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ABSTRACT

Objective: To investigate the association, if any, of
prenatal mental illness and psychotropic exposure
with the risk of hypertensive disorders of pregnancy
(HDP).

Methods: A case-cohort analysis was conducted of
686 pregnant women participating in prospective,
longitudinal observational studies in a tertiary referral
center between January 1998 and May 2012. Risk
estimates were produced using multivariate logistic
regression modeling. Medication- and diagnosis-
specific data were utilized to conduct post hoc
confirmatory analyses of the risk estimates.

Results: After adjustment for confounders, HDP were
significantly associated with psychostimulant (odds
ratio [OR]=6.11; 95% Cl, 1.79-20.9) and serotonin-
norepinephrine reuptake inhibitor (SNRI) (OR=2.57;
95%, 1.34-4.93) exposure following the 20th

week of gestation and lifetime histories of cocaine
dependence (OR=2.99; 95% Cl, 1.12-7.98) and panic
disorder (OR=1.78;95% Cl, 1.06-2.98) using DSM-

IV diagnostic criteria. HDP risk was not associated
with prenatal selective serotonin reuptake inhibitor
exposure or other psychiatric disorders. Post hoc
analyses demonstrated an increased risk for HDP
with higher maternal daily doses of amphetamine
psychostimulants and the SNRI venlafaxine.

Conclusions: These data indicate that psychostimulant
and SNRI exposure following the 20th week of
gestation conveys considerable risk for the emergence
of HDP. Overall, the findings suggest that heightened
vascular reactivity to noradrenergic, rather than
serotonergic, stimulation may be pivotal to HDP risk
among women with psychiatric illness.
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A ddressing the safety concerns of prenatal psychotropic exposure,
a Practice Bulletin issued by the American Congress of
Obstetricians and Gynecologists (ACOG) advises that mental health
care decisions during pregnancy “incorporate an appraisal of the clinical
consequences of offspring [medication] exposure, the potential effect
of untreated maternal psychiatric illness, and the available alternative
therapies”!P1%) Consequently, a thorough evaluation of the risks
attributable to both mental illness and its treatment is requisite to
evidence-based prenatal decision-making.

Accurate risk-benefit assessment is hindered by reliance upon
an incomplete reproductive safety literature that is complicated by
methodological differences often yielding inconsistent results.? In
numerous instances, the same adverse outcome has been attributed to
both a maternal mental disorder and a psychiatric medication. Such
is the case for hypertensive disorders of pregnancy (HDP), including
gestational hypertension, preeclampsia, eclampsia, and HELLP
(hemolysis, elevated liver enzymes, low platelet count) syndrome.

Numerous psychotropic medications have been associated with
nonpuerperal hypertension; however, the risk of HDP among women
using psychotropic medications has had limited scrutiny. Two recent
studies>* suggested a relationship between gestational hypertension and
selective serotonin reuptake inhibitor (SSRI) use. Other studies reported
an association between preeclampsia and antidepressant use in general®
and serotonin-norepinephrine reuptake inhibitor (SNRI) or tricyclic
antidepressant (TCA) use in particular.>” Conversely, some studies,®’
although not all,>!? have reported higher rates of HDP in association
with maternal depression and anxiety. A recent meta-analysis!! reported
a significant association between antenatal depression and preeclampsia;
however, none of the 5 studies included in the meta-analysis controlled
for concomitant antidepressant use. In most existing studies, prospective
documentation of medication exposure and structured assessments of
maternal psychiatric diagnosis and symptoms are lacking.

Recognizing the increasing rate of prenatal psychotropic
administration,'?"!> the prevalence of mental disorders among women
of reproductive age, and evidence indicating that prenatal recurrence
is common in the absence of continued pharmacotherapy,'®!7 studies
elucidating the comparative risks of untreated prenatal mental illness
versus prenatal psychotropic exposure are critically important. This
study aimed to describe the relationship between HDP and both prenatal
maternal mental illness and commonly prescribed psychotropics.

METHODS

Study participants were enrolled before conception or during early
gestation (ie, no later than 16 weeks estimated gestational age) in a
prospective observational study of the course and outcomes associated
with maternal mental illness and treatment. They were recruited from
referrals by primary care physicians, obstetricians, or mental health care
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providers to the-Emory Womens Mental Health Program
in Atlanta, Georgia. All participants provided written
informed consent to participate, following approval by the
Emory Institutional Review Board. Data were collected
between January 1998 and May 2012.

