
Dear Dr Godlee  

 

Re: "Vitamin D supplementation to prevent acute respiratory infections: systematic review and meta-analysis of individual 

participant data" (BMJ.2016.034434)  
 

Thank you for inviting a revised version of the above manuscript. In response to comments received:  

 

1. Comments from Reviewer 1  

 

Comment 1: ‘The authors conducted a meta-analysis of 25 RCT’s, utilising individual patient data and pre-specified 

subgroup analyses to determine if vitamin D supplementation prevents acute respiratory infection (ARI) and identify any 

factors which could modify this effect. They conclude that vitamin D supplementation reduces the risk of ARI and this 

effect is limited to individuals with severe vitamin D deficiency and those taking daily or weekly but not bolus vitamin D 

treatment. This is a well conceptualised and conducted study using individual patient data and provides some explanation 
regarding the heterogeneity of effect of vitamin D and ARI. The data are novel and expand on a previous meta-analysis 

published 3 years ago.’  

 

RESPONSE: We appreciate these positive comments.  

 

Comment 2: Table 2 indicates that this effect is predominantly seen in those aged 1.1-15.9 years (P<0.001), with normal 

BMI (P=0.02) and without co-existing asthma (P=0.04) and yet these findings are not mentioned in the results or 

discussion sections.  

 
RESPONSE: In order to reduce the risk of Type I error in the analysis, we only interpreted sub-group effects as being 

significant where the P value for the treatment-covariate interaction term was <0.05. P values for treatment-covariate 

interaction terms for age, BMI and presence/absence of asthma in the one-step IPDMA were all >0.05. Methods have been 

revised to make this explicit:  

 

‘In order to minimise the chance of type 1 error arising from multiple analyses, significance was only inferred where P 

values for treatment-covariate interaction terms were <0.05.’  

 

Comment 3: The proposed mechanism by which vitamin D prevents ARI is only mentioned once, very briefly, in the 

introduction. Could the authors provide more information regarding the proposed mechanism of action of vitamin D and 
why this may be modulated by age, how vitamin D is administered etc?  

 

RESPONSE: The introduction has been revised as follows to provide more information regarding the proposed mechanism 

of action and potential effect-modifiers:  

 

Regarding proposed mechanism of action:  

 

‘The observation that 25(OH)D supports induction of antimicrobial peptides in response to both viral and bacterial stimuli1-

3 suggests a potential mechanism by which vitamin D-inducible protection may be mediated. Vitamin D metabolites have 
also been reported to induce other innate antimicrobial effector mechanisms including induction of autophagy and 

synthesis of reactive nitrogen intermediates and reactive oxygen intermediates.4’  

 

Regarding potential effect-modifiers:  

 

‘This heterogeneity may have arisen as a result of inter-trial variation in participant characteristics and in dosing regimens, 

either of which may modify the effects of vitamin D supplementation on immunity to respiratory pathogens.5 With respect 

to individual characteristics, people with lower baseline vitamin D status have been reported to derive greater clinical 

benefit from supplementation than those with higher baseline status,6, 7 and participant characteristics such as age and 

body mass index have been reported to modify the 25(OH)D response to vitamin D supplementation.8, 9 Administration of 
large boluses of vitamin D has been associated with reduced efficacy for non-classical effects, 10 and in some cases, 

increased risk of adverse outcomes.11  

 

Comment 4: Why should daily or weekly be effective but bolus treatment be ineffective? The authors should at least 

propose a theory to explain these findings.  

 

RESPONSE: We have revised the Discussion to include a theory that may explain these findings:  

 

‘Why might administration of bolus dose vitamin D be ineffective for prevention of ARI? One explanation relates to 
potentially adverse effects of wide fluctuations in circulating 25(OH)D concentrations, which are seen following 

administration of bolus doses but not with daily or weekly supplementation. Vieth has proposed that high circulating 

25(OH)D concentrations following bolus dosing may chronically dysregulate activity of enzymes responsible for synthesis 

and degradation of the active vitamin D metabolite 1,25-dihydroxyvitamin D, resulting in the decreased concentrations of 

this metabolite in extra-renal tissues.12 Such an effect could attenuate the ability of 25(OH)D to support protective 

immune responses to respiratory pathogens.’  

