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Abstract

Children of women treated with antidepressants during pregnancy are more likely to develop 

neurodevelopmental problems than are unexposed children. Associations between prenatal 

antidepressant exposure and neurodevelopmental problems could reflect a causal effect or could be 

partially or fully explained by other factors that differ between exposed and unexposed offspring, 

including having mothers with conditions requiring antidepressant treatment (e.g., depression), 

environmental risk factors, and/or genetic risk factors shared across disorders.

This translational review aims to provide a brief overview of findings from rodent experiments and 

critically evaluate observational studies in humans to assess the extent to which associations 

between prenatal antidepressant exposure and neurodevelopmental problems are due to causal 

mechanisms versus other influences. We focus our review on two important neurodevelopmental 

outcomes – autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD).

In general, rodent studies have reported adverse effects of perinatal antidepressant exposure on 

neurodevelopment. Between-species differences raise questions about the generalizability of these 

findings to humans. Indeed, converging evidence from studies using multiple designs and 

approaches suggest that observed associations between prenatal antidepressant exposure and 

neurodevelopmental problems in humans are largely due to confounding factors.

We also provide specific recommendations for future research. Animal research should explicitly 

evaluate the impact of timing of exposure and dosage of medications, as well as better map 

outcome measures in rodents to human neurodevelopmental problems. Observational studies 
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should investigate specific confounding factors, specific antidepressant drugs and classes, the 

potential impact of timing of exposure, and a wider range of other potential offspring outcomes.

The findings summarized in this review may help women and their doctors make informed 

decisions about antidepressant use during pregnancy by providing reassurance that use of these 

medications during pregnancy is unlikely to substantially increase the risk of ASD and ADHD.
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Introduction

Antidepressant use, particularly use of selective serotonin reuptake inhibitors (SSRIs), 

among pregnant women is common and increasing (Andrade et al., 2016; Jimenez-Solem et 

al., 2013). For example, in a sample of 1.9 million insured pregnant women in the U.S., 

approximately 2% filled a prescription for an SSRI during pregnancy in 2001, whereas 12% 

filled a prescription for an SSRI in 2013 (Andrade et al., 2016). Concerns that prenatal 

antidepressant exposure may be harmful to fetal development have led some medical 

professionals to recommend that pregnant women avoid using antidepressants (e.g., 

Campagne, 2007). These recommendations are informed by a history of research on 

teratology – the study of agents that may alter fetal development and, thereby, increase the 

risk of proximal adverse effects (e.g., death, reduced fetal growth, and birth defects) or 

neurological impairments that appear later in childhood (Alwan & Chambers, 2015; 

Georgieff, Tran, & Carlson, 2018). Perhaps the most salient example of a teratogen is 

thalidomide -- a medication that was widely prescribed to treat nausea during pregnancy 

until it was found to cause severe birth defects (Alwan & Chambers, 2015). Though the 

teratogenic effects of thalidomide are well established, the potential effects of many other 

medications (e.g., antidepressants and mood stabilizers/antiepileptic medications) are less 

clear (Galbally, Crabb, & Snellen, 2018; Rubin, 2018). Animal and human research has 

attempted to answer the questions of whether prenatal antidepressant exposure increases the 

risk of adverse outcomes in offspring. Although considering the potential consequences of 

prenatal antidepressant exposure on a wide range of offspring outcomes is important for 

clinical decision-making, this review will focus on offspring neurodevelopment in particular.

Rodent studies have shown that perinatal antidepressant exposure causes abnormalities in 

brain structure and function, as well as adverse behavioral outcomes (Ko, Lee, & Li, 2014; 

Lee, 2009; Rodriguez-Porcel et al., 2011; Schaefer et al., 2013; Simpson et al., 2011; 

Sprowles et al., 2016; Weaver, Paul, Lin, & Simpson, 2010; Zimmerberg & Germeyan, 

2015). Additionally, observational studies with humans have shown that antidepressants 

cross the placenta (Heikkinen, Ekblad, & Laine, 2001, 2002; Loebstein, Lalkin, & Koren, 

1997) and can be found in amniotic fluid (Fokina et al., 2016; Hostetter, Ritchie, & Stowe, 

2000; Loughhead, Fisher, et al., 2006) and cord blood (Fokina et al., 2016; Hendrick et al., 

2003; Loughhead, Stowe, et al., 2006; Rampono, Proud, Hackett, Kristensen, & Ilett, 2004; 

Rampono et al., 2009; Sit et al., 2011). Observational studies have also documented 
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associations between prenatal antidepressant exposure and adverse offspring outcomes, 

including neurodevelopmental problems, such as autism spectrum disorder (ASD) and 

attention-deficit/hyperactivity disorder (ADHD; Morales, Slattery, Evans, & Kurz, 2018).

However, it is important to consider that these findings may not reflect a causal effect of 

prenatal antidepressant exposure. While randomization in rodent experiments helps ensure 

that there are no systematic differences between the exposed and unexposed, it is unclear if 

effects in rodents apply to humans given between-species differences related to pregnancy 

and drug metabolism rates (Bourke, Stowe, & Owens, 2014). Additionally, associations 

between prenatal antidepressant exposure and neurodevelopmental problems documented in 

observational studies may be due to systematic differences between exposed and unexposed 

offspring. Unlike randomized control trials where the exposed and unexposed group could 

theoretically be swapped without alternating results, exposed and unexposed individuals in 

observational studies are not guaranteed to be exchangeable with respect to their pre-

exposure risk of the outcome. If some of the determinants of exposure also influence the risk 

of outcome, the exposure and outcome will appear associated. This means that in addition to 

a potential causal influence of prenatal antidepressant exposure, other factors that differ 

between exposed and unexposed offspring could contribute to observed associations. Factors 

other than the exposure of interest that contribute to an observed association are referred to 

as confounding factors. It is important to note that multiple plausible influences, including 

causal mechanisms and/or confounding, could simultaneously contribute to the associations 

between prenatal antidepressant exposure and neurodevelopmental problems.

Figure 1 presents a simplified model to illustrate some of the main processes through which 

prenatal antidepressant exposure could be associated with neurodevelopmental problems. As 

depicted by the solid arrows labeled a and b in Figure 1, prenatal antidepressant exposure 

could cause an increased risk of neurodevelopmental problems through mechanisms of 

action. For example, the developmental hyperserotonemia (DHS) model of autism postulates 

that high levels of maternal blood serotonin could enter the developing brain of the fetus and 

cause a loss of serotonin receptors through a negative feedback mechanism. In support of the 

DHS model, research has documented that individuals with ASD have elevated blood levels 

of serotonin (Hranilovic et al., 2007; Naffah-Mazzacoratti et al., 1993) and decreased 

activity, synthesis, and binding potential of serotonin in several brain areas (Chugani et al., 

1999; Chugani et al., 1997; Hadjikhani, 2010; Murphy et al., 2006; Yang, Tan, & Du, 2014).

Another possible causal pathway is through adverse birth outcomes, such as reduced fetal 

growth and shorter gestation. Numerous studies, including studies that used advanced 

methods to account for potential confounding factors, have found associations between 

prenatal antidepressant exposure and adverse birth outcomes (e.g., Huang, Coleman, Bridge, 

Yonkers, & Katon, 2014; Sujan et al., 2017; Viktorin et al., 2016) and associations between 

adverse birth outcomes and neurodevelopmental problems, including ASD and ADHD (e.g., 

Class, Rickert, Larsson, Lichtenstein, & D’Onofrio, 2014; D’Onofrio et al., 2013; Murray et 

al., 2016; Pettersson et al., 2015).

Aside from causal mechanisms, there are several non-causal processes that could partially or 

fully explain observed associations between prenatal antidepressant exposure and 
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neurodevelopmental problems. In order to introduce this possibility, we review several such 

processes below.

As illustrated in Figure 1 by the dotted arrow c, maternal indications for antidepressant use 

are determinants of prenatal antidepressant exposure. Although antidepressants can be 

prescribed to treat a variety of conditions, such as insomnia, pain, and migraines, their 

primary use is for treatment of depressive and anxiety disorders (Wong et al., 2016), which 

can be influenced by stressful life events (e.g., Kendler, Karkowski, & Prescott, 1999; Pine, 

Cohen, Johnson, & Brook, 2002). Moreover, several observational studies have shown that 

stress during pregnancy, as well as depression, anxiety, and other maternal psychiatric 

conditions, are associated with increased risk of offspring ASD (Class, Abel, et al., 2014; 

Rai et al., 2013) and ADHD (Class, Abel, et al., 2014; Grizenko, Fortier, Gaudreau-Simard, 

Jolicoeur, & Joober, 2015; Martini, Knappe, Beesdo-Baum, Lieb, & Wittchen, 2010; 

O’Connor, Heron, Golding, Beveridge, & Glover, 2002; O’Connor, Heron, Golding, & 

Glover, 2003; Van den Bergh & Marcoen, 2004). That is, as shown by the dotted arrow 

labeled d in Figure 1, maternal underlying conditions could influence offspring 

neurodevelopment. For example, maternal depressive symptoms may lead to poorer 

parenting practices (e.g., Lovejoy, Graczyk, O’Hare, & Neuman, 2000), which in turn are 

associated with offspring neurodevelopmental problems (e.g., Ellis & Nigg, 2009). 

