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Background: Vitamin D is involved in the host immune response toward Mycobacterium tuberculosis. However, the
efficacy of vitamin D supplementation on sputum conversion, clinical response to treatment, adverse events, and
mortality in patients with pulmonary tuberculosis (PTB) remains controversial. We aimed to clarify the efficacy and

Methods: We searched Medline, Embase, Cochrane Central Register of Controlled Trials, Web of Science for double-
blind, randomized controlled trials of vitamin D supplementation in patients with PTB that reported sputum
conversion, clinical response to treatment, adverse events, or mortality, published from database inception to
November 26, 2017. This study was registered with PROSPERO, number CRD42018081236.

Results: A total of 1787 patients with active PTB receiving vitamin D supplementation along with standard anti-
tuberculosis regimen were included in the eight trials with different doses of vitamin D ranging from 1000 1U/day to
600,000 IU/month at different intervals. Primary analysis revealed that vitamin D supplementation increased the
proportion of sputum smear and culture conversions (OR 1.21, 95%C| 1.05~ 139, z= 269, P=0.007; OR 1.22, 95%C| 1.04~
143,z=241, P=002), but did not improve the time to sputum smear and culture conversions (HR 1.07, 95%Cl 0.83~ 137,
z=050, P=062; HR 097, 95%Cl 0.76~ 1.23, z=0.29, P=0.77). In the secondary analysis, vitamin D improved serum
25(OH)D, plasma calcium concentration, lymphocyte count, and chest radiograph (MD 103.36, 95%C! 84.20~ 122.53,
z=1057, P<0.00001; SMD 0.26, 95%Cl 0.15~ 037, z=461, P< 0.00001; MD 0.09, 95%Cl 0.03~ 0.14, z=2.94, P=0.003);

MD -0.33, 95% CI -0.57~ —0.08 z= 257, P=001), but had no impact on adverse events, mortality and other indicators(TB
score, BMI, mean mid-upper arm circumference, weight gain, CRP, ESR, and other blood cells) (P> 0.05).

Conclusions: Vitamin D supplementation can be considered as a combination therapy in patients with PTB.

Background

Tuberculosis (TB) is a major health problem; the
World Health Organization estimates that there were
10.4 million incident cases and 1.7 million deaths due
to TB worldwide in 2016. Although TB is a prevent-
able and curable disease, the high prevalence of
multidrug-resistant and extensively drug-resistant TB
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with the pandemics of human immunodeficiency virus
infection and diabetes generates further problems [1].
The duration of anti-tuberculosis treatment is long
and requires multiple drugs that often have mild to
severe side effects. Thus, there is an urgent need for
developing novel drugs that can shorten treatment
duration and combat infection with both susceptible
and resistant TB strains.

Two epidemiological studies demonstrated that sea-
sonal variations in serum vitamin D concentration were
strongly related to the incidence of TB [2, 3]. A
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meta-analysis found that low serum vitamin D status
was associated with increased risk of TB [4]. These re-
sults suggested that vitamin D supplementation is likely
to have a primary preventive effect on the incidence risk
as well as a beneficial effect on the anti-tuberculosis
treatment.

The use of vitamin D for TB treatment started in
1849, with the observation that oil from fish liver im-
proved appetite and strength [5]. The major circulat-
ing metabolite of vitamin D, 1,25-hydroxyvitamin D
(1,25[OH]D), supports innate antimicrobial immune
responses, suggesting a potential mechanism by which
adjunctive vitamin D might enhance response to
anti-tuberculosis therapy [6]. In recent years, vitamin
D was used to treat PTB in the pre-antibiotic era.
Thus far, two meta-analyses incorporating the data
from trials of vitamin D supplementation as treatment
in patients with PTB have been performed. A
meta-analysis that included four trials did not show
any improvement in the clinical parameters (mortal-
ity, sputum smear positivity, and sputum culture posi-
tivity) of vitamin D administration compared with
placebo (P=0.05) [7]. Another meta-analysis that in-
cluded five studies (one study aimed at children)
showed that vitamin D supplementation does not
have any beneficial effects on improving sputum
smear and culture conversion, adverse effects, and
body weight [8]. Both meta-analyses had limited num-
ber of studies, sample sizes, and parameters analyzed,
influencing the results. Currently, several new RCTs
have been published. We conducted a meta-analysis
of all published RCTs to update and further clarify
the efficacy and safety of vitamin D as adjunctive
therapy in patients with PTB.

Methods

Each enrolled trial was approved by the corresponding
Institutional Ethical Committee. Ethics approval and
consent to participate are not relevant for systematic re-
views and meta-analysis. This study was registered with
PROSPERO. Findings are reported according to the
PRISMA guidelines.