Utilizing a case-cohort design, the analysis sought
to identify mental disorders and classes of psychoactive
substances associated with HDP. Outcome ascertainment
was determined via structured abstraction of the obstetrical
record by an experienced obstetrical nurse (B.T.K.). Women
with chronic hypertension, defined as hypertension
predating conception or arising before the 20th week of
pregnancy (PW20), were excluded from analysis. Those
diagnosed by their obstetrical care providers using ACOG-
recommended diagnostic criteria for HDP, including
gestational hypertension, preeclampsia, eclampsia, or
HELLP syndrome, were designated cases; those with
no history of hypertension were designated controls.
ACOG-recommended diagnostic criteria for gestational
hypertension'® require 2 blood pressure measurements
equal to or exceeding 140/90 mm Hg or a single blood
pressure measurement equal to or exceeding 160/110
mm Hg after 20 weeks of gestation. The ACOG criteria
for preeclampsia'® require gestational hypertension plus
proteinuria or new onset of any of the following after
PW20: thrombocytopenia, impaired hepatic function,
renal insufficiency, pulmonary edema, cerebral symptoms,
or visual symptoms.

Inclusion was limited to participants who, by the time
of data sequestration, had delivered a live singleton infant
and for whom the following data had been collected: (1)
determination of HDP via abstraction of obstetrical record,
(2) prospective documentation of medication exposure
recording the daily dose of all agents on a week-by-week
basis across gestation, (3) psychiatric diagnostic assessment
utilizing the Structured Clinical Interview for DSM-
IV-TR Axis I Disorders, Research Version, Patient Edition
(SCID-I/P)" and a clinician interview supplemented by
the Conners’ Adult ADHD Rating Scales (CAARS),?® and
(4) serial assessments of depressive and anxiety symptoms
during pregnancy using the Hamilton Rating Scales for
Depression (HDRS)?! and Anxiety (HARS)?? and the Beck
Depression Inventory (BDI).?

A preliminary series of bivariate comparisons was
conducted, examining HDP risk factors including known
demographic and clinical risk factors (ie, maternal age
greater than or equal to 40 years, African American ethnicity,
nulliparity, and obesity),** Diagnostic and Statistical Manual
for Mental Disorders, Fourth Edition, Text Revision (DSM-
IV-TR)* lifetime Axis I diagnoses, exposure to various
classes of psychoactive substances following PW20, and
the occurrence of a major depressive episode (MDE) or
significant depressive or anxiety symptoms following
PW?20, using contingency table methods (x> with 1 degree
of freedom) or Student ¢ test. By definition, onset of HDP
occurs after PW20; therefore, post-PW20 was designated
the window of interest for assessing exposure risk.

Psychotropics and Hypertensive Disorders of Pregnancy

B Hypertensive disorders of pregnancy (HDP) have
been attributed to both maternal mental illness and
antidepressant use during pregnancy. In failing to
disentangle the contributions of illness versus medication
to HDP risk, previous studies offer little guidance to
clinical decision-making.

B Pregnant women with mental iliness are more likely
to develop hypertensive disorders of pregnancy
when treated with psychostimulants or serotonin-
norepinephrine reuptake inhibitor antidepressants during
the latter half of pregnancy.

B Hypertensive disorders of pregnancy were not predicted
by prenatal depression or anxiety or by use of other
classes of psychiatric medications, including selective
serotonin reuptake inhibitors.

Factors with suggestive associations (P<.10) with HDP
were evaluated by stepwise (a=.10 for model entry and a=.05
for model retention) multivariate logistic regression modeling.
Finally, available medication-specific and diagnosis-specific
data were utilized to examine dose effects of exposure in
post hoc confirmatory analyses of mental disorders or agent
classes demonstrating an association with HDP in the logistic
regression.

RESULTS

Participant Characteristics

A total of 713 women qualified for the analysis. A group of
27 women with chronic hypertension were excluded leaving
686 women available for subsequent analyses. Eighty-six
(12.5%) of the remaining participants were diagnosed with
HDP (Table 1).

The sample was homogeneous, primarily composed of
white (n=602, 87.8%), married (n=576, 84.0%), college
graduates (n =459, 66.9%) with a mean age of 33.1£5.0 years
and receiving prenatal care (n =686, 100%). Most pregnancies
were planned (n=470, 68.5%) and desired (n=549, 80.0%).
Frequencies of documented HDP risk factors in the sample
included nulliparity (n=367, 53.5%), maternal obesity
(preconception body mass index >30.0; n=90, 13.1%),
African or African American race (n=46, 6.7%), and maternal
age of 40 years and older (n=51, 7.4%).

