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Abstract

Background: Tuberculosis (TB) is one of the most debilitating diseases worldwide. Current studies have shown that vitamin D p&
a significant role in host immune defense against Mycobacterium tuberculosis, but clinical trials reported inconsistent results.
Therefore, we systematically reviewed the literature to investigate whether vitamin D supplementation could improve the effect of
anti-TB therapy.

Methods: We systematically searched PubMed, Embase, and the Cochrane Central Register of Controlled Trials from their
inception to February 8th, 2019 for randomized controlled trials on vitamin D supplementation in patients with pulmonary TB
receiving anti-TB therapy. The primary outcomes were time to sputum culture and smear conversion and proportion of participants
with negative sputum culture. The secondary outcomes were clinical response to treatment and adverse events. A random-effects
model was used to pool studies. Data were analyzed using RevMan 5.3 software.

Results: Five studies with a total of 1126 participants were included in our meta-analysis. Vitamin D supplementation did not
shorten the time to sputum culture and smear conversion (hazard ratio [HR] 1.04, 95% confidence interval [CI] 0.89-1.23, P = 0.60;
HR 1.15,95% CI10.93-1.41, P =0.20, respectively) and did not lead to an increase in the proportion of participants with negative
sputum culture (relative risk [RR] 1.04, 95% CI0.97-1.11, P = 0.32). However, it reduced the time to sputum culture conversion in
the sub-group of participants with Tagl tt genotype (HR 8.09, 95% CI 1.39-47.09, P = 0.02) and improved the multidrug-resistant
(MDR) TB sputum culture conversion rate (RR 2.40, 95% CI 1.11-5.18, P = 0.03). There was no influence on secondary outcomes.
Conclusions: Vitamin D supplementation had no beneficial effect on anti-TB treatment, but it reduced the time to sputum culture
conversion in participants with tt genotype of the TagI vitamin D receptor gene polymorphism and improved the MDR TB sputum
culture conversion rate.
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Introduction were more likely to exhibit disease progression.!®!
Current evidence shows that vitamin D plays a significant
role in host immune defense against Mycobacterium
tuberculosis,|®* '3 which has the potential to shorten
the time of anti-microbial therapy in drug-sensitive
disease or improve results in drug-resistant diseases.
Calcitriol, the active metabolite of vitamin D, can
modulate immune responses by binding to vitamin D
receptor (VDR) to regulate transcription of vitamin D-
responsive genes.'”! Patients with pulmonary TB (PTB)
with the TagI Tt genotype, compared with those with the
TT %enotype have more rapid sputum culture conver-
sion.

Tuberculosis (TB) is an ancient human disease, which has
existed for thousands of years since the origin and
evolution of human beings.!'! The World Health
Organization reported that TB remains one of the world’s
deadliest communicable diseases with 10.4 million
incident cases and 1.674 million deaths in 2016, despite
the advancement in disease control. 2! It was estimated
that 490,000 cases developed into multidrug-resistant
(MDR) TB in 2016.1 Therefore, it is urgent to find a new
anti-TB medication to control the global TB epidemic.

It is suggested that vitamin D deficiency (VDD) is
associated with the development of active TB and could  Therefore, it is crucial to determine whether vitamin D
increase TB risk.*”! Patients with latent TB with VDD  supplementation can benefit patients with PTB. There are
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several published clinical trials and meta-analyses
on the effects of vitamin D as adjunctive therapy in patients
with TB. However, the results are still inconsistent.
Moreover, no meta-analysis conducted to date has
primarily investigated the influence of Tagql VDR
genotypes on responses to vitamin D supplementation in
PTB and the effects of adjunctive vitamin D on adult TB
treatment. Hence, we conducted an updated meta-analysis
to investigate the effects of vitamin D supplementation on
adult TB treatment.

