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Abstract

Background—There is controversy regarding whether the use of selective serotonin reuptake

inhibitors (SSRIs) and other antidepressants in pregnancy is associated with increased risks for

congenital cardiac defects. In particular, concerns exist about a possible association between

paroxetine and right ventricular outflow tract obstruction (RVOTO), and between sertraline and

ventricular septal defects (VSD).

Methods—We performed a cohort study nested in the 2000–2007 nationwide Medicaid Analytic

eXtract. The study included 949,504 pregnant women enrolled in Medicaid from three months

before conception through one month post delivery, and their live-born infants. We compared the

risk of major cardiac defects in women with antidepressant medication use during the first

trimester versus no use, restricting the cohort to women with depression and using propensity

score adjustment to control for depression severity and other potential confounders.

Results—64,389 women (6.8%) used antidepressants during the first trimester. Overall, 6,403

infants not exposed to antidepressants were born with a cardiac defect (72.3 per 10,000),

compared with 580 infants exposed (90.1 per 10,000). Associations between antidepressant use

and cardiac defects were attenuated with increasing levels of adjustment for confounding. For

SSRIs, relative risks for any cardiac defect were 1.25 (95%CI, 1.13–1.38) unadjusted, 1.12 (1.00–

1.26) depression-restricted, and 1.06 (0.93–1.22) depression-restricted and fully-adjusted. We
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found no significant associations between the use of paroxetine and RVOTO (1.07, 0.59–1.93), or

the use of sertraline and VSD (1.04, 0.76–1.41).

Conclusions—Results of this large population-based cohort study suggest no substantial

increased risk of cardiac malformations attributable to SSRIs.

Clinical depression occurs in 10–15% of pregnant women.1 The use of antidepressant

medications in pregnancy has increased steadily over time, with reported prevalences up to

8–13% in the US.2–4 Selective serotonin reuptake inhibitors (SSRIs) are the most commonly

prescribed antidepressants during pregnancy.4 In 2005, based on early results of two

epidemiologic studies, the US Food and Drug Administration (FDA) warned healthcare

professionals that early prenatal exposure to paroxetine may increase the risk of congenital

cardiac malformations and reclassified it to pregnancy category D.5 Most malformations in

the early reports leading to the FDA warning were septal defects. Since then, several studies

have evaluated the teratogenicity of SSRIs and other antidepressants6–19, but considerable

controversy remains as to whether this is a “serious concern or much ado about little” as

noted in an editorial published with two of the reports.13,1420

Existing studies have reported different associations, often in the context of multiple

comparisons. Yet, at least two studies reported a 2–3 fold increased risk of right ventricular

outflow tract obstruction defects associated with paroxetine use13,14, and of ventricular

septal defects associated with sertraline use.13,19 A meta-analysis estimated a 50% increased

prevalence of cardiac defects overall with first trimester paroxetine use.21 It has remained

unclear, however, whether these associations are causal, or due to systematic error or

chance.

We conducted a study using a large national cohort of publicly-insured pregnant women in

the US to assess the risk of congenital cardiac defects following use of specific

antidepressants, with attention to the potential for confounding by the underlying depression

and associated factors.

METHODS

Data Source and Study Cohort

The study cohort was drawn from the Medicaid Analytic eXtract (MAX) for 46 US states

and Washington, DC for 2000–2007. Montana and Connecticut were excluded because of

difficulty in linking mothers and infants, Michigan because of incomplete data, and data

from Arizona were not available. The MAX dataset contains individual-level demographic

and Medicaid enrollment information, as well as all physician services and hospitalizations

and their accompanying diagnoses and procedures, and all filled outpatient medication

prescriptions.

The development of our study cohort has previously been described.22 Briefly, we identified

all completed pregnancies in women aged 12 to 55 years and linked these pregnancies to

live-born infants. We estimated the date of last menstrual period (LMP) based on the

delivery date combined with diagnostic codes indicative of pre-term delivery using a

validated algorithm.23 Finally, we required all women to be Medicaid eligible, without

Huybrechts et al. Page 2

N Engl J Med. Author manuscript; available in PMC 2014 December 19.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



supplementary private insurance or restricted benefits, from three months before the LMP

through one month post delivery. We excluded pregnancies in which the baby had been

diagnosed with a chromosomal abnormality (N=1,609) and pregnancies in which the mother

had been treated with known teratogens during the first trimester (i.e., lithium, antineoplastic

agents, retinoids, and thalidomide) (N=2,476).

