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Table S1. List of factors known to be associated with fetal growth, selected a priori from

the literature for consideration in the study.

Factors Excluded from Included in
analysis multivariable
models

Offspring-related factors

MCM or genetic/chromosomal abnormality! X

Multiple pregnancy? X

Maternal factors

Age? X
Alcohol consumption* X
Infection®? X

Ethnicity®# X
Exposure to potentially teratogenic drugs!® X

Folic acid supplementation!’-12b X
Gestational diabetes mellitus'3 X
Hyperhomocysteinemia'4 X

Occurrence of seizures during pregnancy ' X
Parity'® X
Pre-gestational diabetes mellitus'” X

Region of origin'® X
Tobacco smoking!” X
Other factors

Calendar year?’ X

(a) Maternal ethnicity was initially included in all models, but subsequently excluded due to
significant collinearity mainly resulting from its strong association with another variable, region of
enrolment; (b) evidence suggests that folic acid supplementation may be protective against poor fetal
growth when taken pre- and post-conception or post-conception only, but not when taken pre-
conception only.'?

MCM=major congenital malformation
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Table S2. Top 10 most common antiseizure medication (ASM) polytherapies in the

study population.

ASM combinations

N (% of all 2,982 ASM polytherapies)

Lamotrigine + levetiracetam

470 (15.8%)

Lamotrigine + valproic acid

258 (8.6%)

Carbamazepine + levetiracetam

173 (5.8%)

Carbamazepine + lamotrigine

133 (4.5%)

Carbamazepine + clobazam 119 (4.0%)
Lamotrigine + topiramate 86 (2.9%)
Carbamazepine + phenobarbital 75 (2.5%)
Carbamazepine + valproic acid 65 (2.2%)
Levetiracetam + oxcarbazepine 61 (2.0%)
Lacosamide + levetiracetam 53 (1.8%)

ASM=antiseizure medication
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Table S3. Characteristics of the study subset consisting of a single offspring (first

recorded in EURAP in case of multiple offspring) for each mother. Reported values are

means = SD or number of cases (%), as appropriate. The category ‘unknown’ refers to

missing data.

Variable Overall ASM monotherapy | ASM polytherapy
(n=13,728) (n=11,142) (n=2,586)
Offspring characteristics
Sex
Female 6,642 (48.4%) 5,421 (48.6%) 1,221 (47.2%)
Male 7,075 (51.5%) 5,712 (51.3%) 1,363 (52.7%)
Unknown 11 (0.1%) 9 (0.1%) 2 (0.1%)
Year of birth
1999 to 2003 2,113 (15.4%) 1,720 (15.4%) 393 (15.2%)
2004 to 2008 3,895 (28.4%) 3,212 (28.8%) 683 (26.4%)
2009 to 2013 3,349 (24.4%) 2,763 (24.8%) 586 (22.7%)
2014 to 2018 2,712 (19.7%) 2,181 (19.6%) 531 (20.5%)
2019 to 2023 1,659 (12.1%) 1,266 (11.4%) 393 (15.2%)
Gestational age (weeks) 395+1.9 395+ 1.8 39.4+£2.0
Birthweight (grams) 3,293.7 +554.1 3,314.7+£545.2 3,203.4 +582.3
Birthweight centile 36.3 £28.1 37.1£28.0 32.9+283
Birthweight categories
SGA (<10™ centile) 2,945 (21.4%) 2,215 (19.9%) 730 (28.2%)
Severe SGA (<3™ centile) 1,129 (8.2%) 823 (7.4%) 306 (11.8%)
LBW (<2500 grams) 890 (6.5%) 638 (5.7%) 252 (9.7%)
Mothers’ characteristics
Maternal age at conception (years) 29.7+5.0 29.7+5.0 29.6+5.1

Maternal ethnicity

Caucasian 11,612 (84.6%) 9,567 (85.9%) 2,045 (79.1%)
African 34 (0.2%) 27 (0.2%) 7(0.3%)
Asian 1,553 (11.3%) 1,137 (10.2%) 416 (16.1%)
Mixed 249 (1.8%) 174 (1.6%) 75 (2.9%)
North African 84 (0.6%) 63 (0.6%) 21 (0.8%)
Other 170 (1.2%) 151 (1.4%) 19 (0.7%)
Unknown 25 (0.2%) 22 (0.2%) 3 (0.1%)

Region of enrolment

Western Europe

3,368 (24.5%)

2,818 (25.3%)

550 (21.3%)

Australia and New Zealand

1,010 (7.4%)

764 (6.9%)

246 (9.5%)

Eastern Europe

759 (5.5%)

598 (5.4%)

161 (6.2%)

Northern Europe

3,761 (27.4%)

3,126 (28.1%)

635 (24.5%)

South and Central America

233 (1.7%)

159 (1.4%)

74 (2.9%)

South and East Asia

1,402 (10.2%)

1,011 (9.1%)

391 (15.1%)
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Southern Europe

2,863 (20.8%)

2,394 (21.5%)

469 (18.1%)

Western Asia and North Africa

332 (2.4%)

272 (2.4%)

60 (2.3%)

Maternal education level

Low?

