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ABSTRACT
Introduction: Methylphenidate is a central nervous system 
stimulant medicinally used in the treatment of attention-deficit 
disorder with or without hyperactivity (ADD/ADHD). Data on 
its use in human pregnancy are limited. The primary objective 
of the study was to evaluate the risk of major congenital 
anomalies after pregnancy exposure to methylphenidate for 
medical indications.

Methods: In a prospective, comparative, multicenter 
observational study performed in 4 participating Teratology 
Information Services (in Jerusalem, Berlin, Newcastle upon 
Tyne, and Toronto) between 1996 and 2013, methylphenidate-
exposed pregnancies were compared with pregnancies 
counseled for nonteratogenic exposure (NTE) after matching 
by maternal age, gestational age, and year at initial contact.

Results: 382 methylphenidate-exposed pregnancies (89.5% 
in the first trimester) were followed up. The overall rate of 
major congenital anomalies was similar between the groups 
(10/309 = 3.2% [methylphenidate] vs 13/358 = 3.6% [NTE], 
P = .780). The rates of major congenital anomalies (6/247 = 2.4% 
[methylphenidate] vs 12/358 = 3.4% [NTE], P = .511) and 
cardiovascular anomalies (2/247 = 0.8% [methylphenidate] 
vs 3/358 = 0.8% [NTE], P = .970) were also similar after 
exclusion of genetic or cytogenetic anomalies and limiting 
methylphenidate exposure to the period of organogenesis 
(weeks 4–13 after the last menstrual period). There was 
a higher rate of miscarriages and elective terminations 
of pregnancy in the methylphenidate group. Significant 
predictors for the miscarriages using Cox proportional hazards 
model were methylphenidate exposure (adjusted hazard ratio 
[HR] = 1.98; 95% CI, 1.23–3.20; P = .005) and past miscarriage 
(adjusted HR = 1.35; 95% CI, 1.18–1.55; P < .001).

Conclusions: The present study suggests that methylphenidate 
does not seem to increase the risk for major malformations. 
Further studies are required to establish its pregnancy safety 
and its possible association with miscarriages.
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Methylphenidate is a central nervous system stimulant 
medicinally used in the treatment of attention-deficit 

disorder with or without hyperactivity (ADD/ADHD) and 
narcolepsy. The prevalence rate of ADHD is estimated between 
2%–18%.1 The worldwide pooled prevalence of ADHD in a recent 
systematic review was 5%.2 In recent years, methylphenidate has 
been increasingly prescribed in children and young adults with 
ADHD. It is also increasingly used for cognitive enhancement in 
the absence of ADHD.3 Methylphenidate carries a potential for 
abuse and can be used as a drug of abuse. A substantial increase 
in the incidence of pregnancies exposed to ADHD medication 
from 5 to 533 per 100,000 person-years between 2003 and the 
first quarter of 2010 was shown in Denmark.4

Methylphenidate is a piperidine derivative that is structurally 
related to amphetamine. Placental transport of amphetamines 
has been shown in mice and sheep.5,6 There are no human data 
regarding the placental transfer of methylphenidate. However, 
its molecular weight of 269.8 Da is low enough to suggest 
transfer. Methylphenidate has not been teratogenic in most 
animal reproductive studies.7,8 In 1 rabbit study,9 however, the 
racemic mixture produced a low incidence of spina bifida at a 
maternal dose of 200 mg/kg/d, which also caused some maternal 
lethality.