Antidepressant Medications

The etiologically relevant window for exposure extended from the LMP through day 90 of

pregnancy (first trimester). We determined maternal use of antidepressants through

pharmacy dispensing records, using the dispensing date and number of days supply. Women

were considered exposed if days supply overlapped with the first trimester. We defined the

following exposure categories: all SSRIs; paroxetine; sertraline; fluoxetine; tricyclic

antidepressants (TCAs); serotonin-norepinephrine reuptake inhibitors (SNRIs); bupropion;

and other antidepressants (Table S1). The reference group consisted of women without

exposure to antidepressants during the first trimester.

Cardiac Malformations

Congenital cardiac malformations were defined based on the presence of in- or outpatient

ICD-9 diagnostic codes in the maternal or infant records during the first 90 days post

delivery. We used both maternal and infant codes because an infant’s claims may be

recorded under the mother’s identification number for the first several months after birth.24

Informed by the previously reported associations, outcomes were grouped as: (i) any cardiac

malformation, (ii) right ventricular outflow tract obstruction (RVOTO), (iii) ventricular

septal defect (VSD), and (iv) other cardiac malformation (Table S2). We excluded

prematurity related anomalies (e.g., patent ductus arteriosus, pulmonary valve stenosis and

anomalies of pulmonary artery in preterm infants).25 A given outcome was considered

present if (i) there was >1 date with the respective diagnostic codes recorded, or (ii) there

was one diagnostic code and a code for a cardiac procedure or surgery (Table S3). The

positive predictive values for these outcome definitions were non-differential by exposure,

and ranged from 66.7% to 79.5% in a conservative validation study based on primary

medical record review in a subset of cases.26

Covariates

Information on covariates considered for confounding adjustment or stratification was

obtained during the baseline period (from pre-LMP through the end of the first trimester). In

addition to socio-demographic information (year of delivery, state, age, race, parity), we

considered known or suspected risk factors for congenital malformations and proxies for

such risk factors: multiple gestation, chronic maternal illness (hypertension, diabetes,

epilepsy, renal disease), suspected teratogenic medications, other psychotropic medication

use (anticonvulsants, antipsychotics, anxiolytics, hypnotics, other benzodiazepines,

barbiturates), antidiabetic and antihypertensive medications, and number of distinct

prescription drugs used, excluding antidepressants, as a general marker of comorbidity27. To

address confounding by the underlying indication, we considered proxies for depression

severity (number of outpatient and inpatient depression diagnoses), and other indications for
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antidepressant use (other mental health disorders, pain-related diagnoses, sleep disorders,

premenstrual tension syndrome, smoking, chronic fatigue syndrome).

Data Analyses

We compared the distributions of socio-demographic, clinical and healthcare utilization

characteristics for the different exposure groups, and calculated absolute risks of cardiac

malformations. Logistic regression analysis was used to estimate odds ratios for cardiac

malformations and their corresponding 95% confidence intervals (CI). Because the odds

ratio is an excellent approximation of the risk ratio in the case of rare outcomes, the results

are referred to as relative risks.28 Use of the robust variance estimator to account for

correlations within women with multiple pregnancies did not appreciably change the CI so

correlation structures were omitted from all analyses. Results are presented for three levels

of adjustment: (i) unadjusted, (ii) restricted to women with a depression diagnosis to control

for the potential effect of the underlying illness or factors associated with it, (iii) restricted to

women with a depression diagnosis, using propensity score stratification to further control

for proxies of depression severity and other potential confounders.29 Propensity scores were

derived from the predicted probability of treatment estimated in a logistic regression model

which contained all covariates listed above without additional variable selection. We created

100 equally-sized propensity score strata, dropped uninformative strata (i.e., those that did

not contain at least one treated and one untreated woman), and stratified the outcome models

on these propensity score strata. In all cases, <0.5% of treated and <0.1% of untreated

women were dropped. In confirmatory analyses, we used a high-dimensional propensity

score algorithm, which evaluates thousands of diagnoses, procedures, and pharmacy claim

codes to identify and prioritize those covariates that serve as proxies for unmeasured

confounders. These empirically identified confounders (n=200) were combined with

investigator-identified covariates to improve adjustment for confounding.30 No adjustments

were made for multiple comparisons.

