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Abstract

Objective—Risk of depression in women is greatest at childbearing age. We sought to examine

and explain national trends in antidepressant use in pregnant women.

Methods—Cohort study including pregnant women aged 12–55 who were enrolled in Medicaid

during 2000–2007. We examined the proportion of women taking antidepressants during

pregnancy by patient characteristics (descriptive), by region (mixed-effects model), and over time

(interrupted time-series).

Results—We identified 1,106,757 pregnancies in 47 states; mean age was 23 years and 60%

were non-white. Nearly 1 in 12 used an antidepressant during pregnancy. Use was higher for older

(11.2% for age ≥30 vs. 7.6% for <30) and white (14.4% vs. 4.0% for non-white) women. There

was a 4- to 5-fold difference in rate of antidepressant use among states. Of the 5.3% of women

taking antidepressants at conception, 33% and 17% were still on treatment 90 and 180 days,

respectively, into pregnancy; an additional 4% began use during pregnancy. Labeled pregnancy-

related health advisories did not appear to affect antidepressant use.

Conclusions—Antidepressant use during pregnancy remains high in this population; treatment

patterns vary substantially by patient characteristics and region. Comparative safety and

effectiveness data to help inform treatment choices are needed in this setting.
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INTRODUCTION

The lifetime risk of depression in women is 10–25%, twice that in men [1]. The risk is

greatest at childbearing age, with 10–15% of all pregnant women displaying some signs of

depression [2]. The strongest risk factor for depression during pregnancy is a history of prior

depression [3, 4]. Young, low-income mothers are particularly vulnerable [5]. Use of

antidepressant medications in pregnant women has grown steadily over time [6–9].

Although the evidence is less impressive for treatment of mild depression, in patients with

moderate to severe depression antidepressants often improve symptoms and can reduce the

risk of serious consequences associated with untreated depression for both the mother and

her offspring [10]. Untreated depression during pregnancy has been linked to increased risk

of self-injurious or suicidal behavior; it has also been reported to be associated with

inadequate self-care and poor compliance with prenatal care, miscarriage or preterm birth,

poor fetal growth, and impaired fetal and postnatal development [11–15], although findings

are not consistent and many studies are inconclusive [16].

However, in recent years there has been increasing concern about the safety of

antidepressant use during pregnancy. The risks of several maternal complications, including

gestational diabetes, preeclampsia, placental problems, premature rupture of the membranes,

bleeding, induced delivery, and the requirement for a cesarean section, have been reported to

be increased among women taking antidepressants during pregnancy [17]. First trimester

exposure to certain selective serotonin reuptake inhibitors (SSRIs) has been associated with

some specific birth defects [18–22], while SSRI use late in pregnancy has been associated

with pulmonary hypertension of the newborn (PPHN) [23], prematurity [24–27], low birth

weight [26, 27], small size for gestational age [28], and various neonatal complications [24–

26, 29]. For several of these outcomes, however, the evidence supporting an association is

mixed [16]. Moreover, since most studies did not assess the potential independent effects of

medications and depression severity, it remains unclear to what extent such associations are

due to biologic or behavioral factors intrinsic to women with mood disorders (such as

smoking, substance abuse, or poor diet), to medications used to treat the disorder, or a

combination of both. Based on the available evidence, the US Food and Drug

Administration (FDA) issued a public health advisory in December 2005 noting an

increased risk of congenital malformations associated with first trimester exposure to

paroxetine. In July 2006, it issued a health advisory warning regarding exposure to any SSRI

after the 20th week of gestation and an increased risk of PPHN. In addition to these

pregnancy-specific advisories, the labels of all antidepressants include a black box warning

indicating that they are associated with an increased risk of suicidality in children and

adolescents (since 2004) and in young adults ages 18–24 (since 2007). When making

recommendations for the management of depression during pregnancy, clinicians must

weigh the potential risk of untreated or sub-optimally treated depression against the potential
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risks associated with antidepressant exposure, including medical and obstetric adverse

events, teratogenesis, neonatal toxicity and long-term neurobehavioral problems in the

offspring.