Until recently, published data on human pregnancy experience 
with methylphenidate have been limited. A total sample of 41 
children exposed to methylphenidate in pregnancy were found 
in a systematic review of the literature dated until September 
2012.10 In the Collaborative Perinatal Project,11 there were 11 
pregnancies exposed to methylphenidate with no evidence 
of increased malformation risk. In the surveillance study12 of 
Michigan Medicaid recipients, 13 newborns had been exposed 
to methylphenidate during the first trimester, with 1 neonate 
with cardiovascular defect. Human pregnancy experience with 
methylphenidate is partly derived from women who abused 
it. Thus, in a study examining intravenous pentazocine and 
methylphenidate abuse in 38 pregnancies, there was a high 
rate of preterm deliveries, growth restriction, and withdrawal 
symptoms after birth.13 This study was confounded by concurrent 
abuse of alcohol and other drugs, as well as by the underlying 
disorders. In the Swedish Medical Birth Register, 104 children 
were reported following in utero exposure to methylphenidate, 
with 3 having a congenital malformation.14 Two children had 
ventricular septal defects, and 1 had a univentricular heart. 
In updated data from the Swedish Medical Birth Register, 
there were 5 infants with relatively severe malformations, all 
cardiovascular, among 208 pregnancies with early exposure to 
methylphenidate.15 The relative risk (RR) for cardiovascular 
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■■ Methylphenidate is increasingly prescribed in adults,  
while data on its use in pregnancy are limited.

■■ Methylphenidate in pregnancy did not show an increased 
risk of major congenital anomalies compared with 
nonteratogenic exposure.

■■ The higher rate of miscarriages observed in the 
methylphenidate group was associated with a history of 
miscarriages and might also be related to the mother’s 
underlying disorder or indication.

Clinical Points

malformations was 1.81 (95% CI, 0.59–4.21). In contrast, 
there was no increase in the risk of major or cardiac 
malformations among the offspring of 222 first trimester–
exposed pregnancies from a Danish population-based 
cohort study.16 There was, however, an increased risk for 
miscarriage in another recent Danish register–based study, 
with 480 ADHD-medication–exposed pregnancies (of 
which 393 exposures were methylphenidate) compared with 
unexposed pregnancies.4 In addition, their data included 3 
pregnancies exposed to ADHD medication that resulted in 
a child with a congenital malformation within the first year 
of life (prevalence of 3.1%; 95% CI, 0.6%–8.7%) and did not 
support an association between use of ADHD medication 
during pregnancy and congenital malformations.4

Another concern of methylphenidate treatment during 
pregnancy is its potential effect on the developing brain. A 
few studies have investigated the long-term neurobehavioral 
consequences of in utero exposure to methylphenidate in 
animal models, suggesting such effects.17–19

The primary objective of the present study was to 
evaluate the risk of major anomalies after early pregnancy 
exposure to methylphenidate for medical indications or 
for cognitive enhancement. Secondary objectives were 
to compare the rate of pregnancy outcome (live birth, 
miscarriage, elective termination of pregnancy, stillbirth), 
neonatal birth weight, rate of preterm delivery, and neonatal 
effects after pregnancy exposure to methylphenidate for 
these indications or enhancements.

METHODS

Setting
Pregnant women who contacted 1 of 4 selected 

Teratology Information Service (TIS) providers—the 
Israeli TIS (Jerusalem, Israel), the Institute for Clinical 
Teratology and Drug Risk Assessment in Pregnancy 
(Berlin, Germany), the United Kingdom TIS (Newcastle 
upon Tyne, England), or the Motherisk Program (Toronto, 
Canada)—between 1996 and 2013 regarding gestational 
exposure to methylphenidate were enrolled in the present 
multicenter, prospective, comparative, observational 
study. The 4 TIS providers are members of the European 
Network of Teratology Information Services (ENTIS) or the 
Organization of Teratology Information Specialists (OTIS); 
both are organizations for providers of counseling services 
with regard to environmental exposure during pregnancy, 
and they use a similar methodology. TIS providers offer 
risk assessment to pregnant women and health care 
professionals who spontaneously contact these services for 
consultation in pregnancy. 

The participants consented to take part in the study. The 
study protocol was approved by the ethics committee of the 
Israeli Ministry of Health and by ethics committees of other 
TIS providers, where required. Retrospective cases were not 
included in the study. Pregnant women who contacted the 
TIS after an anomaly had been identified on prenatal testing 
were also excluded.

