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Supplementary Methods. Full statistical specification
Effect measure. Estimates were analyzed on the natural logarithmic scale. Standard errors were derived from the reported 95% confidence limits as SE = [ln(upper) - ln(lower)] / (2 × 1.959964). When a study reported limits to two decimal places, the derived standard error necessarily inherited that rounding; this did not materially affect the precision reported in the analyses.
Estimands. Two exposure contrasts were prespecified and analyzed separately because they estimate different quantities. A1 was any or ever PPI use versus never use. A2 was long-term or high PPI use versus non-use, defined by the highest cumulative exposure category reported by each study, provided that the reference group contained no exposed participants. Because the highest categories reported by different studies need not correspond to the same quantity of exposure, the pooled A2 estimate is interpreted as exploratory. Studies of recurrence, disease-free survival, overall survival, and breast-cancer-specific mortality enrolled women who already had breast cancer, estimated different clinical quantities, and were summarized narratively; they were not pooled with incidence studies or with one another.
Common estimand across designs. Hazard ratios from cohort studies and odds ratios from case-control studies whose controls were sampled from the population at risk when each case arose (risk-set or incidence-density sampling) both estimate the incidence rate ratio. Risk-set sampling was documented for Hálfdánarson et al. and Kristensen et al., and Nguyen et al. matched controls on age and on the month and year of the case’s diagnosis, which is consistent with incidence-density sampling although the report does not describe it in those terms. Chen et al. selected controls by propensity-score matching from cancer-free beneficiaries rather than by risk-set sampling, so its odds ratio does not meet this criterion. It was retained in the Taiwanese first-stage combination; the A1 summary, reported as a rate ratio, is therefore an approximation to a common rate-ratio estimand, and the analysis excluding Chen et al. is reported in Section 3.6 and Table 3 of the main text.
Handling of shared source populations. Studies were considered to share a source population when they drew on the same national data system and had overlapping case-accrual periods. Under this rule, Ding et al., Chen et al., and Nguyen et al. formed a single Taiwanese cluster. A two-stage random-effects model was used: at the first stage, the log-scale estimates of the studies sharing a source population were combined in a random-effects model with τ² estimated by the Paule–Mandel method, and the inverse-variance weighted estimate was carried forward with standard error [Σ 1/(vᵢ + τ²)]^−1/2, where vᵢ is the sampling variance of study i; this treats the sampling errors of the constituent studies as uncorrelated. The second stage pooled the independent source populations. Each source population therefore contributed only one estimate to the second-stage synthesis. Because individual-level overlap within the Taiwanese cluster could not be quantified from published information, residual uncertainty related to correlation among the first-stage estimates remains. The zero-covariance assumption was examined by refitting the first stage by generalized least squares with a working compound-symmetric correlation ρ between the Taiwanese sampling errors (covariance ρ·SEᵢ·SEⱼ), with ρ from 0 to 0.90 and the second stage unchanged. Because the Paule–Mandel estimator is not available for a model with correlated sampling errors, the first-stage τ² in these refitted models was estimated by restricted maximum likelihood; the result at ρ = 0 therefore differs slightly from the primary analysis. The composition of the cluster was also varied by omitting each Taiwanese study from the first stage in turn. Results are reported in Section 3.6 and Table 3 of the main text.
Estimators and heterogeneity. Between-population variance (τ²) was estimated by the Paule–Mandel method. Confidence intervals were computed using the Hartung–Knapp–Sidik–Jonkman adjustment with the Röver ad hoc modification, using a t distribution with k - 1 degrees of freedom. τ and τ² were treated as the principal heterogeneity measures because they are expressed on the scale of the effect measure. Cochran's Q is reported with its degrees of freedom and P value. I² was calculated from Cochran's Q as 100 × max[0, (Q - df)/Q] and is reported descriptively only. For the stage 2 and A2 models, I² is also reported from the estimated τ² and the typical within-study variance, because the two versions differ under Paule–Mandel estimation. Prediction intervals used a t distribution with k - 2 degrees of freedom and are interpreted cautiously because τ² was estimated from only three independent populations.
Software and analyses not performed. Analyses were performed in R 4.5.1 using metafor 4.8.0 and bayesmeta 3.5. Funnel plots and tests of funnel-plot asymmetry, meta-regression, formal subgroup testing, exposure-response meta-analysis, trial sequential analysis, and any analysis combining incidence with recurrence or survival were prespecified as inappropriate for this evidence base. These analyses were not performed because the required number of independent contributing studies or comparable exposure categories was not available.


