . . . . . Blinding of participants and personnel (performance bias)
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Fig 2. Risk of bias summary: review authors' judgements about each risk of bias item for each
included study.

doi:10.1371/journal.pone.0162996.9002
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Vitamin D Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Aloia 2007 8 104 26 104 0.31[0.15, 0.65]
Camargo 2012 4 141 54 103 0.60[0.44, 0.81] -
De Gruijl, 2012 19 37 22 33 0.77 [0.52, 1.14] -/
Dubnov-Raz 2014 11 14 11 12 0.86 [0.62, 1.18] /1
Goodall, 2014 91 300 114 300 0.80[0.64, 1.00] ]
Grant, 2015 81 144 46 79 0.97 [0.76, 1.22] -
Laaksi, 2010 45 80 44 84 1.07 [0.81, 1.42] T
Li-Ng, 2009 28 78 29 70 0.87 [0.58, 1.30] -
Manaseki, 2012 1023 1524 1030 1522 0.99 [0.94, 1.04] L
Murdoch 2012 154 161 155 161 0.99 [0.95, 1.04] L
Neale, 2013 185 397 96 197 0.96 [0.80, 1.14] -
Rees 2013 303 399 276 360 0.99 [0.91, 1.07] ¥
Urashima, 2010 65 167 68 167 0.96 [0.73, 1.24] T
Urashima, 2014 32 148 17 99 1.26 [0.74, 2.14] N
Total (95% CI) 3694 3291 0.94 [0.88, 1.00] 4
Total events 2089 1988

Heterogeneity: Tau? = 0.01; Chi? = 29.94, df = 13 (P = 0.005); I> = 57%
Test for overall effect: Z=1.90 (P = 0.06)

02 05 1 2 5 10
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0.1

Fig 3. Forest plot of comparisons of vitamin D versus control on clinical RTI. M-H = Mantel-Haenzsel statistics, Random = random effects model.

doi:10.1371/journal.pone.0162996.9003

Apart from including recently published evidence, our work differs from previous reviews

by study selection and types of outcome. The exclusion of non-healthy people in our review,
especially those with underlying pulmonary disorders and immune defects, could have miti-

gated against a more beneficiary effect of vitamin D as has been reported in the reviews by
Charan et al. (OR 0.58; 95% CI 0.42-0.81) [17] and Bergman et al. (OR 0.64; 95% CI 0.49-
0.84) [16]. Furthermore, rather than providing a summary of various measurements, our
pooled effects were separately analyzed for a subjective endpoint (clinical RTIs) and several
more objectively measurable outcomes (e.g. laboratory confirmed RTI). Allowance for low
dose vitamin D supplementation in the meta-analysis by Mao et al. [19] potentially diluted the

effect. Despite our more rigorous criteria to only include placebo or no treatment as

Vitamin D Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Random, 95% CI Year M-H, Random, 95% CI
Urashima, 2010 57 167 59 167 0.97 [0.72, 1.30] 2010
Murdoch 2012 108 161 101 161 1.07 [0.91, 1.26] 2012
Goodall, 2014 26 256 44 233 0.54 [0.34, 0.84] 2014 -
Urashima, 2014 20 148 12 99 1.11[0.57, 2.18] 2014 -
Total (95% CI) 732 660 0.90 [0.68, 1.21] <o
Total events 211 216

Heterogeneity: Tau? = 0.05; Chi? = 8.80, df = 3 (P = 0.03); I> = 66%
Test for overall effect: Z = 0.68 (P = 0.50)

01 02 05 1 2 5
Favours vitamin D Favours control

Fig 4. Forest plot of comparisons of vitamin D versus control on laboratory confirmed RTI. M-H = Mantel-Haenzsel statistics, Random = random

effects model.

doi:10.1371/journal.pone.0162996.g004
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Vitamin D Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Dubnov-Raz 2014 43 1.6 11 5.1 2.2 11 -0.80 [-2.41, 0.81] —
Goodall, 2014 6 1.6 91 6.2 1.2 114 -0.20 [-0.60, 0.20] —=
Li-Ng, 2009 54 4.8 28 5.3 3.1 29 0.10 [-2.01, 2.21]
Murdoch 2012 9.5 4542 380 9.5 4554 382 0.00 [-6.46, 6.46] * >
Rees 2013 152 298 275 1556 2.87 252 -0.04 [-0.54, 0.46] -
Simpson, 2015 1.68 0.79 36 1.58 0.79 32 0.10 [-0.28, 0.48]
Total (95% CI) 821 820 -0.06 [-0.29, 0.18]

