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Risk of neurodevelopmental disorders associated
with paternal use of valproate during
spermatogenesis: a living meta-analysis—version 1
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ABSTRACT

Objective To evaluate the association of paternal use
of valproate during spermatogenesis compared with
paternal use of lamotrigine or levetiracetam on offspring
risk of neurodevelopmental disorders (NDDs).
Methods Eligibility criteria: observational, peer-
reviewed studies reporting neurodevelopmental
outcomes of children exposed to paternal monotherapy
use of valproate vs lamotrigine or levetiracetam during
spermatogenesis.

Information sources: the databases PubMed, Embase,
Cochrane Library and Web of Science were systematically
searched from January 1995 to October 2025.
Synthesis of results and risk of bias: a random-effects
model was used to estimate pooled HRs and 95% Cl,
with heterogeneity assessed using I” statistic for any
NDD.

We present a meta-analysis of observational, peer-
reviewed studies reporting neurodevelopmental
outcomes of children exposed to paternal monotherapy
use of valproate versus lamotrigine or levetiracetam
during spermatogenesis. Given the major regulatory
implications of paternal valproate safety, the recent
emergence of new population-based data, and the
expectation of further large studies, we designed this
work as a living systematic review and meta-analysis
that will be updated as new eligible evidence becomes
available.

Results We identified three eligible studies based

on data from (1) Norway and Sweden, (2) Norway

and Taiwan and (3) Denmark. As two studies included
Norwegian data, their results are referred to as ‘Norway
1" and 'Norway 2" for clarity. In the meta-analysis of
data from Denmark, Sweden and Norway 1, the pooled
HR of offspring NDDs was 1.05 (95% Cl 0.87 to 1.27;
1’=0.0%), and in meta-analysis of data from Denmark,
Sweden and Norway 2, it was 1.03 (95% Cl 0.85 to
1.24; 1°=0.0%).

In the meta-analysis including Taiwan, Denmark, Sweden
and Norway 1, the pooled HR was 1.06 (95% CI 0.88 to
1.27;1°=0.0%), and when including data from Taiwan,
Denmark, Sweden and Norway 2, the pooled HR was
1.04 (95% C10.87 to 1.25; 1°=0.0%).

Conclusions In this living meta-analysis, we found no
evidence that paternal exposure to valproate compared
with lamotrigine/levetiracetam during spermatogenesis
was associated with increased risk of NDDs in offspring.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Recent restrictions and precautionary measures
related to the use of valproate in males are
being implemented across Europe, due to
concerns of reproductive risks.

WHAT THIS STUDY ADDS

= In this living meta-analysis including data
from Denmark, Norway, Sweden and Taiwan,
there was no evidence of an association
between paternal valproate use and risk of
neurodevelopmental disorders when compared
with paternal lamotrigine or levetiracetam use.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This meta-analysis of population-based studies
from four countries calls for a consideration of
the restrictions on the use of valproate in males
of fertile age.

INTRODUCTION

In January 2024, the European Medicines Agency
(EMA) recommended precautionary measures for
the treatment of male patients with valproate due
to potential risk of neurodevelopmental disor-
ders (NDDs) in children born to men treated with
valproate medicines." According to these precau-
tionary measures, “doctors should inform male
patients who are taking valproate about the possible
risk and discuss the need to consider effective
contraception, for both the patient and their female
partner. Valproate treatment of male patients
should be reviewed regularly to consider whether
it remains the most suitable treatment, particularly
when the patient is planning to conceive a child”.!
These precautionary measures followed a post-
authorisation safety study from Denmark, Norway
and Sweden, prepared by the Contract Research
Organization IQVIA on behalf of the Market
Authorization Holders (MAHs).”™ In this study,
paternal valproate exposure during spermatogen-
esis was found to be associated with an increased
risk of NDDs in the offspring (pooled adjusted HR
(@HR)=1.50 (95% CI 1.09to 2.07))." In addi-
tion to the EMA’s precautionary measures, the UK
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Medicines and Healthcare products Regulatory Agency (MHRA)
has issued a warning against the use of valproate in males under
55 years of age due to concerns regarding male fertility and risk
of NDDs in offspring.”

However, subsequent to these restrictions on valproate use in
males, concerns have been raised that the scientific data do not
convincingly substantiate the inference of a paternally mediated
risk from valproate to children,®® and register studies based on
the same population databases as those used in the IQVIA anal-
yses have been unable to replicate the findings.'®™* In July 2025,
the EMAs Pharmacovigilance Risk Assessment Committee
(PRAC) therefore initiated a procedure to understand the differ-
ence in the findings across the studies and requested further
information and analyses from the MAHs for valproate.'* This
has recently led to the formation of a consortium of MAHs for
valproate, which will initiate the PaTernal exposure to vAlproate,
further iNvestiGation on the risk of NeuroDevelopmental
Disorders (NDD) and Major Congenital Malformation (MCM)
in Offspring: A Non-Interventional Post-Authorization Safety
Study (TANGO) to further investigate the association between
paternal exposure to valproate and the risk of NDDs. This study
is expected to be completed by the end of March 2028."

To address conflicting views and findings and in the light of
the potential harm with valproate withdrawal,'® we present a
meta-analysis of observational, peer-reviewed studies reporting
neurodevelopmental outcomes of children exposed to paternal
monotherapy use of valproate versus lamotrigine or levetirac-
etam during spermatogenesis, that is, the same exposure defi-
nitions initially included in the IQVIA study report.>® Given
the major regulatory implications of paternal valproate safety,'’
the recent emergence of new population-based data'®"® and the
expectation of further large studies (including the French EPI-
PHARE report'” and the TANGO"), we designed this work as a
living systematic review and meta-analysis'® that will be updated
as new eligible evidence becomes available.

METHODS

The databases PubMed, Cochrane Library, Embase and Web of
Science were searched in October 2025 using the search terms:
(paternal OR father) AND (spermiogenesis OR spermatogen-
esis OR pregnan® OR gestation® OR prenatal OR antenatal
OR in utero OR fetus OR fetal OR infant OR newborn) AND
(valproate OR ‘valproic acid” OR lamotrigine OR levetiracetam)
(Online supplemental figure 1)." We followed the extension of
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 statement for living systematic reviews'® (https://
www.prisma-statement.org/lsr). The aim was to identify human
peer-reviewed observational studies reporting neurodevelop-
mental outcomes in children exposed to paternal monotherapy
use of valproate during spermatogenesis compared with children
exposed to paternal monotherapy use of lamotrigine or leveti-
racetam, that is, similar to the IQVIA study.*™

Data extraction and statistical analysis

We extracted adjusted HRs (aHRs) or relative risks (aRRs), and
their corresponding 95% Cls for any NDD as well as for indi-
vidual disorders (ie, autism spectrum disorder (ASD), attention-
deficit/hyperactivity disorder (ADHD), intellectual disability
(ID) and disorders of psychological development) from primary
studies. Pooled HRs with 95% CIs were then calculated, and
between-study heterogeneity was assessed using the I* statistic.
A random-effects model based on inverse-variance method
with the Paule-Mandel estimator was applied using R-package

‘metagen’ in R (V.4.3.2)*° to address potential between-country
differences. An I* value exceeding 50% was interpreted as indi-
cating substantial heterogeneity. A pooled risk estimate of NDDs
in offspring exposed to paternal monotherapy use of valproate
compared with lamotrigine or levetiracetam restricted to
offspring of fathers with epilepsy was included as an additional
analysis, as data were available from all included studies.