Supplementary Table S1. Full database-specific search strings as executed, with the date of the last search, reported according to PRISMA-S
	Database
	Limits applied and date of last search
	Records retrieved
	Search string as executed

	PubMed
	None. Searched from inception; last search 22 August 2026
	805
	("Proton Pump Inhibitor"[Title/Abstract] OR "Proton Pump Inhibitors"[Title/Abstract] OR "PPIs"[Title/Abstract] OR "PPI"[Title/Abstract] OR "antacid"[Title/Abstract] OR "anti-acid"[Title/Abstract] OR "Omeprazole"[Title/Abstract] OR "Esomeprazole"[Title/Abstract] OR "Lansoprazole"[Title/Abstract] OR "Dexlansoprazole"[Title/Abstract] OR "Pantoprazole"[Title/Abstract] OR "Rabeprazole"[Title/Abstract]) AND ("Breast cancer"[Title/Abstract] OR "breast malignancy"[Title/Abstract] OR "breast tumor"[Title/Abstract] OR "breast neoplasm"[Title/Abstract] OR "breast carcinoma"[Title/Abstract] OR "breast adenocarcinoma"[Title/Abstract])

	ISI Web of Science Core Collection
	None. Searched from inception; last search 22 August 2026
	1,220
	TS=("Proton Pump Inhibitor" OR "Proton Pump Inhibitors" OR "PPIs" OR "PPI" OR "antacid" OR "anti-acid" OR "Omeprazole" OR "Esomeprazole" OR "Lansoprazole" OR "Dexlansoprazole" OR "Pantoprazole" OR "Rabeprazole") AND TS=("Breast cancer" OR "breast malignancy" OR "breast tumor" OR "breast neoplasm" OR "breast carcinoma" OR "breast adenocarcinoma")

	Scopus
	None. Searched from inception; last search 22 August 2026
	2,035
	TITLE-ABS-KEY("Proton Pump Inhibitor" OR "Proton Pump Inhibitors" OR "PPIs" OR "PPI" OR "antacid" OR "anti-acid" OR "Omeprazole" OR "Esomeprazole" OR "Lansoprazole" OR "Dexlansoprazole" OR "Pantoprazole" OR "Rabeprazole") AND TITLE-ABS-KEY("Breast cancer" OR "breast malignancy" OR "breast tumor" OR "breast neoplasm" OR "breast carcinoma" OR "breast adenocarcinoma")


Note. Each database was searched from inception, and the last search in PubMed, Web of Science Core Collection, and Scopus was run on 22 August 2026. No language, date, or publication-type limit was applied in the database searches; eligibility was restricted to reports published in English, and records in other languages were excluded at title-and-abstract screening (main text, Section 2.3). Records were exported to EndNote and deduplicated automatically, followed by manual checking of near-duplicates. A total of 4,060 records were retrieved from databases; 1,335 duplicates were removed, leaving 2,725 records for title-and-abstract screening. Search strings are reported as executed; terms not present in the executed strings were not added retrospectively.
Abbreviations. ISI, Institute for Scientific Information; PRISMA-S, Preferred Reporting Items for Systematic Reviews and Meta-Analyses literature search extension; PPI, proton pump inhibitor; TITLE-ABS-KEY, title, abstract and keyword field; TS, topic search field.


Supplementary Table S2. Named records excluded after full-text assessment or removed before full-text assessment, with reasons and identifiers
	Study/record
	Reason for exclusion

	Hu et al. 2012 (1)
	Conference abstract precursor to the later high-dose PPI plus chemotherapy trial report; removed before full-text assessment to avoid duplicate counting of the same study.

