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is More Effective than
Flu Vaccine, Study Says
Story at-a-glance


Mounting research suggests vitamin D deficiency may actually be a major cause of influenza. People with the
lowest vitamin D levels report having significantly more colds or cases of the flu



Scientific review confirms vitamin D optimization boosts immunity and cuts rates of cold and flu. Among people
vitamin D blood levels below 10 ng/mL, taking a supplement cut risk of respiratory infection by 50 percent



To prevent influenza in one person, 40 people must receive the flu vaccine whereas one case of the flu can be
prevented for every 33 people taking vitamin D. If you’re severely vitamin D deficient, vitamin D
supplementation is 10 times more effective than the flu vaccine

By Dr. Mercola
Conventional health authorities claim getting a flu shot each year is
the best way to ward off influenza. But where's the actual science
backing up that claim?
If you've repeatedly fallen for this annual propaganda campaign, you
may be surprised to find the medical literature suggests vitamin D
may actually be a FAR more effective strategy, and the evidence for
this goes back at least a decade.
Dr. John Cannell, founder of the Vitamin D Council, was one of the
first to introduce the idea that vitamin D deficiency may actually be
an underlying CAUSE of influenza.
His hypothesis1 was initially published in the journal Epidemiology and Infection in 2006. 2 It was subsequently followed
up with another study published in the Virology Journal in 2008.
The following year, the largest nationally representative study of its kind to date discovered that people with the lowest
vitamin D levels indeed reported having significantly more colds or cases of the flu. In conclusion, lead author Dr. Adit
Ginde stated:
"The findings of our study support an important role for vitamin D in prevention of common respiratory
infections, such as colds and the flu. Individuals with common lung diseases, such as asthma or emphysema, may
be particularly susceptible to respiratory infections from vitamin D deficiency."

Vitamin D Works Better Than Flu Vaccine If your Levels Are Low
Since then, a number of studies have come to similar conclusions. Most recently, a scientific review of 25 randomized
controlled trials confirmed that vitamin D supplementation boosts immunity and cuts rates of cold and flu.
Overall, the studies included nearly 11,000 individuals from more than a dozen
countries. As reported by Time Magazine:
"… [P]eople who took daily or weekly vitamin D supplements were less
likely to report acute respiratory infections, like influenza or the
common cold, than those who did not …
For people with the most significant vitamin D deficiencies (blood levels
below 10 [ng/mL]), taking a supplement cut their risk of respiratory
infection in half.
People with higher vitamin D levels also saw a small reduction in risk:
about 10 percent, which is about equal to the protective effect of the
injectable flu vaccine, the researchers say."
Like Cannell before them, the researchers believe vitamin D offers protection by increasing antimicrobial peptides in
your lungs, and that "[t]his may be one reason why colds and flus are most common in the winter, when sunlight
exposure (and therefore the body's natural vitamin D production) is at its lowest …"
According to this international research team, vitamin D supplementation could prevent more than 3.25 million cases of
cold and flu each year in the U.K. alone. Another statistic showing vitamin D is a more effective strategy than flu vaccine
is the "number needed to treat" (NNT).
Overall, one person would be spared from influenza for every 33 people taking a vitamin D supplement (NNT = 33),
whereas 40 people have to receive the flu vaccine in order to prevent one case of the flu (NNT = 40).
Among those with severe vitamin D deficiency at baseline, the NNT was 4. In other words, if you're vitamin D deficient to
begin with, vitamin D supplementation is 10 times more effective than the flu vaccine.

Optimizing Vitamin D May Be Your Best Defense against Influenza
In my view, optimizing your vitamin D levels is one of the absolute best flu-prevention and optimal health strategies
available. Your diet also plays a significant role of course, as it lays the foundation for good immune function.
A high-sugar diet is a sure-fire way to diminish your body's innate ability to fight off infections of all kinds by radically
impairing the functioning of your immune system.
However, I do not agree that fortifying more processed foods with vitamin D is the best solution, although I realize it
could potentially have a more widespread impact among people who remain unaware of the beneficial health effects of
sunlight in general.
I believe sensible sun exposure is the ideal way to optimize your vitamin D. Taking a vitamin D3 supplement is only
recommended in cases when you simply cannot obtain sufficient amounts of sensible sun exposure.
It's also important to point out that, contrary to what's reported by most mainstream media, including NPR report
above, most people cannot optimize their vitamin D levels by getting the recommended 600 IUs of vitamin D from
fortified foods. The dose you need really depends on your current blood level of vitamin D.

If it's very low, you may need 8,000 to 10,000 IUs of vitamin D3 per day in order to reach and maintain a clinically
relevant level of 45 to 60 nanograms per milliliter (ng/mL). The only way to know how much you need is to get tested at
least once or twice each year.
If you've been supplementing for some time and your levels are still below 45 ng/mL, you then know you have to
increase your dose further. If using an oral supplement, also make sure to boost your vitamin K2 and magnesium intake,
as these nutrients help optimize vitamin D levels.