The objective of our study was to document patterns of antidepressant medication use during

pregnancy in a national cohort of Medicaid-enrolled women in the US. In addition to

examining variations in use by patient characteristics and geographic region, we sought to

evaluate changes in patterns of use throughout pregnancy, as well as temporal trends in light

of the various health advisory warnings. Low-income women are at higher risk for

depression than women in higher income groups [5], as well as for perinatal complications

and morbidity in offspring, making this an important population to study.

METHODS

Data Source and Study Cohort

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

(except Arizona) and Washington, DC for 2000 – 2007. Medicaid — the joint state and

federal health insurance program in the US for low-income people — is the largest health

insurance program and covers the medical expenses for more than 40% of births in the US

[30]. The MAX dataset is available from the Centers for Medicare and Medicaid Services

(CMS), and it contains individual-level demographic and Medicaid enrollment information,

as well as healthcare utilization data including physician services and hospitalizations and

their accompanying diagnoses and procedures, and all filled medication prescriptions.

Our study population consisted of a cohort of completed pregnancies, and linked mothers

and their infants [31]. We identified all completed pregnancies in women aged 12–55 years

using Current Procedural Terminology (CPT) and International Classification of Diseases,

Ninth Revision (ICD-9) procedure codes for in- and outpatient deliveries. We then linked

these pregnancies to live-born infants using the date of birth and the state-specific Medicaid

case identification number, which is typically shared by family members. 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 previously validated algorithm [32]. Finally,

we required all women who were successfully linked to an infant to be Medicaid eligible

from three months before the estimated LMP (to ascertain pre-conception medication use)

through one month post delivery. To ensure a complete, longitudinal stream of healthcare

claims throughout pregnancy, we excluded women with supplementary private insurance,

women with restricted benefits and women in selected capitated managed care plans (Figure

1).

Use of Antidepressant Medications

Maternal exposure to antidepressant medications was derived from pharmacy dispensing

records. Antidepressant medications considered include selective serotonin reuptake

inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), tricyclic

antidepressants (TCAs), and others (e.g., monoaminase oxidase inhibitors (MAOIs),

tetracyclic antidepressants (TeCAs)). Exposure status on any given day was based on the

Huybrechts et al. Page 3

Gen Hosp Psychiatry. Author manuscript; available in PMC 2014 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



dispensing date and number of days supply. We accumulated days supply for consecutive

dispensings of the same medication, if overlap occurred.

Data Analyses

We analyzed patterns of antidepressant medication use by patient characteristics, pregnancy

stage and by state. To estimate antidepressant use in each state accounting for potential

differences in patient characteristics, we fit mixed-effects logistic regression models. The

state identifying variable was modeled as a normally distributed random intercept, and the

patient characteristics were modeled as fixed effects. Each intercept estimate represents the

state-specific prescribing rate (i.e., the proportion of women prescribed an antidepressant)

accounting for the other variables in the model. These predicted state-specific prescribing

rates are empirical Bayes estimates; that is, they have been shrunk towards the overall mean

prescribing rate, with the amount of shrinkage dependent on the relative magnitude of the

within-and between-state variance estimates and the number of pregnancies in the state. The

ability to account for random variation represents a major advantage of mixed-effects

regression analysis over stratified analysis in this context. We used interrupted time-series

analysis to explore the impact of FDA Health Advisories on the use of antidepressants

during pregnancy from 2000 through 2007, encompassing (1) a no-warning period (January

2000 – May 2003), (2) a suicidality-warning only period (June 2003 – November 2005), and

(3) a period during which warnings related to the safety of SSRIs for the newborn were

issued (December 2005 – December 2007). The rate of exposure to antidepressants was

defined as the number of prescriptions filled in a given calendar month divided by the total

number of follow-up days contributed by pregnant women during that month. For each of

the three time segments, we estimated the level (intercept, or value at the beginning of the

time interval) and trend (slope, or rate of change during the time interval), using least square

regression [33].