1,923 (14.0%)

1,481 (13.3%)

442 (17.1%)

Medium or high®

10,742 (78.2%)

8,850 (79.4%)

1,892 (73.2%)

Unknown

1,063 (7.7%)

811 (7.3%)

252 (9.7%)

Type of maternal epilepsy

Generalised 5,915 (43.1%) 4,987 (44.8%) 928 (35.9%)
Focal 7,046 (51.3%) 5,485 (49.2%) 1,561 (60.4%)
Undetermined 451 (3.3%) 396 (3.5%) 55 (2.1%)

Occurrence of seizures during
pregnancy

Any seizure type

5,011 (36.5%)

3483 (31.3%)

1528 (59.1%)

Tonic-clonic seizures®

2,301 (16.8%)

1,571 (14.1%)

730 (28.2%)

Other seizure types®

3,818 (27.8%)

2,598 (23.3%)

1,220 (47.2%)

Total seizure burden

No seizures

8,717 (63.5%)

7,659 (68.7%)

1,058 (40.9%)

1-9 seizures

2,954 (21.5%)

2,159 (19.4%)

795 (30.7%)

10 or more seizures 1,709 (12.4%) 1,053 (9.5%) 656 (25.4%)
Unknown 348 (2.5%) 271 (2.4%) 77 (3.0%)
Primigravida
Yes 7,167 (52.2%) 5,800 (52.9%) 1,367 (52.9%)
No 6,543 (47.7%) 5,326 (47.8%) 1,217 (47.1%)
Unknown 18 (0.1%) 16 (0.1%) 2 (0.1%)

Maternal tobacco smoking

Yes

1,628 (11.9%)

1,267 (11.4%)

361 (14.0%)

No

12,046 (87.7%)

9,829 (88.2%)

2,217 (85.7%)

Unknown

54 (0.4%)

46 (0.4%)

8 (0.3%)

Maternal alcohol consumption

Yes

1,340 (9.8%)

1,135 (10.2%)

205 (7.9%)

No 12,325 (89.8%) 9,952 (89.3%) 2,373 (91.8%)

Unknown 63 (0.5%) 55 (0.5%) 8 (0.3%)
Folic acid intake

Pre- and post-conception? 4,579 (33.4%) 3,776 (33.9%) 803 (31.0%)

Post-conception only®

4,627 (33.7%)

3,699 (33.2%)

928 (35.9%)

No intake or underdosed’

3,142 (22.9%)

2,573 (23.1%)

569 (22.0%)

Unknown

1,380 (10.0%)

1,094 (9.8%)

286 (11.1%)

Additional information

Parental history of MCMs
Positive 136 (1.0%) 108 (1.0%) 28 (1.1%)
Negative 12,821 (93.4%) 10,442 (93.7%) 2,379 (92.0%)
Unknown 771 (5.6%) 592 (5.3%) 179 (6.9%)
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Paternal education level
Low? 2,044 (14.9%) 1,615 (14.5%) 429 (16.6%)
Medium or high® 10,279 (74.9%) 8,440 (75.7%) 1,839 (71.1%)
Unknown 1,405 (10.2%) 1,087 (9.8%) 318 (12.3%)

(a) <9 years of education; (b) >9 years of education; (c) Some mothers had both ‘tonic-clonic
seizures’ and ‘other seizure types’ during pregnancy, explaining why the sum of the counts for the
two seizure categories exceed those for ‘any seizure type’; (d) folic acid supplementation of a dose
>0.4 mg/day, initiated at least 3 months before conception and maintained throughout the first
trimester at least; (e) folic acid supplementation of a dose >0.4 mg/day, initiated any time after
conception; (f) no folic acid supplementation or any other supplementation.

ASM=antiseizure medication; LBW=Ilow birthweight; MCM=major congenital malformations;
SGA=small-for-gestational age.
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Table S4. Relationship of ASM regimen (monotherapy vs polytherapy) and different

indicators of fetal growth, with addition of maternal and paternal educational levels to

model adjustments. Findings were obtained from four separate models, one for each

indicator of fetal growth. A generalised linear mixed model was used for birthweight centile

and applied to the entire study cohort except for offspring from Australia and New Zealand

for whom parental educational level data were not available (N=14,701). Logistic regression

models were used for small-for-gestational age (SGA), severe SGA, and low birthweight

(LBW); due to failure of model convergence, logistic regression models were run on a subset

comprising a single offspring (the first recorded in EURAP in case of multiple offspring) for

each mother (n=12,718). Values are point estimates with 95% confidence intervals (95% CI).

The widths of 95% CI have been adjusted for family-wise multiplicity with a false discovery

rate of g=5%. Bolded values indicate estimates with 95% CI not capturing the null hypothesis

value.
Predictor b [95% CI] OR [95% CI]
Birthweight centile SGA Severe SGA LBW
ASM polytherapy -2.81 [-4.37 to -1.24] 1.51 [1.30 to 1.75] 1.54 [1.24 to 1.91] 1.52 [1.15 to 2.00]

Year of pregnancy

0.04 [-0.06 to 0.13]

0.99 [0.98 to 1.00]

0.99 [0.97 to 1.00]

1.00 [0.98 to 1.02]

Male offspring

8.84 [7.58 to 10.11]

0.58 [0.51 to 0.66]

0.59 [0.49 to 0.71]

0.64 [0.51 to 0.82]

Region of enrolment
(ref: Western Europe)

Eastern Europe

0.07 [-2.07 to 2.21]

0.86 [0.67 to 1.10]

0.61 [0.38 to 0.97]

0.67 [0.39 to 1.16]

Northern Europe

4.42 [2.78 to 6.06]

0.82 [0.69 to 0.96]

0.75 [0.58 to 0.96]

0.82 [0.60 to 1.12]

South and Central America

0.26 [-3.46 to 3.98]

