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Abstract

IMPORTANCE Valproate is an antiepileptic drug (AED) used in the treatment of epilepsy and many
other neurological and psychiatric disorders. Its use in pregnancy is associated with increased risks of
congenital malformations and adverse neurodevelopment in the offspring and may be associated
with an increased risk of attention-deficit/hyperactivity disorder (ADHD).

OBJECTIVE To determine whether prenatal exposure to valproate and other AEDs is associated
with an increased risk of ADHD in the offspring.

DESIGN, SETTING, AND PARTICIPANTS This was a population-based cohort study of all live-born
singleton children in Denmark from January 1, 1997, to December 31, 2011 (N = 913 302). Information
on prenatal exposure to AEDs, including valproate, was obtained from the Danish National
Prescription Registry and all children with ADHD were identified (children with diagnosed ADHD in
the Danish Psychiatric Central Research Register or children who redeemed a prescription for ADHD
medication). The cohort was followed up from birth until the day of the ADHD diagnosis, death,
emigration, or December 31, 2015, whichever came first. Data were analyzed in September 2018.

EXPOSURES Maternal use of valproate and other AEDs in pregnancy.

MAIN OUTCOMES AND MEASURES Cox regression estimates of the hazard ratio of ADHD.
Estimates were adjusted for potential confounders.

RESULTS The cohort included 913 302 children (mean age at end of study, 10.1 years; median age,
9.4 years; interquartile range, 7.2-12.8 years; 468 708 [51.3%] male). A total of 580 were identified as
having been exposed to valproate during pregnancy; of them, 49 (8.4%) had ADHD. Among the
912 722 children who were unexposed to valproate, 29 396 (3.2%) had ADHD. Children with prenatal
valproate exposure had a 48% increased risk of ADHD (adjusted hazard ratio, 1.48; 95% CI,
1.09-2.00) compared with children with no valproate exposure. The absolute 15-year risk of ADHD
was 4.6% (95% CI, 4.5%-4.6%) in children unexposed to valproate and 11.0% (95% CI, 8.2%-14.2%)
in children who were exposed to valproate in pregnancy. No associations were found between other
AEDs and ADHD.

CONCLUSIONS AND RELEVANCE Maternal use of valproate, but not other AEDs, during pregnancy
was associated with an increased risk of ADHD in the offspring. These findings have important
implications for the counseling of women of childbearing potential using valproate.
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Introduction

Antiepileptic drug (AED) exposure during pregnancy is associated with an increased risk for
congenital malformations1,2 and delayed cognitive development in the offspring.3 However, to our
knowledge, only 5 small studies and a meta-analysis of these studies including a total of 816 persons
with attention-deficit/hyperactivity disorder (ADHD) have examined a possible association between
prenatal exposure to valproate and ADHD in the offspring.4-8

Although the heritability of ADHD has been estimated to be 75%9 and specific molecular
genetic markers of ADHD have now been identified,10 a variety of environmental factors may also be
associated with an increased risk of ADHD.11,12 Prenatal valproate exposure may be associated with
ADHD, although previous studies showed no clear evidence of this.4 If so, this would be a modifiable
environmental exposure and of major importance for women of childbearing potential using
valproate.

In this large population-based prospective cohort study, we evaluated the association between
maternal use of valproate and other AEDs during pregnancy and the risk of ADHD in the offspring,
taking maternal history of epilepsy and psychiatric conditions into account.

Methods

All data were analyzed at Statistics Denmark using encrypted identification numbers with no contact
with the individuals. By Danish law, analyses of anonymous data do not require ethical review board
approval. However, the study was approved by the Danish Data Protection Agency. Because the data
were deidentified, informed consent was not required. The study follows the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies.

Study Design and Study Population
We conducted a population-based cohort study and included in the study population all singleton
children born alive in Denmark between January 1, 1997, and December 31, 2011. The cohort was
followed up from birth until the day of the ADHD diagnosis (International Classification of Diseases,
Tenth Revision, Diagnostic Criteria for Research [ICD-10-DCR] diagnosis and/or use of ADHD
medication), death, emigration, or December 31, 2015, whichever came first. Data were analyzed in
September 2018.

Medication Exposure
In Denmark, every individual is assigned a unique personal identification number in the Danish Civil
Registration System when he or she is born in or immigrates to Denmark.13 This ensured complete
linkage of individual information in all national registries used in this study.

The Danish National Prescription Registry14 holds unique information on all redeemed
prescriptions purchased by patients (medical treatment given only in hospitals is not included) since
January 1, 1996. In Denmark, all antiepileptic prescriptions filled by patients are prescribed by
hospital physicians or general practitioners. We defined the exposure window to the period from 30
days before the estimated day of conception to the day of birth, and included children with an
estimated time of conception after February 1, 1996, ie, children born after January 1, 1997, and no
later than December 31, 2011. Exposure to AEDs was defined as any redeemed prescriptions with the
Anatomical Therapeutic Chemical code N03A (AEDs), including N03AG01 (valproate) or N05BA09
(clobazam), within the exposure window.

Monotherapy was defined as pregnancies in which the mothers had redeemed prescriptions for
only 1 type of AED, and polytherapy was defined as pregnancies in which the mothers had redeemed
prescriptions for more than 1 type of AED within the exposure window. For both monotherapy and
polytherapy, the mothers may also have redeemed prescriptions for other types of medications than
AEDs. Besides valproate, we also estimated the risk of ADHD among the offspring to mothers with
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other frequently used AEDs during pregnancy (carbamazepine, clonazepam, lamotrigine, and
oxcarbazepine), because these AEDs were the most commonly used AEDs in Denmark during the
study period.

The mean daily dose of AED was estimated from the total amount of AED redeemed from 30
days before pregnancy to birth, divided by the number of days in the same period.