 

Comment 5: Please clarify if all authors fulfilled eligibility for authorship? It appears 4 authors were principally involved in 

this study.  

 
RESPONSE: We confirm that all authors fulfilled ICMJE authorship criteria. The text of the ‘Author Contributions’ section 

has been revised to clarify this issue.  

 

Comments from Reviewer 2  

 

Comment 1: This study is a report of individual participant data (IPD) on vitamin D supplementation and acute respiratory 

infections. The authors did a commendable job of acquiring all of the published data on this topic, which included 25 RCTs 

and 11,321 participants. The analyses were appropriately conducted. They found a lower risk of acute respiratory 

infections, which was especially noted in those with deficient vitamin D at baseline. The IPD analysis allowed the ability to 



examine sub-groups. Interestingly, benefit was seen only in those receiving week or daily vitamin D but not in those 

receiving bolus doses. In general, although this study does not fully answer all of the questions on this topic, it is a 

landmark study and the strongest evidence that vitamin D has non-skeletal functions. This analysis essentially puts at rest 

the question of whether vitamin D serves any function beyond skeletal effects.  
 

RESPONSE: We appreciate these positive comments.  

 

Comment 2: This study is the best feasible study that could be done given the limitations of available data. It does answer 

the general question of whether vitamin D has any role in control of acute respiratory infections, yet many details remain. 

The dose-response appears to be that individuals should avoid very deficient levels. Most of the benefit is in avoiding gross 

deficiency but further benefits at higher levels are still possible. Large bolus doses should be avoided. Though this was a 

Herculean effort compiling data from 25 individual studies, besides answering the general question, many details remain to 

be resolved. The studies differed in (1) whether given daily/weekly or bolus, (2) doses, (3) wide age-groups, from infants 

to elderly, (4) comorbidities (esp asthma, COPD). Some studies included special groups, such as children with recurrent 
otitis media. The endpoints were also assessed in various ways and the proportion of specific respiratory infections likely 

differed by study population.  

 

RESPONSE: We acknowledge that there was considerable heterogeneity in included studies. One positive consequence of 

heterogeneity in study population characteristics and dosing regimens is that this has allowed us to explore the effects of 

potential effect modifiers. In response to the comment on endpoints, we have modified the Discussion as follows:  

 

‘We caution that study definitions of ARI were diverse, and virological, microbiological and/or radiological confirmation was 

obtained for a minority of events. ARI is often a clinical diagnosis in practice, however, and since all studies were double-
blind and placebo-controlled, differences in incidence of events between study arms cannot be attributed to observation 

bias.’  

 

Comment 3: The various sub-groups in table 2 might have some confounding by features of study design. For example, 

let’s assume that the baseline 25(OH)D level and dosing regimen results are valid, i.e. most of the benefit will be in 

populations deficient at baseline and given daily/weekly dose. Could this explain some of the other sub-group analyses? 

For example, children ages 1.1-15.9 appeared to benefit more than other groups. Could this be (at least in part) because 

they were the most deficient and more likely not to receive bolus doses? Also, it appears that the dose-response shows a 

tendency for more benefit at lower disease <800 compared to >2000, but could this be due to higher doses corresponding 

more to bolus doses? To address this issue, it might be interesting to include another supplementary sub-group table (like 
table 2) stratifying bolus vs weekly/daily dose. Of course, caution would be required in interpretation, but this table would 

give us a potentially cleaner look at the sub-group analyses under the assumption that bolus doses are not effective.  

 

RESPONSE: This comment prompted us to conduct further statistical analyses as follows:  

 

1. We constructed dot-plots to compare mean baseline 25(OH)D concentration and mean age of participants between 

bolus vs. daily/weekly studies: these revealed a trend towards lower mean baseline serum 25(OH)D concentration and 

higher mean age for studies employing bolus vs. daily/weekly dosing (new figures S2 and S3).  

