
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Reddy et al. BMC Pregnancy and Childbirth          (2025) 25:234 
https://doi.org/10.1186/s12884-025-07235-6

BMC Pregnancy and Childbirth

*Correspondence:
Akhila Srinivas Reddy
a.s.reddy@farmasi.uio.no

Full list of author information is available at the end of the article

Abstract
Objective  To provide an overview of the observational studies on child’s cognitive, linguistic, and educational 
outcomes following prenatal exposure to psychotropics and analgesics, including reporting of outcome measure 
validity and reliability.

Study design  We searched four databases, MEDLINE, Embase, PsycINFO, and PubMed from inception to September 
2023. We included all original studies involving participants less than 18 years old, who were prenatally exposed to 
psychotropics and/or analgesics with cognitive, linguistic, and/or educational outcomes and excluded those lacking 
comparison groups.

Results  80 studies were identified. Most studies (47%) focused on the effects of prenatal exposure to antiepileptics 
on child cognition. Valproate was consistently associated with an increased risk of neurodevelopmental disorders, 
whereas the results for other medications were sparse and conflicting. Neurodevelopmental outcomes were 
measured by psychometric assessments in 71 studies and by diagnostic codes in health care registries in nine studies. 
Only 33 of the 71 studies (46.5%) using psychometric measures mentioned the psychometric properties of the 
instruments used. In studies using diagnostic outcome measures, only one study reported positive predictive values 
and performed a sensitivity analysis to address outcome misclassification.

Conclusion  Except for valproate, there is a concerning lack of studies on the impact of prenatal exposure to 
psychotropics and analgesics on cognitive, linguistic, and educational outcomes with existing studies yielding 
inconsistent findings. Regardless of whether psychometric measures or diagnostic codes were used, most studies 
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Background
Prenatal exposure to prescribed psychotropics and anal-
gesics has become increasingly common, with recent 
studies estimating that approximately 2–8% of pregnant 
women use psychotropics, while up to 50–70% use anal-
gesics during pregnancy [1–3]. These medications cross 
the placenta and the blood-brain barrier and have the 
potential to interfere with normal brain development 
[4, 5]. Findings from animal studies suggest that early 
exposure to antidepressant medications can disrupt the 
development of the serotonin system in the foetal and/ 
neonatal brain. This disruption may lead to long-term 
neurobehavioral consequences [6, 7]. Consequently, 
there is a growing need to understand the potential long-
term effects of prenatal medication exposure on a child’s 
cognitive, linguistic, and educational outcomes [8, 9]. 
This need is motivated by the acknowledgment that the 
reproductive safety of medications cannot be assured 
without knowledge about the long-term neurodevelop-
mental effects on children [8, 10, 11].

The assessment of neurodevelopmental outcomes can 
be done using different measures, ranging from diagnos-
tic tools to parental screening instruments and neuropsy-
chological tests [12]. Moreover, school test results have 
been used to investigate educational achievements [13]. 
Two meta-analyses on cognitive outcomes after prenatal 
opioid exposure concluded that one of the key limita-
tions is the heterogeneity in instruments used to evalu-
ate neurodevelopmental outcomes [14, 15]. The diversity 
of measures used, along with their varying degrees of 
validity and reliability [16, 17], may impact the conclu-
sions drawn about long-term effects. Measures of high 
validity and reliability play an important role in assuring 
high-quality results from observational data. Hence, it is 
crucial to conduct a precise evaluation of these outcomes 
to identify neurotoxic medications in epidemiologic 
studies.

Despite the increasing attention to long-term devel-
opmental outcomes in medication safety studies, the 
scientific literature is still limited regarding the validity 
and reliability of the neurodevelopmental outcome mea-
sures. This review expands on our previous systematic 
review including studies up to April 2019 [8] by includ-
ing a broader range of cognitive, linguistic, and educa-
tional outcome measures. Hence, this study had a dual 
purpose: (1) to provide an overview of the characteris-
tics and study findings in observational studies on child’s 
cognitive, linguistic, and educational outcomes following 

prenatal exposure to psychotropics and analgesics and (2) 
to describe the reporting of validity and reliability of the 
outcome measures in the eligible studies.

Methods and materials
Search strategy
A systematic search was conducted from inception 
to September 10th, 2023 in MEDLINE, Embase, Psy-
cINFO, and PubMed databases in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) guidelines. Search strategies were developed by the 
authors (FF, MA), with support from a research librarian 
and other authors (JvKT, HN). An example of the search 
terms used can be found in the supplementary materials 
(Supplemental Table 4).