Methods

Literature search

We systematically searched PubMed, Embase, and the
Cochrane Central Register of Controlled Trials from their
inception to February 8th, 2019 for randomized controlled
trials (RCTs) using a combination of Medical Subject
Headings or Emtree and related keywords in all fields. The
keywords used were “tuberculosis” or “tuberculosis” or
“Mycobacterium tuberculosis infection” and “vitamin D”
or “cholecalciferol” or “calcifediol” or “calcitriol” or
“ergocalciferol” or “25-hydroxyvitamin D” or “vitamin
D2” or “vitamin D3.” We also scanned the reference lists
of pertinent trials and key review articles to identify
relevant studies.

Inclusion criteria

Studies meeting the following criteria were included: (1)
participants: patients were aged >18 years with newly
diagnosed PTB with sputum smear-positive result; (2)
intervention: vitamin D3 or vitamin D supplementation
was conducted within 7 days of anti-TB therapy initiation;
(3) comparison: placebo was administered at the time of
vitamin D supplementation; (4) outcomes: the primary
outcomes were time to sputum culture conversion, time to
sputum smear conversion, and proportion of participants
with negative sputum culture. The secondary outcomes
were body mass index (BMI), radiological examinations,
and adverse events (hypercalcemia and mortality); and (5)
design: studies were RCTs. If data were duplicated or
shared in more than one study, the first published study
was included in the meta-analysis. The language was
restricted to English. Discrepancies regarding study
inclusion between authors were resolved through discus-
sion. We also conducted sub-group analyses of time to
sputum culture conversion in participants with Taql VDR
polymorphism and MDR TB sputum culture conversion
rate.

Data extraction and risk of bias assessment

Two of the authors (JZ and CC) independently evaluated
the eligibility of all studies obtained from the databases
according to the above selection criteria. We extracted data
in the placebo and vitamin D arms. Disagreements between
authors were resolved by discussion. The following data
were extracted from the studies: study name (name of the
first author with the publication year), country and design,
participants (sample size, sex, and age), intervention arms
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and controls (intervention drug and dose, follow-up
duration, and anti-TB therapy protocol), and outcomes
(primary and secondary outcomes). The Cochrane Col-
laboration’s tool for assessing risk of bias was used for
each RCT, which includes the following criteria: adequacy
of sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome
assessors, incomplete outcome data, selective reporting,
and other biases.”!! We also used the grading of
recommendations assessment, development and evalua-
tion (GRADE) system to rate the quality of evidence from
our meta-analysis by using GRADEpro software which
was supported by the Italian Ministry of Health and
developed by the GRADE Working Group.

Statistical analysis

To evaluate the effect of vitamin D on PTB, we calculated
relative risks (RRs) with 95% confidence intervals (95%
ClIs) for dichotomous outcomes. For continuous outcomes,
mean differences (MDs) or standard mean differences
between the experimental and control groups were
combined. Time-to-event outcomes were analyzed using
hazard ratios (HRs). The proportion of participants with
negative sputum culture after treatment was evaluated
separately using intention-to-treat (ITT) and per-protocol
(PP) analyses, while other outcomes were analyzed by ITT
analysis only because of the availability of data.
Heterogeneity in results across studies was examined
using the Cochran Q and I* statistics.®* The null
hypothesis that the studies are homogeneous was r lected
if the P value for heterogenelty was <0.10 or I” was
>50%. Studies with an I? statistic >50% were considered
to have significant heterogeneity. A random-effects model
was used to pool studies.

A sensitivity analysis was conducted to assess the influence
of individual studles on the pooled result when the P value
was <0.10 or I* was >50% by excluding each study one
by one and recalculating the combined results of the
remaining studies. To test for publication bias, we used a
test for asymmetry of the funnel plot proposed by Egger
et al®3! All data analyses were performed with Review
Manager 5.3 (Cochrane Informatics and Knowledge
Management Department, available from http:/tech.
cochrane.org/; UK).

