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Abstract
Background  Increasing numbers of reproductive-aged women are using attention-deficit/hyperactivity disorder (ADHD) 
medications. Findings from studies exploring the safety of these medications during pregnancy are mixed, and it is unclear 
whether associations reflect causal effects or could be partially or fully explained by other factors that differ between exposed 
and unexposed offspring.
Objectives  The aim of this systematic review was to evaluate the adverse pregnancy-related and offspring outcomes associ-
ated with exposure to prescribed ADHD medication during pregnancy with a focus on how studies to date have handled the 
influence of confounding.
Methods  We searched PubMed, Embase, PsycINFO, and Web of Science up to 1 July 2019 without any restrictions on lan-
guage or date of publication. We included all observational studies (e.g., cohort studies, case–control studies, case–crossover 
studies, cross-sectional studies, and registry-based studies) with pregnant women of any age or from any setting who were 
prescribed ADHD medications and evaluated any outcome, including both short- and long-term maternal and offspring 
outcomes. Two independent authors then used the Newcastle–Ottawa Scale to rate the quality of the included studies.
Results  Eight cohort studies that estimated adverse pregnancy-related and offspring outcomes associated with exposure to 
ADHD medication during pregnancy were included in the qualitative review. The included studies had substantial meth-
odological differences in data sources, type of medications examined, definitions of studied pregnancy-related and offspring 
outcomes, types of control groups, and confounding adjustment. There was no convincing evidence for teratogenic effects 
according to the relative risk of pregnancy-related and offspring outcomes, and the observed differences in absolute risks 
were overall small in magnitude. Adjustment for confounding was inadequate in most studies, and none of the included 
studies adjusted for ADHD severity in the mothers.
Conclusion  The current evidence does not suggest that the use of ADHD medication during pregnancy results in significant 
adverse consequences for mother or offspring. However, the data are too limited to make an unequivocal recommendation. 
Therefore, physicians should consider whether the advantages of using ADHD medication outweigh the potential risks for the 
developing fetus according to each woman’s specific circumstances. Future research should attempt to triangulate research find-
ings based on a combination of different designs that differ in their underlying strengths and limitations and should investigate 
specific confounding factors, the potential impact of timing of exposure, and potential long-term outcomes in the offspring.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​3-020-00728​-2) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder affecting 5% of children and 

adolescents and about 2.5% of adults worldwide; it is well-
established that impairing ADHD persists into adolescence 
and adulthood in many individuals [1, 2]. In particular, girls 
with ADHD in childhood have a substantial likelihood of 
also continuing to be diagnosed with ADHD in adulthood [3, 
4]. Meta-analytic evidence from double-blind randomized 
controlled trials (RCTs) shows that stimulant ADHD medi-
cations are highly, and nonstimulants moderately, efficacious 
in the short term to reduce the core symptoms of ADHD in 
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children, adolescents, and adults [5]. As with all medication 
and some nonpharmacological approaches, ADHD medica-
tions may be associated with adverse events, which in most 
cases can be managed without stopping the medication when 
effective [6]. The most recent ADHD treatment guideline 
was written by the National Institute for Health and Care 
Excellence (NICE) in the UK [7]. This guideline recom-
mends methylphenidate as the first-line treatment, lisdexa-
mfetamine or other amphetamines as second-line treatment, 
and atomoxetine or guanfacine (both nonstimulant medica-
tions) as third-line treatments for school-aged children and 
adolescents. In adults, methylphenidate or lisdexamfetamine 
(or other amphetamines) and atomoxetine are recommended 
as first- and second-line treatment, respectively. According 
to the updated ADHD guildline from American Academy 
of Pediatris (AAP), behavior therapy is recommended as the 
first-line treatment for preschoolers, while the combination 
therapy with both behavior therapy and medication treatment 
is recommended for elementary school-aged children (6–11 
years of age) and preferred for adolescents (12–18 years of 
age) [8]. However, to our knowledge, there are no specific 
recommendations for adults with ADHD in the USA.