Inclusion and exclusion criteria
Inclusion criteria for participants, exposures, outcomes, 
study design, comparison group(s), and language were 
defined before the screening process. Participants were 
defined as children (< 18 years) born to mothers who 
used psychotropic and/or analgesic medication during 
pregnancy. All types of epidemiologic studies such as 
cohort and case-control studies were considered eligible 
for inclusion. Non-original studies (e.g., reviews, com-
mentaries), studies without a comparison group, quali-
tative studies, and animal studies were excluded. Studies 
were restricted to publications in English, but no restric-
tion on publication date was applied.

Exposures
Exposures were defined as prenatal exposure to anti-
epileptics (ATC-code N03), antidepressants (ATC-code 
N06A), antipsychotics (ATC-code N05A), anxiolytics 
(ATC-code N05B), hypnotics and sedatives (ATC-code 
N05C), and analgesics (Anatomical Therapeutic Chemi-
cal (ATC)-codes N02 and M01A).

Outcomes
The neurodevelopmental outcomes included both diag-
nostic codes and standardized psychometric instru-
ments. The diagnostic codes eligible for this review are 
divided into three domains: language, education, and 
cognition. Included diagnoses were ICD-10 code F80, 
specific developmental disorders of speech and language 
(language), ICD-10 code F81, specific developmental dis-
order of scholastic skills (education), and ICD-10 codes 

lacked a robust assessment of outcome measures, which threatens their validity and interpretability. Future studies on 
long-term prenatal medication safety need to focus on the accuracy of neurodevelopmental outcome measures.

Keywords  Pregnancy outcomes, Neurodevelopmental outcomes, Psychometric properties, Prenatal medication 
exposure
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F70-79, intellectual disabilities (cognition). Diagnoses 
were typically given by a paediatrician specialized in 
child development, and often after a multidisciplinary 
clinical evaluation.

Language, education, and cognition outcomes were 
also examined using psychometric instruments and 
assessments including clinical tests, screening tests, and 
checklists. These instruments were typically adminis-
tered by speech-language therapists, psychologists, phy-
sicians, nurses, researchers, teachers, and parents.

Most studies in this review focused on cognition, 
which was evaluated on different parameters including 
intelligence quotient (IQ) and general cognitive develop-
ment. Thus, cognition was further differentiated into IQ 
and general cognitive development which were explored 
as two different outcomes in this study.

Screening of articles
Search results from the four databases (PubMed, Embase, 
MEDLINE, and PsycINFO) were saved in the reference 
management system EndNote, where duplicates were 
removed. The remaining search results were uploaded to 
the systematic review data management platform Covi-
dence. Two reviewers (FF, MA) independently screened 
the titles and abstracts based on the inclusion criteria. 
After the initial screening full-text reports were obtained 
for all titles that appeared to meet the inclusion crite-
ria. A third reviewer was asked to evaluate the title and 
abstract to resolve any disagreement (JvKT or HN). Rea-
sons for excluding studies were recorded and listed in a 
PRISMA flowchart (Fig. 1). A meta- analysis was not per-
formed given the heterogeneity in the included studies in 
terms of age of the child and different methods of assess-
ments to ascertain the outcome.

AR extracted the data using a data extraction sheet 
(Supplemental Table 1). Data variables extracted from 
the eligible studies were qualitatively synthesised and 
were key study characteristics including design, type of 
data collection (primary and secondary), sample size, 
exposure, comparison group(s), outcome(s) measures, 
and type (diagnostic codes, psychometric instruments, 
age at assessment), reporting of confounders, statisti-
cal methods, and results (i.e., effect size after covariate 
adjustment).

For studies using psychometric outcome measures, 
we extracted information about the validity and reliabil-
ity of the instruments, whereas for studies using diag-
nostic outcome measures, we extracted information 
about how validity was assessed. This included report-
ing on validity measures (e.g., positive predictive values 
of the clinical diagnosis), use of various (validated) algo-
rithms to capture the clinical outcome, case validation, 
and/or performing bias analyses to address outcomes 
misclassification.

Psychometric outcome measures
We extracted all available qualitative and quantitative 
information reported about the psychometric properties 
(validity and reliability) of the instruments used in the 
eligible studies. This included validity and reliability mea-
sures reported from a normative sample (i.e., an exter-
nal sample used to obtain test norms) or from the study 
sample.

