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Abstract 

Background: Vitamin D supplementation as adjunctive therapy in tuberculosis has generated multiple 

systematic reviews with variable conclusions. The proliferation of syntheses in this field requires 

comprehensive evaluation to determine the temporal evolution of evidence and its translation into clinical 

recommendations. 

Objective: To synthesize systematic reviews on vitamin D supplementation in tuberculosis, evaluate 

the temporal evolution of conclusions, examine heterogeneity in clinical outcomes, and determine the 

quality of available evidence for clinical practice. 

Methods: An umbrella review was conducted in accordance with PRIOR guidance for overviews of 

reviews, searching MEDLINE, Embase, Web of Science, and Scopus. Systematic reviews examining 

vitamin D as adjunctive therapy in tuberculosis were included. Methodological quality was assessed 

using AMSTAR-2 and ROBIS, and evidence certainty was evaluated with GRADE adapted for umbrella 

reviews. Overlap among primary randomized trials was quantified using a citation matrix and the 

corrected covered area (CCA). 

Results: Nine systematic reviews (2009-2022) were identified, encompassing 300-2,991 participants. A 

citation matrix identified 16 unique primary RCTs and 64 trial occurrences across nine reviews, 

corresponding to very high overlap (CCA = 37.5%). Meta-analytic findings consistently demonstrated 

null effects for primary outcomes: culture conversion RR 1.04-1.05, time to conversion HR 1.04-1.15, 

and mortality without significant differences. Subgroup analyses revealed potential effects in VDR TaqI 

tt genotype (HR 8.09, 95% CI 1.36-48.01) and multidrug-resistant tuberculosis (RR 2.40, 95% CI 1.11-

5.18), although these findings were based on small sample sizes. Safety profiles were favorable with 

hypercalcemia <2%. 

Conclusions: Current evidence from overlapping systematic reviews does not support routine vitamin D 

supplementation as adjunctive therapy to improve tuberculosis treatment outcomes in unselected 

populations. Signals in VDR TaqI tt genotype carriers and multidrug-resistant tuberculosis remain 

hypothesis-generating and require prospective validation before clinical translation. 

 

Keywords (MeSH Terms): Vitamin D; Tuberculosis, Pulmonary; Systematic Review; Meta-Analysis; 

Cholecalciferol; Dietary Supplements; Antitubercular Agents; Evidence-Based Medicine; Clinical Trials 

as Topic; Treatment Outcome. 

 

Introduction 

Tuberculosis remains one of the leading causes of mortality from infectious diseases worldwide, with 

approximately 10.6 million new cases and 1.6 million deaths reported in 2021 [1]. Despite advances in 

the development of effective antituberculosis treatments, the emergence of multidrug-resistant strains 

and the prolonged duration of conventional treatment have driven the search for adjunctive therapies 

that may improve clinical outcomes [2]. Among the proposed interventions, vitamin D supplementation 
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has generated considerable interest due to its established role in modulating innate and adaptive 

immune responses [3]. 

 

Interest in vitamin D as adjunctive therapy in tuberculosis is based on robust mechanistic evidence 

demonstrating its capacity to regulate the expression of antimicrobial peptides, particularly cathelicidin 

LL-37, which exhibits direct bactericidal activity against Mycobacterium tuberculosis [4,5]. In vitro studies 

have demonstrated that vitamin D activates human macrophages to eliminate intracellular mycobacteria 

by inducing autophagy and nitric oxide production [6]. Additionally, observational studies have 

established consistent associations between vitamin D deficiency and increased susceptibility to 

tuberculosis, with recent meta-analyses documenting relative risks of 1.4 to 2.9 for the development of 

active tuberculosis in individuals with severe deficiency [7]. 

 

The translation of these mechanistic and observational findings into clinical benefits has motivated 

multiple randomized controlled trials since 2006, followed by a proliferation of systematic reviews that 

have attempted to synthesize this growing evidence [8,9]. However, the results of these studies have 

been inconsistent, with some reporting modest benefits in bacteriological conversion and others 

demonstrating no significant effects [10,11]. Currently, World Health Organization (WHO) guidelines for 

tuberculosis treatment do not include specific recommendations on vitamin D supplementation [12].  

 

Nevertheless, recent narrative reviews continue to suggest a potential role for vitamin D in tuberculosis 

based on mechanistic evidence, creating a discrepancy between translational plausibility and evidence-

based clinical recommendations [13,14]. However, the specific evidence gap is not merely whether 

vitamin D has been studied, but whether the apparent evolution of conclusions across systematic 

reviews reflects independent accumulation of evidence, repeated synthesis of overlapping randomized 

trials, differences in outcome definitions, or selective emphasis on statistically significant subgroup 

findings. Therefore, this umbrella review aimed to synthesize systematic reviews on vitamin D 

supplementation in tuberculosis, evaluate the temporal evolution and redundancy of the evidence base, 

examine heterogeneity across clinical outcomes and subgroups, and determine the certainty of available 

evidence for clinical practice. 

 

Methods 

Design 

This UR was developed following the PRIOR (Preferred Reporting Items for Overviews of Reviews) 

guidelines for umbrella reviews (15), as well as the methodological framework proposed by Aromataris et 

al. [16] for UR. 

 

Eligibility criteria 

Systematic reviews (SR) and meta-analyses examining vitamin D supplementation as adjunctive 

therapy in the treatment or prevention of tuberculosis were included. Reviews were eligible if they 

included at least three randomized controlled trials that specifically evaluated vitamin D (cholecalciferol, 

ergocalciferol, or active metabolites) versus placebo or standard care in patients with active tuberculosis 

or individuals at risk of developing tuberculosis. Narrative reviews, individual patient data meta-

analyses, and reviews focusing exclusively on observational studies were excluded. There were no 

language restrictions. The detailed search strategy is presented in Supplementary Material 1. 

Reviews evaluating multi-micronutrient interventions were excluded only when the effect of vitamin D 

could not be disentangled from other co-administered nutrients. This criterion was applied to preserve 

causal attribution to vitamin D supplementation, because pooled effects from combined nutritional 

interventions may reflect the influence of other micronutrients, nutrient-nutrient interactions, correction 

of general malnutrition, or background nutritional status rather than vitamin D itself. Reviews were 

considered eligible when they provided a separate vitamin D arm or extractable vitamin D-specific 

analysis. 

Overlap among systematic reviews was anticipated and was not used as an exclusion criterion, because 

the unit of inclusion in this umbrella review was the systematic review rather than the primary 

randomized trial. Reviews with identical or highly overlapping primary studies were retained when they 

met eligibility criteria, as they contributed to the assessment of redundancy, methodological quality, and 

temporal evolution of conclusions. However, their pooled estimates were not interpreted as independent 
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confirmation of efficacy. Accordingly, Wang et al. and Cabrera Andrade et al. were both retained, while 

their partially overlapping primary-study sets were explicitly considered during interpretation. 

 

Search Strategy 

Comprehensive research was conducted in MEDLINE (PubMed), Embase, Web of Science, and 

SCOPUS from 2000 to July 4, 2025. The search strategy combined Medical Subject Headings (MeSH) 

terms and free-text words related to "Vitamin D," "cholecalciferol," "tuberculosis," "systematic review," 

and "meta-analysis." Reference lists of reviews included were also manually screened. Search 

strategies were developed with the assistance of an experienced medical librarian and adapted for each 

database, while maintaining sensitivity and specificity. The temporal limitation from 2000 was applied 

because controlled research on vitamin D and tuberculosis emerged in the late 1990s.  

 

Study selection and data extraction 

Three reviewers (VJVP, JJBC, and LAMV) independently screened titles and abstracts using the Rayyan 

QCRI platform for systematic screening. Disagreements were resolved through discussion or 

consultation with a fourth reviewer (FEZM). Eligibility data were exported from Rayyan to Microsoft Excel 

for subsequent management and analysis. Full-text articles of potentially eligible studies were retrieved 

and assessed for inclusion using predefined criteria by the same three independent reviewers. 