 
2. In order to investigate whether dosing regimen, baseline 25(OH)D concentration and age were independent effect-

modifiers, we repeated the one-step logistic regression including treatment-covariate interaction terms for all three 

factors: interaction terms for dosing regimen and baseline 25(OH)D remained significant in the model, consistent with the 

hypothesis that they acted as independent effect-modifiers. The interaction term for allocation*age was not significant in 

the model, indicating that age was not an independent effect-modifier.  

 

3. As suggested, we constructed a sub-group table like table 2 but stratifying the analysis by bolus vs. weekly/daily dosing 

in order to look at the sub-group analyses under the assumption that bolus doses are not effective. Among participants 

receiving daily/weekly dosing, the protective effect of vitamin D supplementation in those with baseline 25(OH)D <25 

nmol/L was even stronger than in the non-stratified analysis (aOR 0.30, 95% CI 0.17 to 0.53 vs. aOR 0.62, 95% CI 0.45 
to 0.83, respectively). Moreover, a protective effect of vitamin D was also seen among participants with baseline 25(OH)D 

≥25 nmol/L when studies that employed bolus-dosing were excluded (aOR 0.75, 95% CI 0.60 to 0.95). The P value for the 

treatment-covariate interaction was 0.006, indicating that protective effects of daily/weekly vitamin D supplementation 

were significantly stronger among those with baseline 25(OH)D <25 nmol/L vs. ≥25 nmol/L. P values for interaction were 

>0.05 for all other sub-groups investigated in the stratified analysis. Of note, bolus dosing did not exert a protective effect 

against acute respiratory infection even when given to individuals with baseline 25(OH)D <25 nmol/L.  

 

As the reviewer states, caution is required in interpretation of the above findings, given the increased potential for residual 

confounding to operate when within-sub-group results are driven by results of a smaller number of studies. We have 
highlighted this point by adding the following text to the Discussion:  

 

‘Although the results are consistent with the hypothesis that baseline vitamin D status and dosing regimen independently 

modify effects of vitamin D supplementation, we cannot exclude the possible influence of other effect-modifiers linked to 

these two factors. The risk of residual confounding by other effect-modifiers is increased for analyses where relatively few 

trials are represented within a sub-group, e.g. where sub-group analyses were stratified by dosing regimen. We therefore 

suggest caution when interpreting the results in Table 3.’  

 

Comment 4: The apparent lack of effect in those with asthma (table 2) was curious given recent findings on vitamin d and 

asthma exacerbations, which are presumably largely due to upper respiratory infections: Cochrane Database Syst Rev. 
2016 Sep 5; [Epub ahead of print] Vitamin D for the management of asthma. Martineau AR et al)  

 

RESPONSE: This result may have arisen because many trials in patients with asthma utilised bolus dosing. The new table 

stratifying results of sub-group analyses by dosing frequency reveals a protective effect of daily/weekly vitamin D 

supplementation against ARI that is seen in people both with asthma (aOR 0.60, 95% CI 0.37 to 0.98) and in those 

without asthma (aOR 0.74, 95% CI 0.58 to 0.95).  

 

Comment 5: Could the authors give some consideration or mention on issues such as compliance, which would affect the 

results under the intent-to-treat analysis? Are these important here, or not?  



 

RESPONSE: Information on compliance was not consistently available for all trials; this precluded an analysis excluding 

non-adherent participants. The Discussion has been revised to include the following passage:  

 
‘A third potential limitation relates to the fact that data relating to adherence to study medication were not available for all 

subjects. However, inclusion of non-adherent participants would bias results of our intention-to-treat analysis towards the 

null: thus, we conclude that effects of vitamin D in those who are fully adherent to supplementation will be no less than 

those reported for the study population overall.’  

