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Abstract
Introduction  Pregabalin is an antiepileptic drug frequently prescribed to pregnant women. Risks of adverse birth and post-
natal neurodevelopmental outcomes following prenatal exposure to pregabalin are uncertain.
Objective  To investigate the association between prenatal exposure to pregabalin and the risks of adverse birth and postnatal 
neurodevelopmental outcomes.
Methods  This study was conducted using population-based registries in Denmark, Finland, Norway, and Sweden (2005–
2016). We compared pregabalin exposure against no exposure to antiepileptics and against active comparators lamotrigine and 
duloxetine. We obtained pooled propensity score-adjusted estimates of association using fixed-effect and Mantel–Haenszel 
(MH) meta-analyses.
Results  The total number of pregabalin-exposed births was 325/666,139 (0.05%) in Denmark, 965/643,088 (0.15%) in 
Finland, 307/657,451 (0.05%) in Norway, and 1275/1,152,002 (0.11%) in Sweden. The adjusted prevalence ratios (aPRs) 
with 95% confidence interval (CI) following pregabalin exposure versus no exposure were 1.14 (0.98–1.34) for major con-
genital malformations and 1.72 (1.02–2.91) for stillbirth, which attenuated to 1.25 (0.74–2.11) in MH meta-analysis. For the 
remaining birth outcomes, the aPRs were close to or attenuated toward unity in analyses using active comparators. Adjusted 
hazard ratios (95% CI) contrasting prenatal pregabalin exposure versus no exposure were 1.29 (1.03–1.63) for ADHD and 
attenuated when using active comparators, 0.98 (0.67–1.42) for autism spectrum disorders, and 1.00 (0.78–1.29) for intel-
lectual disability.
Conclusions  Prenatal exposure to pregabalin was not associated with low birth weight, preterm birth, small for gestational 
age, low Apgar score, microcephaly, autism spectrum disorders, or intellectual disability. On the basis of the upper value of 
the 95% confidence interval, increased risks greater than 1.8 were unlikely for any major congenital malformation and ADHD. 
For stillbirth and most groups of specific major congenital malformations, the estimates attenuated in MH meta-analysis.
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1  Introduction

Pregabalin is an antiepileptic drug (AED) prescribed to 
approximately 0.5 per 1000 pregnant women in Europe, 
with increasing use after 2010 [2, 3]. Approved indications 

for pregabalin treatment in the European Union (EU) are 
epilepsy, neuropathic pain, and generalized anxiety dis-
order (GAD) [4]. In the general population in the UK 
(2004–2009), pregabalin was most frequently prescribed for 
neuropathic pain (18–98%) and least frequently for epilepsy 
(4–6%) [5]. Similarly in Sweden (2005–2009), indication for 
pregabalin treatment was primarily neuropathic pain (36%), 
while GAD (3.6%) and epilepsy (1.3%) were an indication 
less frequently [6].

A study using data from European Network of Teratology 
Information Services (ENTIS) collected in 2004–2013 and 
based on 164 pregabalin-exposed versus unexposed infants 
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Key Points 

Prenatal pregabalin exposure compared with no exposure 
showed a 1.1-fold association (95% CI 0.98–1.32) with 
the prevalence of any major congenital malformation 
among live and stillborn offspring, and a 1.7-fold asso-
ciation (95% CI 1.02–2.91) with stillbirth; the associa-
tion was attenuated in Mantel–Haenszel meta-analysis 
for the latter outcome.

We found no association between prenatal pregabalin 
exposure and risks of birth outcomes other than major 
congenital malformations or stillbirth.

Prenatal exposure to pregabalin compared with no 
exposure to pregabalin and active comparators showed 
a 1.3-fold association (95% CI 1.03–1.63) with atten-
tion deficit/hyperactivity disorder; the association was 
attenuated in the analyses using active comparators and 
Mantel–Haenszel meta-analysis. There was no evidence 
of an association with other examined neurodevelopmen-
tal postnatal outcomes.

lamotrigine [13] and versus no exposure to antiepileptics 
[14]. However, in the study by Blotière and colleagues [13] 
the median ages of children in the cohort were below the 
average age of detection for many of the neurodevelopmental 
diagnoses, and studies replicating this result were lacking. 
Confounding by indication is a major concern since most of 
the earlier studies compared exposure to pregabalin with no 
exposure to AED.

The aim of this study was to examine the association 
between prenatal exposure to pregabalin and the risks of 
major congenital malformations, other adverse birth out-
comes, and postnatal neurodevelopmental outcomes, com-
pared in four separate analyses with active comparators 
(lamotrigine, duloxetine, and lamotrigine and/or duloxetine) 
and with no exposure to pregabalin, other AED, or active 
comparators. This non-interventional study was a post-
authorization safety (PAS) study conducted as a commit-
ment to the European Medicines Agency (EUPAS27339).

2 � Methods

2.1 � Setting and Study Design

We performed a population-based study using all births 
identified in the respective medical birth registers from 1 
January 2005 to 31 December 2015 in Denmark, Finland, 
and Norway and from 1 July 2006 to 31 December 2016 in 
Sweden. In all countries we excluded births with exposure 
to medications known as potentially teratogenic during the 
first pregnancy trimester and births of a fetus with a chro-
mosomal abnormality diagnosis (Supplementary Table 1); 
in Norway, stillbirths before week 22 were excluded. Data 
were obtained from the national health databases, includ-
ing birth registries, patient registries, psychiatric registries, 
and prescription registries, and linked at secure servers of 
the participating countries [15–22]. For the birth outcomes, 
only children surviving until birth could be analyzed, and 
therefore, prevalence design was used [23]. Cohort design 
was used for the postnatal outcomes by following children 
from birth until the earliest outcome of interest, death, or 
emigration [23].

2.2 � Exposure

In main analyses, we defined first-trimester pregabalin expo-
sure as at least one outpatient dispensing of pregabalin from 
last menstrual period (LMP) − 90 days to LMP + 97 days 
(both dates inclusive) and any-trimester pregabalin exposure 
as at least one dispensing of pregabalin from LMP − 90 days 
to the day before date of birth. In sensitivity analyses, we 
defined monotherapy pregabalin exposure as at least one 
dispensing of pregabalin and no dispensing of any other 

reported an associated threefold increased risk of any major 
non-chromosomal congenital malformation [7]. Limitations 
of that study included lack of data on specific malforma-
tions, selection and detection bias inherent in the data source 
due to participants’ self-referral, and imprecise estimates [8]. 
A combined study on the basis of 477 pregabalin-exposed 
pregnancies resulting in a live birth among Medicaid ben-
eficiaries (2000–2010), 174 privately insured (MarketScan) 
women with pregabalin-exposed births in the USA, and the 
earlier study conducted by ENTIS [7], showed pooled risk 
ratio (RR) of 1.33 [95% confidence interval (CI) 0.83–2.15] 
for an association between any first-trimester exposure to 
pregabalin and major congenital malformations when com-
pared with no exposure to pregabalin or other AEDs [9]. 
First-trimester pregabalin monotherapy compared with no 
AED use resulted in pooled RR 1.02 (95% CI 0.69–1.51) [9]. 
However, a French cohort study (2011–2015) on the basis of 
1671 pregnancies with exposure to pregabalin monotherapy 
versus no AED exposure showed a nearly sixfold increased 
risk of coarctation of aorta [10]. Several other studies sug-
gested an association between in-pregnancy exposure to 
pregabalin versus lamotrigine or versus no exposure to 
pregabalin and adverse pregnancy and birth outcomes [11, 
12]. The investigation of prenatal exposure to antiepilep-
tics and postnatal neurodevelopmental outcomes showed no 
association comparing prenatal pregabalin exposure versus 
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AED or active comparators during the specified period (first 
trimester or any trimester). We used first-trimester pregaba-
lin exposure for major congenital malformations outcome 
and any-trimester pregabalin exposure for the remaining 
outcomes.

