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Abstract

Objective—To evaluate whether psychostimulants used to treat attention-deficit hyperactivity 

disorder (ADHD) are associated with risk of adverse placental-associated pregnancy outcomes 

including preeclampsia, placental abruption, growth restriction, and preterm birth.

Methods—We designed a population-based cohort study where we examined a cohort of 

pregnant women and their liveborn infants enrolled in Medicaid from 2000 to 2010. Women who 

received amphetamine–dextroamphetamine or methylphenidate monotherapy in the first half of 

pregnancy were compared to unexposed women. We considered atomoxetine, a non-stimulant 

ADHD medication, as a negative control exposure. To assess whether the risk period extended to 

the latter half of pregnancy, women who continued stimulant monotherapy after 20 weeks were 
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compared to those who discontinued. Risk ratios (RRs) and 95% confidence intervals (CIs) were 

estimated with propensity score stratification to control for confounders.

Results—Pregnancies exposed to amphetamine/dextroamphetamine (n=3331), methylphenidate 

(n=1515), and atomoxetine (n=453) monotherapy in early pregnancy were compared to 1,461,493 

unexposed pregnancies. Among unexposed women, the risks of the outcomes were 3.7% for 

preeclampsia, 1.4% for placental abruption, 2.9% for small for gestational age, and 11.2% for 

preterm birth. The adjusted RR for stimulant use was 1.29 for preeclampsia (95% CI 1.11–1.49), 

1.13 for placental abruption (0.88–1.44), 0.91 for small for gestational age (SGA; 0.77–1.07) and 

1.06 for preterm birth (0.97–1.16). Compared to discontinuation (n=3527), the adjusted RR for 

continuation of stimulant use in the latter half of pregnancy (n=1319) was 1.26 for preeclampsia 

(0.94–1.67), 1.08 for placental abruption (0.67–1.74), 1.37 for SGA (0.97–1.93), and 1.30 for 

preterm birth (1.10–1.55). Atomoxetine was not associated with the outcomes studied.

Conclusion—Psychostimulant use during pregnancy was associated with a small increased 

relative risk of preeclampsia and preterm birth. The absolute increases in risks are small and thus, 

women with significant ADHD should not be counseled to suspend their ADHD treatment based 

on these findings.

Introduction

Attention-deficit hyperactivity disorder (ADHD) diagnoses and stimulant prescriptions have 

markedly increased over the past two decades in women of childbearing age, resulting in 

increased stimulant exposure during pregnancy.1–3 Despite increasing use, there are limited 

safety data on stimulant use in pregnancy. While discontinuing treatment may be a viable 

option for some, women with severe symptoms may benefit from continued use of 

stimulants during pregnancy since severe, untreated ADHD can result in anxiety and 

aggressive behaviors that can disrupt family relationships and newborn care.4 Thus, 

understanding the safety of ADHD medications is critical for appropriate patient counseling 

regarding stimulant use during pregnancy.

The safety of first-line ADHD medications (e.g., amphetamine/ dextroamphetamine and 

methylphenidate) is of concern, as these stimulants cause vasoconstriction, which may 

impair placental perfusion.5 Impaired uteroplacental perfusion has been linked to obstetrical 

complications including preeclampsia, placental abruption, and fetal growth restriction6, as 

well as preterm birth.7

Our objective was to evaluate whether stimulant use in pregnancy is associated with 

increased risks of preeclampsia, placental abruption, small for gestational age birth (SGA), 

and preterm delivery. We also aimed to determine whether stimulant versus non-stimulant 

treatments for ADHD have different safety profiles with respect to placental complications 

and to define the etiologically-relevant exposure period for any observed increase in risk. We 

hypothesized that use of stimulants may adversely affect placentation (early pregnancy) or 

placental function (later pregnancy) leading to different manifestations of ischemic placental 

disease including impaired fetal growth, preeclampsia, placental abruption, and preterm 

birth.
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Materials and Methods

We designed a population-based cohort study within the large, diverse population of low-

income pregnant women covered by Medicaid (public insurance) in the United States. We 

linked pregnant women and their live born offspring within the Medicaid Analytic eXtract 

(MAX) database from 2000 to 2010. MAX data are managed by the Research Data 

Assistance Center (ResDAC) at the University of Minnesota. This mother-baby cohort has 

been described in detail previously8 and has been extensively used to study drug safety 

during pregnancy.9–14 The cohort includes deliveries in mothers ages 12–55 from 46 states 

and Washington D.C. For this study, we included women who were continuously enrolled in 

Medicaid from three months prior to the first day of their last menstrual period (LMP) until 

one month following delivery, without supplemental insurance or restricted benefits. Infants 

were also required to be enrolled or have a claim in the month after birth, unless they died. 

