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Abstract

Purpose—Studies of antidepressant safety in pregnancy typically do not address complex
patterns of use throughout pregnancy. We performed longitudinal trajectory modeling to describe
patterns of antidepressant use in the first 32 weeks of pregnancy, and test whether these trajectories
are associated with a reduction in birth weight or gestational age at delivery.

Methods—Our study included 166 pregnant women with deliveries between 2011-2015 who
were prescribed an antidepressant between 91 days prior to last menstrual period and 32 weeks of
gestation. From electronic medical records, we estimated average daily dose and cumulative dose
per week for the first 32 weeks of gestation and for the first 13 weeks postnatal. We clustered
women with similar utilization patterns using k-means longitudinal modeling and assessed the
associations between trajectory group and birth weight and gestational age at delivery.
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Results—We identified four cumulative dose trajectory groups and three average daily dose
trajectory groups in each period. Relative to the lowest trajectory group, the highest trajectory
group during preghancy was associated with reduced birth weight in multivariable analysis
(average daily highest trajectory vs. lowest trajectory B —314.1g, 95% CI —613.7, —15.5) adjusted
for depression severity score, maternal age, race, and pregnancy smoking. Trajectory groups were
not associated with gestational age at delivery.

Conclusions—The highest trajectory group of antidepressant use in pregnancy was associated
with a modest reduction in birth weight but not with gestational age at delivery. Longitudinal
trajectories allow for a dynamic visualization and quantification of medication use among pregnant
women.
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Introduction

Currently, between 6 and 9% of pregnant women use antidepressants at some point in
pregnancy (Cooper et al. 2007; Andrade et al. 2008; Huybrechts et al. 2013). Often, studies
of the reproductive safety of antidepressant use during pregnancy classify exposure
dichotomously as any use in pregnancy, or any use in each of the three trimesters. Defining
exposure in this manner is appealing because it reduces patterns of medication use into a few
categories. However, the use of antidepressants in pregnancy is complex. Some women may
choose non-pharmacologic approaches early in pregnancy because of concerns regarding
cardiac birth defects. Further, although the prevalence of antidepressant use in pregnancy is
increasing, the discontinuation of antidepressants due to pregnancy is also increasing (Ray
and Stowe 2014). Reducing antidepressant exposure into dichotomous variables removes
exposure information on changes in dose and agent, intensity of use, and coverage gaps that
are important for understanding how antidepressants are used during pregnancy, and the
associated pregnancy and birth outcomes.

Recent studies have used group trajectory methods to summarize complex individual level
medication utilizations trajectories (Riegel et al. 2012; Franklin et al. 2013; Jacobs et al.
2015; Hurault-Delarue et al. 2016, 2017; Palmsten et al. 2017). Such trajectory methods can
classify individuals with similar dose and frequency of use over time into groups. The
strength of this approach is that it allows conversion of several correlated continuous
variables into categorical variables that can then be used as predictors or outcomes in
regression analyses (Genolini et al. 2015). To our knowledge, only three previous studies
have assessed group trajectories of medication use during pregnancy (Hurault-Delarue et al.
2016, 2017; Palmsten et al. 2017). To date, the literature lacks information regarding
patterns of gestational timing and dose specific to antidepressant use in pregnancy, whether
these patterns are associated with pregnancy or birth outcomes, and whether patterns of
antidepressant use in pregnancy predict postnatal antidepressant use.

We propose to identify patterns of antidepressant therapy across pregnancy using k-means
longitudinal trajectory methods (Genolini et al. 2015). Using data abstracted from electronic
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medical records from University of California (UC) San Diego Health between 2011 and
2015, the purpose of this paper is to use longitudinal trajectories to describe patterns of
antidepressant prescriptions in pregnancy and the early postnatal period and to link prenatal
antidepressant trajectories with perinatal outcomes. We hypothesized that cumulative dose
trajectories with higher versus lower exposure levels would be associated with lower infant
birth weight and shorter gestational age at delivery.