Most participants (n =635, 92.6%) fulfilled DSM-IV criteria
for a lifetime Axis I disorder. Frequencies within DSM-IV
diagnostic categories included 84.0% (n=576) with mood
disorder, 61.8% (n=424) with anxiety disorder, 21.7% (n=149)
with substance dependence disorder, 16.2% (n=111) with an
eating disorder, 8.0% (n=>55) with attention deficit disorder,
and 3.4% (n=23) with psychotic disorder histories. Lifetime
rates of individual DSM-IV Axis I disorders are reported
in Table 1. A major depressive episode was experienced
by 21.5% (n=144; missing data, n=15) of the participants
during pregnancy, with 14.5% (n=98) experiencing a prenatal
MDE before PW20 only, 12.4% (n=83) after PW20, and 9.1%
(n=61) fulfilling criteria in both halves of gestation.
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Table 1. Description of Study Participants (N=686)

Clinical and Demographic Characteristics n (%)
Hypertensive disorders of pregnancy
Gestational hypertension 48 7.0
Preeclampsia 34 5.0
Eclampsia 3 0.4
HELLP syndrome 1 0.1
Overall 86 12,5
Advanced maternal age (=40y) 51 7.4
Race
Asian: Far Eastern, Indian, Filipino 18 26
Black: African, African American, Haitian 46 6.7
White: European, Middle Eastern, North African 602 87.8
Other 12 1.7
Multiple 8 1.2
Obesity (preconception body mass index >30.0) 90 13.1
Nulliparity 367 535

Lifetime DSM-1V diagnoses
Mood disorders

Bipolar disorder 142 20.7
Major depressive disorder 423 61.7
Depressive disorder, not otherwise specified 1 1.6
Anxiety disorders
Agoraphobia 24 35
Generalized anxiety disorder 144 21.0
Obsessive-compulsive disorder 89 13.0
Panic disorder 166 24.2
Posttraumatic stress disorder 124 18.1
Social anxiety disorder 95 13.9
Specific phobia 53 7.7
Anxiety disorder, not otherwise specified 42 6.1

Psychotic disorders

Brief psychotic disorder 2 0.3
Delusional disorder 3 0.4
Schizoaffective disorder 7 1.0
Schizophrenia 1 0.1
Psychotic disorder, not otherwise specified 10 1.5
Eating disorders
Anorexia nervosa 40 58
Bulimia nervosa 40 5.8
Eating disorder, not otherwise specified 31 4.5
Substance dependence disorders
Alcohol dependence 114 16.6
Amphetamine dependence 8 1.2
Cannabis dependence 43 6.3
Cocaine dependence 25 3.6
Hallucinogen dependence 8 12
Opioid dependence 9 13
Sedative hypnotic dependence 9 1.3
Attention-deficit/hyperactivity disorder 55 8.0

Abbreviation: HELLP = hemolysis, elevated liver enzymes, low platelet
count.

Most study participants were treated with at least 1
psychotropic agent during pregnancy (n=607, 88.5%),
with antidepressant exposure the most frequent (n=489,
71.3%), followed by mood stabilizers (n=214, 31.2%),
benzodiazepines (n=150,n1=21.9%), and psychostimulants
(n=29, 4.2%). Whereas over half (n=17, 58.6%) of those
receiving psychostimulant therapy in early pregnancy
discontinued the medication before PW20 (Table 2), other
classes of psychotropic agents were continued after PW20
by at least two-thirds of those treated during early gestation.

Bivariate Analyses of HDP Risk Factors

The planned bivariate analyses demonstrated associations
for HDP with most recognized risk factors (Table 3) including
maternal obesity (22.2% vs 11.1%, P=.003), nulliparity

Table 2. Frequency of Prenatal Psychotropic Exposures
(N=686)

Before End Before After
of PW20®  and After  PW20?
Only PW20? Only
Psychotropic Class n (%) n %) n (%)
Antidepressants
Bupropion 18 26 66 96 7 10
SNRIs 16 23 68 99 3 04
SSRIs 22 32 320 467 22 32
Other (mirtazapine, nefazodone) 5 07 7 10 2 03
Mood stabilizers and antiepileptic drugs
Antiepileptic drugs 23 34 123 179 5 07
Atypical antipsychotics 15 22 65 95 13 19
Lithium 5 07 13 19 1 01
Benzodiazepines 34 50 86 125 30 44
Psychostimulants 17 25 12 17 0 00
Habit-forming substances
Tobacco 38 55 48 70 5 07
Caffeine 30 44 437 637 22 32

aPW20 = 20th week of pregnancy.
Abbreviations: SNRIs = serotonin-norepinephrine reuptake inhibitors,
SSRIs =selective serotonin reuptake inhibitors.