The study was considered exempt by the Partners Human Research Committee.

RESULTS

We identified 1,106,757 pregnancies linked to a live-born infant in 47 states. Montana and

Connecticut were excluded because of inadequate pregnancy-infant linkage based on the

Medicaid case identification number; Michigan was excluded because of incomplete claims

information. Four states contributed over 40% of pregnancies: California (n=237,628), New

York (n=87,587), Illinois (n=87,515), and Tennessee (n=65,748). The cohort was young,

with a mean age of 23.2 years (SD: 5.8 years). Non-Hispanic White was the largest racial

category (40%), followed by Black (34%), Hispanic (19%), and other (7%; includes Asian,

Pacific Islander, American Indian, Alaska Native, >1 race, unknown). Twenty percent of

women had a documented diagnosis for which antidepressants are commonly prescribed

before or during pregnancy (i.e., depression or other mental health problem, sleep

disturbances, pain, chronic fatigue syndrome, smoking cessation – specific diagnostic codes

used are listed in eTable 1); 11% had a recorded diagnosis of depression itself.

Overall, 8.1% of women were dispensed an antidepressant medication at some point during

their pregnancy; 58.9% of these women were also taking antidepressants during the 3
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months before conception whereas 41.1% newly initiated treatment during pregnancy.

Antidepressant use was higher among older women (11.2% for ≥30 years versus 7.6% for

<30), and among white women (14.4% versus 3.5–6.0% for women of other racial

categories). Similar patterns were observed during all trimesters of pregnancy. As expected,

use was highest among women with a depression diagnosis (40.3%), followed by women

with diagnoses for other potential indications (10.7%), and women without a documented

treatment indication during the follow up period (3.3%) (Table 1).

When comparing individual states, the proportion of women with a depression diagnosis

ranged from 5.9% (Louisiana) to 29.3% (New Hampshire) (Figure 2, Panel A) and the

proportion of women exposed to antidepressants ranged from 2.7% (Hawaii) to 22.6%

(Maine) (Figure 2, Panel B). After adjustment for potential between-state differences in

patient demographics (age, race), case-mix (treatment indications), and calendar year, and

accounting for random variability, the proportion of women exposed to antidepressants

ranged from 10.7% to 42.3% among those with a depression diagnosis, and from 1.0% to

5.6% among those without a depression diagnosis (eFigure 1); this represents a 4- to 5-fold

difference in use between geographic regions.

The proportion of women exposed to antidepressants decreased gradually during the first

trimester, from 5.3% at the estimated LMP to 2.7% at the end of the first trimester, but it

remained relatively stable thereafter. Close to three quarters (73.5%) of women who were

taking antidepressants before conception also used antidepressants at some point during their

pregnancy. The large majority of patients (about 80%) were treated with SSRIs; roughly

equal proportions of patients were exposed to other types of antidepressants (SNRIs, TCAs

and other) (eFigure 2). One third of patients (32.5%) who were treated with antidepressants

at the estimated LMP were continuously exposed (i.e., no medication gap) throughout the

first trimester, 16.6% throughout the second, and 12.6% throughout the third trimester.

Among women who were not treated with antidepressants at the time of the estimated LMP,

1.9% (n=19,959) had some exposure by the end of the first trimester, 3.1% (n=32,306) had

some exposure by the end of the second trimester, and 3.9% (n=41,031) had some exposure

before the end of their pregnancy (Figure 3). Continued use and treatment initiation during

pregnancy were highest among women ≥30 years, and among white women (eTable 2).

The first antidepressant-related FDA Advisory Warning issued in June 2003 (paroxetine and

an increased risk of suicidality in patients younger than 18) was associated with a marked

decrease in the use of paroxetine and other SSRIs during pregnancy in our study population.

In contrast, no change in the rate of antidepressant use occurred at the time of subsequent

warnings related to health risks for the newborn (December 2005 warning related to 1st

trimester exposure to paroxetine and risk of congenital malformation; July 2006 warning

related to SSRI exposure after gestational week 20 and risk of PPHN), and expansions of the

suicidality warning to include all antidepressants and patients 18–24 years old (Figure 4).