Search strategies

In this systematic review and meta-analysis, we searched
Medline, Embase, Cochrane Central Register of Con-
trolled Trials, Web of Science for trials in process using
the keywords “tuberculosis or tuberculoses” and “vitamin
D or cholecalciferol,” with limitations in the publication
type of RCTs but not in the publication language or
period. We regularly updated our searches from data-
base inception up to and including Nov 26, 2017. We
reviewed the references listed in each identified article
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and manually searched the related articles to identify all
eligible studies and minimize potential publication bias.

Inclusion and exclusion criteria

Clinical trials were considered eligible based on the fol-
lowing criteria: 1) RCTs, 2) trials conducted in patients
newly diagnosed with PTB who were on initial
anti-tuberculosis treatment, 3) those conducted in pa-
tients aged > 16 years, and 4) those conducted in pa-
tients receiving vitamin D3 or vitamin D2 as an
interventional treatment, with reported data on effi-
ciency or safety of vitamin D supplementation. Patients
had taken oral corticosteroid or other immunosuppres-
sant therapy, or drugs known to interfere with vitamin D
levels, or antituberculous therapy were excluded. Trials
conducted in pregnant women; retrospective, observa-
tional, cohort, and case control studies; and congress ar-
ticles were excluded.

Outcome measures

Outcome measures consisted of efficacy assessment and
safety evaluation, which were divided into primary and
the secondary results. Primary outcomes included pro-
portion of sputum smear or culture conversion and time
to sputum smear or culture conversion. Secondary out-
comes included serum 25-hydroxy vitamin D(25(OH)D)
concentration, serum calcium concentration, TB score,
chest imaging, body mass index (BMI), weight gain,
mean mid-upper arm circumference, C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), blood in-
dexes (total white cell, neutrophil, monocyte, lympho-
cyte, and hemoglobin), adverse effects, and mortality.

Study selection

The study selection was performed by two investigators
in two phases to determine which studies are suitable.
Duplicated and non-randomized controlled studies were
discarded by screening titles and abstracts firstly. Sec-
ondly, accordance with the previously designed study in-
clusion criteria, eligible studies were extracted by
reviewing full texts.

Data extraction

Two data collectors extracted and recorded authors,
publication year, registration series, study design, partici-
pants and population, demographic characteristics, base-
line characteristics, details of intervention treatment
(dose, frequency, routine, and duration), follow-up
period, outcome measures and study results of each en-
rolled study in a standard form as recommended by
Cochrane [9], independently. For any missing informa-
tion, corresponding authors were contacted by email.
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Quality assessment
Five GRADE considerations [10] was used to assess the
quality of evidence contributing to the analyses of effi-
cacy assessment and safety evaluation. For the assess-
ment of risk of bias in estimating the study outcomes,
the Cochrane risk of bias tool [9] was used.

A third investigator was consulted to solve any dis-
agreement on study selection, data extraction, or quality
assessment.

Statistical analysis
The statistical analysis was accomplished by Cochrane
systematic review software Review Manager (RevMan;
Version 5.3, The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, 2014). The
Mann-Whitney U-test was applied to verify the hypoth-
esis and rendered statistical significance as z-value and
P-value< 0-05; the results were displayed in forest plots.
The effects of the intervention on continuous out-
comes, dichotomous outcomes, and time to event were
expressed as mean differences or standard mean differ-
ences, odds ratios, and hazard ratios, respectively. The
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X2 test with P<0.1 and I2>50% indicated significant
heterogeneity. The sensitivity analysis was performed to
substitute unclear alternative decisions and ranges of
values for decisions. In the presence of statistical hetero-
geneity, random-effects model was applied; otherwise,
fixed-effects model was used.

Results

Study description

Our search identified 333 unique studies that we
assessed for eligibility, of which eight studies [11-18]
with 1787 randomly assigned participants who fulfilled
the eligibility criteria were enrolled in our final quantita-
tive synthesis (Fig. 1). The eight analyzed RCTs were
performed in eight different countries in three conti-
nents. Among all people, 898 patients were assigned to
receive vitamin D, while 889 were administered placebo.
A total of 1044 patients enrolled in the studies were
male, and the male/female ratios were 535:363 and
539:360 in vitamin D and placebo groups, respectively.
The mean age of patients ranged from 27.8~ 41.6 years
and 26.7~43.7 years in the intervention and control

Medline, Embase, Cochrane Central Register of

Controlled Trials (CENTRAL), Web of Science

333 of records identified through database searching in

168 duplicates removed

A 4

165 unique studies

\4

29 of full-text articles assessed for eligibility

136 of records excluded for not

21 of full-text articles excluded, with reasons:

7 review articles

A 4

8 of studies included in qualitative synthesis

8 of studies included in quantitative

synthesis (meta-analysis)