	Hu et al. 2014 (2)
	Conference abstract from the same high-dose PPI plus chemotherapy trial lineage; removed before full-text assessment to avoid duplicate counting of the same underlying study.

	Wang et al. 2015 (3)
	Evaluated high-dose esomeprazole as an adjunct to chemotherapy in metastatic breast cancer. This treatment-effectiveness question did not evaluate PPI exposure in relation to incident breast cancer, recurrence, disease-free survival, or overall survival under the prespecified review question.

	Pottegård et al. 2016 (4)
	Superseded by a later Danish nationwide screening study drawn from the same national registries. Including both reports would duplicate the Danish source population.

	Pottegård and Hallas 2017 (5)
	Methodological study of new medication use before cancer diagnosis and lag-time selection. It did not estimate PPI exposure in relation to incident breast cancer, recurrence, disease-free survival, or overall survival.

	Del Re et al. 2021 (6)
	Evaluated whether concomitant PPI use modified clinical outcomes among patients with metastatic breast cancer receiving palbociclib. This drug-interaction or treatment-effectiveness question was outside the review scope.

	Del Re et al. 2022 (7)
	Evaluated concomitant PPI use during ribociclib treatment in metastatic breast cancer. The study addressed treatment effectiveness during anticancer therapy rather than the eligible exposure-outcome question.

	Eser et al. 2022 (8)
	Evaluated whether PPI use affected the efficacy of ribociclib or palbociclib in metastatic breast cancer. This did not address PPI exposure as a risk factor for breast cancer incidence or recurrence.

	Çağlayan et al. 2023 (9)
	Evaluated survival among patients with metastatic breast cancer receiving CDK4/6 inhibitors with or without concomitant PPI use. This was outside the prespecified review question.

	Lee et al. 2023 (10)
	Evaluated concomitant PPI use with palbociclib among patients with advanced or metastatic breast cancer. This was excluded because it addressed treatment response during anticancer therapy.

	Oddabaş et al. 2023 (11)
	Evaluated whether PPIs reduced the efficacy of palbociclib or ribociclib in metastatic breast cancer. The clinical question concerned anticancer-drug effectiveness, not breast cancer risk or recurrence attributable to PPI exposure.

	Schieber et al. 2023 (12)
	Evaluated concurrent PPI use with palbociclib tablets for metastatic breast cancer. The study addressed a drug-interaction or treatment-effectiveness question outside the review scope.

	Agostinetto et al. 2024 (13)
	Conference abstract precursor to the later PALLAS full report; removed before full-text assessment to avoid duplicate counting of the same underlying study.

	Di Cosimo et al. 2024 (14)
	Post hoc PARSIFAL analysis of PPI coadministration with palbociclib in advanced breast cancer. This was excluded because it evaluated anticancer-treatment effectiveness rather than the prespecified exposure-outcome association.

	Takahashi et al. 2024 (15)
	Evaluated PPI use among patients with breast cancer receiving CDK4/6 inhibitors. This treatment-context question was not eligible for the review of PPI exposure and breast cancer incidence or recurrence.

	Agostinetto et al. 2025 (16)
	Exploratory PALLAS analysis of PPI use as a modifier of palbociclib exposure or effectiveness in early breast cancer. It did not evaluate PPI exposure in relation to incident breast cancer or recurrence.

	Chen et al. 2025 (17)
	Evaluated PPI use during CDK4/6 inhibitor therapy in patients with hormone receptor-positive metastatic or recurrent breast cancer. This was a treatment-effectiveness study, not an eligible incidence or recurrence study.

	Erul et al. 2025 (18)
	Evaluated the association between concomitant PPI use and clinical outcomes during CDK4/6 inhibitor treatment in hormone receptor-positive metastatic breast cancer. This was outside the review question.

