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	TITLE AND ABSTRACT

	1
	Title and abstract
	Indicate Mendelian randomization (MR) as the study's design in the title and/or abstract if that is a main purpose of the study.
	Title states 'a bidirectional two-sample Mendelian randomization study'; the structured abstract identifies the design, exposure, outcome, methods and findings. (p. 1)

	INTRODUCTION

	2
	Background
	Explain the scientific background and rationale. What is the exposure? Is a causal relationship between exposure and outcome plausible? Justify why MR is a helpful method.
	Background: observational vitamin D-TB association (OR 3.23), cathelicidin rationale, limits of observational and trial evidence, and why MR mitigates confounding and reverse causation. (p. 2)

	3
	Objectives
	State specific objectives, including pre-specified causal hypotheses (if any). State that MR, under specific assumptions, intends to estimate causal effects.
	Background, final paragraph: pre-specified hypothesis (if causal, higher 25(OH)D would lower TB risk) and objective to test this, with an exploratory reverse analysis. (p. 2)

	METHODS

	4
	Study design and data sources
	Present key elements of the study design early. Consider a table of data sources. For each data source, describe the following (a to e):
	Materials and methods, 'Study design and reporting' and 'Data sources'. (p. 3 to 4)

	4a
	
	Setting: study design and underlying population; setting, locations and relevant dates, when available.
	Data sources: contributing GWAS, European-ancestry populations; data accessed 14 June 2026. (p. 3 to 4)

	4b
	
	Participants: eligibility, sources and selection; sample size; whether power or sample size calculations were carried out prior to the main analysis.
	Data sources (sample sizes: 2,473 TB cases / 482,125 controls) and 'Statistical power' (a priori mRnd power calculation). (p. 3 to 4)

	4c
	
	Describe measurement, quality control and selection of genetic variants.
	Instrument selection: genome-wide threshold, LD clumping, harmonisation, palindromic SNP removal. (p. 3 to 4)

	4d
	
	For each exposure, outcome and other relevant variable, describe methods of assessment and diagnostic criteria.
	Data sources: serum 25(OH)D standardised (per SD); TB case definition from the outcome GWAS. (p. 3 to 4)

	4e
	
	Provide details of ethics committee approval and participant informed consent, if relevant.
	Declarations, 'Ethics approval and consent to participate': publicly available summary data; original studies obtained their own approvals and consent. (p. 10)

	5
	Assumptions
	Explicitly state the three core IV assumptions for the main analysis (relevance, independence, exclusion restriction) and assumptions for any sensitivity analysis.
	Materials and methods, 'Study design and reporting' (three assumptions stated) and the independence-assumption paragraph. (p. 3 to 4)

	6
	Statistical methods: main analysis
	Describe the statistical methods and statistics used (a to e):
	Materials and methods, 'Statistical analysis'. (p. 3 to 4)

	6a
	
	How quantitative variables were handled (scale, units, model).
	Statistical analysis: effects expressed as odds ratios per standard-deviation increase in 25(OH)D. (p. 3 to 4)

	6b
	
	How genetic variants were handled and, if applicable, how weights were selected.
	Instrument selection and Statistical analysis: independent genome-wide SNPs, inverse-variance weighting. (p. 3 to 4)

	6c
	
	The MR estimator (e.g. Wald ratio, two-stage least squares) and related statistics; covariates; for two-sample MR, whether the same covariate set was used in both samples.
	Statistical analysis: random-effects IVW as the primary estimator (summary-level two-sample MR). (p. 3 to 4)

	6d
	
	How missing data were addressed.
	Instrument selection: SNPs absent from the outcome data handled at harmonisation; one palindromic SNP (rs7955128) removed. (p. 3 to 4)

	6e
	
	If applicable, how multiple testing was addressed.
	Not applicable: a single primary hypothesis was tested; the reverse direction is exploratory.