We excluded pregnancies where the infant was diagnosed with a major congenital anomaly 

(3.4%), as we were interested in whether stimulants increase the risk of adverse pregnancy 

outcomes related to placental complications in pregnancies without congenital 

malformations.

Our early exposure window of interest was defined as the first 20 weeks of pregnancy (LMP 

to LMP+140 days). We chose this window as we hypothesized that exposure during this 

period could affect placental implantation and early development leading to the placental 

complications of interest. We focused on the most common stimulants, amphetamine/

dextroamphetamine and methylphenidate. They have similar psychostimulant effects and 

side effects including insomnia and anorexia; however, the effects of amphetamine/

dextroamphetamine are longer lasting.15 Atomoxetine is a non-stimulant ADHD medication 

used in cases where other stimulants are ineffective or need to be avoided due to side effects 

or potential for abuse.16 We included it in our study as a negative control exposure to 

evaluate the possibility of residual confounding by indication. We defined monotherapy 

based on at least one filled prescription from LMP to LMP+140 days with no prescription 

for any other ADHD medication from LMP-90 days to LMP+140 days. Our reference group 

for the early exposure window consisted of women without a prescription for any ADHD 

medication (amphetamine, amphetamine/dextroamphetamine, dextroamphetamine, 

methamphetamine, lisdexamfetamine, methyphenidate, dexmethylphenidate, pemoline, 

atomoxetine, guanfacine, and clonidine) during the three months prior to pregnancy or LMP

+140 days.

Because very few women newly initiated stimulant treatment late in pregnancy, we 

compared women who continued stimulant (amphetamine/dextroamphetamine or 

methylphenidate) treatment after LMP+140 to those who discontinued to evaluate whether 

the etiologically relevant risk period extends into the second half of pregnancy. The number 

of women exposed to atomoxetine in late pregnancy was too small to allow for a similar 

analysis. We defined continuation of stimulant monotherapy as filling at least one 

prescription for the same medication in the second half of pregnancy. We assessed late 

exposures from 141 until 245 days (>20 to 35 weeks) of pregnancy to avoid differential 

opportunity for exposure in preterm versus term births.
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Preeclampsia was defined by an inpatient diagnosis from 141 days after LMP to 30 days 

following delivery. A prior validation study showed the positive predictive value (PPV) of 

this outcome definition to be 95%.17 Other outcome definitions were validated in a subset of 

study participants that received obstetrical care at Brigham and Women’s Hospital or 

Massachusetts General Hospital (International Conference on Pharmacoepidemiology and 

Drug Safety 2017 abstract, in press). Placental abruption was defined by at least one 

diagnosis during the delivery hospitalization (PPV 92%). Small for gestational age (SGA) 

was defined by a diagnosis in maternal or infant claims from delivery to 30 days after 

delivery (PPV 84%). Preterm birth was defined by diagnosis and procedure codes that were 

present in maternal or infant claims from delivery to 60 days following delivery (PPV 78%). 

The International Classification of Diseases, 9th revision (ICD-9) codes used to identify the 

outcomes are presented in Appendix 1, available online at http://links.lww.com/xxx.

We considered risk factors for ischemic placental disease and preterm birth including 

demographic characteristics (age, race, geographic region, year, multiparity), maternal and 

pregnancy characteristics (multifetal gestation, alcohol use, tobacco use, other drug abuse or 

dependence, obesity/overweight), and certain chronic conditions (inflammatory, 

cardiovascular, renal) as potential confounders. Additionally, we also adjusted for 

indications for stimulants and proxies for indication severity, other psychiatric and pain 

conditions, proxies for healthcare utilization intensity, and co-treatment with psychiatric and 

pain medication. Confounders were defined based on ICD-9 codes or prescriptions 

dispensed from LMP-90 days to LMP+140 days. Healthcare utilization variables were 

assessed during the period prior to pregnancy (LMP-90 to LMP-1) to capture the usage due 

to preexisting health conditions, which may serve as a proxy for general health prior to 

pregnancy. The following potential indications for psychostimulant treatment were defined 

as one or more relevant ICD-9 codes from LMP-90 days to delivery to enhance sensitivity: 

ADHD, migraine, bipolar, chronic fatigue syndrome, narcolepsy, and epilepsy. We assumed 

that these chronic conditions temporally preceded the use of stimulants, though they may 

have been captured after the prescription claim was identified.