	Modi et al. 2025 (19)
	Secondary prognostic analysis of pooled trial data assessing concomitant medications and survival or adverse-event outcomes. The population and outcomes did not match the prespecified review question.

	Crucitta et al. 2026 (20)
	Evaluated whether PPI coadministration affected clinical outcomes among metastatic breast cancer patients treated with abemaciclib. This treatment-effectiveness question was outside the review scope.

	Takada et al. 2026 (21)
	Evaluated concomitant PPI use during palbociclib or abemaciclib treatment for endocrine-sensitive advanced breast cancer. This was excluded because it addressed anticancer-drug effectiveness rather than breast cancer incidence or recurrence.


Note. This table lists named records excluded after full-text assessment or removed before full-text assessment when individual record attribution was available. Records removed as duplicate or precursor abstracts were not counted among the full-text reports assessed for eligibility. Remaining full-text exclusions from the database-search arm were recorded by reason and count in the review documentation rather than by individual citation.
Abbreviations. CDK4/6, cyclin-dependent kinases 4 and 6; DOI, digital object identifier; PMID, PubMed identifier; PPI, proton pump inhibitor.


Supplementary Table S3. Assessment of overlap between source populations
	Study
	Data source
	Calendar period
	Source-population restriction

	Chen et al. (2019) (22)
	National Health Insurance Research Database
	2004-2013
	None stated

	Ding et al. (2020) (23)
	National Health Insurance Research Database
	2000-2013
	Women with gastric ulcer

	Nguyen et al. (2022) (24)
	Health and Welfare Data Science Center linked to the Taiwan Cancer Registry
	2000-2016
	None stated


Note. Taiwan's National Health Insurance scheme covers essentially the entire national population. The period covered by Nguyen et al. encompassed those of the two earlier Taiwanese analyses, and the gastric-ulcer cohort of Ding et al. was a subset of the broader national insurance source population. The exact individual-level overlap could not be quantified from published information. These three studies were therefore treated as a single source population and combined at stage 1 of the two-stage model. A second overlap between two Danish nationwide screening studies was resolved by retaining Kristensen et al. (2022) and excluding Pottegård et al. (2016). Nielsen et al. (2018) and Tvingsholm et al. (2018), both post-diagnosis studies based on Danish nationwide registries, may include the same women; because they address different outcomes (recurrence and breast-cancer-specific mortality) and neither was pooled, this potential overlap does not affect any quantitative synthesis.
Abbreviations. PPI, proton pump inhibitor.


Supplementary Table S4. Extended characteristics of the included studies
	Study
	Source-population restriction
	Participant detail
	Cases/events
	Exposure ascertainment
	Exposure window/look-back
	Lag
	Matching variables
	Adjustment variables
	No. adj.

	An (2018) (25)
	NR
	1,387 patients; 419 omeprazole users and 968 non-users
	NR
	omeprazole use >30 days
	NR
	NR
	NR
	NR
	NR

	Nielsen et al. (2018) (26)
	Women with non-metastatic breast cancer
	34,189 women with non-metastatic breast cancer
	5,320 recurrences
	National Prescription Registry
	6 months after diagnosis
	NR
	None (cohort)
	Age; menopausal status; Charlson score; UICC stage; histological grade; ER/endocrine therapy status; surgery; chemotherapy; hormone replacement therapy; simvastatin
	10

	Tvingsholm et al. (27)
	Danish residents aged 30 years or older with a first cancer (except non-melanoma skin cancer); breast cancer reported separately; deaths within 6 months of diagnosis excluded
	64,915 patients with breast cancer (3,876 PPI users; 61,039 non-users) within a cohort of 347,919 patients with cancer (36,066 PPI users; 311,853 non-users; 5,152 H2RA users)
	13,309 breast cancer deaths (809 among PPI users)
	Danish Prescription Registry (at least 2 filled prescriptions)
	6 months after diagnosis
	None; follow-up began 6 months after diagnosis
	None (cohort)
	Propensity score (gender; age; year of diagnosis; education; disposable income; 8 comorbidities; 10 concomitant drug classes including pre-diagnostic PPI use) plus gender, age and clinical stage in the Cox model
	24