Alternatively, as shown by the dotted arrow labeled e in Figure 1, maternal conditions like 

depression could also influence mechanisms, such as adverse birth outcomes (Bonari et al., 

2004). Thus, there are multiple plausible pathways through which the maternal condition for 

which antidepressants are used during pregnancy could contribute to an increased likelihood 

for the exposed offspring to develop ASD or ADHD.

As shown by the dotted arrows labeled f in Figure 1, other environmental factors that could 

influence indications for maternal antidepressant use may, through some mechanism of 

action, also influence the risk of neurodevelopmental problems. There are several plausible 

candidates for such environmental common causes of prenatal antidepressant exposure and 

neurodevelopmental outcomes. For example, low socioeconomic status predicts the 

development of depression (Lorant et al., 2003) and is associated with reduced availability 

of healthy foods (Chai, Fan, & Wen, 2018), and poorer nutrition has been linked with 

cognitive (Ampaabeng & Tan, 2013), behavioral (Galler et al., 2012), and attention (Galler 

et al., 2012) problems. Maternal conditions that could contribute to an adverse intrauterine 

environment, such as preexisting health problems (e.g., high body mass index, diabetes, and 

chronic hypertension), are also associated with antidepressant use during pregnancy, and, 

thus, may confound associations (Ericson, Kallen, & Wiholm, 1999; Reis & Kallen, 2010).

Additionally, prenatal antidepressant exposure and neurodevelopmental problems may share 

genetic influences. The phenomenon that the same genetic factors can influence multiple 

phenotypes and, thus, confound associations between phenotypes is known as biological 

pleiotropy (Solovieff, Cotsapas, Lee, Purcell, & Smoller, 2013). The potential influence of 

biological pleiotropy is depicted by the dotted arrows labeled g on Figure 1, which show that 

genetic factors could influence indications for maternal antidepressant use during pregnancy, 

as well as the liability for neurodevelopmental problems in offspring. Research has provided 

support for the influence of biological pleiotropy. Specifically, twin studies (Cole, Ball, 
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Martin, Scourfield, & McGuffin, 2009; Scherff et al., 2014) and genome-wide association 

studies (Lee et al., 2013) have suggested that genetic liability is shared across internalizing 

problems – such as depression and anxiety disorders – and neurodevelopmental disorders – 

such as ASD and ADHD.

In sum, observed associations between prenatal antidepressant exposure and 

neurodevelopmental problems could be due to several influences, including a causal effect of 

the exposure, indications for maternal antidepressant use, environmental common causes, 

and/or biological pleiotropy. Importantly, these influences are not necessarily mutually 

exclusive. For example, an observed association could be partly due to a causal effect of 

prenatal antidepressant exposure and partly due to maternal depression, indicating that the 

true increase in risk attributable to antidepressant exposure is nonzero but less than might be 

expected based on the overall association.

Aim of the Review

The primary aim of this translational review is to briefly summarize findings from 

experimental studies in rodents and critically evaluate evidence from observational studies in 

humans, with the goal of assessing the extent to which the observed associations between 

prenatal antidepressant exposure and neurodevelopmental problems are due to causal 

mechanisms versus other alternative influences. The outcomes we focus on in observational 

studies are ASD and ADHD. We focus on these outcomes for several reasons. First, they are 

two of the most common neurodevelopmental problems with approximately one in 68 

children having ASD (Christensen et al., 2016) and one in 19 children having ADHD 

(Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015), and they frequently co-occur (Leitner, 

2014). Second, they are associated with significant impairment. Third, they are the most 

studied neurodevelopmental outcomes associated with prenatal antidepressant exposure. We 

conclude the paper by providing recommendations for future research directions and 

discussing implications for clinical practice.

Literature search method

We used Web of Science and Google Scholar to conduct our literature review. We also 

reviewed work cited in relevant identified publications. We aimed to identify a representative 

sample of studies examining the effects of perinatal antidepressant exposure on brain and 

behavioral outcomes in rodents. In contrast, we aimed to identify all observational studies 

and meta-analyses on prenatal antidepressant exposure and risk for ASD and ADHD in 

humans published prior to June 1st, 2018. We identified 4 individual studies examining both 

ASD and ADHD, 13 individual studies examining ASD but not ADHD, and 5 individual 

studies examining ADHD but not ASD (Tables S1 and S2). We excluded one descriptive 

study on ASD that reported a crude association and the prevalence of prenatal antidepressant 

exposure among ASD cases and controls but did not use any method to account for 

confounding (Eriksson, Westerlund, Anderlid, Gillberg, & Fernell, 2012).

We identified 1 meta-analysis on ASD and ADHD, 8 meta-analyses on ASD but not ADHD, 

and 2 meta-analysis on ADHD but not ASD (Table 2). Although no single meta-analyses 
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included all individual studies, the meta-analysis conducted by Morales et al. (2018) was the 

most comprehensive both in terms of number of studies and different designs included.

Rodent Studies

As controlled experiments, rodent studies have two major strengths. First, they allow very 

tight control of exposure, effectively avoiding bias from exposure misclassification (i.e., 

measurement error). Second, randomization of exposure eliminates any bias from 

confounding by ensuring that there are no systematic differences between the exposed and 

unexposed rodents.

Here we provide a succinct overview of findings from rodent experiments because other in-

depth reviews on effects of perinatal antidepressant exposure in rodents have been published 

recently (e.g., Zucker, 2017). We review studies on intrauterine antidepressant exposure, as 

well as studies of early postnatal antidepressant exposure. We include early postnatal studies 

because rodent models of risk factors occurring late in pregnancy often are conducted on 

neonates due to rodents having shorter gestational periods than humans (Bourke et al., 

2014).

Findings

We review rodent studies that explored several domains associated with neurodevelopment 

to illustrate the findings from animal studies. Table 1 summarizes methods and findings 

from a sample of rodent studies that explored multiple outcomes related to 

neurodevelopmental problems.

Significant findings.—Several rodent studies have shown that perinatal antidepressant 

exposure causes abnormalities in brain structure and function, as well as behavioral 

outcomes.

Abnormalities in brain structure and function.: Rodent studies have shown that perinatal 

exposure to SSRIs can alter serotonin circuitry (e.g., reduce serotonin transporter fiber 

density; Weaver et al., 2010). Rodent studies have also shown that SSRI exposure can cause 

structural and functional changes in brain areas that have been implicated in ASD (Khan et 

al., 2015) and ADHD (Seidman, Valera, & Makris, 2005) in humans, such as the 

somatosensory cortex (Lee, 2009) and the corpus callosum (Simpson et al., 2011).

Behavioral outcomes.: Several studies have also demonstrated effects of perinatal 

antidepressant exposure on behaviors related to neurodevelopmental problems. For example, 

perinatal antidepressant exposure reduced social behavior (Ko et al., 2014; Rodriguez-Porcel 

et al., 2011; Simpson et al., 2011; Zimmerberg & Germeyan, 2015) and caused learning 

deficits (Schaefer et al., 2013; Sprowles et al., 2016) in rats. As shown in Table 1, these 

studies have used a variety of strains of rats and mice, exposure time periods, medication 

dosages, and types of antidepressants, though medications are primarily from the SSRI class.

Null findings.—Though several rodent studies have reported effects of perinatal 

antidepressant exposure on neurodevelopment, a few rodent studies have failed to find such 
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effects. For example, some published studies have reported that perinatal SSRI exposure did 

not have a statistically significant effect on some indices of learning and memory 

(Christensen, Rayburn, & Gonzalez, 2000; McAllister, Kiryanova, & Dyck, 2012; Vorhees et 

al., 1994). It is difficult to determine what accounts for the discrepant findings because there 

is substantial between-study variability that could contribute to the different findings. For 

example, differences in handling stress experienced, the type of rodent studied (e.g., rats 

versus mice), timing of exposure, medication dosage, specific antidepressant used, or the 

specific behavioral measure assessed could have contributed to the discrepant findings.