Information on ADHD and Covariates
The Danish Psychiatric Central Research Register15 was used to identify children who were diagnosed
for the first time with ADHD, based on ICD-10-DCR codes F90 and F98.8. We also used the Danish
National Prescription Registry14 to identify offspring who used medication that is used for ADHD
treatment (N06BA01, amphetamine; N06BA02, dexamphetamine; N06BA04, methylphenidate;
N06BA09, atomoxetine; N06BA11, dexmethylphenidate; and N06BA12, lisdexamfetamine). In
Denmark, the vast majority (>70%) of children with ADHD are diagnosed in an outpatient clinic at a
public hospital, free of charge.16 Most of the remaining children diagnosed with ADHD outside
hospital departments, however, would be identified from filled prescriptions for ADHD medications.

Information on parity was obtained from the Danish Medical Birth Registry.17 We used the
Danish National Patient Register18 to identify children diagnosed with congenital malformations (ICD
10-DCR codes Q0-Q99, except for undescended testicle [Q53] and congenital deformities of hip
[Q65] because of the low validity of these diagnoses)15 and mothers diagnosed with epilepsy before
the birth of the child (International Classification of Diseases, Eighth Revision [ICD-8] code 345 and
ICD-10-DCR codes G40 and G41). We identified mothers diagnosed with psychiatric disorders before
the birth of their child (ICD-8 codes 290-315 and ICD-10-DCR codes F0.00-F99.9) from the Danish
Psychiatric Central Research Register.

Statistical Analysis
We used Cox regression to estimate the hazard ratio (HR), including 95% CI, for ADHD for children
with prenatal valproate exposure, with the age of the child as the underlying time scale and separate
baseline diagnostic rates (stratum) for each birth year group to adjust for the decreasing use of
valproate in pregnancy and the increasing prevalence of ADHD. The proportional hazards
assumption was evaluated for all variables by comparing estimated log[−log(survival)] curves over
the different categories of variables investigated. Control for the lack of independence of children
within the same family was obtained using a robust (Huber-White) variance estimator. The HRs were
adjusted for risk factors for ADHD, including maternal age at conception (15-24, 25-29, 30-34, or �35
years), maternal psychiatric history (yes or no), maternal epilepsy (yes or no), maternal diabetes (yes
or no), sex of the child, and parity (1, 2, or �3). We used competing risk regression to estimate the
absolute risk (cumulative incidence) of ADHD in the first 15 years of life after prenatal valproate
exposure in pregnancy.

To assess possible confounding by indication, we compared the risk of ADHD in offspring of
women who used valproate during pregnancy with that of women who discontinued their use of
valproate at least 30 days before the estimated date of conception (ie, previous users). This analysis
addresses whether the illness that triggered valproate use rather than valproate exposure was
associated with ADHD in the child. In sensitivity analyses, we also estimated the risk of ADHD after
stratifying the risk according to dose of valproate, trimester of exposure (first vs later), monotherapy
vs polytherapy, and maternal use of other AED, after adjusting for maternal smoking (yes or no) and
after excluding children with congenital malformations. Further, we performed sensitivity analyses
by excluding children with epilepsy and children whose mother had a diagnosis of ADHD and by
increasing the exposure period before the estimated time of conception from 30 days to 90 days.

Finally, we estimated the HR of ADHD with follow up at 3 years of age. Data analyses were
performed using Stata version 12 statistical software (StataCorp LP).
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Results

We identified 913 302 children born in Denmark from January 1, 1997, to December 31, 2011, who
contributed more than 10.2 million person-years of observation (mean age at end of study, 10.1 years;
median age, 9.4 years; interquartile range, 7.2-12.8 years; 468 708 [51.3%] male). In this cohort, 580
children had been exposed to valproate during pregnancy (monotherapy and polytherapy
combined) and 912 722 had not. Table 1 shows the maternal and offspring characteristics of the

Table 1. Maternal and Offspring Characteristics of the Study Population
of 913 302 Children Born in Denmark From January 1, 1997,
to December 31, 2010, by Exposure to Valproate in Pregnancy

Characteristic

No. (%)

Prenatal Exposure
to Valproate
(n = 580)

No Prenatal Exposure
to Valproate
(n = 912 722)

Maternal Characteristics

Age, y

15-24 105 (18.1) 122 304 (13.4)

25-29 189 (32.6) 310 282 (34.0)

30-34 196 (33.8) 324 315 (35.5)

≥35 90 (15.5) 155 821 (17.1)

Epilepsy diagnosis

No 64 (11.0) 905 618 (99.2)

Yes 516 (89.0) 7104 (0.8)

Psychiatric diagnosis

No 506 (87.2) 841 309 (92.2)

Yes 74 (12.8) 71 413 (7.8)

Diabetes diagnosis

No 564 (97.2) 889 727 (97.5)

Yes 16 (2.8) 22 995 (2.5)

Smoking

No 343 (59.1) 674 865 (73.9)

Yes 118 (20.3) 143 633 (15.7)

Missing 119 (20.5) 94 224 (10.3)

Parity

1 241 (47.3) 392 798 (43.0)

2 174 (34.1) 334 259 (36.6)

≥3 87 (17.1) 172 510 (18.9)

Missing 8 (1.6) 13 155 (1.4)

Offspring Characteristics

Sex

Male 302 (51.3) 468 406 (51.3)

Female 278 (48.7) 444 316 (48.7)

Birth year

1997-1999 189 (32.6) 183 871 (20.1)

2000-2002 126 (21.7) 186 165 (20.4)

2003-2005 116 (20.0) 183 097 (20.1)

2006-2008 88 (15.2) 184 049 (20.2)

2009-2011 61 (10.5) 175 540 (19.2)

Malformations in first year
of life

No 512 (88.3) 873 710 (95.7)

Yes 68 (11.7) 39 012 (4.3)
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study population according to exposure to valproate in pregnancy. Compared with mothers who did
not use valproate during pregnancy, mothers who used valproate during pregnancy were younger,
were more often diagnosed with epilepsy and psychiatric disorders, and were more often smokers
during their pregnancy. Compared with unexposed children, children exposed to valproate were
more often diagnosed with congenital malformations during their first year of life.