Additional analyses

In additional analyses, we estimated pooled estimates of NDDs
in children of fathers who used valproate compared with chil-
dren of fathers who used lamotrigine or levetiracetam allowing
combination therapy during spermatogenesis.

At the time of preparation of the current meta-analysis, we
became aware of a non-peer-reviewed French study reported
online on 6 November 2025.” Although this study had not been
published in a peer-reviewed journal and thus did not meet our
inclusion criteria, we include its results in a sensitivity analysis to
assess their impact on pooled estimates.

Certainty of evidence

We did not undertake a formal Grading of Recommendations
Assessment, Development and Evaluation (GRADE) assessment
because all included studies were registry-based nationwide
cohort studies with highly similar designs, data sources and
outcome definitions. Given methodological homogeneity and
the narrow evidence base, a structured GRADE evaluation was
not considered informative for distinguishing certainty levels
across outcomes.

Living mode parameters

To establish a live online meta-analysis platform, we used the
analytical resource MetaAnalysisOnline.com.?! All analyses were
conducted in March 2026.

This review is maintained in living mode. We plan to rerun
the literature search in all databases at least every 6 months, and
more frequently if we become aware of new large population-
based studies through regulatory communications (eg, EMA or
national medicines agencies), study registries or direct contact
with investigators. Whenever at least one new eligible study is
identified, we will repeat screening, data extraction and meta-
analysis for all relevant outcomes. Updated pooled estimates
will be generated in R and on MetaAnalysisOnline.com,*' where
all versions of the meta-analysis will be archived with time-
stamped shareable links. We intend to maintain the review in
living mode at least until completion and publication of major
ongoing studies, including TANGO," after which the need for
further updates and potential retirement of the living mode will
be re-evaluated.

This is version 1 of the living review; consequently, there
are no changes in methods or eligibility criteria relative to the
preceding version.

RESULTS

We identified three peer-reviewed studies describing neurode-
velopmental outcomes in children after paternal use of valproate
during spermatogenesis compared with paternal use of lamo-
trigine or levetiracetam (online supplemental figure 1). The
studies were based on data from (Study 1) Norway and Sweden,
(Study 2) Norway and Taiwan'® and (Study 3) Denmark."! Thus,
two studies included overlapping Norwegian data; for clarity,
results from Study 1'% are referred to as ‘Norway 1’ and those
from Study 2'* as ‘Norway 2. Summary details and results of the
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Table 1 Register-based studies of NDDs in offspring exposed to paternal monotherapy use of valproate during spermatogenesis
Study 3
Study 1 Study 2 (Christensen et
(Razaz et al'?) (Meng et al'®) al')
Sweden Norway 1 Norway 2 Taiwan Denmark
Study period 2007-2022 2010-2019 2010-2021 2010-2021 1997-2018
Inclusion criteria (liveborn All children born 2007-2020 Al children born 20102018  Singleton children born Singleton children born Singleton children
children) 2010-2015 2010-2015 born 1997-2017
Births (n) 1517108 519313 367960 1234223 1278978
Sample size—after exclusions
Paternal lamotrigine/ 3093 (0.20%) 1109 (0.21%) 730 (0.20%) 96 (0.01%) 1401 (0.11%)
levetiracetam exposure, n
Paternal valproate exposure, n - 1588 (0.10%) 463 (0.09%) 319 (0.09%) 564 (0.05%) 961 (0.08%)

Exposure definitions

Exposure window (ie, period
of spermatogenesis)

Prescriptions from
LMP —120 days to LMP +14

Prescriptions from

LMP -120 days to LMP +14  LMP -76 days to LMP +14

Prescriptions overlapping with Prescriptions overlapping
with LMP —76 days to LMP

Prescriptions from
LMP —120 days to

days days days +14 days LMP +14 days
Outcome definitions of NDD*
Composite NDD endpoint Any diagnosis of specific Any diagnosis of specific Any diagnosis of specific Any diagnosis of specific Any diagnosis of
NDDs* NDDs* NDDs * NDDs * specific NDDs*
Follow-up period From age 1 year until end From age 1 year until end From specific ages until end  From specific ages until end ~ From age 1 year
of 2022 of 2019 of 2021t of 2021t until end of 2018
Follow-up age (min—max) years ~ 1-15 1-10 1-12t 1-12t 1-22
Median (IQR) age at the end of
follow-up
Paternal lamotrigine/ 6.9 (4.3-9.1) 4.0 (2.0-6.2) 8.8(7.2-10.2) 8.1 (6.7-9.4) 6.5 (3.7-10.3)
levetiracetam exposure
Paternal valproate exposure 7.5 (4.5-10.3) 4.1 (2.0-6.1) 8.5(7.2-10.2) 7.8 (6.3-9.3) 11.6 (6.4-16.0)
Number of children with NDD
Paternal lamotrigine/ 247 39 59 16 50
levetiracetam exposure, n
Paternal valproate exposure, n 159 21 24 127 67

Adjustment method

adjustment adjustment

Cox regression with covariate Cox regression with covariate Pooled logistic regression

Pooled logistic regression
with propensity score fine
stratification weighting

Cox regression
with covariate
adjustment

with propensity score fine
stratification weighting

*Please see online supplemental table 1 for specific NDD International Classification of Disease, version 10 codes (ICD-10 codes).

tAt least 6 years of follow-up from delivery.
LMP, last menstrual period; NDDs, neurodevelopmental disorders.

individual studies are presented in table 1, and in online supple-
mental table 1-6, and compared with key summary details from
the IQVIA study in table 2.2*¢

The designs of the studies are described in their respective
publications,""™ but all were register-based cohort studies
using data from national patient registers for capturing
diagnoses of NDDs and epilepsy, and national prescription
registries for the identification of paternal use of antiseizure
medication during spermatogenesis.’'™!* To assess the impact
of methodological differences between the two Norwegian
studies,'* * and to facilitate direct comparison with the IQVIA
study,”™ the data from these studies were included in separate
analyses together with the Danish'' and Swedish'* data. In
secondary analyses, data from Taiwan were included as well.

Analyses including data from Denmark, Norway and Sweden
Overall risk of neurodevelopmental disorders

In the meta-analysis of data from studies 1 and 3 (Sweden,
Norway 1 and Denmark),' % the pooled HR of any offspring
NDD was 1.05 (95% CI 0.87 to 1.27; I*=0.0%; figure 1A),
and in the analysis of data from studies 1, 2 and 3 (Sweden,
Norway 2 and Denmark), the pooled HR was 1.03 (95% CI
0.85 to 1.24; 1*=0.0%; figure 1B).