Exposure
Exposure during pregnancy was defined from conception 

till the end of pregnancy. Exposure to methylphenidate 
during the period of organogenesis was defined when the 
woman took the medication during pregnancy between 4 
and 13 completed weeks from her last menstrual period. 
The methylphenidate-exposed group was compared with 
a group of women counseled by 1 of the 4 TIS providers 
for nonteratogenic exposure (NTE), at a 1:1 ratio, matched 
for maternal age, gestational age, and year at initial contact. 
Gestational age referred to the time from the last menstrual 
period. Common exposures in the comparison group 
were short-term courses of antibiotics (eg, penicillins, 
cephalosporins), oral contraceptives taken in the first 4–5 
weeks of pregnancy, low-dose diagnostic irradiation, topical 
preparations (excluding retinoids) with negligible systemic 
absorption, occasional paracetamol (acetaminophen), and 
hair dye (non-occupational). Pregnancies of women who 
had chronic diseases were not included in the NTE group. 
Details of exposure were collected at the initial contact 
with the TIS and before pregnancy outcome was known 
using a structured questionnaire. In addition, the following 
information was recorded: maternal demographics, medical 
and obstetric history, and exposure details (dose, duration 
and timing in pregnancy, and additional exposures).

Outcome
Pregnancy outcome data were actively sought after the 

expected date of delivery in the exposed and comparison 
groups, and collection methods for both groups were similar. 
After at least 2 physical examinations were performed in the 
neonatal period, follow-up was conducted by a telephone 
interview with the woman or by a questionnaire mailed to 
the woman, her health care professional, and/or the child’s 
pediatrician to obtain details on the pregnancy outcome, 
gestational age at delivery, birth weight, congenital anomalies, 
and neonatal complications. In cases of anomalies, an 
attempt to obtain medical records was made. In addition, it 
was verified that the exposure(s) the woman was counseled 
for indeed occurred during pregnancy. Details on any dose 
modifications during pregnancy, the exact timing and 
duration of treatment, and additional exposures during 
pregnancy were also ascertained. .

Major anomalies were defined as structural anomalies 
in the offspring that have serious medical, surgical, or 
cosmetic consequences. Children with minor anomalies or 
functional problems without any morphological changes 
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Table 1. Comparison of Maternal Characteristics Between the 
Methylphenidate and Nonteratogenic Exposure Groupsa

Characteristic Methylphenidate NTE P Value
Maternal age (mean ± SD), y 29.4 ± 6.3 29.6 ± 5.8 .698
Pregnancy order

1 176/369 (47.7) 154/371 (41.5) .090
2–4 158/369 (42.8) 190/371 (51.2) .022
≥ 5 35/369 (9.5) 27/371 (7.3) .279

Parity 
0 225/374 (60.2) 176/373 (47.2) < .001
1 or 2 116/374 (31.0) 170/373 (45.6) < .001
≥ 3 33/374 (8.8) 27/373 (7.2) .426

Previous miscarriage 
0 310/367 (84.5) 323/371 (87.1) .313
1 or 2 48/367 (13.1) 45/371 (12.1) .698
≥ 3 9/367 (2.5) 3/371 (0.8) .078
≥ 1 Previous ETOP 52/368 (14.1) 17/370 (4.6) < .001
≥ 1 Previous stillbirth 1/367 (0.3) 2/371 (0.5) 1.000
≥ 1 Previous ectopic 0/367 (0.0) 2/370 (0.5) .499

Cigarette smoking 
None 275/360 (76.4) 344/372 (92.5) < .001
< 10 cigarettes/d 43/360 (11.9) 14/372 (3.8) < .001
≥ 10 cigarettes/d 42/360 (11.7) 14/372 (3.8) < .001

Median gestational age 
at initial contact with 
teratology information 
service, weeks (IQR)

7 (5–11) 7 (5–11) .462

aAll values are n/n (%) unless otherwise noted. Values in boldface indicate 
statistical significance (P < .05).

Abbreviations: ETOP = elective termination of pregnancy, IQR = interquartile 
range, NTE = nonteratogenic exposure.