Results

Study flow diagram

Figure 1 shows a flow diagram of the selection process. A
total of 713 records were initially identified from the
database search. Of these, 80 records were excluded for
duplicates, and 621 records were excluded after screening
the titles and abstracts. The remaining 12 full-text articles
were assessed for eligibility, of which seven were further
excluded because of the inclusive age of <18 years in the
lower side,!'?202227341 presence  of respiratory dis-
ease,! and inclusion of children®® in the analys1s
The remaining five RCTs!?"232¢! were included in the
final meta-analysis.


http://tech.%20cochrane.org/
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Figure 1: Study flow diagram. All studies were randomized controlled trials.
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Characteristics of included studies

The characteristics of studies included in our meta-analysis
are summarized in Table 1. Overall, the five trials enrolled
1126 patients with newly diagnosed TB who were
predominantly male (758, 67.32%), and a total of 556
patients were administered vitamin D supplements, while
570 patients were administered placebo. The sample size
varied from 144 to 390 participants. Two studies reported
MDR TB.2**! Three RCTs*"***31 reported sputum
culture conversion in VDR polymorphism, two?"** of
which reported the Tagl genotype. The study by Mily
et al®® investigated the effect of phenylbutyrate (PBA) and
vitamin D on PTB and reported the proportion of patients
with TB who had negative culture at week 8 and time to
sputum smear conversion, with three arms separately
investigating the benefit of adding PBA or PBA + vitamin D
or vitamin D in PTB treatment compared with placebo.
Only the two arms exploring adjunctive vitamin D on PTB
were included in the systematic review. The other four
included trials had two arms: standard anti-TB therapy

(including 2RHZE/4RH,!*®! RHZE,!*123251 and appro-
priate treatment regimen for MDR TB/***°) plus vitamin
D administration versus standard anti-TB therapy with
placebo. All studies focused on adults with a mean age of
28.1 to 41.6 years and 26.7 to 43.7 years in intervention
and control arms, respectively. The total doses of vitamin
D3 varied from 7.5 to 35 mg and were all administered
orally. The vitamin D doses and supplementation duration
were different across studies: 2.5 mg within 7 days of anti-
TB therapy initiation and repeated at 2, 4, and 6 weeks in
Martineau et al’s'*!! study; 2.5 mg with the first dose of TB
treatment and repeated at 2, 4, 6, and 8 weeks in Daley
et als® study; 1.25 mg three times weekly for 8
consecutive weeks followed by 1.25 mg every 2 weeks
for additional 8 weeks in Tukvadze et al’s!**! study; 0.125
mg/day for 2 months in Mily ez al’s!*®! study; and 3.5 mg
within 2 days of TB treatment initiation and repeated at 2,
4, and 6 weeks in Ganmaa et al’s'*! study. Because almost
all endpoints of the included trials were 8 weeks, all trials
reported the outcomes at 8 weeks. To ensure consistency of
the results, we extracted the data at 8 weeks.
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2017 Ganmaa et al

Figure 2: Risk of bias summary of the included studies.

Assessment of risk of bias and publication bias

Risk-of-bias assessment of the included studies is
presented in Figure 2. The included trials had some
methodological strengths and limitations. One trial*’!
was adjudicated to be of unclear risk of bias in blinding of
outcome assessment, two studies'?>**! were adjudicated
to be of unclear risk of bias in incomplete outcome data,
and two trials!*"*®! were adjudicated to be of low risk of
bias.

We were unable to assess the publication bias using a
funnel plot due to the small number of studies (<10)
included in this analysis. Therefore, publication bias
cannot be excluded.

Heterogeneily and sensitivity analysis

No heterogeneity was observed in time to sputum culture
conversion, proportion of participants with negative
sputum culture, MDR TB sputum culture conversion rate,
BML, chest radiography finding, and mortality. We found a
moderate statlstlcal heterogeneity in the incidence of
hypercalcemia (I” = 54%, RR 1.28, 95% CI 0.34-4.79,
P=0.72) and low heterogeneity in time to sputum smear
conversion (I*=42%, RR 1.15, 95% CI 0.93-1.41,
P =0.20). A sensitivity analysis was performed to evaluate

WWW.Cmj.org

the stability of the results, by excluding each study one by
one and recalculating the combined RR or HR on the
remaining studies. This analysis confirmed the stability of
the results: the overall effects did not show statistically
significant reversal and recalculated pooled RR and HR
were consistent and without apparent fluctuation (data not
shown).