 

Data extraction was performed independently by three reviewers (VJVP, JJBC, and LAMV) using 

standardized forms piloted in Microsoft Excel that captured review characteristics (first author, 

publication year, search dates, databases consulted, number of included studies, total participants), 

methodological characteristics (study design, inclusion criteria, quality assessment methods, statistical 

approaches), included primary studies with publication years, outcome measures, effect estimates with 

confidence intervals, subgroup analyses, and safety data. Information on search strategies, inclusion 

criteria, quality assessment methods, statistical approaches, and conflict of interest declarations was 

extracted. Discrepancies in data extraction were resolved through consensus among extractors and 

review by the senior investigator (FEZM). 

Assessment of overlap across systematic reviews 

To quantify the degree of overlap in primary randomized controlled trials across the included systematic 

reviews, we constructed a citation matrix in which rows represented unique primary RCTs and columns 

represented systematic reviews. A trial was counted when vitamin D was an explicit intervention arm, 

either alone or as part of a factorial/co-intervention design. Broader micronutrient trials without a vitamin 

D-specific arm or extractable vitamin D-specific contribution were not counted for this overlap 

assessment. Overall overlap was quantified using the corrected covered area (CCA) [36], calculated as 

(N - r)/(r x c - r), where N represents the total number of trial occurrences across reviews, r the number 

of unique primary RCTs, and c the number of systematic reviews. Pairwise overlap was also assessed 

using shared trial counts, Jaccard similarity, and overlap coefficients. The citation matrix and coding 

decisions are provided in Supplementary Material 5. 

 

Methodological quality assessment 

The methodological quality of the included systematic reviews was assessed using two complementary 

tools, applied independently by three reviewers (VJVP, JJBC, and LAMV). AMSTAR-2 (A MeaSurement 

Tool to Assess systematic Reviews-2) [17] evaluated 16 domains of systematic review methodology 

including formulation of a research question with adequate PICO elements, prospective protocol 

registration, justification of included study designs, comprehensiveness of literature search strategy, 

duplicate study selection and data extraction, presentation of excluded studies list with justification, 

detailed description of included studies, assessment of risk of bias in primary studies, reporting of 

funding sources for studies, use of appropriate statistical methods for quantitative synthesis, evaluation 

of risk of bias impact on meta-analysis results, consideration of such bias in interpretation of findings, 

explanation of observed heterogeneity, assessment of publication bias, and declaration of review 

authors' conflicts of interest. Each domain was rated as "Yes," "Partial Yes," or "No," with overall 

confidence ratings categorized as "High," "Moderate," "Low," or "Critically Low." 

 

ROBIS (Risk of Bias in Systematic Reviews) [18] was applied to assess risk of bias specifically in four 

domains: study eligibility criteria, identification and selection of studies, data collection and study 
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appraisal, and synthesis and findings. Each domain was rated as having a "Low," "High," or "Unclear" 

risk of bias, with an overall risk of bias judgment. ROBIS complemented AMSTAR-2 by focusing 

specifically on bias rather than broader methodological quality, providing an assessment of whether 

systematic review conclusions were supported by evidence. Disagreements in both tools were resolved 

through discussion between assessors or consultation with a fourth reviewer (FEZM). 

 

Evidence Grading 

Evidence quality for primary outcomes was graded using the Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) approach adapted for UR [19]. Evidence quality 

was initially rated as "High" for outcomes from systematic reviews of randomized controlled trials, but 

was subsequently downgraded due to concerns about risk of bias, inconsistency, indirectness, 

imprecision, and publication bias. Additional downgrading was applied for excessive overlap between 

reviews without methodological justification and for credibility concerns in subgroup analyses. The final 

evidence quality was categorized as "High," "Moderate," "Low," or "Very Low," with explicit justification 

provided for each domain assessment. GRADE grading was performed independently by two 

investigators (VJVP and JJBC) with discrepancy resolution through structured discussion. 

Publication bias judgments were based on the assessments reported within the included systematic 

reviews. We did not perform de novo funnel plots or statistical tests for funnel plot asymmetry at the 

umbrella-review level, because outcome-specific evidence sets generally included few primary trials and 

several reviews shared overlapping primary studies, limiting the validity and power of such analyses. 

Therefore, absence of a reported publication-bias signal was interpreted as no major concern reported 

by included reviews, not as definitive evidence that publication bias was absent. 

 

Ethics approval and consent to participate 

This umbrella review analyzed previously published systematic reviews and did not involve the collection 

of primary data from human participants. Therefore, ethics committee approval and informed consent 

were not required for this study. All included systematic reviews reported appropriate ethical approvals 

for their respective primary studies. 

 

Results 

Article selection process 

The systematic search across four databases (Scopus, Embase, PubMed, and Web of Science) 

identified a total of 1,067 records, with no additional records identified through other sources. After 

duplicate removal, 641 unique records were obtained for assessment. During the initial screening phase, 

615 records that did not meet basic eligibility criteria were excluded, resulting in 26 articles selected for 

full-text evaluation. Detailed review of these articles led to the exclusion of 17 additional studies that did 

not meet specific inclusion criteria. Finally, 9 systematic reviews were included in the qualitative 

synthesis between 2009 and 2022 [20–28] (Figure 1). 
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Supplementary Material 2. Flowchart of Study Selection
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Characteristics of included systematic reviews 

The selected reviews showed variation in scope and methodology, with study numbers ranging from 4 

tuberculosis-specific trials in Yamshchikov et al. [20] to 12 trials in Goyal et al. [28], and participant 

numbers spanning from 300 to 2,991 individuals. The temporal evolution revealed progressive 

methodological development, beginning with Yamshchikov et al.'s exploratory narrative review 

examining vitamin D in infectious diseases [20], progressing through Xia's (2014) first formal meta-

analysis [21] of 841 participants, to Wu Hong-Xia et al.'s analysis of 1,787 participants [25] (Table 1). 

 

Search strategies varied in comprehensiveness. Wallis et al.  [23] used only PubMed with basic terms 

("Tuberculosis", "Clinical trial," "Vitamin D"), while Wu Hong-Xia et al. [25] and Zhang et al. [26] 

employed multi-database approaches with synonym lists including "cholecalciferol", "calcidiol", 

"calcitriol", "ergocalciferol", "25-hydroxyvitamin D", "vitamin D2", and "vitamin D3". The geographical 

distribution of the included populations was global, encompassing studies from Africa, Asia, Europe, 

and North America, with a concentration in countries with a high tuberculosis burden. 

 

Intervention characteristics demonstrated heterogeneity in dosing regimens. Doses ranged from Morcos 

(1998) [29]administering 1,000 IU daily for 8 weeks (total 56,000 IU) to Ralph et al. [30] providing 50,000 

IU daily for 8 weeks (total 2,800,000 IU). Most studies utilized cholecalciferol, with administration routes 

including daily oral dosing, intermittent oral boluses, and intramuscular injections. Variation in dosing 

standardization represented a challenge in interpreting pooled effects across studies. 

 

Population characteristics varied among included studies. Mean ages ranged from 26.7 to 43.7 years 

across the review populations, with 60-67% of participants being male in most reviews. HIV coinfection 

rates varied from complete exclusion in some studies to over 50% in African populations included in 

Grobler et al. [22]. Baseline vitamin D deficiency was prevalent across populations, with levels of 6.0 to 

79.1 nmol/L across studies. Wu Hong-Xia et al. [25] reported baseline 25(OH)D concentrations of 7.8-

77.5 nmol/L in intervention groups versus 6.0-79.1 nmol/L in control groups. The geographical 

distribution showed a correlation with latitude, with Wallis et al. [23] observing higher deficiency rates in 

United Kingdom studies compared to equatorial regions. 