Appropriate treatment for ADHD is an important public 
health issue, as the disorder is associated with high rates of 
psychiatric [9, 10] and somatic [11, 12] comorbidity as well as 
increased risk for poor educational, occupational, and social 
outcomes [9, 13, 14]. A recent large, population-based study 
using prescription databases from 13 countries and one spe-
cial administrative region identified a sharp increase in ADHD 
medication prescriptions during the last decade, though this 

varied substantially across countries [15]. Research has also 
found that the prescribing prevalence of ADHD medication 
has increased more rapidly among adults than among chil-
dren and adolescents [16, 17], particularly in women [18]. A 
growing number of women, therefore, enter their reproductive 
years while receiving medication for ADHD or are diagnosed 
and start medication during their reproductive years.

Given these trends, there is a need to accurately under-
stand the potential effects of maternal pharmacotherapy dur-
ing pregnancy on pregnancy-related outcomes and offspring 
development. This need is particularly salient given the his-
torical context of research on prenatal stimulant exposure. 
Amidst a period of increased cocaine (an illicit stimulant) 
use in the 1980s in the USA, preliminary research showing 
adverse birth outcomes led to dire predictions regarding the 
medical, behavioral, and social outcomes of the so-called 
crack babies [19–22]. However, subsequent research showed 
that such predictions were largely unfounded, as infants, 
children, and adolescents prenatally exposed to cocaine ulti-
mately demonstrated physical development and cognitive and 
academic outcomes comparable to those in similar nonex-
posed youth [21, 23–25]. Studies that observed differences 
(e.g., behavioral and cognitive problems) generally indicated 
that potential causal effects of stimulant exposure are modest 
in magnitude [26, 27]. This broader historical context high-
lights that the current limited research on ADHD pharmaco-
therapy in pregnancy needs to be carefully reviewed in detail.

Fetal exposure to common ADHD medications in ani-
mals has shown limited evidence of adverse effects at or 
below the equivalent maximum recommended human dose 
(MRHD) on a mg/m2 basis. In mice, methylphenidate was 
shown to pass the placenta with ensuing pharmacologically 
significant concentrations in the fetal brain [28]. Addition-
ally, mice exposed to 5 mg/kg methylphenidate in utero had 
decreased anxiety-related behaviors and increased impulsiv-
ity and compulsivity [29, 30]. However, gestational exposure 
to methylphenidate in rats and rabbits at or below the MRHD 
did not demonstrate significant adverse effects in the exposed 
fetuses [31–33]. In contrast, pregnant rabbits given methyl-
phenidate at 40 times the MRHD had an increased incidence 
of fetal spina bifida [33]. In pregnant rats given seven times 
the MRHD of methylphenidate, increased incidences of fetal 
skeletal variations and maternal toxicity were observed, and 
rats exposed to four times the MRHD had offspring with 
decreased body weight gain [33]. Additionally, offspring to 
pregnant rats treated with twice the MRHD during gestation 
displayed elevated expression of dopamine markers in the 
brain and decreased preference and motivation for sucrose 
[34]. Similar to methylphenidate, amphetamines have also 
been shown to pass the placenta in mice [35], and exposure 
to amphetamines in mice during gestation at doses 41 times 
the MRHD had embryotoxic and teratogenic effects [36]. 
Yet, no embryotoxic or teratogenic effects was observed in 

Key Points 

Increasing numbers of reproductive-age women are 
using attention-deficit/hyperactivity disorder (ADHD) 
medications, but the safety of these medications during 
pregnancy remains unclear.

At present, the few available studies indicate that the 
absolute risks of adverse pregnancy-related and offspring 
outcomes associated with ADHD medication use during 
pregnancy are low. The studies, particularly the most 
methodologically rigorous studies, also suggest that 
there is no clear evidence to indicate that prenatal expo-
sure to ADHD medication results in clinically significant 
adverse effects.

More studies are still needed to evaluate both the con-
sequences of using ADHD medication during different 
specific pregnancy periods and the longer-term outcomes 
in offspring, with various study designs to adjust for 
confounding.
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rabbits given the drug at seven times the human dose [37] or 
in rats given 12.5 times the MRHD [38]. Atomoxetine and 
its metabolites were shown to pass the placenta in pregnant 
rats, although with substantially less exposure in fetal tissue 
than in maternal tissue [39]. According to unpublished data, 
atomoxetine at a dose approximately 23 times the MRHD 
reduced the rate of live births and increased resorption [40]. 
Thus, the existing animal literature suggests stimulant and 
nonstimulant ADHD medication well above MRHD is asso-
ciated with adverse outcomes, but relatively few adverse 
effects have been documented at doses equivalent to MRHD.