(eg, ankyloglossia, toe syndactyly, umbilical hernia, lacrimal 
duct stenosis, mild congenital ptosis, small dermoid cyst, 
hemangioma, pyelectasis not requiring an intervention, heart 
murmur with normal echocardiography) or infants with 
complications of preterm delivery were not considered as 
having major anomalies. Cardiac septal defects are structural 
anomalies of the heart and were considered major anomalies 
in the present study, even if spontaneously resolved, unless the 
closure occurred during the neonatal period. Patent foramen 
ovale was considered a minor anomaly. Abnormalities 
detected by prenatal ultrasonography (if verified postnatally 
or by autopsy) were included in our study, since antenatal 
screening for major anomalies is routinely performed in 
the participating countries. The classification of anomalies 
was done by a certified pediatrician blinded to the exposure 
group, using guidelines of 2 classification systems.20,21 The 
analysis of major congenital anomalies was performed 
among live-born infants and elective terminations of 
pregnancy due to prenatally diagnosed anomalies. In the 
case of multiple births, each live-born offspring was included 
in the analysis. Miscarriage was defined as spontaneous 
pregnancy loss before or at 20 completed weeks, whereas 
stillbirth was defined as spontaneous pregnancy loss beyond 
20 completed weeks. Preterm delivery was defined as birth 
before 37 completed weeks.

Statistical Analysis
Categorical data were compared using χ2 or Fisher 

exact tests and are expressed as ratios or percentages. 
Continuous data are presented using mean ± SD or median 
with interquartile range (IQR), depending on whether 
they followed normal distribution, and were compared 
using Student t or Mann-Whitney tests. Hazard ratios 
(HR) and 95% CI for miscarriages were estimated using 
Cox proportional hazards models while accounting for left 
truncation due to varying time of gestation at enrollment. 
All statistical calculations were done using SPSS Version 19 
(IBM Corp), Epi Info software (Centers for Disease Control 
and Prevention), or R version 2.15 (The R Foundation for 
Statistical Computing).

RESULTS

A total of 382 methylphenidate-exposed pregnancies and 
a similar number of pregnancies in women counseled for 
nonteratogenic exposure were prospectively followed up 
(Jerusalem n = 271 in the years 2000–2012, Berlin n = 80 
in the years 1997–2012, Newcastle upon Tyne n = 19 in the 
years 1996–2012, Toronto n = 12 in the years 2009–2013). 
Of those who reported the medication formulation, regular 
methylphenidate (Ritalin or Medikinet) tablets were taken 
by 65.6%, while 34.4% took extended- or sustained-release 
formulations (Concerta or Methylphenidat HEXAL in 
22.9%, Ritalin LA in 5.7%, and Ritalin SR or Medikinet 
Retard in 5.7%). The reported indications were as follows: 
ADHD in 55.3%, ADD in 34.6%, narcolepsy in 4.8%, and 
others in 5.3%. Exposure to methylphenidate occurred at 

least in the first trimester in 89.5% of pregnancies. In 15.2% 
of pregnancies, exposure occurred in all 3 trimesters. The 
median daily dose was 20 mg (IQR, 18–40). The majority of 
women (> 95%) started the treatment with methylphenidate 
before pregnancy. The median gestational age at treatment 
discontinuation was week 6 (IQR, 5–31). Concomitant 
psychiatric medications were taken by 25.4% of the women 
in the methylphenidate group. 

A comparison of maternal characteristics and obstetric 
history is presented in Table 1. Due to the matching 
procedure, the mean maternal age and the median gestational 
age at initial contact were similar between the groups. 
When compared with the NTE group, a lower percentage 
of women in the methylphenidate group contacted the TIS 
regarding their 2nd–4th pregnancy, a higher percentage 
were nulliparous when they called, and a lower percentage 
had 1 or 2 children. A higher percentage of women in 
the methylphenidate group reported 1 or more elective 
terminations of previous pregnancies, and there was a higher 
rate of cigarette smokers in the methylphenidate group. 