Limitations

The primary limitation of rodent studies is that the applicability of findings to humans is 

unclear. There are three key between-species differences that could impact generalizability. 

First, rodent gestation is considerably shorter than human gestation. Therefore, neonate 

rodents are used to model exposure late in human pregnancy. As such, rodent studies 

modeling the end of the human pregnancy actually examine postnatal – rather than 

intrauterine – exposure and, therefore, may not generalize to human pregnancies (Bourke et 

al., 2014). Second, as shown by the variability in dosages used in rodent studies (Table 1), 

between-species differences in drug metabolism rates make it difficult to estimate the 

appropriate doses to correspond with doses used in people (Bourke et al., 2014; Shoulson, 

Stark, & Garland, 2014). Third, there are major between-species differences in brain size, 

cortical complexity, and behavior. As such, outcome measures used to model 

neurodevelopmental problems in rodents may not fully correspond to neurodevelopmental 

problems in humans (Nestler & Hyman, 2010).

There are two other limitation of rodent studies that are also limitations of observational 

studies. First, studies have focused on examining consequences of prenatal exposure to 

SSRIs. Therefore, the consequences of exposure to other types of antidepressants are 

unclear. Second, publication bias could affect the overall conclusions the field draws. The 

overall evidence may be biased towards suggesting an effect of perinatal antidepressant 

exposure due to preferential submission and acceptance of statistically significant findings. 

Additionally, given that findings with larger effect sizes are more likely to be statistically 

significant than findings with smaller effect sizes, preferential submission and acceptance of 

statistically significant findings may lead to an overestimation of effect sizes. For reviews on 

publication bias see Maxwell (2004) and Mlinarić, Horvat, and Šupak Smolčić (2017).

Summary

In sum, most rodent studies have found effects of perinatal antidepressant exposure on 

neuronal, brain, and behavioral indices related to neurodevelopmental problems (Zucker, 

2017). However, between-species differences raise questions about the generalizability of 

these findings to humans. Given this uncertainty, the field should be wary about making 

strong conclusions based on results from rodent studies alone.

Sujan et al. Page 7

J Child Psychol Psychiatry. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Observational Studies

Ethical concerns have prevented the use of randomized control trials of antidepressant use 

during pregnancy in humans. Instead, researchers have relied on observational data and 

methodological approaches to try to account, in varying degree, for the influence of 

confounding factors that could bias the associations between antidepressant use during 

pregnancy and offspring neurodevelopmental problems.

Types of designs

Several different types of observational designs have been used to study antidepressant use 

during pregnancy and offspring neurodevelopment. Some of these designs are better able to 

test the role of potential confounding factors than others. However, all methods have specific 

limitations and require assumptions when interpreting the results. We briefly review the 

strengths and limitations of these designs below.

Designs that target measured potential confounders.—The majority of 

observational studies have used methods to account for characteristics that have been 

measured by the researchers. These methods include using measured characteristics as 

covariates in regression models, using propensity scores (Austin, 2011; Wood, Lapane, van 

Gelder, Rai, & Nordeng, 2018), matching cases and controls on a set of measured 

characteristics (Song & Chung, 2010), and restricting the comparison group to offspring of 

women with (measured) psychiatric disorders who did not use antidepressants during 

pregnancy. These approaches help rule out the possible confounding role of the measured 

characteristics. In particular, the practice of restricting comparison groups to offspring of 

mothers with diagnosed psychiatric conditions helps account for confounding by indication. 

It is important to note, though, this method does not alone account for differences in severity 

of indication between medicated and unmedicated mothers. Importantly, any method that 

only adjusts for measured characteristics is unlikely to adequately account for confounding 

because researchers realistically cannot measure every salient plausible confounding factor 

(Academy of Medical Sciences Working Group, 2007). Furthermore, error in the 

measurement of the characteristics may lead to far less confounding control than intended 

(Westfall & Yarkoni, 2016).

Designs that target unmeasured potential confounding.—To more rigorously 

assess the consequences of prenatal antidepressant exposure, some researchers have used 

measured covariates in combination with advanced observational methods with design 

features that either account for or evaluate the potential role of unmeasured confounding 

factors. Although such designs are typically able to capture more background factors than 

possible with measured characteristics alone, the net ability to capture confounding factors 

will depend on the degree to which these are among the targeted unmeasured factors and 

measured characteristics combined. We briefly review several methods that target 

unmeasured confounding below.

Paternal antidepressant use as a negative control.: The negative control design compares 

what happens to the association with offspring neurodevelopmental problems if the exposure 

Sujan et al. Page 8

J Child Psychol Psychiatry. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to maternal antidepressant use during pregnancy is replaced with exposure to paternal use of 

antidepressants during the pregnancy period. By definition, an ideal negative control is 

influenced by all of the same confounding factors as the exposure of interest but has no 

causal effect on the outcome. Given that paternal antidepressant use during the pregnancy 

period is unlikely to result in fetal exposure, any observed association between paternal use 

and an offspring outcome suggests that the observed association with maternal use is 

influenced by confounding to some extent. Because confounding factors and a causal 

influence of antidepressant exposure could simultaneously contribute to an association, a 

paternal association would have to be similar in magnitude to the maternal association in 

order to completely rule out a causal effect of intrauterine antidepressant exposure. In other 

words, the paternal use association helps indicate the degree of confounding in the maternal 

use association.

Importantly, the negative control assumption that maternal and paternal antidepressant use 

are influenced by the same confounding factors may be violated for several reasons. For 

example, paternal depression may be less likely to lead to antidepressant use than maternal 

depression because men may be less likely to seek treatment for mental health problems, 

including depression, than women (Galdas, Cheater, & Marshall, 2005). Alternatively, 

maternal antidepressant use during pregnancy may be associated with more severe 

depression than paternal use because mothers may be more inclined to discontinue 

antidepressant use during pregnancy because of concerns about fetal exposure. Another 

limitation of this design is that it assumes equal measurement error of antidepressant use 

across mothers and fathers. For more information on negative control analyses and the use of 

paternal comparisons as negative controls see Lipsitch, Tchetgen Tchetgen, and Cohen 

(2010); Richmond, Al-Amin, Smith, and Relton (2014); and Smith (2008).

Maternal use of another psychotropic medication as an active comparator.: The active 

comparator design compares individuals exposed to a medication under study 

(antidepressants) to individuals exposed to a theoretically safe alternative medication with a 

similar indication for use. Based on the assumption that the active comparator medication is 

not harmful, a null association with antidepressant exposure compared to exposure to the 

active comparator medication would suggest that antidepressant exposure does not have an 

adverse effect. The active comparator design accounts for all unmeasured confounding 

factors that are common to the use of both types of medication, such as common indications. 

However, interpretation of the results rests on the assumption that the other medication does 

not influence the offspring outcome through different etiological mechanisms. For more 

information about active comparator designs see Lund, Richardson, and Stürmer (2015) and 

Ray and Griffin (1989).

Timing of exposure comparison.: The timing of exposure design compares the offspring 

outcome following maternal antidepressant use before pregnancy only, to the offspring 

outcome following maternal antidepressant use during pregnancy. This design tests for 

confounding by all factors shared by women on antidepressant treatment around the time of 

pregnancy, such as having a condition for which treatment is indicated. The finding that risk 

of the outcome does not differ across the exposure time-periods would be inconsistent with a 
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causal effect because use before but not during pregnancy is unlikely to result in fetal 

exposure.

There are two key limitations of the design. First, it assumes that preconception 

antidepressant exposure does not affect embryonic or fetal development. Second, the design 

also does not account for unmeasured confounding factors that differ between the mothers 

who use antidepressants during pregnancy and those who only use antidepressants before 

pregnancy. For example, women who discontinue their antidepressant use before pregnancy 

are likely to have less severe depression than women who continue their treatment during 

pregnancy. To illustrate the limitations of timing of exposure comparisons, we conducted 

analyses using a Swedish population dataset (n=708,450 offspring born between 2006 and 

2012; see Sujan et al., 2017 for more details about this sample) and found that women who 

filled prescriptions for antidepressants before and during pregnancy (i.e., continuation of use 

during pregnancy) were more likely to have several risk factors for offspring 

psychopathology, including older age at childbearing (i.e., 35 years or older; odds ratio 

[OR]=1.2, 95% confidence interval [CI]:1.1–1.3), history of hospitalization for severe 

psychiatric illness (OR=1.6, 95% CI:1.5–1.8), use of other psychotropic medications during 

pregnancy (OR=2.1, 95% CI:1.9– 2.3), and a lifetime history of suicide attempts (OR=1.2, 

95% CI:1.1– 1.3) than women who filled prescriptions for antidepressants before but not 
during pregnancy (i.e., discontinuation of use). The results suggest that associations seen in 

timing of exposure comparisons may be influenced by differences between the comparison 

groups, including severity of the underlying condition and other potentially confounding 

factors.