A total of 29 445 persons were identified with ADHD (19 102 redeemed prescriptions of ADHD
medications and 25 430 were diagnosed with ADHD in the Danish Psychiatric Central Research
Register). Of the 912 722 children who were unexposed to valproate, 29 396 (3.2%) had ADHD. Of
the 580 children who had been exposed to valproate, 49 (8.4%) had ADHD. The mean age at ADHD
diagnosis in this study was 8.8 years (median age, 8.0 years; interquartile range, 6.0-11.0 years).

Main Findings
Overall, the children who were prenatally exposed to valproate had a 48% increased risk of ADHD
(adjusted HR [aHR], 1.48; 95% CI, 1.09-2.00) compared with the unexposed children (Table 2). The
absolute 15-year risk of ADHD was 4.6% (95% CI, 4.5%-4.6%) in children unexposed to valproate and
11.0% (95% CI, 8.2%-14.2%) in children who were exposed to valproate in pregnancy.

When restricting the cohort to the 7620 children born to women with epilepsy, valproate use
during pregnancy (n = 516) was associated with a 39% higher risk of ADHD in children (aHR, 1.39;
95% CI, 1.00-1.93) compared with the risk in children born to mothers with epilepsy who did not use
valproate during pregnancy (n = 7104) (Table 3). The point estimate comparing children who were
born to women without epilepsy and were exposed to valproate during pregnancy (n = 64) vs
children born to mothers without epilepsy who did not use valproate during pregnancy (n = 905 618)
showed no significant difference in risk of ADHD (aHR, 1.89; 95% CI, 0.76-4.68).

Table 2. Hazard Ratio of ADHD in the Offspring of Women Who Used Valproate During Pregnancy

ADHD Diagnosis by
Valproate Exposure Live Births, No. Person-Years at Risk ADHD Diagnoses, No.

Incidence/1000
Person-Years (95% CI)

Hazard Ratio (95% CI)

Crude Adjusteda

ADHD diagnosis based on
medication and ICD-10
diagnosis

Exposed to valproate 580 7066 49 6.9 (5.2-9.2) 2.28 (1.72-3.02) 1.48 (1.09-2.00)

Not exposed to valproate 912 722 10 212 263 29 396 2.9 (2.8-2.9) 1 [Reference] 1 [Reference]

ADHD diagnosis based on
medication alone

Exposed to valproate 580 7166 30 4.2 (2.9-6.0) 2.08 (1.45-2.98) 1.29 (0.88-1.91)

Not exposed to valproate 912 722 10 260 068 19 072 1.9 (1.8-1.9) 1 [Reference] 1 [Reference]

ADHD diagnosis based on
ICD-10 diagnosis alone

Exposed to valproate 580 7096 44 6.2 (4.6-8.3) 2.37 (1.76-3.18) 1.52 (1.10-2.10)

Not exposed to valproate 912 722 10 235 021 25 386 2.5 (2.4-2.5) 1 [Reference] 1 [Reference]

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ICD-10, International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision.

a Adjusted for maternal age at conception, maternal psychiatric history, maternal
epilepsy, maternal diabetes, sex of the child, year of birth, and parity.

Table 3. Hazard Ratio of ADHD in the Offspring of Women Who Used Valproate During Pregnancy Stratified by Epilepsy Diagnosis in the Mother

Maternal
Epilepsy
Diagnosis

Valproate
Exposure Live Births, No. Person-Years at Risk ADHD Diagnoses, No.

Incidence/1000
Person-Years (95% CI)

Hazard Ratio (95% CI)

Crude Adjusteda

Epilepsy Exposed 516 6232 44 7.1 (5.3-9.5) 1.27 (0.93-1.73) 1.39 (1.00-1.93)

Not exposed 7104 69 187 342 4.9 (4.4-5.5) 1 [Reference] 1 [Reference]

No epilepsy Exposed 64 834 5 6.0 (2.5-14.4) 1.90 (0.78-4.60) 1.89 (0.76-4.68)

Not exposed 905 618 10 143 077 29 054 2.9 (2.8-2.9) 1 [Reference] 1 [Reference]

Abbreviation: ADHD, attention-deficit/hyperactivity disorder.
a Adjusted for maternal age at conception, maternal psychiatric history, maternal

diabetes, sex of the child, year of birth, and parity.
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In the offspring of women who used valproate in monotherapy during pregnancy (n = 431), the
risk of ADHD was increased by 52% compared with the risk in the offspring of women who did not
use AEDs during pregnancy (aHR, 1.52; 95% CI, 1.05-2.19) (Table 4 and Figure). Compared with the
offspring unexposed to AEDs in pregnancy, the risk of ADHD associated with exposure to
monotherapy with other AEDs was not statistically different (carbamazepine: aHR, 1.23; 95% CI,
0.84-1.82; clonazepam: aHR, 1.43; 95% CI, 0.95-2.16; oxcarbazepine: aHR, 1.10; 95% CI, 0.72-1.67;
lamotrigine: aHR, 0.84; 95% CI, 0.59-1.19) (Table 4 and Figure).

When compared with prenatal exposure to lamotrigine (using this as the reference), the risk of
ADHD associated with prenatal valproate exposure was more than 2-fold increased (aHR, 2.16; 95%
CI, 1.34-3.48), carbamazepine increased the risk by 79% (aHR, 1.79; 95% CI, 1.06-3.04), and
clonazepam increased the risk by 96% (aHR, 1.96; 95% CI, 1.09-3.50). Compared with the offspring
exposed to lamotrigine in pregnancy, the risk of ADHD associated with prenatal exposure to
oxcarbazepine was not significantly increased (aHR, 1.58; 95% CI, 0.91-2.58) (eTable 1 in the
Supplement).

Sensitivity Analyses
The risk of ADHD in the offspring of 580 women who used valproate in pregnancy was 66% higher
than the risk of ADHD in the offspring of 719 women who used valproate prior to, but not during,
pregnancy (aHR, 1.66; 95% CI, 1.05-2.62) (eTable 2 in the Supplement).

