Supplementary Table 4. Prespecified anchor reviews and retained pooled estimates for structural congenital anomaly outcomes
	Exposure
	Outcome
	Comparator
	Retained anchor review
(primary quantitative source)
	Review type
	Effect estimate (95% CI)
	k
	I²
	GRADE
	Umbrella credibility
	Notes

	Valproate
	Combined major congenital anomalies
	Other ASMs (monotherapy)
	Yang 2025
	Pairwise meta-analysis
	RR = 2.36 (95% CI: 2.17–2.56)
	20
	38%
	Low
	Class I
	Primary structural anchor. Class I criteria were verified using reconstructed event counts, prediction interval, small-study-effect assessment, and excess-significance assessment.

	Valproate
	Neural tube defects
	Other ASMs (monotherapy)
	Yang 2025
	Pairwise meta-analysis
	RR = 6.54 (95% CI: 4.51–9.47)
	12
	0%
	Low
	Class IV
	Primary anchor retained on the basis of recency, comparator concordance, and reporting completeness.

	Valproate
	Congenital heart defects
	Other ASMs (monotherapy)
	Yang 2025
	Pairwise meta-analysis
	RR = 2.53 (95% CI: 2.16–2.96)
	17
	18%
	Low
	Class IV
	Primary anchor retained on the basis of recency, comparator concordance, and reporting completeness.

	Valproate
	Cleft lip and/or palate
	Other ASMs (monotherapy)
	Yang 2025
	Pairwise meta-analysis
	RR = 4.31 (95% CI: 3.06–6.08)
	15
	0%
	Low
	Class IV
	Primary anchor retained on the basis of recency, comparator concordance, and reporting completeness.

	Valproate
	Genitourinary anomalies
	Other ASMs (monotherapy)
	Yang 2025
	Pairwise meta-analysis
	RR = 3.32 (95% CI: 2.67–4.14)
	18
	0%
	Low
	Class IV
	Primary anchor retained on the basis of recency, comparator concordance, and reporting completeness.

	Valproate
	Musculoskeletal anomalies
	Other ASMs (monotherapy)
	Yang 2025
	Pairwise meta-analysis
	RR = 2.88 (95% CI: 1.98–4.19)
	15
	0%
	Low
	Class IV
	Primary anchor retained on the basis of recency, comparator concordance, and reporting completeness.

	Lamotrigine
	Major congenital anomalies
	Disease-matched controls
	Pariente 2017
	Pairwise meta-analysis
	OR = 1.15 (95% CI: 0.62–2.16)
	3
	0%
	Very Low
	NS
	Pairwise estimate retained for primary reporting. Pariente 2017 was retained as the anchor review for major congenital anomalies versus disease-matched controls (OR = 1.15, 95% CI 0.62–2.16).

	Lamotrigine
	Orofacial clefts
	Unexposed controls (no ASM)
	Zhao 2025
	Pairwise meta-analysis
	OR = 1.42 (95% CI: 1.05–1.92)
	8
	39.8%
	Very Low
	Class IV
	Pairwise estimate retained for primary reporting. Zhao 2025 was retained as the anchor review for orofacial clefts.

	Topiramate
	Oral clefts (first-trimester exposure)
	TPM-unexposed controls
	Alsaad 2015
	Pairwise meta-analysis
	OR = 6.26 (95% CI: 3.13–12.51)
	6
	46%
	Low
	Class III
	Primary structural anchor. Class III criteria were verified using reconstructed event counts; dose-specific estimates were not retained as separate anchors (see General notes).

	Oxcarbazepine
	Congenital anomalies
	Unexposed controls
	Athar 2022
	Pairwise meta-analysis
	OR = 1.69 (95% CI: 0.95–2.98)
	7
	2%
	Very Low
	NS
	Pairwise estimate retained for primary reporting. Athar 2022 was retained as the anchor review for oxcarbazepine and congenital anomalies.

	Pregabalin
	Major congenital anomalies
	One comparator per study, selected hierarchically: unexposed sick, unexposed not otherwise specified, unexposed disease-free, then lamotrigine-exposed
	Atzenhoffer 2025
	Pairwise meta-analysis
	OR = 1.79 (95% CI: 0.80–3.99)
	7
	51%
	Very Low
	NS
	Pairwise estimate retained for primary reporting. Atzenhoffer 2025 was retained as the anchor review for pregabalin and major congenital anomalies.

	Multiple ASMs (network)
	Structural anomalies and related pregnancy outcomes (indirect comparisons)
	Other nodes as defined in the network (reference treatment varies by contrast)
	—
	Network meta-analysis (Bayesian)
	Multiple relative effects with 95% CrIs (see source review)
	96
	NR
	Very Low
	—
	The Bayesian network meta-analysis was retained as contextual evidence and was not included in the formal pairwise anchor-level umbrella-credibility appraisal.