Data source and study population

Data for this study were abstracted from Epic, the electronic medical records software
system used for individuals receiving care at UC San Diego Health. A trained Clinical
Informatics Specialist performed a detailed search of inpatient labor and delivery flow chart
and outpatient visit records. Data were abstracted and provided in a de-identified file to
researchers. This study was approved by the Human Research Protections Program at UC
San Diego.

Women with a delivery date on or before December 31, 2015 and a last menstrual period
(LMP) date on or after April 1, 2011 were eligible for the study (n=9,331) (Figure 1). LMP
was calculated from the gestational age at delivery in the labor and delivery flow chart
(delivery date — gestational age at delivery). The sample was then limited to women who
received at least one prescription for an antidepressant (specific medications listed in Online
Resource 1) between LMP-91 days through the day before the delivery date (n=186).
Women who delivered before gestational week 20 were excluded (n=2). To identify
antidepressant use trajectories during the first 32 gestational weeks, we additionally
excluded women with gestational age at delivery <32 weeks (n=3) and women with an
antidepressant prescription only after 32 gestational weeks (n=15). 166 pregnancies among
162 unique women were included in the study (5 twin deliveries, 4 sibling observations).

Exposure measurement

All antidepressant prescription dates were assigned to a pregnancy calendar with day 0 equal
to 3 months before the LMP. Postnatal use was individualized from each woman’s delivery
date. We used antidepressant order dates and strength together with quantity prescribed and
start dates, to estimate antidepressant dose on each gestational day. For each prescription, we
compared 1) the number of days covered by the period between antidepressant order date
and stop date with 2) the number of days covered by the prescription and allowable refills.
The effective stop date was assigned as the shorter of the two periods. For any prescription
which was noted as “patient reports no longer taking” we assigned one-half of the
prescription coverage period. Prescriptions noted as “erroneous” or “patient refused” were
assigned 0 days.

Dosages of all antidepressant agents were converted into fluoxetine dose equivalents
(Hayasaka et al. 2015) and multiple agents per day were summed. Daily doses between
LMP and delivery date were expressed as average daily dose per week, as were prescriptions
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between delivery date and 3 months after the delivery date. Finally, we created cumulative
exposure per week from LMP-32 weeks and from delivery date-3 months postnatal.

In order to identify similar clusters of individual antidepressant trajectories, we employed
the R statistical software package ‘Am/ (Genolini and Falissard 2016). Additional
information on k-means longitudinal (kml) is found in Online Resource 1.

We applied the &m/ default settings, allowing k-means to run for 2 to 6 clusters 100 times
each. Selection of the number of clusters was based upon the following factors: 1)
optimization of the 3 quality criterion, 2) clinical relevance of the clusters, and 3) sample
size in each cluster of at least 5 individuals. For pregnancy trajectories, we limited the
exposure period to 32 weeks of gestation to avoid different exposure durations due to
parturition. We performed k-means longitudinal on cumulative dose (mg/day) per week from
LMP up to 32 gestational weeks, and separately on average daily dose per week during the
same period. There were 24 women with antidepressant prescriptions only in the 3 months
prior to LMP, and we excluded them from the kml pregnancy trajectories, manually
assigning them to a separate exposure group for the outcome analyses. Additionally, one
outlier with a disproportionally high cumulative dose in the first 32 weeks of pregnancy
(16,974 mg) was removed from kml and manually coded into the highest trajectory group.
For description of use in the postnatal period, we included all women with any
antidepressant prescriptions between 3 months before the LMP and delivery, and performed
k-means longitudinal on both the average cumulative dose per week in postnatal weeks 0—
13, and the average daily dose per week.

A complete list of covariates abstracted from the electronic medical record is provided in
Online Resource 1. Data on maternal characteristics, birth outcomes, Edinburgh Postnatal
Depression Scale (EPDS) scores, and indication for antidepressant use were captured.

Statistical analysis

Descriptive characteristics (frequencies and means) were stratified by pregnancy cumulative
exposure cluster (n=5). We used chi-square with Fishers exact p-values to test whether
trajectory group in pregnancy predicted trajectory group in the postnatal period. Also, to test
the association between pregnancy trajectory group (average daily and cumulative) and
maternal characteristics, we performed ANOVA with Tukey correction for multiple
comparisons for continuous variables and Fishers exact tests for categorical variables.