Among the 580 women who filled a prescription for valproate during pregnancy, 499 filled a
prescription in the first trimester or later in pregnancy, whereas 81 filled a prescription for valproate
after their first trimester only (ie, in their second or third trimester). Compared with the offspring of
children who were unexposed to valproate, the risk of ADHD was 52% higher for exposure in the first
trimester (aHR, 1.52; 95% CI, 1.10-2.10) (eTable 3 in the Supplement) and 22% higher for valproate
exposure after the first trimester only (aHR, 1.22; 95% CI, 0.52-2.86) (eTable 3 in the Supplement).

Table 4. Hazard Ratio of ADHD in the Offspring of Women Who Used Antiepileptic Drugs in Monotherapy During Pregnancy Compared With the Risk in Offspring
of Women Who Did Not Use Antiepileptic Drugs in Pregnancy

Monotherapy Exposure
to Antiepileptic Drugs Live Births, No. Person-Years at Risk ADHD Diagnoses, No.

Incidence/1000
Person-Years (95% CI)

Hazard Ratio (95% CI)

Crude Adjusteda

Valproate 431 5307 38 7.2 (5.2-9.8) 2.37 (1.73-3.26) 1.52 (1.05-2.19)

Carbamazepine 423 5556 31 5.6 (3.9-7.9) 1.78 (1.25-2.54) 1.23 (0.84-1.82)

Clonazepam 314 3657 25 6.8 (4.6-10.1) 2.35 (1.59-3.47) 1.43 (0.95-2.16)

Oxcarbazepine 372 4577 25 5.5 (3.7-8.1) 1.81 (1.22-2.68) 1.10 (0.72-1.67)

Lamotrigine 1383 12 140 41 3.4 (2.5-4.6) 1.45 (1.07-1.98) 0.84 (0.59-1.19)

Not exposed 899 941 10 086 866 28 752 2.9 (2.8-2.9) 1 [Reference] 1 [Reference]

Abbreviation: ADHD, attention-deficit/hyperactivity disorder.
a Adjusted for maternal age at conception, maternal psychiatric history, maternal

diabetes, sex of the child, year of birth, and parity.

Figure. Adjusted Hazard Ratio of Attention-Deficit/Hyperactivity Disorder (ADHD) in the Offspring
of Women Who Used Antiepileptic Drugs in Monotherapy During Pregnancy

Decreased Risk
of ADHD

Increased Risk
of ADHD

1010.1
Adjusted Hazard Ratio (95% CI)

No. With ADHD/
No. Exposed to Drug

Antiepileptic Drug
Exposure in Pregnancy

Adjusted Hazard
Ratio (95% CI)

38/431Valproate 1.52 (1.05-2.19)
31/423Carbamazepine 1.23 (0.84-1.82)
25/314Clonazepam 1.43 (0.95-2.16)
25/372Oxcarbazepine 1.10 (0.72-1.67)
41/1383Lamotrigine 0.84 (0.59-1.19)

Adjusted for maternal age at conception, maternal
psychiatric history, maternal epilepsy, maternal
diabetes, sex of the child, year of birth, and parity.
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The aHR of ADHD was 1.52 (95% CI, 1.05-2.19) in the offspring of 431 women who used
valproate as monotherapy and 1.43 (95% CI, 0.75-2.70) in the offspring of 149 women who used
valproate as polytherapy when compared with the offspring of 899 941 women who did not use an
AED during pregnancy (eTable 4 in the Supplement).

Compared with the offspring of 899 941 unexposed women, the offspring of 204 women who
were estimated to use valproate in high-dose monotherapy (>750 mg/d) had a higher risk of ADHD
(aHR, 1.68; 95% CI, 1.04-2.71). However, the risk of ADHD did not significantly differ for the offspring
of 227 women who were estimated to use valproate in low-dose monotherapy (�750 mg) compared
with the offspring of 899 941 unexposed women (aHR, 1.37; 95% CI, 0.82-2.27) (eTable 5 in the
Supplement).

A large proportion of women had missing information on smoking during pregnancy (Table 1).
When adjusting for maternal smoking, the risk of ADHD associated with valproate exposure in
pregnancy was still significantly increased compared with unexposed mothers (aHR, 1.55; 95% CI,
1.10-2.19) (eTable 6 in the Supplement). Similarly, when excluding 39 080 children with congenital
malformations, the risk of ADHD among 512 children prenatally exposed to valproate was also
significantly increased (aHR, 1.47; 95% CI, 1.06-2.05) compared with 873 710 children not exposed
to valproate (eTable 7 in the Supplement).

After excluding children with epilepsy, the children who were prenatally exposed to maternal
valproate had an aHR of ADHD of 1.53 (95% CI, 1.05-2.23) compared with the unexposed children
(eTable 8 in the Supplement). Sensitivity analyses were also performed for other AEDs used in
monotherapy (eTable 9 in the Supplement).

After excluding mothers with ADHD, the children who were prenatally exposed to valproate had
an aHR of ADHD of 1.56 (95% CI, 1.10-2.21) compared with the unexposed children (eTable 10 in the
Supplement).

The valproate-exposed children who were born to mothers who used valproate 90 days before
conception to birth had a 48% increased risk of ADHD (aHR, 1.48; 95% CI, 1.05-2.07) compared with
the unexposed children (eTable 11 in the Supplement).

When follow-up was started at 3 years of age, children who were prenatally exposed to
maternal valproate had an aHR of ADHD of 1.93 (95% CI, 1.28-2.91) compared with the unexposed
children (eTable 12 in the Supplement). The aHRs of ADHD in children exposed to other AEDs used in
monotherapy compared with unexposed children were similar to aHRs when follow-up was started
at birth (eTable 12 in the Supplement). Age at the end of follow-up was similar for unexposed children
(mean age, 10.9 years) and children exposed to the various AEDs (mean ages, 8.4-12.9 years)
(eTable 12 in the Supplement).