Other Studies Supporting Link between Vitamin D Deficiency and Influenza
In a study published in 2010, researchers investigated the effect of
vitamin D on the incidence of seasonal influenza A in schoolchildren.
The randomized, double blind, placebo-controlled study included 430
children, half of which were given 1,200 IUs of vitamin D3 per day
while the other half received a placebo.
Overall, children in the treatment group were 42 percent less likely to
come down with the flu. According to the authors: "This study suggests
that vitamin D3 supplementation during the winter may reduce the
incidence of influenza A, especially in specific subgroups of
schoolchildren."
Another study published that same year concluded that infectionfighting T-cells need help from vitamin D in order to activate. This is yet another mechanism that helps explain why
vitamin D is so effective against infections.
When a T cell recognizes foreign invaders like bacteria or viruses, it sends activating signals to the vitamin D receptor
(VDR) gene.
The VDR gene then starts producing a protein that binds vitamin D in the T cell. A downstream effect of this is PLCgamma1 protein production, which subsequently enables the T cell to fight the infection. At the time, lead researcher
Carsten Geisler told Food Consumer:
"When a T cell is exposed to a foreign pathogen, it extends a signaling device or "antenna" known as a vitamin D
receptor, with which it searches for vitamin D. This means the T cell must have vitamin D or activation of the cell
will cease. If the T cells cannot find enough vitamin D in the blood, they won't even begin to mobilize."
With that understanding, it's no wonder flu shots don't work. Flu vaccines do absolutely nothing to address the
underlying problem of vitamin D deficiency, which is effectively hindering your immune system from working properly.
In fact, flu vaccines tend to deteriorate your immune function, and their side effects can be significant.

'Gold Standard' Studies Ignored by Mainstream Media
The gold standard of scientific analysis, the so-called Cochrane Database Review, has also issued several reports
between 2006 and 2012, all of which decimate the claim that flu vaccinations are the most effective prevention method
available. In 2010, Cochrane published the following bombshell conclusion, which was completely ignored by
mainstream media:
"Influenza vaccines have a modest effect in reducing influenza symptoms and working days lost. There is no
evidence that they affect complications, such as pneumonia, or transmission. WARNING: This review includes 15
out of 36 trials funded by industry (four had no funding declaration).

An earlier systematic review of 274 influenza vaccine studies published up to 2007 found industry funded studies
were published in more prestigious journals and cited more than other studies independently from
methodological quality and size. Studies funded from public sources were significantly less likely to report
conclusions favorable to the vaccines …"
So, despite the fact that 15 of the 36 studies included were biased by industry interests, they still couldn't come up with
evidence supporting the conventional claim that flu vaccines are the best and most effective prevention available
against influenza!

Scientific Reviews Show Vaccinating Children and Elderly Is Ineffective
Cochrane has issued several reports addressing the effectiveness of flu vaccines on infants and the elderly — two groups
that tend to be the most targeted by flu vaccine advertising — and all have had negative findings. For children:
1. A large-scale, systematic review of 51 studies, published in the Cochrane Database of Systematic Reviews in
2006, found no evidence that the flu vaccine is any more effective than a placebo in children under two. The
studies involved 260,000 children, age 6 to 23 months.
2. In 2008, another Cochrane review again concluded that "little evidence is available" that the flu vaccine is
effective for children under the age of two. Even more disturbingly, the authors stated that:
"It was surprising to find only one study of inactivated vaccine in children under two years, given current
recommendations to vaccinate healthy children from six months old in the USA and Canada. If
immunization in children is to be recommended as a public health policy, large-scale studies assessing
important outcomes and directly comparing vaccine types are urgently required."
3. In a 2012 review, Cochrane concluded that "in children aged from two years,
nasal spray vaccines made from weakened influenza viruses were better at
preventing illness caused by the influenza virus than injected vaccines made from
the killed virus. Neither type was particularly good at preventing "flu-like illness"
caused by other types of viruses. In children under the age of two, the efficacy of
inactivated vaccine was similar to placebo." The available evidence with regards to
protecting the elderly is equally abysmal.
4. In 2010, Cochrane concluded that: "The available evidence is of poor quality and provides no guidance
regarding the safety, efficacy or effectiveness of influenza vaccines for people aged 65 years or older."
5. Cochrane also reviewed whether or not vaccinating health care workers can help protect the elderly patients
with whom they work. In conclusion, the authors stated that: "[T]here is no evidence that vaccinating health
care workers prevents influenza in elderly residents in long-term care facilities."

Annual Flu Vaccinations May Raise Risk of More Serious Infections
Other recent studies have shown that with each successive annual flu vaccination, the protection afforded by the
vaccine appears to diminish. Research published in 2014 concluded that vaccine-induced protection against influenza
was greatest among those who had NOT received a flu shot in the previous five years. The flu vaccine may also increase
your risk of contracting other, more serious influenza infections.


Data shows people who received the seasonal flu vaccine in 2008 had twice the risk of getting the H1N1 "swine
flu" compared to those who didn't receive a flu shot.



Compared to children who do not get an annual flu vaccine, those who receive influenza vaccinations have a
three times higher risk of hospitalization due to influenza.