We performed multivariable linear regression to estimate the associations of the cumulative
and average daily dose pregnancy trajectory groups and birth weight and gestational weeks
at birth. Based upon the small sizes of two of the cumulative trajectories, we collapsed them
into one trajectory for multivariable regression. We only included EPDS scores administered
between LMP and 32 weeks. We imputed 31 missing EPDS scores with the median EPDS
observed value for each cumulative trajectory group. For the five multiple gestation
pregnancies, we selected the infant with the lower birth weight. We considered race
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dichotomized as white vs. non-white, smoking in pregnancy, EPDS score, gestational day of
EPDS administration, and maternal age at LMP as potential confounders. We created
propensity scores by regressing the potential confounders on the trajectory categories. The
probabilities of each trajectory were included as a linear continuous variable in the linear
regression models. Robust standard errors were estimated to account for non-independence
between sibling observations (n = 4 women with two singleton pregnancies each). In a
sensitivity analysis, we excluded twin pregnancies and repeated regression analyses.

Data cleaning and analysis were performed in SAS 9.4 (Carey, NC). Kml was performed in
R version 3.4.0.

The majority of women received a depression diagnosis before or during pregnancy (80.1%),
and 64.5% received a depression diagnosis between 3 months prior to LMP and 3 months
after delivery. Approximately half (50.6%) of the women received a diagnosis of anxiety in
the same period. Few women had a diagnosis of pain disorder, and none received a diagnosis
of a sleep disorder in the study period. Of 135 women with recorded EPDS scores in the first
32 weeks, 75% of them were administered in the first trimester. The median score was 6
with a range of 0-27. (Table 1).

Antidepressants and trajectories

Pregnancy

The most common class of antidepressant prescribed was selective serotonin reuptake
inhibitors (n=78.3%), followed by bupropion (13.9%), tricyclics, (n=8.4%), and other
antidepressants (7.8%) (exceeds 100% due to some women taking more than one class of
antidepressant).

Of the 166 gestations, 142 (85.5%) had at least one antidepressant prescription between
LMP and week 32 of pregnhancy. The remaining 24 gestations had at least one antidepressant
prescription in the 3 months prior to LMP but did not have another between LMP and 32
weeks of gestation.

A. Cumulative pregnancy trajectory—Among gestations with an antidepressant
prescription between LMP and 32 weeks, kml recommended 4 trajectory groups (Figure 2,
top panel). Trajectory A (n=87) had a median cumulative fluoxetine equivalent dose of 534
mg (min=12, max=2,924). Trajectory B (n=30) had a median cumulative dose of 2,077 mg
(min=975, max=4,360). Trajectory C (n=19) had a median cumulative dose of 4,020 mg
(min=2,889, max=5,543), and trajectory D (n=6) had a median cumulative dose of 10,392
mg (min=8,978, max=16,974). ‘Pre-pregnancy only’ (n=24) (not included in Figure 1)
consisted of the gestations that had no antidepressant prescriptions between LMP and 32
weeks of gestation.

B. Average daily dose pregnancy trajectory—Three trajectories emerged when
assessing average daily fluoxetine equivalent dose per week (Figure 3, top panel) in
pregnancy. These trajectories represent a group that generally maintained a low average
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daily dose (<20 mg) for at least the first half of pregnancy (trajectory A, n=107), a group
that tended to reduce or discontinue antidepressants in the first trimester (trajectory B, n=29)
and a small group that maintained an average fluoxetine equivalent dose of approximately
40-60 mg/day throughout the pregnancy exposure period (trajectory C, n=6). Similar to the
cumulative trajectories, those that discontinued antidepressants prior to LMP (n=24) were
not included in Figure 3 but are referred to as ‘Pre-pregnancy only’ in analyses.