Validity is the extent to which an instrument truly mea-
sures the construct(s) it is intended to measure. Content 
validity focuses on the degree to which the concept being 
evaluated is fully covered by the measurement. Criterion 
validity refers to how well the assessment aligns with a 
gold standard. Construct validity is the measurement’s 
conformance to accepted theory and comprehension of 
the construct being assessed [18].

Reliability is the extent to which measurement is free 
from measurement error. It can be operationalized as the 
consistency of scores for the same person over repeated 
measurements under different conditions. Reliability can 
further be divided into internal and external reliability. 
Internal reliability is the uniformity of the assessment 
itself, i.e., whether multiple test components (items) 
meant to measure the same construct yield the same 
results. Cronbach’s alpha is a commonly used measure of 
the internal reliability of an assessment or test. It ranges 
between 0 and 1, and values between 0.70 and 0.95 typi-
cally indicate acceptable internal consistency [17].

External reliability involves using the same assessor at 
different time points (test-retest reliability) or using dif-
ferent assessors on the same occasion (inter-rater reli-
ability) to obtain a measure of agreement over time or 
across raters [19].

Data were stratified by medication exposure group and 
outcome of interest.

Results
The literature search yielded 7,984 references. After the 
removal of 2,452 duplicate references, 5,532 were left for 
the title and abstract screening. Of these, 232 references 
underwent full-text evaluation, resulting in 68 eligible 
studies. An updated literature search conducted from 
July 2022 to September 2023 identified an additional 12 
eligible studies. In total, 80 studies were included. Fig-
ure 1 shows the PRISMA flowchart.

Overview of the studies
An overview of the 80 eligible studies is presented in 
Table  1. The majority of perinatal pharmacoepide-
miologic studies on cognition, language, and educa-
tion outcomes were conducted in one or several of the 
Scandinavian countries (n = 27 studies), followed by the 
USA and the UK with 17 and 14 studies, respectively. 
The most common study design was a cohort design 
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(n = 69 studies), followed by case-control (n = 7 studies) 
and cross-sectional study design (n = 4 studies). Eligible 
studies ranged considerably in study size (10 to 24,825 
exposed children). Of the eligible studies, 69 focused 
on psychotropic medications. Among these, antiepilep-
tics were by far the most studied psychotropic medica-
tions with 45 out of 69 studies examining this medication 
group; 25 studies focused on other psychotropic medica-
tions including antidepressants (n = 21 studies), anxiolyt-
ics (n = 3 studies), antipsychotics (n = 3 study), hypnotics 
(n = 3 studies), and sedatives (n = 1 study); and 11 focused 
on analgesics. One study included both antiepileptics 
and other psychotropics. Due to the substantial num-
ber of studies focused on antiepileptics, this medication 

group is described separately from other psychotropics. 
In total, 60 studies assessed cognitive outcomes such as 
IQ and cognitive development, 19 evaluated language 
and language development, and 15 examined educa-
tional outcomes (Fig.  2). Most papers assessed several 
outcomes within the same study. In 49 studies, neurode-
velopmental outcomes were assessed by healthcare pro-
fessionals such as psychologists, and nurses or by trained 
researchers (Table 1; Supplemental Tables 2, and Fig. 1). 
Psychologists were the most common administrators 
of the instruments (n = 23 studies). Confounders were 
accounted for in 73 studies, either by adjustment or by 
matching. Typical covariates were maternal age, ethnic-
ity, education, socioeconomic status, maternal cognitive 

Fig. 1  PRISMA flowchart (*Outcomes are not mutually exclusive)
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ability, maternal prenatal depressive symptoms, maternal 
smoking, and alcohol intake during pregnancy.

Detailed characteristics and results for the included 
studies are presented in the Supplemental Table 1. An 
overview of the confounders assessed can be found in the 
supplemental text. Below, the main results are presented.

Antiepileptics
Study characteristics
Antiepileptics were the most studied medication group 
(n = 45 studies, median sample size of 176 (interquartile 
range (IQR): 96–538)) exposed children [9, 13, 20–56]. 
Of the studies on antiepileptics, 25 papers assessed IQ 
as a measure of child cognition, and 13 studies assessed 
general cognitive development. Language development 
and educational attainment were assessed in eight papers 
each. In these studies, developmental outcomes were 
assessed from the age of one to 19 years. Psychometric 
instruments were administered in 39 studies, whereas 
the remaining six studies employed diagnostic outcome 
measures. In 27 studies, the assessments were performed 
by psychologists or researchers using psychometric 
instruments.

