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Effect of vitamin D supplementation on antibiotic use: a randomized
controlled trial1–4
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ABSTRACT
Background: Observational data suggested that supplementation
with vitamin D could reduce risk of infection, but trial data are
inconsistent.
Objective: We aimed to examine the effect of oral vitamin D supple-
mentation on antibiotic use.
Design: We conducted a post hoc analysis of data from pilot
D-Health, which is a randomized trial carried out in a general com-
munity setting between October 2010 and February 2012. A total of
644 Australian residents aged 60–84 y were randomly assigned to
receive monthly doses of a placebo (n = 214) or 30,000 (n = 215) or
60,000 (n = 215) IU oral cholecalciferol for #12 mo. Antibiotics
prescribed during the intervention period were ascertained by link-
age with pharmacy records through the national health insurance
scheme (Medicare Australia).
Results: People who were randomly assigned 60,000 IU cholecal-
ciferol had nonsignificant 28% lower risk of having antibiotics pre-
scribed at least once than did people in the placebo group (RR: 0.72;
95% CI: 0.48, 1.07). In analyses stratified by age, in subjects aged
$70 y, there was a significant reduction in antibiotic use in the high-
dose vitamin D compared with placebo groups (RR: 0.53; 95% CI:
0.32, 0.90), whereas there was no effect in participants aged ,70 y
(RR: 1.07; 95% CI: 0.58, 1.97) (P-interaction ¼ 0.1).
Conclusion: Although this study was a post hoc analysis and sta-
tistically nonsignificant, this trial lends some support to the hypothesis
that supplementation with 60,000 IU vitamin D/mo is associated with
lower risk of infection, particularly in older adults. The trial was
registered at the Australian New Zealand Clinical Trials Registry
(anzctr.org.au) as ACTRN12609001063202. Am J Clin Nutr
2014;99:156–61.

INTRODUCTION

Vitamin D is critical for the regulation of calcium homeostasis
to maintain bone health (1). It may also play a role in prevention
of extraskeletal diseases such as infection (2–4), but clinical trial
evidence is relatively sparse.

Results from in vitro studies have indicated that vitamin D
metabolites have important immune-modulatory properties (5). Thus,
the optimization of serum 25-hydroxyvitamin D [25(OH)D]5, which
is commonly used to estimate vitamin D status, may lead to lower
incidence of infection and reduced antibiotic use. Epidemiologic
studies have predominantly focused on viral infections, mainly
upper respiratory tract infection (URTI). Observational studies
have mostly supported an inverse association between serum

25(OH)D and risk of URTIs (2–4), but trial data have been
unconvincing. Separate trials in Japanese (6) and Mongolian
(7) children showed a reduced incidence of influenza or URTI
in subjects supplemented with vitamin D (6), another study
reported that supplementation in postmenopausal women re-
duced the development of cold and influenza symptoms (8),
and a trial of supplementation in young Finnish men showed
a borderline protective effect on URTI (9). In contrast, trials of
vitamin D supplementation in adults from the United States
(10) and New Zealand (11) failed to show any beneficial ef-
fects of vitamin D on URTIs.

With the exception of tuberculosis, where the published results
have again been inconsistent (12), there have been few studies of
the effect of vitamin D on bacterial infection, but several trials
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have shown reduced antibiotic use in people randomly assigned
vitamin D (13, 14).

We recently completed a pilot trial of vitamin D supplemen-
tation in a sample of elderly Australians, in which the primary aim
was to determine the feasibility of conducting a large-scale trial for
reducing all-cause mortality and cancer incidence (15). We col-
lected information that enabled secondary analyses to investigate
effects of vitamin D supplementation at either 30,000 or 60,000 IU
vitamin D/mo for 12 mo on risk of being prescribed antibiotics as
a marker of infectious disease.