2.3 � Comparators

Pregnancies without dispensing of pregabalin, any other 
AED, and any of the active comparators formed the cohort 
with no exposure to AED.

The active comparator drugs were lamotrigine and 
duloxetine, based on their safety profile during pregnancy.
[24–26] Similarly to pregabalin, lamotrigine is indicated 
for epilepsy, while duloxetine is indicated for GAD and 
neuropathic pain. In the main analyses, we defined births 
exposed to lamotrigine, duloxetine, and either lamotrigine, 
duloxetine, or both combined (lamotrigine and/or dulox-
etine) when at least one prescription was redeemed in the 
first pregnancy trimester for major congenital malformation 
investigation or any pregnancy trimester for the remaining 
outcome investigation. In the sensitivity analyses, prenatal 
exposure to active comparators was defined as at least one 
dispensing of lamotrigine alone, duloxetine alone, or both 
duloxetine and lamotrigine and no dispensing of any other 
antiepileptic drugs. For analyses that used lamotrigine as 
the comparator, pregnancies exposed to both pregabalin and 
lamotrigine were excluded. For analyses that used duloxetine 
as the comparator, pregnancies exposed to both pregabalin 
and duloxetine were excluded.

2.4 � Outcomes

Birth outcomes were major congenital malformations, 
stillbirth, low birth weight, preterm birth, being small 
for gestational age (SGA), low Apgar score at 5 min, and 
microcephaly (Supplementary Table 2). Major congenital 
malformations were divided into overall and specific accord-
ing to the EUROCAT classification using International Clas-
sification of Diseases, 10th revision (ICD-10) codes [27, 28] 
and were ascertained among live and stillbirths from the date 
of birth until 1 year of age to allow for delay in detection of 
diagnoses using the medical birth registry in Norway and the 
national patient registries in Denmark, Finland, and Sweden 
[28]. We ascertained stillbirths from the national medical 
birth registries.

We classified infants’ weight at birth below 2500 g as low 
birth weight and preterm birth as deliveries before 37 weeks 
of gestation. The newborns were classified as SGA if the 
birth weight was less than two standard deviations (SD) of 
sex- and completed gestational week-specific mean accord-
ing to country-specific standards [29–31]. Apgar score at 
5 min below 7 was defined as low.

Postnatal neurodevelopmental outcomes were attention 
deficit/hyperactivity disorder (ADHD), autism spectrum 
disorder (ASD), and intellectual disability. We identified 
ADHD, ASD, and intellectual disability on the basis of the 
diagnostic records at the inpatient or outpatient clinic spe-
cialist visit. For ADHD, we additionally used a proxy via 
dispensed ADHD medication (Supplementary Table 2).

2.5 � Covariables

Data on all covariables were available for at least 12 months 
before the end of the earliest identified pregnancy in each 
participating country, with the exception of Norway, where 
data from the national patient registry were not available 
before 2008. We ascertained maternal pre-LMP comorbidi-
ties using diagnostic codes from the national patient regis-
tries recorded according to the International Classification of 
Diseases, 10th revision (ICD-10) in all countries, except for 
identification of congenital malformations in Finland, which 
were recorded according to the International Classification 
of Diseases, 9th revision (ICD-9). We ascertained maternal 
pre-LMP medication use from the national prescription reg-
isters using the Anatomical Therapeutic Chemical (ATC) 
codes (Supplementary Tables 1 and 2).

The potential confounders we identified were the calen-
dar year of delivery, age in years at LMP, marital/cohabit-
ing status, smoking during pregnancy, obesity [body mass 
index (BMI) ≥ 30 kg/m2 before pregnancy or a diagnosis 
of obesity], single or multiple gestation, comorbidity his-
tory, indicators of maternal healthcare utilization in the 
12 months pre-LMP (number of inpatient and specialized 
outpatient encounters) and maternal medication use history 
defined by at least one dispensing in pregnancy (Supple-
mentary Table 2).

We reported cesarean delivery, children’s sex dis-
tributions and distributions of potential indications for 
pregabalin use inferred by recorded diagnoses in the 
12 months pre-LMP period without adjusting for them 
in the analyses.

2.6 � Statistical Analyses

We conducted analyses separately in each country based 
on a common protocol, which was registered in the 
EU PAS register before the start of the data collection 
(EUPAS27339). We reported characteristics of pregnan-
cies and births according to the exposure status. For the 
birth outcomes, we computed crude and adjusted preva-
lence ratios (aPRs) with 95% CIs using robust cluster-
adjusted or generalized estimating equation approach 
for offspring with prenatal exposure to pregabalin versus 
comparators using log-binomial regression. For postnatal 
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neurodevelopmental outcomes, we computed crude and 
adjusted hazard ratios (HRs) with robust cluster-adjusted 
95% CIs using Cox proportional-hazards regression and 
followed live born children for a minimum of 1 year and 
a maximum of 10 years in Denmark and Finland, and 12 
years in Norway and Sweden, until the earliest of event 
of interest, emigration (except Norway), death, or the 
study end (31 December 2017 in Sweden and Norway; 31 
December 2016 in Denmark and Finland).

We used propensity score (PS) fine stratification to 
adjust for confounding [9, 32]. We computed PS using 
logistic regression as the probability of being exposed to 
pregabalin versus each of comparator drugs, conditional 
on the prespecified covariables, separately for first-trimes-
ter and any-trimester exposure [9, 32–35]. We fitted a dis-
tinct PS model for each country and contrast. We trimmed 
the non-overlapping areas of PS distribution and defined 
PS fine strata on the basis of the PS distribution among 
births prenatally exposed to pregabalin. Further, we clas-
sified the comparators into fine strata on the basis of their 
PS values and assigned stratum-specific weights to com-
parator births while assigning the weight of 1 to all births 
prenatally exposed to pregabalin. Finally, we performed 
weighted regression analyses to computed PS-adjusted 
PRs and HRs.

For every outcome, we pooled country-specific relative 
risk estimates in a meta-analysis with fixed effects for differ-
ent countries [36]. Since several analyses in the individual 
countries showed zero pregabalin-exposed events, we con-
ducted a post-hoc analysis using Mantel–Haenszel (MH) 
pooling allowing to retain information from strata with no 
pregabalin-exposed events. Missing data were relatively 
rare (< 5%) except for smoking status and BMI in Norway. 
We did not impute missing values. Data management and 
analyses were conducted using SAS version 9.3 or later and 
R version 3.1.1 or later.

2.7 � Ethics

The study received all required approvals or was reported 
to the national data authority, according to local require-
ments of the participating Nordic countries. This study 
was reported to the Danish Data Protection Agency [1] 
through registration at Aarhus University (record number 
2016-051-000001, sequential number 544). In Finland, the 
study received approval by Ethics Committee of the Hos-
pital District of Helsinki and Uusimaa (HUS/887/2018). 
In Norway, the study received approval by Regional Com-
mittee for Medical and Health Research Ethics (2017/1507/
REK vest) and by the Norwegian Data Protection Authority 
(17/01659-2/CDG). In Sweden, the study received approval 
by the Regional Ethical Review Board in Stockholm 

(reference numbers 2015/1826-31/2, 2017/2238-32, and 
2018/1790-32).