The rate change at the time of the initial suicidality warning was observed in all age groups

(<18, 18–24, >24), and in all racial groups (data not shown).
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DISCUSSION

In this large 47-state cohort of 1,106,757 pregnancies in Medicaid-eligible women between

2000 and 2007, 8.1% of women took an antidepressant medication at some point during

their pregnancy. Dispensing of antidepressants during pregnancy was more common among

older women, white women and women living in the Midwest (10.4% vs. 5.6% in the West).

One-third of women taking antidepressants around the time of conception were still on

treatment by the end of the first trimester, and 4% of women not taking antidepressants

around the time of conception initiated treatment during pregnancy. Interestingly, the initial

suicidality warning in children and adolescents <18 (representing 15.5% of our study

cohort), but not subsequent pregnancy-related health advisories or expansions of the

suicidadility warning to include women age 18–24 (representing 49.3% of the study cohort),

appeared to affect the trend of antidepressant medication use. It is possible, however, that

the additional warnings helped to maintain a trend that otherwise could have flattened some

years after the initial suicidality warning.

Our findings are largely consistent with those from an earlier, much smaller study using data

from Tennessee’s Medicaid program (TennCare) [6]. In this study, 8.7% of women giving

birth had exposure to any antidepressant; a marked temporal trend of increasing use during

the 5-year period 1999 through 2003 was observed; and older age, white race and more than

12 years of education were significant predictors of antidepressant use. Data from more

recent years and a focus on Medicaid enrollees who have higher rates of chronic health

conditions, including mental illness, likely contribute to the higher prevalence of

antidepressant exposure in these two cohorts than described in earlier studies or in studies of

higher income populations [7]. Furthermore, the proportion of women in our study

population using antidepressant medications during the first trimester was similar to the

proportion who reported taking antidepressants in an interview-based study between 2000

and 2008 (around 6% in both studies) [9]. Variation in the prevalence of depression by state

has previously been documented for the general population [34]. Such regional variations

might reflect differences in the availability of and access to healthcare services, patterns of

reimbursement for mental health care, and associated chronic conditions, such as obesity

and diabetes. Demographic characteristics and socio-economic conditions are unlikely to

have contributed much to the observed differences in our study (after adjustment for age,

race, treatment indications and calendar year) given the homogeneity of the study population

- Medicaid-eligible pregnant women - although differences in Medicaid-eligibility criteria

between states should be acknowledged.

This large national study cohort of Medicaid eligible pregnant women was assembled

without any self-selection, unlike studies based on volunteers that usually include healthier

and more educated women. Nevertheless, the necessary restriction to women for whom

linkage to a neonatal record was possible and who met our strict inclusion criteria resulted in

a reduction in the size of the cohort and could decrease its representativeness of the general

Medicaid population. The large study size allowed us to evaluate patterns of use by specific

patient characteristics and pregnancy stage, by geographic location, and to examine temporal

trends. The racial and ethnic diversity within the cohort revealed a major disparity in

antidepressant use during pregnancy between White and non-White women, consistent with
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earlier findings in the general population [35]. The poverty of Medicaid patients permits

documentation of patterns of use in an indigent population typically underrepresented in

research. Automated pharmacy dispensing information is usually seen as the gold standard

of drug exposure compared to self-reported information [36] or prescribing records in

outpatient medical records [37]. Pharmacists fill prescriptions with little room for

interpretations, and are reimbursed by insurers on the basis of detailed, complete, and

accurate claims submitted electronically [38, 39]. Patient non-response and recall bias are

absent from healthcare utilization databases since all data recording is independent of a

patient’s memory or agreement to participate in a research study.