Risk of specific neurodevelopmental disorders

In the meta-analyses of specific NDDs, the pooled HR
for offspring risk of ASD was 1.07 (95% CI 0.69 to 1.68;
’=36.9%) in studies 1 and 3 (Sweden, Norway 1 and
Denmark),"" '* and 1.07 (95% CI 0.69 to 1.65; 1*=34.8%)
in studies 1, 2 and 3 (Sweden, Norway 2 and Denmark;
figure 2); for ADHD, the pooled HR was 0.90 (95% CI 0.70
to 1.17; I’=6.8%), in studies 1 and 3 (Sweden, Norway 1
and Denmark), and 0.91 (95% CI 0.64 to 1.31; I?’=30.7%),
in studies 1, 2 and 3 (Sweden, Norway 2 and Denmark;
figure 2); for ID, the pooled HR was 1.36 (95% CI 0.82 to
2.28; I*=0.0%), in studies 1 and 3 (Sweden and Denmark;
figure 2), and for disorders of psychological development,
the pooled HR was 1.21 (95% CI 0.82 to 1.77; [?*=0.0%) in
studies 1 and 3 (Sweden, Norway 1 and Denmark; figure 2).
ID and disorders of psychological development were further
subclassified in Study 2 (Norway 2),"® and did therefore not
contribute to meta-analyses of the overall categories.

Analyses restricted to offspring of fathers with epilepsy

In analyses restricted to offspring of fathers with epilepsy,
the pooled HR of any offspring NDD was 1.26 (95% CI
0.96 to 1.65; I*=0.0%) in studies 1 and 3 (Sweden, Norway
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Table 2 NDDs in offspring exposed to paternal use of valproate during spermatogenesis—the IQVIA study

Study period
Inclusion criteria (liveborn children)

Births (n)

Sample size—after exclusion*®

Paternal lamotrigine/levetiracetam exposure, n

Paternal valproate exposure, n

Sample size—after exclusion and PSW§
Paternal lamotrigine/levetiracetam exposure, n
Paternal valproate exposure, n

Exposure definitions

Exposure window (ie, period of
spermatogenesis)

Qutcome definitions of NDD

Composite NDD endpoint

Follow-up period

Follow-up age (min-max) years
Median (IQR) follow-up time/age at the end of
follow-up

Paternal lamotrigine/levetiracetam exposure
Paternal valproate exposure

Number of children with NDD
Paternal lamotrigine/levetiracetam exposure, n
Paternal valproate exposure, n

Adjustment method

*Crude model: excluded from comparative cohort: pregnancies associated with in vitro fertilisation, multiple pregnancies, parents with congenital malformations or NDDs,
parents with incomplete enrolment in the registries 12 months before pregnancy, offspring or mothers with epilepsy or treated with antiseizure medications (ASMs).
tPlease see reference Colas et al® for specific NDD International Classification of Disease, version 10 codes (ICD-10 codes).

$Follow-up stopped at 12 years of age in Denmark and Sweden and at 10 years in Norway.

§PSW and adjusted model. In addition to the criteria-based exclusions (*), observations with missing values on covariates and influential observations were excluded from the PS
model and subsequently from the weighted Cox model.

NDDs, neurodevelopmental disorders; PS, propensity score; PSW, propensity score weighting.

1 and Denmark), and the pooled HR was 1.23 (95% CI1 0.93 Analyses including data from Denmark, Norway, Sweden and
to 1.62; ’=0.0%) in the analysis of data from studies 1, 2 Taiwan

and 3 (Sweden, Norway 2 and Denmark) (online supple-  Qverall risk of neurodevelopmental disorders
mental figure 2 and online supplemental table 7).

A B

Study Hazard Ratio HR  85%Cl Weight Study Hazard Ratio HR  95%Cl Weight
Denmark 1.02 [0.67,1.54] 20.5% Denmark 1.02 [067;1.54] 20.8%
Narway 1 1.20 [0.70; 2.04] 12.4% Nonway 2 1.02 [0.57;1.82] 10.8%
Sweden 1.03 [0.82;1.30] B7.0% Sweden 1.03 [0.82;1.30] G8.3%
Random effects model 1.05 [0.87: 1.27] 100.0% Random effects model 1.03 [0.85; 1.24] 100.0%
Heterogeneity: 1 = 0.0%, ! ! : Heterogeneity: 1°=00%, | ! ! ! !

#=0,p= 08675 0.2 0.5 1 2 5 =0, p= 05089 0z 05 1 2 5

Figure 1 HRs of neurodevelopmental disorders (composite outcome) in children of fathers who used valproate in monotherapy compared with
children of fathers who used lamotrigine or levetiracetam in monotherapy during spermatogenesis. Panel A: studies 1 and 3 (Denmark, Norway 1 and
Sweden). Panel B: studies 1, 2 and 3 (Denmark, Norway 2 and Sweden).

References: Study 1: Sweden and Norway 1: Razaz et al.'* Study 2: Norway 2 and Taiwan: Meng et a/."® Study 3: Denmark: Christensen et
al"
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Autism Spectrum Disorder

Study Hazard Ratio HR  95%Cl Weight
Denmark h— 069 [0.37,1.28] 32.4%
Norway 1 1,67 [0.60; 4.67] 156%
Sweden 1.24 [0.84;1.83] 52.0%

Random effects model
Heterogeneity: %= 369%,!

?I 1.07 [0.69; 1.68] 100.0%
T | |

Autism Spectrum Disorder

Study Hazard Ratio HR  95%Cl Weight
Denmark —_—T 0.66 [0.37:1.28] 3286%
Norway 2 ———1.66 [0.55;4.98] 13.6%
Sweden —TE— 1.24 [0.84;1.83] 53.8%

Random effects model
Heterogeneity: /% = 34.8%, '

?. 1.07 [0.69; 1.65] 100.0%
! ! |

Random effects model + 0.90 [0.70; 1.17] 100.0%
Heterogeneity: 1 =6.8%, ! ! y !

T =00052, p=03421 0.2 05 1 2 5

o =0.0811, p= 02050 0.2 0.5 1 2 5 “=00541, p= 02158 0.2 05 1 2 5

ADHD ADHD

Study Hazard Ratio HR  95%Cl Weight ||Study Hazard Ratio HR  95%Cl Weight
Denmark —=—t D60 [0.33;1.12] 16.4% || Denmark : 0.60 [0.33;1.12] 24.3%
Norway 1 s — 1.04 [0.52;2.11] 12:6% || Norway 2 1.28 [0.64;2.56] 20.2%
Sweden —= D97 [0.74;1.26] 71.0% ||Sweden - 0.97 [0.74;1.26] 55.5%

Random effects model

~+ 0.91 [0.64; 1.31] 100.0%
Heterogeneity: /% = 30.7%, | J ' '

T =0.0427, p=0.2361 0.2 0.5 1 2 5

Intellectual Disability*

Study Hazard Ratic HR §5%Cl1  Weight
Denmark ——%————— 185 [0.72; 476] 296%
Mornway 1 : MA 0.0%
Sweden —1EE— 1.20 [0.65;2.21] 70.4%
Random effects model -*- 1.36 [0.82; 2.28] 100.0%
Heterogeneity: 1 = 0.0%. f T T 1

=0, p= 04509 0.2 05 1 2 5

Disorders of Psychological Development

Study Hazard Ratio HR  95%Cl Weight
Denmark —_— 0.92 [0.38; 2.24] 19.0%
Morway 1 —T—+——— 160 [06% 3.73] 208%
Sweden —Es— 1.18 [0.72,1.95] 60.1%
Randaom effects model * 1.21 [0.82; 1.77] 100.0%
Heterogeneity: #=00%, ! ! y J !

=0, p= 06731 0.2 05 1 2 5

Figure 2 HRs of autism spectrum disorders, ADHD, intellectual disability and disorders of psychological development in children of fathers who used
valproate in monotherapy compared with children of fathers who used lamotrigine or levetiracetam in monotherapy during spermatogenesis. Panel A:
studies 1 and 3 (Denmark, Norway 1 and Sweden). Panel B: studies 1, 2 and 3 (Denmark, Norway 2 and Sweden).