Primary outcomes

Time to sputum culture conversion

Four trials>’?32%! with 982 cases were included in the

meta-analysis [Figure 3]. Overall, there was no significant
effect of vitamin D supplementation on time to sputum
culture conversion (HR 1.04,95% CI10.89-1.23, P =0.60,
F=14%).

Time to sputum smear conversion

Four trials!?*%252¢! examined the time to sputum smear

conversion between vitamin D supplementation and
placebo [Figure 4]. The pooled analysis including 927
adults showed that there was no 51gn1ﬁcant association
between time to sputum smear conversion and vitamin D
supplementation in PTB treatment (HR 1.15, 95% CI
0.93-1.41, P=0.20, I* =42%).

Time to sputum culture conversion in the sub-group of
participants with Tagl/ genotype

Two trials®"** were included in the meta-analysis

[Figure 5]. The pooled analysis including 237 adults
showed that there was a statistically significant difference
in time to sputum culture conversion in participants with
tt genotype (HR 8.09, 95% CI 1.39-47.09, P=0.02,
I>=0%). However, there was no effect in TT and Tt
genotypes (HR 1.25, 95% CI 0.82-1.89, P=0.29; HR
0.96, 95% CI 0.64-1.44, P =0.86, respectively).

MDR TB sputum culture conversion rate

Two trials®*?°! examined the effect of vitamin D

supplementation on MDR sputum culture conversion
rate. The pooled analysis including 39 adults showed a
significant difference MDR TB sputum culture conversion
rate at 8 weeks between the vitamin D supplementation
and placebo groups (RR 2.40, 95% CI 1.11-5.18,
P=0.03, I*=0%) [Figure 6].

Proportion of participants with negative sputum culture

Five trials!*1*32¢ evaluated the relationship between

vitamin D supplementation and PTB therapy. Our pooled
analysis included 1126 adults and found that there were no
significant differences in the proportion of participants
with negative sputum culture at 8 weeks (RR 1.05,95% CI
0.99-1.10, P=0.08, I*=0%) [Figure 7]. The result is
consistent with those in the ITT analysis (RR 1.04, 95% CI
0.97-1.11, P=0.32, I*=0%) [Supplementary Flgure 1,
http: //hnks lww. com/CM9/A125]
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Figure 3: Hazard ratios for time to sputum culture conversion from four included studies. Cl: Confidence interval; IV: Inverse variance; SE: Standard error.
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Figure 4: Hazard ratios for time to sputum smear conversion from four included studies. Cl: Confidence interval; IV: Inverse variance; SE: Standard error.
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Figure 5: Hazard ratios for time to sputum culture conversion in the sub-group of participants with Tag/ genotype. CI: Confidence interval; IV: Inverse variance; SE: Standard error.
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Figure 6: Forest plot of MDR TB sputum culture conversion rate. Cl: Confidence interval; MDR TB: Multidrug-resistant tuberculosis; M-H: Mantel-Haenszel.
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Figure 7: Forest plot of the proportion of participants with negative sputum culture in the per-protocol analysis. Cl: Confidence interval; M-H: Mantel-Haenszel.

Secondary outcomes

BMI

Two trials!**! reported BMI after anti-TB therapy with
vitamin D supplementation. The pooled analysis including
516 adults showed no significant differences in the BMI
(MD —0.31, 95% CI —0.86 to 0.25, P=0.28, I* =9%)
[Supplementary Figure 2, http:/links.lww.com/CM9/A126].

21,25

Chest radiography

Two trials®"**! with 486 patients were included in the

meta-analysis. The analysis showed that there was no
significant difference in chest radiography findings (MD
—0.02, 95% CI -0.41 to 0.36, P=0.90, I"'=0%)
[Supplementary Figure 3, http:/links.lww.com/CM9/A127].

Hypercalcemia

Five trials!?"?32¢ examined the effect of vitamin D

supplementation on the incidence of hypercalcemia. The
pooled analysis including 1126 adults showed no signifi-
cant difference in the incidence of hypercalcemia between
the vitamin D supplementation and placebo groups (RR
1.28, 95% CI .0.34-4.79, P=0.72, I* = 54%) [Supple-
mentary Figure 4, http:/links.lww.com/CM9/A128].

