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ABSTRACT
The use of prescription psychostimulants during 
pregnancy has been increasing in recent years. One 
large and 3 small studies have recently examined 
the risk of major congenital malformations following 
the use of methylphenidate and amphetamines 
during the first trimester of pregnancy. The broad 
findings of these studies are that first trimester 
gestational exposure to methylphenidate or 
amphetamines is associated with an increased 
risk of major congenital malformations but the 
associations are no longer statistically significant 
after adjusting analyses for confounding variables; 
that first trimester exposure to amphetamines is not 
associated with an increased risk of cardiovascular 
malformations; and that first trimester exposure 
to methylphenidate may increase the risk of 
cardiovascular malformations. A closer look at 
the data on the last-mentioned finding, however, 
suggests that the statistical significance of the 
finding is in doubt and that even if the finding is 
statistically significant, it is probably not clinically 
significant. Furthermore, all the findings emerged 
from observational studies that cannot exclude 
confounding by indication and other sources of 
confounding. A reasonable conclusion, therefore, 
is that there is no evidence, at present, to suggest 
that methylphenidate and amphetamines are 
teratogenic. Nevertheless, because absence of 
evidence of risk is not evidence of absence of 
risk, the benefits of continuing psychostimulant 
medication during pregnancy should be weighed 
against potential risks in an individualized and 
shared decision-making process.
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Attention-deficit/hyperactivity disorder (ADHD) develops in 
childhood and persists in adults in about 40%–50% of cases1; in 

one study, the pooled prevalence in adults was estimated to be 2.5%.2 
Treatment of adult ADHD improves functioning3,4 and quality of 
life5 and reduces the risk of adverse outcomes such as accidents6 and 
problems related to substance abuse.7 Women on treatment for ADHD 
may therefore wish to continue their medications during pregnancy 
in order to continue to experience the benefits of treatment. In this 
context, a Danish study showed that, between 2003 and 2010, the use 
of ADHD medication during pregnancy increased from 5 per 100,000 
person-years to 533 per 100,000 person-years.8 A North American 
study found that use in pregnancy increased from 0.2% during 1997–
1998 to 1.3% during 2013.9

A question therefore arises: How safe is the use of ADHD medication 
during pregnancy? Four recent studies have examined the risk of major 
congenital malformations after first trimester gestational exposure to 
psychostimulants, specifically methylphenidate and amphetamines. 
These studies are briefly reviewed.

Methylphenidate, Amphetamines,  
and Major Congenital Malformations

Huybrechts et al10 used 2000–2013 data from the Medicaid program 
in the United States to identify 2,072 women who had filled a prescription 
for methylphenidate and 5,571 women who had filled a prescription 
for an amphetamine (amphetamine or dextroamphetamine) during 
the first 90 days of pregnancy. A comparison group was identified 
comprising 1,797,938 women who had had no exposure to ADHD 
medications from 3 months before their last menstrual period to the 
end of the first trimester. Analyses were adjusted for a wide range 
of potential confounding variables, including sociodemographic 
variables, obstetric variables, medical and psychiatric illness variables, 
and medication variables. Sensitivity analyses and exploratory analyses 
reexamined the data in other ways, such as by increasing the adjustment 
for confounding, improving the likelihood of correct classification of 
medication exposure, and redefining outcomes.

Important findings from the US data are presented in Table 1. In 
summary, both methylphenidate and amphetamines were associated 
with an increased major malformation risk, and methylphenidate was 
also associated with an increased risk of cardiovascular malformations. 
However, none of these findings remained statistically significant in 
analyses that adjusted for confounding variables. The conclusions 
remained similar in sensitivity and exploratory analyses.

Huybrechts et al10 replicated their analyses using registry-derived 
data from Denmark (2005–2012), Finland (1996–2010), Iceland (2003–
2012), Norway (2005–2012), and Sweden (2006–2013). The Nordic 
dataset included 1,402 pregnancies exposed to methylphenidate but 
only 99 to amphetamines; there were 2,557,001 unexposed controls. 
Statistical analysis was performed only for methylphenidate exposure. 
Risks for the Nordic countries were estimated and combined using 
meta-analysis.
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Table 1. Major Congenital Malformation Risk After First 
Trimester Gestational Exposure to Methylphenidate or 
Amphetamines: US Dataa

1. The rate of major congenital malformations was 95/2,072 (4.59%) 
in methylphenidate-exposed pregnancies, 253/5571 (4.54%) in 
amphetamine-exposed pregnancies, and 62,966/1,797,938 (3.50%) in 
pregnancies unexposed to ADHD medications.

2. Methylphenidate was associated with an increased malformation 
risk (RR = 1.31; 95% CI, 1.08–1.59); however, the risk was no longer 
statistically significant after full adjustment for confounding variables 
(RR = 1.11; 95% CI, 0.91–1.35).