In humans, observational studies have provided some infor-
mation regarding the safety of ADHD medication use during 
pregnancy. The pooled estimates from a recent meta-analysis 
[41] of eight cohort studies demonstrated that exposure to 
ADHD medication during pregnancy was associated with an 
elevated risk of neonatal intensive care unit (NICU) admission 
but not of other adverse pregnancy-related and offspring out-
comes. However, it is important to consider whether these find-
ings could reflect a causal effect of prenatal ADHD medica-
tion exposure or, alternatively, systematic differences between 
exposed and unexposed pregnancies. In particular, observa-
tional treatment studies need to account for confounding by 
indication, that is, patients who are medicated are usually more 
symptomatic and have more comorbid conditions than those 
who are not on medication. Therefore, patients exposed and 
unexposed to a particular intervention or treatment might not 
be comparable, limiting the ability to draw causal inference. 
Providing a clear and comprehensive covariate selection is nec-
essary for a better interpretation of the results from observa-
tional studies [42]. Consequently, it is important to evaluate the 
extent to which available observation studies have adjusted for 
the relevant confounders to block confounding by indication.

We could not find any specific clinical guidelines regarding 
the use of ADHD medication during pregnancy. The general 
guidance on the use of psychotropics in pregnancy from the 
British Association of Psychopharmacology (BAP) [43] high-
lights that data on the safety of ADHD medications used in 
the perinatal period are limited. The BAP recommends that 
the decision as to whether medication should be continued 
during pregnancy and breastfeeding, and the choice of medica-
tion, should be based on the general principles of the guidance. 
Therefore, there is a need for high-quality evidence to support 
guidelines for the use of ADHD medication during pregnancy.

We reviewed observational studies exploring associations 
between prescribed ADHD medication in pregnancy and 
pregnancy-related and offspring outcomes. To contribute to 
such evidence, this systematic review aimed to extend the 
previous meta-analysis [41] in four important ways. First, the 
present study appraised and synthesized the available evi-
dence on the safety of ADHD medication use during preg-
nancy using qualitative methods with a focus on methodologi-
cal considerations. Given the substantial heterogeneity across 

included studies regarding data sources, types of medications 
examined, definitions of pregnancy-related and offspring out-
comes, and types of control groups, the results from the previ-
ous meta-analysis should be interpreted with great caution. 
Second, although the previous meta-analysis highlighted sub-
stantial variation in confounding adjustment across studies, 
we compared the confounding control strategies across studies 
and discuss the potential influences of confounding on the 
pooled estimates (e.g., confounding by indication via maternal 
ADHD). Third, we report absolute risks of outcomes (e.g., 
by calculating risk differences [RDs]), which is important for 
a better understanding of the real-world population effects 
of ADHD medications, instead of solely reporting relative 
risks. Finally, we highlight and discuss limitations related to 
control of potential confounders and provide directions for 
future studies to address these limitations, given the potential 
for confounding factors (whether measured, unmeasured, or 
unknown) to bias the estimates from observational studies.

2 � Methods

2.1 � Search Strategy and Selection of Studies

We applied the standard methodological guidelines of 
the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis) statement [44]. We system-
atically searched PubMed, Embase, PsycINFO, and Web of 
Science using a prespecified search strategy to identify all 
studies in humans published up to 1 July 2019, evaluating 
associations with ADHD medication use during pregnancy. 
Detailed information on the search terms and syntax for each 
database are reported in Table S1 in the electronic supple-
mentary material (ESM). We did not impose any restrictions 
on language or date of publication. Two authors (LL and 
AS) also searched the reference lists of selected papers to 
retrieve any possible additional pertinent publications that 
could have been missed in the electronic search.

We included all pertinent observational studies on 
humans, including cohort studies, case–control studies, 
case-crossover studies, cross-sectional studies, and registry-
based studies; studies including pregnant women of any age 
or from any setting; and studies evaluating any outcome, 
including both short- and long-term maternal and offspring 
outcomes. We excluded studies focused on illicit medication 
use, as well as reviews, books, guidelines, and case reports.