2 1 0 1 2
Favours vitamin D Favours control

Heterogeneity: Tau? = 0.00; Chi? = 2.02, df =5 (P = 0.85); I? = 0%
Test for overall effect: Z = 0.46 (P = 0.64)

Fig 5. Forest plot of comparison vitamin D versus control on mean duration of RTI symptoms. |V = inverse variance method, Random = random
effects model.

doi:10.1371/journal.pone.0162996.9005

comparator, we reached the same result. There are no previous meta-analyses pooling the effect
of vitamin D on RTI-related absenteeism or the duration and severity of RTIs.

Why vitamin D supplementation may not always work

Fabri et al. have shown in vitro that IFN-y mediated expression of antimicrobial peptides
(AMP) is dependent on the vitamin D concentration and that this pathway is inhibited in
serum of vitamin D deficient Afro-Americans [46]. Our subgroup analysis and the previous
work from others [18, 47, 48] suggest that a reduction of the risk of RTIs may indeed occur
solely in the vitamin D insufficient/deficient state. Although, the largest trial in vitamin-D defi-
cient infants did not show a difference in the number of first episodes of pneumonia [43], it
can be argued that the bolus administration did not achieve constantly higher vitamin D serum
concentrations which could be one clue for the ineffectiveness of this regimen. Indeed, our post
hoc sub-group analysis and also an earlier analysis by Bergman and colleagues [16] suggest
that less frequent bolus regimens are not effective in reducing the risk of RTI. Their rationale
was that large bolus doses of 2500 mcg vitamin D (100’000 IU cholecalciferol equivalent) or
more given at 1-3 months intervals might have an immunosuppressive rather than immune-
stimulating effect. The recent findings from an RCT where intermittent high bolus dose vita-
min D was less effective than daily low dose vitamin D supplementation in preventing RTT and
even increased the risk of upper RTI seem affirmative [49]. It has been previously suggested
that genetic factors may play a role [47]; however, vitamin D receptor polymorphisms as

Vitamin D Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI 1V, Random, 95% CI
Laaksi, 2010 22 32 59 3 4 45 -0.80 [-2.23, 0.63] ¢ - f
Murdoch 2012 0.76 125 380 0.75 126 382 0.01[-0.17,0.19] ‘*’
Urashima, 2014 1.7 25 68 1.1 1.9 38 0.60 [-0.25, 1.45] =
Total (95% Cl) 507 465 0.06 [-0.41, 0.54]

Heterogeneity: Tau? = 0.08; Chi? = 3.08, df =2 (P = 0.21); I = 35% ' J

1 05 0 05 1
Test for overall effect: Z = 0.26 (P = 0.80) Favours vitamin D Favours control

Fig 6. Forest plot of comparisons vitamin D versus control on number of days absent from work/school (absenteeism) due to RTI. |V = inverse
variance method, Random = random effects model.

doi:10.1371/journal.pone.0162996.g006
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Vitamin D Control Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total 1V, Random, 95% CI IV, Random, 95% CI
Li-Ng, 2009 -0.328 0.482 28 29 0.72[0.28, 1.85]
Murdoch 2012 -0.119 0.131 161 161 0.89[0.69, 1.15]
Simpson, 2015 0.05 0.623 18 16 1.05[0.31, 3.56]
Goodall, 2014 0.285 0.297 70 80 1.33[0.74, 2.38] T
Dubnov-Raz 2014 0.362 0.775 11 11 1.44 [0.31, 6.56]
Total (95% CI) 288 297 0.95[0.76, 1.18] *

01 02 05 1 2 5 10
Favours vitamin D Favours control

Heterogeneity: Tau? = 0.00; Chiz =2.19, df =4 (P = 0.70); I? = 0%
Test for overall effect: Z = 0.50 (P = 0.62)

Fig 7. Forest plot of comparisons vitamin D versus control on severity of RTls. |V = inverse variance method, Random = random effects model.

doi:10.1371/journal.pone.0162996.g007

potential key players in the innate and acquired immune defense of respiratory tract infections
[50] have not been investigated in these trials.

Lastly, in a healthy vitamin D replete population a clinically important effect from supple-
mentation is unlikely.