We estimated risk ratios (RRs) and 95% confidence intervals (CIs) using log-binomial 

regression. We controlled for potential confounding using propensity scores. Propensity 

score models predict the likelihood of exposure, based on the measured confounders. This 

enables the comparison of subjects who had a similar probability of receiving the treatment. 

Thus, propensity score methods allow us to mimic a randomized trial where comparable 

subjects are randomly assigned to treatment or control, assuming there are no unmeasured 

confounders. The propensity score model included exposed vs. reference as the dependent 

variable and confounders as independent variables: demographic characteristics, pregnancy 

characteristics, and chronic inflammatory, cardiovascular, and renal conditions (24 

covariates), potential indications and proxies for the indication severity and healthcare 

utilization (35 covariates; see eTable 2 for complete list).

After we estimated the propensity scores using logistic regression, we trimmed the non-

overlapping regions of the exposed and reference group distributions and then used a fine 

stratification approach which has been shown to control for confounding better or more 

efficiently than matching or coarse stratification when exposures are rare.18 Exposed 
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subjects were stratified into 50 equally-sized strata. Then reference subjects in each stratum 

were weighted according the distribution of the exposed subjects.

We conducted sensitivity analyses to explore the robustness of our findings. To address the 

possibility that women with only one prescription may not truly be exposed in pregnancy, 

we modified the definition of exposed to require at least two filled prescriptions in the first 

20 weeks of pregnancy. Next, we redefined exposure as having drug supply available from 

8–18 weeks gestation, the period during which extensive remodeling of the uterine spiral 

arteries occurs which is a process noted to be incomplete in ischemic placental disease.19 

This time period may be particularly relevant if the mechanism whereby stimulants affect 

these outcomes is interference with early placental development. We also stratified the 

exposed according to days’ supply available during the first 140 days of pregnancy, grouped 

as <30, 30–60, 61–90, and >90 days; this was collapsed to <30, 30–60, and >60 days for 

atomoxetine due to limited sample size.

The study was approved by the institutional review board at Brigham and Women’s 

Hospital, and the need for informed consent was waived.

Results

The primary reference group was pregnant women who were not dispensed any ADHD 

medication from 90 days before LMP to 140 days after LMP (n=1,461,493). The exposed 

groups included women exposed to monotherapy of amphetamine/dextroamphetamine 

(n=3,331), methylphenidate (n=1,515), and atomoxetine (n=453) during the first 140 days of 

pregnancy (Appendix 2, available online at http://links.lww.com/xxx). Women using ADHD 

medication monotherapy in pregnancy were on average younger, more likely to be white, 

and had more risk factors for placental-mediated pregnancy complications. Women who 

continued to use stimulant monotherapy after 20 weeks were more similar to women who 

discontinued use in the first 20 weeks, although they were older, more likely to be 

multiparous, and more likely to have a diagnosis of ADHD (Table 1). After propensity score 

weighting, comparison groups were similar with respect to the covariates of interest 

(Appendixes 3–6, available online at http://links.lww.com/xxx).

Among unexposed women, the risks of the outcomes were 3.7% for preeclampsia, 1.4% for 

placental abruption, 2.9% for small for gestational age, and 11.2% for preterm birth. In 

unadjusted analyses, women using amphetamine/dextroamphetamine monotherapy in the 

first half of pregnancy (irrespective of their exposure in the second half of pregnancy) had an 

increased risk of all placental-mediated complications examined. Women using 

methylphenidate had increased risks for all outcomes examined except for placental 

abruption. However, after adjusting for potential confounders, the associations were 

attenuated and suggested no effect for most exposure-outcome contrasts except for stimulant 

exposure as a class and preeclampsia (adjusted RR 1.29, 95% CI 1.11–1.49) and 

amphetamine/dextroamphetamine and preeclampsia (1.33, 1.12–1.58). Atomoxetine use was 

not associated with an increased risk for the outcomes in crude or adjusted analyses (Figure 

1).
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Continuing to use stimulant monotherapy (amphetamine/dextroamphetamine or 

methylphenidate) in the second half of pregnancy compared to discontinuation in the first 

half of pregnancy was also associated with an increased risk of preterm birth after adjusting 

for confounders (adjusted RR 1.30, 95% CI 1.10–1.95, Table 2).