Fig. 1 Flow diagram. CENTRAL, Cochrane Central Register of Controlled Trials; RCT, randomized controlled trial

6 not RCTs

4 conference articles

4 duplicate publication articles
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arms, respectively. Baseline serum 25(OH)D concentra-
tions were determined in six RCTs, ranging from 7.8~
77.5 nmol/L and 6.0~ 79.1 nmol/L in the intervention
and control arms, respectively. All studies involved the
administration of vitamin D to participants in the inter-
vention arm: this was an oral bolus dose given within a
4-month period (2.5 mg per bolus x 3 doses) in one
study [18], an intramuscular bolus dose administered
monthly (15 mg per bolus x 2 doses) in one study [16],
an oral bolus dose administered biweekly (2.5~ 3.5 mg
per bolus x 4 dose) in three studies [11-13], a combin-
ation of oral bolus does administered triweekly (1.25 mg
per bolus x 3 doses) and weekly (1.25 mg per bolus x 3
doses) in one study [17], an oral bolus dose administered
weekly (0.875 mg per bolus x 8 doses) in one study [14],
and an oral dose administered daily (0.25 mg per day for
6 weeks) in one study [15]. Study durations ranged from
6 weeks to 8 months.

Regarding the outcome measures, six studies [11-13,
15, 16, 18] reported the proportion of sputum smear
conversion, five [11-14, 17] reported the proportion of
sputum culture conversion and changes of plasma cal-
cium concentrations, four [11-14] provided the time to
sputum smear conversion, four [11-13, 17] provided the
time to sputum culture conversion, six [12-14, 16, 17]
provided the changes in serum vitamin D concentra-
tions, three [14, 16, 18] presented the data on TB score
change, four [12, 13, 15, 16] exhibited the BMI change,
four [12, 13, 16, 17] showed the changes in mean
mid-upper arm circumference, five [12—16, 18] showed
the changes in weight gain, three [12, 13, 16] presented
the data on chest radiograph change, six [12-14, 17, 18]
showed the incidence of serious adverse events, three
[11, 13, 18] exhibited the incidence of non-serious ad-
verse events, seven [11-14, 16—18] provided the inci-
dence of all-cause deaths, three [12-14] showed the
changes in blood indexes, CRP and ESR. Details on pa-
tients’ characteristics, intervention strategies, and out-
comes are summarized in Tables 1 and 2.

Three RCTs [12—-14] were at low risk of bias for all as-
pects analyzed. The trials conducted by Daley, Tukvadze,
and Wejse as well as their colleagues had an unclear risk
of attrition bias due to the missing data [11, 17, 18],
which could have affected the outcome, but we found no
evidence to confirm the doubt. The study conducted by
Nursyam and colleagues had an unclear risk of selection,
performance, and detection bias as it did not describe
the definite methods used in random sequence gener-
ation, blinding of participants, and personnel and out-
come assessments [15]. The study conducted by
Salahuddin and colleagues had an unclear risk of per-
formance and detection bias as it did not show the de-
tails of the blinding method [16]. Details on the risk of
bias assessment are provided in Additional file 1: Figure
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S1 and Additional file 2: Figure S2. No studies excluding
for low quality (GRADE) or dubious decisions were
found in the sensitivity analysis.

Heterogeneity

A statistical heterogeneity was not observed in the pro-
portion of sputum smear and culture conversion, time
to sputum smear and culture conversion, changes in
chest radiograph, CRP, ESR, blood indexes, and number
of non-serious and serious adverse events and all-cause
deaths (Fig. 25; Additional file 3: Figure S3, Additional
file 4: Figure S4, Additional file 5: Figure S5, Additional
file 6: Figure S6, Additional file 7: Figure S7, Additional
file 8: Figure S8, Additional file 9: Figure S9, Additional
file 10: Figure S10, Additional file 11: Figure S11, Add-
itional file 12: Figure S12). By contrast, a significant stat-
istical heterogeneity was found in the changes in serum
25(OH)D, plasma calcium concentration, TB score, BMI,
weight gain, mean mid-upper arm circumference, and
neutrophil count (I* =99%, MD 103.36, 95%CI 84.2~
122.53; I* =57%, MD 0.26, 95%CI 0.15~ 0.37; I* = 97%,
MD 0.33, 95%CI -1.58~ 2.24; I* = 62%, MD 0.04, 95%CI
-0.15~ 0.24; I* = 60%, MD -0.21, 95%CI -0.44~ 0.01; I* =
73%, MD 0.07, 95%CI -0.78~ 0.92; I* = 66%, MD -0.13,
95%CI -0.42~ 0.16) (Additional file 13: Figure S13, Add-
itional file 14: Figure S14, Additional file 15: Figure S15,
Additional file 16: Figure S16, Additional file 17: Figure
S17, Additional file 18: Figure S18, Additional file 19:
Figure S19). To ensure that if any single study skewed
the overall results, a sensitivity analysis was per-
formed to evaluate the stability of the results. One
study was removed at a time and the overall effect
and summary MD recalculated. This analysis con-
firmed the stability of the results: the overall effects
(P value) did not show statistically significant reversal,
and summary MDs were consistent and without ap-
parent fluctuation (range of recalculated summary
MDs: 80.39~122.62; 0.13~0.33; -0.43~0.72;0.02~
0.10; - 0.23~ - 0.10; — 0.40~ 0.47;-0.18~ — 0.06).