Strengths and limitations of the study

To our knowledge this review incorporates the largest body of evidence, comprising 15 ran-
domized controlled trials and over 7000 healthy individuals. The search strategy was rigorous
and clear eligibility criteria were applied. Another strength of this review is that different out-
comes, rather than a composite outcome of various indirect and direct measures, were evalu-
ated. All trials administered vitamin D3 (cholecalciferol) orally and adherence in most trials
was reported to be high with a generally low loss to follow-up rate. Remaining heterogeneity
was broadly explored by various sensitivity analyses.

We acknowledge that despite our efforts to confine our meta-analysis to healthy individuals
there were still major differences across studies with respect to population, settings, dosing reg-
imens and outcome measurements. Furthermore, our sub-group analyses should be inter-
preted with caution since they were done on a subset of studies or were performed in
retrospect.

Conclusions

We found no significant protective effect of vitamin D supplementation on clinical RTT in oth-
erwise healthy people of various ages. The overall level of evidence was, however, low. Evidence
seems insufficient to determine the comparative effectiveness of vitamin D versus placebo with
regard to laboratory confirmed RTI. In view of the burden common colds and influenza like ill-
ness cause more rigorous research is needed.

Large randomized and placebo controlled trials in selected patient groups investigating the
effectiveness of vitamin D supplementation on laboratory confirmed RTI are needed. If diag-
nostic testing is not available, using a more uniform and standardized definition of clinical RTI
based on a validated assessment would be desirable. Measurement of 25(OH)D levels at base-
line and follow-up should be standard. Elderly people and (pre-) school-aged children, as well
as obese patients were underrepresented in this systematic review and deserve more attention
in future trials. Our systematic review showed that in healthy populations, vitamin D supple-
mentation is unlikely to show any benefit. Although the findings are negative, we believe that
may be of value to both clinicians and policy makers so that they fully understand the lack of
evidence to support additional vitamin D supplementation in healthy populations with
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adequate levels of vitamin D. Health care providers should continue to follow guidelines on 25
(OH)D-level guided vitamin D supplementation for maintenance of bone and general health
[51, 52]. This meta-analysis does not support any specific changes in guidelines.

Supporting Information

S1 Fig. Forest plot of comparison vitamin D versus control in subgroups with insufficient
(< 20 ng/ml) vs. sufficient (> 20 ng/ml) 25(OH)D levels on clinical RTI.

25-OH = 25-hydroxy, M-H = Mantel-Haenzsel statistics, Random = random effects model.
(DOCX)

S2 Fig. Forest plot of comparison: Vitamin D versus control, outcome: Clinical RTI. Sub-
group analysis according to application interval. M-H = Mantel-Haenzsel statistics,
Random = random effects model.

(DOCX)

$3 Fig. Univariate random-effects meta-regression of clinical RTI (log risk ratio) on aver-
age daily dosage.
(DOCX)

S4 Fig. Sensitivity analysis for the effect of vitamin D on clinical RTI removing one study
in turn.
(DOCX)

S5 Fig. Funnel plot of comparison vitamin D versus control on clinical RTI (random effects
model).
(DOCX)

S1 Methods. PRISMA checklist.
(DOC)

$2 Methods. Detailed search strategy.
(DOCX)

S1 Table. List of excluded RCTs.
(DOCX)

S2 Table. GRADE level of evidence and summary of findings of Vitamin D for the preven-
tion of RTTs.table.
(DOCX)

Author Contributions
Conceptualization: DVG ML.
Data curation: DVG.

Formal analysis: DVG.
Funding acquisition: DVG.
Investigation: DVG CMG DD.
Methodology: DVG DD ML.

Project administration: DVG ML.

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016 13/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162996.s009

@ PLOS |one

Vitamin D Supplementation and Respiratory Infections

Resources: DVG.

Supervision: ML.

Validation: CMG DD LL ML.

Visualization: DVG.

Writing - original draft: DVG ML.

Writing - review & editing: DVG CMG DD LL ML.

References

1.

10.

11.

12,

13.

14.

15.

D'Mello T, Brammer L, Blanton L, Kniss K, Smith S, Mustaquim D, et al. Update: Influenza activity—
United States, September 28, 2014-February 21, 2015. MMWR Morbidity and mortality weekly report.
2015; 64(8):206—12. PMID: 25742380.

Hall CB, Weinberg GA, lwane MK, Blumkin AK, Edwards KM, Staat MA, et al. The burden of respiratory
syncytial virus infection in young children. The New England journal of medicine. 2009; 360(6):588-98.
doi: 10.1056/NEJM0a0804877 PMID: 19196675.