References: Study 1: Sweden and Norway 1: Razaz et a/."

al."" ADHD, attention-deficit/hyperactivity disorder.

When extending the meta-analysis with results from Taiwan,
the pooled HR of NDDs was similar to the pooled HR
based on data from Denmark, Norway and Sweden only
(figure 1);'""" the pooled HR of any NDD was 1.06 (95%
CI 0.88 to 1.27; I*’=0.0%) in studies 1, 2 and 3 (Sweden,
Norway 1, Taiwan and Denmark) and 1.04 (95% CI 0.87 to
1.25; 1°=0.0%) in studies 1, 2 and 3 (Sweden, Norway 2,
Taiwan and Denmark; figure 3).

Risk of specific neurodevelopmental disorders

When extending the meta-analysis of specific NDDs with data
from Taiwan, the pooled HR for offspring risk of ADHD was
0.91 (95% CI 0.73 to 1.13; *’=0.0%), in studies 1, 2 and 3
(Sweden, Norway 1, Denmark and Taiwan) (online supple-
mental figure 3) and 0.93 (95% CI 0.75 to 1.17; I*=0.0%), in
studies 1, 2 and 3 (Sweden, Norway 2, Denmark and Taiwan)
(online supplemental figure 3). There were no other specific
NDDs that allowed additional meta-analyses across the studies
included.

Study 2: Norway 2 and Taiwan: Meng et a

1." Study 3: Denmark: Christensen et

Analyses restricted to offspring of fathers with epilepsy
When extending the meta-analysis restricted to offspring of
fathers with epilepsy with results from Taiwan, the pooled HR
of any NDD was 1.30 (95% CI 1.00 to 1.70; I*=0.0%) in studies
1, 2 and 3 (Sweden, Norway 1, Taiwan and Denmark) and 1.27
(95% CI 0.97 to 1.67; *=0.0%) in studies 1, 2 and 3 (Sweden,
Norway 2, Taiwan and Denmark) (online supplemental figure
4).

Additional analyses

Studies allowing combination therapy during spermatogenesis

In additional analyses of NDDs in children of fathers who used
valproate compared with children of fathers who used lamo-
trigine or levetiracetam allowing combination therapy during
spermatogenesis, data were available from Study 2 (Norway and
Taiwan)" and Study 3 (Denmark)."" In this analysis, the pooled
HR of any NDD was 0.93 (95% CI 0.75 to 1.16; 12=0.0%)
(online supplemental figure 5)
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Meta-analyses including non-peer-reviewed data

In the non-peer-reviewed French study by Botton et al,'” authors
report that after taking propensity score into account, the
overall incidence of NDDs was significantly higher among chil-
dren exposed to paternal use of valproate than among children
exposed to paternal use of lamotrigine or levetiracetam (aHR
1.24 (95% CI 1.07 to 1.44))."” However, in analyses restricted to
monotherapy exposure (ie, similar to the IQVIA study), the aHR
was 1.17 (95% CI 0.98 to 1.40)."” We meta-analysed this result
with the available data from Norway, Denmark, Sweden and
Taiwan''™" (online supplemental figure 6). The pooled HR was
1.11 (95% CI 0.98 to 1.27; I*=0.0%) using data from studies 1
and 3 (Denmark, Norway 1, Sweden and Taiwan) and the non-
peer-reviewed study from France, and the pooled HR was 1.11
(95% CI 0.97 to 1.26; I*°=0.0%) using data from studies 1, 2
and 3 (Denmark, Norway 2, Taiwan and Sweden) and the non-
peer-reviewed study from France. When including results from
studies allowing combination therapy during spermatogenesis,
that is, Study 2 (Norway and Taiwan),"® Study 3 (Denmark),!
and the non-peer-reviewed study from France,'” the pooled
HR was 1.07 (95% CI 0.89 to 1.28; [*=42.7%) (online supple-
mental figure 7).

Meta-analyses with data from the IQVIA study
We meta-analysed the results from the IQVIA study’ ® (Denmark,
Norway and Sweden), with the results from Taiwan' and the
results from the non-peer-reviewed study from France!” (online
supplemental figure 8). In this meta-analysis, the pooled HR was
1.24 (95% CI 1.06 to 1.44; I*=0.0%).

As this is the first version of the living review, there are no
changes in included studies or pooled estimates relative to a
previous version.

DISCUSSION

This living meta-analysis presents more precise estimates of
the risk of NDDs in children with paternal valproate versus
lamotrigine or levetiracetam exposure during spermatogenesis,
suggesting no increased risk associated with paternal use of
valproate during spermatogenesis. This meta-analysis incorpo-
rates all available data from Denmark, Norway and Sweden, with
the addition of data from Taiwan.'® These findings substantiate
conclusions from previous individual replication studies based
on data from Denmark, Norway and Sweden'®™" and do not
replicate an increased risk reported by IQVIA.* The findings of
this new meta-analysis therefore do not support the conclusions
reached by EMA and MHRA regarding precautionary measures
for the treatment of male patients with valproate,! ” but align

with the conclusions of a recent systematic review of risks asso-
ciated with paternal use of antiseizure medication.**

In the IQVIA study of offspring neurodevelopmental risk, the
crude Cox regression models (not excluding outliers) showed
a HR of 0.94 (95% CI 0.60 to 1.46) in Denmark, 1.16 (95%
CI 0.76 to 1.76) in Sweden and 1.60 (95% CI 0.81 to 3.15) in
Norway.”® These crude HRs are comparable to the crude HRs
for the individual countries in the Nordic cohorts included in
this meta-analysis (0.99 (95% CI 0.68 to 1.44) in Denmark,
0.96 (95% CI 0.77 to 1.19) in Sweden, 1.28 (95% CI 0.74 to
2.22) in Norway 1 and 0.94 (95% CI 0.57 to 1.56) in Norway
2). However, the results of the inverse probability of treatment
weighting propensity score-weighted Cox regression models
used in the IQVIA study suggested that the crude results could
have been affected by downward confounding bias (ie, negative
confounding),”™® with higher HRs in the three countries (1.34
(95% CI 0.79 to 2.25) in Denmark, 1.54 (95% CI 0.95 to 2.51)
in Sweden and 1.76 (95% CI 0.83 to 3.71) in Norway, with a
pooled HR among all three countries of 1.50 (95%CI 1.09 to
2.07)).7° In the current meta-analysis, none of the Cls of the
pooled risk estimates (HR=1.05 (95% CI 0.87 to 1.27)and
HR=1.03 (0.85 to 1.24)) overlapped with the pooled risk esti-
mate from the IQVIA study.>® Thus, while the cohort and expo-
sure definitions of studies included in this meta-analysis and the
IQVIA study produce similar crude risk estimates, differences in
adjustment and statistical modelling likely explain the different
adjusted estimates and conclusions. However, the number of
exposed children also varies between studies included in this
meta-analysis (table 1)'°" and the IQVIA study (table 2);*™°
thus, further efforts to try to understand the differences are
much needed as also acknowledged by EMA.'* " Although part
of the analytical code from the IQVIA study was published, we
do not think that the description of the IQVIA data and analyses
is sufficiently transparent to judge which of the studies are the
most robust. Currently, there is disagreement®? about the inter-
pretation and conclusions reached by EMA and MHRA' 7 after
reviewing the findings from the IQVIA study.”™®

This updated meta-analysis of recently published studies from
Denmark,'’ Sweden'? and Norway'* ® provides precise risk
estimates with low heterogeneity across studies. Although we
assessed studies with two different adjustments and statistical
modelling approaches (Cox regression with covariate adjustment
in studies 1'% and 3,'" and pooled logistic regression with propen-
sity score fine stratification weighting in study 2'%), this had no
impact on our results. Also, including studies allowing combi-
nation therapy during spermatogenesis and including findings
from populations not included in the IQVIA study (ie, Taiwan'?