Research also shows that statin drugs — taken by 1 in 4 Americans over the age of 45 — may undermine your immune
system's ability to respond to the flu vaccine. When you consider the low efficacy rate of the flu vaccine in any given
year, getting vaccinated if you're on a statin may well be a moot point.
Independent science reviews have also concluded that influenza vaccine does not appear to prevent influenza-like illness
associated with other types of viruses responsible for about 80 percent of all respiratory or gastrointestinal infections
during any given flu season.
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Abstract
Objectives To assess the overall effect of vitamin D supplementation on risk of acute respiratory tract infection, and to
identify factors modifying this effect.
Design Systematic review and meta-analysis of individual participant data (IPD) from randomised controlled trials.
Data sources Medline, Embase, the Cochrane Central Register of Controlled Trials, Web of Science, ClinicalTrials.gov,
and the International Standard Randomised Controlled Trials Number registry from inception to December 2015.
Eligibility criteria for study selection Randomised, double blind, placebo controlled trials of supplementation with
vitamin D3 or vitamin D2 of any duration were eligible for inclusion if they had been approved by a research ethics
committee and if data on incidence of acute respiratory tract infection were collected prospectively and prespecified as
an efficacy outcome.
Results 25 eligible randomised controlled trials (total 11 321 participants, aged 0 to 95 years) were identified. IPD were
obtained for 10 933 (96.6%) participants. Vitamin D supplementation reduced the risk of acute respiratory tract infection
among all participants (adjusted odds ratio 0.88, 95% confidence interval 0.81 to 0.96; P for heterogeneity <0.001). In
subgroup analysis, protective effects were seen in those receiving daily or weekly vitamin D without additional bolus
doses (adjusted odds ratio 0.81, 0.72 to 0.91) but not in those receiving one or more bolus doses (adjusted odds ratio
0.97, 0.86 to 1.10; P for interaction=0.05). Among those receiving daily or weekly vitamin D, protective effects were
stronger in those with baseline 25-hydroxyvitamin D levels <25 nmol/L (adjusted odds ratio 0.30, 0.17 to 0.53) than in
those with baseline 25-hydroxyvitamin D levels ≥25 nmol/L (adjusted odds ratio 0.75, 0.60 to 0.95; P for
interaction=0.006). Vitamin D did not influence the proportion of participants experiencing at least one serious adverse
event (adjusted odds ratio 0.98, 0.80 to 1.20, P=0.83). The body of evidence contributing to these analyses was assessed
as being of high quality.
Conclusions Vitamin D supplementation was safe and it protected against acute respiratory tract infection overall.
Patients who were very vitamin D deficient and those not receiving bolus doses experienced the most benefit.
Systematic review registration PROSPERO CRD42014013953.

Introduction
Acute respiratory tract infections are a major cause of global morbidity and mortality and are responsible for 10% of
ambulatory and emergency department visits in the USA1 and an estimated 2.65 million deaths worldwide in
2013.2 Observational studies report consistent independent associations between low serum concentrations of 25hydroxyvitamin D (the major circulating vitamin D metabolite) and susceptibility to acute respiratory tract
infection.34 25-hydroxyvitamin D supports induction of antimicrobial peptides in response to both viral and bacterial
stimuli,567 suggesting a potential mechanism by which vitamin D inducible protection against respiratory pathogens
might 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.8 These epidemiological and in vitro data have prompted numerous randomised controlled trials to
determine whether vitamin D supplementation can decrease the risk of acute respiratory tract infection. 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 effects910 and three report no statistically significant effects.111213 All but
one of these aggregate data meta-analyses11 reported statistically significant heterogeneity of effect between primary
trials.
This heterogeneity might have arisen as a result of variation in participant characteristics and dosing regimens between
trials, either of which may modify the effects of vitamin D supplementation on immunity to respiratory
pathogens.14 People with chronic obstructive pulmonary disease who have lower baseline vitamin D status have been
reported to derive greater clinical benefit from supplementation than those with higher baseline status,1516and
participant characteristics such as age and body mass index have been reported to modify the 25-hydroxyvitamin D
response to vitamin D supplementation.1718 Treatment with large boluses of vitamin D has been associated with
reduced efficacy for non-classic effects,9 and in some cases an increased risk of adverse outcomes.19 While study level
factors are amenable to exploration through aggregate data meta-analysis of published data, potential effect modifiers
operating at an individual level, such as baseline vitamin D status, can only be explored using individual participant data
(IPD) meta-analysis. This is because subgroups are not consistently disaggregated in trial reports, and adjustments for
potential confounders cannot be applied similarly across trials.20To identify factors that might explain the observed
heterogeneity of results from randomised controlled trials, we undertook an IPD meta-analysis based on all 25
randomised controlled trials of vitamin D supplementation for prevention of acute respiratory tract infection that were
completed up to the end of December 2015.
Methods
Protocol and registration
The methods were prespecified in a protocol that was registered with the PROSPERO International Prospective Register
of Systematic Reviews (www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014013953). Approval by a
research ethics committee to conduct this meta-analysis was not required in the UK; local ethical permission to
contribute deidentified IPD from primary trials was required and obtained for studies by Camargo et al21 (the ethics
review committee of the Mongolian Ministry of Health), Murdoch et al22 (Southern Health and Disability Ethics
Committee, reference URB/09/10/050/AM02), Rees et al23 (Committee for the Protection of Human Subjects,