For more information about timing of exposure comparisons see Smith (2008).

Sibling comparison.: Siblings share approximately 50% of their segregating genes and 

often have similar early environments. The sibling-comparison design makes use of these 

similarities. A contrast of siblings that are discordant for prenatal antidepressant exposure 

will account for all unmeasured genetic and environmental factors that make siblings similar, 

including all maternal characteristics and other factors that remain stable across pregnancies. 

Similar risk for an outcome among differentially exposed siblings would suggest that there is 

no causal effect of the exposure. Given that genetic confounding is likely to exist (Solovieff 

et al., 2013), this design is particularly helpful in drawing causal inferences because it helps 

test for genetic and family-level confounding.

Although sibling comparisons provide a rigorous test of confounding by familial factors, the 

design by itself cannot account for unmeasured confounding by factors that vary across a 

woman’s pregnancies. However, researchers can and should use measured covariates to 

account for factors that vary across pregnancies in sibling-comparison studies. Sibling-

comparison designs also assume no carry-over effects from the exposed siblings to the 

unexposed siblings (e.g., antidepressant use during one pregnancy affecting subsequent 

pregnancies). Additionally, it is possible that an observed attenuation of associations in 

sibling-comparison studies may be due to random measurement error or mediators shared by 

the siblings. Sibling comparisons also require large samples to obtain an adequate number of 

discordant siblings.
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For more information about sibling comparisons see D’Onofrio, Lahey, Turkheimer, and 

Lichtenstein (2013); Frisell, Oberg, Kuja-Halkola, and Sjolander (2012); Lahey and 

D’Onofrio (2010); Sjölander and Zetterqvist (2017); Wood et al. (2018).

Findings of Observational Studies

For this review, we focus on observational studies that examined associations between 

prenatal antidepressant exposure and ASD and ADHD. We first review meta-analyses (Table 

2). We also review individual studies that adjusted for measured characteristics only (Table 

S1), as well as individual studies that used methods to test the role of unmeasured 

confounding (Table S2). Though we focus on studies on ASD and ADHD, studies have also 

examined associations with other important neurodevelopmental outcomes, such as speech 

and language development (Brown et al., 2016; Nulman et al., 2002; Skurtveit, Selmer, 

Roth, Hernandez-Diaz, & Handal, 2014), IQ scores (Nulman et al., 2015; Nulman et al., 

2002), and intellectual disability (Viktorin, Uher, Kolevzon, et al., 2017). Recent reviews 

have also discussed a range of neurodevelopmental outcomes, including cognitive, motor, 

and language development (e.g., Rotem-Kohavi & Oberlander, 2017).

Analyses that only target measured potential confounders.—Meta-analyses have 

pooled estimates from studies that relied on the use of measured characteristics only to 

account for confounding. Specifically, 9 meta-analyses have examined associations with 

ASD and 3 meta-analyses have examined associations with ADHD. These meta-analyses 

include overlapping studies (Table 2). Although none of the meta-analyses included all 

published individual studies, the most comprehensive reported a pooled aRR of 1.5 (95% CI: 

1.3–1.8) from 10 ASD studies and a pooled aRR of 1.4 (95% CI: 1.1–1.7) from 7 ADHD 

studies (Morales et al., 2018). The meta-analyses on ASD have reported pooled adjusted 

point estimates (i.e., odds, hazard, or relative risk ratios) ranging from approximately 1.0 to 

2.5 (Table 2; Andalib et al., 2017; Brown, Hussain-Shamsy, Lunsky, Dennis, & Vigod, 2017; 

Kaplan, Keskin-Arslan, Acar, & Sozmen, 2016, 2017; Kobayashi, Matsuyama, Takeuchi, & 

Ito, 2016; Man et al., 2015; Mezzacappa et al., 2017; Morales et al., 2018; Zhou, Li, Ou, & 

Li, 2018).The meta-analyses on ADHD have generally reported pooled point estimates (i.e., 

odds or relative risk ratios) of about 1.5 (Table 2; Jiang, Peng, Zhang, & Ruan, 2017; Man et 

al., 2018; Morales et al., 2018).

It is important to note that the findings and conclusions across individual studies (Table S1) 

are inconsistent. First, variability in effect sizes appear to be due in part to heterogeneity in 

the measured statistical adjustments. A recent review and meta-analysis of prenatal 

antidepressant exposure and ASD and ADHD documented that there is enormous variability 

in the measured characteristics included in studies. (See Tables 2 and 3 in Morales et al., 

2018 for a review of specfic measured characterstics adjusted for in studies.) For example, 

most studies have adjusted for year of birth. However, few studies have adjusted for paternal 

characteristics and severity of maternal depression (Morales et al., 2018). Statistical 

adjustments for appropriate measured characteristics (i.e., confounding factors) will results 

in reduced effect sizes. Meta-analyses on prenatal antidepressant exposure and 

neurodevelopmental problems have demonstrated that adjusted associations (e.g., aRR=1.5, 

95% CI:1.3–1.8 for ASD and aRR=1.4, 95% CI:1.1–1.7 for ADHD) are attenuated 
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compared to crude associations (e.g., RR=1.9, 95% CI:1.6–2.2 for ASD association and 

RR=2.0, 95% CI:1.6–2.6 for ADHD association; Morales et al., 2018). Notably, recent 

studies that adjusted for more covariates have reported weaker associations (Morales et al., 

2018).

Second, studies assessing associations with exposure in specific trimesters have shown 

mixed results, making it unclear whether there are sensitive periods of exposure during 

pregnancy. For example, though some research has suggested only first-trimester exposure is 

associated with ASD (e.g., Croen, Grether, Yoshida, Odouli, & Hendrick, 2011), other 

research has suggested only exposure later in pregnancy is associated with ASD (e.g., 

Boukhris, Sheehy, Mottron, & Berard, 2016). Similarly, some research has shown similar 

associations with ADHD across trimester (Man et al., 2017), whereas other research has 

found stronger associations with ADHD for first-trimester exposure (Clements et al., 2015). 

As a result, there is ongoing debate about timing effects. For example, several researchers 

have written commentaries questioning the result showing only an association for exposure 

later in pregnancy reported in the Boukhris et al. (2016) paper, citing several arguments, 

such as a greater vulnerability during the first-trimester due to the immaturity of the blood-

brain barrier (e.g., Fombonne, 2016; Kaplan, Keskin-Arslan, & Acar, 2016).

Third, some studies found similar effect sizes but differed in statistical significance, and 

some discrepancies in the conclusion drawn were based on reliance on formal statistical 

significance tests. The differences in statistical significance were most likely due to 

differences in sample size and statistical power. For example, two studies reported elevated 

aHRs of similar magnitude for an association between second and/or third-trimester 

antidepressant exposure and ASD. However, one study conducted on a sample of 145,456 

offspring reported a statistically significant result (aHR=1.9, 95% CI:1.2–3.0; Boukhris et 

al., 2016), whereas the other study reported a statistically non-significant finding in a sample 

of 35,906 offspring (after inverse probability of treatment weighting based on high-

dimensional propensity scores aHR=1.6, 95% CI:1.0–2.7; Brown, Ray, et al., 2017). The 

study that found a statistically significant result concluded that second and/or third-trimester 

antidepressant exposure increases the risk of ASD, whereas the study that found a 

statistically non-significant result concluded that confounding factors may be responsible for 

the association.

Limitations.: A critical limitation of these studies is their reliance of measured 

characteristics to account for confounding. A number of recent reviews have emphasized 

that solely adjusting for measured characteristics is unlikely to adequately capture all 

confounding influences (Morales et al., 2018; Pourhoseingholi, Baghestani, & Vahedi, 

2012).

There are also several limitations to analyses that only target measured potential 

confounders that are shared by all by all observational studies. First, findings could be 

biased by misclassification of the exposure (e.g., medication non-compliance) or outcomes. 

Second, including causal mechanisms in analyses would attenuate associations and could, 

thereby, lead researchers to inaccurately conclude associations are influenced by 

confounding. For example, some studies adjusted for birth outcomes (e.g., gestational age 
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and birth weight; Malm et al., 2016; Sorensen et al., 2013). If an adverse birth outcome fully 

mediated a (true) effect of antidepressant exposure on an offspring outcome, inclusion of the 

mediator would result in a null association between prenatal antidepressant exposure and the 

outcome. Third, findings may lack generalizability. For example, findings may not 

generalize from a population sample of women with less severe depression to a clinic 

sample of women with more severe depression and vice versa. Fourth, some studies, 

particularly those examining exposure by trimester, have lacked adequate statistical power. 