3 � Results

The total number of pregabalin-exposed from all pregnancies 
ending in a live birth or stillbirth was 325/666,139 (0.05%) 
in Denmark, 965/643,088 (0.15%) in Finland, 307/657,451 
(0.05%) in Norway, and 1275/1,152,002 (0.11%) in Sweden 
(Supplementary Figs. 1–4). The distribution of potential 
indications for pregabalin use differed by country, with GAD 
being the most prevalent potential indication in Finland 
(21.7%), Norway (8.5%), and Sweden (43.6%) and neuro-
pathic pain in Denmark (11.7%) (Table 1 and Supplementary 
Table 4). Prevalence of maternal smoking among offspring 
with exposure to pregabalin, lamotrigine, duloxetine, and 
no exposure to AED was 28–40%, 14–28%, 17–28%, and 
6–15%, respectively. Most of the comorbidities and medica-
tion use were markedly more prevalent among offspring with 
prenatal exposure to pregabalin versus no exposure to AED. 
Covariable distribution among offspring with prenatal expo-
sure to pregabalin was more similar to that among offspring 
with exposure to the active comparators than those with no 
AED exposure (Supplementary Table 5). However, there 
were appreciable differences in the distribution of pre-preg-
nancy history of epilepsy, neuropathic pain, GAD, depres-
sion, and alcohol and drug abuse or dependence, as well 
as antidepressant, hypnotic, and antipsychotic use among 
offspring with prenatal exposure to pregabalin versus active 
comparators (Table 1, Supplementary Table 5).

The PS distribution among pregabalin-exposed and unex-
posed or active comparators largely overlapped. The trim-
ming across all conducted analyses resulted in elimination 
of, at most, three pregabalin-exposed observations. Among 
pregabalin-unexposed and active comparators cohorts, trim-
ming resulted in post-trimming population size of 74% of 
that before trimming for the contrasts of pregabalin-exposed 
versus lamotrigine-exposed. For contrasts with other com-
parators, post-trimming populations constituted 80–98% of 
the pre-trimming populations.

3.1 � Major Congenital Malformations

The pooled prevalence of any major congenital malforma-
tion among births with first-trimester exposure to pregabalin 
was 6%, while among comparators it varied between 4% for 
offspring with no AED exposure and 5% for the offspring 
with prenatal first-trimester lamotrigine and/or duloxetine 
exposure. The MH pooled aPR (95% CI) for any major 
congenital malformation among births with first-trimes-
ter exposure to pregabalin versus offspring with no AED 
exposure, versus lamotrigine, versus duloxetine, and versus 
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Table 1   Maternal and birth characteristics among pregabalin-exposed pregnancies in any trimester and AED-unexposed pregnancies in Den-
mark, Finland, Norway (2005–2015), and Sweden (2006–2016)

Denmark Finland Norway Sweden

Pregabalin-
exposed
N = 325

AED-
unexposed, 
N = 662,734

Pregabalin-
exposed
N = 965

AED-
unexposed, 
N = 639,736

Pregabalin-
exposed
N = 307

AED-
unexposed, 
N = 654,641

Pregabalin-
exposed
N = 1275

AED-
unexposed, 
N = 1145,957

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Age at LMPa

 < 20 (< 25) ≤ 5 10,812 (1.6) 208 (21.6) 135,352 
(21.2)

239 (77.9) 552,889 (84.4) 20 (1.6) 25,603 (2.2)

 20–34 (25–35) 239 (73.5) 526,876 
(79.5)

581 (60.2) 404,374 
(63.2)

990 (77.6) 911,557 (79.5)

 35–44 (> 35) 80 (24.6) 123,923 
(18.7)

176 (18.2) 100,010 
(15.6)

68 (22.1) 101,449 (15.5) 262 (20.5) 207,950 (18.1)

 ≥ 45 (> 45) ≤ 5 850 (0.1) – – 0 (0.0) 303 (0) 3 (0.2) 847 (0.1)
 Missing ≤ 5 273 (0.0) 0 (0.0) 489 (0.1) 0 (0.0) 0 (0.0) – –

Nulliparous 147 (45.2) 299,173 
(45.1)

437 (45.3) 267,027 
(41.7)

109 (35.5) 276,857 (42.3) 580 (45.5) 505,702 (44.1)

Birth weight, 
median (quar-
tiles), g

3374 (2910–
3760)

3500 (3150–
3850)

3390 (3056–
3765)

3526 (3190–
3856)

3340 (2955–
3768)

3526 (3175–
3870)

3390 (3016–
3756)

3530 (3190–
3875)

Gestational age, 
median (quar-
tiles), weeks

39 (38–40) 40 (38–40) 39 (38–40) 40 (39–40) 39 (38–40) 40 (39–40) 39 (38–40) 40 (39–41)

Head circumfer-
ence, median 
(quartiles), cm

35 (33–36) 35 (34–36) 35 (34–36) 35 (34–36) 35 (34–36) 35 (34–36) 35 (34–36) 35 (34–36)

Cohabiting status
 Cohabiting 144 (44.3) 395,524 

(59.7)
759 (78.7) 576,500 

(90.1)
257 (83.7) 606,633 (92.7) 921 (72.2) 1,024,528 

(89.4)
 Other/missing ≤ 5 1204 (0.2) 75 (7.8) 30,084 (4.7) – – 249 (19.5) 100,031 (8.7)

Smoking in preg-
nancy

 Smoker 112 (34.5) 84,799 (12.8) 383 (39.7) 95,378 (14.9) 87 (28.3) 63,417 (9.7) 404 (31.7) 65,961 (5.8)
 Missing 6 (1.8) 11,338 (1.7) 33 (3.4) 15,862 (2.5) 46 (15) 114,720 (17.5) 59 (4.6) 46,052 (4.0)

BMI, kg/m2

 < 18.5 20 (6.2) 28,644 (4.3) 40 (4.1) 22,926 (3.6) 88 (28.7) 182,341 (27.8) 28 (2.2) 26,617 (2.3)
 ≤ 18.5 to < 25 140 (43.1) 396,840 

(59.9)
479 (49.6) 386,516 

(60.4)
574 (45.0) 638,035 (55.7)

 ≤ 25 to < 30 90 (27.7) 134,059 
(20.2)

228 (23.6) 133,489 
(20.9)

30 (9.8) 49,812 (7.6) 310 (24.3) 267,004 (23.3)

 ≥ 30 63 (19.4) 78,660 (11.9) 196 (20.3) 74,499 (11.6) 23 (7.5) 31,831 (4.9) 266 (20.9) 134,882 (11.8)
 Missing 12 (3.7) 24,531 (3.7) 22 (2.3) 22,306 (3.5) 166 (54.1) 390,657 (59.7) 97 (7.6) 79,419 (6.9)

Cesarean delivery 90 (27.7) 148,258 
(22.4)

229 (23.7) 106,861 
(16.7)

92 (30) 109,781 (16.8) 365 (28.6) 203,356 (17.7)

Multiple gestation 8 (2.5) 27,893 (4.2) 20 (2.1) 18,353 (2.9) ≤ 5 22,390 (3.4) 38 (3.0) 32,427 (2.8)
Sex
 Female 153 (47.1) 322,716 

(48.7)
468 (48.5) 312,707 

(48.9)
157 (51.1) 318,588 (48.7) 618 (48.5) 556,668 (48.6)

Stillbirth ≤ 5 2488 (0.4) ≤ 5 1928 (0.3) – – 7 (0.5) 3546 (0.3)
Epilepsy ≤ 5 273 (0.0) 14 (1.5) 1860 (0.3) 11 (3.6) 2545 (0.4) 14 (1.1) 423 (0.0)
Neuropathic pain 38 (11.7) 5364 (0.8) 158 (16.4) 8459 (1.3) 23 (7.5) 2713 (0.4) 201 (15.8) 14,649 (1.3)
Generalized anxi-

ety disorder
11 (3.4) 1249 (0.2) 209 (21.7) 15,286 (2.4) 26 (8.5) 10,730 (1.6) 556 (43.6) 22,955 (2.0)
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Table 1   (continued)