	Chen et al. (2019) (22)
	None stated
	64,234 cases; 64,234 matched controls (1:1)
	64,234 cases
	Claims-based dispensing records
	5 years before index date
	NR
	Propensity-score matching from cancer-free beneficiaries on sociodemographic characteristics and prevalent comorbidities
	Age; monthly income; geographical region; urbanization; hypertension; hyperlipidemia; diabetes mellitus; obesity; index year
	9

	Hálfdánarson et al. (2019) (28)
	None stated
	1,739 cases; up to 10 risk-set matched population controls per case
	1,739 cases
	National dispensing registry
	NR
	NR
	Age; sex; calendar time (risk-set sampling)
	NSAID use (conditional logistic regression)
	1

	Ding et al. (2020) (23)
	Women with gastric ulcer
	4,838 PPI users; 4,838 comparators
	NR
	Claims-based dispensing records
	NR
	NR
	Not stated in supplied files
	Age; pregnancy; estradiol; conjugated estrogens; NSAID use
	5

	McDowell et al. (2021) (29)
	None stated
	12,269 breast cancer cases; 57,064 breast-cancer-specific controls; broader screening set included 62,019 cancer cases and 276,580 controls
	12,269 breast cancer cases
	Primary care prescribing records
	NR
	1 year
	Practice; year of birth (±5 years); sex; year of registration
	Comorbidities; smoking in additional analyses
	NR

	Støer et al. (2021) (30)
	None stated
	23,342 breast cancer cases; 233,415 matched controls (1:10)
	23,342 cases
	Norwegian Prescription Database
	NR
	1 year
	Age; sex; index date
	Comorbidity; other medications; county; parity
	NR

	Wang et al. (2021) (31)
	Patients with breast cancer
	6,754 breast cancer patients
	266 recurrences
	Electronic health records
	After diagnosis and before recurrence (recurrence analysis)
	NR
	None
	Age; race; triple-negative status; tumor stage; metastasis at diagnosis
	5

	Kristensen et al. (2022) (32)
	None stated
	54,238 ductal breast cancer cases, with 10 population controls per case; 6,353 cases exposed to at least 8 PPI prescriptions
	6,353 exposed cases in the high-use category
	National prescription registry
	NR
	NR
	Age; sex; calendar time (risk-set sampling; 10 controls per case)
	Matching variables; educational attainment; selected comorbidities
	NR

	Nguyen et al. (2022) (24)
	None stated
	135,437 cases; 541,748 matched controls (1:4)
	135,437 cases
	Claims-based dispensing records; 60-day rule aids specificity
	2 years before index date
	NR
	Age; month and year of diagnosis
	Charlson comorbidity index; metformin; aspirin; statins
	4

	Ballinger et al. (2023) (33)
	Postmenopausal volunteers enrolled in WHI
	7,956 ever-users; 9,398 H2RA-only users; 107,577 non-users
	9,186 incident breast cancers
	Self-reported medication inventory at two time points
	Baseline and year-3 medication inventories
	NR
	None (cohort)
	Region; race and ethnicity; education; physical activity; alcohol; age at menarche; age at menopause; hormone therapy; months breastfed; oral contraceptives; term pregnancies; family history; mammography history; lipid-lowering medication; antacid use
	15

	Dumas et al. (2024) (34)
	Women with newly diagnosed non-metastatic breast cancer
	235,368 women with newly diagnosed non-metastatic breast cancer
	NR
	National claims database
	6 months before diagnosis
	NR
	None (cohort)
	Approximately 100 covariates, including deprivation index; general practitioner and gynecologist visits; mammographic screening; total chronic medications; tumor subtype; nodal status; chemotherapy; endocrine therapy
	~100