SUBJECTS AND METHODS

Study design

D-Health was a pilot study to determine the feasibility of a fully
powered randomized controlled trial of vitamin D supplementation
for reducing the incidence of common cancers and premature death.
Methods of this study have been reported previously (15). The trial
was conducted under the Australian Therapeutic Goods Admin-
istration Clinical Trial Notification scheme (trial 2010/0423) with
ethical approval granted by the Human Research Ethics Committee
at the Queensland Institute of Medical Research. All participants
gave informed consent.

Study population and eligibility

We recruited 644 people aged between 60 and 84 y. We used
the Australian Electoral Roll as the sampling frame, and the re-
cruitment proportion was 10%. Participants were sampled in strata
of 5-y age, sex, state (Queensland, New South Wales, Victoria, and
Tasmania) and location of residence (capital city and elsewhere).
We excluded people who were taking .400 IU vitamin D/d or
those who had a history of kidney stones, hyperparathyroidism,
osteomalacia, osteoporosis, or sarcoidosis.

Random assignment and interventions

Participants were randomly assigned by the National Health
and Medical Research Council Clinical Trials Centre by using
computer-generated stratified permuted blocks to take either
30,000 or 60,000 IU cholecalciferol or a placebo once per month.
We planned on 12 mo of intervention, but because of some delays
in recruitment, 22% of participants (n = 148) were required to
complete the study in 9–11 mo to comply with the expiry date of
the investigational product. Participants were recruited between
October 2010 and March 2011 (84% from October to December
2010). Participants, study investigators, and staff were blinded to
treatment assignment until data collection and preliminary anal-
yses were complete. The randomization code was held by the
secretary of the data safety monitoring board.

Outcomes and follow-up

Concentrations of serum 25(OH)D before and after the in-
tervention were measured in nonfasting blood samples by
using a commercial chemiluminescent immunoassay [LIAISON
25(OH)DVitamin D TOTAL Assay; DiaSorin Inc]. Intraassay and
interassay variances were 3–6% and 6–9%, respectively.

We obtained information about demographic characteristics
and lifestyle factors (time outdoors, physical activity, smoking,

alcohol consumption, and vitamin D intake) from a self-reported
questionnaire at study entry. We asked participants to consent to
linkage with pharmacy records held by the national health in-
surance scheme (Medicare Australia). This enabled us to capture
information about antibiotics prescribed that qualified for a
subsidy through the Australian Pharmaceutical Benefits Scheme
(PBS). To minimize the inclusion of antibiotics that were pre-
scribed for infections that arose before the date of the first tablet,
we only included antibiotics that were prescribed from 14 d after
the first tablet was due to be taken to 1 mo after the last tablet was
due to be taken.

During follow-up, participants were able to contact the study
free-call number if they experienced an adverse event. In addi-
tion, in the postintervention questionnaire, we asked participants
whether they had been hospitalized during the study period and
the reason for the hospitalization.Wemeasured the postintervention
serum calcium concentration in all participants.

Statistical analysis

We used intention-to-treat analyses to assess the effect of vitamin
D supplementation on antibiotic use, but we had to exclude people
who did not consent to linkage with Medicare Australia (n = 24).
We also conducted analyses restricted to subjects who both con-
sented to linkage and completed the study (n = 601).

To assess the effect of vitamin D supplementation on whether
or not participants were prescribed antibiotics at least once, we
calculated RRs and 95% CIs by using a log-binomial model and
taking into account person time. The total number of times
antibiotics were prescribed in the supplement compared with
placebo groups was assessed by using negative binomial re-
gression (16). In addition to analyzing all antibiotics as a single
medication group, we analyzed the following subgroups: penicil-
lins, cephalosporins, and other antibiotics to determine whether
results varied by the subclass of antibiotics. First, all analyses were
conducted for all participants, and second, analyses were stratified
by age (,70 compared with$70 y) to address the hypothesis that
vitamin D supplementation may have a greater effect in older
people whose immune systems are likely to be less effective (17).
We tested the significance of the difference in effect sizes
according to age by including a multiplicative term (age group 3
randomization group) in the models adjusted for baseline
25(OH)D. We also investigated the effect of stratifying by the
baseline 25(OH)D concentration at the median and 50 nmol/L.
All analyses were performed with SAS software (version 9.2;
SAS Institute Inc).