Study findings
IQ and cognitive development  Studies assessing expo-
sure to antiepileptics and IQ (n = 25 studies) as a measure 
for cognition were unanimous in their conclusion on neg-
ative effects after valproate and antiepileptic polytherapy 
exposure on IQ (n = 17 studies) [9, 20, 25–27, 29, 31, 33, 
34, 36, 37, 39–41, 46, 50, 52]. Findings regarding effects 
on IQ following exposure to other antiepileptics such as 
carbamazepine, lamotrigine, and topiramate were incon-
sistent [9, 20, 25–27, 29, 31, 33, 35–37, 39–41, 46, 50–55]. 
Thirteen studies assessed antiepileptic exposure and 
general cognitive development outcomes. Seven stud-
ies reported that valproate was associated with negative 
developmental outcomes when compared to other anti-
epileptics or the unexposed population [38, 43, 44, 47, 48, 
56, 57]. While other study reported no significant differ-
ences [58]. Three studies reported no association between 
lamotrigine and levetiracetam exposure and general cog-
nitive development [21, 28, 59]. Another study didn’t find 
any difference between the verbal index scores of children 
of women with and without epilepsy [60]. Please refer to 
Supplemental Table 1 for effect estimates.

Language  Eight studies investigated exposure to antiepi-
leptics and language outcomes. Five studies found valpro-
ate to be associated with a greater risk of language delays 
when compared to other antiepileptic drugs (AED) and to 
the unexposed population [23, 24, 38, 42, 44]. One study 
showed an association between exposure to lamotrigine 
and speech delay [28]. Another study found no difference 
between children of women with and without epilepsy 
[58].

Education  Educational outcomes were assessed in eight 
studies on different parameters such as learning disabili-
ties (LD), school performance, and special educational 
support. Prenatal exposure to valproate was associated 

Table 1  Study characteristics of the 80 studies included in the 
scoping review
Study characteristics Number of 

studies (%)
Outcome measure
Psychometric 
instruments/tests

Diagnos-
tic codes

Total 80 (100%) 71 (88.7%) 9 (11.3%)
Countrya

Scandinavian
USA
UK
Others

27 (33.7%)
17 (21.3%)
14 (17.5%)
29 (36.2%)

21 (29.6%)
15 (21.1%)
14 (19.7%)
28 (39.4%)

6 (66.7%)
2 (22.2%)
-
1 (11.1%) 
(France)

Study design
Cohort
Case-control
Cross-sectional

69 (86.2%)
7 (8.7%)
4 (5.0%)

60 (84.5%)
7 (9.8%)
3 (4.2%)

9 (100%)
-
-

Type of data collection
Primary
Secondary

60 (75%)
20 (25.0%)

60 (84.5%)
11 (15.5%)

-
9 (100%)

Exposureb

Antiepileptics
Other psychotropics
Analgesics

45 (56.2%)
25 (31.2%)
11 (13.7%)

40 (56.3%)
22 (31.0%)
10 (14.1%)

5 (55.5%)
3 (33.3%)
1 (11.1)

Outcome of interestc

Cognition
  IQ
  Cognitive 
development
Language
Education

34 (42.5%)
23 (28.7%)
21 (26.2%)
15 (18.7%)

30 (42.2%)
16 (22.5%)
20 (28.1%)
13 (18.3%)

4 (44.4%)
4 (44.4%)
1 (11.1%)
2 (22.2%)

Source of outcome measure
Psychologist
Researchers
Diagnostic codes
Teachers
Parents
Computerized test
Nurse
Paediatrician
Not specified

23 (28.7%)
24 (30.0%)
9 (11.2%)
7 (8.7%)
6 (7.5%)
3 (3.7%)
1 (1.2%)
1 (1.2%)
6 (7.5%)

23 (32.4%)
18 (25.3%)
-
7 (9.8%)
6 (8.4%)
3 (4.2%)
1 (1.4%)
1 (1.4%)
6 (8.4%)

-
-
9 (100%)
-
-
-
-
-
-

Psychometric propertiesd

Validity
Reliability
Not mentioned

30 (37.5%)
15 (18.7%)
43 (53.7%)

27 (38.0%)
15 (21.1%)
37 (52.1)

3 (33.3%)
-
6 (66.6%)

Confounder control
Adjustment
Matching
Not specified

62 (77.5%)
11 (13.7%)
7 (8.7%)

53 (74.6%)
11 (15.5%)
7 (9.8%)

9 (100%)

a Some studies were multinational; thus, the numbers add up to more than 
100%. 6 studies in the UK and the USA and 1 study in the USA and Brazil. b 
one study includes antiepileptics and psychotropics. c Outcomes are not 
mutually exclusive. d Nine studies reported both the validity and reliability of 
psychometric instruments
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with the risk of LD, poorer school performance, and provi-
sion of special educational support (n = 4 studies) [13, 29, 
30, 49]. One study found that children prenatally exposed 
to antiepileptic polytherapy had an increased risk of not 
receiving a final grade in the last year of compulsory school 
[45]. Two studies found no association between prenatal 
antiepileptic exposure and receiving a grade point average 
less than 2 above 9th grade [32, 61]. One study found that 
compared to state-wide averages exposed children had 
delayed initiation of education, increased dropout rates 
and usage of special assistance [57].