A comparison of pregnancy outcome is presented in 
Table 2. There was a higher crude rate of miscarriages and 
elective terminations of pregnancy in the methylphenidate 
group compared with the NTE group. Elective terminations 
of pregnancy were performed due to prenatally 
diagnosed anomalies in 3 of 31 and in 4 of 10 cases of the 
methylphenidate and comparison groups, respectively. 
In all other cases of elective termination of pregnancy, no 
gross malformations were observed. The rate of overall 
major anomalies was similar between the 2 groups (3.2% 
methylphenidate, 3.6% NTE, P = .780). In a reanalysis after 
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excluding genetic or cytogenetic anomalies the difference 
remained nonsignificant (2.3% methylphenidate, 3.4% 
NTE, P = .400). Similarly, the rate did not significantly 
differ when the analysis was limited to pregnancies exposed 
to methylphenidate during the period of organogenesis 
(2.4% methylphenidate, 3.4% NTE, P = .511). The rate of 
cardiovascular anomalies was also similar between the 
groups. There were no significant differences in the median 
gestational age at delivery, rate of preterm delivery, median 
birth weight, and age at follow-up between the groups. 
There was, however, a higher rate of perinatal complications 
among neonates exposed to methylphenidate close to term 
compared with the NTE group. The most common perinatal 
complication in both groups was jaundice. It is noteworthy 
that the mothers of 3 neonates who had neurologic 
complications in the methylphenidate late-exposure group 
took concurrent psychiatric medications (benzodiazepines, 
selective serotonin reuptake inhibitors, or both). An 
additional comparison of perinatal complications between 
2 methylphenidate subgroups (those who stopped the 
medication vs those who continued until term) showed an 
nonsignificant difference [18.3% (44/240) vs 23.6% (13/55), 
respectively, P = .369].

The crude HR for miscarriages was 2.08; 95% CI, 
1.31–3.31; P = .002. To evaluate the relative contribution of 
various predictors to the differences in the miscarriage rate, 
regression analysis using a Cox proportional hazard model 
was performed. The following predictors were entered into 
the model: gestational age at initial contact, maternal age, 
exposure group, and history of miscarriage. Significant 
predictors included methylphenidate exposure (P = .005) 
with an adjusted HR = 1.98 (95% CI, 1.23–3.20) and history 
of miscarriage (P < .001) with an adjusted HR = 1.35 (95% CI, 
1.18–1.55). Adding smoking and concomitant medications 
(psychiatric or nonsteroidal anti-inflammatory drugs) 
as covariates in an additional analysis did not further 
attenuate the associations. The reported major anomalies 
and the details of exposures in the methylphenidate and NTE 

groups are listed in Table 3. There was no specific pattern of 
anomalies in the methylphenidate group.

DISCUSSION

The results of the present study suggest that 
methylphenidate treatment, in the context of medical 
indications or for cognitive enhancement, is not associated 
with an increased risk of major anomalies or cardiovascular 
anomalies. These results are consistent with the study 
published by Pottegård et al.16 The rate of major anomalies 
in the present study did not significantly differ between the 
methylphenidate and the NTE groups. There was no specific 
pattern of anomalies in the offspring of women in the 
methylphenidate group, supporting lack of teratogenic effect.

A sample size of 247 live births or elective terminations 
of pregnancy due to prenatally diagnosed anomalies in 
the methylphenidate group exposed during the period of 
organogenesis, with 358 in the NTE comparison group, 80% 
power, and a baseline risk of 2.4% for major anomalies, enables 
detection of a 3.2-fold increase in the rate of overall major 
anomalies, ie, it was not powered to detect a smaller increase. 
The study is also not powered to find an increase in the rate 
of specific rare anomalies. The current study, taken together 
with previous studies,10–12,15,16 includes data on over 800 
human pregnancies with early exposure to methylphenidate 
and no apparent increase in the rate of major anomalies.

The higher rate of miscarriages seen in the present study 
is consistent with the finding reported by Haervig et al.4 The 
higher rate of miscarriages in the methylphenidate group 
found in the current study was associated with the exposure 
and with a history of miscarriage, as verified by the Cox 
proportional hazards model. In a recent Danish population-
based cohort study,22 exposure to methylphenidate or 
atomoxetine was also associated with an increased risk of 
spontaneous abortion (adjusted RR = 1.55; 95% CI, 1.03–
2.36). However, a similar increased risk among pregnant 
women with ADHD who did not use these medications 

Table 2. Comparison of Pregnancy Outcome Characteristics Between the Methylphenidate and 
Nonteratogenic Exposure Groupsa