Denmark Finland Norway Sweden

Pregabalin-
exposed
N = 325

AED-
unexposed, 
N = 662,734

Pregabalin-
exposed
N = 965

AED-
unexposed, 
N = 639,736

Pregabalin-
exposed
N = 307

AED-
unexposed, 
N = 654,641

Pregabalin-
exposed
N = 1275

AED-
unexposed, 
N = 1145,957

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Migraine or 
other headache 
syndromes

27 (8.3) 14,096 (2.1) 95 (9.8) 18,821 (2.9) 25 (8.1) 16,536 (2.5) 93 (7.3) 17,978 (1.6)

Other neurologic 
disorders

≤ 5 1365 (0.2) 595 (61.7) 59,604 (9.3) 215 (70) 74,341 (11.4) 1075 (84.3) 125,239 (10.9)

Depression 209 (64.3) 31,872 (4.8) 381 (39.5) 37,948 (5.9) 118 (38.4) 22,993 (3.5) 829 (65.0) 63,687 (5.6)
Bipolar disorder ≤ 5 20 (0.0) 27 (2.8) 821 (0.1) ≤ 5 412 (0.1) 63 (4.9) 1214 (0.1)
Alcohol abuse or 

dependence
≤ 5 339 (0.1) 20 (2.1) 950 (0.1) ≤ 5 321 (0.0) 49 (3.8) 1720 (0.2)

Drug abuse or 
dependence

≤ 5 854 (0.1) 40 (4.1) 655 (0.1) 11 (3.6) 559 (0.1) 123 (9.6) 1757 (0.2)

Hypertension 19 (5.8) 10,269 (1.5) 106 (11.0) 13,437 (2.1) – 539 (0.1) 96 (7.5) 13,298 (1.2)
Hematological 

diseases
≤ 5 2335 (0.4) 11 (1.1) 2653 (0.4) ≤ 5 1022 (0.2) 11 (0.9) 5018 (0.4)

Diabetes 9 (2.8) 10,052 (1.5) 21 (2.2) 7204 (1.1) ≤ 5 6733 (1.0) 15 (1.2) 8531 (0.7)
Asthma 34 (10.5) 28,644 (4.3) 142 (14.7) 42,335 (6.6) 46 (15.0) 25,292 (3.9) 196 (15.4) 49,905 (4.4)
Liver diseases ≤ 5 230 (0.0) 0 (0.0) 329 (0.1) – 108 (0.0) 2 (0.2) 391 (0.0)
Renal impairment ≤ 5 894 (0.1) 7 (0.7) 1526 (0.2) ≤ 5 463 (0.1) 10 (0.8) 2167 (0.2)
Rheumatic dis-

eases
≤ 5 1882 (0.3) 16 (1.7) 3272 (0.5) ≤ 5 762 (0.1) 22 (1.7) 4228 (0.4)

Obesity 70 (21.5) 82,163 (12.4) 35 (3.6) 8465 (1.3) – 1092 (0.2) 272 (21.3) 136,378 (11.9)
Disorders of 

female pelvic 
organs/genital 
tract

≤ 5 2337 (0.4) 104 (10.8) 40,577 (6.3) 5 (1.6) 7829 (1.2) 214 (16.8) 100,357 (8.8)

Thyroid disorders 10 (3.1) 10,922 (1.6) 54 (5.6) 17,958 (2.8) ≤ 5 14,728 (2.2) 71 (5.6) 37,672 (3.3)
Infections 79 (24.3) 103,392 

(15.6)
270 (28.0) 94,544 (14.8) 161 (52.4) 173,680 (26.5) 324 (25.4) 113,194 (9.9)

Antidepressantsb 183 (56.3) 24,384 (3.7) 336 (34.8) 28,524 (4.5) 78 (25.4) 5090 (0.8) 689 (54.0) 51,785 (4.5)
Hypnoticsb 41 (12.6) 4586 (0.7) 105 (10.9) 5432 (0.8) 89 (29) 15,939 (2.4) 595 (46.7) 24,342 (2.1)
Anxiolyticsb 32 (9.8) 3952 (0.6) – – 61 (19.9) 9282 (1.4) – –
Antipsychoticsb 56 (17.2) 2344 (0.4) 128 (13.3) 4099 (0.6) 48 (15.6) 6084 (0.9) 156 (12.2) 3579 (0.3)
Analgesicsb 109 (33.5) 31,287 (4.7) 554 (57.4) 72,519 (11.3) 161 (52.4) 52,759 (8.1) 686 (53.8) 107,357 (9.4)
Antihyperten-

sivesb
19 (5.8) 9754 (1.5) 98 (10.2) 12,814 (2.0) 24 (7.8) 8851 (1.4) 107 (8.4) 20,409 (1.8)

Nonsteroidal 
antiinflamma-
tory drugsb

65 (20.0) 43,626 (6.6) 440 (45.6) 66,136 (10.3) 110 (35.8) 57,135 (8.7) 274 (21.5) 48,756 (4.3)

Drugs for peptic 
ulcer/gastroe-
sophageal 
refluxb

68 (20.9) 29,428 (4.4) 205 (21.2) 33,565 (5.2) 37 (12.1) 15,948 (2.4) 285 (22.4) 55,281 (4.8)

Folic acidb 6 (1.8) 2342 (0.4) – – 9 (2.9) 5342 (0.8) 120 (9.4) 28,998 (2.5)
Drugs for in vitro 

fertilizationb
17 (5.2) 63,135 (9.5) 19 (2.0) 21,527 (3.4) 10 (3.3) 28,004 (4.3) 67 (5.3) 72,587 (6.3)

Thyroid 
hormonesb

9 (2.8) 12,264 (1.9) 71 (7.4) 23,128 (3.6) 6 (2.0) 12,867 (2.0) 116 (9.1) 60,608 (5.3)

Systemic 
corticosteroidsb

≤ 5 8064 (1.2) 53 (5.5) 9631 (1.5) 22 (7.2) 9544 (1.5) 92 (7.2) 22,228 (1.9)
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lamotrigine and/or duloxetine was 1.13 (0.98–1.32), 1.27 
(1.04–1.55), 1.42 (1.12–1.79), and 1.27 (1.05–1.53), respec-
tively (Table 2). The MH pooled aPR for eye malformations 
was 1.88 (95% CI 1.01–3.49) among offspring with first-
trimester exposure to pregabalin versus offspring with no 
exposure to AED. In analyses of offspring with exposure 
to pregabalin versus lamotrigine, the following MH pooled 
aPRs (95% CIs) were observed: 3.20 (0.86–12.00) for mal-
formations of the nervous system, 2.53 (1.09–5.86) for uri-
nary, and 1.94 (0.97–3.89) for genital organs. In analyses of 
offspring with exposure to pregabalin versus duloxetine, MH 
pooled aPRs (95% CIs) were 2.04 (0.86–4.87) for urinary 
organs malformations and 2.69 (1.09–6.65) for genital mal-
formations. In analyses of offspring with exposure to prega-
balin versus lamotrigine and/or duloxetine, MH pooled aPR 
(95% CI) for genital malformations was 2.03 (1.06–3.87). 
The aPR for all site-specific congenital malformations were 
based on small number of events leading to imprecise and 
several nonreportable estimates (Table 2).

3.2 � Other Birth Outcomes

For stillbirth, the pooled prevalence among births with any-
trimester exposure to pregabalin was 0.5%, while among 
active comparators it varied between 0.3 and 0.4%. For low 
birth weight, the pooled prevalence among births with expo-
sure to pregabalin was 6.3%, while among comparators it 

varied between 4.0% and 6.3%. For preterm birth, the pooled 
prevalence among births with exposure to pregabalin was 
8.0%, while it varied between 5.0% among AED unexposed 
and 8.4% among active comparators. For SGA, the pooled 
prevalence among births with exposure to pregabalin was 
4.6%, while it was 4.0% among comparators. For low Apgar 
score, the pooled prevalence among births with exposure to 
pregabalin was 2.9%, while it varied between 1.3% among 
AED unexposed and 2.2% among active comparators. For 
microcephaly, the pooled prevalence among births with 
exposure to pregabalin was 2.5%, while it was 2% among 
active comparators.