2.2 � Data Extraction

The authors LL and AS extracted the data from the studies. 
Disagreements were resolved by consensus or, when neces-
sary, by a third reviewer (HL). LL and AS extracted the 
following data from each study for the qualitative synthesis: 
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name of the first author; publication year; study country; 
data source and sample size; information on the main expo-
sure, including specific ADHD medications, source of infor-
mation, exposure window; information on exposure to other 
medications during pregnancy; outcomes assessed; infor-
mation on confounder adjustment, including specific meas-
ured covariates included and the use of methods to adjust for 
unmeasured confounding; absolute RD; and main conclu-
sion. Wang et al. [45] identified three types of data sources: 
administrative database/registry, ad hoc disease registry, and 
ad hoc clinical sample.

2.3 � Assessment of Study Quality

The authors LL and AS used the Newcastle–Ottawa Scale 
(NOS) [46] to independently rate the quality of the included 
studies, and initial discrepancies were resolved by consen-
sus. The NOS is a validated tool for evaluating the quality 
of observational studies and includes three categories to 
evaluate studies: selection (definition/representativeness of 
exposed subjects, selection of nonexposed subjects), compa-
rability (controls or adjustment for confounding factors), and 
outcome (assessment of outcome, adequate nonresponse rate 
or follow-up time). A higher score on the NOS represents 

a higher-quality study, and the maximum score a study can 
receive is 9.

3 � Results

Figure 1 shows the study selection process. Table S2 in the 
ESM presents a list of all excluded studies with reasons for 
exclusion. After removing duplicate records, LL and AS 
screened 1311 records by reviewing titles and abstracts, 
removing 1259 because they were not relevant, and then 
evaluated the full-text articles of the remaining 52 records 
in detail. Ultimately, our qualitative review included eight 
published research studies based on original data [47–54].

Table  1 shows the main characteristics of the eight 
included studies. All were cohort studies and were conducted 
across several countries: Denmark, Israel, Germany, Eng-
land, Canada, the USA, Sweden, and Australia. Of the eight 
studies, seven (87.5%) obtained data from an administrative 
database/registry [47, 48, 50–54] and one (12.5%) obtained 
data from an ad hoc clinical sample [49]. Therefore, admin-
istrative databases/registries comprising large numbers of 
participants were the most commonly used data source for 
the studied associations. Of note, no research has studied 
ADHD medication use during pregnancy in developing 

Fig. 1   PRISMA flow diagram 
for inclusion of the studies 
examining the association 
between ADHD medication use 
during pregnancy and out-
comes in the offspring. ADHD 
attention-deficit/hyperactivity 
disorder, PRISMA Preferred 
Reporting Items for Systematic 
Review and Meta-Analyses
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countries. All studies analyzed relatively large samples, 
ranging from approximately 700 to 2 million offspring. The 
exposure definitions varied across studies, and the preva-
lence of exposure ranged between 0.004 and 0.58%. The 
studies examined a variety of ADHD medications, including 
amphetamine, atomoxetine, dextroamphetamine, lisdexamfe-
tamine, methylphenidate, and modafinil. Six studies defined 
exposure using prescription records [47, 48, 50, 51, 53, 54], 
one study defined exposure according to maternal reports 
of medication use [49], and one study defined exposure 
according to prescription records or maternal reports [52]. 
Five studies focused on exposure occurring anytime during 
pregnancy [47, 49, 50, 52, 54], and three studies focused 
on exposure occurring early in pregnancy only [48, 51, 53]. 
None of the identified studies evaluated exposure later in 
pregnancy specifically, nor did they consider variations in 
dosage or duration of exposure.

All studies accounted for confounding by adjusting for a 
number of measured characteristics. These characteristics 
varied widely across studies but included calendar year, 
pregnancy characteristics (e.g., parity), sociodemographic 
characteristics (e.g., age, region, ethnicity, educations), 
proxies for maternal healthcare utilization, maternal mental 
and physical health (e.g., psychiatric conditions, body mass 
index), maternal substance use (e.g., alcohol and nicotine), 
and maternal co-occurring medication use (see Table 2). Of 
particular importance, only one measured confounder was 
considered across all of the included studies (i.e., maternal 
age), and no study included maternal ADHD severity as a 
measured covariate.