0.72 [0.46 to 1.13]

0.71 [0.36 to 1.39]

0.96 [0.52 to 1.74]

South and East Asia

-19.22 [-21.94 to -16.51]

4.19 [3.37 to 5.22]

3.90 [2.90 to 5.26]

3.34 [2.29 to 4.87)

Southern Europe

-7.18 [ -9.08 to -5.27]

1.45 [1.23 to 1.72]

1.39 [1.08 to 1.79]

1.13 [0.83 to 1.53]

Western Asia and North
Africa

-6.91 [-10.76 to -3.05]

1.18 [0.86 to 1.61]

1.23 [0.77 to 1.96]

1.26 [0.69 to 2.28]

Maternal age at conception
(years)

0.08 [-0.03 t0 0.19]

1.01 [1.00 to 1.02]

1.01 [0.99 to 1.02]

1.01 [0.99 to 1.03]

Low maternal education
level

-2.06 [-3.89 to -0.22]

1.07 [0.92 to 1.24]

1.14 [0.91 to 1.43]

1.03 [0.77 to 1.36]

Low paternal education level

-0.31 [-1.86 to 1.25]

1.08 [0.93 to 1.26]

1.14 [0.91 to 1.43]

1.21 [0.89 to 1.65]

Parental history of MCMs

-3.06 [-8.16 t0 2.04]

1.57 [0.97 to 2.56]

2.00 [1.04 to 3.84]

1.96 [0.89 to 4.32]

Type of maternal epilepsy
(ref: generalised)

Focal

-1.35 [-2.55 to -0.15]

1.16 [1.03 to 1.30]

1.24 [1.03 to 1.48]

1.31 [1.04 to 1.66]

Undetermined

0.68 [-2.09 to 3.46]

1.20 [0.91 to 1.60]

1.38 [0.90 to 2.11]

0.89 [0.49 to 1.62]

Tonic-clonic seizures during
pregnancy

-1.32[-2.78 t0 0.14]

1.15 [1.00 to 1.33]

1.17 [0.95 to 1.43]

1.31 [1.00 to 1.71]

Other seizure types during
pregnancy

-0.28 [-1.42 t0 0.87]

0.92 [0.81 to 1.04]

0.97 [0.83 to 1.13]

1.01 [0.83 to 1.23]

Primigravida

-5.60 [-6.87 to -4.33]

1.44 [1.27 to 1.65]

1.37 [1.14 to 1.64]

1.51 [1.18 to 1.94]

Maternal tobacco smoking

-6.05 [-8.00 to -4.10]

1.66 [1.39 to 1.99]

1.63 [1.26 to 2.11]

1.57 [1.10 to 2.23]
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Maternal alcohol
consumption

0.37 [-1.30 t0 2.03]

0.90 [0.75 to 1.08]

1.04 [0.82 to 1.33]

0.92 [0.62 to 1.35]

Folate (ref: no intake or
underdosed)

Pre- and post-conception

-1.22[-2.61 t0 0.16]

1.04 [0.91 to 1.18]

0.94 [0.78 to 1.14]

1.00 [0.79 to 1.25]

Post-conception only

-0.47 [-1.78 t0 0.84]

0.98 [0.87 to 1.12]

0.86 [0.70 to 1.05]

0.72 [0.54 to 0.97]

(a) Model for LBW was also adjusted for gestational age (weeks): OR=0.45 [95% CI: 0.42 to 0.48].

ASM=antiseizure medication; b=unstandardised model coefficient; LBW=Ilow birthweight;
MCM=major congenital malformations; OR=0dds ratio; ref=reference; SGA=small-for-gestational

age.
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Table S5. Relationship of ASM regimen (monotherapy vs polytherapy) and different

indicators of fetal growth, with greater stratification of maternal folate intake among

model adjustments. Findings were obtained from four separate models, one for each

indicator of fetal growth. A generalised linear mixed model was used for birthweight centile

and applied to the entire study cohort (N=15,893). Logistic regression models were used for

SGA, severe SGA, and LBW; due to failure of model convergence, logistic regression

models were run on a subset comprising a single offspring (the first recorded in EURAP in

case of multiple offspring) for each mother (n=13,728). These models were adjusted for all

variables used in other models (see legend of Table 2), except for maternal folate intake

which was stratified into four categories instead of three, as follows: pre- and post-

conception; post-conception only; underdosed; and no intake. Values are point estimates with

95% confidence intervals (95% CI). The widths of 95% CI have been adjusted for family-

wise multiplicity with a false discovery rate of g=5%. Bolded values indicate estimates with

95% CI not capturing the null hypothesis value.

Predictor b [95% CI] OR [95% CI]
Birthweight centile SGA Severe SGA LBW?
ASM polytherapy -2.78 [-4.27 to -1.30] 1.48 [1.29to 1.71] 1.50 [1.23 to 1.83] 1.50 [1.15 to 1.95]

Year of pregnancy

0.05 [-0.04 to 0.14]

0.99 [0.98 to 1.00]

0.98 [0.97 to 1.00]

1.00 [0.98 to 1.01]

Male offspring

8.65 [7.42 t0 9.85]

0.59 [0.52 to 0.66]

0.60 [0.50 to 0.72]

0.66 [0.52 to 0.83]

Region of enrolment
(ref: Western Europe)

Australia and New Zealand

4.00 [1.64 to 6.36]

0.76 [0.60 to 0.97]

0.81[0.58 to 1.13]

0.86 [0.56 to 1.32]