For stillbirth, MH pooled aPR (95% CI) was 1.25 
(0.74–2.11) among offspring with any-trimester exposure to 
pregabalin versus AED unexposed, 1.30 (0.69–2.47) versus 
lamotrigine, 1.11 (0.44–2.82) versus duloxetine, and 1.93 
(0.98–3.78) versus lamotrigine and/or duloxetine (Table 3). 
For preterm birth, SGA, and low Apgar score, MH pooled 
aPRs were 1.12 (0.99–1.27), 1.10 (0.90–1.36), and 1.16 
(0.94–1.44), respectively, for offspring with exposure to pre-
gabalin versus no exposure to AED; the estimates attenuated 
toward the null value in the analyses using active compara-
tors. For the remaining adverse birth outcomes (low birth 
weight and microcephaly), the aPRs were close to unity in 
the comparisons of offspring prenatally exposed to prega-
balin versus AED unexposed or versus active comparators 
(Table 3).

Table 1   (continued)

Denmark Finland Norway Sweden

Pregabalin-
exposed
N = 325

AED-
unexposed, 
N = 662,734

Pregabalin-
exposed
N = 965

AED-
unexposed, 
N = 639,736

Pregabalin-
exposed
N = 307

AED-
unexposed, 
N = 654,641

Pregabalin-
exposed
N = 1275

AED-
unexposed, 
N = 1145,957

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Anti-infectives 
for systemic 
useb

197 (60.6) 296,227 
(44.7)

554 (57.4) 235,922 
(36.9)

144 (46.9) 193,052 (29.5) 645 (50.6) 332,404 (29.0)

Number of 
hospitalizations, 
median (Q1–
Q3, quartiles)

1 (1–2) 1 (1–2) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 1 (1–2) 1 (1–1)

Number of 
specialist 
outpatient visits 
at hospitals, 
median (Q1–
Q3, quartiles)

16 (10–22) 16 (10–23) 2 (0–7) 0 (0–1) 0 (0–2) 0 (0–0) 4 (2–6) 2 (1–3)

BMI, body mass index; LMP, last menstrual period
a Age at last LMP was classified as < 20, 20–34, and 35–44 years in Denmark, as < 25, 25–35, and > 35 years in Finland, as < 34, 34–45, and 
> 45 years in Norway, and as < 20, 20–34, 35–45, and > 45 years in Sweden
b Dispensings during any trimester
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Table 2   Pooled estimates from Denmark, Finland, Norway, and Sweden on crude and adjusted prevalence ratios of any and specific major con-
genital malformations in first-trimester pregabalin-exposed pregnancies versus comparators

Comparators Pregabalin Comparator

Total no. No. of events Total no. No. of events Crude prevalence 
ratio (95% CI)a

Adjusted preva-
lence ratio (95% 
CI)a

Adjusted MH 
prevalence ratio 
(95% CI)

Any major malformation
AED-unexposed 2691 162 3,063,173 126,437 1.34 (1.15–1.57) 1.14 (0.98–1.34) 1.13 (0.98–1.32)
Lamotrigine 2586 157 7216 362 1.10 (0.91–1.34) 1.31 (1.04–1.65) 1.27 (1.04–1.55)
Duloxetine 2557 NR 2972 NR 1.09 (0.87–1.36) 1.41 (1.09–1.81) 1.42 (1.12–1.79)
Lamotrigine and duloxetine 2463 150 10,061 519 1.09 (0.90–1.31) 1.28 (1.03–1.57) 1.27 (1.05–1.53)
Nervous system
AED-unexposed 2691 6 3,063,173 4134 2.50 (1.12–5.59) 2.02 (0.88–4.63) 1.15 (0.52–2.57)
Lamotrigine 2586 6 7216 10 2.05 (0.67–6.30) 4.39 (1.36–14.13) 3.20 (0.86–12.0)
Duloxetine 2557 NR 2972 NR 1.67 (0.39–7.12) 2.80 (0.57–13.68) 1.65 (0.40–6.74)
Lamotrigine and duloxetine 2463 6 10,061 18 1.98 (0.71–5.54) 3.85 (1.21–12.25) 1.70 (0.61–4.69)
Eye
AED-unexposed 2691 NR 3,063,173 NR 1.92 (1.03–3.57) 2.09 (1.12–3.90) 1.88 (1.01–3.49)
Lamotrigine 2586 NR 7216 NR 1.64 (0.71–3.77) 1.87 (0.62–5.62) 1.02 (0.50–2.11)
Duloxetine 2557 NR 2972 NR 1.03 (0.44–2.39) 0.82 (0.34–2.00) 0.94 (0.41–2.14)
Lamotrigine and duloxetine 2463 NR 10,061 NR 1.56 (0.74–3.30) 2.27 (0.92–5.59) 1.38 (0.68–2.83)
Ear, face, neck
AED-unexposed 2691 NR 3,063,173 NR NE NE 0.81 (0.20–3.23)
Lamotrigine 2586 NR 7216 NR NE NE 3.31 (0.15–73.4)
Duloxetine 2557 NR 2972 NR NE NE 0.84 (0.10–6.81)
Lamotrigine and duloxetine 2463 NR 10,061 NR NE NE 0.64 (0.11–3.58)
Congenital heart defects
AED-unexposed 2691 NR 3,063,173 NR 1.36 (1.06–1.74) 1.08 (0.84–1.39) 1.07 (0.84–1.37)
Lamotrigine 2586 NR 7216 NR 0.98 (0.71–1.34) 1.00 (0.72–1.39) 0.99 (0.72–1.36)
Duloxetine 2557 NR 2972 NR 1.20 (0.82–1.75) 1.53 (0.98–2.37) 1.60 (1.08–2.37)
Lamotrigine and duloxetine 2463 NR 10,061 NR 1.07 (0.80–1.44) 1.15 (0.83–1.59) 1.16 (0.86–1.58)
Respiratory
AED-unexposed 2691 NR 3,063,173 NR 2.06 (0.51–8.26) 1.81 (0.45–7.29) 1.37 (0.34–5.49)
Lamotrigine 2586 NR 7216 NR NE NE 2.04 (0.27–15.3)
Duloxetine 2557 NR 2972 NR NE NE 1.80 (0.16–20.4)
Lamotrigine and duloxetine 2463 NR 10,061 NR NE NE 1.81 (0.32–10.4)
Oro–facial clefts
AED-unexposed 2691 5 3,063,173 5541 2.90 (1.21–6.98) 2.90 (1.19–7.04) 0.87 (0.36–2.10)
Lamotrigine 2586 5 7216 14 3.02 (0.88–10.34) 4.21 (1.23–14.42) 0.87 (0.37–2.04)
Duloxetine 2557 5 2972 5 1.39 (0.27–7.20) 3.30 (0.54–20.27) 2.18 (0.51–9.36)
Lamotrigine and duloxetine 2463 NR 10,061 NR 3.34 (1.06–10.54) 4.97 (1.56–15.86) 1.03 (0.43–2.44)
Digestive system
AED-unexposed 2691 7 3,063,173 6921 1.30 (0.62–2.73) 1.02 (0.48–2.15) 0.90 (0.43–1.90)
Lamotrigine 2586 7 7216 22 1.05 (0.44–2.51) 1.54 (0.60–4.00) 1.47 (0.60–3.60)
Duloxetine 2557 NR 2972 NR 1.17 (0.36–3.81) 0.97 (0.23–4.09) 1.75 (0.56–5.53)
Lamotrigine and duloxetine 2463 7 10,061 29 1.19 (0.51–2.76) 1.34 (0.56–3.22) 1.22 (0.53–2.78)
Abdominal wall defects
AED-unexposed 2691 0 3,063,173 1064 NE NE NE
Lamotrigine 2586 0 7216 5 NE NE NE
Duloxetine 2557 NR 2972 NR NE NE NE
Lamotrigine and duloxetine 2463 0 10,061 7 NE NE NE
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3.3 � Postnatal Neurodevelopmental Outcomes