This has resulted in imprecise estimates and, consequently, limited the interpretability of the 

results. Fifth, most studies to date have examined SSRIs as a class. Thus, our knowledge 

about the potential consequences of exposure to specific medications and other 

antidepressant classes (e.g., serotonin-norepinephrine reuptake inhibitors) is lacking. Sixth, 

as discussed in the section on limitations of rodent studies, publication bias for statistically 

significant associations could influence the overall evidence from observational studies 

towards an overestimation of effect sizes. Most meta-analyses were not able to 

systematically evaluate the impact of publication bias due to an insufficient number of 

studies. However, a recent meta-analysis on prenatal antidepressant exposure and ASD 

found asymmetry in funnel plots for both case-control and cohort studies, indicating a 

potential for publication bias (Zhou et al., 2018).

Summary.: Many observational studies have documented associations between prenatal 

antidepressant exposure and ASD and ADHD, and, in general, adjustment for measured 

characteristics partially attenuated these associations. However, there are inconsistencies 

across findings, and the threat of unmeasured confounding ultimately precludes the field 

from being able to draw strong conclusions from these studies.

Analyses that target unmeasured potential confounding.—We review findings 

from meta-analyses (Table 2) and individual studies (Table S2) that use different design 

features to help evaluate the role of unmeasured confounding.

Paternal antidepressant use as a negative control.: A meta-analysis of two studies (i.e., 

Sorensen et al., 2013; Sujan et al., 2017) reported a pooled aRR of 1.3 (95% CI: 1.1–1.5) for 

the association between paternal antidepressant use during the pregnancy period and ASD 

(Table 2; Morales et al., 2018). One of the included studies reported an elevated and 

statistically significant association (eTable 2; Sujan et al., 2017 [aHR=1.3, 95% CI: 1.1–

1.6]), though the other did not (Table S2; Sorensen et al., 2013 [aHR=1.1, 95% CI: 0.9–

1.3]). Results from two other paternal comparison studies not included in the meta-analysis 

also showed weak, non-statistically significant associations, with effect sizes close to the 

null for the association between paternal antidepressant treatment during pregnancy and 

ASD (Table S2; Liu et al., 2017 [aHR=1.1, 95% CI: 0.8–1.4]; Rai et al., 2017 [aHR=1.1, 

95% CI: 0.7–1.9]). Only one study assessed the association between paternal antidepressant 

treatment during pregnancy and offspring risk of ADHD. This study found an aHR of 1.7 

(95% CI:1.4–2.2; Table S2; Sujan et al., 2017). Given that paternal use during pregnancy is 

unlikely to result in fetal exposure, any observed associations with paternal use suggests that 

observed associations with maternal use during pregnancy are influenced by familial 

confounding. Therefore, these results, particularly the results from the meta-analysis, 
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suggest that observed associations with maternal antidepressant use during pregnancy are at 

least in part due to familial confounding.

Maternal use of another psychotropic medication as an active comparator.: A meta-

analysis that pooled unadjusted associations of three studies (i.e., Croen et al., 2011; Rai et 

al., 2013; Sorensen et al., 2013) found that compared to exposure to non-SSRI 

antidepressants, exposure to SSRIs during pregnancy was not associated with increased risk 

of ASD (OR=1.1, 95% CI: 0.7–2.0; Kobayashi et al., 2016). This finding suggests that 

confounding by indication rather than prenatal SSRI exposure may be responsible for 

observed associations between maternal SSRI use during pregnancy and increased risk for 

ASD in offspring.

One study also evaluated the risk of antidepressant exposure for ADHD by using maternal 

antipsychotic treatment during pregnancy as an active comparator (Table S2). The study 

found that, compared to prenatal exposure to antipsychotic medications, prenatal exposure to 

antidepressants was not statistically significantly associated with an increased risk of ADHD 

(aHR=1.3, 95% CI: 0.7–2.2; Man et al., 2017), suggesting that factors related to maternal 

use of psychotropic medications during pregnancy may confound associations between 

prenatal antidepressant exposure and ADHD. However, the conclusions that can be drawn 

from this study are limited given that the point estimate was elevated and the CI was wide. It 

is also important to note that the active comparator approach rests on the assumption that the 

active comparator medication is not harmful. However, based on research to date, the effects 

of antipsychotics on fetal development are not clear (Abel, 2011). For example, prenatal 

antipsychotic exposure has been linked to gestational diabetes (Bodén, Lundgren, Brandt, 

Reutfors, & Kieler, 2012), and gestational diabetes has been linked to offspring 

neurodevelopmental problems (Nomura et al., 2012). Therefore, a similar risk compared to 

exposure to antipsychotic medications may not be indicative of non-causal effect of 

antidepressant exposure because antipsychotic medication exposure could influence 

offspring neurodevelopmental problems through different mechanisms of action.

Timing of exposure comparisons.: Four meta-analyses, which included overlapping 

studies, found statistically significant associations between antidepressant use before 
pregnancy and ASD (Table 2; Kaplan, Keskin-Arslan, Acar, et al., 2016; Mezzacappa et al., 

2017; Morales et al., 2018; Zhou et al., 2018), and three meta-analyses also including 

overlapping studies found statistically significant associations between antidepressant use 

before pregnancy and ADHD (Table 2; Jiang et al., 2017; Man et al., 2018; Morales et al., 

2018). (eTable 2 includes results from individual studies.) These associations were of similar 

magnitude as associations reported for use during pregnancy. These studies suggest that 

factors related to maternal antidepressant use around the time of pregnancy may contribute 

to the observed associations between prenatal antidepressant exposure and 

neurodevelopmental problems.

While several studies reported associations with use before pregnancy, two studies found 

that before-pregnancy antidepressant use was not associated with ASD (Table S2; Boukhris 

et al., 2016; Liu et al., 2017), and two studies found that before-pregnancy use was not 

associated with ADHD (Table S2; Clements et al., 2015; Figueroa, 2010). It is important to 
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note that three of these four studies (Boukhris et al., 2016; Clements et al., 2015; Figueroa, 

2010) did not directly compare use during pregnancy to use before pregnancy, and in all four 

studies the CIs for the association with use before pregnancy overlapped with the CIs for the 

association with use during pregnancy. Therefore, these studies were limited in their ability 

to assess whether antidepressant exposure during pregnancy had an effect over and above 

indications for antidepressant use around the time of pregnancy. Moreover, meta-analyses 

suggest that there is an association between maternal antidepressant use before pregnancy 

and ASD and ADHD, indicating that the studies that failed to find an association had 

atypical results, perhaps due to inadequate statistical power.

Sibling comparisons.: Four sibling-comparison studies have examined associations 

between prenatal antidepressant exposure and ASD (Table S2; Brown, Ray, et al., 2017; Rai 

et al., 2017; Sorensen et al., 2013; Sujan et al., 2017). A meta-analysis of three of these 

studies (i.e., Brown, Ray, et al., 2017; Sorensen et al., 2013; Sujan et al., 2017) reported a 

pooled aRR of 0.9 (95% CI: 0.8–1.2; Table 2; Morales et al., 2018). Two of the individual 

studies also reported aHRs of approximately one. Specifically, Sorensen et al. (2013) 

reported an aHR of 1.1 (95% CI: 0.5–2.3) in a sample of 668,468 offspring, and Sujan et al. 

(2017) an aHR of 0.8 (95% CI: 0.6–1.1) in a sample of 1,580,629 offspring. These results 

suggest that confounding by familial factors could account for the association between 

prenatal antidepressant exposure and ASD.

However, two of the individual studies that examined associations with ASD reported 

elevated point estimates. Specifically, Brown, Ray, et al. (2017) found an aHR of 1.6 (95% 

CI:0.7–3.7) in a sample of 35,906 offspring, and Rai et al. (2017) found an aOR of 1.4 (95% 

CI:0.8–2.2) in a sample of 254,610 offspring. It is important to note that CIs in these studies 

were wide and overlapped with one, which limits the conclusions that can be drawn.

Three individual sibling-comparison studies have examined associations between prenatal 

antidepressant exposure and ADHD (Table S2; Laugesen, Olsen, Telén Andersen, Frøslev, & 

Toft Sørensen, 2013; Man et al., 2017; Sujan et al., 2017). Three meta-analyses have been 

conducted and they each included all three of these sibling-comparison studies (Table 2; 

Jiang et al., 2017; Man et al., 2018; Morales et al., 2018). All three meta-analyses and all 

three individual studies found adjusted point estimates at or below 1.0 for associations with 

ADHD. Together, the sibling-comparison studies suggest that genetic and/or environmental 

confounding factors that make sibling similar may be responsible for observed associations 

between prenatal antidepressant exposure and ASD and ADHD.