Eastern Europe

20.10 [-2.24 t0 2.04]

0.87 [0.69 to 1.11]

0.63 [0.40 to 0.99]

Northern Europe

4.32 [2.68 to 5.95]

0.82 [0.70 to 0.97]

0.76 [0.59 to 0.97]

[
0.68 [0.40 to 1.17]
0.82 [0.60 to 1.12]

South and Central America

-0.06 [-3.68 to 3.56]

0.74 [0.48 to 1.14]

0.74 [0.38 to 1.43]

0.97 [0.54 to 1.77]

South and East Asia

-19.33 [-22.04 to -16.63]

4.24 [3.37 to 5.35]

4.03 [3.00 to 5.40]

3.43 [2.33 to 4.99]

Southern Europe

-7.47 [-9.35 to -5.59]

1.48 [1.26 to 1.75]

1.45 [1.13 to 1.85]

1.17 [0.86 to 1.58]

Western Asia and North
Africa

-7.16 [-11.01 to -3.31]

1.19 [0.87 to 1.62]

1.25 [0.77 to 2.02]

1.26 [0.69 to 2.28]

Maternal age at conception
(years)

0.08 [-0.03 t0 0.19]

1.01 [1.00 to 1.02]

1.00 [0.99 to 1.02]

1.00 [0.99 to 1.02]

Parental history of MCMs

-2.01 [-6.85 to 2.82]

1.56 [0.99 to 2.47]

1.98 [1.06 to 3.72]

1.84 [0.85 to 3.97]

Type of maternal epilepsy
(ref: generalised)

Focal

-1.14 [-2.29 t0 0.01]

1.14 [1.01 to 1.27]

1.23 [1.04 to 1.46]

1.31 [1.04 to 1.64]

Undetermined

0.60 [-2.11 to 3.31]

1.23[0.93 to 1.63]

1.39[0.91 to 2.12]

0.86 [0.47 to 1.59]

Tonic-clonic seizures during
pregnancy

-1.36 [-2.77 to 0.05]

1.15 [1.00 to 1.32]

1.19 [0.98 to 1.45]

1.27 [0.98 to 1.66]

Other seizure types during
pregnancy

-0.17[-1.21 to 0.87]

0.93 [0.83 to 1.04]

0.97 [0.83 to 1.13]

1.02 [0.84 to 1.24]

Primigravida

-5.55 [-6.77 to -4.34]

1.40 [1.24 to 1.59]

1.32 [1.11 to 1.57]

1.43 [1.13 to 1.82]

Maternal tobacco smoking

-6.28 [-8.15 to -4.42]

1.70 [1.43 to 2.02]

1.77 [1.38 to 2.27]

1.65 [1.18 to 2.29]




19

Maternal alcohol
consumption

0.39 [-1.19 to 1.97]

0.93 [0.79 to 1.09]

1.04 [0.83 to 1.32]

0.96 [0.69 to 1.35]

Folate (ref: no intake)

Pre- and post-conception®

-1.45[-4.30 to 1.41]

1.02 [0.79 to 1.30]

1.13 [0.77 to 1.66]

0.97 [0.76 to 1.22]

Post-conception only®

-0.99 [-3.75 to 1.78]

0.97 [0.76 to 1.24]

1.02 [0.71 to 1.46]

0.72 [0.54 to 0.95]

Underdosed?

-0.58 [-3.34 t0 2.17]

1.00 [0.78 to 1.27]

1.19 [0.80 to 1.76]

1.74 [0.93 to 3.23]

(a) Model for LBW was also adjusted for gestational age (weeks): OR=0.44 [95% CI: 0.41 to 0.47];
(b) folic acid supplementation of a dose >0.4 mg/day, initiated at least 3 months before conception
and maintained throughout the first trimester at least; (c) folic acid supplementation of a dose >0.4
mg/day, initiated any time after conception; (d) any other folic acid supplementation.

ASM-=antiseizure medication; b=unstandardised model coefficient; LBW=low birthweight;
MCM=major congenital malformations; OR=0dds ratio; ref=reference; SGA=small-for-gestational

age.
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Table S6. Relationship of ASM regimen (monotherapy vs polytherapy) and different

indicators of fetal growth, with addition of total seizure burden to model adjustments.

Findings were obtained from four separate models, one for each indicator of fetal growth. A

generalised linear mixed model was used for birthweight centile and applied to the entire

study cohort (N=15,893). Logistic regression models were used for SGA, severe SGA, and

LBW; due to failure of model convergence, logistic regression models were run on a subset

comprising a single offspring (the first recorded in EURAP in case of multiple offspring) for

each mother (n=13,728). Values are point estimates with 95% confidence intervals (95% CI).

The widths of 95% CI have been adjusted for family-wise multiplicity with a false discovery

rate of g=5%. Bolded values indicate estimates with 95% CI not capturing the null hypothesis

value.
Predictor b [95% CI] OR [95% CI]
Birthweight centile SGA Severe SGA LBW
ASM polytherapy -2.71 [-4.19 to -1.23] 1.49 [1.29 to 1.71] 1.51 [1.23 to 1.86] 1.47 [1.13 to 1.91]

Year of pregnancy

0.05 [-0.04 to 0.14]

0.99 [0.98 to 1.00]

0.98 [0.97 to 1.00]

1.00 [0.98 to 1.01]

Male offspring

8.63 [7.41 to 9.86]

0.59 [0.52 to 0.66]

0.60 [0.50 to 0.72]

0.65 [0.52 to 0.83]