 

Table 1: Characteristics of Included Systematic Reviews 

First 

Author

, Year 

Type 

Primar

y 

Objecti

ve 

Sear

ch 

Until 

Datab

ases 

(n) 

RC

Ts 

(n) 

Partici

pants 

(n) 

Popula

tion 

Interve

ntion 

Primar

y 

Outco

me 

Fund

ing 

Yamsh

chikov 

2009 

SR 

Review 

vitamin 

D as 

adjuvan

t 

therapy 

in 

infectio

ns 

2009 

2 

(Pub

Med, 

Ovid) 

4 

TB-

spe

cific 

of 

13 

total 

300 

(estima

ted) 

Adults 

and 

children 

with 

active 

TB 

Vitami

n 

D2/D3 

(40 IU-

100,00

0 IU) 

Sputum 

convers

ion 

(descrip

tive) 

NR 

Xia 

2014 

SR+M

A 

Evaluat

e 

impact 

of 

vitamin 

D on 

TB 

treatme

nt 

Dece

mber 

2013 

8 5 841 

Newly 

diagnos

ed TB 

2.5-30 

mg 

total in 

8 

weeks 

Sputum 

convers

ion 6 

weeks 

NR 

Wallis 

2016 
SR 

Vitamin 

D as 

host-

2015 

1 

(Pub

Med) 

8 1,206 
Smear/

culture 

2.5-30 

mg (8 

weeks) 

Sputum 

convers
None 
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directed 

therapy 

in TB 

positive 

TB 

ion 8 

weeks 

Wang 

2018 

SR+M

A 

Efficacy 

and 

safety 

of 

vitamin 

D in 

pulmon

ary TB 

Octo

ber 

2016 

6 5 661 
Pulmon

ary TB 

50,000

-

60,000 

IU high 

dose 

Negativ

e 

smear 

convers

ion 

NR 

Wu 

Hong-

Xia 

2018 

SR+M

A 

Evaluat

e 

vitamin 

D 

efficacy 

in 

pulmon

ary TB 

Nove

mber 

2017 

4 8 1,787 

Pulmon

ary TB 

≥16 
years 

Oral/IM 

boluse

s, daily 

Smear/

culture 

convers

ion 

None 

Zhang 

2019 

SR+M

A 

Improv

e anti-

TB 

therapy 

effects 

in 

adults 

Febru

ary 

2019 

3 5 1,126 

Adult 

pulmon

ary TB 

≥18 
years 

7.5-35 

mg 

oral 

Time to 

culture 

convers

ion 

None 

Cabrer

a 

Andrad

e 2020 

SR+M

A 

Effectiv

eness 

of 

micronu

trients 

in 

pulmon

ary TB 

Nove

mber 

2017 

6 5 661 

Active 

pulmon

ary TB 

Vitami

n D 

subset

* 

Negativ

e 

smear 

convers

ion 

NR 

Grobler 

2016 

SR 

(Coch

rane) 

Nutritio

nal 

supple

ments 

in 

active 

TB 

Febru

ary 

2015 

5 

8 

VitD 

of 

35 

total 

2,649 

VitD of 

8,285 

Active 

TB ± 

HIV 

Variabl

e 

(includ

es 

VitD) 

Mortalit

y, cure 

Coch

rane 

Goyal 

2022 

SR+M

A 

Role of 

vitamin 

D vs 

placebo 

in TB 

manag

ement 

June 

2021 
2 12 2,991 

Adult 

TB 

Wide 

range 

Time to 

culture 

convers

ion 

NR 

Abbreviations: SR=Systematic Review; MA=Meta-analysis; TB=Tuberculosis; RCTs=Randomized 

Controlled Trials; IU=International Units; IM=Intramuscular; NR=Not Reported 

Note: RCT counts in Table 1 reflect the review-level descriptions reported by each systematic review. 

Supplementary Material 5 reports the vitamin D-coded primary RCTs used for overlap assessment; for 

broader nutritional reviews, only trials with an explicit vitamin D arm were counted in the citation matrix. 

Overlap of primary randomized trials across systematic reviews 

The citation matrix identified 16 unique primary RCTs contributing to 64 trial occurrences across the nine 

included systematic reviews. The overall CCA was 37.5%, indicating very high overlap among the review 
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evidence base. Goyal et al. covered the complete RCT sets included by Wallis et al., Wu Hong-Xia et 

al., and Zhang et al., and covered 80% of the RCTs included by Wang et al. and Xia et al. Grobler et al. 

covered the complete vitamin D-coded RCT set included by Cabrera Andrade et al. and 80% of the 

RCTs included by Wang et al. and Xia et al. 

 

Formal overlap assessment also showed that Wang et al. and Cabrera Andrade et al. were overlapping 

but not completely duplicative: they shared three primary trials among nine unique trials identified across 

both reviews, corresponding to an overlap coefficient of 60.0%. Therefore, overlapping reviews were 

retained to characterize redundancy, methodological variation, and temporal evolution of the evidence 

base, but their pooled estimates were not interpreted as independent confirmation of efficacy. 

 

Methodological quality and risk of bias assessment 

Methodological quality was assessed using two complementary tools: AMSTAR-2 to evaluate the overall 

quality of systematic review conduct, and ROBIS to specifically assess risk of bias in synthesis and 

interpretation of results. 

 

The AMSTAR-2 assessment revealed considerable variation in methodological quality (Supplementary 

Material 2). One review achieved high quality rating: Grobler et al. [22], characterized by complete 

compliance with all AMSTAR-2 items. Five reviews [21,25–28] received moderate quality ratings, with 

minor limitations in non-critical domains such as protocol registration, reporting of funding sources, or 

declaration of conflicts of interest. Three reviews [20,23,24] received critically low ratings due to multiple 

limitations in critical domains. 

 

Notably, Yamshchikov et al. [20] presented significant limitations, including failure to register a protocol, 

omission of duplicate selection and extraction processes, and inadequate assessment of the risk of bias 

in individual studies, as well as neglect of this risk in result interpretation. Wallis et al. [23] reported 

similar deficiencies, including a restricted literature search (limited to PubMed only), the absence of 

protocol registration, inadequate documentation of duplicate processes, and the omission of a formal 

bias assessment of the included studies. Finally, Wang et al. [24] lacked protocol registration, did not 

adequately report individual risk of bias or its impact on interpretation, and did not consider publication 

bias, which collectively compromised its overall rating. 

 

The ROBIS assessment (Supplementary Material 3) showed that most reviews had a low risk of bias 

for the study identification and selection processes. However, several reviews showed moderate to high 

risk in the specification of eligibility criteria, particularly Wang et al. [24] and Cabrera Andrade et al. [27], 

which exhibited evidence restriction in their methodological approaches. The synthesis and 

interpretation domain showed variable quality, with narrative reviews, such as those by Wallis et al. [23], 

appropriately avoiding meta-analysis. In contrast, quantitative syntheses employed statistical methods 

consistent with the study design and the nature of the available data. 

 

Primary clinical outcomes and effect estimates 

Meta-analytic findings consistently demonstrated null effects for primary tuberculosis outcomes in 

general populations (Figure 2 and Supplementary Material 4). Sputum culture conversion, evaluated in 

six reviews-four with meta-analyses-showed effect estimates clustering around the null value. Wu Hong-

Xia et al. [25] reported a statistically significant positive finding with OR 1.22 (95% CI 1.04-1.43, p=0.02), 

while other later or broader syntheses found non-significant effects: Zhang et al. [26] RR 1.05 (95% CI 

0.99-1.10, p=0.08), Goyal et al. [28] RR 1.04 (95% CI 0.98-1.11, p=0.21), and Grobler et al. [22] RR 

0.94 (95% CI 0.84-1.06) at 2 months. 

 

Sputum smear conversion, evaluated in eight studies, six with meta-analyses, showed similar patterns, 

with most effect estimates near unity. Wang et al. [24] and Cabrera Andrade et al. [27], two overlapping 

but not identical reviews, reported the same pooled estimate of RR = 0.99 (95% CI: 0.91-1.07; p = 0.77). 

Their concordance was therefore interpreted as consistency between partially overlapping syntheses 

rather than as independent replication. Meanwhile, Wu Hong-Xia et al. [25] found a statistically 

significant effect with OR = 1.21 (95% CI: 1.05-1.39; p = 0.007). Other results included: Xia et al. [21], 
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with RR = 0.61 (95% CI: 0.24-1.56; p = 0.30); and Goyal (2022), with RR = 1.07 (95% CI: 0.94-1.21; p 

= 0.31). 