Subgroup and Sensitivity analyses

We performed pre-specified subgroup and sensitivity analyses to evaluate the robustness of

the primary results (for any cardiac malformation). Because the cohort studied is younger

and more racially diverse than cohorts from previous studies13,14, we tested for effect

modification by age (<30 vs. ≥ 30) and race/ethnicity (Caucasian vs. non-Caucasian). We

conducted dose-response analyses for low, medium and high dose antidepressants using the

first and highest dose dispensed (Table S4).31 For SSRIs, we stratified the analysis for use of

just that drug class versus use of multiple antidepressant classes. To evaluate the effect of

potential exposure misclassification, we redefined exposure status as having filled one or

more prescriptions during the first trimester (as opposed to days supply which overlaps with

the first trimester); we redefined the reference group as women with no antidepressant

exposure throughout pregnancy. To evaluate the effect of potential outcome

misclassification, we restricted the outcome to inpatient diagnoses only, and extended infant

follow-up to 1-year. We corrected odds ratios for outcome misclassification using

sensitivities and specificities consistent with the positive predictive values estimated in the

internal validation study.26, 32 To further assess whether outcomes were well captured, we
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evaluated some well-known associations in our dataset; in particular, between cardiac

malformations and maternal diabetes, anticonvulsant use, and multifetal pregnancy.33

RESULTS

We identified 949,504 eligible pregnancies. During the first trimester, 64,389 women (6.8%)

used an antidepressant: 46,144 (4.9%) were exposed to an SSRI, 5,954 (0.6%) to a TCA,

6,904 (0.7%) to an SNRI, 8,856 (0.9%) to bupropion, and 7,055 (0.7%) to other

antidepressants. Among the SSRIs, sertraline was used most frequently (n=14,040),

followed by paroxetine (n=11,126), and fluoxetine (n=11,048).

Compared to women who took no antidepressant, women who filled a prescription for an

antidepressant were older, had greater health care utilization, and were more likely to be

white, to use other psychotropic medications, to have a chronic illness (in particular

hypertension and diabetes), and to use suspected teratogenic medications (Table 1). Baseline

characteristics were more homogeneous among users of different antidepressant classes

(Table S5–S13).

Overall, cardiac malformations were diagnosed in 72.3 per 10,000 infants not exposed to

antidepressants during the first trimester, compared with 90.1 per 10,000 infants exposed.

This higher unadjusted risk among exposed infants was observed for each of the specific

types of malformations considered (Table 2).

In unadjusted analyses, the relative risk (RR) for any cardiac malformation was 1.25 (95%

CI 1.13–1.38) for SSRIs, 0.98 (0.72–1.32) for TCAs, 1.51 (1.20–1.90) for SNRIs, 1.46

(1.16–1.83) for other antidepressants, and 1.19 (0.95–1.49) for bupropion (Figure 1).

Numerically increased unadjusted risks were observed for all three subtypes of cardiac

malformations in most exposure groups (Figure 2).

Restricting the cohort to women with a depression diagnosis markedly attenuated the

associations (Figures 1 and 2). The c-statistic for the propensity score models ranged from

0.84 to 0.91, indicating that substantial differences in patient characteristics remained after

restricting the cohort to women with depression. Stratification by propensity score ensured

comparisons were made between groups with nearly identical characteristics (Table 1, Table

S5–S13). Adjustment for the propensity score further attenuated the remaining positive

associations. The adjusted RR for any cardiac malformation was 1.06 (0.93–1.22) for

women exposed to SSRIs, 0.77 (0.52–1.14) for TCAs, 1.20 (0.91–1.57) for SNRIs, 1.21

(0.91–1.60) for other antidepressants, and 0.92 (0.69–1.22) for bupropion (Figures 1 and 2).

We found no significant associations between paroxetine and RVOTO (1.07, 0.59–1.93), or

between sertraline and VSD (1.04, 0.76–1.41). Analyses using high dimensional propensity

scores yielded essentially the same results (Table S15).

Subgroup and sensitivity analyses

There was no evidence of effect modification by age or race (Table S16). We did not

observe a dose-response relationship either for the first or for the highest dose dispensed

(Table S17). The relative risk for cardiac malformations associated with the use of SSRIs
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appeared similar for users of antidepressant monotherapy (RR=1.04, 0.90–1.21) and

polytherapy (RR=1.17, 0.90–1.53). Overall findings were not qualitatively affected when we

varied the exposure and outcome definitions (Table S18–S19). The shift in effect estimates

resulting from correction for predicted outcome misclassification ranged from 1.3% to 9.6%

(Table S20).

We replicated the well-known associations between cardiac malformations and maternal

diabetes (RR=3.7, 3.4–4.0), anticonvulsant use (RR=1.6, 1.3–1.8), and multifetal pregnancy

(RR=2.9, 2.8–3.1).

DISCUSSION

In this cohort of 949,504 pregnancies in the Medicaid program, after adjustment for

depression and other potential confounding factors, we found no significant increase in the

risk of cardiac malformations in infants born to women who took antidepressants during the

first trimester, as compared with unexposed women. Further, no significantly increased risks

were observed for specific cardiac defects previously hypothesized to be associated with

such drug use, for specific antidepressant medication classes, or for the most commonly

used SSRIs.