Discussion

This study identifies an association between prenatal exposure to valproate during pregnancy and
the risk of ADHD in the offspring. The study therefore adds to the increasing number of studies
suggesting that valproate in pregnancy is associated with a number of adverse neurodevelopmental
outcomes, including poor cognitive function3,19-21 and autism,22 in addition to an increased risk of
congenital malformations.23

The risk of ADHD was also increased in valproate-exposed offspring compared with the
offspring of women who used valproate prior to but not during their pregnancy and compared with
children who were prenatally exposed to lamotrigine.

The association between prenatal exposure to valproate and an increased risk of ADHD was
quite robust and persisted after adjusting for maternal psychiatric disorders, maternal epilepsy,
maternal diabetes, maternal age, sex, year of birth, and parity, and the association remained after
excluding women who smoked during pregnancy.24 The association persisted when examining
valproate dose and polytherapy, but the number of exposed children and the statistical precision
were low; the results of this analysis as well as a number of sensitivity analyses discussed later should
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therefore be interpreted with caution. Valproate exposure was relatively rare in this cohort
(approximately 63.5 children with valproate exposure per 100 000 children), and the association
with offspring ADHD was modest. Thus, even in a cohort of this size, the additional number of
children who would develop ADHD due to prenatal valproate exposure is low.

The Danish Psychiatric Central Research Register15 may not capture all mothers with psychiatric
disorders (including ADHD) or misuse of alcohol, especially when intake is moderate. In addition, the
Danish National Patient Register18 may not capture all women with epilepsy. Thus, we cannot exclude
that the association between maternal valproate use in pregnancy and ADHD in the offspring may
be, at least in part, due to unmeasured confounding.

The results run counter to a recent meta-analysis of 4 studies including a total of 750
individuals, which did not find an association between prenatal valproate exposure and offspring
ADHD symptoms.4 Possible explanations for this discrepancy include differences in the cohorts
analyzed as well as smaller sample sizes, higher attrition rates, and shorter follow-ups in the studies
included in the meta-analysis than in the present study.4

Although not significant, analyses of other types of AEDs suggest that these AEDs may also
carry a risk of ADHD in the offspring. For example, we found a possible risk increase associated with
carbamazepine and clonazepam, which has not been previously described.20,25

The risk of ADHD was related to valproate exposure mainly in the first trimester, but the number
of cases exposed only in later trimesters was low; our findings therefore do not exclude the
possibility that valproate exposure across all stages of pregnancy may be associated with an
increased risk of ADHD in the offspring. When examining doses of valproate, prenatal exposure to
estimated higher doses tended to be associated with higher risks of ADHD than exposure to
estimated lower doses of valproate, although the difference between high and low doses was not
significant. Previous studies have indicated that the teratogenic and neurodevelopmental effects of
valproate may be higher for high daily doses of valproate during pregnancy.26

We did not include socioeconomic status as a covariate in this study. Epilepsy in the mother may
be associated with socioeconomic status and may thus be considered a mediator of the association
between maternal epilepsy and offspring ADHD; thus, it should not be adjusted for in the estimate of
the association between valproate exposure and risk of ADHD. In accordance with previous
studies,1,2,27 we found that valproate exposure increased the risk of congenital malformations
(Table 1). However, the risk of ADHD remained significant after adjusting for congenital
malformations and after excluding all children diagnosed with congenital malformations from the
analyses. This suggests that the increased ADHD risk was not confined to children with valproate-
induced congenital malformations. The findings of this study add to the concerns related to use of
valproate in pregnant women, and recently the European Medicines Agency and the US Department
of Health and Human Services issued measures to avoid valproate exposure in pregnancy28,29 to
protect the fetus. We did not have information on subtype of ADHD, which may offer clinically
important insights into the symptoms in children with fetal valproate exposure.

A major strength of this study is its population-based nature and the completeness of follow-up
without attrition. The study was able to combine data on ADHD diagnoses from hospital-based
registers and data on the filling of prescriptions for drugs used in the treatment of ADHD. The
analyses showed that most children who had been diagnosed with ADHD after prenatal valproate
exposure were identified from both the hospital register and the prescription register, suggesting a
high validity of both ways of identifying ADHD in children. Accordingly, several studies have validated
the diagnosis of hyperkinetic disorders (ICD-10-DCR code F90) in the Danish Psychiatric Central
Research Register and found that the risk of misclassification of patients is relatively low.30 Analyses
of ADHD after prenatal valproate exposure based on hospital diagnoses and analyses based on filling
of prescriptions for ADHD medication showed similar results (Table 2), although the estimate based
on filled prescriptions did not reach statistical significance.
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Limitations
This study has important limitations to consider. First, pregnancy is a contraindication for valproate
treatment. It is therefore likely that women who continue to be prescribed valproate during
pregnancy differ in terms of disorder presentation and severity from women who do not. Several
sensitivity analyses were conducted to try to address this limitation; however, due to the
observational nature of the this study, we cannot rule out that the observed risk increase for ADHD is
at least in part explained by the mother’s health condition that triggered the prescription of valproate
during pregnancy. However, more than 50% of valproate-exposed children were born from 1997
through 2002 (Table 1), before it was widely recognized that valproate was associated with adverse
birth outcomes—in particular, adverse neurodevelopmental outcomes—and at that time use of
valproate was not contraindicated. The validity of the clinical ADHD diagnoses in the Danish
Psychiatric Central Research Register has previously been shown to be high.31 However, clinical
practice in Denmark may be more restrictive in diagnosing ADHD compared with other countries,
such as the United States,16 and the hospital register and prescription register may include only the
more severe ADHD cases. Thus, we may underestimate the full impact of valproate exposure in
pregnancy and our findings might not be representative of all children exposed to valproate. Seizures
may influence fetal development. However, it was not possible to identify pregnant women
experiencing seizures from the registers.

Second, the data used in this study were based on register data, and we do not know whether
the women used the medication and how much valproate was actually taken. However, for drugs
used for chronic conditions, eg, AEDs, the agreement between self-reports and dispensing data are
high.32-34 Furthermore, in the analyses of dose, we estimated the average daily dose on the basis of
the total amount of redeemed prescriptions throughout pregnancy. It is unlikely that women would
repeatedly purchase medication if it was not consumed, and it is therefore reasonable to assume that
in the high-dose group, the proportion of women not actually consuming the medication would be
low. The findings from the analyses considering dose are consistent with the main result.