 

The statistically significant estimates reported by Wu Hong-Xia et al. should be interpreted as potential 

efficacy signals rather than dismissed as spurious findings. A genuine pharmacological effect in selected 

populations, dosing contexts, or baseline vitamin D strata remains biologically plausible. However, these 

findings were modest in magnitude, were not consistently reproduced in later or broader syntheses, and 

were counterbalanced by null estimates for time-to-conversion outcomes. Therefore, they were 

considered hypothesis-generating signals within a predominantly null evidence base, rather than 

definitive evidence supporting routine supplementation. 

 

Time to conversion outcomes, evaluated in five studies, three with meta-analyses, and analyzed using 

hazard ratios, consistently showed that vitamin D supplementation did not accelerate conversion. Zhang 

et al. [26] reported HR = 1.04 (95% CI: 0.89–1.23; p = 0.60) for culture conversion and HR = 1.15 (95% 

CI: 0.93–1.41; p = 0.20) for smear conversion. Wu Hong-Xia et al. [25] found HR = 0.97 (95% CI: 0.76–
1.23; p = 0.77), while Goyal [28] reported HR = 1.06 (95% CI: 0.92–1.23; p = 0.43). 

 

Mortality outcomes consistently showed no significant benefits, although wide confidence intervals 

indicated limited statistical power. Wu Hong-Xia et al. [25] reported OR = 1.22 (95% CI: 0.74–2.04; p = 

0.43), Zhang et al. [26] RR = 0.86 (95% CI: 0.20–3.74; p = 0.83), Grobler et al. [22] RR = 0.86 (95% CI: 

0.46–1.60), and Goyal et al. [28] RR = 1.16 (95% CI: 0.41–3.27; p = 0.78). The consistency of null 

findings across different analytical approaches reinforced confidence in the absence of clinically relevant 

benefits in unselected populations. 

 

 
Figure 2. Temporal trends in effect sizes for vitamin D supplementation outcomes in tuberculosis 

treatment by meta-analysis publication year (2014-2022) 

 

Subgroup analyses, statistical heterogeneity, and sensitivity analyses 

Several reviews reported subgroup analyses with statistically significant effects. Wallis (2016) [23] and 

Zhang et al. [26] reported effects in patients with VDR TaqI tt genotype: HR 8.09 (95% CI 1.36-48.01, 

p=0.02) for sputum conversion, based on approximately 30 patients. Zhang et al. [26] reported effects 

in multidrug-resistant tuberculosis: RR 2.40 (95% CI 1.11-5.18, p=0.03) for culture conversion. Other 

subgroup analyses showed variable results. Stratification by baseline vitamin D deficiency showed 

inconsistent patterns across reviews. Analyses by HIV status yielded non-significant results: Grobler et 

al. [22] found RR 0.86 (95% CI 0.46-1.60) in HIV-negative patients versus RR 0.92 (95% CI 0.69-1.23) 

in HIV-positive patients. Dose-response relationships did not demonstrate consistent patterns across 

reviews. Interpretation of these subgroup findings requires consideration of limited sample sizes, the 
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exploratory nature of analyses, and the absence of correction for multiple comparisons in the original 

reviews. 

 

Heterogeneity between studies varied across outcomes and reviews. Sputum conversion outcomes 

showed low to moderate heterogeneity, with Zhang et al. [26] reporting I² = 14% for time to culture 

conversion and I² = 42% for time to smear conversion. Wu Hong-Xia et al. [25] found variable 

heterogeneity by outcome, with conversion rates showing I² = 0% while biochemical outcomes such as 

serum 25(OH)D levels demonstrated I² = 99%, reflecting diverse dosing regimens and measurement 

approaches. Goyal et al. [28] reported moderate heterogeneity for most outcomes: I² = 43% for time to 

culture conversion, I² = 40% for culture conversion rate, and I² = 50% for smear conversion rate. Authors 

attributed this heterogeneity to differences in diagnostic criteria, population characteristics, and 

intervention protocols. Wang et al. [24] and Cabrera Andrade et al. [27] reported low heterogeneity (I² = 

0%) for smear conversion. 

 

Sensitivity analyses were variably reported across reviews. Wu Hong-Xia et al. [25] demonstrated 

consistency between intention-to-treat and per-protocol analyses, with stable results when excluding 

studies with heterogeneity (I² > 50%). Zhang et al. [26] found stability when restricting analyses to high-

quality studies and when comparing ITT versus per-protocol populations. Xia et al. [21] performed a 

sensitivity analysis by study quality using the Jadad scale, finding similar results when excluding studies 

that scored less than 3. 

 

Safety profile and adverse events 

The safety profile was consistent across all reviews. Hypercalcemia, the primary theoretical concern, 

occurred rarely, with no significant differences between treatment groups. Xia et al. [21] reported 1.67% 

hypercalcemia in vitamin D groups versus 1.23% in placebo groups (p=0.69), while Zhang [26] found 

RR 1.28 (95% CI 0.34-4.79, p=0.72). Wu Hong-Xia et al. [25] and Goyal et al. [28] confirmed these 

findings through comprehensive safety analyses, which showed no significant differences in 

hypercalcemia rates. 

 

Serious adverse events remained consistently low across reviews. Wu Hong-Xia et al. [25] reported OR 

1.02 (95% CI 0.48-2.20, p=0.95), while Goyal et al. [28] found RR 0.83 (95% CI 0.26-2.60, p=0.74). Xia 

et al. [21] documented serious adverse events in 1.24% of vitamin D recipients with no significant 

difference from placebo. Non-serious adverse events showed similar patterns, with Wu Hong-Xia et al. 

[25] reporting OR 1.06 (95% CI 0.65-1.74, p=0.80). 

 

Notable safety events included two paradoxical reactions documented by Wallis et al. [23] in the 

Martineau study, where patients developed psoas and paraspinal abscesses requiring therapeutic 

drainage despite microbiological improvement. One potentially treatment-related death was reported by 

Salahuddin et al. [31] (due to rapidly progressive respiratory failure within two weeks of randomization, 

although causality remained uncertain. The overall safety profile, based on data from nearly 3,000 

participants, supported vitamin D supplementation as a low-risk intervention with rare serious 

complications. 

 

Dosing Strategies and Pharmacological Considerations 

Dosing strategies employed in primary studies showed heterogeneity. Total cumulative doses ranged 

from 56,000 IU (1.4 mg) in Morcos et al. [29] administering 1,000 IU daily for 8 weeks, to 2,800,000 IU 

(70 mg) in Ralph et al. [30] providing 50,000 IU daily for 8 weeks. Most studies employed high-dose 

intermittent regimens rather than daily supplementation, with popular approaches including 100,000 IU 

(2.5 mg) every two weeks for 4 doses [32,33] or 600,000 IU (15 mg) intramuscularly in two divided doses 

[31]. 

 

The pharmacological rationale for these diverse approaches remained poorly established, with no clear 

dose-response relationships emerging from meta-analyses. Reviews attempting stratified analyses by 

dose, including Xia et al. [21] with categorization into low (2.5 mg), intermediate (7.5-10.5 mg), and high 

(30 mg) total doses over 8 weeks, failed to demonstrate clear efficacy patterns. This lack of dose 

optimization represented a fundamental limitation in field development. 
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Evidence quality and GRADE assessment 

Our GRADE assessment revealed generally low to moderate quality evidence across major outcomes 

(Table 2). Sputum smear conversion achieved moderate quality evidence, downgraded one level for 

serious study design limitations, but maintaining reasonable precision and consistency. Sputum culture 

conversion and time to conversion both received low-quality ratings, downgraded due to serious 

limitations and imprecision resulting from wide confidence intervals. 

 

Mortality outcomes received low-quality evidence due to very serious imprecision reflecting low event 

rates and inadequate statistical power across studies. Safety outcomes achieved moderate quality 

evidence, with consistent findings across multiple large studies but downgraded for some imprecision 

in estimating rare events. 