Outcomes
Primary outcomes

Proportion of sputum conversion There were signifi-
cant differences in the proportion of sputum smear con-
version in the overall effects (OR 1.21, 95%CI 1.05~ 1.39,
P =0.007), but null was found in 2, 4, 6, 8, and 12 weeks
(OR 1.26, 0.93~1.72, P=0.14; OR 1.25, 0.97~1.62, P=
0.08; OR 141, 1.04~1.92, P=0.03; OR 1.02, 0.77~ 1.35,
P=0.90; OR 1.05, 0.56~ 1.96, P =0.88) (Fig. 2).

We found significant differences in proportion of spu-
tum culture conversion in the overall effects (OR 1.22,
1.04~ 1.43, P =0.02), but null was found in 2, 4, 6, 8, and
16 weeks (OR 1.44, 0.95~ 2.17, P =0.08; OR 1.09, 0.84~
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141, P=0.51; OR 1.28, 0.93~1.76, P=0.13; OR 1.30,
0.89~1.90, P=0.17; and OR 0.93, 0.39~ 2.22, P=0.87)
(Fig. 3).

Time to sputum conversion Neither time to sputum
smear conversion (HR 1.07, 0.83~1.37, P=0.62) nor
time to culture conversion (HR 0.97, 0.76~1.23, P=
0.77) was found with a statistical significance in vitamin
D arm compared with the placebo arm (Figs. 4 and 5).

Secondary outcomes

Hematology indexes We found significant differences
in increase in serum 25(OH)D concentrations from
baseline in 2, 4, 6, 8, 12, 16, and 24 weeks and in the
overall effects (MD 103.52, 41.34~ 165.70, P=0.001;
MD 116.85, 60.55~173.16, P<0.0001; MD 128.90,
124.09~ 133.71, P <0.00001;MD 125.66, 76.61~ 174.72,
P <0.00001;MD 83.42, 26.26~140.58, P =0.004;MD
82.51, 69.47~ 95.55, P <0.00001;MD 26.50, 12.81~ 40.19,
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P=0.000;MD 103.36, 84.20~122.53,
(Additional file 13: Figure S13).

Meanwhile, significant improvements in plasma cal-
cium concentrations were found in the overall effects
and between 4 and 6 weeks (SMD 0.26, 0.15~ 0.37,
P <0.00001;SMD 0.23, 0.04~ 0.43, P=0.02;SMD 0.47,
0.30~ 0.65, P<0.00001), but null in 2, 8, and 12 weeks
(SMD 0.26, — 0.20~ 0.72, P = 0.27;SMD 0.24, — 0.01~ 0.48,
P =0.06;SMD 0.11, - 0.25~ 0.46, P = 0.56) (Additional file
14: Figure S14).

Significant differences were found in CRP in 2 and
6 weeks (MD 950, 1.94~17.06, P=0.01;MD -7.20, -
12.79~ - 1.61,P = 0.01), but none in 4, 8, and 12 weeks and
in the overall effects (MD -9.55, —3051~1142, P=
0.37,MD -1.70, -4.20~0.80, P=0.18MD -0.60, —2.61~
141, P =0.56;MD -2.92, — 1043~ 4.59, P = 0.45) (Additional
file 4: Figure S4).

A non-significant difference was found in ESR in 2, 4,
6, 8, and 24 weeks and in the overall effects (MD 0.30,
-2.01~261, P=080;MD 1.21, -0.86~327, P-=
0.25;MD -0.60, —2.78~ 1.58, P=0.59;MD 0.62, —1.28~

P <0.00001)