Dartmouth College, USA; protocol No 24381), Tachimoto et al24 (ethics committee of the Jikei University School of
Medicine, reference 26-333: 7839), Tran et al25 (QIMR Berghofer Medical Research Institute human research ethics
committee, P1570), and Urashima et al2627 (ethics committee of the Jikei University School of Medicine, reference 26333: 7839).
Patient and public involvement
Two patient and public involvement representatives were involved in development of the research questions and the
choice of outcome measures specified in the study protocol. They were not involved in patient recruitment, since this is
a meta-analysis of completed studies. Data relating to the burden of the intervention on participants’ quality of life and
health were not meta-analysed. Where possible, results of this systematic review and meta-analysis will be disseminated
to individual participants through the principal investigators of each trial.
Eligibility criteria
Randomised, double blind, placebo controlled trials of supplementation with vitamin D3 or vitamin D2 of any duration
were eligible for inclusion if they had been approved by a research ethics committee and if data on incidence of acute
respiratory tract infection were collected prospectively and prespecified as an efficacy outcome. The last requirement
was imposed to minimise misclassification bias (prospectively designed instruments to capture acute respiratory tract
infection events were deemed more likely to be sensitive and specific for this outcome). We excluded studies reporting
results of long term follow-up of primary randomised controlled trials.
Study identification and selection
Two investigators (ARM and DAJ) searched Medline, Embase, the Cochrane Central Register of Controlled Trials
(CENTRAL), Web of Science, ClinicalTrials.gov, and the International Standard Randomized Controlled Trials Number
(ISRCTN) registry using the electronic search strategies described in the supplementary material. Searches were regularly
updated up to, and including, 31 December 2015. No language restrictions were imposed. These searches were
supplemented by searches of review articles and reference lists of trial publications. Collaborators were asked if they
knew of any additional trials. Two investigators (ARM and CAC) determined which trials met the eligibility criteria.
Data collection processes
IPD were requested from the principal investigator for each eligible trial, and the terms of collaboration were specified
in a data transfer agreement, signed by representatives of the data provider and the recipient (Queen Mary University of
London). Data were deidentified at source before transfer by email. On receipt, three investigators (DAJ, RLH, and LG)
assessed data integrity by performing internal consistency checks and by attempting to replicate results of the analysis
for incidence of acute respiratory tract infection where this was published in the trial report. Study authors were
contacted to provide missing data and to resolve queries arising from these integrity checks. Once queries had been
resolved, clean data were uploaded to the main study database, which was held in STATA IC v12 (College Station, TX).
Data relating to study characteristics were extracted for the following variables: setting, eligibility criteria, details of
intervention and control regimens, study duration, and case definitions for acute respiratory tract infection. IPD were
extracted for the following variables, where available: baseline data were requested for age, sex, cluster identifier
(cluster randomised trials only), racial or ethnic origin, influenza vaccination status, history of asthma, history of chronic
obstructive pulmonary disease, body weight, height (adults and children able to stand) or length (infants), serum 25hydroxyvitamin D concentration, study allocation (vitamin D versus placebo), and details of any stratification or
minimisation variables. Follow-up data were requested for total number of acute respiratory tract infections (upper or
lower), upper respiratory tract infections, and lower respiratory tract infections experienced during the trial; time from
first dose of study drug to first acute respiratory tract infection (upper or lower), upper respiratory tract infection, or
lower respiratory tract infection if applicable; total number of courses of antibiotics taken for acute respiratory tract
infection during the trial; total number of days off work or school due to symptoms of acute respiratory tract infection
during the trial; serum 25-hydroxyvitamin D concentration at final follow-up; duration of follow-up; number and nature