Other psychotropics
Study characteristics
There were 25 studies that reported neurodevelopmen-
tal outcomes after exposure to psychotropics other than 
antiepileptics (median sample size 130 (IQR: 35-3982) 
exposed children) [32, 62–82]. Of these, antidepres-
sants were the most frequently investigated psychotro-
pic medication group (n = 21 studies). The most studied 
developmental outcome was cognition including IQ and 
general cognitive development (n = 13 studies). Language 
outcomes were assessed in nine studies, and educational 
attainment in six studies. Neurodevelopmental outcomes 
after other psychotropic exposure were assessed in chil-
dren from the age of 6 months to 19 years.

Study findings
IQ and cognitive development  14 studies assessed the 
effects of exposure to other psychotropics on cognition. 
Nine studies found no association between antidepres-

sant exposure and cognitive abilities in children [67, 69, 
72, 73, 76, 79–83]. However, three studies on antidepres-
sant exposure [63, 68, 77] and one on benzodiazepines 
(BZD) and z-hypnotics [64] found the exposed group 
to have lower cognitive abilities than the control group. 
One study on antipsychotics found no difference between 
exposed and unexposed children’s IQ [84].

Language  Among the nine studies that assessed the 
association between other psychotropics exposure and 
language outcomes, six studies reported an association 
between antidepressant and anxiolytic exposure and 
lower language skills [65, 69–71, 74, 75, 78]. Two studies 
did not find any association [81, 82].

Education  Among the six studies on educational out-
comes after prenatal exposure to other psychotropics, 
three studies found an association between antidepres-
sant exposure and special education support [62, 66, 85], 
while the other three studies found no association [32, 71, 
83].

Analgesics
Study characteristics
Neurodevelopmental outcomes following analgesic expo-
sure were assessed in 11 studies, with a median sample 
size of 446 (IQR: 1034–3727) exposed children [86–94]. 
Eight studies assessed prenatal exposure to acetamino-
phen/paracetamol, while the remaining studies inves-
tigated exposure to opioid analgesics (n = 2 studies) and 
aspirin (n = 1 study). Cognition (n = 6 studies) was the 

Fig. 2  Neurodevelopmental outcomes evaluated in eligible studies. Some studies evaluated more than one outcome
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predominant outcome in this category, with four studies 
on IQ and two on general cognitive development. Out-
comes were assessed in children from the age of two to 11 
years. Only one study employed the diagnostic codes. Six 
studies used psychometric instruments administered by 
psychologists and researchers, three studies used paren-
tal, nurse, and teacher questionnaires, and one study did 
not specify the test administrator.

Study findings
IQ and cognitive development  Seven studies found no 
association between analgesic exposure and cognitive 
outcomes [88–90, 92–95]. While one study found associa-
tion between analgesic use in pregnancy and intellectual 
disabilities in children [96].

Language  Two studies examined the association 
between prenatal analgesic exposure and child linguistic 
outcomes. One study found an association between expo-
sure to acetaminophen and language delay in girls but not 
in boys [91]. Another study found no differences between 
opioid analgesics exposed and unexposed children [87].

Education  One study on analgesic exposure and edu-
cational outcomes found the exposed children to score 
lower on literacy and numeracy tests [86].

Psychometric properties of the developmental outcome 
measures
Only 33 of the 71 eligible studies (46.5%) commented 
on the validity and/or reliability of the instruments. Of 
these, validity was mentioned in 27 studies, reliability 
was mentioned in 15 studies, and nine studies reported 
both validity and reliability (Fig. 3). Further, out of the 33 
papers that discussed psychometric properties, only two 
papers explicitly mentioned all the subclassifications of 
validity and reliability [27, 47]. Studies generally reported 
psychometric properties from normative samples origi-
nally used to validate the instrument (22 out of 33 stud-
ies) rather than the actual study sample. Only 11 studies 
out of 33 reported on validity (n = 6 studies) and reli-
ability (n = 9 studies) for the study sample (Supplemen-
tal Fig. 2). An overview of reporting of the psychometric 
properties in the eligible studies is provided in Supple-
mental Table 2.