A

Study Hazard Ratio HR  96%Cl Weight
Denmark —f 1.02 [087; 1.54] 13.9%
Norway 1 —|—-+— 1.20 [0.70; 2.04] 11.5%
Sweden e 1.03 [0.82; 1.30] 61.8%
Taiwan T 122 [064,2.33] 7.9%
Random effects model :

; 1.06 [0.88; 1.27] 100.0%

Heterogeneity: 2= 0.0%, f T I T
#=0,p=09230 0.2 05 1 2 5

B

Study Hazard Ratic HR  95%Cl Weight
Denmark —;-— 1.02 [D.67;1.54] 19.3%
Morway 2 —_— 1.02 [0.57,1.82] 9.9%
Sweden - 1.03 [0.82;1.30] 62.6%
Taiwan T 1.22 [0.64;233] 8.0%
Random effects model .

1.04 [0.87: 1.25] 100.0%
1

Heterogeneity: 2= 0.0%, ! ! ! I
2 =0,p = 09685 0.2 05 1 2 5

Figure 3  HRs of neurodevelopmental disorders (composite outcome) in children of fathers who used valproate in monotherapy compared with
children of fathers who used lamotrigine or levetiracetam in monotherapy during spermatogenesis. Panel A: studies 1, 2 and 3 (Denmark, Norway 1, Sweden
and Taiwan), Panel B: studies 1, 2 and 3 (Denmark, Norway 2, Sweden and Taiwan).

References: Study 1: Sweden and Norway 1: Razaz et al.'? Study 2: Norway 2 and Taiwan: Meng et al."® Study 3: Denmark: Christensen et

alM
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and France'’) did not alter our findings. Thus, the inclusion of
demographically and geographically distinct populations across
the Nordic region, together with data from Taiwan, suggests that
the findings may be extrapolated to different healthcare systems,
genetic backgrounds and environmental contexts, thereby
strengthening the robustness and generalisability of the results.

The studies included in this meta-analysis''™** draw on high-
quality, population-based cohort studies using comprehensive
national registry data with extensive adjustment for confounding
factors, thereby minimising the risk of bias. However, these
strengths also apply to the study performed by IQVIA®™ ¢ and do
therefore not shed light on reasons for the differing conclusions.

The differences in overall results are most likely due to differ-
ences in the analyses of the original data. Both in the study from
Denmark'! and in the IQVIA study,”™ the analytical code has
been published, and additional information about the IQVIA
study is presented in supplement to the Colas et al® study (ie,
the peer-reviewed publication of the IQVIA study). However,
even with this granularity, it has not been possible to ascertain
which specific factors account for the differences observed in the
original data analyses across the studies. In a replication study
using data from Denmark,"’ we attempted to mirror the indi-
vidual analytical steps of the IQVIA study;*™ however, even in
these detailed analyses, we were unable to disentangle the source
of the discrepancies.

In this meta-analysis, we present NDD risk estimates for
children born to fathers using valproate during spermatogen-
esis relative to the NDD risk in children born to fathers using
lamotrigine or levetiracetam, but it would be relevant to also
compare with the risk of NDDs in the general population.
However, estimates for this comparison were not presented in
any of the studies included in the meta-analysis. However, in
a previous replication study by Christensen et al,'’ the risk of
NDDs in valproate-exposed children was compared with the risk
of NDDs in children unexposed to valproate, that is, roughly
identical to the general population. In this analysis, the risk of
NDDs was not higher in children exposed to valproate than in
children unexposed to valproate (aHR=1.10, 95%CI 0.88 to
1.37), suggesting that the underlying risks in the two populations
were similar, once adjusted for relevant confounding variables.'

In the present study, we present several parallel meta-analyses,
to ensure inclusion of all relevant studies in the evidence
synthesis, while avoiding inclusion of overlapping populations
in a single analysis. Thus, this resulted in parallel analyses of
data from Denmark and Sweden with Norway 1 and 2" (the
main analyses enabling direct comparison between the replica-
tion studies and the IQVIA study*™) and in the study by Colas
et al® (also data from Denmark, Sweden and Norway) with data
from Taiwan and France.

In this current meta-analysis, the eligibility criteria regarding
exposure were chosen to replicate the study design used by
IQVIA*™ © (ie, paternal monotherapy exposure to valproate
compared with lamotrigine/levetiracetam). We identified a
previous study using Swedish register data of paternal use of
antiseizure medication and offspring risk of NDDs,?® and a
study from Norway based on self-reported paternal epilepsy
and use of antiseizure medication and risk of autistic traits at 18
and 36 months of age."” These studies, however, did not specif-
ically report on outcomes after paternal exposure to valproate
compared with lamotrigine/levetiracetam,* ** making compar-
ison with the IQVIA study and the current meta-analysis chal-
lenging. In addition to these peer-reviewed studies, a recent
population-based study report from France was brought to our
attention.'” Using data from the National Health Data System,

the authors followed 2.8 million children born in France between
2010 and 2015." After propensity score matching, authors
report a non-significant 17% increased risk of NDDs following
paternal monotherapy exposure to valproate compared with
lamotrigine or levetiracetam (HR 1.17 (95% CI 0.98 to 1.40))."”
This risk estimate is lower than that reported by IQVIA (HR
1.50 (95% CI 1.09 to 2.07)); however, it is higher than that
reported in our meta-analysis (figure 1). The pooling of the
French study results with our meta-analysis did not identify an
increased risk (online supplemental figure 6 and 7). In contrast,
when the IQVIA study results’™ ¢ were included, the pooled
suggested an increased risk (online supplemental figure 8). Thus,
adding the non-peer-reviewed French study'” did not resolve the
discrepancy between the IQVIA study”™ ¢ and the replication
studies based on data from Denmark, Norway and Sweden, with
additional data from Taiwan.'%"?

The risk estimates included in this meta-analysis compared
valproate monotherapy with an active comparator group
(lamotrigine/levetiracetam) also used in monotherapy. This
restriction excluded other estimates with greater statistical
power that might have provided more precise results, such as
those involving polytherapy or unexposed population controls.
Nevertheless, estimates including polytherapy and population
controls did not suggest that paternal use of valproate was
linked to offspring neurodevelopmental outcomes in previous
studies.'"® We applied a random-effects model to account for
potential heterogeneity between studies arising from differences
in study design, analytical approaches, populations and health-
care settings. While heterogeneity was low for analyses consid-
ering the composite NDD outcome, it was somewhat higher in
analyses of specific NDDs.