of serious adverse events; number of potential adverse reactions (incident hypercalcaemia or renal stones); and
participant status at end of the trial (completed, withdrew, lost to follow-up, died).
Risk of bias assessment for individual studies
We used the Cochrane Collaboration risk of bias tool28 to assess sequence generation; allocation concealment; blinding
of participants, staff, and outcome assessors; completeness of outcome data; and evidence of selective outcome
reporting and other potential threats to validity. Two investigators (ARM and DAJ) independently assessed study quality,
except for the three trials by Martineau and colleagues, which were assessed by CAC. Discrepancies were resolved by
consensus.
Definition of outcomes
The primary outcome of the meta-analysis was incidence of acute respiratory tract infection, incorporating events
classified as upper respiratory tract infection, lower respiratory tract infection, and acute respiratory tract infection of
unclassified location (ie, infection of the upper respiratory tract or lower respiratory tract, or both). Secondary outcomes
were incidence of upper and lower respiratory tract infections, analysed separately; incidence of emergency department
attendance or hospital admission, or both for acute respiratory tract infection; use of antimicrobials for treatment of
acute respiratory tract infection; absence from work or school due to acute respiratory tract infection; incidence and
nature of serious adverse events; incidence of potential adverse reactions to vitamin D (hypercalcaemia or renal stones);
and mortality (acute respiratory tract infection related and all cause).
Synthesis methods
LG and RLH analysed the data. Our IPD meta-analysis approach followed published guidelines.20 Initially we reanalysed
all studies separately; the original authors were asked to confirm the accuracy of this reanalysis where it had been
performed previously, and any discrepancies were resolved. Then we performed both one step and two step IPD metaanalysis for each outcome separately 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 the one step approach, we
modelled IPD from all studies simultaneously while accounting for the clustering of participants within studies. In the
two step approach we first analysed IPD for each separate study independently to produce an estimate of the treatment
effect for that study; we then synthesised these data in a second step.20 For the one step IPD meta-analysis we assessed
heterogeneity by calculation of the standard deviation of random effects; for the two step IPD meta-analysis we
summarised heterogeneity using the I2 statistic. We calculated the number needed to treat to prevent one person from
having any acute respiratory tract infection (NNT) using the Visual Rx NNT calculator (www.nntonline.net/visualrx/),
where meta-analysis of dichotomous outcomes revealed a statistically significant beneficial effect of allocation to
vitamin D compared with placebo.
Exploration of variation in effects
To explore the causes of heterogeneity and identify factors modifying the effects of vitamin D supplementation, we
performed prespecified subgroup analyses by extending the one step meta-analysis framework to include treatmentcovariate interaction terms. Subgroups were defined according to baseline vitamin D status (serum 25-hydroxyvitamin D
<25 v ≥25 nmol/L), vitamin D dosing regimen (daily or weekly without bolus dosing versus a regimen including at least
one bolus dose of at least 30 000 IU vitamin D), dose size (daily equivalent <800 IU, 800-1999 IU, ≥2000 IU), age (≤1 year,
1.1-15.9 years, 16-65 years, >65 years), body mass index (<25 v ≥25), and presence compared with absence of asthma,
chronic obstructive pulmonary disease, and previous influenza vaccination. To ensure that reported subgroup effects
were independent, we adjusted interaction analyses for potential confounders (age, sex, and study duration). The 25
nmol/L cut-off for baseline 25-hydroxyvitamin D concentration in subgroup analyses was selected on the grounds that it
is the threshold for vitamin D deficiency defined by the UK Department of Health,29 and the level below which
participants in clinical trials have experienced the most consistent benefits of supplementation.30 We also performed an
exploratory analysis investigating effects in subgroups defined using the 50 nmol/L and 75 nmol/L cut-offs for baseline

circulating 25-hydroxyvitamin D concentration, because observational studies have reported that less profound states of
vitamin D deficiency may also associate independently with an increased risk of acute respiratory tract infection.3132 To
minimise the chance of type 1 error arising from multiple analyses, we inferred statistical significance for subgroup
analyses only where P values for treatment-covariate interaction terms were <0.05.
Quality assessment across studies
For the primary analysis we investigated the likelihood of publication bias through the construction of a contour
enhanced funnel plot.33 We used the five GRADE considerations (study limitations, consistency of effect, imprecision,
indirectness, and publication bias)34 to assess the quality of the body of evidence contributing to analyses of the
primary efficacy outcome and major safety outcome of our meta-analysis (see supplementary table S3).
Additional analyses
We conducted sensitivity analyses excluding IPD from trials where acute respiratory tract infection was a secondary
outcome (as opposed to a primary or co-primary outcome), and where risk of bias was assessed as being unclear. We
also conducted a responder analysis in participants randomised to the intervention arm of included studies for whom
end study data on 25-hydroxyvitamin D were available, comparing risk of acute respiratory tract infection in those who
attained a serum level of 75 nmol/L or more compared with those who did not.
Results
Study selection and IPD obtained
Our search identified 532 unique studies that were assessed for eligibility; of these, 25 studies with a total of 11 321
randomised participants fulfilled the eligibility criteria (fig 1⇓). IPD were sought and obtained for all 25 studies. Outcome
data for the primary analysis of proportion of participants experiencing at least one acute respiratory tract infection
were obtained for 10 933 (96.6%) of the randomised participants.

Fig 1 Flow of study selection. IPD=individual participant data

Study and participant characteristics
Table 1⇓ presents the characteristics of eligible studies and their participants. Trials were conducted in 14 countries on
four continents and enrolled participants of both sexes from birth to 95 years of age. Baseline serum 25-hydroxyvitamin