RESULTS

We recruited 644 people and 616 subjects (96%) returned the
postintervention questionnaire (Figure 1). In subjects who re-
turned the postintervention questionnaire, 590 people (96%)
reported taking .10 of 12 tablets during the trial, and the fre-
quency was similar across study groups. Ninety-six percent of
participants (n = 621) consented to Medicare data linkage (96%
of the placebo, 98% of the 30,000 IU, and 95% of the 60,000 IU
groups). One participant consented but was excluded from the
linkage because they did not provide their Medicare number. Of
the 620 participants who were successfully linked, 19 people
(3%) withdrew before the end of the intervention period.
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The mean age of this population was 72 y, and 47% of par-
ticipants were women. There were no differences in baseline
characteristics across the 3 study arms. Baseline characteristics of
all participants have been reported previously (15); character-
istics of subjects who consented toMedicare linkage are shown in
Table 1.

Seventy-five percent of participants in the study had baseline
serum 25(OH)D concentrations ,50 nmol/L. After the inter-
vention, the mean serum 25(OH)D concentration in the 30,000
IU group had increased from 42 nmol/L at baseline to 64 nmol/L
(P , 0.0001), whereas in the 60,000 IU group, the mean serum
25(OH)D concentration increased from 42 to 78 nmol/L (P ,
0.0001) (Table 1). There was no change in the placebo group.
Distributions of 25(OH)D at baseline and postintervention are
shown in Figure 2.

Forty-one percent of all participants were prescribed antibi-
otics at least once during the intervention period. Of participants
prescribed antibiotics, 30% of subjects only had one prescription,
27% of subjects had 2 prescriptions, and 43% of subjects had.2
prescriptions. The number of antibiotic prescriptions per par-
ticipant in the specified period ranged from 0 to 33 and summed
to a total of 844 prescriptions. Penicillins were the most com-
monly prescribed antibiotics (32% of all prescriptions) followed
by cephalosporins (23%), macrolides (14%), tetracyclines (9%),
aminoglycosides (2%), quinolone (1%), and others (19%).

In the intention-to-treat analysis, subjects who were randomly
assigned to receive supplementation with 60,000 IU 25(OH)D
had nonsignificantly lower risk of having at least one antibiotic
prescription than that of subjects randomly assigned to receive
the placebo (RR: 0.72; 95% CI: 0.48, 1.07; P = 0.10) (Table 2).
There was a weaker association with 30,000 IU vitamin D
supplementation (RR: 0.84; 95% CI: 0.57, 1.25; P = 0.40). In
analyses stratified by age, we showed that in people aged $70 y,
supplementation with 60,000 IU 25(OH)D as significantly

associated with reduced antibiotic prescriptions (RR: 0.53;
95% CI: 0.32, 0.90; P = 0.02); there was no association in
subjects in the younger age group (RR: 1.07; 95% CI: 0.58,
1.97; P = 0.83) (P-interaction = 0.1). We showed no difference in
the effect of vitamin D supplementation in analyses stratified by
baseline 25(OH)D (all P . 0.2 for analyses stratified at the me-
dian or at 50 nmol/L). Analyses of antibiotic subgroups gave
similar RRs, although the effect was only significant for cepha-
losporins (see Supplementary Table 1 under “Supplemental data”
in the online issue). Negative binomial modeling in which the
number of antibiotic prescriptions was used as an outcome did not
generate significant results, although RRs were in the same di-
rection (see Supplementary Table 2 under “Supplemental data” in
the online issue). The restriction of analyses to subjects who
completed the trial generated almost identical results (data not
shown).