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6.6.1 2weeks
Daley 2015 42 105 37 113 7.7% 1.37[0.79, 2.38] T
Ganmaa 2017 19 190 13 197 4.2% 1.57[0.75, 3.28] T
Martineau 2011 8 61 6 63 1.9%  1.43[0.47, 4.41] —_—
Subtotal (95% Cl) 356 373 13.8%  1.44[0.95,2.17] -
Total events 69 56
Heterogeneity: Chi? = 0.09, df = 2 (P = 0.96); I> = 0%
Test for overall effect: Z = 1.74 (P = 0.08)
6.6.2 4weeks
Daley 2015 61 102 59 105 8.5% 1.16 [0.67, 2.02] -
Ganmaa 2017 53 183 56 188 14.2% 0.96 [0.61, 1.50] .
Martineau 2011 22 61 19 61 4.4% 1.25[0.59, 2.65] A
Mily 2015 38 62 27 64 3.7% 2.17 [1.06, 4.42] —
Tukvadze 2015 47 97 53 95  10.0% 0.74[0.42, 1.31] -/
Subtotal (95% CI) 505 513 40.8% 1.09 [0.84, 1.41] »
Total events 221 214
Heterogeneity: Chi? = 5.79, df = 4 (P = 0.22); I> = 31%
Test for overall effect: Z = 0.66 (P = 0.51)
6.6.3 6weeks
Daley 2015 73 97 68 94 6.2% 1.16 [0.61, 2.22] T
Ganmaa 2017 115 182 106 184 14.1% 1.26 [0.83, 1.92] T
Martineau 2011 33 59 24 53 4.0% 1.53[0.73, 3.23] T
Subtotal (95% CI) 338 331 24.3% 1.28 [0.93, 1.76] <>
Total events 221 198
Heterogeneity: Chi? = 0.31, df = 2 (P = 0.85); I> = 0%
Test for overall effect: Z = 1.53 (P = 0.13)
6.6.4 8weeks
Daley 2015 76 91 80 96 4.6% 1.01[0.47, 2.19] —t
Ganmaa 2017 101 123 104 129 6.6% 1.10 [0.58, 2.08] b
Martineau 2011 38 50 39 54 3.3% 1.22[0.50, 2.94] I
Mily 2015 61 62 57 64 0.3%  7.49[0.89, 62.80]
Tukvadze 2015 75 83 73 86 2.5% 1.67 [0.65, 4.26] I e —
Subtotal (95% CI) 409 429 17.3% 1.30 [0.89, 1.90] o
Total events 351 353
Heterogeneity: Chi? = 3.56, df = 4 (P = 0.47); I> = 0%
Test for overall effect: Z = 1.38 (P = 0.17)
6.6.5 16weeks
Tukvadze 2015 85 97 84 95  3.8%  0.93[0.39,2.22] —r
Subtotal (95% CI) 97 95 3.8%  0.93[0.39, 2.22] i
Total events 85 84
Heterogeneity: Not applicable
Test for overall effect: Z = 0.17 (P = 0.87)
Total (95% CI) 1705 1741 100.0% 1.22 [1.04, 1.43] *
Total events 947 905

ity: Chi2 = = = D12 = ; + + J
B T 15 7 R h o
. 4 i Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 1.95, df = 4 (P = 0.74), I> = 0%
Fig. 2 Proportion of sputum smear conversion after vitamin D supplementation. Cl, confidence interval; M-H., Mantel-Haenszel
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Experimental

Control

0Odds Ratio

Odds Ratio

Total events 1187

1140
Heterogeneity: Chi? = 8.22, df = 19 (P = 0.98); I> = 0%
Test for overall effect: Z = 2.69 (P = 0.007)

Test for subgroup differences: Chi? = 2.72, df =

4 (P=0.61), 1> = 0%

k

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 2 weeks

Daley 2015 42 105 36 113 5.8% 1.43[0.82, 2.49] T
Ganmaa 2017 16 188 17 195 4.2% 0.97 [0.48, 1.99] i
Martineau 2011 16 60 12 64 2.4% 1.58[0.67, 3.68] 1T
Wejse 2009 73 125 61 113 7.4% 1.20[0.72, 2.00] —+—
Subtotal (95% CI) 478 485 19.8% 1.26 [0.93, 1.72] >
Total events 147 126

Heterogeneity: Chi? = 0.99, df = 3 (P = 0.80); I = 0%

Test for overall effect: Z = 1.47 (P = 0.14)

1.1.2 4 weeks

Daley 2015 61 102 58 106 6.3% 1.2310.71, 2.13] b
Ganmaa 2017 33 182 28 187 6.3% 1.26 [0.72, 2.18] T
Martineau 2011 27 60 25 63 3.7% 1.24[0.61, 2.55]  a—
Salahuddin 2013 71 132 63 127 8.2% 1.180.73, 1.93] T
Wejse 2009 85 110 73 103 4.8% 1.40[0.75, 2.59] T
Subtotal (95% CI) 586 586 29.4% 1.25[0.97, 1.62] >
Total events 277 247

Heterogeneity: Chi? = 0.18, df = 4 (P = 1.00); I = 0%

Test for overall effect: Z = 1.73 (P = 0.08)