The risk estimates of NDDs were higher when limiting the
meta-analyses to include only offspring of fathers with epilepsy
(online supplemental figure 2). However, the proportion of
offspring that was included in the analyses varied among the
individual countries and by drug exposure. The proportions
with paternal epilepsy for valproate were 56.4% for Sweden,
74.5% for Norway 1, 62.1% for Norway 2, 30.1% for Taiwan
and 77.0% for Denmark, whereas the proportions with paternal
epilepsy for lamotrigine/levetiracetam were 34.0% for Sweden,
53.9% for Norway 1, 42.6% for Norway 2, 49.0% for Taiwan
and 52.6% for Denmark.!'™" Additionally, the indications for
paternal use of valproate may overlap, for example, in Norway
2," the mean number of indications for paternal valproate use
was 1.4, suggesting that indications for paternal valproate use
may overlap. These differences between the individual coun-
tries and even internally within the same country (Norway 1+2)
could potentially explain some of the differences between the
countries in the analyses restricted to the offspring of fathers
with epilepsy.

Several limitations should be acknowledged. First, the indi-
vidual analyses of specific NDDs were based on small case
numbers, as reflected by the wide Cls and, for example for
ID, we were only able to include estimates from two coun-
tries, which limit the certainty of disorder-specific associations.
Second, all included studies adjusted for key confounders,
but residual confounding due to unmeasured or imperfectly
measured factors cannot be excluded. All pooled risk estimates
had CIs including the null, but there could still be residual
confounding, for example, from underlying genetic suscepti-
bility to NDDs that differ between fathers who use valproate
and fathers who use lamotrigine or levetiracetam.” Third, we
tried to align with the IQVIA study, but differences in expo-
sure definitions, outcome ascertainment, follow-up time, and
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particularly adjustment procedures, covariate inclusion and defi-
nitions may have introduced variability in the effect estimates,
as suggested by the similarities of crude but not adjusted risk
estimates. Fourth, we conducted a formal systematic literature
review (online supplemental figure 1), but some relevant studies
may not have been identified. However, given the small number
of population-based data sources with father-child linkages
addressing this very specific question (monotherapy exposure
to valproate vs lamotrigine/levetiracetam), it is unlikely that
major studies were missed. Finally, the meta-analysis relied on
published aggregate data rather than on individual participant
data due to legal restrictions in sharing and pooling individual
data, which restricted the ability to perform harmonised adjust-
ments or subgroup analyses. However, the IQVIA study also
relied on pooled analyses of aggregated results; thus, we do not
think that this limitation explains the difference between this
meta-analysis and the IQVIA study.”™ ¢

Implications of the results for practice, policy and future
research

Epilepsy is a prevalent neurological disorder in males of fertile
age,?*? and valproate is likely the most efficacious medication
for generalised epilepsies.®® *! Epilepsy is a serious disorder
with an associated life expectancy that on average is 10 years
shorter compared with the general population.** A recent study
suggested potential harm associated with valproate withdrawal;
valproate withdrawal was linked to higher risks of emergency
visits, hospital admissions, falls, injuries, burns and new-onset
depression, corresponding to a 1-7% higher risk compared with
those remaining on valproate.'® The lack of replication of the
original IQVIA findings across independent population-based
studies from Denmark, Sweden and Norway raises questions
about whether paternal valproate exposure during spermato-
genesis affects NDDs in human offspring. Given the significant
and far-reaching clinical implications of the EMA’s' and the
MHRA's” precautionary measures, the absence of reproducible
evidence supporting the original signal,'®"® and new data from
France,'” the warning and restrictions of the use of valproate
in males of fertile age should be reconsidered to determine
whether they remain proportionate to the available evidence.’
Further comparative analyses are needed to clarify the meth-
odological or data-related reasons for the discrepancy between
the IQVIA*™ ¢ findings and subsequent studies with similar
design.'®" The ongoing review initiated by the PRAC,"* the
additional studies commissioned by the MAHs for valproate®
and other independent investigations'” are therefore of critical
importance.

Author affiliations

1Depar'[ment of Clinical Medicine, Aarhus University, Aarhus, Denmark

“Department of Neurology, Aarhus University Hospital, Affiliated Member of Epi-
CARE, Aarhus, Denmark

3National Centre for Register-Based Research, Department of Public Health, Aarhus
University, Aarhus, Denmark

“Centre for Integrated Register-based Research (CIRRAU), Aarhus University, Aarhus,
Denmark

>PharmacoEpidemiology and Drug Safety Research Group, Department of Pharmacy,
Faculty of Mathematics and Natural Sciences, University of Oslo, Oslo, Norway
SDepartment of Biostatistics, Epidemiology and Informatics, Perelman School of
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA

"Graduate Institute of Clinical Pharmacy, College of Medicine, National Taiwan
University, Taipei, Taiwan

®Health Data Research Center, National Taiwan University, Taipei, Taiwan
°Department of Global Public Health and Primary Care, University of Bergen, Bergen,
Norway

"°Department of Neurology, Haukeland University Hospital, Bergen, Norway

"Division of Clinical Epidemiology, Department of Medicine Solna, Karolinska
University Hospital, Karolinska Institutet, Stockholm, Sweden

"*Department of Clinical Neuroscience, Karolinska Institutet, and Department of
Neurology, Karolinska University Hospital, Stockholm, Sweden

Norwegian Center for Headache Research (NorHead), Department of Clinical
Medicine, University of Bergen, Bergen, Norway

"Department of Pharmacy, National Taiwan University Hospital, Taipej, Taiwan
"5School of Pharmacy, College of Medicine, National Taiwan University, Taipei, Taiwan
"®Department of Child Health and Development, Norwegian Institute of Public
Health, Oslo, Norway

Contributors All authors initiated the study, obtained funding and participated

in the design of the study. BBT constructed the dataset, analysed the data, had full
access to all study data and takes responsibility for the integrity of the data and the
accuracy of the data analysis. JC prepared the first draft and the revised versions. Al
authors interpreted the results, revised the manuscript and approved the final version
of the manuscript. The corresponding author (JC) attests that all listed authors meet
authorship criteria and that no others meeting the criteria have been omitted. JC is
responsible for the overall content as the guarantor.

Funding The study was supported by the Danish Epilepsy Association, the

Central Denmark Region, the Novo Nordisk Foundation (NNF160C0019126

and NNF220C0075033), the Lundbeck Foundation (R400-2022-1205), the
Independent Research Fund Denmark (4308-00142B), the Norwegian Research
Center for headache (NorHead) funded over the NRC Centres for Clinical Treatment
Research scheme (328615), the SAFE ASM project funded by Trond Mohn Research
Foundation (TMF2024TMTO03), ALF Medicine Stockholm, the International Alliance
for PharmacoGenetic Epidemiology Excellence (IAPOGEE) project funded by the
Norwegian Research Council (322176), and the National Science and Technology
Council (113-2314-B-002-167-MY3) of Taiwan. The funding organisations had

no role in 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.