Six people experienced nonserious adverse events that were
considered unlikely to be related to the intervention. There were
104 participants who reported being hospitalized during the
intervention period. These instances were not significantly dif-
ferent between study groups (P = 0.43), and all incidences were
unlikely to have been related to the study medication. At post-
intervention, one participant in the 60,000 IU group had bor-
derline high serum calcium. However, his postintervention
serum 25(OH)D concentration was well within the normal range
(62 nmol/L).

DISCUSSION

Although pilot D-Health was not established to examine health
outcomes, there have been few trials that have studied the effect
of vitamin D on antibiotic use in a population-based sample. We
showed that the rate of antibiotic prescription in people .70 y
old who were supplemented with high-dose oral vitamin D was

FIGURE 1. Participant flow through pilot D-Health. PBS, Australian Pharmaceutical Benefits Scheme.
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TABLE 1

Baseline characteristics and serum 25(OH)D concentrations of participants who consented to Medicare linkage1

Variable

Placebo

(n = 205)

30,000 IU oral

cholecalciferol (n = 210)

60,000 IU oral

cholecalciferol (n = 205)

Sex [n (%)]

M 110 (53.7) 113 (53.8) 109 (53.2)

F 95 (46.3) 97 (46.2) 96 (46.8)

Ethnicity [n (%)]

Nonwhite 8 (3.9) 9 (4.3) 14 (6.8)

White 197 (96.1) 200 (95.7) 191 (93.2)

Age group [n (%)]

60–64 y 49 (23.9) 46 (21.9) 47 (22.9)

65–69 y 42 (20.5) 49 (23.3) 47 (22.9)

70–74 y 44 (21.5) 44 (21.0) 43 (21.0)

75–79 y 39 (19.0) 41 (19.5) 39 (19.0)

80–84 y 31 (15.1) 30 (14.3) 29 (14.2)

State [n (%)]

Queensland 53 (25.8) 53 (25.2) 48 (23.4)

New South Wales 48 (23.4) 48 (22.9) 50 (24.4)

Victoria 45 (22.0) 48 (22.9) 47 (22.9)

Tasmania 59 (28.8) 61 (29.0) 60 (22.3)

Residential location [n (%)]

Metro 94 (45.9) 98 (46.7) 96 (46.8)

Regional 111 (54.1) 112 (53.3) 109 (53.2)

BMI [n (%)]

,25 kg/m2 63 (31.0) 76 (36.2) 64 (31.2)

25–29.9 kg/m2 89 (43.9) 81 (38.6) 95 (46.3)

$30 kg/m2 51 (25.1) 53 (25.2) 46 (22.5)

Time outdoors [n (%)]

Low (h/wk) 66 (32.2) 61 (29.1) 67 (32.7)

Medium (h/wk) 74 (36.1) 82 (39.0) 63 (30.7)

High (h/wk) 65 (31.7) 67 (31.9) 75 (36.6)

Physical activity [n (%)]

Low (METs/wk) 67 (32.6) 73 (34.8) 68 (33.2)

Medium (METs/wk) 69 (33.7) 67 (31.9) 67 (32.7)

High (METs/wk) 69 (33.7) 70 (33.3) 70 (34.1)

Smoking status [n (%)]

Never 121 (59.0) 124 (59.1) 123 (60.0)

Former 76 (37.1) 75 (35.7) 75 (36.6)

Current 8 (3.9) 11 (5.2) 7 (3.4)

Alcohol [n (%)]

,1 drink/wk 94 (45.8) 92 (43.8) 89 (43.4)

2–6 drinks/wk 43 (21.0) 47 (22.4) 57 (27.8)

7–20 drinks/wk 52 (25.4) 58 (27.6) 48 (23.4)

$21 drinks/wk 16 (7.8) 13 (6.2) 11 (5.4)