Five of eight studies used alternative comparisons groups 
in addition to comparing exposed and unexposed pregnan-
cies to rule out the influence of confounding [47, 48, 50, 
52, 54]. Specifically, Hærvig et al. [50] compared exposed 
and unexposed pregnancies in the same woman (i.e., sibling 
comparison); Bro et al. [47] compared mothers with ADHD 
prescribed ADHD medications and mothers with ADHD 
but not prescribed ADHD medications; Cohen et al. [48] 
evaluated pregnancies exposed to stimulant ADHD medica-
tions compared with pregnancies exposed to atomoxetine (a 
nonstimulant ADHD medication); Nörby et al. [52] evalu-
ated pregnancies with prescribed ADHD medication dur-
ing pregnancy compared with those with prescribed ADHD 
medication before or after pregnancy only; and Poulton et al. 
[54] evaluated pregnancies with prescribed ADHD medica-
tion exposure before, during or after pregnancy compared 
with unexposed pregnancies.

The included studies evaluated associations with a wide 
variety of pregnancy outcomes, including pregnancy losses 
(miscarriages, stillbirths), pregnancy complications (e.g., 
preeclampsia, gestational diabetes, postpartum hemorrhage), 
and birth and neonatal outcomes (e.g., perinatal death, con-
genital malformations, birth weight, gestational age, Apgar 

score) (Table 1). No study evaluated associations with long-
term outcomes.

Table 3 presents the RDs (i.e., difference in risk of an 
adverse outcome between an exposed and an unexposed 
group) of pregnancy-related and offspring outcomes in 
the ADHD medication-exposed group versus the reference 
group. The RDs for pregnancy complications, congeni-
tal malformations, and labor and delivery outcomes were 
overall small in magnitude, with a range from 0.03% for 
cardiovascular malformation to 9.84% for NICU admission 
(mean ± standard deviation 2.07 ± 2.33%). The relatively 
high risk for NICU admission might present a combina-
tion of the risk for a variety of pregnancy-related adverse 
outcomes, including preterm birth, low birth weight, and 
birth defects or a health condition requiring special care [55, 
56]. The RDs were even smaller in the five studies [47, 48, 
50, 52, 54] that used alternative comparisons groups to rule 
out the influence of unmeasured confounding (e.g., unex-
posed siblings). In these studies, RDs ranged from 0.01% for 
major malformation to 3.90% for cesarean delivery (mean 
0.97 ± 1.02%).

The studies varied in quality, with NOS ratings ranging 
from 5 to 9. As shown in Table S3 in the ESM, all studies 
used well-defined exposures and outcomes with reasonable 
and strict selection criteria. However, most included stud-
ies with one or no star in “comparability” did not consider 
maternal ADHD and unmeasured factors (e.g., genetic fac-
tors) as potential confounders [48–54].

Regarding the relative risk (i.e., the ratio between the risk 
of an adverse outcome in exposed and unexposed groups), 
conflicting evidence was found for the association between 
maternal ADHD medication use during pregnancy and 
adverse pregnancy and offspring outcomes. Some studies 
suggested a small increased risk of low Apgar scores [47], 
preeclampsia [48], preterm birth [48], miscarriage [49, 50], 
cardiac malformations [51], admission to a NICU [52, 54], 
and central nervous system (CNS)-related disorder [52], but 
other available studies [47, 49, 52–54] failed to detect simi-
lar associations.

4 � Discussion

4.1 � Overall Summary

Large studies from several countries explored several 
important pregnancy-related outcomes. There is no con-
clusive evidence to support that ADHD medication use in 
pregnancy increases the risk of pregnancy-related and off-
spring outcomes. For example, the pooled estimates from 
a recent meta-analysis [41] of these studies only demon-
strated a statistically significant association with NICU 
(relative risk 1.88; 95% confidence interval 1.70–2.08), 
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with only two studies contributing to the pooled esti-
mates. The results of the current study demonstrate that 
the absolute RDs were overall small in magnitude, par-
ticularly for studies using alternative comparisons groups 
to rule out confounding. Further, because of the limited 
number of studies and control for confounding, it is cur-
rently unclear whether these small associations are due 
to a causal effect of prenatal exposure to ADHD medica-
tion or confounding. Moreover, no study evaluated asso-
ciations with long-term offspring outcomes. Given the 
absence of scientific evidence, physicians should weigh 
the advantages of using ADHD medication against the 
potential risks for the developing fetus offspring accord-
ing to the unique situation of each pregnant woman or 
woman of childbearing age.