 

Subgroup analyses received very low-quality evidence ratings. VDR genotype effects, despite statistical 

significance, were downgraded due to very serious limitations (small sample size and post-hoc analysis) 

and very serious imprecision (wide confidence intervals). Similarly, multidrug-resistant tuberculosis 

effects received very low quality ratings due to serious limitations and very serious imprecision from 

small patient numbers. 

 

Table 2. Evidence Quality and GRADE Assessment 

Outcome 
Studi

es 

Limitatio

ns 

Inconsisten

cy 

Indirectne

ss 

Imprecisi

on 

Publicati

on Bias 

Final 

Quality 

Culture 

Conversi

on 

6 
Serious (-

1) 
Not serious 

Not 

serious 

Serious (-

1) 

No major 

concern* 

⊕⊕⊝⊝ 

LOW 

Smear 

Conversi

on 

8 
Serious (-

1) 
Not serious 

Not 

serious 

Not 

serious 

No major 

concern* 

⊕⊕⊕⊝ 

MODERA

TE 

Time to 

Conversi

on 

5 
Not 

serious 
Serious (-1) 

Not 

serious 

Serious (-

1) 

No major 

concern* 

⊕⊕⊝⊝ 

LOW 

Mortality 9 
Not 

serious 
Not serious 

Not 

serious 

Very 

serious (-

2) 

No major 

concern* 

⊕⊕⊝⊝ 

LOW 

Adverse 

Events 
8 

Not 

serious 
Not serious 

Not 

serious 

Serious (-

1) 

No major 

concern* 

⊕⊕⊕⊝ 

MODERA

TE 

VDR tt 

Subgrou

p 

2 

Very 

serious (-

2) 

Not 

assessable 

Not 

serious 

Very 

serious (-

2) 

Not 

assessabl

e 

⊕⊝⊝⊝ 

VERY 

LOW 

Multidrug

-resistant 

TB 

2 
Serious (-

1) 

Not 

assessable 

Not 

serious 

Very 

serious (-

2) 

Not 

assessabl

e 

⊕⊝⊝⊝ 

VERY 

LOW 

*Publication bias was not formally reassessed at the umbrella-review level. Judgments were based on 

assessments reported by the included systematic reviews and should not be interpreted as definitive 

absence of missing evidence. 

GRADE Quality: ⊕⊕⊕⊕ HIGH; ⊕⊕⊕⊝ MODERATE; ⊕⊕⊝⊝ LOW; ⊕⊝⊝⊝ VERY LOW 

 

Discussion 

Main findings 

The present umbrella review synthesized nine systematic reviews published between 2009 and 2022 

that examined vitamin D supplementation in tuberculosis treatment. In unselected populations, the 

accumulated evidence did not support a consistent clinical benefit for bacteriological conversion, time 

to conversion, mortality, or adverse-event outcomes. The main positive findings were confined to 

selected analyses, including Wu Hong-Xia et al. for smear and culture conversion, the VDR TaqI tt 
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subgroup, and multidrug-resistant tuberculosis. These findings were interpreted as potential efficacy 

signals rather than proof of routine benefit, because they were modest or based on small subgroup 

datasets and were not consistently reproduced across later syntheses. 

 

Overlap of primary evidence and added value of this umbrella review 

The high degree of overlap among primary RCTs is central to the interpretation of this umbrella review. 

The overall CCA of 37.5% indicates that the review-level evidence base is highly redundant, particularly 

because recent reviews repeatedly synthesized the same core trials. Therefore, convergence across 

systematic reviews should not be interpreted as independent replication across distinct bodies of primary 

evidence. Rather, the added value of this umbrella review lies in explicitly mapping redundancy, 

comparing methodological quality and risk of bias across reviews, documenting the temporal evolution 

of conclusions, and distinguishing robust population-level null findings from hypothesis-generating 

subgroup signals. This interpretation directly addresses the risk that repeated systematic reviews may 

create an inflated impression of cumulative certainty when they rely on substantially overlapping primary 

data. 

 

Interpretation of statistically significant and subgroup findings 

The statistically significant findings reported by Wu Hong-Xia et al. may represent genuine 

pharmacological effects in selected populations, and they should not be dismissed simply because later 

syntheses were predominantly null. Nevertheless, the magnitude of these effects was modest, the 

findings were not consistently reproduced across broader reviews, and time-to-conversion analyses 

remained null. The most defensible interpretation is therefore that these results are potential efficacy 

signals requiring contextual explanation, not definitive evidence for routine adjunctive vitamin D in 

unselected tuberculosis populations. 

 

The VDR TaqI tt finding should be interpreted as a biologically plausible but clinically immature signal. 

Its very low certainty rating reflects the small sample size, post-hoc nature of the analysis, wide 

confidence interval, and lack of independent prospective validation. Therefore, this subgroup should not 

influence routine clinical practice, although it may justify prespecified evaluation in individual-patient-

data meta-analyses or future genotype-stratified trials. 

In contrast, the multidrug-resistant tuberculosis signal may have greater clinical relevance because it 

concerns a high-need population and showed a potentially meaningful effect estimate. Nevertheless, 

the very low certainty rating remains appropriate because the estimate was derived from limited 

subgroup data with imprecision and insufficient independent replication. This finding should therefore 

be interpreted as a priority for targeted prospective research, not as evidence for routine implementation. 

 

Dose heterogeneity and residual uncertainty 

Dose heterogeneity should be interpreted primarily as a source of uncertainty rather than as definitive 

proof of inefficacy. The evaluated regimens covered a broad pharmacological range, from low daily 

dosing to high-dose intermittent or intramuscular strategies, which makes a large uniform benefit in 

unselected tuberculosis populations less likely. However, the absence of a formal dose-response 

analysis prevents exclusion of alternative explanations, including inadequate timing, insufficient target 

25(OH)D attainment, population-specific pharmacokinetics, or an untested optimal regimen. Therefore, 

dosing heterogeneity supports the narrower conclusion that currently evaluated regimens have not 

shown consistent clinical benefit, but it does not definitively exclude benefit under optimized or 

subgroup-specific dosing strategies. 

 

Clinical and research implications 

From a clinical perspective, the current evidence does not support prescribing vitamin D solely to 

improve tuberculosis treatment outcomes in unselected patients. However, correction of vitamin D 

deficiency remains appropriate for established general health indications, independent of tuberculosis-

specific efficacy. This distinction is important because a lack of tuberculosis-specific benefit should not 

be interpreted as a general contraindication to vitamin D supplementation when deficiency correction is 

clinically indicated. 
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Future research should be restricted to clearly justified populations or mechanisms, such as drug-

resistant tuberculosis, severe vitamin D deficiency, pediatric tuberculosis with malnutrition, 

extrapulmonary disease, or genetically defined subgroups. Such studies should be adequately powered 

to test prespecified effect modification rather than repeating underpowered analyses in broad adult 

populations. Individual-patient-data meta-analyses of existing trials may also clarify treatment-effect 

heterogeneity without requiring immediate duplication of new randomized trials. 

 

Limitations 

Several limitations should be considered. First, this umbrella review depended on data and 

methodological judgments reported by included systematic reviews rather than de novo extraction from 

every primary trial for every outcome. Second, publication bias was not formally reassessed at the 

umbrella-review level because the outcome-specific evidence sets included few trials and several 

reviews shared overlapping primary studies. Third, we did not formally assess whether funding sources 

of the underlying randomized trials influenced trial design, dosing strategies, outcome selection, or 

direction of effects. Although review-level funding and conflict-of-interest declarations were extracted, 

these data are insufficient to support causal inferences about sponsor influence on null or positive 

findings. 

 

The discordance between mechanistic plausibility and absence of consistent clinical benefit remains 

informative for translational research. In vitro studies demonstrating macrophage activation, cathelicidin 

LL-37 induction, and intracellular mycobacterial elimination provide a credible biological rationale [4,5]. 

However, translation to patient-important outcomes may be limited by tissue bioavailability, local 

concentrations in pulmonary lesions, interactions with systemic inflammation, background nutritional 

status, and host genetic variability. The present evidence therefore favors targeted mechanistic and 

subgroup-focused research over repetition of broad, unselected supplementation trials. 