Third, we did not control for other types of medications than AEDs that mothers may have
redeemed during pregnancy, so we cannot rule out that part of the observed risk could be attributed
to other medications beyond AEDs. In particular, information on the use of folic acid, which may be
associated with neurodevelopment,35,36 was not included. However, including other drugs in the
analyses may yield spurious associations due to the number, combinations, and variety of
these drugs.

Fourth, to account for risk of epilepsy transmitted from the mother, we excluded children with
epilepsy from the analyses, but this only had very limited impact on the risk estimate (eTable 8 and
eTable 9 in the Supplement). Fifth, to account for risk of ADHD transmitted from the mother, we
excluded women with ADHD from the analyses, although this only had very limited impact on the risk
estimate. Sixth, we tried to account for misclassification of valproate exposure by increasing the
exposure period before estimated conception to 90 days. However, this had almost no impact on the
overall risk of ADHD in valproate-exposed children.

Seventh, symptoms of ADHD may not be recognizable before age 3 years, and we therefore
included a sensitivity analysis in which follow-up started at age 3 years for each of the AEDs analyzed
in monotherapy. However, this analysis also found an increased risk associated with valproate
exposure in pregnancy and similar results for the other AEDs. Therefore, differences in follow-up do
not account for the differences in risk of ADHD observed after exposure to the AEDs analyzed.

Eighth, despite the long follow-up period and nationwide nature of this study, several of the
subgroup analyses for specific medications and patient groups had low power, as indicated by the
wide confidence intervals. Therefore, findings must be interpreted with caution.
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Conclusions

Maternal use of valproate during pregnancy was associated with a small but significantly increased
risk of ADHD in the offspring, even after adjusting for maternal psychiatric disease, maternal epilepsy,
and other potential confounding covariates. These findings have important implications for the
counseling of women of childbearing potential who are undergoing treatment with valproate, and
they support warnings issued by authorities.28,29 As randomized clinical trials of valproate use during
pregnancy are neither feasible nor ethical, our study provides clinical information on the risk of ADHD
associated with valproate use during pregnancy. Replication of our findings in large-scale
observational studies of adverse drug effects is warranted as such effects have not been evaluated
adequately in controlled trials (ie, during pregnancy).

ARTICLE INFORMATION
Accepted for Publication: November 13, 2018.

Published: January 4, 2019. doi:10.1001/jamanetworkopen.2018.6606

Correction: This article was corrected on February 22, 2019, to fix an error in the byline.

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Christensen
J et al. JAMA Network Open.

Corresponding Author: Jakob Christensen, MD, PhD, DrMedSci, Department of Neurology, Aarhus University
Hospital, Norrebrogade 44, DK-8000 Aarhus C, Denmark (Jakob@farm.au.dk).

Author Affiliations: Department of Neurology, Aarhus University Hospital, Aarhus, Denmark (Christensen, Sun);
Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark (Pedersen, Sun); The National
Centre for Register-Based Research, Department of Economics and Business Economics, Business and Social
Science, Aarhus University, Aarhus, Denmark (Sun, Dreier, Brikell, Dalsgaard); The Lundbeck Foundation Initiative
for Integrative Psychiatric Research, iPSYCH, Aarhus, Denmark (Dalsgaard); The Centre for Integrated Register-
Based Research (CIRRAU), Aarhus University, Aarhus, Denmark (Dalsgaard).

Author Contributions: Dr Pedersen had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Christensen, Pedersen.

Acquisition, analysis, or interpretation of data: Christensen, Sun, Dreier, Brikell, Dalsgaard.

Drafting of the manuscript: Christensen.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Christensen, Pedersen.

Obtained funding: Christensen.

Supervision: Christensen, Dalsgaard.

Conflict of Interest Disclosures: Dr Christensen reported receiving honoraria from serving on the scientific
advisory boards of and giving lectures for UCB Nordic and Eisai AB; and receiving travel funding from UCB Nordic.
No other disclosures were reported.

Funding/Support: Drs Christensen and Dreier were supported by the Danish Epilepsy Association, Central
Denmark Region, and Novo Nordisk Foundation (grant NNF16OC0019126). Dr Dalsgaard was supported by grants
from the Aarhus University Research Foundation (grant AUFF-E-2015-FLS-8-61), the Lundbeck Foundation
(iPSYCH grants R102-A9118 and R155-2014-1724), the National Institutes of Health (grant R01ES026993), the
Novo Nordisk Foundation (grant 22018), and the European Commission (Horizon 2020 program, grant 667302).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

REFERENCES
1. Samrén EB, van Duijn CM, Christiaens GC, Hofman A, Lindhout D. Antiepileptic drug regimens and major
congenital abnormalities in the offspring. Ann Neurol. 1999;46(5):739-746. doi:10.1002/1531-8249(199911)46:
5<739::AID-ANA9>3.0.CO;2-2

JAMA Network Open | Pharmacy and Clinical Pharmacology Prenatal Exposure to Antiepileptic Drugs and Risk for ADHD in Offspring

JAMA Network Open. 2019;2(1):e186606. doi:10.1001/jamanetworkopen.2018.6606 (Reprinted) January 4, 2019 10/13

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2018.6606&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.6606
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.6606
mailto:Jakob@farm.au.dk
https://dx.doi.org/10.1002/1531-8249(199911)46:5&lt
https://dx.doi.org/10.1002/1531-8249(199911)46:5&lt


2. Weston J, Bromley R, Jackson CF, et al. Monotherapy treatment of epilepsy in pregnancy: congenital
malformation outcomes in the child. Cochrane Database Syst Rev. 2016;11:CD010224.