	7
	Assessment of assumptions
	Describe methods or prior knowledge used to assess the assumptions or justify their validity.
	Statistical analysis and independence paragraph: F-statistics (relevance); canonical vitamin D genes plus MR-Egger intercept, MR-PRESSO and Cochran's Q (independence and exclusion restriction). (p. 3 to 4)

	8
	Sensitivity and additional analyses
	Describe any sensitivity or additional analyses (e.g. comparison of estimators, replication, bias analyses, instrument validation, simulations).
	Statistical analysis: MR-Egger, weighted median, simple and weighted mode; leave-one-out; funnel plot. 'Statistical power': a priori power analysis. (p. 3 to 4)

	9
	Software and pre-registration
	(a) Name statistical software and packages, including version and settings. (b) State whether the protocol was pre-registered (when and where).
	(a) Statistical analysis: R 4.5.3, TwoSampleMR 0.7.8, MR-PRESSO; clumping r2 < 0.001, 10,000 kb (p. 3 to 4). (b) Not pre-registered.

	RESULTS

	10
	Descriptive data
	(a) Numbers at each stage and reasons for exclusion (consider a flow diagram). (b) Summary statistics for exposure(s) and outcome(s). (d) For two-sample MR: justify similarity of variant-exposure associations across samples and report sample overlap.
	Instrument selection and Results: 115 SNPs extracted, 114 retained; reverse 14 extracted, 11 retained. Same ancestry; possible UK Biobank overlap addressed in Discussion. (p. 6)

	11
	Main results
	(a) Variant-exposure and variant-outcome associations on an interpretable scale. (b) MR estimates with uncertainty on an interpretable scale (e.g. OR per SD). (d) Plots to visualise results.
	Results and Table 1: forward IVW OR 1.00 (95% CI 0.999 to 1.001) per SD, p = 0.88. Scatter plot, Fig 1. (p. 6 to 7)

	12
	Assessment of assumptions
	(a) Report the assessment of the validity of the assumptions. (b) Report additional statistics (e.g. heterogeneity, I-squared, Q statistic, E-value).
	Results: no directional pleiotropy (MR-Egger intercept p = 0.55; MR-PRESSO global test p = 0.61, no outliers); no heterogeneity (Cochran's Q p = 0.63). (p. 6 to 7)

	13
	Sensitivity and additional analyses
	(a, b) Sensitivity analyses for robustness to assumption violations. (c) Assessment of direction of causation (e.g. bidirectional MR). (d) Comparison with non-MR estimates. (e) Additional plots (e.g. leave-one-out).
	Results: five concordant null estimators (Table 1); bidirectional (reverse) analysis reported; compared with observational OR 3.23 in Discussion; funnel (Fig 2) and leave-one-out (Fig 3). (p. 6 to 7)

	DISCUSSION

	14
	Key results
	Summarise key results with reference to the study objectives.
	Discussion, opening paragraph, and Conclusions: no causal effect of 25(OH)D on TB and no reverse effect. (p. 8)

	15
	Limitations
	Discuss limitations, including the validity of IV assumptions, other sources of bias and imprecision; discuss direction and magnitude of bias and efforts to address it.
	Discussion, limitations paragraph: European-only data; underpowered reverse direction; possible sample overlap (biases toward the observational estimate, against the null); linearity; summary-level data. (p. 8 to 9)

	16
	Interpretation
	(a) Cautious overall interpretation against limitations and other studies. (b) Underlying biological mechanisms and careful causal language. (c) Clinical or public-policy relevance.
	Discussion: comparison with prior null MR and trials; cathelicidin and threshold or short-term mechanisms; relevance to vitamin D supplementation in high-burden settings. (p. 8 to 9)

	17
	Generalisability
	Discuss generalisability to other populations, exposure periods and levels of exposure.
	Discussion: cautions against extrapolation to African and other high-burden populations; calls for ancestry-matched and non-linear analyses. (p. 8 to 9)

	OTHER INFORMATION

	18
	Funding
	Describe sources of funding and the role of funders, and, if applicable, funding for the underlying databases or original studies.
	Declarations, 'Funding': no specific funding received. (p. 10)

	19
	Data and data sharing
	Provide the data used, or report where and how it can be accessed, and reference these sources. Provide the statistical code to reproduce the results, or state where it is publicly accessible.
	Declarations, 'Availability of data and materials': IEU OpenGWAS ids ebi-a-GCST90000618 and ebi-a-GCST90038710; code and results at Zenodo, DOI 10.5281/zenodo.20751221. (p. 10)

	20
	Conflicts of interest
	All authors should declare all potential conflicts of interest.
	Declarations, 'Competing interests': the author declares no competing interests. (p. 10)
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