Competing interests JC received honoraria from serving on the Scientific Advisory
Board of UCB Nordic and Eisai AB, honoraria from giving lectures from UCB Nordic
and Eisai AB, and funding for a trip from UCB Nordic. TT reports grants in support
of EURAP, International Antiepileptic Drugs and Pregnancy Registry, from UCB, Eisai,
Sanofi, GlaxoSmithKline, Teva, Zentiva, Glenmark, Jazz, Angelini, Accord, EcuPharma,
Bial, Krka, Betapharma, DOC Generic and Hikma; and speakers honoraria to his
institution from Angelini, Eisai and UCB. HMEN is an independent scientific expert
member of the Pharmacovigilance Risk Assessment Committee (PRAC) of the
European Medicines Agency (EMA). The views expressed in this study are solely
those of the author and do not represent the position of the EMA or its committees.
M-HB reported receiving speaking honoraria and/or consulting fees from Novartis,
Eisai, Pfizer, Lundbeck, Angelini Pharma, Organon, Jazz Pharmaceuticals and AbbVie.
Her institution University of Bergen has received fees from the valproate MAHs for
conducting the Norwegian part of the IQVIA-led study.

Patient and public involvement statement The study was supported by the
Danish Epilepsy Association.

Patient consent for publication Not applicable.

Ethics approval The study was based on data from published studies; thus, the
study did not need ethical approval.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. Data presented in this study are
available from the published studies.'®"

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

ORCID iDs

Jakob Christensen https://orcid.org/0000-0002-9385-6435

Betina B Trabjerg https://orcid.org/0000-0001-6282-2614

Marleen M H J van Gelder https://orcid.org/0000-0003-4853-4434
Lin-Chieh Meng https://orcid.org/0000-0001-8095-2965

Jannicke Igland https://orcid.org/0000-0002-2289-0978

Neda Razaz https://orcid.org/0000-0002-1273-0110

Hedvig M E Nordeng https://orcid.org/0000-0001-6361-2918

8 Christensen J, et al. J Neurol Neurosurg Psychiatry 2026;0:1-9. doi: 10.1136/jnnp-2026-338454


https://dx.doi.org/10.1136/jnnp-2026-338454
https://orcid.org/0000-0002-9385-6435
https://orcid.org/0000-0001-6282-2614
https://orcid.org/0000-0003-4853-4434
https://orcid.org/0000-0001-8095-2965
https://orcid.org/0000-0002-2289-0978
https://orcid.org/0000-0002-1273-0110
https://orcid.org/0000-0001-6361-2918

Epilepsy

REFERENCES

1

The European Medicines Agency's Pharmacovigilance Risk Assessment Committee
(PRAC). Potential risk of neurodevelopmental disorders in children born to men
treated with valproate medicines: PRAC recommends precautionary measures.
Available: https://www.ema.europa.eu/en/news/potential-risk-neurodevelopmental-
disorders-children-born-men-treated-valproate-medicines-prac-recommends-
precautionary-measures

IQVIA. A post-authorisation safety study (PASS) to evaluate the paternal exposure to
valproate and the risk of neurodevelopmental disorders including autism spectrum
disorder as well as congenital abnormalities in offspring - a population-based
retrospective study (Corrigendum to the Final Report). Available: https://www.ema.
europa.eu/en/documents/other/valproate-paternal-exposure-valproate-corrigendum-
final-report_en.pdf

IQVIA. A post-authorisation safety study (PASS) to evaluate the paternal exposure

to valproate and the risk of neurodevelopmental disorders including autism
spectrum disorder as well as congenital abnormalities in offspring - a population-
based retrospective study (addendum). Available: https://www.ema.europa.eu/en/
documents/other/valproate-paternal-exposure-valproate-addendum_en.pdf

IQVIA. A post-authorisation safety study (pass) to evaluate the paternal exposure to
valproate and the risk of neurodevelopmental disorders including autism spectrum
disorder as well as congenital abnormalities in offspring - a population-based
retrospective study (Final Report). Available: https://www.ema.europa.eu/en/
documents/other/valproate-paternal-exposure-valproate-final-report_en.pdf

The European Medicines Agency's Pharmacovigilance Risk Assessment Committee
(PRAC). PRAC non-interventional imposed pass final study report assessment report.
Available: https://www.ema.europa.eu/system/files/documents/other/emea-h-n-psr-j-
0043-epar_en_0.pdf

Colas S, Longin J, Santos AC, et al. Paternal Valproate Use and Neurodevelopmental
Disorder and Congenital Malformation Risk in Offspring. JAMA Netw Open
2025;8:e2542581.

Medicines and Healthcare products Regulatory Agency. Valproate: review of safety
data and expert advice on management of risks. 2023. Available: https://www.gov.
uk/government/publications/valproate-review-of-safety-data-and-expert-advice-on-
management-of-risks

Garey JD, Damkier P, Scialli AR, et a/. Paternal Valproate Treatment and Risk of
Childhood Neurodevelopmental Disorders: Precautionary Regulatory Measures Are
Insufficiently Substantiated. Birth Defects Res 2024;116:2392.

Damkier P, Shechtman S, Diav-Citrin O, et a/. Drifting Too Far From Shore: Paternal
Valproate Statement by the European Medicines Agency (EMA). Pharmacoepidemiol
Drug Saf 2024,33:¢70016.

Christensen J, Trabjerg BB, Dreier JW. Valproate Use During Spermatogenesis and Risk
to Offspring. JAMA Netw Open 2024;7:e2414709.

Christensen J, Trabjerg BB, Dreier JW. Risk of Neurodevelopmental Disorders

and Paternal Use of Valproate During Spermatogenesis. JAMA Netw Open
2025;8:2512139.

Razaz N, Soderling J, Tomson T, et a/. Risk of neurodevelopmental disorders associated
with paternal use of valproate during spermatogenesis. J Neurol Neurosurg Psychiatry
2026:jnnp-2025-337441.

Meng L-C, van Gelder MMHJ, Chuang H-M, et a/. Valproate Use by Fathers and Risk
of Neurodevelopmental Disorders in Children. NEJM Evid 2026;5:EVID0a2500254.
The European Medicines Agency's Pharmacovigilance Risk Assessment Committee
(PRAC). Meeting Highlights from the Pharmacovigilance Risk Assessment Committee

20

21

22

23

24

25

26

27

28

29

30

31

32

(PRAC) 7— 10 July 2025. Available: https://www.ema.europa.eu/en/news/meeting-
highlights-pharmacovigilance-risk-assessment-committee-prac-7-10-july-2025
PaTernal exposure to vAlproate, further iNvestiGation on the risk of
NeuroDevelopmental Disorders (NDD) and Major Congenital Malformation (MCM) in
Offspring: A Non-Interventional Post-Authorization Safety Study (TANGO). Available:
https://catalogues.ema.europa.eu/node/4610/data-management

Mbizvo GK, Bucci T, Lip GYH, et al. Morbidity and mortality risks associated

with valproate withdrawal in young adults with epilepsy. Brain (Bacau)
2024;147:3426-41.

Botton J, Rios P, Drouin J, et al. Dray-Spira Rosemary Exposition paternelle

au valproate au cours de la spermatogenése et risque de troubles neuro-
développementaux chez I'enfant. n.d. Available: https://www.epi-phare.fr/app/
uploads/2025/11/EPI-PHARE _valproate_peres_TND_20251106.pdf

Akl EA, Khabsa J, lannizzi C, et al. Extension of the PRISMA 2020 statement for living
systematic reviews (PRISMA-LSR): checklist and explanation. BMJ 2024;387:e079183.
Haddaway NR, Page MJ, Pritchard CC, et al. PRISMA2020: An R package and

Shiny app for producing PRISMA 2020-compliant flow diagrams, with interactivity
for optimised digital transparency and Open Synthesis. Campbell Syst Rev
2022;18:21230.

metagen: Generic inverse variance meta-analysis. Available: https://www.
rdocumentation.org/packages/meta/versions/4.9-6/topics/metagen

Fekete JT, Gy6rffy B. MetaAnalysisOnline.com: Web-Based Tool for the Rapid Meta-
Analysis of Clinical and Epidemiological Studies. J Med Internet Res 2025;27:¢64016.
Honybun E, Rayner G, Malpas CB, et a/. Paternal exposure to antiseizure medications
and offspring outcomes: a systematic review. J Neurol Neurosurg Psychiatry
2025;96:15-25.