3. Meador KJ, Baker GA, Browning N, et al; NEAD Study Group. Fetal antiepileptic drug exposure and cognitive
outcomes at age 6 years (NEAD study): a prospective observational study. Lancet Neurol. 2013;12(3):244-252. doi:
10.1016/S1474-4422(12)70323-X

4. Veroniki AA, Rios P, Cogo E, et al. Comparative safety of antiepileptic drugs for neurological development in
children exposed during pregnancy and breast feeding: a systematic review and network meta-analysis. BMJ
Open. 2017;7(7):e017248. doi:10.1136/bmjopen-2017-017248

5. Cohen MJ, Meador KJ, Browning N, et al; NEAD study group. Fetal antiepileptic drug exposure: adaptive and
emotional/behavioral functioning at age 6 years. Epilepsy Behav. 2013;29(2):308-315. doi:10.1016/j.yebeh.2013.
08.001

6. Veiby G, Engelsen BA, Gilhus NE. Early child development and exposure to antiepileptic drugs prenatally and
through breastfeeding: a prospective cohort study on children of women with epilepsy. JAMA Neurol. 2013;70(11):
1367-1374. doi:10.1001/jamaneurol.2013.4290

7. Bromley RL, Mawer GE, Briggs M, et al; Liverpool and Manchester Neurodevelopment Group. The prevalence
of neurodevelopmental disorders in children prenatally exposed to antiepileptic drugs. J Neurol Neurosurg
Psychiatry. 2013;84(6):637-643. doi:10.1136/jnnp-2012-304270

8. Dean JC, Hailey H, Moore SJ, Lloyd DJ, Turnpenny PD, Little J. Long term health and neurodevelopment in
children exposed to antiepileptic drugs before birth. J Med Genet. 2002;39(4):251-259. doi:10.1136/jmg.39.4.251

9. Faraone SV, Perlis RH, Doyle AE, et al. Molecular genetics of attention-deficit/hyperactivity disorder. Biol
Psychiatry. 2005;57(11):1313-1323. doi:10.1016/j.biopsych.2004.11.024

10. Demontis D, Walters RK, Martin J, et al. Discovery of the first genome-wide significant risk loci for ADHD
[posted online June 3, 2017]. bioRxiv. doi:10.1101/145581

11. Linnet KM, Dalsgaard S, Obel C, et al. Maternal lifestyle factors in pregnancy risk of attention deficit
hyperactivity disorder and associated behaviors: review of the current evidence. Am J Psychiatry. 2003;160(6):
1028-1040. doi:10.1176/appi.ajp.160.6.1028

12. Østergaard SD, Larsen JT, Dalsgaard S, et al. Predicting ADHD by assessment of Rutter’s indicators of adversity
in infancy. PLoS One. 2016;11(6):e0157352. doi:10.1371/journal.pone.0157352

13. Pedersen CB. The Danish Civil Registration System. Scand J Public Health. 2011;39(7)(suppl):22-25. doi:10.1177/
1403494810387965

14. Kildemoes HW, Sørensen HT, Hallas J. The Danish National Prescription Registry. Scand J Public Health. 2011;
39(7)(suppl):38-41. doi:10.1177/1403494810394717

15. Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research Register. Scand J Public Health.
2011;39(7)(suppl):54-57. doi:10.1177/1403494810395825

16. Dalsgaard S, Nielsen HS, Simonsen M. Five-fold increase in national prevalence rates of attention-deficit/
hyperactivity disorder medications for children and adolescents with autism spectrum disorder, attention-deficit/
hyperactivity disorder, and other psychiatric disorders: a Danish register-based study. J Child Adolesc
Psychopharmacol. 2013;23(7):432-439. doi:10.1089/cap.2012.0111

17. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan Med Bull. 1998;45(3):320-323.

18. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register. Scand J Public Health. 2011;39(7)
(suppl):30-33. doi:10.1177/1403494811401482

19. Elkjær LS, Bech BH, Sun Y, Laursen TM, Christensen J. Association between prenatal valproate exposure and
performance on standardized language and mathematics tests in school-aged children. JAMA Neurol. 2018;75(6):
663-671. doi:10.1001/jamaneurol.2017.5035

20. Bromley R. The treatment of epilepsy in pregnancy: the neurodevelopmental risks associated with exposure
to antiepileptic drugs. Reprod Toxicol. 2016;64:203-210. doi:10.1016/j.reprotox.2016.06.007

21. Bromley RL, Calderbank R, Cheyne CP, et al; UK Epilepsy and Pregnancy Register. Cognition in school-age
children exposed to levetiracetam, topiramate, or sodium valproate. Neurology. 2016;87(18):1943-1953. doi:10.
1212/WNL.0000000000003157

22. Christensen J, Grønborg TK, Sørensen MJ, et al. Prenatal valproate exposure and risk of autism spectrum
disorders and childhood autism. JAMA. 2013;309(16):1696-1703. doi:10.1001/jama.2013.2270

23. Bromley RL, Weston J, Marson AG. Maternal use of antiepileptic agents during pregnancy and major
congenital malformations in children. JAMA. 2017;318(17):1700-1701. doi:10.1001/jama.2017.14485

JAMA Network Open | Pharmacy and Clinical Pharmacology Prenatal Exposure to Antiepileptic Drugs and Risk for ADHD in Offspring

JAMA Network Open. 2019;2(1):e186606. doi:10.1001/jamanetworkopen.2018.6606 (Reprinted) January 4, 2019 11/13

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://www.ncbi.nlm.nih.gov/pubmed/27819746
https://dx.doi.org/10.1016/S1474-4422(12)70323-X
https://dx.doi.org/10.1136/bmjopen-2017-017248
https://dx.doi.org/10.1016/j.yebeh.2013.08.001
https://dx.doi.org/10.1016/j.yebeh.2013.08.001
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2013.4290&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.6606
https://dx.doi.org/10.1136/jnnp-2012-304270
https://dx.doi.org/10.1136/jmg.39.4.251
https://dx.doi.org/10.1016/j.biopsych.2004.11.024
https://dx.doi.org/10.1101/145581
https://dx.doi.org/10.1176/appi.ajp.160.6.1028
https://dx.doi.org/10.1371/journal.pone.0157352
https://dx.doi.org/10.1177/1403494810387965
https://dx.doi.org/10.1177/1403494810387965
https://dx.doi.org/10.1177/1403494810394717
https://dx.doi.org/10.1177/1403494810395825
https://dx.doi.org/10.1089/cap.2012.0111
https://www.ncbi.nlm.nih.gov/pubmed/9675544
https://dx.doi.org/10.1177/1403494811401482
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.5035&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.6606
https://dx.doi.org/10.1016/j.reprotox.2016.06.007
https://dx.doi.org/10.1212/WNL.0000000000003157
https://dx.doi.org/10.1212/WNL.0000000000003157
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.2270&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.6606
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.14485&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2018.6606


