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eMethods 
Birth defects: classification, exclusions, and ICD-10 codes 
Major birth defects were defined according to the EUROCAT (European surveillance of 
congenital anomalies) classification of subgroups of major congenital anomalies(1), includ-
ing the following ICD-10 codes for diagnoses: Nervous system Q00-07; Eye Q100, Q104, 
Q106-107, Q11-Q15; Ear, face and neck Q16, Q178, Q183, Q187-188; Congenital heart 
disease Q20-26; Respiratory Q30-34; Orofacial clefts Q35-37; Digestive system Q38-39, 
Q402-409, Q41-45, Q790; Abdominal wall Q792-793, Q795; Urinary Q60-64, Q794; Geni-
tal Q50-52, Q54-56; Limb Q650-652, Q658-659, Q660, Q681-682, Q688, Q69-74; Muscu-
loskeletal Q750-751, Q754-759, Q761-764, Q766-769, Q77, Q78, Q796-799; Other mal-
formations Q27-28, Q80-85, Q89; Teratogenic syndromes with malformations Q86, P350-
351, P371; Genetic syndromes and microdeletions Q87, Q936, D821; Chromosomal aber-
rations Q90-93, Q96-99. All minor congenital anomalies were excluded according to the 
EUROCAT exclusion list.(2) Some EUROCAT exclusions could not be performed due to 
minor inconsistencies between the ICD-10-British Pediatric Association version used by 
EUROCAT, and the standard ICD-10 used in Denmark: synophrys (Q1880), crocodile 
tears (Q0782), patent or persistent foramen ovale (Q2111), functional gastrointestinal dis-
orders (Q4021, Q4320, Q4381 and Q4382), retractile testis (Q5520), and bifid scrotum 
(Q5521). Hip dislocation and dysplasia (Q65) were excluded from evaluation due to poor 
validity in the National Patient Register.(3) Furthermore, children with chromosomal aber-
rations (D821, Q90-99), genetic syndromes (Q771, Q772, Q796, Q87), birth defects syn-
dromes with known causes (Q86) and congenital virus infections (P35) were identified and 
excluded. 
 
Potential confounders: ICD- and ATC-codes 
The following ICD-10 codes were used to identify maternal diseases that were included as 
potential confounders: maternal epilepsy diagnosed before second trimester (F30-F39), 
maternal migraine diagnosed before second trimester (G43), and maternal mood affective 
disorders diagnosed before second trimester (G40 and G41).  
The following ATC-codes were used to obtain information on maternal drug exposures that 
were included as potential confounders: older generation AED drugs including barbiturates 
and derivatives, hydantoin derivatives, oxazolidine derivatives, succinimide derivatives, 
benzodiazepine derivatives, fatty acid derivatives, carbamazepine, rufinamide, and eslica-
bazepine (N03AA, N03AB, N03AC, N03AD, N03AE, N03AG, N03AF01, N03AF03, and 
N03AF04), migraine drugs (N02C, C07AA05 (propanolol), C07AA06 (timolol), C07AB02 
(metoprolol), and N07CA03 (flunarizine)), and antidepressants (N06A). 
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eResults 
Stratified analyses 
The PORs for any major birth defects associated with exposure to any newer generation 
AEDs in the first trimester for mothers co-exposed to older generation AEDs (adjusted 
POR, 0.88; 95% CI, 0.43-1.80) and mothers who were not exposed to older generation 
AEDs (adjusted POR, 1.01; 95%CI, 0.72-1.44) were not statistically different (P-value for 
homogeneity was 0.7194). The analysis was adjusted for diagnosis of epilepsy. However, 
in an unadjusted analysis, the PORs of any major birth defects were still not different for 
mothers co-exposed to older generation AEDs and mother who were not exposed (p-value 
for homogeneity was 0.4809). 
The PORs for any major birth defects associated with exposure to any newer generation 
AEDs in the first trimester for mothers with epilepsy (adjusted POR, 0.93; 95% CI, 0.64 – 
1.34) and mothers with no diagnosis (adjusted POR, 1.18; 95% CI, 0.65 – 2.15) were not 
statistically different (p-value for homogeneity was 0.5132). The analysis was adjusted for 
exposure to older generation AEDs in first trimester.  
 