Region of enrolment
(ref: Western Europe)

Australia and New Zealand

4.04 [1.65 to 6.42]

0.76 [0.60 to 0.97)

0.81 [0.58 to 1.15]

0.84 [0.55 to 1.30]

Eastern Europe

-0.10 [-2.23 t0 2.04]

0.87 [0.68 to 1.11]

0.63 [0.40 to 1.00]

0.69 [0.40 to 1.19]

Northern Europe

4.35 [2.70 to 6.00]

0.82 [0.70 to 0.97]

0.76 [0.59 to 0.98]

0.83 [0.60 to 1.14]

South and Central America

-0.04 [-3.66 to 3.58]

0.74 [0.48 to 1.14]

0.73 [0.38 to 1.43]

1.01 [0.56 to 1.83]

South and East Asia

-19.39 [-22.12 to -16.66]

4.25 [3.42 to 5.28]

4.01 [2.98 to 5.40]

3.52 [2.41 to 5.14]

Southern Europe

-7.47 [ -9.37 to -5.57

1.48 [1.26 to 1.75]

1.45 [1.13 to 1.85]

1.18 [0.87 to 1.60]

Western Asia and North
Africa

-7.15 [-11.10 to -3.20]

1.19 [0.87 to 1.63]

1.24 [0.77 to 1.99]

1.28 [0.71 to 2.33]

Maternal age at conception
(years)

0.08 [-0.03 to 0.19]

1.01 [1.00 to 1.02]

1.00 [0.99 to 1.02]

1.00 [0.99 to 1.02]

Parental history of MCMs

-1.97 [-6.76 t0 2.83]

1.57 [0.99 to 2.48]

1.99 [1.06 to 3.75]

1.80 [0.82 to 3.92]

Type of maternal epilepsy
(ref: generalised)

Focal

-1.11 [-2.23 t0 0.02]

1.14 [1.01 to 1.27]

1.23 [1.03 to 1.46]

1.30 [1.04 to 1.62]

Undetermined

0.58 [-2.09 to 3.25]

1.23 [0.92 to 1.63]

1.38 [0.90 to 2.13]

0.87 [0.48 to 1.58]

Tonic-clonic seizures during
pregnancy

-2.19 [-4.38 to -0.01]

1.23 [1.00 to 1.51]

1.17 [0.88 to 1.56]

1.12 [0.79 to 1.59]

Other seizure types during
pregnancy

-0.91[-3.34 to 1.51]

1.01 [0.81 to 1.26]

0.97 [0.71 to 1.33]

0.78 [0.50 to 1.22]

Frequency of any seizure
type (ref: no seizures)

1 to 9 seizures

1.45 [-1.18 to 4.08]

0.90 [0.70 to 1.15]

1.02 [0.73 to 1.43]

1.23 [0.76 to 1.98]

10 or more seizures

0.23 [-2.67 to 3.13]

0.90 [0.67 to 1.22]

0.93 [0.61 to 1.42]

1.63 [0.87 to 3.06]

Primigravida

-5.56 [-6.78 to -4.34]

1.40 [1.24 to 1.59]

1.32 [1.11 to 1.58]

1.43 [1.12 to 1.82]

Maternal tobacco smoking

-6.27 [-8.15 to -4.39]

1.70 [1.43 to 2.03]

1.77 [1.37 to 2.27]

1.64 [1.16 to 2.31]
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Maternal alcohol
consumption

0.40 [-1.15 to 1.96]

0.93 [0.79 to 1.09]

1.05[0.83 to 1.32]

0.96 [0.69 to 1.34]

Folate (ref: no intake or
underdosed)

Pre- and post-conception

-0.86 [-2.16 to 0.45]

1.02 [0.90 to 1.15]

0.95 [0.79 to 1.14]

0.96 [0.76 to 1.22]

Post-conception only

-0.40 [-1.64 t0 0.85]

0.98 [0.86 to 1.10]

0.86 [0.70 to 1.05]

0.71 [0.53 to 0.94]

(a) Model for LBW was also adjusted for gestational age (weeks): OR=0.44 [95% CI: 0.41 to 0.47].

ASM=antiseizure medication; b=unstandardised model coefficient; LBW=Ilow birthweight;
MCM=major congenital malformations; OR=0dds ratio; ref=reference; SGA=small-for-gestational

age.
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Table S7. Relationship of ASM regimen (monotherapy vs polytherapy) and different

indicators of fetal growth in offspring born to mothers who were seizure-free during

pregnancy. Findings were obtained from four separate models, one for each indicator of fetal

growth. A generalised linear mixed model was used for birthweight centile and applied to all

offspring born to mothers who were seizure-free during pregnancy (N=10,229). Logistic

regression models were used for SGA, severe SGA, and LBW; due to failure of model

convergence, logistic regression models were run on a subset comprising a single offspring

(the first recorded in EURAP in case of multiple offspring) for each mother (n=8,717). Given

that the models were applied to offspring of mothers who did not experience seizures during

pregnancy, no adjustment for occurrence of tonic-clonic seizures or other seizure types

during pregnancy was made. Values are point estimates with 95% confidence intervals (95%

CI). The widths of 95% CI have been adjusted for family-wise multiplicity with a false

discovery rate of q=5%. Bolded values indicate estimates with 95% CI not capturing the null

hypothesis value.