 

Comment 6: A curious finding for table s3 is that in the placebo group, the proportion with >= 1 ARI went up with 

increasing baseline vitamin D status. Perhaps this might just be an artefact of study populations, e.g. those with higher 

baseline 25(OH)D status were studies with longer follow-ups, or higher risk people in general.  

 

RESPONSE: Like the reviewer, we attribute this finding to artefacts relating to characteristics of study populations.  
 

3. Comments from the Manuscript Committee  

 

Comment 1: ‘Certainly an IPD meta-analysis is actually the most efficient way of gaining information from a systematic 

review so that is a bonus point. We had a number of queries about the way you’ve gone about the analyses. You seem to 

have adjusted for age, sex, study duration only. We wondered whether from a critical point of view whether you should 

consider adjusting for other potential things as well. We know these are RCTs and should be reasonably balanced but 

wonder whether other things should be adjusted for.’  

 
RESPONSE: We were not able to adjust for variables other than age, sex and study duration because these were the only 

covariates which were available for all participants; if we had adjusted for other covariates, we would have had to exclude 

participants from statistical analyses. We have revised Methods to make this explicit:  

 

‘We performed both one-step and two-step IPD meta-analysis using a random effects model adjusted for age, sex and 

study duration to obtain the pooled intervention effect with a 95% confidence interval. We did not adjust for other 

covariates because missing values for some participants would have led to their exclusion from statistical analyses.’  

 

In order to address the issue of balance, we have constructed a new table of baseline characteristics by arm (Table S1): 

this demonstrates that participants in intervention vs. control arms had very similar characteristics with respect to known 
potential confounders. It may be inferred that the randomisation is likely to have distributed unknown confounders evenly 

between arms as well.  

 

Comment 2: ‘Secondly you have looked at factors by simplistic subgroup analysis. When you look at table 2 some of these 

factors seem perhaps interrelated and is this due to the study itself, the cohort in which the study has been carried out? 

The number of trials varies a lot when you look at the different subgroups. So can interaction between these factors be 

looked at, especially since you have the IPD. You have done things fine but could do more.’  

 

RESPONSE: This comment was also raised in comment 3 from reviewer 2 – please see our response above. We hope that 
this will satisfy the Committee with regards to potential interactions between effect modifiers.  

 

Comment 3: ‘Many people are sceptical about Vitamin D studies but this has IPD which is good. Being an IPD made us 

think what the limitations are of IPDs and where might bias lurk? There are a couple of areas we think. One is in the 

constituent studies that go into it. At the end of the day it’s only as good as the studies that have gone in. You did do an 

analysis about publication bias. This made us think about how if you take a variable you think has some relationship with 

the likelihood of having a respiratory infection and how can that be unbalanced in the RCT. We suppose when you combine 

the patients you have a degree of pseudo-randomization there. But ultimately it just made us think that unless you have 

checked to see whether there is balance between specific covariates then anything you do is an assumption that there is 

balance.’  
 

RESPONSE: This comment prompted us to construct a table displaying baseline characteristics of study participants by arm 

(supplementary Table S1): this confirms that covariates were balanced between the two groups at baseline.  

 

Comment 4: ‘What are 1 and 2 step meta-analysis? Do you mean adjusted and unadjusted? I must say I’m used to in 

RCTs not seeing adjustment for covariates. Perhaps you should describe why you have adjusted for the covariates you 

have chosen. It’s either don’t adjust or adjust for everything sensible and you seem to have just picked 1 or 2.  

 

RESPONSE: The terms 1-step and 2-step meta-analysis are not related to the concept of adjustment; rather, they refer to 
two different analytic approaches that may be employed in IPD meta-analysis. We have amended the text of the Methods 

section to make this explicit:  

 

‘In the one-step approach, individual participant data from all studies were modelled simultaneously while accounting for 

the clustering of participants within studies. In the two step approach, individual participant data were first analysed for 

each separate study independently to produce an estimate of the treatment effect for that study; these data were then 

synthesised in a second step.13’  

 

Adjustment for covariates in analysis of RCTs is not unusual.14 We employed adjustment to optimise precision for 

estimates of the size of effect of vitamin D supplementation on outcomes of interest. As detailed in our response to 
Comment 1, we were not able to adjust for variables other than age, sex and study duration because these were the only 

covariates which were available for all participants; if we had adjusted for other covariates, we would have had to exclude 

individual participants from statistical analyses.  