Limitations.: There are a number of limitations to analyses that target unmeasured potential 

confounders. First, no observational method, even those that target unmeasured 

confounding, is likely to completely eliminate bias from confounding. Importantly, studies 

that targeted unmeasured confounding may not have accounted for confounding by severity 

of the indication. For example, offspring born to mothers who use antidepressants during 

pregnancy may have been exposed to more severe depression than offspring in the 

comparison groups. Specifically, offspring born to mothers who used antidepressants during 

pregnancy may have been exposed to more severe depression than offspring born to (a) 

fathers who use antidepressants during pregnancy (paternal comparisons), (b) mothers who 
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use another psychotropic medication during pregnancy (active comparator design), (c) 

mothers who only use antidepressants before pregnancy only (timing of exposure 

comparisons), and (e) mothers who used antidepressants during the focal pregnancy but not 

during another pregnancy (sibling comparisons).

Second, because the majority of studies used large datasets in order to have adequate 

statistical power, they were unable to obtain in-depth assessments of antidepressants use, and 

therefore, were subject to exposure misclassification. For example, many large-scale studies 

relied on records of prescriptions filled at pharmacies, and researchers could not confirm the 

actual use of the medications from these records. To address this limitations future smaller 

scale studies could obtain maternal blood samples to confirm the use of antidepressants.

Third, researchers have not used methods that target unmeasured confounding when 

evaluating the potential impact of timing of exposure (Table S2).

Fourth, research using designs that target unmeasured confounding to estimate associations 

with specific antidepressant classes and medications is limited (Table S2).

Summary.: Several studies have used methods that help account for unmeasured 

confounding in combination with measured covariates to study antidepressant use during 

pregnancy and offspring neurodevelopmental problems. Converging evidence from these 

studies does not provide support for a large causal influence of maternal antidepressant use 

during pregnancy on offspring ASD and ADHD. Although these studies cannot rule out a 

small effect, they suggest the observed population-wide associations are largely due to 

confounding factors.

Overall Summary of Research

Both rodent experiments and observational studies in humans have been used to study the 

potential effects of maternal antidepressant use during pregnancy on offspring 

neurodevelopment. Rodent studies have reported adverse effects of antidepressant exposure. 

However, between-species differences may impact the translation of these findings to 

humans. Therefore, researchers and clinicians should be wary about making strong 

conclusions based on findings from rodent studies alone. Additionally, converging evidence 

from observational studies suggest that maternal antidepressant use during pregnancy either 

does not have any influence on offspring risk of ASD and ADHD or the influence on these 

outcomes is small and may not be clinically significant. In other words, research to date does 

not provide strong support for a causal pathway from prenatal antidepressant exposure to 

increased risk of neurodevelopmental problems through mechanism of actions (Figure 1 

arrows a and b). Rather, there is growing evidence to suggest that observed population-wide 

associations between prenatal antidepressant exposure and of ASD and ADHD are largely 

due to other factors that differ between exposed and unexposed offspring. However, based 

on the research to date it is not clear which non-causal pathways contribute to the observed 

associations. Specifically, we do not know the extent to which indications for maternal 

antidepressant use (Figure 1, arrows c, d, and e), environmental common causes (Figure 1, 

arrows f), and biological pleiotropic genetic factors (Figure 1, arrows g) contribute to the 
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observed associations. Given concerns surrounding drug safety during pregnancy it is 

important to note that the body of research to date indicates that prenatal antidepressants 

exposure is unlikely to have strong adverse effects for ASD and ADHD. In other words, 

research to date suggests that antidepressants use during pregnancy is relatively safe, 

particularly for risk of long-term neurodevelopmental outcomes.

Future Research Directions

There are number of outstanding questions that need to be addressed in order to provide a 

clearer picture of the implications of maternal antidepressant use during pregnancy. First, 

research needs to reconcile findings from rodent studies, which generally suggest that 

antidepressants may cause harm, and human studies, which do not provide support for a 

large causal effect. To help reconcile these discrepancies, the modeling of antidepressant 

exposure in non-human animal models needs to be improved, particularly with regard to 

timing, dose, and mapping the measures used to human neurodevelopmental problems. 

Several reviews have been published describing possible methods to improve non-human 

animal models of prenatal exposures and neurodevelopmental disorders. For example, 

researchers have suggested developing a non-primate animal model whose physiology is 

more relevant to human parturition (e.g., the guinea pig; Mitchell & Taggart, 2009) and 

identifying and using specific behaviors in the mouse repertoire that are sufficiently relevant 

to each category of the diagnostic symptoms of neurodevelopmental disorders as defined by 

the Diagnostic and Statistical Manual of Mental Disorders (Crawley, 2012).

Second, future research needs to evaluate the potential implications of publication bias. One 

meta-analysis evaluated publication bias for observational studies on prenatal antidepressant 

exposure and ASD (Zhou et al., 2018). However, the impact of publication bias in rodent 

studies and observational studies on ADHD has not been evaluated.

Third, future studies should continue to explore what specific factors other than prenatal 

antidepressant exposure may be responsible for the increased occurrence of ASD and 

ADHD among offspring born to women who use antidepressants during pregnancy. The 

finding that observed associations between prenatal antidepressant exposure and ASD and 

ADHD are largely due to confounding factors underscores the importance of fully 

elucidating what specific factors are responsible for the associations. Identifying these 

specific factors would inform our understanding of the causes of neurodevelopmental 

problems and help with prevention efforts. Both small-scale and large-scale observation 

studies are needed to identify specific confounding factors. Small-scale studies will allow 

researchers to obtain fine grained measurements of plausible confounding factors (Yonkers, 

Forray, & Smith, 2017). It will also be important for researcher to conduct large-scale 

studies with valid measurements as these studies will allow researchers to obtain precise 

estimates, which is important particularly when studying rare exposures and outcomes.

Fourth, given that studies to date have focused on examining associations with exposure to 

any antidepressant or SSRIs specifically, future studies of specific medications and other 

classes are needed to evaluate if these medications have different effects on the developing 

fetus. This is an important area for future research because antidepressant medications have 
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different mechanisms of action and target different neurotransmitters. For example, SSRIs 

increase serotonin levels in the brain by binding to serotonin transporters and blocking 

reuptake of serotonin, serotonin-norepinephrine reuptake inhibitors boost serotonin and 

norepinephrine throughout the brain by combining robust serotonin transporter inhibition 

with various degree of norepinephrine transporter inhibition. Tricyclic antidepressants 

increase norepinephrine and sometimes serotonin by blocking the reuptake pumps for 

norepinephrine or both norepinephrine and serotonin (Stahl, 2013). Given that most studies 

have focused on prenatal SSRI exposure, the potential consequences of increased fetal 

exposure to norepinephrine are less clear.

Fifth, more studies examining the role of timing of exposure are needed to assess if there are 

particularly sensitive periods of exposure during pregnancy. Studies examining associations 

with exposure during specific trimesters have shown mixed results. Some researchers have 

hypothesized that exposure early in pregnancy may be more harmful due to the immaturity 

of the blood-brain barrier (e.g., Fombonne, 2016; Kaplan, Keskin-Arslan, & Acar, 2016). 

However, the second and third trimesters are sensitive periods for fetal growth and brain 

development (Rice & Barone, 2000; Zeanah, Gunnar, McCall, Kreppner, & Fox, 2011), and 

reduced fetal growth could be a mechanism for an effect of antidepressant exposure on 

neurodevelopmental problems (Huang et al., 2014; Pettersson et al., 2015). It is difficult to 

use observational data to study timing effects because most women who use antidepressants 

early in pregnancy also use antidepressants later in pregnancy. For example, in a sample of 

708,450 Swedish offspring born between 2006 and 2012, less than one percent (0.11%) of 

offspring were born to mothers who were only dispensed an antidepressant in the second 

and/or third trimester of pregnancy (Sujan et al., 2017). Therefore, in order to evaluate 

timing effects in observational studies, researchers will need to obtain particularly large 

samples so that enough offspring are exposed during specific periods of pregnancy. To do so, 

researchers may need to use population-based samples with extended follow-up. However, 

these types of datasets may not be available for a number of years. It may also be possible to 

use randomized clinical trials to study timing effects by recruiting pregnant women who 

have already made the decision to use their antidepressant medication during pregnancy and 

randomly assigning the women to use their medications during different pregnancy periods. 