Fig. 3  Psychometric properties reported by the eligible studies (n = 71)
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Of the 27 studies that provided information on validity, 
16 studies did not specify the type of validity but instead 
mentioned that the instrument used was considered a 
gold standard, valid, or had undergone external valida-
tion. Regarding reliability, seven studies commented on 
external reliability, six studies discussed internal reliabil-
ity, and two studies did not specify the type of reported 
reliability. An overview of these psychometric instru-
ments, classified by outcomes, is given below.

IQ and cognitive development
Out of 60 studies examining child’s cognitive outcomes, 
both IQ and cognitive development, 18 studies addressed 
the validity of the psychometric instruments used, while 
11 commented on their reliability. Only eight studies 
reported on both the properties. It was more common 
for studies to report the psychometric properties of the 
normative sample, with 15 studies doing so, compared to 
eight studies that reported on the psychometric proper-
ties for the study sample. Most of studies, eleven in total, 
discussed either external or internal reliability [27, 31, 34, 
36, 47, 52, 64, 67, 76, 92], while six studies specified the 
type of validity being reported [27, 47, 67, 89, 93, 95].

Language
Out of 19 studies examining child language outcomes, 
nine studies reported on the validity of the outcome 
measures used, while only two reported on reliability. 
Only two studies addressed both validity and reliability. 
Reporting on the psychometric properties of the norma-
tive sample was more common, with eight studies doing 
so, compared to just one study that reported the proper-
ties of study sample. Only three studies specified the type 
of validity being addressed [65, 70, 87], while the others 
noted that the instrument used was considered the gold 
standard. Furthermore, only one study commented on 
external reliability [65].

Education
Of the 15 studies that evaluated child educational out-
comes, only two mentioned the validity of the outcome 
measures used, and just one addressed reliability. Two 
studies reported the psychometric properties for the 
study sample, while only one reported these for the nor-
mative sample. None of the studies specified the type of 
validity, while only one study reported on external reli-
ability [62].

Assessment of outcomes in studies using diagnostic codes
Nine studies used diagnostic outcome measures to eval-
uate neurodevelopmental outcomes in children. Only 
three of these studies addressed to some extent the 
validity of the diagnostic outcome measure (Table  2). 
Bjørk et al. referred to positive predictive values of ASD 

diagnostic codes [20] and performed a sensitivity analysis 
that required two diagnostic codes to address outcome 
misclassification. Blotiere et al. acknowledged that the 
diagnostic codes used were not externally validated [25]. 
Suarez et al. used validated algorithms to identify neuro-
developmental disorders in children [83]. The remaining 
six studies did not acknowledge or report on the validity 
of the diagnostic codes.

Discussion
This study examined the impact of prenatal exposure to 
psychotropic and analgesic medications on children’s 
neurodevelopmental outcomes. A total of 80 eligible 
studies were analysed, covering cognitive function, lan-
guage development, and educational attainment. Anti-
epileptics were the most studied medication (n = 45 
studies), followed by antidepressants, BZD, and z-hyp-
notics (n = 25 studies). Reporting on the validity and 
reliability of outcome measures was limited, with only 
46.5% (33/71 studies) of the studies using psychometric 
instruments and 33.3% (3/9 studies) of the studies using 
diagnostic codes providing any such information. The 
findings emphasize the need for standardized reporting 
and assessment practices in this area of research.

Summary of findings
Antiepileptics have been extensively studied for their 
potential adverse effect on neurodevelopmental out-
comes. Of the 45 studies on antiepileptics, prenatal val-
proate exposure was consistently associated with poorer 
child cognitive and linguistic abilities. However, the 
results for other antiepileptics were somewhat conflict-
ing. A recent study reported an association between 
prenatal topiramate exposure and increased risk of neu-
rodevelopmental disorders [20]. This study also identified 
a time-dependent effect, indicating that children exposed 
to topiramate in the first trimester exhibited a higher rate 
of adverse neurodevelopmental outcomes compared to 
unexposed children. This signal raised concern among 
health authorities such as the Medicines and Healthcare 
products Regulatory Agency (MHRA) and the Euro-
pean Medicines Agency (EMA). While awaiting further 
research, caution should be exercised when prescribing 
this medication to women of child-bearing age.