D concentrations were determined in 19/25 trials: mean baseline concentration ranged from 18.9 to 88.9 nmol/L.
Baseline characteristics of participants randomised to intervention and control were similar (see supplementary table
S1). All studies administered oral vitamin D3 to participants in the intervention arm: this was given as bolus doses every
month to every three months in seven studies, weekly doses in three studies, a daily dose in 12 studies, and a
combination of bolus and daily doses in three studies. Study duration ranged from seven weeks to 1.5 years. Incidence
of acute respiratory tract infection was the primary or co-primary outcome for 14 studies and a secondary outcome for
11 studies.
IPD integrity was confirmed by replication of primary analyses in published papers where applicable. The process of
checking IPD identified three typographical errors in published reports. For the 2012 trial by Manaseki-Holland et
al,35 the correct number of repeat episodes of chest radiography confirmed pneumonia was 134, rather than 138 as
reported. For the trial by Dubnov-Raz et al,36 the number of patients randomised to the intervention arm was 27, rather
than 28 as reported. For the trial by Laaksi et al,37 the proportion of men randomised to placebo who did not
experience any acute respiratory tract infection was 30/84, rather than 30/80 as reported.
Risk of bias within studies
Supplementary table S2 provides details of the risk of bias assessment. All but two trials were assessed as being at low
risk of bias for all aspects assessed. Two trials were assessed as being at unclear risk of bias owing to high rates of loss to
follow-up. In the trial by Dubnov-Raz et al,36 52% of participants did not complete all symptom questionnaires. In the
trial by Laaksi et al,37 37% of randomised participants were lost to follow-up.
Incidence of acute respiratory tract infection
Overall results
Table 2⇓ presents the results of the one step IPD meta-analysis testing the effects of vitamin D on the proportion of all
participants experiencing at least one acute respiratory tract infection, adjusting for age, sex, and study duration.
Vitamin D supplementation resulted in a statistically significant reduction in the proportion of participants experiencing
at least one acute respiratory tract infection (adjusted odds ratio 0.88, 95% confidence interval 0.81 to 0.96, P=0.003; P
for heterogeneity <0.001; NNT=33, 95% confidence interval 20 to 101; 10 933 participants in 25 studies; see Cates plot,
supplementary figure S1). Statistically significant protective effects of vitamin D were also seen for one step analyses of
acute respiratory tract infection rate (adjusted incidence rate ratio 0.96, 95% confidence interval 0.92 to 0.997, P=0.04;
P for heterogeneity <0.001; 10 703 participants in 25 studies) but not for analysis of time to first acute respiratory tract
infection (adjusted hazard ratio 0.95, 95% confidence interval 0.89 to 1.01, P=0.09; P for heterogeneity <0.001; 9108
participants in 18 studies). Two step analyses also showed consistent effects for the proportion of participants
experiencing at least one acute respiratory tract infection (adjusted odds ratio 0.80, 0.69 to 0.93, P=0.004; P for
heterogeneity 0.001; 10 899 participants in 24 studies; fig 2⇓), acute respiratory tract infection rate (adjusted incidence
rate ratio 0.91, 0.84 to 0.98, P=0.018; P for heterogeneity <0.001; 10 703 participants in 25 studies), and time to first
acute respiratory tract infection (adjusted hazard ratio 0.92, 0.85 to 1.00, P=0.051; P for heterogeneity 0.14; 9108
participants in 18 studies). This evidence was assessed as being of high quality (see supplementary table S3).
Table 2
One step individual participant data meta-analysis, proportion of participants experiencing at least one acute respiratory
tract infection (ARTI): overall and by subgroup

Fig 2 Two step individual participant data meta-analysis: proportion of participants experiencing at least one acute
respiratory tract infection (ARTI). Data from trial by Simpson et al_ENREF_51 were not included in this two step metaanalysis, as an estimate for the effect of the intervention in the study could not be obtained in the regression model
owing to small sample size
Subgroup analyses
To explore reasons for heterogeneity, we conducted subgroup analyses to investigate whether effects of vitamin D
supplementation on risk of acute respiratory tract infection differed according to baseline vitamin D status, dosing
frequency, dose size, age, body mass index, the presence or absence of comorbidity (asthma or chronic obstructive
pulmonary disease), and influenza vaccination status. Race or ethnicity was not investigated as a potential effect
modifier, as data for this variable were missing for 3680/10 933 (34%) participants and power for subgroup analyses was
limited by small numbers in many racial or ethnic subgroups that could not be meaningfully combined. Table
2⇑ presents the results. Subgroup analysis revealed a strong protective effect of vitamin D supplementation among
those with baseline circulating 25-hydroxyvitamin D levels less than 25 nmol/L (adjusted odds ratio 0.58, 0.40 to 0.82,
NNT=8, 5 to 21; 538 participants in 14 studies; within subgroup P=0.002; see Cates plot, supplementary figure S1) and no
statistically significant effect among those with baseline levels of 25 or more nmol/L (adjusted odds ratio 0.89, 0.77 to
1.04; 3634 participants in 19 studies; within subgroup P=0.15; P for interaction 0.01). This evidence was assessed as
being of high quality (see supplementary table S3). An exploratory analysis testing the effects of vitamin D
supplementation in those with baseline 25-hydroxyvitamin D concentrations in the ranges 25-49.9 nmol/L, 50-74.9
nmol/L, and 75 or more nmol/L did not reveal evidence of a statistically significant interaction (see supplementary table
S4).
Meta-analysis of data from trials in which vitamin D was administered using a daily or weekly regimen without additional
bolus doses revealed a protective effect against acute respiratory tract infection (adjusted odds ratio 0.81, 0.72 to 0.91,
NNT=20, 13 to 43; 5133 participants in 15 studies; within subgroup P<0.001; see Cates plot, supplementary figure S1).
No such protective effect was seen among participants in trials where at least one bolus dose of vitamin D was
administered (adjusted odds ratio 0.97, 0.86 to 1.10; 5800 participants in 10 studies; within subgroup P=0.67; P for
interaction 0.05). This evidence was assessed as being of high quality (see supplementary table S3). P values for
interaction were more than 0.05 for all other potential effect modifiers investigated. For both of these subgroup
analyses, broadly consistent effects were observed for event rate analysis (see supplementary table S5) and survival
analysis (see supplementary table S6).