4.2 � Methodological Considerations

Several noncausal pathways could account for observed 
associations between maternal ADHD medication use dur-
ing pregnancy and pregnancy-related and offspring out-
comes. Given that RCTs of ADHD medication use during 
pregnancy are unfeasible, any advances in our knowledge 
of the potential risks and benefits needs to rely on evidence 
from observational studies. The findings of the current 

systematic review highlight two methodological consid-
erations that need to be addressed in future observational 
studies.

First, although all individual studies included in this 
systematic review accounted for confounding by adjusting 
for measured characteristics in the regression models, the 
included confounding factors varied substantially across 
studies, and few studies provided a clear rationale for their 
covariate selection. In addition, inadequate adjustment for 
confounding was found in most studies, and none of the 
included studies adjusted for ADHD severity, which is 
known to be related to co-occurring conditions and widely 
varying courses of treatment [57]. Because of these limita-
tions, it is currently unclear whether any of the observed 
associations reflect a causal effect or confounding. Clearly, 
more research is needed, and future studies should use well-
designed measured confounding selection strategies to iden-
tify all relevant confounding, which would be consistent 
with recent methodological recommendations for observa-
tional studies [58].

Second, only five of eight included studies used meth-
ods that target unmeasured confounding factors [47, 48, 50, 
52, 54]. Sibling comparisons is a widely used family-based 
quasi-experimental design, especially in studies of associa-
tions between prenatal exposures and later health outcomes 

Table 2   Confounders and risk factors evaluated in studies of included studies

BMI body mass index

Variables Hærvig 
et al. [50]

Pottegard 
et al. [53]

Bro et al. [47] Diav-Citrin 
et al. [49]

Cohen 
et al. 
[48]

Nörby 
et al. 
[52]

Huybrechts 
et al. [51]

Poulton 
et al. 
[54]

Maternal age  ×   ×   ×   ×   ×   ×   ×   × 
Region  ×   ×   × 
Ethnicity  ×   ×   ×   × 
Education  ×   × 
BMI  ×   ×   × 
Cohabitation  ×   × 
Year of conception  × 
Year of delivery  ×   ×   × 
Year at initial contact  × 
Gestational age  × 
Parity/multiparty  ×   ×   ×   ×   × 
Multifetal pregnancy  ×   ×   × 
Smoking status  ×   ×   ×   ×   × 
Alcohol use  × 
Other drug abuse or dependence  ×   × 
Psychiatric conditions  ×   ×   × 
Chronic comorbid medical conditions  ×   ×   ×   × 
Marker of general comorbidity  ×   × 
Prescribed medications/co-medications  ×   ×   ×   ×   × 
Proxies for healthcare utilization intensity  × 
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[59, 60]. Siblings share approximately 50% of their seg-
regating genes and often have similar early-life environ-
ments. A contrast of siblings discordant for prenatal ADHD 
medication use automatically accounts for genetic and 
environmental factors shared by siblings [61]. One sibling-
comparison study [50] examined the associations between 
ADHD medication use during pregnancy and the risk of 
miscarriage, suggesting that confounding by familial factors 
could account for the associations observed in the studied 
population. However, because only a small portion (n = 706) 
of all observed pregnancies (n = 1,054,494) contributed to 
the main information in these analyses (i.e., siblings dis-
cordant for both maternal ADHD medication exposure and 
studied outcomes are most informative in the sibling com-
parisons), the findings should be interpreted with caution. 
In addition to the substantial reduction in sample size and 
statistical power and the high attenuation of associations due 
to random measurement error, sibling comparisons do not 
by design account for factors that vary across pregnancies, 
which must be considered, as their confounding influence 
will be inflated when comparison is restricted to exposure 
discordant siblings. Sibling-comparison studies also assume 
no carryover effects [62] from the exposed siblings (ADHD 
medication use during pregnancy) to unexposed siblings 
(without ADHD medication during other pregnancies). 
More sibling-comparison studies from different countries, 
with larger samples, and focusing on other perinatal and 
long-term outcomes are still needed to replicate and extend 
the available evidence.