Heikkinen T, Jarvinen A. The common cold. Lancet. 2003; 361(9351):51-9. doi: 10.1016/S0140-6736
(03)12162-9 PMID: 12517470.

Mertz D, Kim TH, Johnstone J, Lam PP, Science M, Kuster SP, et al. Populations at risk for severe or
complicated influenza illness: systematic review and meta-analysis. Bmj. 2013; 347:f5061. doi: 10.
1136/bmj.f5061 PMID: 23974637; PubMed Central PMCID: PMCPMC3805492.

Thompson WW, Shay DK, Weintraub E, Brammer L, Bridges CB, Cox NJ, et al. Influenza-associated
hospitalizations in the United States. JAMA: the journal of the American Medical Association. 2004;
292(11):1333—40. doi: 10.1001/jama.292.11.1333 PMID: 15367555.

Karve S, Misurski DA, Meier G, Davis KL. Employer-incurred health care costs and productivity losses
associated with influenza. Human vaccines & immunotherapeutics. 2013; 9(4):841-57. doi: 10.4161/
hv.23413 PMID: 23321849; PubMed Central PMCID: PMCPMC3903904.

Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and effectiveness of influenza vaccines: a
systematic review and meta-analysis. The Lancet infectious diseases. 2012; 12(1):36—44. doi: 10.
1016/S1473-3099(11)70295-X PMID: 22032844.

Tricco AC, Chit A, Soobiah C, Hallett D, Meier G, Chen MH, et al. Comparing influenza vaccine efficacy
against mismatched and matched strains: a systematic review and meta-analysis. BMC Med. 2013;
11:153. doi: 10.1186/1741-7015-11-153 PMID: 23800265; PubMed Central PMCID:
PMCPMC3706345.

Larson EL, Ferng YH, Wong-McLoughlin J, Wang S, Haber M, Morse SS. Impact of non-pharmaceuti-
cal interventions on URIs and influenza in crowded, urban households. Public Health Rep. 2010; 125
(2):178-91. PMID: 20297744; PubMed Central PMCID: PMCPMC2821845.

Little P, Stuart B, Hobbs FD, Moore M, Barnett J, Popoola D, et al. An internet-delivered handwashing
intervention to modify influenza-like iliness and respiratory infection transmission (PRIMIT): a primary
care randomised trial. Lancet. 2015. doi: 10.1016/S0140-6736(15)60127-1 PMID: 26256072.

Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, et al. Toll-like receptor triggering of a vitamin D-
mediated human antimicrobial response. Science. 2006; 311(5768):1770-3. doi: 10.1126/science.
1123933 PMID: 16497887.

Sundaram ME, Coleman LA. Vitamin D and influenza. Adv Nutr. 2012; 3(4):517-25. doi: 10.3945/an.
112.002162 PMID: 22797987; PubMed Central PMCID: PMCPMC3649720.

Ginde AA, Mansbach JM, Camargo CA Jr. Association between serum 25-hydroxyvitamin D level and
upper respiratory tract infection in the Third National Health and Nutrition Examination Survey. Archives
of internal medicine. 2009; 169(4):384—-90. doi: 10.1001/archinternmed.2008.560 PMID: 19237723;
PubMed Central PMCID: PMCPMC3447082.

Hirani V. Associations between vitamin D and self-reported respiratory disease in older people from a
nationally representative population survey. Journal of the American Geriatrics Society. 2013; 61
(6):969-73. doi: 10.1111/jgs.12254 PMID: 23647213.

Science M, Maguire JL, Russell ML, Smieja M, Walter SD, Loeb M. Low serum 25-hydroxyvitamin D
level and risk of upper respiratory tract infection in children and adolescents. Clinical infectious dis-
eases: an official publication of the Infectious Diseases Society of America. 2013; 57(3):392-7. doi: 10.
1093/cid/cit289 PMID: 23677871; PubMed Central PMCID: PMCPMC3888147.