Sensitivity analyses

The positive associations identified in the primary analyses remained similar or slightly 

strengthened for women filling two or more prescriptions during the first half of pregnancy. 

Redefining exposure as using stimulants in a narrower time window surrounding 

placentation (8–18 weeks) also produced consistent findings. Amphetamine/

dextroamphetamine use was associated with preeclampsia, placental abruption, and preterm 

birth, and methylphenidate use with preeclampsia in these sensitivity analyses. Atomoxetine 

remained unassociated with the outcomes studied (Figure 2). When we stratified the exposed 

subjects based on days-supply of medication in the first 140 days after LMP, the association 

between amphetamine/dextroamphetamine and preeclampsia was apparent for women who 

had at least a 30-day supply; adjusted RR 1.03 (95% CI 0.71–1.50) for <30 days, 1.33 

(1.10–1.74) for 30–60 days, and 1.38 (0.98–1.95) for 61–90 days, and 1.50 (1.11–2.02) for 

>90 days; similar findings were not observed for placental abruption or preterm birth, where 

only >90 days of exposure to amphetamine/dextroamphetamine were associated with an 

increased risk of preterm birth. There was no evidence of a clear dose-response relationship 

for methylphenidate and either preeclampsia or SGA; only exposure >60 days was 

associated with increased risk of preeclampsia. There were no trends corresponding to dose 

of atomoxetine for any of the outcomes examined (Figure 3).

Discussion

In a cohort of almost 1.5 million pregnancies, we identified over 5,000 pregnancies exposed 

to ADHD monotherapy. Stimulant monotherapy in the first half of pregnancy remained 

associated with a 1.3-fold increased risk of preeclampsia after controlling for confounding 

by indication and other risk factors. Continued stimulant exposure late in pregnancy was 

associated with an increased risk of preterm birth (1.3-fold compared to discontinuation). 

The absolute increases in risk are small and may not justify additional surveillance of 

pregnancies exposed to psychostimulant therapy. Atomoxetine, a non-stimulant ADHD 

medication, was not associated with the adverse pregnancy outcomes examined.

We would expect stronger associations for amphetamine/dextroamphetamine and 

methylphenidate than for atomoxetine monotherapy. Amphetamine-type drugs 

(amphetamine, dextroamphetamine, and methylphenidate) increase levels of circulating 

epinephrine through activation of the sympathetic nervous system producing 

vasoconstriction.20 Alternatively, atomoxetine acts as a selective norepinephrine transporter 

inhibitor primarily in the prefrontal cortex and effects on vasoconstriction are limited.21 

Thus, atomoxetine may be an ideal negative control exposure due to the similar indication 

for use and pharmacological effects, but limited potential for side effects on the maternal 

vasculature. Experiments in sheep demonstrated that amphetamine causes vasoconstriction 

and decreased uteroplacental perfusion.5 Furthermore, if stimulants cause inadequate 
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placental blood flow, exposure during the second half of pregnancy may be particularly 

relevant for growth restriction since most fetal weight gain occurs in late pregnancy.

Small studies that lacked control for confounders suggested an association between 

stimulant abuse and therapeutic use for weight control during pregnancy and lower birth 

weight (including SGA) and premature birth.22,23 A cohort study also identified an 

association between late pregnancy therapeutic methamphetamine use and fetal growth 

restriction.24 A recent cohort study compared women who used ADHD medication and 

women with ADHD diagnosis without medication to women with no ADHD diagnosis or 

medication in the general population of pregnancies in Denmark from 1997–2008.25 They 

reported that methylphenidate or atomoxetine use in pregnancy (n=186) was not associated 

with reduced birthweight or gestational age at birth. However, they reported that women 

with a hospital-based diagnosis of ADHD who did not use medication (n=275) were at an 

approximately 2-fold increased risk of preterm birth. This study highlighted the potential for 

cofounding by indication (i.e. ADHD) and the need for larger studies of amphetamine/

dextroamphetamine and methylphenidate, which are the most commonly used stimulants in 

the US.