For ADHD, the pooled incidence rate was 48 per 10,000 
person-years among births with any-trimester exposure to 
pregabalin, while among comparators it varied between 20 
per 10,000 person-years among offspring with no exposure 
to AED and 30–35 per 10,000 person-years among active 
comparators. For ASD, the pooled incidence rate was 17 
per 10,000 person-years among births with any-trimester 
exposure to pregabalin, while among comparators it varied 
between 20 per 10,000 person-years among offspring with 
no exposure to AED and 30–35 per 10,000 person-years 
among active comparators. For intellectual disability, the 
pooled incidence rate was 30 per 10,000 person-years 
among births with any-trimester exposure to pregabalin, 
while among comparators it varied between 25 per 10,000 
person-years among offspring with no exposure to AED 
and 43 per 10,000 person-years among active comparators.

The MH pooled aHR (95% CI) for ADHD was 1.22 
(0.97–1.54) in the analyses of offspring with any-trimester 
exposure to pregabalin versus no exposure to AED, 1.06 
(0.80–1.42) in the comparison with lamotrigine, and 1.04 

(0.74–1.45) in the comparison with duloxetine. There 
was no association between prenatal exposure to prega-
balin and ASD or intellectual disability outcomes across 
all pooled analyses (Table 4). The results of the analyses 
restricted to pregabalin monotherapy showed findings sim-
ilar to the main analyses for all outcomes (Supplementary 
Table 6).

4 � Discussion

4.1 � Key Results

In this registry-based study in four Nordic countries, after 
adjusting for maternal characteristics and concomitant 
medications during pregnancy, the risk of major congenital 
malformations among live and stillborn offspring prenatally 
exposed to pregabalin was increased 1.3–1.4-fold in compar-
ison with lamotrigine and duloxetine, respectively; however, 
estimates were imprecise and absolute prevalences were 
small. Additionally, the comparison with no exposure to 
AED resulted in an estimate close to the null value [PR (95% 

Table 2   (continued)

Comparators Pregabalin Comparator

Total no. No. of events Total no. No. of events Crude prevalence 
ratio (95% CI)a

Adjusted preva-
lence ratio (95% 
CI)a

Adjusted MH 
prevalence ratio 
(95% CI)

Urinary
AED-unexposed 2691 15 3,063,173 11,394 1.49 (0.90–2.48) 1.41 (0.85–2.35) 1.27 (0.77–2.11)
Lamotrigine 2586 NR 7216 NR 1.29 (0.67–2.51) 3.02 (1.34–6.80) 2.53 (1.09–5.86)
Duloxetine 2557 NR 2972 NR 1.16 (0.54–2.50) 2.13 (0.89–5.11) 2.04 (0.86–4.87)
Lamotrigine and duloxetine 2463 12 10,061 45 1.14 (0.60–2.20) 1.66 (0.80–3.45) 1.37 (0.67–2.80)
Genital
AED-unexposed 2691 NR 3,063,173 NR 1.51 (0.93–2.47) 1.47 (0.89–2.40) 1.37 (0.84–2.24)
Lamotrigine 2586 NR 7216 NR 2.00 (0.99–4.03) 2.13 (1.05–4.31) 1.94 (0.97–3.89)
Duloxetine 2557 NR 2972 NR 0.96 (0.49–1.90) 2.64 (1.13–6.16) 2.69 (1.09–6.65)
Lamotrigine and duloxetine 2463 NR 10,061 NR 1.45 (0.79–2.68) 2.26 (1.16–4.38) 2.03 (1.06–3.87)
Limb
AED-unexposed 2691 29 3,063,173 30,308 1.02 (0.71–1.47) 0.93 (0.64–1.34) 0.93 (0.65–1.33)
Lamotrigine 2586 28 7216 84 0.86 (0.54–1.35) 1.61 (0.86–3.01) 1.12 (0.71–1.77)
Duloxetine 2557 NR 2972 NR 1.11 (0.65–1.90) 1.30 (0.73–2.31) 1.24 (0.72–2.14)
Lamotrigine and duloxetine 2463 27 10,061 111 0.90 (0.58–1.39) 1.11 (0.67–1.84) 1.05 (0.68–1.62)
Other
AED-unexposed 2691 24 3,063,173 14,534 1.82 (1.22–2.71) 1.42 (0.95–2.13) 1.32 (0.89–1.97)
Lamotrigine 2586 NR 7216 NR 1.37 (0.80–2.35) 2.33 (1.21–4.47) 2.10 (1.16–3.81)
Duloxetine 2557 NR 2972 NR 0.95 (0.53–1.73) 1.31 (0.71–2.39) 0.88 (0.49–1.58)
Lamotrigine and duloxetine 2463 NR 10,061 NR 1.17 (0.70–1.95) 1.26 (0.73–2.19) 1.22 (0.73–2.05)

AED antiepileptic drugs, CI confidence interval, MH Mantel–Haenszel pooling method that allowed combining estimates of associations while 
retaining information from strata with no exposed events, PS propensity score, NR not reportable to keep masking of a low number of individu-
als (< 5) in other cells; NE not estimable
a Conventional meta-analysis with fixed effects for different countries
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CI) 1.13 (0.98–1.32)] suggesting residual confounding in the 
contrasts of pregabalin exposure with active comparators. 
We found 1.1–1.9-fold increased risk of stillbirth following 
prenatal exposure to pregabalin versus no exposure to AED 
and versus active comparators; however, estimates were 
based on a small number of events. There was a 1.2–1.3-
fold increased risk of SGA and ADHD among offspring 
with prenatal exposure to pregabalin versus no exposure to 
AED. Of note, these associations attenuated toward unity in 
analyses using active comparators and at least partly can be 
explained by residual confounding. We found no evidence of 

an association between prenatal exposure to pregabalin and 
increased risk of low birth weight, SGA, preterm birth, low 
Apgar score at 5 min, microcephaly, ASD, or intellectual 
disability.

4.2 � Major Congenital Malformations and Other 
Adverse Birth Outcomes

Results of this study are in line with one previous US study 
using US Medicaid Analytic eXtract data [9], which showed 
the relative risk of major congenital malformations among 

Table 3   Pooled estimates from Denmark, Finland, Norway, and Sweden on crude and adjusted prevalence ratios of adverse birth outcomes in 
pregabalin-exposed pregnancies versus comparators

CI confidence interval, MH Mantel–Haenszel pooling method that allowed combining estimates of associations while retaining information from 
strata with no exposed events, PS propensity score, NR not reportable to keep masking of a low number of individuals (< 5) in other cells
a Conventional meta-analysis with fixed effects for different countries

Comparators Pregabalin Comparator

Total no. No. of events Total no. No. of events Crude preva-
lence ratio (95% 
CI)a

Adjusted preva-
lence ratio (95% 
CI)a

Adjusted MH 
prevalence ratio 
(95% CI)