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016 14/17


http://www.ncbi.nlm.nih.gov/pubmed/25742380
http://dx.doi.org/10.1056/NEJMoa0804877
http://www.ncbi.nlm.nih.gov/pubmed/19196675
http://dx.doi.org/10.1016/S0140-6736(03)12162-9
http://dx.doi.org/10.1016/S0140-6736(03)12162-9
http://www.ncbi.nlm.nih.gov/pubmed/12517470
http://dx.doi.org/10.1136/bmj.f5061
http://dx.doi.org/10.1136/bmj.f5061
http://www.ncbi.nlm.nih.gov/pubmed/23974637
http://dx.doi.org/10.1001/jama.292.11.1333
http://www.ncbi.nlm.nih.gov/pubmed/15367555
http://dx.doi.org/10.4161/hv.23413
http://dx.doi.org/10.4161/hv.23413
http://www.ncbi.nlm.nih.gov/pubmed/23321849
http://dx.doi.org/10.1016/S1473-3099(11)70295-X
http://dx.doi.org/10.1016/S1473-3099(11)70295-X
http://www.ncbi.nlm.nih.gov/pubmed/22032844
http://dx.doi.org/10.1186/1741-7015-11-153
http://www.ncbi.nlm.nih.gov/pubmed/23800265
http://www.ncbi.nlm.nih.gov/pubmed/20297744
http://dx.doi.org/10.1016/S0140-6736(15)60127-1
http://www.ncbi.nlm.nih.gov/pubmed/26256072
http://dx.doi.org/10.1126/science.1123933
http://dx.doi.org/10.1126/science.1123933
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://dx.doi.org/10.3945/an.112.002162
http://dx.doi.org/10.3945/an.112.002162
http://www.ncbi.nlm.nih.gov/pubmed/22797987
http://dx.doi.org/10.1001/archinternmed.2008.560
http://www.ncbi.nlm.nih.gov/pubmed/19237723
http://dx.doi.org/10.1111/jgs.12254
http://www.ncbi.nlm.nih.gov/pubmed/23647213
http://dx.doi.org/10.1093/cid/cit289
http://dx.doi.org/10.1093/cid/cit289
http://www.ncbi.nlm.nih.gov/pubmed/23677871

@ PLOS |one

Vitamin D Supplementation and Respiratory Infections

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bergman P, Lindh AU, Bjorkhem-Bergman L, Lindh JD. Vitamin D and Respiratory Tract Infections: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. PloS one. 2013; 8(6):65835.
doi: 10.1371/journal.pone.0065835 PMID: 23840373; PubMed Central PMCID: PMCPMC3686844.

Charan J, Goyal JP, Saxena D, Yadav P. Vitamin D for prevention of respiratory tract infections: A sys-
tematic review and meta-analysis. Journal of pharmacology & pharmacotherapeutics. 2012; 3(4):300—
3. doi: 10.4103/0976-500X.103685 PMID: 23326099; PubMed Central PMCID: PMCPMC3543548.

Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the prevention of acute respiratory infection: sys-
tematic review of clinical studies. The Journal of steroid biochemistry and molecular biology. 2013;
136:321-9. doi: 10.1016/j.jsbmb.2012.11.017 PMID: 23220552.

Mao S, Huang S. Vitamin D supplementation and risk of respiratory tract infections: a meta-analysis of
randomized controlled trials. Scandinavian journal of infectious diseases. 2013; 45(9):696—702. doi:
10.3109/00365548.2013.803293 PMID: 23815596.

Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha V. Vitamin D for treatment and pre-
vention of infectious diseases: a systematic review of randomized controlled trials. Endocrine practice:
official journal of the American College of Endocrinology and the American Association of Clinical
Endocrinologists. 2009; 15(5):438—49. doi: 10.4158/EP09101.ORR PMID: 19491064; PubMed Central
PMCID: PMCPMC2855046.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015; 4:1. doi:
10.1186/2046-4053-4-1 PMID: 25554246; PubMed Central PMCID: PMCPMC4320440.

Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety. The American
journal of clinical nutrition. 1999; 69(5):842-56. PMID: 10232622.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane Collabora-
tion's tool for assessing risk of bias in randomised trials. Bmj. 2011; 343:d5928. doi: 10.1136/bmj.
d5928 PMID: 22008217; PubMed Central PMCID: PMCPMC3196245.

Higgins JP, White IR, Anzures-Cabrera J. Meta-analysis of skewed data: combining results reported on
log-transformed or raw scales. Stat Med. 2008; 27(29):6072—92. doi: 10.1002/sim.3427 PMID:
18800342; PubMed Central PMCID: PMCPMC2978323.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median, range, and the
size of a sample. BMC medical research methodology. 2005; 5:13. doi: 10.1186/1471-2288-5-13
PMID: 15840177; PubMed Central PMCID: PMCPMC1097734.