 

Comment 5: ‘That funnel plot doesn’t look symmetrical. Seems some small trials with big effects showing Vit D worse 

aren’t there and should be. Could you speculate about effects that would result if those were found and included?’  

 

RESPONSE: We have revised the text of Results to accommodate the Committee’s view that there is a degree of 

asymmetry in the funnel plot, and have amended the discussion to include speculation as requested:  



 

‘One explanation for the degree of asymmetry seen in the funnel plot is that some small trials showing adverse effects of 

vitamin D may have escaped our attention. With regard to the potential for missing data, we made strenuous efforts to 

identify published and (at the time) unpublished data, as illustrated by the fact that our meta-analysis includes data from 
25 studies – 10 more than the largest aggregate data meta-analysis in the field. 15 However, if one or two small trials 

showing large adverse effects of vitamin D were to emerge, we do not anticipate that they would greatly alter results of 

one-step IPD meta-analysis, since any negative signal from a modest number of additional participants would likely be 

diluted by the robust protective signal generated from analysis of data from nearly 11,000 participants.’  

 

 

Comment 6: ‘Perhaps this is a new indication for Vitamin D. You don’t acknowledge all the systematic reviews out there. 

Just the one in PLOS One but there are a number of others out there. Please put your research in context.’  

 

RESPONSE: This comment prompted us to repeat a literature search for systematic reviews and meta-analyses of RCTs of 
vitamin D to prevent acute respiratory infection. We identified a total of 5 such studies, and have amended ‘Research in 

Context’ and the Introduction to include mention of them all:  

 

Research in Context:  

 

‘A total of five aggregate data meta-analyses incorporating data from up to 15 such studies have been conducted to date, 

of which 2 report protective effects and 3 report no such effect. All but one of these aggregate data meta-analyses 

reported significant heterogeneity of effect between trials.’  

 
Introduction:  

 

‘A total of five aggregate data meta-analyses incorporating data from up to 15 primary trials have been conducted to date, 

of which two report statistically significant protective effects 10, 16 and three report no statistically significant effects.15, 

17, 18 All but one of these aggregate data meta-analyses17 reported significant heterogeneity of effect between primary 

trials.’  

 

Additional changes:  

 

1. Since our original submission, the study by Ginde et al has been accepted for publication in the Journal of the American 
Geriatrics Society; the reference list has been updated accordingly.  

 

2. We have also added a citation to our recently-published Cochrane review that found a protective effect of vitamin D 

supplementation against severe asthma exacerbations.19 These events are commonly precipitated by viral upper 

respiratory infections, and this lends weight to the results of the current meta-analysis.  

 

3. When performing analyses for this revision, we identified a small amount of inaccurate information in the database 

pertaining to baseline vitamin D status in one trial.20 Excision of this erroneous data had a minor effect on results of sub-

group analyses relating to baseline vitamin D status – specifically the adjusted odds ratio (aOR) for the protective effect of 
vitamin D in participants with baseline 25(OH)D <25 nmol/L was recalculated as being 0.58 (95% CI 0.40 to 0.82), as 

compared with aOR 0.62 (95% CI 0.45 to 0.83) reported previously.  

 

Finally – and without wishing to be presumptuous – we highlight that our findings are scheduled for oral presentation at 

the British Thoracic Society Winter Meeting in London (7th – 9th December). If the BMJ is minded to publish our article, 

might there be scope to co-ordinate its release with this conference?  

 

We hope that the responses and revisions above meet with the Manuscript Committee’s approval, and look forward to your 

assessment in due course.  

 
Yours sincerely,  

 

 

 

Adrian R Martineau, on behalf of all authors.  
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