Predictor b [95% CI] OR [95% CI]
Birthweight centile SGA Severe SGA LBW?
ASM polytherapy -3.24 [-5.35 to -1.13] 1.55 [1.26 to 1.90] 1.65 [1.23 to 2.21] 1.61 [1.07 to 2.43]

Year of pregnancy

0.07 [-0.05 to 0.18]

0.99 [0.98 to 1.00]

0.98 [0.97 to 1.00]

1.00 [0.97 to 1.02]

Male offspring

8.67 [7.17 to 10.17]

0.60 [0.52 to 0.70]

0.61 [0.49 to 0.77]

0.68 [0.50 to 0.92]

Region of enrolment
(ref: Western Europe)

Australia and New Zealand

4.47 [1.47 to 7.48]

0.70 [0.50 to 0.97)

0.78 [0.48 to 1.26]

1.02 [0.58 to 1.81]

Eastern Europe

0.68 [1.97 to 3.33]

0.84 [0.62 to 1.14]

0.63 [0.35 to 1.12]

0.92 [0.50 to 1.70]

Northern Europe

5.46 [3.40 to 7.53]

0.79 [0.65 to 0.98]

0.75 [0.54 to 1.04]

0.93 [0.61 to 1.42]

South and Central America

-2.11 [-7.69 to 3.46]

0.89 [0.51 to 1.55]

0.90 [0.37 to 2.20]

1.32 [0.50 to 3.49]

South and East Asia

-19.62 [-22.97 to -16.27]

4.55 [3.47 to 5.98]

4.88 [3.32 to 7.15]

4.85 [2.90 to 8.09]

Southern Europe

-6.54 [-8.83 to -4.25]

1.54 [1.25 to 1.89]

1.62 [1.18 to 2.22]

1.40 [0.90 to 2.16]

Western Asia and North
Africa

-7.34 [-12.27 to -2.41]

1.34 [0.88 to 2.04]

1.46 [0.76 to 2.80]

2.04 [0.86 to 4.81]

Maternal age at conception
(years)

0.08 [-0.06 t0 0.21]

1.00 [0.99 to 1.02]

1.00 [0.98 to 1.02]

1.00 [0.97 to 1.02]

Parental history of MCMs

-2.51 [-8.42 to 3.41]

1.54 [0.85 to 2.78]

2.28 [1.00 to 5.19]

1.84 [0.60 to 5.66]

Type of maternal epilepsy
(ref: generalised)

Focal -1.52 [-2.89 to -0.16] 1.16 [1.01 to 1.32] 1.21 [0.99 to 1.49] 1.28 [0.96 to 1.70]
Undetermined 0.12 [-2.91 to 3.14] 1.20 [0.86 to 1.67] 1.16 [0.68 to 1.99] 0.71 [0.29 to 1.73]
Primigravida -5.64 [-7.15 to -4.13] 1.34 [1.16 to 1.55] 1.44 [1.14 to 1.82] 1.45 [1.06 to 1.98]

Maternal tobacco smoking

-5.01 [-7.31 to -2.71]

1.64 [1.31 to 2.06]

1.63 [1.18 to 2.24]

1.57 [0.99 to 2.50]

Maternal alcohol
consumption

-0.88 [-2.89 to 1.13]

0.99 [0.82 to 1.21]

1.16 [0.84 to 1.59]

1.08 [0.67 to 1.74]

Folate (ref: no intake or
underdosed)
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Pre- and post-conception

-1.39 [-3.04 t0 0.25]

1.14 [0.96 to 1.35]

1.06 [0.83 to 1.36]

1.06 [0.76 to 1.48]

Post-conception only

-1.00 [-2.66 to 0.65]

1.01 [0.86 to 1.17]

0.97 [0.77 to 1.23]

0.67 [0.45 to 1.00]

a) Model for LBW was also adjusted for gestational age (weeks): OR=0.42 [95% CI: 0.38 to 0.47].
i} g g

ASM=antiseizure medication; b=unstandardised model coefficient; LBW=low birthweight;
MCM=major congenital malformations; OR=o0dds ratio; ref=reference; SGA=small-for-gestational

age.
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Table S8. Strength of association between individual ASM monotherapy daily doses and
different indicators of fetal growth. For each of the eight common monotherapies, separate
models were used to assess the relationship between maternal daily doses at conception,
expressed as prescribed daily dose/defined daily dose (PDD/DDD), and each fetal growth
indicator. The generalised linear mixed model was used for birthweight centile and applied to
the entirety of offspring exposed to a specific monotherapy. Logistic regression models were
used for SGA, severe SGA, and LBW; due to failure of model convergence, these models
were run on a subset comprising only a single offspring (the first recorded in EURAP in case
of multiple offspring) for each mother. Values are point estimates with 95% confidence
intervals (95% CI), adjusted for clinicodemographic confounders. Bolded values indicate

estimates with 95% CI that do not capture the null hypothesis value.