 

Conclusions and recommendations 

Current evidence from nine systematic reviews does not support routine vitamin D supplementation as 

adjunctive therapy to improve tuberculosis treatment outcomes in unselected populations. This 

conclusion is strongest for bacteriological conversion and safety outcomes, and more limited for 

mortality, dose-response patterns, and subgroup effects because of imprecision, overlap among primary 

trials, and heterogeneous dosing strategies. 

Signals observed in VDR TaqI tt genotype carriers and patients with multidrug-resistant tuberculosis 

remain hypothesis-generating and require prospective validation or individual-patient-data analyses 

before clinical translation. Correction of vitamin D deficiency remains appropriate for established general 

health indications, independent of tuberculosis-specific efficacy. 
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Supplementary material 1. Search strategy 

Search strategy in PUBMED 

#1 "Vitamin D"[Mesh] OR "vitamin D"[tiab] OR "25-hydroxyvitamin D"[tiab] OR "25(OH)D"[tiab] 

OR "cholecalciferol"[tiab] OR "ergocalciferol"[tiab] OR "calcitriol"[tiab] OR "calcidiol"[tiab] OR 

"vitamin D2"[tiab] OR "vitamin D3"[tiab] OR "1,25-dihydroxyvitamin D"[tiab] OR "1α,25-

dihydroxyvitamin D3"[tiab] OR "hydroxyvitamin D"[tiab] OR "25-hydroxyvitamin D3"[tiab] OR 

"1,25(OH)2D3"[tiab] OR "25(OH)D3"[tiab] OR "colecalciferol"[tiab] OR "vitamina D"[tiab] 

#2 "Tuberculosis"[Mesh] OR "tuberculosis"[tiab] OR "TB"[tiab] OR "mycobacterium 
tuberculosis"[tiab] OR "pulmonary tuberculosis"[tiab] OR "extrapulmonary tuberculosis"[tiab] 
OR "MDR-TB"[tiab] OR "XDR-TB"[tiab] OR "multidrug-resistant tuberculosis"[tiab] OR "drug-
resistant tuberculosis"[tiab] OR "mycobacterial infection"[tiab] OR "tubercular"[tiab] OR "anti-
tuberculosis"[tiab] OR "antituberculosis"[tiab] OR "tuberculosis treatment"[tiab] 

#3 "systematic review"[tiab] OR "systematic reviews"[tiab] OR "meta-analysis"[tiab] OR "meta-
analyses"[tiab] OR "meta analysis"[tiab] OR "metaanalysis"[tiab] OR "revisión 
sistemática"[tiab] OR "revisiones sistemáticas"[tiab] OR "metaanálisis"[tiab] OR "meta 
análisis"[tiab] OR "overview of reviews"[tiab] OR "umbrella review"[tiab] OR "umbrella 
reviews"[tiab] OR "review of reviews"[tiab] OR "scoping review"[tiab] OR "narrative 
review"[tiab] OR "pooled analysis"[tiab] 

#4 #1 AND #2 AND #3 

Search strategy in SCOPUS 

#1 TITLE-ABS-KEY ("vitamin D" OR "25-hydroxyvitamin D" OR "25(OH)D" OR cholecalciferol 

OR ergocalciferol OR calcitriol OR calcidiol OR "vitamin D2" OR "vitamin D3" OR "1,25-

dihydroxyvitamin D" OR "1α,25-dihydroxyvitamin D3" OR "hydroxyvitamin D" OR "25-

hydroxyvitamin D3" OR "1,25(OH)2D3" OR "25(OH)D3" OR colecalciferol OR "vitamina D") 

#2 TITLE-ABS-KEY (tuberculosis OR "TB" OR "mycobacterium tuberculosis" OR "pulmonary 
tuberculosis" OR "extrapulmonary tuberculosis" OR "MDR-TB" OR "XDR-TB" OR "multidrug-
resistant tuberculosis" OR "drug-resistant tuberculosis" OR "mycobacterial infection" OR 
tubercular OR "anti-tuberculosis" OR antituberculosis OR "tuberculosis treatment") 

#3 TITLE-ABS-KEY ("systematic review" OR "systematic reviews" OR "meta-analysis" OR 
"meta analysis" OR "metaanalysis" OR "umbrella review" OR "overview of reviews" OR 
"review of reviews" OR "scoping review" OR "narrative review" OR "pooled analysis") 

#4 #1 AND #2 AND #3 

Search strategy in Web of Science 

#1 TS=("vitamin D" OR "25-hydroxyvitamin D" OR "25(OH)D" OR cholecalciferol OR 

ergocalciferol OR calcitriol OR calcidiol OR "vitamin D2" OR "vitamin D3" OR "1,25-

dihydroxyvitamin D" OR "hydroxyvitamin D" OR "25-hydroxyvitamin D3" OR "1,25(OH)2D3" 

OR "25(OH)D3" OR colecalciferol OR "vitamina D") 

#2 TS=(tuberculosis OR "TB" OR "mycobacterium tuberculosis" OR "pulmonary tuberculosis" 
OR "extrapulmonary tuberculosis" OR "MDR-TB" OR "XDR-TB" OR "multidrug-resistant 
tuberculosis" OR "drug-resistant tuberculosis" OR "mycobacterial infection" OR tubercular 
OR "anti-tuberculosis" OR antituberculosis) 

#3 TS=("systematic review" OR "systematic reviews" OR "meta-analysis" OR "meta analysis" 
OR "umbrella review" OR "overview of reviews" OR "review of reviews" OR "scoping review" 
OR "narrative review") 

#4 #1 AND #2 AND #3 

Search strategy in EMBASE 

#1 'cholecalciferol'/exp OR 'ergocalciferol'/exp OR 'calcitriol'/exp OR 'calcidiol'/exp OR 'vitamin 

d'/exp OR 'vitamin d':ti,ab,kw OR '25-hydroxyvitamin d':ti,ab,kw OR '25(oh)d':ti,ab,kw OR 

'cholecalciferol':ti,ab,kw OR 'ergocalciferol':ti,ab,kw OR 'calcitriol':ti,ab,kw OR 

'calcidiol':ti,ab,kw OR 'vitamin d2':ti,ab,kw OR 'vitamin d3':ti,ab,kw OR '1,25-dihydroxyvitamin 

d':ti,ab,kw OR '1α,25-dihydroxyvitamin d3':ti,ab,kw OR 'hydroxyvitamin d':ti,ab,kw OR '25-

hydroxyvitamin d3':ti,ab,kw OR '1,25(oh)2d3':ti,ab,kw OR '25(oh)d3':ti,ab,kw OR 

'colecalciferol':ti,ab,kw OR 'vitamina d':ti,ab,kw 

#2 'tuberculosis'/exp OR 'lung tuberculosis'/exp OR 'extrapulmonary tuberculosis'/exp OR 
'mycobacterium tuberculosis'/exp OR 'multidrug resistant tuberculosis'/exp OR 
'tuberculosis':ti,ab,kw OR 'tb':ti,ab,kw OR 'mycobacterium tuberculosis':ti,ab,kw OR 
'pulmonary tuberculosis':ti,ab,kw OR 'extrapulmonary tuberculosis':ti,ab,kw OR 'mdr-
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tb':ti,ab,kw OR 'xdr-tb':ti,ab,kw OR 'multidrug-resistant tuberculosis':ti,ab,kw OR 'drug-
resistant tuberculosis':ti,ab,kw OR 'mycobacterial infection':ti,ab,kw OR 'tubercular':ti,ab,kw 
OR 'anti-tuberculosis':ti,ab,kw OR 'antituberculosis':ti,ab,kw OR 'tuberculosis 
treatment':ti,ab,kw 

#3 'systematic review'/exp OR 'meta analysis'/exp OR 'review'/exp OR 'systematic 
review':ti,ab,kw OR 'systematic reviews':ti,ab,kw OR 'meta-analysis':ti,ab,kw OR 'meta 
analysis':ti,ab,kw OR 'metaanalysis':ti,ab,kw OR 'umbrella review':ti,ab,kw OR 'overview of 
reviews':ti,ab,kw OR 'review of reviews':ti,ab,kw OR 'scoping review':ti,ab,kw OR 'narrative 
review':ti,ab,kw OR 'pooled analysis':ti,ab,kw 