Residual confounding is always a concern in observational studies. Due to prior research 

implicating depression and antidepressant use in the risk of preeclampsia and preterm 

birth,9,26 adjusting for depression and associated treatment were of key concern. While we 

defined potential indications, smoking, and overweight/obesity from ICD-9 codes, these may 

have been under recorded. However, because we controlled for many psychiatric and 

physical conditions and co-medication use which may be correlated with ADHD, smoking, 

and obesity, we likely controlled for these to a large extent by proxy. The negative findings 

for atomoxetine provide further reassurance in this regard.

Outcomes were defined by a set of validated algorithm-based definitions designed to 

maximize specificity while preserving sensitivity and should lead to unbiased estimates of 

the relative risks. SGA appeared to be under-recorded in these data, as the rate of 2.9% in 

the unexposed was lower than the expected rate of around 10%. It has been shown that if 

specificity is high and both sensitivity and specificity are non-differential, then risk ratios are 

unbiased.27 However, the lower PPV for some outcomes (e.g. SGA, preterm birth) may have 

biased results toward the null.

The modest effect estimates for early pregnancy exposure in this study may be a result of 

frequent discontinuation of stimulants early in the first half of pregnancy. Indeed, requiring 

two prescriptions or a day supply that overlapped the period from 8 to 18 gestational weeks 

resulted in somewhat stronger associations. Additional risk was also observed for women 

who continue to use stimulants in the second half of pregnancy, compared to discontinuation 

during the first half of pregnancy. Continuation of use reflects both a higher cumulative 

exposure and exposure at a different time compared to discontinuation. It therefore remains 

unclear whether later exposure or longer duration of treatment explains the increased risk of 

preterm birth, primarily associated with continuation of treatment in late pregnancy.
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In conclusion, stimulant use was associated with increased risks of preeclampsia and 

preterm birth. Although the point estimates were elevated, associations for placental 

abruptions and SGA were not statistically significant. . However, the absolute increases in 

risks are small and thus, women with significant ADHD should not be counseled to suspend 

their ADHD treatment based on these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Relative risks for placental complications related to exposures during the first 20 weeks of 

pregnancy. Stimulant includes amphetamine–dextroamphetamine- and methylphenidate-

exposed. As per Centers for Medicare and Medicaid Services data use agreement, cell sizes 

<11 are not presented.
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Figure 2. 
Primary and sensitivity exposure definitions for attention-deficit hyperactivity disorder 

monotherapy compared to unexposed reference group. Amphetamine–dextroamphetamine 

(A), methylphenidate (B), and atomoxetine (C). Redefining amphetamine–

dextroamphetamine exposure based on two prescription fillings (n=2,007) and drug supply 

available at 8–18 weeks of gestation (n=2,589) compared to primary analysis based on one 

prescription filling (n=3,331). Redefining methlyphenidate exposure based on two 

prescription fillings (n=751) and drug supply available at 8–18 weeks of gestation (n=1,100) 

compared to primary analysis based on one prescription filling (n=1,515). Redefining 

atomoxetine exposure based on two prescription fillings (n=153) and drug supply available 

at 8–18 weeks of gestation (n=276) compared to primary analysis based on one prescription 

filling (n=453).
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Figure 3. 
Dose response investigation. Adjusted relative risks associated with the number of days 

covered during the first 20 weeks of pregnancy by prescriptions filled from 90 days before 

last menstrual period to 140 days after last menstrual period among women exposed to 

attention-deficit hyperactivity disorder monotherapy. Preeclampsia (A), placental abruption 

(B), small for gestational age (C), and preterm birth (D).
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Table 2

Stimulant monotherapy continuation (n=1319) after 20 weeks versus discontinuation (n=3527)

Outcome events, n (%) RR (95% CI)

Continuation Discontinuation Crude Adjusted*

Preeclampsia 75 (5.7%) 181 (5.1%) 1.11 (0.85 – 1.44) 1.26 (0.94 – 1.67)

Placental abruption 30 (2.3%) 58 (1.6%) 1.38 (0.90 – 2.14) 1.08 (0.67 – 1.74)

Small for gestational age 60 (4.5%) 118 (3.3%) 1.36 (1.00 – 1.85) 1.37 (0.97 – 1.93)

Preterm birth 222 (16.8%) 413 (11.7%) 1.42 (1.21 – 1.65) 1.30 (1.10 – 1.55)

Stimulant monotherapy includes amphetamine/dextroamphetamine and methylphenidate only

*
Adjusted RRs calculated with propensity score stratification
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