Grant CC, Kaur S, Waymouth E, Mitchell EA, Scragg R, Ekeroma A, et al. Reduced primary care respi-
ratory infection visits following pregnancy and infancy vitamin D supplementation: a randomised con-
trolled trial. Acta Paediatr. 2015; 104(4):396—404. doi: 10.1111/apa.12819 PMID: 25283480.

Neale R, Armstrong B, Ebeling P, English D, Kimlin M, Pols J, et al. Effect of vitamin d supplementation
on antibiotic use and upper respiratory tract infection: A randomised controlled trial. American journal of
epidemiology [Internet]. 2013; 177:[S131 p.]. Available: http://onlinelibrary.wiley.com/o/cochrane/
clcentral/articles/575/CN-01007575/frame.html; http://aje.oxfordjournals.org/content/177/suppl_11/S1.
full.pdf.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bmj.
2003; 327(7414):557-60. doi: 10.1136/bm;|.327.7414.557 PMID: 12958120; PubMed Central PMCID:
PMCPMC192859.

Fleiss JL. The statistical basis of meta-analysis. Stat Methods Med Res. 1993; 2(2):121-45. PMID:
8261254.

Altman DG, Bland JM. Interaction revisited: the difference between two estimates. Bmj. 2003; 326
(7382):219. PMID: 12543843; PubMed Central PMCID: PMCPMC1125071.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical
test. Bmj. 1997; 315(7109):629-34. PMID: 9310563; PubMed Central PMCID: PMCPMC2127453.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and
strength of recommendations. Bmj. 2004; 328(7454):1490. doi: 10.1136/bm|.328.7454.1490 PMID:
15205295; PubMed Central PMCID: PMCPMC428525.

Aloia JF, Li-Ng M. Re: epidemic influenza and vitamin D. Epidemiology & Infection. 2007; 135(7):1095—
6; author reply 7-8. PMID: 17352842; PubMed Central PMCID: PMCPMC2870688.

de Gruijl FR, Pavel S. The effects of a mid-winter 8-week course of sub-sunburn sunbed exposures on
tanning, vitamin D status and colds. Photochemical & Photobiological Sciences. 2012; 11(12):1848—
54. PMID: 23104230.

Dubnov-Raz G, Rinat B, Hemila H, Choleva L, Cohen AH, Constantini NW. Vitamin D supplementation
and upper respiratory tract infections in adolescent swimmers: a randomized controlled trial. Pediatric
exercise science. 2015; 27(1):113-9. doi: 10.1123/pes.2014-0030 PMID: 25050610.

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016 15/17


http://dx.doi.org/10.1371/journal.pone.0065835
http://www.ncbi.nlm.nih.gov/pubmed/23840373
http://dx.doi.org/10.4103/0976-500X.103685
http://www.ncbi.nlm.nih.gov/pubmed/23326099
http://dx.doi.org/10.1016/j.jsbmb.2012.11.017
http://www.ncbi.nlm.nih.gov/pubmed/23220552
http://dx.doi.org/10.3109/00365548.2013.803293
http://www.ncbi.nlm.nih.gov/pubmed/23815596
http://dx.doi.org/10.4158/EP09101.ORR
http://www.ncbi.nlm.nih.gov/pubmed/19491064
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://www.ncbi.nlm.nih.gov/pubmed/10232622
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
http://dx.doi.org/10.1002/sim.3427
http://www.ncbi.nlm.nih.gov/pubmed/18800342
http://dx.doi.org/10.1186/1471-2288-5-13
http://www.ncbi.nlm.nih.gov/pubmed/15840177
http://dx.doi.org/10.1111/apa.12819
http://www.ncbi.nlm.nih.gov/pubmed/25283480
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/575/CN-01007575/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/575/CN-01007575/frame.html
http://aje.oxfordjournals.org/content/177/suppl_11/S1.full.pdf
http://aje.oxfordjournals.org/content/177/suppl_11/S1.full.pdf
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://www.ncbi.nlm.nih.gov/pubmed/8261254
http://www.ncbi.nlm.nih.gov/pubmed/12543843
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.1136/bmj.328.7454.1490
http://www.ncbi.nlm.nih.gov/pubmed/15205295
http://www.ncbi.nlm.nih.gov/pubmed/17352842
http://www.ncbi.nlm.nih.gov/pubmed/23104230
http://dx.doi.org/10.1123/pes.2014-0030
http://www.ncbi.nlm.nih.gov/pubmed/25050610

@ PLOS |one

Vitamin D Supplementation and Respiratory Infections

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Goodall EC, Granados AC, Luinstra K, Pullenayegum E, Coleman BL, Loeb M, et al. Vitamin D3 and
gargling for the prevention of upper respiratory tract infections: a randomized controlled trial. BMC infec-
tious diseases. 2014; 14:273. doi: 10.1186/1471-2334-14-273 PMID: 24885201; PubMed Central
PMCID: PMCPMC4041358.