24. Zhu JL, Olsen J, Liew Z, Li J, Niclasen J, Obel C. Parental smoking during pregnancy and ADHD in children: the
Danish National Birth Cohort. Pediatrics. 2014;134(2):e382-e388. doi:10.1542/peds.2014-0213

25. Bromley R, Weston J, Adab N, et al. Treatment for epilepsy in pregnancy: neurodevelopmental outcomes in
the child. Cochrane Database Syst Rev. 2014;(10):CD010236.

26. Barton S, Nadebaum C, Anderson VA, Vajda F, Reutens DC, Wood AG. Memory dysfunction in school-aged
children exposed prenatally to antiepileptic drugs. Neuropsychology. 2018;32(7):784-796. doi:10.1037/
neu0000465

27. Tomson T, Battino D, Bonizzoni E, et al; EURAP Study Group. Comparative risk of major congenital
malformations with eight different antiepileptic drugs: a prospective cohort study of the EURAP registry. Lancet
Neurol. 2018;17(6):530-538. doi:10.1016/S1474-4422(18)30107-8

28. European Medicines Agency. New measures to avoid valproate exposure in pregnancy endorsed. https://www.
ema.europa.eu/documents/press-release/new-measures-avoid-valproate-exposure-pregnancy-endorsed_en.pdf.
Accessed June 1, 2018.

29. US Department of Health and Human Services. Valproate information. https://www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafetyInformationforPatientsandProviders/ucm192645.htm. Accessed June 1, 2018.

30. Mohr-Jensen C, Vinkel Koch S, Briciet Lauritsen M, Steinhausen HC. The validity and reliability of the diagnosis
of hyperkinetic disorders in the Danish Psychiatric Central Research Registry. Eur Psychiatry. 2016;35:16-24. doi:
10.1016/j.eurpsy.2016.01.2427

31. Linnet KM, Wisborg K, Secher NJ, et al. Coffee consumption during pregnancy and the risk of hyperkinetic
disorder and ADHD: a prospective cohort study. Acta Paediatr. 2009;98(1):173-179. doi:10.1111/j.1651-2227.2008.
00980.x

32. Pisa FE, Casetta A, Clagnan E, Michelesio E, Vecchi Brumatti L, Barbone F. Medication use during pregnancy,
gestational age and date of delivery: agreement between maternal self-reports and health database information in
a cohort. BMC Pregnancy Childbirth. 2015;15:310. doi:10.1186/s12884-015-0745-3

33. Olesen C, Søndergaard C, Thrane N, Nielsen GL, de Jong-van den Berg L, Olsen J; EuroMAP Group. Do
pregnant women report use of dispensed medications? Epidemiology. 2001;12(5):497-501. doi:10.1097/
00001648-200109000-00006

34. Cheung K, El Marroun H, Elfrink ME, Jaddoe VWV, Visser LE, Stricker BHC. The concordance between self-
reported medication use and pharmacy records in pregnant women. Pharmacoepidemiol Drug Saf. 2017;26(9):
1119-1125. doi:10.1002/pds.4264

35. Husebye ESN, Gilhus NE, Riedel B, Spigset O, Daltveit AK, Bjørk MH. Verbal abilities in children of mothers with
epilepsy: association to maternal folate status. Neurology. 2018;91(9):e811-e821. doi:10.1212/WNL.
0000000000006073

36. Bjørk M, Riedel B, Spigset O, et al. Association of folic acid supplementation during pregnancy with the risk of
autistic traits in children exposed to antiepileptic drugs in utero. JAMA Neurol. 2018;75(2):160-168. doi:10.1001/
jamaneurol.2017.3897

SUPPLEMENT.
eTable 1. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Antiepileptic Drugs in Monotherapy Compared With the Risk in the Offspring of Women Who Used Lamotrigine in
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eTable 2. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Valproate During Pregnancy Compared With the Risk in Offspring of Women Who Used Valproate Prior to
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eTable 3. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Valproate During Pregnancy Stratified on Time of Exposure During Pregnancy
eTable 4. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Antiepileptic Drugs (AEDs) in Poly- and Monotherapy During Pregnancy Compared With the Offspring of Women
Who Did Not Use Antiepileptic Drugs During Pregnancy
eTable 5. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Antiepileptic Drugs (AEDs) in Monotherapy at High and Low Dose During Pregnancy Compared With the Offspring
of Women Who Did Not Use AEDs During Pregnancy
eTable 6. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
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eTable 7. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in Offspring of Women Who Used
Valproate During Pregnancy After Excluding 39,080 Children With Congenital Malformations
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eTable 8. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in Offspring of Women Who Used
Valproate During Pregnancy After Excluding 9,767 Children With Epilepsy
eTable 9. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Antiepileptic Drugs in Monotherapy During Pregnancy Compared With the Risk in Offspring of Women Who Did
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eTable 10. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Valproate During Pregnancy After Excluding 1,340 Women With ADHD From the Analyses
eTable 11. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) in the Offspring of Women Who Used
Valproate During Pregnancy After Increasing the Exposure Period From 30 Days to 90 Before Conception
eTable 12. Hazard Ratio of Attention Deficit Hyperactivity Disorder (ADHD) With Follow Up at 3 Years of Age in the
Offspring of Women Who Used Antiepileptic Drugs in Monotherapy During Pregnancy Compared With the Risk in
Offspring of Women Who Did Not Use Antiepileptic Drugs in Pregnancy
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