Characteristic Methylphenidate NTE P Value
Multifetal pregnancy 8 twin pairs 11 twin pairs
Delivery resulting in live birth 298/383b (77.8) 345/382 (90.3) < .001
Miscarriage 54/383b (14.1) 27/382 (7.1) .002
ETOP 31/383b (8.1) 10/382 (2.6) .001
Major anomalies in the whole cohort 10/309 (3.2) 13/358 (3.6) .780
Major anomalies without genetic or cytogenetic in the whole cohort 7/309 (2.3) 12/358 (3.4) .400
Major anomalies without genetic or cytogenetic 6/247c (2.4) 12/358 (3.4) .511
Cardiovascular anomalies 2/247c (0.8) 3/358 (0.8) .970
Median gestational age at delivery, weeks (IQR) 39 (38–40) 39 (38-40) .715
Preterm delivery (< 37 weeks) (%) 26/293 (8.9) 23/343 (6.7) .307
Median birth weight, grams (IQR) 3,243 (2,860–3,500) 3,200 (2,918–3,553) .733
Median age at follow-up, months (IQR) 8 (4–19) 9 (4–16) .715
Perinatal complications 13/55d (23.6) 48/355 (13.5) .050
aValues are n/n (%) unless otherwise noted. Values in boldface indicate statistical significance (P < .05).
bOne pregnancy counted as two outcomes (miscarriage and live birth).
cAmong pregnancies exposed to methylphenidate during organogenesis only (between weeks 4 and 13 after the last menstrual 

period).
dAmong those who took methylphenidate until delivery.
Abbreviations: ETOP = elective termination of pregnancy, IQR = interquartile range, NTE = nonteratogenic exposure.
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during pregnancy was demonstrated (adjusted RR = 1.56; 95% 
CI, 1.11–2.20). These results suggest that the observed risk of 
miscarriage may, at least partly, be explained by indication.

The subgroup comparison of perinatal complications, 
although based on small numbers, and the fact that these 
neonates were frequently exposed to concurrent psychiatric 

medications, suggests that these neonatal adverse effects 
may have been associated with comorbid conditions that 
could accompany the mother’s underlying disorder that may 
require psychiatric medications.

The present study has certain limitations and advantages. 
It is based on TIS user population, which may not represent 

Table 3. List of Major Anomalies in the Methylphenidate and Comparison Groups

Anomaly TIS
Methylphenidate  
Exposure Details Additional Exposures

Outcome, Sex,  
Birth Weight,  

Gestational Age Follow-Up Comments
Methylphenidate group
Trisomy 21 Israel Few times, wk 6 None ETOP, wk 21 Maternal age 37 y
Trisomy 21 Israel 36 mg/d ongoing Acidophilus, omega-3 ETOP, wk 19 Maternal age 29 y
Trisomy 21 Israel 10 mg, twice daily, once 

or twice per wk, until 
wk 6 + 4 d

Clonazepam wk 4, 
lorazepam wk 5 + 2 d

ETOP, wk 17 Maternal age 37 y

Deafness, left-sided hypotonia Israel 20 mg/d until wk 7 None Live birth, F,  
3,100 g, wk 38

Cochlear implant at age 2 y; 
goes to special education 
for mute and deaf

Small muscular VSD Israel 40 mg/d in first trimester, 
once or twice per wk 
throughout pregnancy

Paracetamol,a dipyrone Live birth, F,  
3,480 g, wk 39

Diagnosed prenatally; 
resolved at 2.5 mo

Hypospadias Israel 10 mg/d, 7 tablets in 
total, until wk 4 + 2 d

Salbutamol,a formoterol 
budesonide

Live birth, M,  
3,380 g, wk 40

Surgically corrected at 2 y

Tracheal stenosis, complete 
ring; ASD, partial anomalous 
pulmonary venous return

Israel 20 mg on 2 occasions 
from wk 13 until 14

None Live birth, M,  
2,727 g, wk 37

Tracheoplasty and corrective 
surgery at 8 mo; still 
needs occasional tracheal 
dilatations

Encephalocele UK 20 mg/d ongoing None ETOP, M, wk 24
Small VSD UK 54 mg/d until wk 13 Methadone Live birth, M,  

3,245 g, wk 39
Glans penis with partially 

missing foreskin
Germany 10 mg/d until wk 6 Venlafaxine until wk 6 Live birth, M,  