Postnatal period

Only 51 women (30.7%) were prescribed an antidepressant in the first 3 months after
delivery. This included 49 women with an antidepressant prescription between LMP and 32
weeks of gestation (34.5%) and 2 women (8.3%) with an antidepressant prescription in the 3
months prior to LMP who discontinued antidepressants between LMP and 32 weeks of
gestation. Women in the highest cumulative dose trajectory in pregnancy (D) were most
likely to remain on antidepressants in the postnatal period (n=5/6, 83.3%).

A. Cumulative postnatal trajectory—~Postnatal cumulative antidepressant use was best
described by 4 trajectory groups (Figure 2, bottom panel). Trajectory A (n=120) had a
median cumulative dose over the 13 weeks of 0 mg (min=0, max=462). Trajectory B (n=24)
had a median cumulative dose of 756 mg (min=420, max=1,356). Trajectory C (n=14) had a
median cumulative dose of 1,697 mg (min=1,300, max=3,680), and trajectory D (n=8) had a
median cumulative dose of 4,333 mg (min=2,680, max=6,400).

B. Average daily dose postnatal trajectory—Three trajectories emerged when
analyzing average daily dose per week in the postnatal period (Figure 3, bottom panel).
These were best characterized as a group with no or very low dose (generally <10mg)
antidepressant prescriptions (n=123, trajectory A), a group that tended to discontinue as the
period progressed (n=35, trajectory B) and a small group (n=8, trajectory C) with higher
doses (generally >40mg) or doses that were maintained throughout the 3 months postpartum.

Fishers exact tests revealed that trajectory group membership in pregnancy was a good
predictor of trajectory group membership in the postnatal period for both cumulative
exposure trajectories (p=0.0004) and average daily dose trajectories (p=0.0002).

Maternal characteristics and trajectory group

EPDS score prior to 32 weeks differed by pregnancy trajectory group membership for both
cumulative dose (p=0.04) and average daily dose per week (p=0.006). In group comparisons,
individuals in trajectory A had higher EPDS scores by approximately 3.7 points than those
that discontinued antidepressants prior to LMP. No other maternal characteristics statistically
differed across cumulative or average daily pregnancy trajectories.

Pregnancy trajectories and birth weight and gestational age at delivery

In multivariable linear regression, the highest trajectory group (Trajectory C, n=6) in
fluoxetine equivalent average daily dose was associated with an average reduced birth
weight of 314.1 grams compared to the lowest use trajectory group (Trajectory A) (Table 2).
This finding was similar by cumulative trajectory groups (Trajectory C-D vs. A), but
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confidence intervals crossed the null. Gestational age at delivery was not associated with any
of the pregnancy trajectory groups. In sensitivity analyses, excluding twin gestations did not
alter the findings (data not shown).

Discussion

A vast body of research has produced conflicting results on the risk of antidepressant
exposure on pregnancy and birth outcomes (Way 2007; Alwan and Friedman 2009;
Udechuku et al. 2010). Estimating the risk of antidepressant exposure to the developing fetus
is greatly important, as untreated prenatal depression also carries its own risk profile to the
fetus and the mother (Davalos et al. 2012). It is therefore imperative that we continue to
evolve our methodology when modeling complex antidepressant exposures in pregnancy to
provide the most accurate risk information to pregnant women and clinicians. In the present
analysis, we used k-means longitudinal modeling to describe trajectories of antidepressant
use in the pregnancy and postnatal periods.

To our knowledge, this is the first study that has utilized trajectory methods to describe
antidepressant use during pregnancy. Although other studies have described antidepressant
use according to the timing of use in pregnancy (Hayes et al. 2012) or the cumulative
number of days on antidepressants (Oberlander et al. 2008), modeling trajectories of use
reflects timing of initiation and discontinuation, average dose, cumulative dose, and changes
in dose. By modeling trajectories, we may group women with similar profiles, allowing for a
more robust analysis that reflects more of the complexity in exposure. In our analysis, four
trajectories emerged when assessing the cumulative dose, and three trajectories emerged
when assessing the average daily dose per week in pregnancy. In multivariable analysis, we
identified an association between antidepressant use in the first 32 weeks of pregnancy and a
modest reduction in birth weight (314 grams) among gestations with the greatest average
daily dose compared with the lowest trajectory group. Although we adjusted for EPDS score
in these models, we cannot know if residual confounding by indication or other unmeasured
confounders biased these results. Additionally, we had very small strata in some of the
trajectory groups which may result in unstable estimates. However, our findings are
consistent in direction and magnitude with previous reports of an association between
antidepressants and reduced birth weight (Oberlander et al. 2008; Udechuku et al. 2010;
Nezvalova-Henriksen et al. 2016).