Our study also has some limitations, however. Since pregnancies resulting in miscarriage or

abortion are not included in the study population, our results cannot be generalized to this

subset of pregnant women. Administrative databases typically do not contain information on

gestational age or the date of last menstrual period (LMP), yet this date is important for the

correct determination of the exposure time window. Nevertheless, the algorithm we used to

estimate the LMP date has been shown to correctly classify gestational age within 2 weeks

for 93% of term and 70% of preterm pregnancies in one healthcare utilization database [32].

Furthermore, for chronic medications such as antidepressants, it has been shown that

misclassification of LMP by a few weeks has little impact on measures of exposure by

trimester, as were used in this study [40].

Although we evaluated antidepressant medication use separately in women with and without

a recorded diagnosis of depression and evaluated regional differences after adjusting for

case-mix variables, depression is under-reported in claims data [41] and no information is

available on depression severity, which results in some misclassification of depression

status. Exposure status was determined based on filled prescriptions for antidepressant

medications. However, filling a prescription does not guarantee that the medication was

actually taken as prescribed. In an attempt to address this issue, etiologic studies that aim to

assess the association between a given drug exposure and outcome sometimes require one or

more refills of a given medication under the assumption that women who refill prescriptions

are more likely to actually take them as prescribed. However, since our aim was not to

explore a causal relation, but rather to describe patterns of use, we did not impose such a

restriction. We considered information on the proportion of women who were prescribed

and who filled even a single prescription for antidepressants during pregnancy to be of

interest in this context. It has been recommended that 12 data points before and 12 data

points after an intervention are needed to conduct interrupted time-series or segmented

regression analysis. This number is not based on estimates of power, but has been suggested

because it allows the analyst to adequately evaluate seasonal variation [33]. This criterion is

met for the paroxetine-related warnings (suicidality and congenital malformations), but not

for the subsequent PPHN warning and expansion of the suicidality warning. Nevertheless,

there is no indication in the data that an effect would have been observed if longer follow-up

after these warnings had been available. Finally, since time-series analyses are ecological

analyses correlating the timing of health advisory warnings with temporal trends, causality

cannot be assumed. Events coinciding with the warnings (rather than the warnings

themselves) could potentially explain the observed trends, although this seems unlikely in

this case.
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Given the high prevalence of depression in pregnant women, the potential risks of

antidepressant medications for the fetus, and the risk of relapse of major depression in

untreated patients with serious depression, prescribers need better information on whether

and when to discontinue treatment during pregnancy, and which antidepressant to

recommend for women of childbearing age if one is required. Adequate information to guide

these therapeutic recommendations is currently lacking and likely contributes to the wide

unexplained variation in treatment practices. Comparative safety and effectiveness data on

different approaches to manage depression in women of childbearing age are needed to help

physicians and patients evaluate the potential risks and benefits of these medications for the

mother and the developing fetus.
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Figure 1. Assembly of the study cohort
DOB: Date Of Birth
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Figure 2. Regional variation in the proportion of women with a depression diagnosis (Panel A)
and antidepressant medication use (Panel B) in a cohort of 1,106,757 Medicaid-eligible pregnant
women, 2000–2007
Arizona, Michigan, Montana and Connecticut (white) are not represented in the cohort
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Figure 3. Changes in antidepressant medication use during pregnancy in a cohort of 1,106,757
Medicaid-eligible pregnant women, 2000–2007
The black line shows the number of women, among those exposed to antidepressants at the

time of the LMP, who were continuously exposed throughout different pregnancy stages.

The grey bars show the cumulative number of women, among those not exposed at the time

of the LMP, who had some exposure to antidepressants during pregnancy.
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Figure 4. Impact of FDA Advisory Warnings on antidepressant medication use any time during
pregnancy in a cohort of 1,106,757 Medicaid-eligible pregnant women, 2000–2007
SSRI: Baseline trend: 1.27 (SE: 0.04, p<0.0001)); trend change after Paroxetine &

Suicidality warning: −1.76 (SE: 0.06, p<0.0001)

Paroxetine: Baseline trend: 0.27 (SE: 0.01, p<0.0001)); trend change after Paroxetine &

Suicidality warning: −0.66 (SE: 0.02, p<0.0001)
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