Note. For every included study, extracted items included study identification, country, data source, design, calendar period, source population, sample size, exposure definition, comparator, outcome, matching and adjustment variables, and the fully adjusted estimate when available. Matching variables were recorded separately from adjustment variables. Values not reported in the source publication or associated data resource are shown as NR, and no value was estimated, imputed, or inferred. The Kristensen denominator distinguishes the total ductal breast cancer case set from the exposed cases in the high-use PPI category. The McDowell denominator distinguishes the breast-cancer-specific analytic set from the broader cancer-screening dataset.
Abbreviations. adj., adjustment variables; DDD, defined daily dose; ER, estrogen receptor; H2RA, histamine-2 receptor antagonist; NSAID, non-steroidal anti-inflammatory drug; NR, not reported; PPI, proton pump inhibitor; UICC, Union for International Cancer Control; WHI, Women's Health Initiative.


Supplementary Table S5. Sensitivity, secondary and Bayesian analyses
	Analysis
	k
	Estimate (95% CI or CrI)
	P value
	Heterogeneity
	Comment

	Alternative model specifications: A1, any use versus never use

	τ² by restricted maximum likelihood, Hartung-Knapp interval
	3
	1.01 (0.86-1.19)
	0.81
	τ² < 0.001; Q = 2.50 (df = 2), P = 0.29; I² = 20.1%
	Alternative between-population variance estimator

	τ² by DerSimonian-Laird, Wald interval
	3
	1.01 (0.93-1.10)
	0.84
	τ² = 0.001; τ = 0.04; Q = 2.50 (df = 2), P = 0.29; I² = 20.1%
	Can be anti-conservative when few studies are available

	Common-effect model
	3
	1.01 (0.94-1.08)
	0.76
	τ² = 0 by assumption
	Assumes a single underlying effect

	Alternative handling of the shared Taiwanese source population: A1

	Taiwan represented by Nguyen et al. alone
	3
	0.97 (0.82-1.15)
	0.50
	τ² = 0.003; τ = 0.06; Q = 8.36 (df = 2), P = 0.015; I² = 76.1%
	Largest whole-population Taiwanese study

	Taiwan represented by Chen et al. alone
	3
	0.92 (0.59-1.43)
	0.49
	τ² = 0.030; τ = 0.17; Q = 57.26 (df = 2), P < 0.001; I² = 96.5%
	Alternative representation of Taiwan

	Taiwan represented by Ding et al. alone
	3
	0.71 (0.14-3.64)
	0.47
	τ² = 0.412; τ = 0.64; Q = 25.07 (df = 2), P < 0.001; I² = 92.0%
	Gastric-ulcer cohort representation

	All five studies pooled, overlap ignored
	5
	0.77 (0.44-1.36)
	0.27
	τ² = 0.199; τ = 0.45; Q = 98.29 (df = 4), P < 0.001; I² = 95.9%
	Not a valid estimate; counts the Taiwanese source population more than once and is shown only to illustrate the effect of the independence assumption

	Descriptive study-level analyses retaining correlated Taiwanese estimates: A1

	Excluding the gastric-ulcer cohort
	4 studies
	0.91 (0.72-1.15)
	0.30
	τ² = 0.020; τ = 0.14; Q = 79.58 (df = 3), P < 0.001; I² = 96.2%
	Operates at the published-report level; Chen et al. and Nguyen et al. remain correlated observations

	General-population source populations only
	3 studies
	0.88 (0.60-1.31)
	0.31
	τ² = 0.024; τ = 0.15; Q = 64.55 (df = 2), P < 0.001; I² = 96.9%
	Drops studies with restricted sampling frames but retains correlated Taiwanese estimates

	Leave-one-out omission of each source population: A1

	Omitting Taiwan
	2 populations
	1.02
	NR
	NR
	Point estimate only; k = 2 gives one degree of freedom

	Omitting the United States
	2 populations
	0.88
	NR
	NR
	Point estimate only

	Omitting Iceland
	2 populations
	0.88
	NR
	NR
	Point estimate only

	Long-term or high use versus non-use: A2

	τ² by DerSimonian-Laird, Wald interval
	3
	0.87 (0.60-1.26)
	0.46
	τ² = 0.103; τ = 0.32; Q = 159.15 (df = 2), P < 0.001; I² = 98.7%
	Alternative model specification