The timing of exposure design compares offspring out-
comes following maternal ADHD medication use before 
or after pregnancy with those following maternal ADHD 
medication use during pregnancy. This design accounts for 
confounding factors shared by women who are prescribed 
ADHD medication around the time of pregnancy. Observing 
similar risk of outcomes across different exposure time peri-
ods before, during, and after the pregnancy is inconsistent 
with a causal hypothesis, as treatment before or after preg-
nancy but not during pregnancy is unlikely to have a specific 
intrauterine influence [63]. Nörby et al. [52] reported some-
what increased risks for NICU admissions, CNS-related dis-
orders, and preterm birth in offspring exposed to maternal 
ADHD medication during pregnancy compared with both 
nonexposed infants and those born to mothers who took 
ADHD medication before or after pregnancy. However, 
Poulton et al. [54] found that treatment for ADHD at any 
time (before, before and during, or only after the index preg-
nancy) was similarly associated with a somewhat increased 
risk of cesarean delivery, neonatal resuscitation, and NICU 
admission. Poulton et al. [54] did not directly evaluate use 
during pregnancy compared with use before or after preg-
nancy, so the study had limited ability to assess whether 
ADHD medication use during pregnancy had an effect over 

and above indications for ADHD treatment around the time 
of pregnancy. The main limitations of the timing of exposure 
design are that preconception exposure is assumed to have 
no intrauterine influence, and some important confounding 
factors (e.g., severity of the underlying condition) are not 
automatically adjusted for by the design. More studies are 
needed to examine associations with exposure during spe-
cific trimesters rather than using a broad measure covering 
exposure during any time point across the pregnancy period.

Restricting the analyses to the target patient group with 
or without treatment is often used as a strategy to evaluate 
associations between treatments and outcomes; the approach 
targets confounding by indication by directly accounting for 
the underlying condition. Bro et al. [47] examined the rate 
of adverse pregnancy outcomes after exposure to ADHD 
medication during pregnancy compared with unmedicated 
women diagnosed with ADHD. This study found a small 
increased risk of spontaneous abortion in both treated and 
untreated women, whereas an increased risk of low Apgar 
score was only found in those exposed to ADHD medica-
tion during pregnancy. It is important to note that Bro et al. 
[47] did not directly compare exposed pregnancies and those 
with ADHD diagnosis but without prescribed ADHD medi-
cations, indicating that the study had a limited ability to 
disentangle the effects of the medication from the effects 
of the underlying disease. A major limitation of this design 
is that treated and nontreated individuals typically differ on 
measures of severity and in their comorbidity profiles, mean-
ing that confounding by indication remains a serious threat 
to validity in the design.

The active comparator design compares the effect of the 
target medication with another active drug used in clini-
cal practice for the same underlying condition. The purpose 
of the design is to mitigate confounding by indication and 
other unmeasured patient characteristics (e.g., healthy initia-
tor, frailty). One study [48] evaluated the safety of psycho-
stimulant (amphetamine, dextroamphetamine) use during 
pregnancy by using atomoxetine, a nonstimulant ADHD 
medication, as an active comparator. The study found that 
psychostimulant use during pregnancy was associated with 
a small increased risk of preeclampsia and preterm birth 
compared with atomoxetine use during pregnancy. This find-
ing suggests that previously observed associations between 
maternal psychostimulant use during pregnancy and risk of 
adverse pregnancy outcomes were not solely due to con-
founding by factors associated with taking either medica-
tion. The main limitation of the design is that the interpre-
tation of results rested on the assumption that there are no 
unmeasured factors that differentiate the different study 
drug initiators. For future studies, it is important to note 
that the baseline characteristics of the two treatment groups 
should be balanced, by using the same approaches to covari-
ate selection, or choosing an appropriate active comparator 



	 L. Li et al.

group receiving a drug with the same or a similar indication 
makes the treatment groups similar in terms of treatment 
indications [64].