Laaksi |, Ruohola JP, Mattila V, Auvinen A, Ylikomi T, Pihlajaméaki H. Vitamin D supplementation for the
prevention of acute respiratory tract infection: a randomized, double-blinded trial among young Finnish
men. Journal of infectious diseases [Internet]. 2010; 202(5):[809—14 pp.]. Available: http://onlinelibrary.
wiley.com/o/cochrane/clcentral/articles/390/CN-00751390/frame.html; http://jid.oxfordjournals.org/
content/202/5/809.full.pdf.

Li-Ng M, Aloia JF, Pollack S, Cunha BA, Mikhail M, Yeh J, et al. A randomized controlled trial of vitamin
D3 supplementation for the prevention of symptomatic upper respiratory tract infections. Epidemiology
& Infection. 2009; 137(10):1396—404. PMID: 19296870.

Murdoch DR, Slow S, Chambers ST, Jennings LC, Stewart AW, Priest PC, et al. Effect of vitamin D3
supplementation on upper respiratory tract infections in healthy adults: the VIDARIS randomized con-
trolled trial. JAMA: the journal of the American Medical Association [Internet]. 2012; 308(13):[1333—
9 pp.]. Available: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/672/CN-00832672/frame.
html; http://jama.jamanetwork.com/data/Journals/JAMA/24997/joc120088_1333_1339.pdf.

Rees JR, Hendricks K, Barry EL, Peacock JL, Mott LA, Sandler RS, et al. Vitamin D3 supplementation
and upper respiratory tract infections in a randomized, controlled trial. Clinical infectious diseases: an
official publication of the Infectious Diseases Society of America. 2013; 57(10):1384-92. doi: 10.1093/
cid/cit549 PMID: 24014734; PubMed Central PMCID: PMCPMC3805175.

Simpson S, van der Mei |, Stewart N, Blizzard L, Tettey P, Taylor B. Weekly cholecalciferol supplemen-
tation results in significant reductions in infection risk among the vitamin D deficient: results from the
CIPRIS pilot RCT. BMC Nutrition. 2015; 1(7).

Urashima M, Mezawa H, Noya M, Camargo CA Jr. Effects of vitamin D supplements on influenza A ill-
ness during the 2009 H1N1 pandemic: a randomized controlled trial. Food & function. 2014; 5(9):2365—
70. doi: 10.1039/c4fo00371¢ PMID: 25088394.

Manaseki-Holland S, Maroof Z, Bruce J, Mughal MZ, Masher MI, Bhutta ZA, et al. Effect on the inci-
dence of pneumonia of vitamin D supplementation by quarterly bolus dose to infants in Kabul: a rando-
mised controlled superiority trial. Lancet [Internet]. 2012; 379(9824):[1419-27 pp.]. Available: http://
onlinelibrary.wiley.com/o/cochrane/clcentral/articles/163/CN-00814163/frame.html; http://www.
thelancet.com/pdfs/journals/lancet/PI1S0140-6736(11)61650-4.pdf.

Camargo CA, Ganmaa D, Frazier AL, Kirchberg FF, Stuart JJ, Kleinman K, et al. Randomized trial of
vitamin D supplementation and risk of acute respiratory infection in Mongolia. Pediatrics [Internet].
2012; 130(3):[e561-7 pp.]. Available: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/086/
CN-00968086/frame.html; http://pediatrics.aappublications.org/content/130/3/e561.full.pdf.

Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida H. Randomized trial of vitamin D supple-
mentation to prevent seasonal influenza A in schoolchildren. American journal of clinical nutrition [Inter-
net]. 2010; 91(5):[1255-60 pp.]. Available: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/

988/CN-00752988/frame.html; http://ajcn.nutrition.org/content/91/5/1255.full.pdf.