Employing trajectory methodology to this data revealed other interesting findings. Similar to
previous reports, we did observe a distinct subgroup of women who discontinued
antidepressant therapy around the time of pregnancy recognition (Figure 3, trajectory B)
(Petersen et al. 2011). We anticipated that this group may have an increased risk for adverse
birth outcomes due to a worsening of depression symptoms in the absence of
pharmacotherapy; however, this was not observed in multivariable analysis. We are unable to
determine if a non-pharmacologic therapy was substituted. We observed similar results in
the group of women who discontinued antidepressants prior to LMP and did not resume use
in the first 32 weeks of pregnancy. We did not find evidence of an increased risk of reduced
birth weight or gestational age at delivery, and only 2 women (8%) resumed antidepressants
in the early postnatal period.
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When interpreting these results, it is important to be aware of the limitations. Our data
originated from medical records; though the clinics had implemented medication
reconciliation review for each patient visit during the study period, we do not know for
certain if these prescriptions were filled or taken and we can only estimate the timing of
antidepressant discontinuation. Although we attempted to be conservative in our estimates of
the date of discontinuation, we may still have overestimated durations of use if women did
not fill or take the medication as prescribed. We would anticipate any bias to be non-
differential to trajectory assignment, potentially attenuating results. Also, 58 (35%) of
women did not have evidence of a visit with a primary care, internal medicine, or OBGYN
provider within UC San Diego Health in the 365 days prior to LMP-3 months. We cannot be
sure that we captured all antidepressant use prescribed to this group in early pregnancy, as it
may have been prescribed elsewhere. However, these women did not differ with respect to
trajectory group assignment. Also, our relatively small sample resulted in small trajectory
groups and precluded our ability to investigate dichotomous outcomes such as low
birthweight or preterm birth; larger data sets are necessary for these and other outcomes of
interest. Finally, this study used data from a single medical center, and the trajectory patterns
identified may not be generalizable to other populations.

Analyzing medication use in pregnancy with longitudinal trajectory methods may not be
appropriate for all outcomes. When studying outcomes with narrow etiologically relevant
timeframes, such as many birth defects, highest observed daily dose or total cumulative dose
or days of exposure during the sensitive window may be more useful than trajectory
methods. However, for other outcomes with unknown etiologies, such as preterm birth,
offspring birth weight or neurodevelopmental outcomes, these trajectories hold promise.
Future directions include using 3-d modeling (kmlI3d) (Genolini et al. 2015) to test
interactions between medications.

In summary, we employed k-means longitudinal trajectory modeling to antidepressant use in
pregnancy and found the highest trajectory of exposure to be associated with a modest
reduction in birth weight. These profiles offer a more meaningful way of understanding and
categorizing medication exposures in pregnancy.
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Figure2.
Cumulative fluoxetine equivalents (mg) per week from LMP to 32 weeks of gestation.

Individuals with no antidepressant prescriptions between LMP and 32 weeks of gestation
(n=24) are excluded from trajectories. One outlier with disproportionally high cumulative
dose in pregnancy was removed; n=141 (top panel). Cumulative fluoxetine equivalents (mg)
per week from delivery date through 13 weeks postpartum; n=166 (bottom panel)
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Weeks postpartum

Average daily fluoxetine equivalents (mg) per week from LMP to 32 weeks of gestation.
Individuals with no antidepressant prescriptions between LMP and 32 weeks of gestation
(n=24) are excluded from trajectories; n=142 (top panel). Average daily fluoxetine
equivalents (mg) per week from delivery date through 13 weeks postpartum; n=166 (bottom

panel)
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