Tomson T, Muraca G, Razaz N. Paternal exposure to antiepileptic drugs and offspring
outcomes: a nationwide population-based cohort study in Sweden. J Neurol
Neurosurg Psychiatry 2020;91:907-13.

Veiby G, Daltveit AK, Schjalberg S, et al. Exposure to antiepileptic drugs in

utero and child development: A prospective population-based study. Epilepsia
2013;54:1462-72.

Olstad EW, Nordeng HME, Bjerk M-H, et a/. Paternal valproate use and impact of
shared genetic susceptibility on child neurodevelopment. Sci Rep 2025;15:39033.
Christensen J, Vestergaard M, Pedersen MG, et al. Incidence and prevalence of
epilepsy in Denmark. Epilepsy Res 2007;76:60-5.

Christensen J, Dreier JW, Sun Y, et a/. Estimates of epilepsy prevalence, psychiatric
co-morbidity and cost. Seizure 2023;107:162-71.

Linehan C, Benson A, Gunko A, et al. Exploring the prevalence and profile of
epilepsy across Europe using a standard retrospective chart review: Challenges and
opportunities. Epilepsia 2021;62:2651-66.

Christensen J, Trabjerg BB, Wagner RG, et al. Prevalence of epilepsy: a population-
based cohort study in Denmark with comparison to Global Burden of Disease (GBD)
prevalence estimates. J Neurol Neurosurg Psychiatry 2025;96:480-8.

Marson AG, Al-Kharusi AM, Alwaidh M, et al. The SANAD study of effectiveness of
valproate, lamotrigine, or topiramate for generalised and unclassifiable epilepsy: an
unblinded randomised controlled trial. Lancet 2007;369:1016—26.

Marson A, Burnside G, Appleton R, et al. The SANAD |l study of the effectiveness and
cost-effectiveness of valproate versus levetiracetam for newly diagnosed generalised
and unclassifiable epilepsy: an open-label, non-inferiority, multicentre, phase 4,
randomised controlled trial. Lancet 2021;397:1375-86.

Dreier JW, Laursen TM, Tomson T, et al. Cause-specific mortality and life years lost in
people with epilepsy: a Danish cohort study. Brain (Bacau) 2023;146:124-34.

Christensen J, et al. J Neurol Neurosurg Psychiatry 2026;0:1-9. doi: 10.1136/jnnp-2026-338454


https://www.ema.europa.eu/en/news/potential-risk-neurodevelopmental-disorders-children-born-men-treated-valproate-medicines-prac-recommends-precautionary-measures
https://www.ema.europa.eu/en/news/potential-risk-neurodevelopmental-disorders-children-born-men-treated-valproate-medicines-prac-recommends-precautionary-measures
https://www.ema.europa.eu/en/news/potential-risk-neurodevelopmental-disorders-children-born-men-treated-valproate-medicines-prac-recommends-precautionary-measures
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-corrigendum-final-report_en.pdf
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-corrigendum-final-report_en.pdf
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-corrigendum-final-report_en.pdf
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-addendum_en.pdf
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-addendum_en.pdf
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-final-report_en.pdf
https://www.ema.europa.eu/en/documents/other/valproate-paternal-exposure-valproate-final-report_en.pdf
https://www.ema.europa.eu/system/files/documents/other/emea-h-n-psr-j-0043-epar_en_0.pdf
https://www.ema.europa.eu/system/files/documents/other/emea-h-n-psr-j-0043-epar_en_0.pdf
http://dx.doi.org/10.1001/jamanetworkopen.2025.42581
https://www.gov.uk/government/publications/valproate-review-of-safety-data-and-expert-advice-on-management-of-risks
https://www.gov.uk/government/publications/valproate-review-of-safety-data-and-expert-advice-on-management-of-risks
https://www.gov.uk/government/publications/valproate-review-of-safety-data-and-expert-advice-on-management-of-risks
http://dx.doi.org/10.1002/bdr2.2392
http://dx.doi.org/10.1002/pds.70016
http://dx.doi.org/10.1002/pds.70016
http://dx.doi.org/10.1001/jamanetworkopen.2024.14709
http://dx.doi.org/10.1001/jamanetworkopen.2025.12139
http://dx.doi.org/10.1136/jnnp-2025-337441
http://dx.doi.org/10.1056/EVIDoa2500254
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-7-10-july-2025
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-7-10-july-2025
https://catalogues.ema.europa.eu/node/4610/data-management
http://dx.doi.org/10.1093/brain/awae128
https://www.epi-phare.fr/app/uploads/2025/11/EPI-PHARE_valproate_peres_TND_20251106.pdf
https://www.epi-phare.fr/app/uploads/2025/11/EPI-PHARE_valproate_peres_TND_20251106.pdf
http://dx.doi.org/10.1136/bmj-2024-079183
http://dx.doi.org/10.1002/cl2.1230
https://www.rdocumentation.org/packages/meta/versions/4.9-6/topics/metagen
https://www.rdocumentation.org/packages/meta/versions/4.9-6/topics/metagen
http://dx.doi.org/10.2196/64016
http://dx.doi.org/10.1136/jnnp-2024-334077
http://dx.doi.org/10.1136/jnnp-2020-323028
http://dx.doi.org/10.1136/jnnp-2020-323028
http://dx.doi.org/10.1111/epi.12226
http://dx.doi.org/10.1038/s41598-025-23377-1
http://dx.doi.org/10.1016/j.eplepsyres.2007.06.012
http://dx.doi.org/10.1016/j.seizure.2022.06.010
http://dx.doi.org/10.1111/epi.17057
http://dx.doi.org/10.1136/jnnp-2024-334547
http://dx.doi.org/10.1016/S0140-6736(07)60461-9
http://dx.doi.org/10.1016/S0140-6736(21)00246-4
http://dx.doi.org/10.1093/brain/awac042

	Risk of neurodevelopmental disorders associated with paternal use of valproate during spermatogenesis: a living meta-­analysis—﻿version 1﻿
	Abstract
	Introduction﻿﻿
	Methods
	Data extraction and statistical analysis
	Additional analyses
	Certainty of evidence
	Living mode parameters

	Results
	Analyses including data from Denmark, Norway and Sweden
	Overall risk of neurodevelopmental disorders

	Risk of specific neurodevelopmental disorders
	Analyses restricted to offspring of fathers with epilepsy

	Analyses including data from Denmark, Norway, Sweden and Taiwan
	Overall risk of neurodevelopmental disorders
	Risk of specific neurodevelopmental disorders

	Analyses restricted to offspring of fathers with epilepsy
	Additional analyses
	Studies allowing combination therapy during spermatogenesis
	Meta-analyses including non-peer-reviewed data
	Meta-analyses with data from the IQVIA study


	Discussion
	Implications of the results for practice, policy and future research

	References