3. Amphetamine was associated with an increased malformation 
risk (RR = 1.30; 95% CI, 1.15–1.46); however, the risk was no longer 
statistically significant after full adjustment for confounding variables 
(RR = 1.05; 95% CI, 0.93–1.19).

4. The rate of cardiovascular malformations was 39/2,072 (1.88%) 
in methylphenidate-exposed pregnancies, 86/5,571 (1.54%) in 
amphetamine-exposed pregnancies, and 22,910/1,797,938 (1.27%) in 
pregnancies unexposed to ADHD medications.

5. Methylphenidate was associated with an increased cardiovascular 
malformation risk (RR = 1.48; 95% CI, 1.08–2.02); however, the risk was 
no longer statistically significant after full adjustment for confounding 
variables (RR = 1.28; 95% CI, 0.94–1.74).

6. Amphetamine was not associated with a significantly increased 
cardiovascular malformation risk in either unadjusted (RR = 1.21; 95% CI, 
0.98–1.49) or fully adjusted (RR = 0.96; 95% CI, 0.78–1.19) analyses.

aData from Huybrechts et al.10

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, 
CI = confidence interval, RR = relative risk.

Table 2. Major Congenital Malformation Risk After First 
Trimester Gestational Exposure to Methylphenidate:  
Nordic Dataa

1. The rate of major congenital malformations was 3.85% in 
methylphenidate-exposed pregnancies and 3.78% in unexposed 
pregnancies. Methylphenidate was not associated with a significant 
increase in risk in either unadjusted (RR = 1.14; 95% CI, 0.87–1.49) or 
adjusted (RR = 0.99; 95% CI, 0.74–1.32) analyses.

2. The rate of cardiovascular malformations was 1.71% in 
methylphenidate-exposed pregnancies and 1.33% in unexposed 
pregnancies. Methylphenidate was associated with a borderline 
significant increase in risk in unadjusted analysis (RR = 1.49; 95% CI, 
1.00–2.23) and a nonsignificant risk in adjusted analysis (RR = 1.28;  
95% CI, 0.83–1.97).

aData from Huybrechts et al.10

Abbreviations: CI = confidence interval, RR = relative risk.

Important findings from the Nordic data are presented 
in Table 2. In summary, methylphenidate exposure was 
not associated with an increased malformation risk in 
either unadjusted or adjusted analyses. Whereas it was 
associated with a borderline significant risk of cardiovascular 
malformations in unadjusted analysis, the risk was not 
significant in adjusted analysis.

When the US and Nordic estimates were combined 
using meta-analysis, first trimester gestational exposure 
to methylphenidate was not associated with a significant 
risk of major malformations (relative risk [RR] = 1.07; 95% 
confidence interval [CI], 0.91–1.26). However, there was a 
borderline risk of cardiovascular malformations (RR = 1.28; 
95% CI, 1.00–1.64).

Other Studies Examining Psychostimulant-Related 
Malformation Risk

Pottegård et al11 examined Danish registry data from 2005 
to 2012; these data would probably have been substantially 
represented in the Nordic substudy of Huybrechts et al.10 
There were 222 women who had redeemed a prescription 
for methylphenidate in a time window extending from 14 
days before the start of the first trimester of pregnancy to 
the end of the first trimester. These women were propensity 
matched in a 1:10 ratio with 2,220 unexposed women, 
based on important variables such as maternal age, smoking 
status, body mass index, years of education, calendar 
year of completion of pregnancy, and concurrent use of 
antipsychotic, antidepressant, anxiolytic, and nonsteroidal 
antiinflammatory drugs. First trimester methylphenidate 
exposure was not associated with an increase in major 

malformations (point prevalence ratio = 0.8; 95% CI, 0.3–1.8) 
or cardiac malformations (point prevalence ratio = 0.9; 95% 
CI, 0.2–3.0). Similar findings were obtained in sensitivity 
analyses that employed other definitions of exposure and 
that considered previous users of methylphenidate as the 
unexposed comparison cohort.

In a study12 that examined 1996–2013 data from teratology 
information centers in Israel, Germany, Canada, and the 
United Kingdom, methylphenidate-exposed pregnancies 
(n = 382) were compared with pregnancies exposed to 
nonteratogenic substances (n = 382) after matching for 
maternal age, gestational age, and year at initial contact. 
In 89.5% of cases, exposure was recorded during the first 
trimester. There was no significant difference in the rate 
of major congenital malformations in methylphenidate-
exposed cases vs unexposed controls (3.2% vs 3.6%, 
respectively); this held true even after exclusion of genetic 
or cytogenetic anomalies and after limiting the period 
of methylphenidate exposure to weeks 4–13 after the last 
menstrual period (malformation rate, 2.4% vs 3.4% in 
cases vs controls, respectively). The rate of cardiovascular 
malformations was 0.8% in each group.