Fabri M, Stenger S, Shin DM, Yuk JM, Liu PT, Realegeno S, et al. Vitamin D is required for IFN-
gamma-mediated antimicrobial activity of human macrophages. Sci Trans| Med. 2011; 3(104):104ra2.
doi: 10.1126/scitransImed.3003045 PMID: 21998409; PubMed Central PMCID: PMCPMC3269210.

Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant WB, Madronich S, et al. Epidemic influenza and vita-
min D. Epidemiology & Infection. 2006; 134(6):1129—-40. PMID: 16959053; PubMed Central PMCID:
PMCPMC2870528.

Lehouck A, Mathieu C, Carremans C, Baeke F, Verhaegen J, Van Eldere J, et al. High doses of vitamin
D to reduce exacerbations in chronic obstructive pulmonary disease: a randomized trial. Annals of inter-
nal medicine. 2012; 156(2):105—-14. doi: 10.7326/0003-4819-156-2-201201170-00004 PMID:
22250141.

Martineau AR, Hanifa Y, Witt KD, Barnes NC, Hooper RL, Patel M, et al. Double-blind randomised con-
trolled trial of vitamin D3 supplementation for the prevention of acute respiratory infection in older adults
and their carers (ViDiFlu). Thorax. 2015. doi: 10.1136/thoraxjnl-2015-206996 PMID: 26063508.

Roth DE, Jones AB, Prosser C, Robinson JL, Vohra S. Vitamin D receptor polymorphisms and the risk
of acute lower respiratory tract infection in early childhood. The Journal of infectious diseases. 2008;
197(5):676-80. doi: 10.1086/527488 PMID: 18266602.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, et al. Evaluation,
treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. The
Journal of clinical endocrinology and metabolism. 2011; 96(7):1911-30. doi: 10.1210/jc.2011-0385
PMID: 21646368.

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016 16/17


http://dx.doi.org/10.1186/1471-2334-14-273
http://www.ncbi.nlm.nih.gov/pubmed/24885201
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/390/CN-00751390/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/390/CN-00751390/frame.html
http://jid.oxfordjournals.org/content/202/5/809.full.pdf
http://jid.oxfordjournals.org/content/202/5/809.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19296870
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/672/CN-00832672/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/672/CN-00832672/frame.html
http://jama.jamanetwork.com/data/Journals/JAMA/24997/joc120088_1333_1339.pdf
http://dx.doi.org/10.1093/cid/cit549
http://dx.doi.org/10.1093/cid/cit549
http://www.ncbi.nlm.nih.gov/pubmed/24014734
http://dx.doi.org/10.1039/c4fo00371c
http://www.ncbi.nlm.nih.gov/pubmed/25088394
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/163/CN-00814163/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/163/CN-00814163/frame.html
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(11)61650-4.pdf
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(11)61650-4.pdf
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/086/CN-00968086/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/086/CN-00968086/frame.html
http://pediatrics.aappublications.org/content/130/3/e561.full.pdf
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/988/CN-00752988/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/988/CN-00752988/frame.html
http://ajcn.nutrition.org/content/91/5/1255.full.pdf
http://dx.doi.org/10.1126/scitranslmed.3003045
http://www.ncbi.nlm.nih.gov/pubmed/21998409
http://www.ncbi.nlm.nih.gov/pubmed/16959053
http://dx.doi.org/10.7326/0003-4819-156-2-201201170-00004
http://www.ncbi.nlm.nih.gov/pubmed/22250141
http://dx.doi.org/10.1136/thoraxjnl-2015-206996
http://www.ncbi.nlm.nih.gov/pubmed/26063508
http://dx.doi.org/10.1086/527488
http://www.ncbi.nlm.nih.gov/pubmed/18266602
http://dx.doi.org/10.1210/jc.2011-0385
http://www.ncbi.nlm.nih.gov/pubmed/21646368

o0
@ : PLOS ‘ ONE Vitamin D Supplementation and Respiratory Infections

52. Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, Feldman S, et al. 2010 clinical practice
guidelines for the diagnosis and management of osteoporosis in Canada: summary. CMAJ. 2010; 182
(17):1864-73. doi: 10.1503/cmaj. 100771 PMID: 20940232; PubMed Central PMCID:
PMCPMC2988535.

PLOS ONE | DOI:10.1371/journal.pone.0162996 September 15, 2016 17/17


http://dx.doi.org/10.1503/cmaj.100771
http://www.ncbi.nlm.nih.gov/pubmed/20940232