(16.1% vs 8.5%, P=.003), and advanced maternal age (23.5%
vs 11.7%, P=.01). The higher frequency of HDP among
African American participants did not achieve statistical
significance (19.6% vs 12.0%, P=.14).

Bivariate analyses of HDP frequencies in association
with DSM-IV Axis I disorders (Table 3) demonstrated an
association with lifetime histories of panic disorder (17.5%
vs 11.0%, x*=4.86, P=.03) and nonsignificant trends with
cocaine dependence (24.0% vs 12.1%, x*=3.11, P=.08)
and social anxiety disorder (17.9% vs 11.7%, x*>=2.89,
P=.09). The occurrence of HDP was not associated with
the severity of post-PW20 depressive or anxiety symptoms
(operationalized as area under the curve for HDRS, BDI, and
HARS scores) or the occurrence of a post-PW20 MDE (data
not shown). Nor was there any association with pre-PW20
depressive or anxiety symptoms (data not shown).

Bivariate analyses of psychotropic exposures (including
tobacco and caffeine) following PW20 (Table 3) demonstrated
significant associations for HDP with SNRIs (22.5% vs
11.4%, x*=7.22, P=.007) and psychostimulants (41.7% vs
12.0%, x*=9.45, P=.002). Contrary to previous reports,>*
there was no evidence of an association between HDP and
SSRI exposure (12.6% vs 12.5%, x*=0.0008, P=.97).

Logistic Regression of HDP Risk Factors

Candidate predictors to the logistic regression analysis
included nulliparity; obesity; advanced maternal age;
African American race; lifetime histories of panic disorder,
cocaine dependence, and social anxiety disorder; and
post-PW20 exposure to SNRIs and psychostimulants. Due to
the historical association with HDP, African American race
was included as a candidate predictor despite the bivariate
analysis failing to fulfill the a priori criterion for model
inclusion. All candidate predictors except social anxiety
disorder were retained in the final reduced model (Table 4).
Of note, the magnitude of association between HDP and
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Table 3. Frequency Distributions of Risk Factors for Hypertensive Disorders of Pregnancy (HDP; N=686)