One other small study of 208 exposures to methylphenidate 
identified 5 cases of major congenital malformations, all 
cardiovascular defects; however, the malformation risk was 
not statistically significant (RR = 1.81; 95% CI, 0.59–4.21).13 
These data were drawn from Swedish registries (1996–2011) 
and would therefore have been partially represented in the 
study by Huybrechts et al.10

Other Gestational Outcomes Associated With 
Psychostimulant Exposure: Recent Data

In one small study,12 the miscarriage rate was significantly 
higher in methylphenidate-exposed pregnancies vs 
matched controls (14.1% vs 7.1%, respectively). There was 
no significant difference in the risk of other gestational 
outcomes, including gestational age at delivery and birth 
weight. This increased risk of miscarriage has been observed 
after gestational exposure to ADHD medications as a class.8,14

Another small study15 found an increased risk of 
hypertensive disorders of pregnancy following late 
gestational exposure to psychostimulant drugs. However, a 
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large population-based cohort study16 found that pregnancies 
exposed to amphetamines or methylphenidate were not 
consistently associated with risks of preeclampsia, placental 
abruption, smallness for gestational age, and preterm birth 
in different analyses; the authors concluded that, on the basis 
of their findings, women with significant ADHD should not 
be counseled to stop their ADHD treatment.

Summary of the Findings
The broad findings of the reviewed studies may be 

summarized as follows:

1. First trimester gestational exposure to 
methylphenidate or amphetamines is associated with 
an increased risk of major congenital malformations. 
However, such psychostimulant exposure is probably 
only a marker for the increased risk and not a driver 
of the increased risk because the association is no 
longer statistically significant after adjusting for 
potential confounding variables.

2. First trimester gestational exposure to amphetamines 
is not associated with an increased risk of 
cardiovascular malformations; however, exposure to 
methylphenidate appears to be associated with a 28% 
increased risk of these malformations.

3. Gestational exposure to ADHD medications may be 
associated with an increased risk of miscarriage and 
with an increased risk of other adverse gestational 
outcomes, as well.

Critical Appraisal: General Comments
All the reviewed studies were observational in nature, 

and, best attempts to adjust for confounding variables, 
notwithstanding, none could exclude the possibility of 
unknown, unmeasured, and insufficiently well-measured 
sources of confounding as an explanation for the significant 
associations identified. The problem of confounding in 
observational studies in pregnancy has been discussed in 
detail in earlier articles in this column and elsewhere17–19; 
whereas the use of preconception exposure controls, sibling 
controls, and paternal exposure controls may offer better 
insights, these research designs are also not infallible.20–22 
The bottom line is that no matter how ingenious the research 

design is and no matter how careful the adjustment for 
confounding is, observational studies cannot establish that 
an exposure causes an outcome.

Critical Appraisal: Specific Comments
The finding that methylphenidate exposure increased 

the risk of cardiovascular malformations requires special 
consideration partly because the finding was described in 
a large and well-conducted study10 that was published in a 
leading journal and partly because the finding was endorsed 
in an accompanying commentary23 in the journal; therefore, 
the finding is likely to receive high visibility.

Assuming that the finding is valid, a 28% increase in 
cardiovascular malformations (by methylphenidate) will 
increase the risk from 1.30% (the approximate base rate in 
the US and the Nordic data; Tables 1 and 2) to 1.66%; that 
is, by 0.36%. This translates to a number needed to harm of 
278,24 indicating that the clinical significance of the finding 
is very small.

However, is the finding valid? A large number of analyses 
were presented in the study,10 no primary outcome was stated, 
and no correction for a type I error was considered. Had 
the significance of this finding been corrected for multiple 
hypothesis testing, statistical significance would no longer 
have been declared. Most important of all, the finding was 
actually not statistically significant; the z value for the test for 
overall effect (Figure 2 in the published paper10) was 1.93; a 
threshold value of 1.96 is required for statistical significance 
with a P value of .05. Neither the authors of the study10 nor 
the commentator23 observed or acknowledged the lack of 
statistical significance when they discussed the finding.

Take-Home Message
The available data do not suggest that first trimester 

exposure to methylphenidate or amphetamines increases 
the risk of major congenital malformations in general or 
cardiovascular malformations in particular. Nevertheless, 
because absence of evidence of risk is not evidence of absence 
of risk, women who wish to continue to experience the 
benefits of psychostimulant medications during pregnancy 
should weigh the benefits of continued medication use 
against the theoretical risks of medication exposure. 
Decision-making should be individualized and shared.

Published online: January 23, 2018.
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