Mortality

Four trials?"?32°! examined the effect of vitamin D

supplementation on mortality. The pooled analysis
including 977 adults showed no significant difference in
mortality between the vitamin D supplementation and
placebo groups (RR 0.86, 95% CI 0.20-3.74, P=0.85,
I> =19%) [Supplementary Figure 5, http:/links.lww.com/
CM9/A129].

Quality of evidence

We used the GRADE system to determine the quality of
evidence in our meta-analysis. The time to sputum culture
conversion, proportion of participants with negative
culture, incidence of hypercalcemia, and mortality had
“moderate” quality with no inconsistency, no indirectness,
no imprecision, and undetected publication bias but with a
serious risk of bias. The time to sputum smear conversion
with a serious risk of bias and inconsistency and MDR TB

sputum culture conversion, BMI, and chest radiography
findings with a serious risk of bias and imprecision had
“low quality.” The sub-group with Tagl genotype had
“very low” quality with a serious risk of bias, inconsisten-
¢y, and imprecision.

Discussion

To the best of our knowledge, this might be the first meta-
analysis to investigate the effect of adjunctive vitamin D on
adults with PTB. We found that vitamin D supplementation
does not shorten the time to sputum culture and smear
conversion and does not lead to an increase in the
proportion of participants with negative sputum culture.
We also found that vitamin D had no impact on BMI, chest
radiography findings, incidence of hypercalcemia, and
mortality. However, it may reduce time to sputum culture
conversion in patients with tt genotype of the VDR
polymorphism and improve MDR TB sputum culture
conversion rate.

Three meta-analyses by Riazv et al,'®”! Xia et al,*® and
Wang et al'**! showed that vitamin D supplementation did
not improve sputum conversion in patients with TB. A
recent meta-analysis by Wu et al®® reported that vitamin
D supplementation was unable to shorten the time to
sputum smear and culture conversion. Jolliffe ez al*®! also
reported that adjunctive vitamin D did not influence time
to sputum culture conversion and the proportion of
participants with negative sputum culture at 8 weeks but
could accelerate sputum culture conversion in patients
with MDR TB. These results were consistent with those of
our meta-analysis, showing that vitamin D supplementa-
tion had no beneficial effects on time to sputum conversion
and clinical signs but may improve MDR TB sputum
culture conversion rate. However, Wu et al'**! reported
that adjunctive vitamin D could increase the proportion of
sputum smear and culture conversion and also improve
chest radiography findings. Jolliffe et al'*®! also reported
that vitamin D could accelerate sputum smear conversion.
There are several points to explain the difference in
the results of our meta-analysis and the studies of Wu
et al®® and Jolliffe et al.'*® First, the inclusion criteria
were different. Our meta-analysis included only adult
patients, while the studies of Wu et al'*°! and Jolliffe
et al®® included participants aged >15 years. Jolliffe
et al®® added the results of Wejse et al*”' and
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Ralph et al,'*”! which did not meet our inclusion criteria,
which may affect the results of time to sputum smear
conversion. Second, Wu et al*” pooled the results of the
proportion of sputum smear or culture conversion using PP
analysis, while we extracted data on the proportion of
sputum culture conversion at 8 weeks and conducted PP
and ITT analysis separately. ITT analysis more closely
represents clinical practice and can be considered as a de
facto standard for analysis of clinical trials.*”! Third, our
meta-analysis investigated chest radiography findings at
8 weeks, while Wu ez al*! added the results of Salahuddin
et al**! (which did not meet our inclusion criteria) at
12 weeks. Lastly, Wu et al'®®! used fixed-effects model to
pool the results. Considering studies included in this review
varied markedly in terms of population, doses of vitamin
D, baseline 25(OH)D concentration, sun exposure time,
type of diet, and reported outcome measure, we; therefore,
used the random-effects model, which not only weighs
each study by its inverse variance but also considers both
within- and between study variations to calculate pooled
RRs and 95% ClIs, yielding a more global and conservative
estimate.[*®! All meta-analyses showed that vitamin D
supplementation was safe and not associated with adverse
effects.