This review identified an significant knowledge gap 
concerning educational and language outcomes after pre-
natal exposure to BZD, hypnotics, sedatives, and analge-
sics. Despite the prevalence of these medications in the 
pregnant population, there have been relatively few stud-
ies investigating the effects on exposed children’s educa-
tional and linguistic outcomes. It is well established that 
BZD can cross both placental and blood-brain barrier 
and bind to γ-amino butyric acid receptors in the devel-
oping foetal brain, potentially impacting brain growth 
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and development [98, 99]. Prescription use of BZD are 
becoming increasingly common in pregnancy [100], and 
potential long-term effects of in-utero exposure to these 
medications should be established. Additionally, the use 
of analgesics in pregnancy has increased over the past 
decade [101]. However, only nine studies of this medica-
tion group were identified in this study.

There were 34 papers that focused on IQ as a mea-
sure of child cognition. However, the use of IQ tests 
alone is not an optimal method for measuring broader 
cognitive abilities. For example, McVerry et al. [47] 
have demonstrated that the susceptible phases of neo-
cortical development are heterochronic and rely on 
the regional formation of cortical structures and func-
tions. Indeed, evidence suggests that IQ tests do not 
adequately assess the functional integrity of neocortical 
areas that mediate the full range of higher-order cogni-
tion [102]. Consequently, IQ tests may not fully capture 
the effects of prenatal exposure to teratogens in the con-
text of child development [103]. This highlights the need 
for more comprehensive tools to understand the com-
plex brain-behaviour interactions involved in cognitive 
development. Therefore, studies investigating the effect 
of potential teratogens on cognition should consider 

examining other areas of cognitive functioning, such as 
socioemotional, linguistic, educational, and behavioural 
outcomes, which all are critical for child development 
[104, 105]. Furthermore, long-term follow-up is essen-
tial to monitor outcomes with varying developmental 
progressions. For instance, language skills are difficult to 
assess accurately using standardized tests before the ages 
of 3–5, while literacy and educational outcomes can only 
be reliably evaluated once a child has had sufficient learn-
ing opportunities in primary education. This emphasizes 
the importance of selecting appropriate age of evaluation 
for these outcomes.

This review identified that important confounders like 
maternal IQ were not accounted for in many (61.7%) eli-
gible studies assessing child IQ. The influences of mater-
nal cognitive competencies and maternal education on 
children’s IQ have been a topic of discussion [106]. It is 
crucial to account for important confounders to obtain 
robust results.

Reporting on validity and reliability
The reproducibility of findings is pivotal for research 
on prenatal medication exposure and neurodevelop-
mental outcomes to support informed decisions about 

Table 2  Overview of methods used to address the validity of outcome measures in studies using diagnostic codes (n = 9 studies)
Reference Exposure Outcomesa Data source Method

Validity of 
outcome 
discussed

Restric-
tion to 
x2 Dx 
codes

Vali-
dated al-
gorithm 
used

Re-
port-
ing 
PPVs

Case 
validation

Quan-
titative 
bias 
analysis

Dudukina et al. (2023) 
[97]

AED ASD; ADHD; ID Nordic registries --- --- --- --- --- ---

Chowdhury et al. (2023) 
[96]

Analgesic ASD; ID USA --- --- --- --- --- ---

Suarez et al. (2022) [83] SSRI ASD; ADHD; 
SLD; LD; ID; BD; 
DCD

USA Yes --- --- --- --- ---

Bjørk et al. (2022) [20] AED ASD; ID; NDD Nordic registries --- Yes --- ASD: 
PPVs
86–
90%

--- ---

Daugaard et al. (2020) 
[22]