#4 #1 AND #2 AND #3 
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Supplementary Material 2: Methodological Quality Assessment (AMSTAR-2) 
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Critical Items: 

 Item 2: Protocol registration before review initiation 

 Item 7: Comprehensive list of excluded studies with justifications 
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 Item 9: Adequate assessment of risk of bias in individual studies 

 Item 11: Use of appropriate methods for statistical combination of results 

 Item 13: Consideration of risk of bias in interpretation/discussion of results 

 Item 15: Adequate assessment of publication bias 

 

Non-Critical Items: 

 Item 1: Research question includes adequate PICO elements 

 Item 3: Explanation of study design selection for inclusion 

 Item 4: Use of comprehensive literature search strategy 

 Item 5: Study selection performed in duplicate 

 Item 6: Data extraction performed in duplicate 

 Item 8: Adequate description of included studies with sufficient detail 

 Item 10: Reporting of funding sources for included studies 

 Item 12: Assessment of potential impact of risk of bias on meta-analysis results 

 Item 14: Adequate explanation of observed heterogeneity in results 

 Item 16: Reporting of potential conflicts of interest 

 

Overall Rating Criteria: 

 High: No critical weaknesses or up to one non-critical weakness 

 Moderate: More than one non-critical weakness; the review provides an accurate and comprehensive summary of available study results 

 Low: One critical weakness with or without non-critical weaknesses 

 Critically Low: More than one critical weakness with or without other weaknesses 

 

Scoring: Yes = Fully complies; Partial = Partially complies; No = Does not comply; N/A = Not applicable (for narrative reviews without meta-analysis); Not 

reported = Information not available 
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Supplementary Material 3: ROBIS Assessment (Risk of Bias in Systematic Reviews) 

Study Domain 1: Eligibility Domain 2: Identification Domain 3: Selection Domain 4: Synthesis Overall Risk 

Yamshchikov 2009 High High Low High High 

Xia 2014 Low Low Low Low Low 

Wallis 2016 Low Unclear Low N/A Low 

Wang 2018 Unclear Low Low Low Low 

Wu Hong-Xia 2018 Low Low Low Low Low 

Zhang 2019 Low Low Low Low Low 

Cabrera 2020 Unclear Low Unclear Low Unclear 

Grobler 2016 Low Low Low Low Low 

Goyal 2022 Low Low Low Low Low 

Supplementary Material 4: Main Effects on Primary Outcomes 

Study Culture Conversion Smear Conversion Time to Conversion Mortality Heterogeneity (I²) 

Yamshchikov 

2009 

Not quantified Not quantified Not quantified Not quantified N/A 

Xia 2014 NR RR 0.61 (0.24-1.56), 

p=0.30 

NR RD -0.01 (-0.04 to 0.03) 61% 

Wallis 2016 Qualitative analysis Qualitative analysis Qualitative analysis Qualitative analysis N/A 

Wang 2018 NR RR 0.99 (0.91-1.07), 

p=0.77 

NR RD -0.01 (-0.04 to 0.03) 0% 

Wu Hong-Xia 

2018 

OR 1.22 (1.04-1.43), 

p=0.02 

OR 1.21 (1.05-1.39), 

p=0.007 

HR 0.97 (0.76-1.23), 

p=0.77 

OR 1.22 (0.74-2.04), 

p=0.43 

Variable by 

outcome 

Zhang 2019 RR 1.05 (0.99-1.10), 

p=0.08 

HR 1.15 (0.93-1.41), 

p=0.20 

HR 1.04 (0.89-1.23), 

p=0.60 

RR 0.86 (0.20-3.74), 

p=0.83 

0-42% 

Cabrera 2020 NR RR 0.99 (0.91-1.07), 

p=0.77 

NR RD -0.01 (-0.04 to 0.03) 0% 

Grobler 2016 RR 0.94 (0.84-1.06), 2 

months 

NR NR RR 0.86 (0.46-1.60), 

HIV- 

Variable 

Goyal 2022 RR 1.04 (0.98-1.11), 

p=0.21 

RR 1.07 (0.94-1.21), 

p=0.31 

HR 1.06 (0.92-1.23), 

p=0.43 

RR 1.16 (0.41-3.27), 

p=0.78 

27-50% 

Abbreviations: NR = Not Reported; RR = Relative Risk; OR = Odds Ratio; HR = Hazard Ratio; RD = Risk Difference
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Supplementary Material 5: Citation Matrix and Corrected Covered Area Assessment 

 

Table S5.1. Coding rules used to construct the citation matrix 

Item Specification 

Unit of 

analysis 

Unique primary RCT. 

Reviews 

included 

Yamshchikov 2009; Xia 2014; Wallis 2016; Wang 2018; Wu Hong-Xia 2018; 

Zhang 2019; Cabrera Andrade 2020; Grobler 2016; Goyal 2022. 

Trials 

counted 

Primary randomized trials in active tuberculosis in which vitamin D was an 

explicit active intervention, either alone or as part of a factorial/co-intervention 

arm. 

Trials not 

counted 

Broader micronutrient trials without an explicit vitamin D arm or an extractable 

vitamin D-specific contribution. 

Cell coding 1 = the primary RCT was included in the systematic review; blank = not 

included or not coded for that review. 

Purpose To quantify review-level overlap; no treatment effects were re-estimated. 

Table S5.2. Corrected covered area calculation 

Parameter Value Definition or calculation 

N 64 Total number of primary RCT occurrences across the nine 

systematic reviews. 

r 16 Number of unique primary RCTs in the citation matrix. 

c 9 Number of included systematic reviews. 

Formula CCA = (N - r) 

/ (r x c - r) 

Corrected covered area formula. 

CCA 0.375 (64 - 16) / (16 x 9 - 16). 

CCA (%) 37.5% Very high overlap according to conventional CCA thresholds: 

slight 0-5%, moderate 6-10%, high 11-15%, and very high 

>15% [S1]. 

Table S5.3. Review-level primary RCT counts used in the CCA calculation 

Systematic review Primary RCTs counted Share of total occurrences 

Yamshchikov 2009 4 6.2% 

Xia 2014 5 7.8% 

Wallis 2016 8 12.5% 

Wang 2018 5 7.8% 

Wu Hong-Xia 2018 8 12.5% 

Zhang 2019 5 7.8% 

Cabrera Andrade 2020 7 10.9% 

Grobler 2016 10 15.6% 

Goyal 2022 12 18.8% 
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Table S5.4. Citation matrix of primary RCTs across systematic reviews 

Primar

y RCT 

Country/s

etting 

Yamshc

hikov 

2009 

Xi

a 

20

14 

Wal

lis 

201

6 

Wa

ng 

201

8 

Wu 

Ho

ng-

Xia 

201

8 

Zha

ng 

201

9 

Cabr

era 

Andr

ade 

2020 

Gro

bler 

2016 

Go

yal 

202

2 

Tot

al 

Morco

s 1998 

Egypt; 

children 

1 1      1  3 

Martin

eau 

2007 

UK; 

immunolo

gic study 

1         1 

Nursya

m 

2006 

Indonesia 1 1 1  1  1 1 1 7 

Wejse 

2009 

Guinea-

Bissau 

1 1 1  1  1 1 1 7 

Salahu

ddin 

2013 

Pakistan  1 1 1 1    1 5 

Martin

eau 

2011 

United 

Kingdom 

 1 1 1 1 1 1 1 1 8 

Kota 

2011/2

012 

India; TB 

plus 

diabetes 

   1   1 1  3 

Singh 

2013 

India       1 1  2 

Ralph 

2013 

Indonesia   1 1    1 1 4 

Daley 

2015 

India   1  1 1 1 1 1 6 

Tukvad

ze 

2015 

Georgia   1 1 1 1 1 1 1 7 

Mily 

2015 

Banglades

h 

  1  1 1  1 1 5 

Ganm

aa 

2017 

Mongolia     1 1   1 3 

Farazi 

2017 

Iran         1 1 

Afzal 

2018 

Pakistan         1 1 

Hasan

ain 

2019 

Egypt         1 1 

Colum

n total 

 4 5 8 5 8 5 7 10 12 64 

Note: RCT = randomized controlled trial. 
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Table S5.5. Pairwise overlap between systematic reviews 