Jolliffe et al*! suggested that special single nucleotide
polymorphisms (SNPs) in the vitamin D pathway affect
disease outcomes. A review by Sutaria et al'**! reported
that some VDR gene polymorphisms were associated with
increased susceptibility to TB and vitamin D supplemen-
tation led to improved clinical outcomes. Our study found
that vitamin D supplementation may accelerate time to
sputum culture conversion in the sub-group of participants
with tt VDR polymorphism or carrying the minor allele of
each polymorphism. Although Tukvadze et al*¥ reported
that there was no benefit on sputum culture conversion
with Tagl genotype, Martineau et al*'! reported that
vitamin D significantly accelerated sputum culture conver-
sion in PTB with the tt genotype. Ganmaa et al*! also
identified two other SNPs in VDR (rs4334089 and
rs11568820) and one SNP in CYP27B1 (rs4646536) that
significantly modified the effect of vitamin D on sputum
culture conversion. Both studies reported that vitamin D
supplementation was beneficial for patients with TB with
particular genotypes. Considering our included trials were
few and extracted data were limited and the pooled quality
evidence is “extremely low,” further experimental studies
are needed to explore the mechanism of vitamin D
pathway gene, and additional RCTs are warranted to
investigate the effect of vitamin D supplementation in
patients with TB with certain VDR polymorphism.

In our study, we found that vitamin D may be beneficial in
patients with MDR TB. Tukvadze et al** and Ganmaa
et al*®! both showed a strong trend toward improving
outcomes with adjunctive vitamin D3 in patients with
MDR TB. Rathored ez al'**' showed that, in patients with
MDR TB, low serum 25(OH)D level was inverselgr
correlated with sputum smear negativity. Jolliffe et all>®!
reported that vitamin D supplementation accelerated
sputum culture conversion in patients with MDR TB.
Consistently, our meta-analysis showed that vitamin D
supplementation may improve MDR TB sputum culture

WWW.Cmj.org

conversion rate. However, our analysis was based on a
relatively small number of participants, which has
insufficient evidence to justify a clinical recommendation
to supplement vitamin D in MDR TB treatment. Further
trials of investigating adjunctive vitamin D in patients with
MDR TB are warranted to confirm this.

This study has several strengths. First, to the best of our
knowledge, our meta-analysis might be the first to
investigate adult PTB, and most of the studies are of high
quality. Second, we conducted analyses based on ITT and
PP data separately where possible, making our findings
robust. Lastly, we performed a sub-group analysis of
time to sputum culture conversion in participants
with Tagl genotype and MDR TB sputum culture
conversion rate, which may help guide future research
direction.

This study also has several limitations. First, we were
unable to assess the publication bias using a funnel plot due
to the small number of studies included in this analysis.
Therefore, publication bias cannot be excluded. Second,
the number of patients with MDR-TB was small and the
result of MDR-TB sputum culture conversion rate had low
evidence with a serious risk of bias and imprecision. Thus,
there was insufficient evidence to justify a clinical
recommendation of vitamin D supplementation in MDR
TB treatment. More clinical trials with larger sample size
are needed to explore this issue. Third, time to sputum
culture conversion in the sub-group of participants with
Tagql genotype also had a small sample size and limited
data, and the quality of evidence is extremely low. Further
trials of adjunctive vitamin D in patients with VDR
polymorphism are warranted. Finally, the administration
doses of vitamin D and duration of treatment and follow-
up were different across studies. We attempted to consider
this by adopting the random-effects model, and no
significant statistical heterogeneity was found in most of
our analyses.

In conclusion, vitamin D supplementation had no
beneficial effect in anti-TB treatment, but it accelerated
time to sputum culture conversion in participants with
tt genotype of the Tagl VDR polymorphism and
improved the MDR TB sputum culture conversion rate.
However, because of limited data and the wvaried
methodological quality of the trials, which could possibly
arouse a spurious result, the evidence should be viewed
with caution. More high-quality and adequately powered
RCTs investigating vitamin D supplementation in patients
with TB with VDR gene polymorphisms and MDR TB are
warranted.
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