Having identified two potential factors that modified the influence of vitamin D supplementation on risk of acute
respiratory tract infection (ie, baseline vitamin D status and dosing frequency), we then proceeded to investigate
whether these factors were acting as independent effect modifiers, or whether they were confounded by each other or
by another potential effect modifier, such as age. Dot plots revealed a trend towards lower median baseline serum 25hydroxyvitamin D concentration and higher median age for studies employing bolus compared with daily or weekly
dosing (see supplementary figures S2 and S3). To establish which of these potential effect modifiers was acting
independently, we repeated the analysis to include treatment-covariate interaction terms for baseline vitamin D status,
dosing frequency, and age. In this model, interaction terms for baseline vitamin D status and dosing frequency were
statistically significant (P=0.01 and P=0.004, respectively), but the interaction term for age was not (P=0.20), consistent
with the hypothesis that baseline vitamin D status and dosing frequency, but not age, independently modified the effect
of vitamin D supplementation on risk of acute respiratory tract infection.
We then proceeded to stratify the subgroup analysis presented in table 2⇑ according to dosing frequency, to provide a
“cleaner” look at the results of subgroup analyses under the assumption that use of bolus doses was ineffective. Table
3⇓ presents the results: these reveal that daily or weekly vitamin D treatment was associated with an even greater
degree of protection against acute respiratory tract infection among participants with baseline circulating 25hydroxyvitamin D concentrations less than 25 nmol/L than in the unstratified analysis (adjusted odds ratio 0.30, 0.17 to
0.53; NNT=4, 3 to 7; 234 participants in six studies; within subgroup P<0.001; see Cates plot, supplementary figure S4).
Moreover, use of daily or weekly vitamin D also protected against acute respiratory tract infection among participants
with higher baseline 25-hydroxyvitamin D concentrations (adjusted odds ratio 0.75, 0.60 to 0.95; NNT=15, 9 to 86; 1603
participants in six studies; within subgroup P=0.02; see Cates plot, supplementary figure S4). The P value for interaction
for this subgroup analysis was 0.006, indicating that protective effects of daily or weekly vitamin D supplementation
were statistically significantly greater in the subgroup of participants with profound vitamin D deficiency. No other
statistically significant interaction was seen; notably, bolus dose vitamin D supplementation did not offer any protection
against acute respiratory tract infection even when administered to those with circulating 25-hydroxyvitamin D
concentrations less than 25 nmol/L (adjusted odds ratio 0.82, 0.51 to 1.33; 304 participants in eight studies; within
subgroup P=0.43).
Secondary outcomes
Efficacy
Table 4⇓ presents the results of the one step IPD meta-analysis of secondary outcomes. When all studies were analysed
together, no statistically significant effect of vitamin D was seen on the proportion of participants with at least one
upper respiratory tract infection, lower respiratory tract infection, hospital admission or emergency department
attendance for acute respiratory tract infection, course of antimicrobials for acute respiratory tract infection, or absence
from work or school due to acute respiratory tract infection. However, when this analysis was stratified by dosing
frequency, a borderline statistically significant protective effect of daily or weekly vitamin D supplementation against
upper respiratory tract infection was seen (adjusted odds ratio 0.88, 0.78 to 1.00; 4483 participants in 11 studies,
P=0.05; table 5⇓).
Safety
Use of vitamin D did not influence risk of serious adverse events of any cause (adjusted odds ratio 0.98, 0.80 to 1.20;
11 224 participants in 25 studies) or death due to any cause (1.39, 0.85 to 2.27; 11 224 participants in 25 studies) (table
4⇑). Instances of potential adverse reactions to vitamin D were rare. Hypercalcaemia was detected in 21/3850 (0.5%)
and renal stones were diagnosed in 6/3841 (0.2%); both events were evenly represented between intervention and
control arms (table 4⇑). Stratification of this analysis by dosing frequency did not reveal any statistically significant
increase in risk of adverse events with either bolus dosing or daily or weekly supplementation (table 5⇑).
Risk of bias across studies