In fact, some researchers have recently called for use of randomized clinical trials to study 

the effects of medication use, and antidepressant use specifically, during pregnancy given the 

limitations of observational studies and the additional information that could be gained from 

randomized clinical trials (Howland, 2013; Illamola et al., 2018).

Sixth, although this review focused on ASD and ADHD, future studies will also need to 

study other important offspring outcomes, including birth outcomes (e.g., preterm birth, fetal 

growth, and congenital malformations) and other neurodevelopmental outcomes (e.g., 

intellectual disabilities, learning disorders, and tics) so that pregnant women and their 

doctors can have more complete information when making decisions about the risk and 

benefits of using antidepressants during pregnancy.
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Implications for Clinical Practice

While it is important that pregnant women and their doctors consider a wide variety of 

potential consequences for offspring development, including adverse birth outcomes (e.g., 

preterm birth and congenital malformation) and neurodevelopmental problems, the research 

to date should provide women considering antidepressant use during pregnancy reassurance 

because it suggests intrauterine antidepressant exposure does not substantially increase the 

risk for two concerning neurodevelopmental problems -- ASD and ADHD.

In addition to being exposed to antidepressants during pregnancy, children born to women 

who use antidepressants during pregnancy are exposed to several other risk factors, 

including having a mother with an indication for antidepressant treatment. These other risk 

factors appear to be largely responsible for the increased occurrence of ASD and ADHD 

among children prenatally exposed to antidepressants. Therefore, it is critical that services 

are provided to women with depressive and anxiety disorders and their children in order to 

reduce the risk of offspring neurodevelopmental problems. In order to do this, the first step 

is identifying pregnant women who may need treatment. Recently, the US Preventive 

Services Task Force issued the recommendation that medical practitioners should routinely 

screen all adults, including pregnant women, for depression with validated self-report 

screening measures, such as the Patient Health Questionnaire, the Hospital Anxiety and 

Depression Scale, and the Edinburgh Postnatal Depression Scale (Siu et al., 2016). 

Additionally, recent advances in computer adaptive testing may also help expedite the 

screening of psychiatric problems (Gibbons, Weiss, Frank, & Kupfer, 2016), including 

depression (Gibbons, Weiss, Pilkonis, & et al., 2012) and anxiety (Gibbons et al., 2014).

Experts have recommended a stepped approach to treatment of depression during pregnancy 

(Stewart, 2011). Specifically, women with mild depression with a recent onset (i.e., two 

weeks or less) should be monitored and encouraged to exercise and seek social support. 

Women with mild depression that does not improve within two weeks of diagnosis and 

women with moderate–to–severe depression should seek/be offered evidence-based 

treatment. Research has suggested that evidence-based psychotherapies, such as cognitive 

therapy, and antidepressants are roughly equally effective at treating depression (DeRubeis, 

Hollon, Amsterdam, & et al., 2005).

The American Psychiatric Association and the American College of Obstetricians and 

Gynecologists have published recommendations about decision-making regarding 

antidepressant treatment during pregnancy (Yonkers et al., 2009). In their report, they 

suggest that antidepressants may be a superior treatment option to psychotherapy for some 

women. Women with a history of severe suicide attempts or severe depression who have 

previously experienced symptom reduction with antidepressant treatment may respond to 

antidepressants better than psychotherapy. They also suggest it may be advisable for some 

women who have previously relapsed when discontinuing antidepressant treatment to 

continue antidepressants use during pregnancy. Additionally, women who have tried 

psychotherapy but have not achieved adequate symptom reduction may also need 

antidepressant treatment during pregnancy. They also point out that some women may have 

a preference for antidepressant treatment over psychotherapy. In sum, their report indicates 
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that women and their doctors should work together and consider severity of current 

symptoms, previous mental health history, and patient treatment preferences when making 

decisions about antidepressant use during pregnancy.

Conclusion

There are many important offspring outcomes that need to be considered in clinical 

decision-making, and this review only focused on two specific neurodevelopmental 

problems – ASD and ADHD. Yet, the findings summarized in this review may help women 

and their doctors make decisions about antidepressant use during pregnancy by providing 

reassurance that use of these medications during pregnancy is unlikely to substantially 

increase the risk ASD and ADHD.
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Key points

• Associations between prenatal antidepressant exposure and 

neurodevelopmental problems could reflect a causal effect of antidepressant 

exposure or be influenced by other factors that differ between exposed and 

unexposed offspring.

• Between-species differences raise questions about the generalizability of 

findings from rodent studies, which suggest an effect of perinatal 

antidepressant exposure on neurodevelopment.

• Although observational studies cannot rule out a small effect of prenatal 

antidepressant exposure on neurodevelopment in humans, growing evidence – 

especially from studies assessing unmeasured confounding – suggests that 

observed associations are largely explained by confounding factors.

• Future research needs to investigate discrepancies between rodent and human 

studies, specific confounding factors, specific antidepressant drugs and 

classes, potential sensitive periods of exposure, and a wider range of potential 

offspring outcomes.
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Figure 1. 
Hypothesized influences on neurodevelopmental outcomes among offspring exposed to 

antidepressants during pregnancy. Solid lines a and b represent a plausible causal pathway 

from prenatal antidepressant exposure to neurodevelopmental problems through mechanisms 

of action. Dashed lines represent plausible confounding from indications for maternal 

antidepressant use (paths c, d, and e), environmental common causes (path f), and/or 

biological pleiotropic genetic factors (path g).
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Table 2.

Meta-analyses of observational studies

Study Exposure Outcome
Included studies Tested for confounding 

by unmeasured factors? Pooled Association
n Specific studies

Andalib et 
al. (2017) DP SSRI ASD 7 2,6,9,11,12,17,19 No aOR=1.8,95% CI:1.6–2.1

Brown, 
Hussain-
Shamsy, et 
al. (2017)

DP SSRI

ASD

4 5,6,11,17 No aOR=1.4,95% CI:1.0–2.0

DP SSRI 3 5,6,17 No (MP adjusted) aOR=1.4,95% CI:0.9–2.2

DP SSRI 2 2,12 No (MP adjusted) aOR=1.5,95% CI:0.9–2.7

1T SSRI 4 5,6,11,17 No aOR=1.7,95% CI:1.1–2.6

1T SSRI 3 5,6,17 No (MP adjusted) aOR=1.8,95% CI:1.1–3.1

Jiang et al. 
(2017)

BP AD

ADHD

3 15,16,20 Yes aHR=1.8,95% CI:1.5–2.2

BP SSRI 3 15,16,20 Yes aHR=1.6,95% CI:1.3–1.9

DP AD 6 1,10,13,15,16,20 No aHR=1.3,95% CI:1.1–1.6

DP AD 2 15,16 Yes (Compared to BP AD 
exposure) aHR=0.9,95% CI:0.7–1.1

DP AD 2 10, 15 No (Compred to MP 
exposure) aHR=1.0,95% CI:0.8–1.2

DP AD 3 13,16,20 Yes (Sibling comapriosn) aHR=0.9,95% CI:0.7–1.1

DP SSRI 5 1,13,15,16,20 No aHR=1.5,95% CI:1.4–1.6

DP non-SSRI 3 1,13,16 No aHR=1.5,95% CI:1.2–1.8

1T AD 4 1,13,16,20 No aHR=1.4,95% CI:1.3–1.5

2T/3T AD 3 1,13,16, No aHR=1.4,95% CI:1.2–1.6

Kaplan et al. 
(2017)

DP SSRI
ASD

3 7,12,15 No aHR=1.6,95% CI:1.2–2.3

DP SSRI 4 7,12,15,19 No aHR=1.7,95% CI:1.3–2.1

Kaplan et al. 
(2016)

BP SSRI

ASD

3 5,6,9 Yes (Timing of exposure) aOR=1.8,95% CI:1.5–2.3

DP SSRI 5 5,6,9,11,17 No aOR=1.7,95% CI:1.2–2.2

DP non-SSRI AD 3 5,6,17 No aOR=2.1,95% CI:1.2–3.5

1T SSRI 4 5,6,9,11 No aOR=1.9,95% CI:1.3–2.8

2T SSRI 4 5,6,9,11 No aOR=1.7,95% CI:1.2–2.6

3T SSRI 4 5,6,9,11 No aOR=1.6,95% CI:0.8–3.2

3T SSRI 3 5,6,9 No aOR=2.5,95% CI:1.7–3.6

3T SSRI 3 5,6,11 No aOR=1.1,95% CI:0.7–1.9

Kobayashi et 
al. (2016)