No previous study has used paternal ADHD medication 
use as a negative control to explore the role of unmeasured 
confounding. The negative control design examines the 
impact of unmeasured confounding by comparing the asso-
ciations with outcomes separately for maternal ADHD medi-
cation using during pregnancy and paternal ADHD medica-
tion use during the same pregnancy period. It is based on 
the assumptions that there is no direct association between 
the father’s exposure during the pregnancy period and the 
child’s outcome and that the shared confounders are equally 
associated with the mother’s and the father’s exposures [65]. 
Any observed association between paternal medication use 
and offspring outcomes could be taken to suggest that an 
observed association between maternal medication use and 
offspring outcome is influenced by confounding to some 
extent. Several paternal comparison studies [65–68] have 
examined the associations between paternal antidepressant 
use during the pregnancy period and risk of autism spec-
trum disorder (ASD) or ADHD in offspring. Most of these 
studies, including a meta-analysis [68], reported positive 
associations, which indicates that the observed associations 
between maternal antidepressant use during pregnancy and 
risk of ASD or ADHD in offspring are at least partly due to 
familial confounding.

Obviously, because the above-mentioned study designs 
are reliant upon varying assumptions, each has the poten-
tial to address differing sources of confounding to differing 
extents. Given that none of them is likely to completely elim-
inate bias from confounding, future efforts should attempt 
to triangulate research findings based on a combination of 
different designs that differ in their underlying assumptions 
and limitations [69].

4.3 � Current Knowledge Gaps

A number of significant research questions related to the 
risks and benefits of maternal ADHD medication use dur-
ing pregnancy need to be addressed in future research. 
First, rodent studies suggested dose-dependent associations 
between fetal exposure to common ADHD medications and 
adverse outcomes in offspring. Future human studies should 
also explore whether the associations observed in humans 
depend on dose. Second, the available studies used adminis-
trative data or register-based data from Europe and the USA. 
Similar data are also available in Asian countries [70, 71], 
and these data should be used in future research to test for 
generalizability of findings regarding the safety of ADHD 

medication use during pregnancy. Third, several studies used 
methods that helped account for unmeasured confounding in 
combination with measured covariates to study ADHD med-
ication use during pregnancy and pregnancy-related and off-
spring outcomes, but whether observed associations in these 
studies are causal remains unclear, which requires studies 
that more rigorously account for confounding. Fourth, future 
research is needed to further elucidate the long-term impact 
of ADHD medication use during pregnancy on offspring, 
including neurodevelopmental delays and children’s long-
term psychosocial health. The fetal origins hypothesis [72] 
proposes that the period of gestation has significant impacts 
on the developmental health and wellbeing outcomes for 
an individual, ranging from infancy to adulthood, but there 
are no studies of the long-term associations with ADHD 
medication exposure during pregnancy. Fifth, more studies 
need to assess whether some periods during pregnancy are 
particularly sensitive. Most studies used measures of ADHD 
medication exposures that did not tap into specific periods 
during pregnancy, which is potentially problematic given 
that some research indicates that exposure during early preg-
nancy (first trimester or first 90 days of pregnancy) may be 
more harmful because of the immaturity of the blood–brain 
barrier [73]. Exposure during the second and third trimester 
may also be important to consider given that these are sen-
sitive periods for fetal growth and brain development [74]. 
Clearly, more studies evaluating the implications of ADHD 
medication use during specific pregnancy periods are still 
needed.

4.4 � Clinical Implications

The current systematic review extends the findings from 
previous studies by documenting relatively small absolute 
risks associated with ADHD medication during pregnancy 
for pregnancy-related and offspring outcomes, along with 
considerable heterogeneity in the quality (e.g., adjustment 
for confounding) of the extant literature. Women with 
ADHD appear to be at a slightly higher risk of adverse 
pregnancy outcomes regardless of current medication 
status, highlighting a need for increased obstetric surveil-
lance in this group. There is no solid evidence that ceasing 
medication during pregnancy reduces the risk of adverse 
outcomes. More research is needed to provide clear rec-
ommendations for updated guidelines regarding the use of 
ADHD medication in pregnancy. Decisions about whether 
to continue medication in pregnancy should be made case 
by case, weighing the need for medication for daily life 
functioning against the slightly increased risk of adverse 
pregnancy outcomes.
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5 � Conclusions

This systematic review suggests that there is no convinc-
ing evidence to indicate that prenatal exposure to ADHD 
medication results in clinically significant adverse effects. 
However, more research is needed before solid clinical rec-
ommendations can be made. In particular, research needs 
to seek converging evidence from studies using a variety 
of samples and designs with different strengths and limita-
tions. Moreover, future research needs to assess the potential 
impact of timing of exposure and potential long-term out-
comes in the offspring.
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