AED ID; ID/DD Danish registries --- --- --- --- --- ---

Blotiere et al. (2020) [25] AED NDD; MD; DD; 
CRD

French registries Acknowl-
edged no 
validation

--- --- --- --- ---

Bech et al. (2018) [29] AED MD; DD; ASD; 
BD

Danish registries --- --- --- --- --- ---

Viktorin et al. (2017) [68] SSRI ID Swedish 
registries

--- --- --- --- --- ---

Brown et al. (2016) [71] SSRI Language; 
education

Finnish registries --- --- --- --- --- ---

a For the specific ICD-10 diagnostic codes, please refer to Supplemental Table 3

Abbreviations: AED: antiepileptic drugs, ASD: autism spectrum disorder, ADHD: Attention deficit hyperactivity disorder, BD: behavioural disorder, SLD: speech/
language disorder, LD: learning disorder CRD: communication-related disorder, DD: delayed childhood outcomes, Dx: diagnosis, ID: intellectual disability, MD: 
mental retardation, NDD: Neurodevelopmental disorders, PPV: positive predictive value, PV: predictive value, x2: restricted to two diagnostic codes (main or 
sensitivity analysis)
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medication use in pregnancy. Among the 33 studies that 
discussed the validity and/or reliability of the outcome 
measure, there was a lesser focus on assessing reliability. 
The reason for this remains uncertain. However, there are 
several factors that may contribute to the discrepancy. 
Firstly, it is possible that reporting validity is easier and 
less time-consuming, given the availability of literature 
on validated instruments. In contrast, assessing reliabil-
ity requires repeated evaluations by the authors or test 
administrators, as it can vary substantially between study 
samples. Secondly, when researchers collect test scores 
from medical journals or reports, the necessary item-
level data required for calculating internal reliability is 
often unavailable. Lastly, the lack of awareness regarding 
the importance of validity and reliability may result in 
these properties not being adequately evaluated.

This review highlights the need for increased empha-
sis on evaluating the validity and reliability of psycho-
metric outcome measures. To provide robust evidence 
about possible associations between prenatal medica-
tion exposure and neurodevelopmental outcomes, stud-
ies must carefully consider and report the psychometric 
properties of the instruments used. One reason why reli-
ability information for outcome measures is crucial is 
that low reliability reduces statistical power. Thus, the use 
of less reliable measures may obscure true relationships 
between medication exposure and child outcomes. While 
presenting a tool’s psychometric characteristics based on 
previous research is a good starting point, it is rarely con-
sidered sufficient. Researchers should adhere to estab-
lished standards in determining the validity, reliability, 
and interpretation of psychometric test results for their 
specific study samples.

Studies that use outcome measures based on diag-
nostic codes often lack descriptions of code validity or 
measures to address outcome misclassification. There-
fore, researchers are encouraged to utilize validated 
algorithms, whenever feasible, to identify neurodevelop-
mental outcomes in health care registries. It is important 
to note that even data derived from such registries is not 
free of coding errors and misdiagnosis, as evidenced by 
previous studies [107]. To reduce invalid causal inference 
and outcome misclassification, the use of sensitivity anal-
ysis or well-validated outcome algorithms is necessary 
[107]. Very few studies using diagnostic outcome mea-
sures from health care registries attempt to quantitatively 
evaluate bias due to outcome misclassification [108]. 
Quantitative bias analyses, such as probabilistic bias anal-
ysis, enable the assessment of the direction, uncertainty, 
and magnitude of the bias by simulating the bias parame-
ters [108, 109]. Probabilistic bias analysis allows research-
ers to assess how the association of risk factors and the 
exposure estimates changes with bias parameters [110]. 
Despite the concern regarding the impact of systematic 

error on associations and study results in pharmacoepi-
demiologic studies [111, 112], only one study included in 
this review attempted to address outcome misclassifica-
tion in the analysis.

Strengths and limitations
The strength of this scoping review includes a compre-
hensive article search in four databases, adherence to the 
PRISMA guidelines, data extraction performed by three 
different authors, and evaluation by a multidisciplinary 
team with expertise in pharmacoepidemiology and chil-
dren’s cognitive development. Some limitations should 
be acknowledged. The present study did not include all 
neurodevelopmental outcomes, such as socio-emotional, 
and behavioural disorders. Thus, future studies should 
consider including other neurodevelopmental outcomes 
as well.

Conclusion
This review highlights several knowledge gaps and chal-
lenges in prenatal studies of medication use with cog-
nitive, linguistic, and educational outcomes. Among 
the 80 eligible studies, the majority focused on prenatal 
exposure to antiepileptics, with consistent associations 
found between valproate use and neurodevelopmental 
outcomes. In contrast, relatively few studies assessed the 
effects of prenatal exposure to antidepressants, antipsy-
chotics, benzodiazepines, and analgesics, and these stud-
ies presented inconsistent findings. Twenty-nine studies 
assessed offspring IQ, whereas other cognitive, linguistic, 
and educational outcomes were assessed in a minority of 
studies. Consequently, future studies should widen the 
scope both with regard to medications and neurodevel-
opmental outcomes studied.

More than half of the studies using psychometric mea-
sures did not report on the validity and reliability of the 
outcome measures. Using validated and reliable psycho-
metric instruments and reporting on their properties 
is essential in future studies. Moreover, further studies 
using diagnostic outcome measures should use validated 
outcome algorithms, sensitivity analysis and modelling 
methods to address outcome misclassification. Taking 
such measures are critical to the generation of robust 
results, and to enable well-founded conclusions about 
medication safety in pregnancy.
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