DP SSRI

ASD

7 5,6,7,11,12,16,17 No aOR=1.5,95% CI:1.2–1.8

DP SSRI 7 5,6,7,11,16,17,19 No aOR=1.6,95% CI:1.3–1.9

DP SSRI 5 5,6,11,16,17 No aOR=1.4,95% CI:1.1–1.7

DP SSRI 2 7,12 No aOR=1.7,95% CI:0.8–3.6

DP SSRI 2 7,19 No aOR=1.9,95% CI:1.2–3.0

DP SSRI 3 7,11,12 No (Compared to MP 
exposure) aOR=1.0,95% CI:0.6–1.6

DP SSRI 3 7,11,19 No (Compared to MP 
exposure) aOR=1.2,95% CI:0.7–2.1
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Study Exposure Outcome
Included studies Tested for confounding 

by unmeasured factors? Pooled Association
n Specific studies

DP SSRI 2 6,17,19 Yes (Other ADs as active 
comparator) cOR=1.1,95% CI:0.7–2.0

Man et al. 
(2015)

DP SSRI ASD 4 6,9,11,17 No aOR=1.8,95% CI:1.5–2.2

Man et al. 
(2018)

BP AD

ADHD

5 5,8,15,16,20 Yes (Timing of exposure) aRR=1.6,95% CI:1.3–2.0

DP AD 7 1,5,8,13,15,16,20 No aRR=1.4,95% CI:1.2–1.6

DP AD 3 13,16,20 Yes (Sibling comparison) aRR=0.9,95% CI:0.8–1.2

1T AD 6 1,4,8,13,16,20 No aRR=1.3,95% CI:1.0–1.6

1T AD 4 1,13,16,20 No aRR=1.3,95% CI:1.0–1.6

1T AD 2 4,8 No aRR=1.1,95% CI:0.5–2.6

2T AD 5 1,4,8,13,16 No aRR=1.4,95% CI:1.2–1.7

2T AD 2 1,13,16 No aRR=1.4,95% CI:1.2–1.6

2T AD 2 4,8 No aRR=1.8,95% CI:0.7–5.1

3T AD 5 1,4,8,13 No aRR=1.1,95% CI:0.7–1.5

3T AD 2 1,13 No aRR=1.3,95% CI:1.1–1.6

3T AD 2 4,8 No aRR=0.6,95% CI:0.3–1.1

Mezzacappa 
et al. (2017)

BP AD

ASD

4 4,5,6,9 Yes (Timing of exposure) aOR=2.0,95% CI:1.7–2.3

BP AD 4 4,5,6,9 Yes (Timing of exposure; 
MP adjsuted) aOR=1.8,95% CI:1.5–2.1

DP AD 6 4,5,6,9,11,17 No aOR=1.8,95% CI:1.5–2.0

DP AD 5 4,5,6,9,17 No (MP adjusted) aOR=1.5,95% CI:1.1–2.1

DP AD 2 2,12 No (MP adjusted) aHR=1.3,95% CI:0.9–1.7

1T AD 6 4,5,6,9,11,17 No aOR=2.1,95% CI:1.7–2.6

1T AD 5 4,5,6,9,17 No (MP adjusted) aOR=1.7,95% CI:1.3–2.5

1T AD 2 2,12 No (MP adjusted) aHR=1.1,95% CI:0.7–1.8

2T AD 5 4,5,6,9,11 No aOR=2.0,95% CI:1.6–2.6

2T AD 4 4,5,6,9 No (MP adjusted) aOR=1.7,95%CI:1.1–2.5

3T AD 5 4,5,6,9,11 No aOR=2.0,95% CI:1.7–2.3

3T AD 4 4,5,6,9 No (MP adjusted) aOR=1.5, 95% CI:0.8–2.9

Morales et 
al. (2018)

BP AD

ASD

7 2,3,4,5,6,12,20 Yes (Timing of exposure) aRR=1.5,95% CI:1.3–1.7

DP AD 10 2,3,4,5,6,7,11,12,15,17,20 No aRR=1.5,95% CI:1.3–1.8

DP AD 6 2,3,11,12,15,21 No (MP adjusted) aRR=1.2,95% CI:0.9–1.5

DP AD 3 3,19,20 Yes (Sibling comparison) aRR=1.0,95% CI:0.7–1.4

Paternal DP AD 2 19,20 Yes (Paternal comparison) aRR=1.3,95% CI:1.1–1.5

1T AD 7 2,4,5,6,11,12,20 No aRR=1.4,95% CI:1.1–1.8

2T AD 5 4,5,6,9,11 No aRR=1.6,95% CI:1.2–2.2

3T AD 5 4,5,6,9,11 No aRR=1.5,95% CI:0.9–2.5

BP AD

ADHD

5 4,5,8,16,20 Yes (Timing of exposure) aRR=1.4,95% CI:1.1–1.7

DP AD 7 4,5,8,13,15,16,20 No aRR=1.4,95% CI:1.1–1.7

DP AD 3 13,16,20 Yes (Sibling comparison) aRR=0.9,95% CI:0.7–1.1
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Study Exposure Outcome
Included studies Tested for confounding 

by unmeasured factors? Pooled Association
n Specific studies

1T AD 6 4,5,8,13,16,20 No aRR=1.4,95% CI:1.0–1.8

2T AD 5 4,5,8,13,16 No aRR=1.3,95% CI:0.9–1.7

3T AD 5 4,5,8,13,16 No aRR=0.9,95% CI:0.4–1.9

Zhou et al. 
(2018)

BP AD

ASD

2 Not reported Yes (Timing of exposure) aRR=1.3, 95% CI:0.9–1.7

BP AD 4 Not reported Yes (Timing of exposure) aOR=1.7, 95% CI:1.4–2.0

BP SSRI 2 Not reported Yes (Timing of exposure) aOR=1.8, 95% CI:1.4–2.3

DP AD 7 2,3,12,15,18,20.21 No aRR=1.1, 95% CI:0.9–1.4

DP AD 6 4,5,6,9,11,17 No aOR=1.5, 95% CI:1.2–2.0

DP AD 5 3,15,18,19,20 Yes (Four were sibling 
comparisons) aRR=1.0, 95% CI:0.8–1.2

DP AD 4 4,5,9,17 No (MP adjsuted) aOR=1.4, 95% CI:1.0–2.0

DP SSRI 3 Not reported No aRR=1.2, 95% CI:0.8–1.8

DP SSRI 4 Not reported No aOR=1.8, 95% CI:1.5–2.2

1T AD 5 Not reported No aRR=1.0, 95% CI:0.8–1.2

1T AD 5 Not reported No aOR=1.7, 95% CI:1.2–2.4

1T SSRI 3 Not reported No aRR=1.0, 95% CI:0.8–1.3

1T SSRI 2 Not reported No aOR=2.1, 95% CI:1.6–2.8

2T AD 5 Not reported No aOR=1.6, 95% CI:1.2–2.2

2T SSRI 3 Not reported No aOR=1.9, 95% CI:1.4–2.7

3T AD 5 Not reported No aOR=1.5, 95% CI:0.9–2.4

3T SSRI 3 Not reported No aOR=2.3, 95% CI:1.6–3.3

2T/3T AD 4 Not reported No aRR=1.4, 95% CI:1.0–1.9

2T/3T SSRI 3 Not reported No aRR=1.4, 95% CI:0.8–2.4

BP=before pregnancy. DP=during pregnancy. 1T=1st trimester. 2T=2nd trimester. 3T=3rd trimester. AD=antidepressant. SSRI=selective serotonin 
reuptake inhibitor. ASD=autism spectrum disorder. ADHD=attention-deficit/hyperactivity disorder. MP=maternal psychopathology. aOR=adjusted 
odds ratio. aHR=adjusted hazard ratio. aRR=adjusted relative risk. cOR=crude odds ratio. The following studies were included in the meta-
analyses: [1]Boukhris, Sheehy, and Berard (2017), [2]Boukhris et al. (2016), [3]Brown, Ray, et al. (2017), [4]Castro et al. (2016), [5]Clements et al. 
(2015), [6]Croen et al. (2011), [7]El Marroun et al. (2014), [8]Figueroa (2010), [9]Gidaya et al. (2014), [10]Grzeskowiak et al. (2016), 
[11]Harrington, Lee, Crum, Zimmerman, and Hertz-Picciotto (2014), [12]Hviid, Melbye, and Pasternak (2013), [13]Laugesen et al. (2013), [14]Liu 
et al. (2017), [15]Malm et al. (2016), [16]Man et al. (2017), [17]Rai et al. (2013), [18]Rai et al. (2017), [19]Sorensen et al. (2013), [20]Sujan et al. 
(2017), [21]Viktorin, Uher, Reichenberg, Levine, and Sandin (2017).
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