3,890 g, wk 37
Operation planned at 9 mo

Nonteratogenic exposure comparison group
Bilateral renal agenesis Israel None Ibuprofen-pseudoephedrine 

combination, twice daily 
for 6 d until wk 4 + 1 d

ETOP, wk 16 Negative family history

Acrania Israel None Cefuroxime wk 3–4, 
amoxicillin-clavulanate 
combination wk 4–5

ETOP, wk 14

Coarctation of aorta Israel None Paracetamol,a dipyrone, 
lidocaine, tribenoside 
supplement wk 8

ETOP, wk 20

Atresia of ear canal, right 
microtia, PFO

Israel None Mebendazole wk 2–3 Live birth, M,  
3,290 g, wk 39

Ear canal reconstruction 
surgery planned when 
grows older

Cerebral palsy with right 
hemiparesis; brain ischemic 
event vs venous hemangioma

Israel None Mebendazole wk 7 Live birth, M,  
2,650 g, wk 40

Imaging done at 4 mo

Coarctation of aorta, VSD Israel None Occasional aspirin codeine 
caffeine combination

Live birth, M,  
3,100 g, wk 39

Surgical correction of aortic 
coarctation on day 6, VSD 
closed spontaneously

ASD Israel None Cefuroxime 500 mg,  
twice daily wk 12

Live birth, F,  
3,300 g, wk 39

Diagnosed by perinatal 
echocardiography, resolved 
spontaneously at 6 mo

Clubfoot Israel None None Live birth, M,  
3,800 g, wk 40

Cast for 2 mo after surgery

Unilateral undescended testis Israel None Dental x-ray, naproxen, 
ibuprofen, amoxicillin 
wk 4

Live birth, M,  
3,670 g, wk 40

Orchiopexy at 1 y

Congenital hip dysplasia Israel None Sugarless gum and candy, 
topical clotrimazole wk 13

Live birth, F,  
3,610 g, wk 41

Braces for 1 mo, cast for 1 mo; 
both parents had a similar 
problem

Craniosynostosis Canada None Doxylamine pyridoxine, 
vitamin C, ranitidine

Live birth, F,  
3,856 g, wk 38

Complete spontaneous 
resolution by 1 y

Renal dysplasia UK None Alginates Live birth, F, wk 39
Prenatal bowel perforation, 

cystic fibrosis
Germany None Topical acyclovir Live birth, F,  

2,650 g, wk 34
Surgical correction of bowel

aUS drug names: salbuterol = albuterol (Proventil, Ventolin, and others), paracetamol = acetaminophen (Ofirmev and others).
Abbreviations: ASD = atrial septal defect, ETOP = elective termination of pregnancy, F = female; M = male; PFO = patent foramen ovale; TIS = Teratology 

Information Service; UK = United Kingdom; VSD = ventricular septal defect.
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the general population, but has an appropriate comparison 
group from the same TIS providers. A substantial part of 
the methylphenidate cohort stopped the medication early in 
pregnancy. Such exposure, from an embryologic point of view, 
may only be relevant mainly for early developmental effects. 
However, for future women with inadvertent early pregnancy 
exposure to methylphenidate, the reassuring lack of increased 
rate of major anomalies is important. Other limitations of the 
study include reliance on maternal interviews as a source for 
outcome data in most cases, a nonrandomized design, and 
limited power for specific rare defects. However, applying 
the same method to both arms of the study, and the study’s 
prospective nature, minimize the potential biases. Due to 
ethical considerations randomized controlled trials are often 

not feasible in pregnancy. In addition, medical records—
including discharge letters, echocardiography results, or 
information from the child’s pediatrician—were available for 
most cases with anomalies. Another advantage of the present 
study is that data were available on elective terminations of 
pregnancies and were included in the analysis.

In conclusion, the present prospective, observational, 
comparative, multicenter cohort study suggests that the use 
of methylphenidate during early pregnancy is not associated 
with an increased risk of major anomalies. Larger studies 
are needed to establish the safety of methylphenidate during 
pregnancy and its possible association with miscarriages. 
Further long-term studies are needed to address its potential 
neurodevelopmental effect on human offspring.
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