1.1.3 6 weeks

Daley 2015 73 97 67 94 4.7% 1.23[0.64, 2.33] e
Ganmaa 2017 56 177 46 184 8.6% 1.39[0.88, 2.20] T
Martineau 2011 33 60 34 62 4.2% 1.01[0.49, 2.05] 7
Nursyam 2006 34 34 25 33 0.1% 23.00 [1.27, 417.06] s —
Wejse 2009 69 75 65 75 1.4% 1.77[0.61, 5.14] I e —
Subtotal (95% CI) 443 448 19.0% 1.41 [1.04, 1.92] &
Total events 265 237

Heterogeneity: Chi? = 4.78, df = 4 (P = 0.31); I = 16%

Test for overall effect: Z = 2.18 (P = 0.03)

1.1.4 8 weeks

Daley 2015 78 92 81 98 3.3% 1.17[0.54, 2.53] I
Ganmaa 2017 80 139 114 199 11.1% 1.01[0.65, 1.57] i
Martineau 2011 43 58 46 62 3.2% 1.00 [0.44, 2.26] b m—
Salahuddin 2013 97 132 93 127 7.0% 1.01[0.58, 1.76] s
Wejse 2009 92 100 93 100 2.1% 0.87[0.30, 2.48] .
Subtotal (95% CI) 521 586 26.6% 1.02 [0.77, 1.35] L 2
Total events 390 427

Heterogeneity: Chi? = 0.22, df = 4 (P = 0.99); I> = 0%

Test for overall effect: Z = 0.13 (P = 0.90)

1.1.5 12 weeks

Salahuddin 2013 108 132 103 127 5.3% 1.05 [0.56, 1.96] s
Subtotal (95% CI) 132 127 5.3% 05 [0.56, 1.96] e
Total events 108 103

Heterogeneity: Not applicable

Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI) 2160 2232 100.0% 1.21 [1.05, 1.39] ¢

0.01

+ +
0.1 10
Favours [vitamin D] Favours [placebo]

100

Fig. 3 Proportion of sputum culture conversion after vitamin D supplementation. Cl, confidence interval; M.-H., Mantel-Haenszel

2.53, P=0.52;MD -1.90, - 8.68~ 4.88, P=0.58;MD 0.37,
-0.67~ 141, P=0.48) (Additional file 5: Figure S5).

No significant difference was found in mutation in
total white blood cells in 2, 4, 6, 8, and 24 weeks and in
the overall effects (MD 0.40, —0.24~ 1.04, P =0.22;MD
0.20, - 0.37~0.77, P=0.49;MD -0.20, — 0.80~ 0.40, P =
0.51;MD -0.29, - 0.97~ 0.40, P=0.41;MD 0.32, - 0.52~
1.16, P=0.46;MD -0.02, -0.36~0.32, P=0091) (Add-
itional file 6: Figure S6).

Additionally, there was no significant difference in the
changes in neutrophil count in 2, 4, 6, 8, and 24 weeks
and in the overall effects (MD 0.30, —0.31~0.91, P=
0.33;MD -0.02, - 0.33~ 0.28, P =0.88;MD -0.30, — 0.87~
0.27, P=0.30;MD -0.41, -0.92~ 0.11, P=0.12;MD 0.21,
-0.19~0.61, P=0.3;MD -0.13, - 0.42~0.16, P=0.38)
(Additional file 19: Figure S19).

No significant difference was found in alteration in
monocyte count in 2, 4, 6, 8, and 24 weeks and in the

Hazard Ratio

Hazard Ratio

Test for overall effect: Z = 0.50 (P = 0.62)

Favours [experimental] Favours [control]

Fig. 4 Time to sputum smear conversion after vitamin D supplementation. Cl, confidence interval; SE, Standard Error; IV, Inverse Variance

Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI

Daley 2015 -0.23 0.1 28.4% 0.79 [0.65, 0.97] L

Ganmaa 2017 0.39 0.15 23.4% 1.48[1.10, 1.98] -

Martineau 2011 0.23 0.21 18.0% 1.26 [0.83, 1.90]

Mily 2015 -0.01 0.08 30.2% 0.99 [0.85, 1.16]

Total (95% CI) 100.0% 1.07 [0.83, 1.37]

Heterogeneity: Tau? = 0.05; Chi? = 13.25, df = 3 (P = 0.004); I> = 77% 40.01 Ofl T 140 1004