A funnel plot for the proportion of participants experiencing at least one acute respiratory tract infection showed a
degree of asymmetry, raising the possibility that small trials showing adverse effects of vitamin D might not have been
included in the meta-analysis (see supplementary figure S5).
Responder analyses
Supplementary table S7 presents the results of responder analyses. Among participants randomised to the intervention
arm of included studies for whom end study data on 25-hydroxyvitamin D were available, no difference in risk of acute
respiratory tract infection was observed between those who attained a serum concentration of 75 or more nmol/L
compared with those who did not.
Sensitivity analyses
IPD meta-analysis of the proportion of participants experiencing at least one acute respiratory tract infection, excluding
two trials assessed as being at unclear risk of bias,3637 revealed protective effects of vitamin D supplementation
consistent with the main analysis (adjusted odds ratio 0.82, 0.70 to 0.95, 10 744 participants, P=0.01). Sensitivity analysis
for the same outcome, restricted to the 14 trials that investigated acute respiratory tract infection as the primary or
coprimary outcome, also revealed protective effects of vitamin D supplementation consistent with the main analysis
(0.82, 0.68 to 1.00, 5739 participants, P=0.05).
Discussion
In this individual participant data (IPD) meta-analysis of randomised controlled trials, vitamin D supplementation
reduced the risk of experiencing at least one acute respiratory tract infection. Subgroup analysis revealed that daily or
weekly vitamin D supplementation without additional bolus doses protected against acute respiratory tract infection,
whereas regimens containing large bolus doses did not. Among those receiving daily or weekly vitamin D, protective
effects were strongest in those with profound vitamin D deficiency at baseline, although those with higher baseline 25hydroxyvitamin D concentrations also experienced benefit. This evidence was assessed as being of high quality, using
the GRADE criteria.34 Since baseline vitamin D status and use of bolus doses varied considerably between studies, our
results suggest that the high degree of heterogeneity between trials may be at least partly attributable to these factors.
Use of vitamin D was safe: potential adverse reactions were rare, and the risk of such events was the same between
participants randomised to intervention and control arms.
Why might use of bolus dose vitamin D be ineffective for prevention of acute respiratory tract infection? One
explanation relates to the potentially adverse effects of wide fluctuations in circulating 25-hydroxyvitamin D
concentrations, which are seen after use of bolus doses but not with daily or weekly supplementation. Vieth has
proposed that high circulating concentrations after 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
decreased concentrations of this metabolite in extra-renal tissues.38 Such an effect could attenuate the ability of 25hydroxyvitamin D to support protective immune responses to respiratory pathogens. Increased efficacy of vitamin D
supplementation in those with lower baseline vitamin D status is more readily explicable, based on the principle that
people who are the most deficient in a micronutrient will be the most likely to respond to its replacement.
Strengths and limitations of this study
Our study has several strengths. We obtained IPD for all 25 trials identified by our search; the proportion of randomised
participants with missing outcome data was small (3.4%); participants with diverse characteristics in multiple settings
were represented; and 25-hydroxyvitamin D levels were measured using validated assays in laboratories that
participated in external quality assessment schemes. Our findings therefore have a high degree of internal and external
validity. Moreover, the subgroup effects we report fulfil published “credibility criteria” relating to study design, analysis,
and context.39 Specifically, the relevant effect modifiers were specified a priori and measured at baseline, P values for
interaction remained significant after adjustment for potential confounders, and subgroup effects were consistent when
analysed as proportions and event rates. Survival analysis revealed consistent trends that did not attain statistical

significance, possibly owing to lack of power (fewer studies contributed data to survival analyses than to analyses of
proportions and event rates). The concepts that vitamin D supplementation may be more effective when given to those
with lower baseline 25-hydroxyvitamin D levels and less effective when bolus doses are administered, are also
biologically plausible. A recent Cochrane review of randomised controlled trials reporting that vitamin D
supplementation reduces the risk of severe asthma exacerbations, which are commonly precipitated by viral upper
respiratory tract infections, adds further weight to the case for biological plausibility.40 Although the results are
consistent with the hypothesis that baseline vitamin D status and dosing regimen independently modify the 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 subgroup—for example, where subgroup analyses were stratified by dosing regimen. We therefore
suggest caution when interpreting the results in table 3⇑.
Our study has some limitations. One explanation for the degree of asymmetry seen in the funnel plot is that some small
trials showing adverse effects of vitamin D might 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 on the
topic.13 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 the results of the 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. A second limitation is that our power to detect effects of vitamin D
supplementation was limited for some subgroups (eg, individuals with baseline 25-hydroxyvitamin D concentrations <25
nmol/L receiving bolus dosing regimens) and for some secondary outcomes (eg, incidence of lower respiratory tract
infection). Null and borderline statistically significant results for analyses of these outcomes may have arisen as a
consequence of type 2 error. Additional randomised controlled trials investigating the effects of vitamin D on risk of
acute respiratory tract infection are ongoing, and inclusion of data from these studies in future meta-analyses has the
potential to increase statistical power to test for subgroup effects. However, all three of the largest such studies
(NCT01169259, ACTRN12611000402943, and ACTRN12613000743763) are being conducted in populations where
profound vitamin D deficiency is rare, and two are using intermittent bolus dosing regimens: the results are therefore
unlikely to alter our finding of benefit in people who are very deficient in vitamin D or in those receiving daily or weekly
supplementation. A third potential limitation is that data relating to adherence to study drugs were not available for all
participants. 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. Finally, we caution that study definitions of acute
respiratory tract infection were diverse, and virological, microbiological, or radiological confirmation was obtained for
the minority of events. Acute respiratory tract infection 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.
Conclusions and policy implications
Our study reports a major new indication for vitamin D supplementation: the prevention of acute respiratory tract
infection. We also show that people who are very deficient in vitamin D and those receiving daily or weekly
supplementation without additional bolus doses experienced particular benefit. Our results add to the body of evidence
supporting the introduction of public health measures such as food fortification to improve vitamin D status, particularly
in settings where profound vitamin D deficiency is common.
What is already known on this topic


Randomised controlled trials of vitamin D supplementation for the prevention of acute respiratory tract
infection have yielded conflicting results



Individual participant data (IPD) meta-analysis has the potential to identify factors that may explain this
heterogeneity, but this has not previously been performed

What this study adds


Meta-analysis of IPD from 10 933 participants in 25 randomised controlled trials showed an overall protective
effect of vitamin D supplementation against acute respiratory tract infection (number needed to treat (NNT)=33)



Benefit was greater in those receiving daily or weekly vitamin D without additional bolus doses (NNT=20), and
the protective effects against acute respiratory tract infection in this group were strongest in those with
profound vitamin D deficiency at baseline (NNT=4)



These findings support the introduction of public health measures such as food fortification to improve vitamin
D status, particularly in settings where profound vitamin D deficiency is common
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