Vitamin D intake [n (%)]

,50 IU/d 66 (32.2) 71 (33.8) 78 (38.0)

50–99 IU/d 53 (25.9) 65 (31.0) 59 (28.8)

$100 IU/d 86 (41.9) 74 (35.2) 68 (33.2)

Baseline serum 25(OH)D 41.9 6 13.22 41.5 6 12.8 41.5 6 14.1

,25 nmol/L 23 6 11.2 14 6 6.7 24 6 11.7

25–49 nmol/L 133 6 64.9 143 6 68.1 131 6 63.9

$50 nmol/L 49 6 23.9 53 6 25.2 50 6 24.4

Postintervention serum 25(OH)D 42.0 6 14.5 64.0 6 16.8 77.9 6 19.9

,25 nmol/L 22 6 11.2 1 6 0.5 0

25–49 nmol/L 122 6 62.2 34 6 17.2 14 6 7.1

$50 nmol/L 52 6 26.5 163 6 82.3 183 6 92.9

1Total number of participants may not sum to 620 because of missing data. The interaction analysis of serum 25(OH)D

that was conducted by using 2-factor repeated-measures ANOVA suggested P values for time, treatment, and their in-

teraction were 0.63, 0.58, and 0.84, respectively. MET, metabolic equivalent task; 25(OH)D, 25-hydroxyvitamin D.
2Mean 6 SD (all such values).
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significantly lower than in subjects assigned to receive the pla-
cebo, although the interaction between age and trial arm was not
significant at P , 0.05. Although the variability in the circu-
lating baseline concentration of 25(OH)D was likely one reason
for the difference in results from trials of vitamin D, our results
did not differ in analyses stratified by the baseline concentration.

Forty-one percent of participants in D-Health were prescribed
with antibiotics at least once during the intervention period. We
were unable to find a comparable statistic for the Australian
population. However, an Australian publication that reported data
for 2009 and 2010 showed that there was an average of 11 an-
tibiotic prescriptions per 100 general practitioner encounters for
people aged $65 y (18). In comparison, we showed a rate of 17
per 100 encounters in our study. This higher rate might have re-
flected the age structure of our sample. Approximately one-third
of our participants were aged between 75 and 84 y, whereas only
one-quarter of Australians between 60 and 84 y old are in this age
category (Australian Bureau of Statistics 2011) (19).

Despite the high frequency of antibiotic use in the community,
we could not find observational studies and few clinical trials that
assessed the impact of vitamin D supplementation on antibiotic
use. A previous trial, in which .3000 British adults aged .70 y
were supplemented with 800 IU vitamin D/d for 24–62 mo,
resulted in nonsignificant 16% reduced risk of self-reported
antibiotic use during 1 wk in winter (13). In younger people (age
range: 18–75 y) who were at high risk of respiratory tract in-
fection, supplementation with 4000 IU vitamin D/d reduced risk
of the use of antibiotics at least once in a 12-mo period (OR:
0.36) (14). Thus, our results were consistent with previously
published results.

We hypothesized that vitamin D supplementation would be
more beneficial in older people because of the known progressive
decline of immune function with increasing age (17). Because of
small numbers, we could not analyze the data in smaller age
categories to address this hypothesis in more detail, but results

from our broadly age-stratified analyses lent some support to
this hypothesis, although the P-interaction values was not
significant at a cutoff of 0.05.

Experimental studies have suggested that vitamin D metab-
olites play roles in both innate and adaptive immune responses (5)
that lead to reduced infection with bacteria and viruses. Vitamin
D can act as a potent stimulator of the innate antimicrobial re-
sponse by inducing peptides such as cathelicidin and defensin
which trigger the inactivation of pathogens (20, 21). Evidence
from an in vitro study showed that human macrophages cultured
in a solution that contained a low 25(OH)D concentration had less
induction of cathelicidin messenger RNA than did human mac-
rophages cultured in a solution with a higher 25(OH)D concen-
tration (22). High serum vitamin D may also downregulate the
production of proinflammatory cytokines caused by infection,
which leads to the suppression of inflammation and improved
clearance of various microbial species (23).