Stillbirth
AED-unexposed 2851 NR 3,061,487 NR 2.14 (1.27–3.60) 1.72 (1.02–2.91) 1.25 (0.74–2.11)
Lamotrigine 2740 NR 7742 NR 2.24 (1.10–4.57) 1.87 (0.81–4.32) 1.30 (0.69–2.47)
Duloxetine 2709 NR 3020 NR 1.57 (0.61–4.07) 1.46 (0.57–3.73) 1.11 (0.44–2.82)
Lamotrigine and duloxetine 2609 NR 10,631 NR 2.09 (1.05–4.17) 2.71 (1.25–5.90) 1.93 (0.98–3.78)
Low birth weight
AED-unexposed 2811 178 3,009,100 121,039 1.60 (1.38–1.85) 1.04 (0.90–1.21) 1.04 (0.90–1.20)
Lamotrigine 2703 172 7578 394 1.28 (1.06–1.55) 0.91 (0.75–1.10) 0.94 (0.79–1.11)
Duloxetine 2673 166 2966 187 0.97 (0.78–1.20) 0.80 (0.64–1.00) 0.78 (0.64–0.95)
Lamotrigine and/or duloxetine 2576 162 10,415 574 1.17 (0.97–1.40) 0.87 (0.72–1.05) 0.87 (0.74–1.03)
Preterm birth
AED-unexposed 2812 225 3,009,386 151,114 1.78 (1.57–2.03) 1.13 (1.00–1.29) 1.12 (0.99–1.27)
Lamotrigine 2704 217 7580 578 1.28 (1.10–1.51) 0.98 (0.83–1.15) 0.99 (0.85–1.15)
Duloxetine 2674 207 2967 248 1.03 (0.85–1.24) 1.04 (0.86–1.27) 1.04 (0.87–1.24)
Lamotrigine and/or duloxetine 2577 201 10,418 810 1.21 (1.04–1.42) 1.05 (0.89–1.23) 1.06 (0.92–1.23)
Small for gestational age
AED-unexposed 2776 NR 2,959,022 NR 1.55 (1.25–1.91) 1.12 (0.91–1.39) 1.10 (0.90–1.36)
Lamotrigine 2669 NR 7461 NR 1.56 (1.17–2.09) 1.06 (0.79–1.42) 1.09 (0.84–1.43)
Duloxetine 2639 NR 2947 NR 1.19 (0.86–1.64) 0.88 (0.63–1.24) 0.80 (0.60–1.06)
Lamotrigine and/or duloxetine 2543 NR 10,280 NR 1.41 (1.08–1.83) 0.99 (0.75–1.31) 0.93 (0.73–1.19)
Low Apgar score
AED-unexposed 2812 81 3,009,480 39,807 2.05 (1.65–2.55) 1.17 (0.94–1.46) 1.16 (0.94–1.44)
Lamotrigine 2704 76 7580 165 1.05 (0.79–1.39) 0.93 (0.69–1.26) 0.86 (0.66–1.12)
Duloxetine 2674 NR 2967 NR 1.12 (0.81–1.56) 0.88 (0.62–1.24) 0.84 (0.62–1.14)
Lamotrigine and/or duloxetine 2577 70 10,418 233 1.01 (0.77–1.33) 0.86 (0.64–1.15) 0.83 (0.64–1.08)
Microcephaly
AED-unexposed 2762 69 2,940,009 56,404 1.34 (1.06–1.69) 1.10 (0.86–1.40) 1.10 (0.87–1.38)
Lamotrigine 2654 64 7419 156 1.06 (0.77–1.44) 1.01 (0.72–1.43) 1.05 (0.77–1.44)
Duloxetine 2625 66 2936 52 1.27 (0.87–1.85) 1.05 (0.70–1.58) 1.06 (0.74–1.51)
Lamotrigine and/or duloxetine 2528 62 10,227 207 1.13 (0.84–1.52) 1.07 (0.77–1.48) 1.07 (0.80–1.44)
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offspring with exposure to pregabalin versus no AED expo-
sure was 1.16 (95% CI 0.81–1.67). We found an up to 1.4-
fold increased risk of any major congenital malformation 
among offspring with exposure to pregabalin versus active 
comparators, while the increased risk was less pronounced 
in the comparison with no exposure to AED. The use of 
active comparators is desirable in pharmacoepidemiologic 
studies to reduce the confounding by indication. Active com-
parators used in this study have indications overlapping with 
those of pregabalin, but are not identical to it, and thus may 
not fully eliminate confounding by indication.

We cannot fully rule out an association between prenatal 
exposure to pregabalin and increased risk of eye, urinary, 
and genital malformations. We performed post hoc analyses 
in Sweden, where the increased risk of eye malformations 
was found. The aPR (95% CI) of eye malformations was 
2.71 (1.22–6.02) at 1 year of follow-up, 1.12 (0.53–2.34) 
at 2 years, 1.13 (0.56–2.25) at 3 years, 1.09 (0.55–2.18) at 
4 years, and 1.19 (0.62–2.28) at 5 years of follow-up. Sur-
veillance bias due to differential healthcare follow-up for 
offspring with exposure to pregabalin versus no exposure 
to AED resulting in earlier diagnoses of eye or other spe-
cific malformations among those exposed could explain this 

finding. Several earlier studies found an increased risk of 
SGA following prenatal exposure to pregabalin [11, 12]. 
However, in this study the magnitude of the associations 
between pregabalin and adverse birth outcomes, in general, 
was small and the estimates were imprecise. On the basis of 
the upper limit of the 95% CI, the MH meta-analyses ruled 
out the associations for prenatal exposure to pregabalin ver-
sus no AED exposure greater than 1.4–2.6 for most groups 
of specific major congenital malformations.

Animal studies on developmental toxicity after fetal expo-
sure to pregabalin are not consistent, with at least one study 
reporting no teratogenic effect in rats or rabbits even at high 
doses [37], and one study showing teratogenic effect in rats 
at therapeutic doses [38].

4.3 � Postnatal Neurodevelopmental Outcomes

We found a 1.2-fold association between prenatal expo-
sure to pregabalin and ADHD when compared with no 
exposure to AED. Despite adjusting for a large number of 
maternal and pregnancy-related characteristics, we cannot 
rule out confounding by indication. After propensity score 
adjustment, several potential confounding factors remained 

Table 4   Pooled estimates from Denmark, Finland, Norway, and Sweden on crude and adjusted hazard ratios of postnatal neurodevelopmental 
outcomes in pregabalin-exposed pregnancies versus comparators

AED antiepileptic drugs, CI confidence interval, MH Mantel–Haenszel pooling method that allowed combining estimates of associations while 
retaining information from strata with no exposed events, PS propensity score, NR not reportable to keep masking of a low number of individu-
als (< 5) in other cells
a Conventional meta-analysis with fixed effects for different countries

Comparators Pregabalin Comparator

Total person-
years

No. of events Total person-
years

No. of events Crude hazard 
ratio (95% CI)a

Adjusted hazard 
ratio (95% CI)a

Adjusted MH 
hazard ratio (95% 
CI)

Hyperkinetic disorders including ADHD
AED-unexposed 14,315 72 17,874,961 38,693 3.62 (2.87–4.55) 1.29 (1.03–1.63) 1.22 (0.97–1.54)
Lamotrigine 13,634 67 39,148 139 1.52 (1.12–2.06) 1.04 (0.75–1.42) 1.06 (0.80–1.42)
Duloxetine 13,566 69 NR NR 1.29 (0.93–1.80) 1.12 (0.78–1.61) 1.04 (0.74–1.45)
Lamotrigine and/

or duloxetine
13,058 67 55,645 227 1.54 (1.17–2.04) 1.20 (0.89–1.61) 1.12 (0.86–1.47)