Review A Review B A 

trials 

B 

trials 

Shared Jaccard 

(%) 

Overlap 

coefficient 

(%) 

A 

covered 

by B (%) 

Wallis 2016 Goyal 

2022 

8 12 8 66.7% 100.0% 100.0% 

Wu Hong-Xia 

2018 

Goyal 

2022 

8 12 8 66.7% 100.0% 100.0% 

Cabrera 

Andrade 2020 

Grobler 

2016 

7 10 7 70.0% 100.0% 100.0% 

Wu Hong-Xia 

2018 

Zhang 

2019 

8 5 5 62.5% 100.0% 62.5% 

Zhang 2019 Goyal 

2022 

5 12 5 41.7% 100.0% 100.0% 

Wallis 2016 Grobler 

2016 

8 10 7 63.6% 87.5% 87.5% 

Wallis 2016 Wu Hong-

Xia 2018 

8 8 7 77.8% 87.5% 87.5% 

Wallis 2016 Wang 

2018 

8 5 4 44.4% 80.0% 50.0% 

Wallis 2016 Zhang 

2019 

8 5 4 44.4% 80.0% 50.0% 

Wang 2018 Goyal 

2022 

5 12 4 30.8% 80.0% 80.0% 

Wang 2018 Grobler 

2016 

5 10 4 36.4% 80.0% 80.0% 

Xia 2014 Goyal 

2022 

5 12 4 30.8% 80.0% 80.0% 

Xia 2014 Grobler 

2016 

5 10 4 36.4% 80.0% 80.0% 

Xia 2014 Wallis 

2016 

5 8 4 44.4% 80.0% 80.0% 

Xia 2014 Wu Hong-

Xia 2018 

5 8 4 44.4% 80.0% 80.0% 

Zhang 2019 Grobler 

2016 

5 10 4 36.4% 80.0% 80.0% 

Wu Hong-Xia 

2018 

Grobler 

2016 

8 10 6 50.0% 75.0% 75.0% 

Yamshchikov 

2009 

Grobler 

2016 

4 10 3 27.3% 75.0% 75.0% 

Yamshchikov 

2009 

Xia 2014 4 5 3 50.0% 75.0% 75.0% 

Cabrera 

Andrade 2020 

Goyal 

2022 

7 12 5 35.7% 71.4% 71.4% 

Wallis 2016 Cabrera 

Andrade 

2020 

8 7 5 50.0% 71.4% 62.5% 

Wu Hong-Xia 

2018 

Cabrera 

Andrade 

2020 

8 7 5 50.0% 71.4% 62.5% 
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Grobler 2016 Goyal 

2022 

10 12 7 46.7% 70.0% 70.0% 

Wang 2018 Cabrera 

Andrade 

2020 

5 7 3 33.3% 60.0% 60.0% 

Wang 2018 Wu Hong-

Xia 2018 

5 8 3 30.0% 60.0% 60.0% 

Xia 2014 Cabrera 

Andrade 

2020 

5 7 3 33.3% 60.0% 60.0% 

Zhang 2019 Cabrera 

Andrade 

2020 

5 7 3 33.3% 60.0% 60.0% 

Yamshchikov 

2009 

Cabrera 

Andrade 

2020 

4 7 2 22.2% 50.0% 50.0% 

Yamshchikov 

2009 

Goyal 

2022 

4 12 2 14.3% 50.0% 50.0% 

Yamshchikov 

2009 

Wallis 

2016 

4 8 2 20.0% 50.0% 50.0% 

Yamshchikov 

2009 

Wu Hong-

Xia 2018 

4 8 2 20.0% 50.0% 50.0% 

Wang 2018 Zhang 

2019 

5 5 2 25.0% 40.0% 40.0% 

Xia 2014 Wang 

2018 

5 5 2 25.0% 40.0% 40.0% 

Xia 2014 Zhang 

2019 

5 5 1 11.1% 20.0% 20.0% 

Yamshchikov 

2009 

Wang 

2018 

4 5 0 0.0% 0.0% 0.0% 

Yamshchikov 

2009 

Zhang 

2019 

4 5 0 0.0% 0.0% 0.0% 
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Table S5.6. Coding notes for primary RCT classification 

Primary 

RCT 

Country/setting Coding note Systematic reviews 

including the trial 

Morcos 

1998 

Egypt; children Targeted vitamin D intervention; 

older pediatric RCT. 

Yamshchikov 2009; Xia 

2014; Grobler 2016 

Martineau 

2007 

UK; immunologic 

study 

Coded because Yamshchikov 

included it; not a clinical 

adjunctive-treatment outcome 

trial. 

Yamshchikov 2009 

Nursyam 

2006 

Indonesia Targeted vitamin D adjunctive-

treatment RCT. 

Yamshchikov 2009; Xia 

2014; Wallis 2016; Wu Hong-

Xia 2018; Cabrera Andrade 

2020; Grobler 2016; Goyal 

2022 

Wejse 2009 Guinea-Bissau Targeted vitamin D adjunctive-

treatment RCT; Grobler labels it 

Wejse 2008 GNB. 

Yamshchikov 2009; Xia 

2014; Wallis 2016; Wu Hong-

Xia 2018; Cabrera Andrade 

2020; Grobler 2016; Goyal 

2022 

Salahuddin 

2013 

Pakistan Targeted vitamin D adjunctive-

treatment RCT. 

Xia 2014; Wallis 2016; Wang 

2018; Wu Hong-Xia 2018; 

Goyal 2022 

Martineau 

2011 

United Kingdom Targeted high-dose vitamin D3 

adjunctive-treatment RCT. 

Xia 2014; Wallis 2016; Wang 

2018; Wu Hong-Xia 2018; 

Zhang 2019; Cabrera 

Andrade 2020; Grobler 

2016; Goyal 2022 

Kota 

2011/2012 

India; TB plus 

diabetes 

Vitamin D plus calcium/no-

placebo design; coded where 

included by the SR. 

Wang 2018; Cabrera 

Andrade 2020; Grobler 2016 

Singh 2013 India Vitamin D plus calcium arm; 

coded only in broader 

nutrition/micronutrient reviews. 

Cabrera Andrade 2020; 

Grobler 2016 

Ralph 2013 Indonesia Factorial/co-intervention RCT 

with vitamin D arms. 

Wallis 2016; Wang 2018; 

Grobler 2016; Goyal 2022 

Daley 2015 India Targeted vitamin D adjunctive-

treatment RCT. 

Wallis 2016; Wu Hong-Xia 

2018; Zhang 2019; Cabrera 

Andrade 2020; Grobler 

2016; Goyal 2022 

Tukvadze 

2015 

Georgia Targeted high-dose vitamin D3 

adjunctive-treatment RCT. 

Wallis 2016; Wang 2018; Wu 

Hong-Xia 2018; Zhang 2019; 

Cabrera Andrade 2020; 

Grobler 2016; Goyal 2022 

Mily 2015 Bangladesh Factorial/co-intervention RCT 

with vitamin D arms. 

Wallis 2016; Wu Hong-Xia 

2018; Zhang 2019; Grobler 

2016; Goyal 2022 
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Primary 

RCT 

Country/setting Coding note Systematic reviews 

including the trial 

Ganmaa 

2017 

Mongolia Targeted vitamin D adjunctive-

treatment RCT; appeared after 

Grobler 2016. 

Wu Hong-Xia 2018; Zhang 

2019; Goyal 2022 

Farazi 2017 Iran Targeted vitamin D RCT 

included in Goyal 2022 only 

among these SRs. 

Goyal 2022 

Afzal 2018 Pakistan Targeted vitamin D RCT 

included in Goyal 2022 only 

among these SRs. 

Goyal 2022 

Hasanain 

2019 

Egypt Targeted vitamin D RCT 

included in Goyal 2022 only 

among these SRs. 

Goyal 2022 
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