Our results do not support earlier findings of an association between antidepressants and

cardiac anomalies, in particular for paroxetine and sertraline.13,14,19 In contrast to earlier

studies, our analysis restricted the cohort to women with a recorded diagnosis of depression,

in order to mitigate potential confounding by the underlying psychiatric illness and

associated conditions and behaviors, which might increase the risk for structural cardiac

malformations through several mechanisms. Smoking, alcohol and drug use, poor maternal

diet, obesity, and chronic conditions such as diabetes and hypertension are all more common

in depressed patients and are potential risk factors for congenital cardiac anomalies.34 In

addition, depressed, anxious women utilize more health care resources, including

ultrasounds, amniocentesis and infant echocardiograms than their healthy counterparts.35,36

Hence, there is a higher chance of detecting an infant with a cardiac malformation that might

have gone clinically undetected in other women, particularly milder defects such as

muscular VSDs which often close during early childhood. In addition to restricting analyses

to women with a depression diagnosis, we adjusted for a large set of predefined and

empirical potential confounding variables through the use of propensity scores. Although

this approach cannot eliminate all potential confounding, it resulted in exposure groups with

virtually identical measured characteristics, and tended to move the risk estimates further

downward.

Our crude associations were weaker than what has been reported in some prior studies. A

potential concern is misclassification of the exposure and/or the outcome, since non-

differential misclassification will tend to bias results towards the null.28 Filling a

prescription does not guarantee that the medication was actually taken as prescribed.

However, secondary analyses in which we required women to have filled or refilled a

prescription during the first trimester did not substantially alter the findings, but estimates

were less precise due to the reduced cohort size. We used validated definitions for outcomes
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based on ICD coding, but a non-trivial proportion of cases were not confirmed on record

review. However, an analysis which corrected the relative risk using conservative estimates

for the positive predictive values yielded similar results. Finally, the strength of the

association between some well-known risk factors (diabetes, anticonvulsant use, multifetal

pregnancy) and cardiac malformations estimated in our dataset is consistent with prior

reports, supporting the premise that the outcomes of interest were well captured in our study.

Strengths of the Medicaid Analytic eXtract include its very large population-based cohort,

objective assessment of drug exposure, linkable clinical information, access to medical

records, and the availability of information on multiple pregnancy outcomes and on a wide

range of potential confounders. However, our study also has some important limitations. The

cohort included live births only. Severe cardiac malformations that result in spontaneous

abortions, stillbirths or pregnancy terminations for cardiac anomalies will therefore be

missed. Although this could result in a bias that would underestimate the strength of the

associations, our study shares this limitation with the studies that identified the potential

associations, so this cannot explain the discrepant findings. Moreover, differences in the

proportion of terminations among women with depression treated with antidepressants

versus those untreated within levels of covariates used in the adjustment would have to be

greater than seems plausible to fully account for our findings (see SupplementaryAppendix).

Second, there is potential for misclassification. Information on lifestyle factors contained in

administrative data is incomplete (e.g., smoking, obesity, alcohol and drug abuse/

dependance) or absent (e.g., BMI), as is information on the severity of the underlying

condition (proxies only). However, residual confounding by such factors would be unlikely

to explain the null findings; data from the National Health and Nutrition Examination

Survey indicate, for example, that women of childbearing age using antidepressants are

more likely to smoke and to be obese than non-users, with similar distributions for different

antidepressants.37

Medicaid covers the medical expenses for over 40% of births in the US.38 Medicaid-eligible

pregnant women are a young, racially diverse vulnerable population that is traditionally

understudied. However, we found no evidence of effect modification by socio-demographic

characteristics. Therefore, unless there are other distinguishing factors which affect the

biologic relations studied, our results should be generalizable to other populations.28

Decisions by clinicians and women about whether to continue or discontinue treatment with

antidepressants during pregnancy must balance potential risks of treatment with the risks of

not treating women with severe depression.39 In conclusion, our results suggest that first

trimester use of antidepressants does not substantively increase the risk of specific cardiac

defects. The accumulated evidence implies low absolute risks and argue against the

existence of important cardiac teratogenic effects for the most commonly used

antidepressant medications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Relative risks and 95% confidence intervals comparing the risk of any cardiac malformation

for women with and without antidepressant exposure during the first trimester; unadjusted,

restricted to women with depression, and using PS stratification for confounding adjustment.

Medicaid Analytic eXtract 2000–2007.
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Figure 2.
Relative risks and 95% confidence intervals comparing the risk of specific cardiac

malformations for women with and without antidepressant exposure during the first

trimester; unadjusted, restricted to women with depression, and using PS stratification for

confounding adjustment. Medicaid Analytic eXtract 2000–2007.
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