Sensitivity analyses  
First, as the association between older generation AEDs and birth defects could affect our 
risk estimates, we performed analyses excluding women exposed to those drugs. These 
analyses were only adjusted for maternal diagnosis of epilepsy. First trimester exposure to 
any newer generation AEDs exclusively (no filled prescriptions of any older AEDs in the 
first trimester) was not associated with major birth defects (40 cases among 1356 exposed 
[3.0%]; adjusted POR, 1.01; 95% CI, 0.72 – 1.44). Furthermore, first trimester exposure to 
lamotrigine in monotherapy (no filled prescriptions of other newer generation AEDs or 
older generation AEDs in the first trimester) did not increase the risk of major birth defects 
(25 cases among 831 exposed [3.0%]; adjusted POR, 1.06; 95% CI, 0.69 – 1.62).  
Second, we considered exposure at any time in the period of maximal susceptibility to 
teratogenic agents, which is in the 5.-12. weeks of gestation. However, exposure to any 
newer AEDs in the period of maximal susceptibility was not associated with increased risk 
of major birth defects (38 cases among 1327 exposed [2.9%]; adjusted POR, 0.84; 95% 
CI, 0.59 – 1.20). Additionally, exposure to lamotrigine in this period did not increase the 
risk of major birth defects (28 cases among 898 exposed [3.1%]; adjusted POR, 0.94; 95% 
CI, 0.62 – 1.4).  
Third, analysis of exposure in the second and third trimester was performed for compari-
son. Use of newer generation AEDs exclusively in the second and third trimester (no AED 
prescriptions filled in the first trimester) was not associated with major birth defects (8 
cases among 264 exposed [3.0%]; adjusted POR, 0.99; 95% CI, 0.49 – 2.03). 
Fourth, to account for the correlation among infants from the same pregnancy we excluded 
multiple births from the cohort, but it had little effect on the association between newer 
generation AEDs and major birth defects (46 cases among 1469 exposed [3.1%]; adjusted 
POR, 0.99; 95% CI, 0.72-1.38).  
Finally, as exposure to teratogenic drugs could affect our risk estimates, we also consid-
ered first trimester exposure to drugs with FDA pregnancy category D and X in our analy-
ses.  
Among the 1532 pregnancies exposed to any newer generation AEDs in first trimester, 
213 were also exposed to drugs with pregnancy category D and only 5 were also exposed 
to drugs with pregnancy category X. Among the 49 newer generation AED exposed infants 
diagnosed with major birth defects, 11 infants were also exposed to drugs with pregnancy 
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category D and no infants were also exposed to drugs with pregnancy category X. How-
ever, adjustment for drugs with pregnancy category D had no effect on the risk of any ma-
jor birth defects associated with exposure to any newer generation AEDs (adjusted POR, 
0.98; 95% CI, 0.72-1.35) or exposure to lamotrigine (adjusted POR, 1.17; 95% CI, 0.82-
1.67). Furthermore, adjustment for drugs with pregnancy category X had no effect on the 
risk of any major birth defects associated with exposure to any newer generation AED (ad-
justed POR, 0.99; 95% CI, 0.72-1.35) or exposure to lamotrigine (adjusted POR, 1.18; 
95% CI, 0.83-1.68). The analyses were also adjusted for maternal diagnosis of epilepsy 
and exposure to older generation AEDs in first trimester. 
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eTable 1. Change in estimate of risk factors for major birth defects in a cohort 
of 837,795 live births in Denmark, January 1, 1996-September 30, 2008 

Risk factor POR  (95% CI) 
Any newer generation antiepileptics   1.35 (1.30 - 1.41) 
Birth year 1.33 (1.28 - 1.39) 
Mother's parity (2.7% missing values) 1.34 (1.01 - 1.78) 
Mothers age at onset of pregnancy, years 1.35 (1.30 - 1.41) 
Mother's origin (0.4% missing values) 1.36 (1.02 - 1.80) 
Mothers place of residence ( 1.4 % missing values) 1.35 (1.02 - 1.80) 
Mother's level of education (4.0 % missing values) 1.33 (1.00 -1.76) 
Mother's socioeconomic status (0.7% missing values) 1.34 (1.00 - 1.78) 
Maternal smoking in pregnancy (5.4% missing values) 1.35 (1.02 - 1.80) 
History of birth defects in siblings 1.35 (1.30 - 1.41) 
Maternal epilepsy diagnosed before second trimestera 0.96 (0.91 - 1.01) 
Maternal migraine diagnosed before second trimestera 1.35 (1.30 - 1.41) 
Maternal mood affective disorders diagnosed before second tri-
mestera 1.34 (1.29 - 1.40) 

Use of older antiepileptics in first trimester 1.19 (1.14 - 1.24) 
Use of migraine drugs in first trimester 1.36 (1.30 - 1.41) 
Use of antidepressant in first trimester 1.32 (1.26 - 1.37) 
Abbreviations: POR, prevalence odds ratio; CI, confidence interval 
aIdentified in the National Patient Registry which does not include diagnoses made in the 
primary care setting 
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eTable 2. Description of major birth defects among infants whose mothers 
were exposed to newer generation antiepileptics in the first trimester of preg-
nancy 
Exposure to newer generation antiepilep-
tics in the first trimester 

No. 
infants 

ICD 10 codes of major 
birth defects* 

1 Q04 
1 Q05 
1 Q10 
1 Q12 
1 Q13 
1 Q15 
13 Q21 
1 Q22 
2 Q24 
1 Q37 
1 Q41, Q55 and Q54 
1 Q43 
2 Q54 
1 Q61 
3 Q62 
2 Q61 and Q62 
2 Q66 
1 Q79 and Q41 
1 Q89 

Lamotrigine 

1 Q89 and Q64 
6 Q21 
1 Q21 and Q23 
1 Q31 
1 Q42 and Q39 
1 Q43 

Oxcarbazepine 

1 Q69 
1 Q29 
1 Q21 
1 Q37 and Q54 
1 Q61 and Q62 

Topiramate 

1 Q62 
Gabapentin 1 Q21 and Q24 
*Only the first three levels of the ICD-10 codes were included to ensure anonymity. 