~N
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P
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Daley 2015 -0.07 0.09 30.0% 0.93 [0.78, 1.11]
Ganmaa 2017 0.1 0.12 26.7% 1.11[0.87, 1.40]
Martineau 2011 0.33 0.22 16.7% 1.39[0.90, 2.14]
Tukvadze 2015 -0.36 0.12 26.7% 0.70[0.55, 0.88] -
Total (95% CI) 100.0% 0.97 [0.76, 1.23]
H . 2 _ . 2 _ — — 12 0 : : 4 : :
I_I-_ieterfogeneltyl.lTa;: — 2940 (Zigl P—_l(;l.;l75, df =3 (P = 0.01); I° = 73% 001 o1 1 1o 100
est for overall effect: Z = 0.29 (P = 0.77) Favours [experimental] Favours [control]
Fig. 5 Time to sputum culture conversion after vitamin D supplementation. Cl, confidence interval; SE, Standard Error; IV, Inverse Variance

overall effects (MD 0.05, — 0.01~0.11, P=0.13;MD -0.01,
-0.06~ 0.04, P=0.78;MD -0.04, - 0.01~ 0.02, P = 0.20;MD
-0.04, - 0.12~0.04, P=0.36;MD -0.04, - 0.15~0.07, P=
0.47;MD -0.02, - 0.05~0.02, P=0.34) (Additional file 7:
Figure S7).

A significant difference was found in the change in
lymphocyte count in 4 weeks and in the overall effects
(MD 0.22, 0.10~ 0.34, P = 0.0003;MD 0.09, 0.03~ 0.14, P =
0.003), while the results in 2, 6, 8, and 24 weeks (MD 0.00,
-0.12~0.12, P=1.00;MD 0.10, - 0.03~ 0.23, P =0.13;MD
0.05, -0.06~0.15, P=0.36;MD 0.02, —-0.37~041, P=
0.92) were on the contrary (Additional file 8: Figure S8).

Imaging index A significant improvement in the chest
radiograph (mean no. of zones involved) was detected
in vitamin D arm compared with the placebo arm
(MD -0.33, - 0.57~-0.08, P=0.01) (Additional file 3:
Figure S3).

Clinical indexes No significant improvement was found
in TB score in 8 weeks and 5, 6, and 8 months (MD
-0.01, - 0.23~ 0.22, P=0.98; MD -0.09, - 0.26~ 0.08, P =
0.29; MD 0.01, - 1.69~ 1.71, P =0.99; MD -0.18, - 0.36~
0.00, P=0.05; MD -0.21, — 0.44~ 0.01, P =0.07), except
12 weeks (MD -1.18, -1.78~0.59, P<0.0001) (Add-
itional file 15: Figure S15). No significant difference was
found in the change in hemoglobin levels in 4, 8, and
24 weeks and in the overall effects (MD -0.13, — 0.77~
0.51, P=0.69; MD -0.10, -0.51~0.31, P=0.64;, MD
-0.25, — 0.96~ 0.46, P =0.49; MD -0.13, - 0.45~ 0.18, P =
0.40) (Additional file 9: Figure S9). An insignificant im-
provement was found in the anthropometric outcomes:
BMI, weight gain and mean mid-upper arm circumfer-
ence (MD 0.33, —1.58~2.24, P=0.74; SMD 0.04, -
0.15~0.24, P=0.68; MD 0.07, -0.78~0.92, P=0.88)
(Additional file 16: Figure S16, Additional file 17: Figure
S17, Additional file 18: Figure S18).

Safety and mortality Pooled analysis showed that no
significant difference was found in the number of
non-serious adverse events, serious adverse events, and
all-cause deaths (OR 1.06, 0.65~ 1.74, P =0.80; OR 1.02,
0.48~2.20, P=0.95 OR 1.22, 0.74~2.04, P=043)

(Additional file 10: Figure S10, Additional file 11: Figure
S11, Additional file 12: Figure S12).

Discussion

This is the largest and the most comprehensive
meta-analysis to investigate the effects of adjunctive vita-
min D on patients with PTB currently. In this
meta-analysis, we found that vitamin D could increase
the proportion of sputum smear and culture conversion,
but was unable to shorten the time to sputum smear
and culture conversion. An increase in lymphocyte
count, serum 25(OH)D, and plasma calcium concentra-
tions and improvement in chest radiograph were ob-
served after vitamin D supplementation. There was no
evidence of improvement of other parameters (TB score,
BMI, mean mid-upper arm circumference, weight gain,
CRP, ESR, and blood indexes) in the vitamin D arm. No
significant difference was found in the safety (non-seri-
ous and serious adverse events) and mortality (all-cause
deaths) between two groups.

The results of this meta-analysis are inconsistent with
those of previous meta-analyses, showing that vitamin D
supplementation safely and effectively increases the pro-
portion of sputum smear and culture conversion. A
meta-analysis that included four trials did not show any
improvement in the clinical parameters of the partici-
pants in the vitamin D arm compared with those in the
placebo arm (P =0.05) [7]. Unfortunately, no further in-
formation was obtained from this congress literature
after contacting the corresponding author. Another
meta-analysis, which included five studies (one study
aimed at children) with 841 participants, showed that
vitamin D supplementation does not have any beneficial
effects on improving sputum smear and culture conver-
sion, adverse effects, and body weight [8]. These two
meta-analyses had limited number of studies, sample
sizes, and parameters analyzed, influencing the results.