	Bayesian normal-normal hierarchical model, half-normal (0.50) prior on τ
	3
	0.87 (0.52-1.46)
	NA
	Posterior probability that OR > 1.0 = 0.23
	Posterior median with equal-tailed credible interval

	Omitting Taiwan
	2 populations
	1.05
	NR
	NR
	Point estimate only; also addresses the much lower threshold of the Taiwanese high-exposure category (at least 116 cumulative defined daily doses)

	Omitting Iceland
	2 populations
	0.83
	NR
	NR
	Point estimate only

	Omitting Denmark
	2 populations
	0.78
	NR
	NR
	Point estimate only

	Bayesian normal-normal hierarchical model: A1

	Half-normal(0.25) prior on τ
	3
	1.00 (0.73-1.20)
	NA
	Posterior median τ = 0.09; P(rate ratio > 1.0) = 0.48; posterior predictive interval 0.60-1.46
	Posterior median with equal-tailed credible interval

	Half-normal(0.50) prior on τ
	3
	0.99 (0.62-1.32)
	NA
	Posterior median τ = 0.13 (95% CrI, 0.00-0.73); P(rate ratio > 1.0) = 0.45; posterior predictive interval 0.44-1.84
	Central prior specification

	Half-normal(1.00) prior on τ
	3
	0.99 (0.52-1.53)
	NA
	Posterior median τ = 0.17; P(rate ratio > 1.0) = 0.44; posterior predictive interval 0.31-2.54
	More weakly informative prior


Note. All estimates are rate ratios for A1 and odds ratios for A2 unless otherwise stated. Unless specified otherwise, τ² was estimated by the Paule–Mandel method and 95% confidence intervals were calculated by the Hartung–Knapp–Sidik–Jonkman method with the Röver ad hoc modification. Bayesian estimates are posterior medians with equal-tailed credible intervals. Leave-one-out results are reported as point estimates only because omission of one of three source populations leaves two populations, for which interval estimates are inadequately informative.
Abbreviations. A1, any PPI use versus never use; A2, long-term or high PPI use versus non-use; CI, confidence interval; CrI, credible interval; df, degrees of freedom; I², inconsistency statistic; k, number of contributing estimates or populations; NA, not applicable; NR, not reported; OR, odds ratio; PPI, proton pump inhibitor; Q, Cochran's Q statistic; τ, between-population standard deviation; τ², between-population variance.
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Supplementary Figure S1. Sensitivity analyses for any proton pump inhibitor use and incident breast cancer
Note. All interpretable confidence intervals shown include the null value of 1.0. The invalid row pools all five studies while ignoring the shared Taiwanese source population and is displayed only to illustrate the effect of violating the independence assumption. The rows excluding the gastric-ulcer cohort and using general-population studies only operate at the published-report level and retain correlated Taiwanese estimates; they are descriptive analyses rather than source-population syntheses.


[image: ]
Supplementary Figure S2A. Bayesian random-effects model for any proton pump inhibitor use and incident breast cancer, half-normal (0.50) prior on τ
Note. The model was fitted to three independent source populations with a flat prior on the summary log rate ratio and a half-normal prior on τ. Under this prior, the summary rate ratio was 0.99 (95% CrI, 0.62-1.32), the posterior median τ was 0.13 (95% CrI, 0.00-0.73), the posterior predictive interval was 0.44-1.84, and the posterior probability that the rate ratio exceeds 1.0 was 0.45.
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Supplementary Figure S2B. Posterior distributions for the summary effect and between-population standard deviation τ under three priors
Note. Left panel: posterior distribution of the summary rate ratio under half-normal priors on τ with scales of 0.25, 0.50, and 1.00. Right panel: prior and posterior distributions for τ, with the Paule–Mandel point estimate marked. All three specifications agree with the frequentist primary analysis and illustrate the uncertainty in τ when few source populations contribute.
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