Pervasive development disorders including ASD
AED-unexposed NR NR 17,891,330 21,180 1.99 (1.38–2.89) 0.98 (0.67–1.42) 0.95 (0.66–1.38)
Lamotrigine NR NR 39,227 77 1.21 (0.76–1.93) 0.70 (0.44–1.09) 0.70 (0.45–1.07)
Duloxetine NR NR 16,463 41 0.93 (0.56–1.57) 0.72 (0.43–1.20) 0.66 (0.41–1.07)
Lamotrigine and/

or duloxetine
NR NR 55,763 119 1.10 (0.70–1.73) 0.79 (0.50–1.25) 0.71 (0.46–1.09)

Intellectual disability
AED-unexposed NR NR 17,796,832 45,943 1.58 (1.23–2.02) 1.00 (0.78–1.29) 0.98 (0.77–1.26)
Lamotrigine NR NR 39,042 129 1.04 (0.76–1.42) 0.98 (0.68–1.40) 0.94 (0.69–1.27)
Duloxetine 13,532 NR 16,364 NR 0.81 (0.57–1.15) 0.81 (0.55–1.20) 0.80 (0.56–1.14)
Lamotrigine and/

or duloxetine
NR NR 55,492 201 0.95 (0.71–1.28) 1.02 (0.74–1.41) 1.01 (0.75–1.36)
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unbalanced for the contrast of offspring with exposure to 
pregabalin versus no exposure to AED. These factors were 
the use of analgesics, antipsychotics, antidepressants, and a 
history of depression and other neurological disorders. This 
highlights the potential of confounding by indication for this 
contrast. While prenatal exposure to valproate is associated 
with 1.5-fold increased risk of ADHD [39], in the present 
study, analyses using active comparators resulted in attenu-
ated association with ADHD in accordance with another 
Nordic study, which similarly found no association between 
pregabalin and neurodevelopmental disorders in offspring 
[14]. The validity of neurodevelopmental outcomes is, in 
general, reasonably high in the Nordic registries and few 
false positives are expected [15, 40–42]. For example, in the 
Danish registry capturing psychiatric diagnoses, the positive 
predictive values for ADHD and autism coding were 87% 
[43] and 94% [44], respectively.

Moreover, the mean children’s age at the neurodevelop-
mental outcomes is similar across participating countries. 
For example, the mean age at ADHD diagnosis is 8 years 
in Denmark [45], 7.5 years in Finland [46], 10.5 years in 
Norway [47], and 12 years in Sweden [48]. In this study, the 
mean age at ADHD diagnosis was 8 years in all exposure 
groups in Denmark and 6–7 years in Finland, Norway, and 
Sweden (Supplementary Table 7). The mean age at other 
neurodevelopmental diagnoses in this study was similar 
to previously published data, including the mean age of 
4–6 years at intellectual disability diagnosis, and 6–7 years 
for ASD diagnosis [45, 46].

4.4 � Strengths and Limitations

We used population-based healthcare registries from the 
Nordic countries with free universal health care and exact 
linkage between the maternal and the offspring records. 
The data in the Nordic registries are collected routinely and 
prospectively, reducing the risk of selection bias. The pre-
sent study did not evaluate the cumulative dose of prenatal 
exposure to pregabalin or active comparators. Except for 
major congenital malformations, the timing of exposure in 
pregnancy and duration of the exposure was also not evalu-
ated. The non-differential misclassification of exposure is 
expected to bias the study results toward the null. Although 
misclassification of exposure is still possible since the true 
intake of pregabalin and comparators is unknown, filling of 
prescriptions of medicines represent a better proxy of drug 
intake than issued prescriptions, minimizing non-compli-
ance in drug pick-up. Additionally, for drugs used chroni-
cally, there is a good level of agreement between general 
practice data and dispensing records [49].

The clinician evaluating the child for the neurodevel-
opmental outcome may be aware of the offspring’s sta-
tus regarding prenatal exposure to pregabalin or active 

comparators. Although such detection bias cannot be ruled 
out in the present study, it is unlikely to explain the results 
suggesting no association between prenatal exposure to pre-
gabalin and ASD and intellectual disability, and may in part 
explain the results suggesting an association with ADHD. 
Children with neurodevelopmental conditions experiencing 
subdiagnostic symptoms may be missed in the present study. 
It is likely that the population of children with clinically 
detectable neurodevelopmental conditions represents a more 
severe spectrum of the neurodevelopmental conditions.

Although we were able to adjust for numerous potential 
confounders using PS fine stratification [9, 32], residual con-
founding by indication cannot be ruled out. Indication for 
the use of medication is not directly available from the dis-
pensing data. The diagnoses of epilepsy, neuropathic pain, 
and GAD were collected from the hospital registries as a 
proxy for the potential indication. At the baseline, offspring 
with prenatal exposure to pregabalin differed considerably 
from AED-unexposed and offspring with prenatal exposure 
to active comparator drugs. These differences included une-
ven distribution of indication for prescribed AED, maternal 
history of psychiatric disorders including depression, and 
other neurological disorders. The history of analgesics use 
was more prevalent among offspring with prenatal exposure 
to pregabalin versus lamotrigine, and folic acid use was less 
prevalent among offspring with prenatal exposure to prega-
balin versus lamotrigine. These important measured differ-
ences among offspring with prenatal exposure to pregabalin 
versus comparators indicate the possibility of residual and 
unmeasured confounding, including confounding by familial 
history of neurodevelopmental outcomes.

Another possibility for residual confounding in this study 
is differential underdiagnosis of neuropsychiatric disorders, 
e.g., ADHD, among women with pregabalin-exposed preg-
nancies. Women with ADHD [50] are more likely to be 
smokers, to have a higher BMI, and to have a history of 
anxiety than women from the general population. It is pos-
sible that offspring with pregabalin exposure had a higher 
proportion of mothers with undiagnosed ADHD [50]. Given 
heritability of ADHD [51], children of mothers with ADHD 
may be at a higher risk of developing ADHD during the fol-
low-up. This may at least partly explain non-null association 
between prenatal exposure to pregabalin and ADHD found 
in this study. Differential underreporting of smoking in 
pregnancy by exposure status in the Nordic Birth Registries 
cannot be ruled out and could contribute to residual con-
founding; however, the proportion of false-positive smokers 
in both pregabalin-exposed and comparators is expected to 
be small [52, 53].

Any major congenital malformation was a composite 
outcome, which allowed increased statistical efficiency, 
however, it does not warrant a causal interpretation. The 
estimates for specific major congenital malformations and 
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stillbirth had low precision due to the low number of accrued 
events, and showed no pattern of an increased risk for any 
group of specific major congenital malformations among 
births with prenatal exposure to pregabalin versus compara-
tors. Although we cannot rule out the differential misclas-
sification of malformations in respect to offspring exposure 
to pregabalin, the outcomes in this study have high validity 
and the proportion of false positives is small [15].

5 � Conclusions

We found no evidence of an association between prenatal 
exposure to pregabalin and low birth weight, preterm birth, 
SGA, low Apgar score, and microcephaly when compared 
with no exposure to antiepileptic drugs or with active com-
parators. Similarly to the results of another large Nordic 
study, this study did not find evidence for an association 
between prenatal pregabalin exposure any time in preg-
nancy and increased risks of autism spectrum disorders or 
intellectual disability when compared with no exposure to 
antiepileptic drugs or with active comparators. Analyses of 
site-specific congenital malformations and stillbirths gained 
imprecise estimates due to low number of events, and the 
results did not suggest a pattern of specificity for congenital 
malformations. On the basis of the upper values of the 95% 
confidence intervals, increased risks in excess of 1.8 were 
unlikely for any major congenital malformation outcome and 
ADHD when compared with no exposure to antiepileptic 
drugs or with active comparators. Similarly, based on the 
upper values of the 95% confidence intervals, for stillbirth 
and most groups of specific major congenital malformations, 
increased risks in excess of 2.6 were unlikely in comparisons 
of prenatal exposure to pregabalin versus no AED exposure.
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