Vitamin D supplementation as adjunctive therapy had
no impact on the time to sputum smear or culture con-
version, the latter is recognized as a surrogate endpoint
for treatment failure and relapse in patients with TB
[19], despite the increase in the proportion of sputum
smear and culture conversion. Thus, more rigorous and
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larger scale RCTs should be conducted to further verify
this problem.

Besides, we detected whether adjunctive vitamin D ex-
hibited anti-inflammatory actions on influencing the
peripheral blood parameters. A significant increase in
lymphocyte count was observed in the vitamin D arm,
but null was found in total white blood cell count, neu-
trophil count, monocyte count, CRP, and ESR. The
lymphocyte: monocyte ratio was verified as a biomarker
of pulmonary inflammation resolution in an animal
model of TB [20]. Coussens et al. [21] found that ad-
junctive vitamin D therapy accelerated sputum smear
conversion as well as enhanced resolution of lymphopae-
nia and monocytosis in PTB patients. In our
meta-analysis, improvements of sputum conversion and
lymphocyte: monocyte ratio were compliance with previ-
ous studies. These findings propose a potential effect of
vitamin D supplementation on accelerating resolution of
inflammatory responses during tuberculosis therapy.
Thus, we speculated that the modest immune modula-
tory effect of vitamin D might have a preventing role on
TB [22]; this hypothesis is being solved by two ongoing
clinical trials [23, 24].

Statistical differences in the improvement of chest im-
aging were observed between groups, but studies in-
cluded in the analysis are less. However, this result needs
to be verified further. A non-statistical difference in
BMI, weight gain, mean mid-upper arm circumference,
hemoglobin, and TB scores was observed among pa-
tients receiving vitamin D supplements compared with
those in the placebo group. The indicator for weight
gain used in this study was consistent with that in the
previous meta-analyses.

Based on the presently available studies, serum
25(0OH)D and plasma calcium concentrations returned
to normal after vitamin D administration. The mostly
reported non-serious adverse event is hypocalcemia. Ad-
verse events and all-cause deaths were evenly distributed
between the vitamin D and placebo groups. Results con-
firmed that vitamin D supplementation is safe and ef-
fective. These findings are accord with previous
meta-analyses.

This study has several strengths. Our meta-analysis
has the largest number of studies and participants cur-
rently, and the studies included were of high quality.
This study is the first meta-analysis to examine the ef-
fects of vitamin D supplementation on the time to spu-
tum smear or culture conversion; the latter was
considered a surrogate endpoint for treatment failure
and relapse [19]. Besides, 25(OH)D concentration was
measured using validated assays in laboratories. The
proportion of missing outcome data was small and simi-
lar in both groups. Therefore, our findings have a high
degree of validity.
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This study has some limitations. The administration
doses of vitamin D, duration of treatment, and follow-up
time were different. Heterogeneity was found in some
analyses (serum 25(OH)D, plasma calcium concentra-
tion, BMI, weight gain, TB score, mean mid-upper arm
circumference, and neutrophil count). For small number
of published RCTs, power of some analyses was limited.
These may affect the accuracy of analysis results.

Genetic variation in the gene encoding the vitamin D
receptor (vitamin D receptor polymorphisms) may mod-
ify the effects of adjunctive vitamin D in PTB. Jolliffe et
al. [25] suggested that single nucleotide polymor-
phisms(SNPs) in special gene in the vitamin D pathway
have an influence on disease outcomes. Ganmaa et al.
[12] showed that vitamin D3 did not improve time to
sputum culture conversion overall, but significant differ-
ence was found in patients with one or more minor al-
leles for SNPs. So, we speculate that vitamin D receptor
polymorphisms may affect the effects of vitamin D ad-
junctive treatment. But unfortunately, we cannot do sub-
group analysis in our meta-analysis with insufficient data
of relevant studies.

For low cost of this intervention and major economic
burden of PTB, vitamin D is regarded as a cost-effective
adjunctive therapy.

Conclusions

In conclusion, vitamin D supplementation can safely and
effectively increase the proportion of sputum smear and
culture conversion, but it may not have enough benefi-
cial effects on time to sputum conversion. As this inter-
vention is safe and low cost, it is considered a
cost-effective strategy in treating patients with PTB.
Thus, future rigorous RCTs are needed, particularly with
different vitamin D dose, treatment duration, and
follow-up based on vitamin D receptor polymorphisms
and severities of diseases, to further determine the role
of vitamin D in patients with PTB.
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