ASM Birthweight centile SGA Severe SGA LBW
Adjusted b [95% CI] | Adjusted OR [95% CI]* | Adjusted OR [95% CI]* | Adjusted OR [95% CI]*

Lamotrigine 0.08 [0.02 to 0.13] 0.79 [0.62 to 1.01] 0.99 [0.97 to 1.01] 1.00 [0.98 to 1.03]
Carbamazepine | -1.24 [-4.61 to 2.77] 1.40 [0.93 to 2.12] 1.82 [0.98 to 3.35] 1.86 [0.79 to 4.39]
Levetiracetam 1.13 [-1.67 t0 3.92] 0.94 [0.71 to 1.25] 0.95[0.60 to 1.51] 0.56 [0.25 to 1.29]
Oxcarbazepine | -5.59 [-12.14 to 0.97] 2.20 [1.16 to 4.19] 1.58 [0.72 to 3.44] 1.15 [0.45 to 2.94]
Phenobarbital -2.47 [-7.84 to 2.80] 1.03 [0.68 to 1.57] 0.96 [0.43 to 2.11] 1.43 [0.42 to 4.93]
Phenytoin 4.97 [-11.26 to 21.20] 0.84 [0.08 to 8.49] 0.41 [0.01 to 18.69] 1.23 [0.03 to 45.99]
Topiramate -2.65[-13.97 to 8.68] 0.68 [0.20 to 2.32] 3.73[0.52 to 26.86] 0.77 [0.08 to 7.23]
Valproic acid -3.68 [-10.06 to 2.69] 1.86 [0.93 to 3.73] 2.49 [0.84 to 7.38] 3.80[0.86 to 16.73]

*The estimates represent the change in odds for a 1 unit change in prescribed daily dose/defined daily
dose (PDD/DDD) for each ASM.

ASM-=antiseizure medication; b=unstandardised model coefficient; LBW=low birthweight; OR=0dds
ratio; ref=reference; SGA=small-for-gestational age.
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Table S9. Comparative risk of small-for-gestational age (SGA) associated with different dose ranges for oxcarbazepine. Dose ranges
(low, mid, high) were established using a cutoff-optimisation algorithm.?! Bolded values indicate estimates with 95% CI that do not capture the

null hypothesis value.

ASM Dose range (mg/day) SGA, n (%) OR [95% CI]
Low Mid High Low Mid High Mid vs Low High vs Low
Oxcarbazepine <1100 >1100 to <1700 >1700 62 (22.1%) 39 (26.2%) 24 (38.1%) 1.60 [0.80 to 3.19] 3.47 [1.27 to 9.50]

OR=0dds ratio; SGA=small-for-gestational age.
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Table S10. Relationship of ASM regimen (monotherapy vs polytherapy) and different

indicators of fetal growth in offspring exposed only to carbamazepine, lamotrigine,

levetiracetam, phenytoin and/or valproic acid. Findings were obtained from four separate

models, one for each indicator of fetal growth. A generalised linear mixed model was used

for birthweight centile and applied to offspring exposed only to any of the above-listed ASMs
(N=12,517). Logistic regression models were used for SGA, severe SGA, and LBW; due to

failure of model convergence, logistic regression models were run on a subset comprising a

single offspring (the first recorded in EURAP in case of multiple offspring) for each mother

(n=10,788). Values are point estimates with 95% confidence intervals (95% CI). The widths

0f 95% CI have been adjusted for family-wise multiplicity with a false discovery rate of

q=5%. Bolded values indicate estimates with 95% CI not capturing the null hypothesis value.

Predictor b [95% CI] OR [95% CI]
Birthweight centile SGA Severe SGA LBW
ASM polytherapy 0.22 [-1.51 to 1.95] 1.22 [0.99 to 1.49] 1.12 [0.86 to 1.48] 1.10 [0.76 to 1.59]

Year of pregnancy

0.02 [-0.08 to 0.12]

1.00 [0.99 to 1.01]

0.99 [0.97 to 1.00]

1.00 [0.98 to 1.02]

Male offspring

8.97 [7.50 to 10.44]

0.57 [0.50 to 0.66]

0.60 [0.48 to 0.75]

0.68 [0.51 to 0.91]

Region of enrolment
(ref: Western Europe)

Australia and New Zealand

3.93 [1.28 to 6.58]

0.73 [0.55 to 0.97]

0.79 [0.52 to 1.20]

0.92 [0.57 to 1.51]

Eastern Europe

-0.80 [-3.34 to 1.75]

0.85 [0.64 to 1.12]

0.77 [0.47 to 1.24]

Northern Europe

4.68 [2.89 to 6.47]

0.80 [0.66 to 0.96]

0.82 [0.62 to 1.08]

[
0.86 [0.48 to 1.57]
0.92 [0.65 to 1.30]

South and Central America

-0.61 [-5.15 to 3.94]

0.77 [0.46 to 1.30]

0.68 [0.28 to 1.68]

1.51 [0.67 to 3.41]

South and East Asia

-19.80 [-22.85 to -16.75]

4.34 [3.35 to 5.62]

4.43 [3.08 to 6.39]

4.17 [2.61 to 6.68]

Southern Europe

-6.94 [ -9.07 to -4.81]

1.46 [1.20 to 1.77]

1.58 [1.17 to 2.15]

1.20 [0.83 to 1.76]

Western Asia and North
Africa

-7.59 [-11.89 to -3.29]

1.27 [0.88 to 1.83]

1.59 [0.90 to 2.82]

1.57 [0.77 to 3.23]

Maternal age at conception
(years)

0.09 [-0.04 to 0.22]

1.01 [0.99 to 1.02]

1.01 [0.99 to 1.02]

1.01 [0.98 to 1.03]

Parental history of MCMs

-2.60 [-8.12 t0 2.92]

1.42 [0.83 to 2.44]

1.64 [0.76 to 3.52]

1.37 [0.53 to 3.53]

Type of maternal epilepsy
(ref: generalised)

Focal

-0.70 [-1.91 t0 0.52]

1.11 [0.98 to 1.25]

1.28 [1.04 to 1.57]

1.30 [0.99 to 1.72]

Undetermined

0.89 [-2.08 to 3.86]