[bookmark: _GoBack]Column guide. “Retained anchor review (primary quantitative source)” names the prespecified primary quantitative source for each retained pairwise row (not applicable to contextual NMA rows). For structural rows, a higher umbrella tier was assigned only when all criteria required for that tier could be directly verified from the retained anchor review or reconstructable diagnostics (including replication-size events, heterogeneity, prediction interval, and small-study / excess-significance signals where applicable); otherwise, statistically significant associations were classified conservatively at a lower tier—hence, for example, extreme pooled p-values alone do not imply Class I, II, or III evidence when outcome-event totals or other prespecified gate criteria, including excess-significance assessment where required, are not directly verifiable from the retained anchor review or reconstructable diagnostics. Notes summarize anchor selection and contextual NMA. Directional credibility classes I–IV and NS status follow the prespecified umbrella-credibility framework described in the Methods. Class I — convincing; II — highly suggestive; III — suggestive; IV — weak; NS — not statistically significant: a formally appraised anchor estimate whose 95% confidence interval included the null and which was therefore not assigned a directional credibility class (see Umbrella credibility note below).
Scope (structural domain). The 11 retained pairwise structural anchors align with Figure 2; the contextual network meta-analysis is presented separately for context. Columns include comparator, retained anchor review (primary quantitative source), effect estimate (95% CI), k, I², GRADE, umbrella credibility, and Notes (anchor selection vs overlapping reviews, contextual NMA). Pairwise anchors: Yang 2025 (VPA outcomes); Pariente 2017 (LTG major congenital anomalies); Zhao 2025 (LTG orofacial clefts); Athar 2022 (OXC); Alsaad 2015 (TPM oral clefts); Atzenhoffer 2025 (PGB). Veroniki 2017a is contextual NMA only (not a retained pairwise anchor). Directional credibility classes I–IV and NS status follow the prespecified umbrella-credibility framework described in the Methods.
Directional credibility classes I–IV and NS status. Class I (convincing): p < 10⁻⁶; >1000 outcome events in the comparison (for continuous outcomes, >20,000 participants instead of the event threshold); largest contributing study significant at α = 0.05; I² < 50%; 95% prediction interval excludes the null; no small-study effects; no excess significance. Class II (highly suggestive): p < 10⁻⁶; >1000 events (or >20,000 participants for continuous outcomes); largest study significant. Class III (suggestive): p < 0.001; >1000 events (or >20,000 participants for continuous outcomes). Class IV (weak): p < 0.05. NS denotes a formally appraised anchor estimate whose 95% confidence interval included the null and which was therefore not assigned a directional credibility class. When the event count (or, for continuous outcomes, participant count) required for Classes I–III cannot be verified from the retained meta-analytic row, statistically significant associations are classified conservatively as Class IV; anchors whose 95% confidence intervals include the null receive NS status.
Umbrella credibility. Directional credibility classes I–IV apply to formally appraised anchor estimates whose 95% confidence intervals excluded the null. NS denotes a formally appraised anchor estimate whose 95% confidence interval included the null and which was therefore not assigned a directional credibility class. A dash indicates that an estimate was not included in the formal anchor-level umbrella-credibility appraisal. NS and a dash should not be interpreted as evidence of equivalence, absence of association, or absence of clinically meaningful risk.
Dose-related evidence. Dose-stratified evidence was sought where reported by included structural reviews. Because dose thresholds, exposure windows, comparator definitions, and outcome-specific reporting were not consistently harmonized across the eligible structural reviews, dose-related evidence was summarized descriptively and was not used to generate umbrella-level dose–response pooled estimates. Retained structural estimates should therefore be interpreted as exposure-level associations unless a source review explicitly reported a dose-stratified estimate. Terminology note: The term “major congenital malformations” is retained only when it reflects source-review terminology; the preferred manuscript term is “major congenital anomalies.”
General notes (anchor-specific methodological detail). Valproate combined major congenital anomalies (Yang 2025): Class I (convincing) credibility was assigned because the retained estimate met p < 10⁻⁶; more than 1,000 outcome events were reconstructed from study-level counts reported in Yang 2025; the largest contributing study was independently significant; heterogeneity was below 50%; the reconstructed 95% prediction interval excluded the null; and neither small-study effects nor excess significance were evident (observed vs. expected significant studies: O = 10, E = 11.52, based on the power of the largest contributing study). Topiramate oral clefts (Alsaad 2015): Class III (suggestive) credibility was assigned because the retained estimate met p < 0.001 and included more than 1,000 outcome events (4,873 oral-cleft events reconstructed from the six 2×2 study tables in Alsaad 2015, Table 2). Dose-specific topiramate estimates were not retained as separate umbrella anchors because dose-stratified review-level estimates were not consistently available in a form suitable for cross-review dose–response synthesis; the retained estimate should be interpreted as a first-trimester exposure-level association rather than a dose-specific risk estimate.
Abbreviations: ASM, antiseizure medication; VPA, valproate; LTG, lamotrigine; OXC, oxcarbazepine; TPM, topiramate; PGB, pregabalin; NMA, network meta-analysis; NR, not reported; NS, not statistically significant: a formally appraised anchor estimate whose 95% confidence interval included the null and which was therefore not assigned a directional credibility class; CrI, credible interval; CI, confidence interval; OR, odds ratio; RR, risk ratio.
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