The key strength of D-Health was the use of linkage to national
administrative health data sets to capture prescriptions of anti-
biotics, which avoided the need to rely on self-report for the
key outcome. Although w20% of all medical prescriptions dis-
pensed in Australia are not recorded on the PBS database, there
is no reason to suspect that any underreporting would have
differed between our study arms. We showed no difference in
the proportion of people who had visited a general practitioner
at least once during the trial or in the number of general practi-
tioner visits, which suggested that all participants had an equal
opportunity to be prescribed antibiotics. In addition, the PBS does
not capture medications prescribed for hospital inpatients, but
restriction of the analysis to subjects who had not reported being
hospitalized during the trial (n = 490; no difference between
groups) generated the same trends, although CIs were wider. The
follow-up and compliance in our study were extremely high and
not different between the 3 study arms.

D-Health also had some limitations. In particular, the ran-
domization rate was only 10%, and the proportion of participants
with insufficient serum 25(OH)D was higher than has been

FIGURE 2. Distribution of serum 25(OH)D before and after the inter-
vention. Serum was collected before the intervention and within 2 wk of
completing the intervention. 25(OH)D, 25-hydroxyvitamin D.

TABLE 2

Association between vitamin D supplementation and antibiotic use and

incidence of upper respiratory tract infection in all participants and

stratified by age1

Antibiotic use

RR (95% CI)2 P2No (n = 366) Yes (n = 254)

n (%)

All participants

Placebo 113 (55.1) 92 (44.9) 1.00 —

30,000 IU 124 (59.1) 86 (40.9) 0.84 (0.57, 1.25) 0.40

60,000 IU 129 (62.9) 76 (37.1) 0.72 (0.48, 1.07) 0.10

Age ,70 y [n (%)]

Placebo 58 (65.2) 31 (34.8) 1.00 —

30,000 IU 67 (71.3) 27 (28.7) 0.75 (0.40, 1.39) 0.36

60,000 IU 57 (63.3) 33 (36.7) 1.07 (0.58, 1.97) 0.83

Age $70 y [n (%)]

Placebo 55 (47.4) 61 (52.6) 1.00 —

30,000 IU 57 (49.1) 59 (50.9) 0.93 (0.55, 1.55) 0.77

60,000 IU 72 (62.6) 43 (37.4) 0.53 (0.32, 0.90) 0.02

1 Interaction analyses between age and study allocation showed that P

values were 0.65 and 0.10, respectively, for 30,000 and 60,000 IU.
2Results were obtained from log-binomial models.
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reported for other Australian populations (24). Therefore, it is
possible that these results are not generalizable to all Australian
adults. Thus, the confirmation of these results in other trials
would be advisable before assuming that our findings can be
extrapolated to all adults in this age range. In addition, we did not
capture the reason for antibiotic use, and thus, we were unable to
assess the influence of vitamin D on specific infections. Approx-
imately one-quarter of participants did not receive the full 12 mo
supplementation, and although this amount did not differ according
to the study arm, it is possible that it may have limited the power of
the D-Health Trial and increased the likelihood of the occurrence of
type 2 error. Finally the post hoc nature of the analysis meant that
the results need to be interpreted with caution because of the
potential for type 1 error.

In conclusion, there is increasing evidence that vitamin D has
extraskeletal health benefits, but the published trial data for the
prevention of infections requiring antibiotics are limited. Our
results lend some support to the hypothesis that vitamin D sup-
plementation might reduce the need for antibiotics, particularly in
people aged.70 y. Because this was a post hoc analysis and quite
possibly because of chance, the results suggest that future trials of
vitamin D with antibiotic use or common infections as key out-
comes are warranted.
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