1.24 [0.90 to 1.71]

1.64 [1.00 to 2.69]

1.02 [0.55 to 1.89]

Tonic-clonic seizures during
pregnancy

-1.45[-3.12 t0 0.23]

1.16 [0.98 to 1.38]

1.37 [1.06 to 1.78]

1.35 [0.96 to 1.88]

Other seizure types during
pregnancy

-0.21 [-1.43 to 1.00]

0.94 [0.82 to 1.07]

0.99 [0.82 to 1.19]

1.06 [0.82 to 1.38]

Primigravida

-5.80 [-7.18 to -4.43]

1.41 [1.23 to 1.63]

1.37 [1.11 to 1.69]

1.47 [1.09 to 1.96]

Maternal tobacco smoking

-5.98 [-8.11 to -3.86]

1.74 [1.42 to 2.13]

1.75 [1.30 to 2.37]

1.60 [1.06 to 2.41]

Maternal alcohol
consumption

0.11 [-1.53 to 1.75]

0.93 [0.77 to 1.11]

1.13 [0.86 to 1.50]

1.08 [0.73 to 1.60]

Folate (ref: no intake or
underdosed)

Pre- and post-conception

-1.34[-2.91 t0 0.22]

1.10 [0.94 to 1.28]

1.12 [0.89 to 1.42]

1.06 [0.79 to 1.43]
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[ Post-conception only | -1.05[-25610047] | 1.06[0.9110122] | 097[0.77t0121] | 08305910 1.17] |

(a) Model for LBW was also adjusted for gestational age (weeks): OR=0.42 [95% CI: 0.39 to 0.46].

ASM=antiseizure medication; b=unstandardized model coefficient; LBW=low birthweight;
MCM=major congenital malformations; OR=0dds ratio; ref=reference; SGA=small-for-gestational
age.



28

Table S11. Strength of association of the most common ASM polytherapies with different indicators of fetal growth, relative to

lamotrigine monotherapy. The generalised linear mixed model used to model birthweight centile was applied to offspring exposed to either the

most common ASM polytherapies in the study population (lamotrigine and levetiracetam; lamotrigine and valproic acid; and carbamazepine and

levetiracetam) or lamotrigine monotherapy (n=5,573). Due to failure of model convergence, the logistic regression models used for SGA, severe

SGA, and LBW were run on a subset comprising only a single offspring (the first recorded in EURAP in case of multiple offspring) for each

mother (n=4,771). Values are point estimates with 95% confidence intervals (95% CI), adjusted for clinicodemographic confounders. Bolded

values indicate estimates with 95% CI that do not capture the null hypothesis value.

ASM exposure Birthweight centile SGA Severe SGA LBW

Mean + SD Adjusted b [95% CI| n (%) Adjusted OR [95% CI] n (%) Adjusted OR [95% CI] n (%) Adjusted OR [95% CI]
Lamotrigine 423 +£28.6 ref 583 (14.6%) ref 204 (5.1%) ref 177 (4.4%) ref
Lamotrigine + 41.9£28.9 0.19 [-2.67 to 3.06] 75 (18.6%) 1.32 [0.94 to 1.87] 25 (6.2%) 1.24 [0.73 to 2.10] 27 (6.7%) 1.41 [0.73 to 2.72]
levetiracetam
Lamotrigine + 41.4 +£29.7 0.11 [-3.59 t0 3.82] 49 (21.5%) 1.51[0.97 to 2.37] 17 (7.5%) 1.33 [0.70 to 2.52] 12 (5.3%) 1.20 [0.54 to 2.66]
valproic acid
Carbamazepine 37.1+£27.8 -6.27 [-12.03 to -0.50] 33 (22.3%) 1.86 [1.06 to 3.25] 10 (6.8%) 1.31[0.62 to 2.75] 10 (6.8%) 2.10 [0.77 to 5.74]

+ levetiracetam

ASM=antiseizure medication; b=unstandardised model coefficient; LBW=Ilow birthweight; OR=o0dds ratio; ref=reference; SGA=small-for-gestational age
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Figure S1. Relationship between number of concomitantly used ASMs and different

indicators of poor fetal growth. (A) Mean birthweight centiles in offspring exposed to 1

through >4 ASMs, with monotherapy exposure as reference. (B-D) Prevalence of SGA (B),

severe SGA (C) and LBW (D) in offspring exposed to 1 through >4 ASMs, with

monotherapy exposure as reference. Aligned with the models run in the study, mean

birthweight centiles were obtained from the entire study cohort (n=15,893), whereas

prevalence estimates for SGA, severe SGA and LBW were computed on the study subset

comprising only a single offspring (the first recorded in EURAP in case of multiple

offspring) for each mother (n=13,728). ASM=antiseizure medication; LBW=low birthweight;

SGA=small-for-gestational age.
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indicators of fetal growth. (A) Mean birthweight centiles in offspring exposed to individual

ASM monotherapies, with lamotrigine as reference. (B-D) Prevalence of SGA (B), severe

SGA (C) and LBW (D) in offspring exposed to individual ASM monotherapies, with

lamotrigine as reference. Aligned with the models run in the study, mean birthweight centiles

were obtained from offspring exposed to any of eight common monotherapies (n=12,523),

whereas prevalence estimates for SGA, severe SGA and LBW were computed on the study

subset comprising only a single offspring (the first recorded in EURAP in case of multiple

offspring) for each mother (n=10,837). ASM=antiseizure medication; LBW=low birthweight;

SGA=small-for-gestational age.
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