HDP HDP
Overall, Yes, No, Statistical P Overall, Yes, No, Statistical P
Exposure/Risk Factor n (%) n (%) n (%) Test Value | Exposure/Risk Factor n (%) n (%) n (%) Test Value
Demographic Bulimia nervosa
Advanced age (=40y) Yes 40 (5.8) 3(7.5) 37(92.5) Fisher 46
Yes 51(74) 12(235) 39(765) ¥*=6.07 .01 No 646 (94.2) 83(12.8) 563 (87.2) Exact
No 635(92.6) 74(11.7) 561(88.3) Eating disorder, NOS )
Race, African American Yes 31(45 2(65  29(935) Fisher 41
Yes 46 (6.7) (19.6) 37(80.4) x?=222 .14 No 655(95.5) 84(12.8) 571(87.2)  Exact
No 640 (93.3) 77(12.0) 563 (88.0) DSM-IV substance dependence
Obesity? Alcohol dependence
Yes 20 (131) 20 (22 70 (778) X2=8.86 .003 Yes 114(166) ]5(132) 99 (868) X2=0'05 83
Np ) 596 (86.9) 66(11.1) 530(88.9) No 572(83.4) 71(12.4) 501 (87.6)
Nulliparity Amphetamine dependence
Yes 367 (53.5) 59(16.1) 308(83.9) x?=9.02 .003 Yes 8(1.2) 0(0.0) 8(100) Fisher 61
No 319 (46.5) 27(8.5) 292(91.5) No 678(988) 86(12.7) 592(87.3)  Exact
DSM-IV mood disorders Cannabis dependence
Bipolar disorder Yes 43(63) 5(116) 38(884) x*=003 .85
Yes 142(20.7) 19(13.4) 123(86.6) x*=0.12 .73 No 643(93.7) 81(12.6) 562(87.4)
No 544(79.3) 67(12.3) 477(87.7) Cocaine dependence
Major depressive disorder Yes 25(36) 6(240) 19(76.0) x*=3.11 .08
Yes 423(61.7) 49 374(884) x2=091 .34 No 661(96.4) 80(12.1) 581(87.9)
No 263 (383) 37 1) 226(85.9) Hallucinogen dependence )
Depressive disorder, NOS Yes 8(12) 1(125) 7(875) Fisher  1.00
Yes 11(16) 0(0.0) 11(100)  Fisher .38 No 678(98.8) 85(12.5) 593(87.5)  Exact
No 675(98.4) 86(12.7) 589(87.3)  Exact OP\I(OId dependence 003 1011 889  Fish 100
- . es . . . isher .
DSM-IV anxiety disorders No 677(98.7) 85(12.6) 592(874)  Exact
Agoraphobia ) Sedative hypnotic dependence
Yes 2435 4 20(833)  Fisher .53 Yes 9(13)  0(00)  9(100)  Fisher .61
No . 662(96.5) 82(1 580(87.6)  Exact No 677 (98.7) 86(12.7) 591(87.3)  Exact
Ge\r{m:srallzed anxiety d|s?|;:14e(r21'0) 21(146) 123(854) =070 40 DSM-IV adult attention-deficit/hyperactivity disorder
Obsessive-compulsive disorder No 631(920) 79(12.5) 552(87.5)
Yes 89(13.00 10(11.2) 79(88.8) x?=0.16 .69 Pharmacologic
No 597 (87.0) 76(12.7) 521(87.3) Antidepressants
Panic disorder Bupropion
Yes 166 (24.2) 29(17.5) 137(82.5) x’=4.86 .03 Yes 76 (11.1) 11(15.1) 62(84.9) x=048 49
No 520(75.8) 57(11.0) 463 (89.0) No 613(89.4) 75(12.2) 538(87.8)
Posttraumatic stress disorder SNRI
Yes 124(18.1) 11(8.9 113(91.1) x2:1.86 17 Yes 71(103) 16(22.5) 55(77.5) X2:7~22 007
No 562(81.9) 75(13.3) 487(86.7) No 615(89.7) 70(11.4) 545 (88.6)
Social anxiety disorder SSRI
Yes 95(13.8) 17(17.9) 78(82.1) x*=2.89 .09 Yes 342(49.9) 43(12.6) 299 (87.4) x2=0.0008 .97
No 591(86.2) 69(11.7) 522(88.3) No 344 (50.1) 43(12.5) 301 (87.5)
Specific phobia Other antidepressants
Yes 53(77)  6(11.3) 47(887) x*=008 .78 Yes 9(13) 1(11.1)  8(889)  Fisher  1.00
No 633(92.3) 80(12.6) 553(87.4) No 677 (98.7) 85(12.6) 592 (87.4) Exact
Anxiety disorder, NOS Mood stabilizers
Yes 4261 7 35(83.3) x?=0.70 .40 Antiepileptic drugs
No 644 (93.9) 79(123) 565 (87.7) Yes 128(18.7) 11(8.6) 117(91.4) x*=223 .14
DSM-IV psychotic disorders No 558(81.3) 75(13.4) 483(86.6)
Brief psychotic disorder Atypical antipsychotics
Yes 2(03) 0(00) 2(100) Fisher 1.00 Yes 78 (1]4) 10(128) 68 (872) X2=0.007 94
No 684(99.7) 86(12.6) 598(87.4)  Exact _No 608 (88.6) 76(125) 532(87.5)
Delusional disorder Lithium )
Yes 3 (0.4) 0 (0_0) 3 (100) Fisher 1.00 Yes 14 (2‘0) 2 (14.3) 12 (85.7) Fisher .69
No 683(99.6) 86(12.6) 597(87.4)  Exact No 672(98.0) 84(125) 588(87.5)  Bxact
Schizoaffective disorder Benzodiazepines
Yes 7000 1(143)  6(857)  Fisher  1.00 Yes 116(169) 17(147) 99(853) x*=057 45
No 679(99.0) 85(12.5) 594(875)  Exact No 570(83.1) 69(12.1) 501(87.9)
Schizophrenia Psychostimulants
Yes 101) 000  1(100)  Fisher 100 Y 12(1.7)  5(417)  7(583) x*=945 002
No 685(99.9) 86(12.6) 599(87.4)  Exact No 674(98.3) 81(120) 593(88.0)
Psychotic disorder, NOS Habit-forming
Yes 10(1.5  0(0.0)  10(100)  Fisher .63 Tobacco )
No 676(98.5) 86(12.7) 590(873)  Exact Yes 53(77) ~ 3(57)  50(943) =247 12
DSM-IV eating disorders c Nq 633(923) 83(13.1) 550(86.9)
- affeine
Anorexia nervosa Yes 459 (66.9) 60(13.1) 399(86.9) x°=036 .55
Yes 40(5.8) 4(10.0) 36(90.0)  Fisher 81 No 227(33.1) 26(11.5) 201 (88.5)
No 646 (94.2) 82(12.7) 564 (87.3) Exact

aPreconception body mass index > 30.0.
Abbreviations: NOS = not otherwise specified, SNRI = serotonin-norepinephrine reuptake inhibitor, SSRI= selective serotonin reuptake inhibitor.
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Table 4. Logistic Regression Analysis of Risk Factors for
Hypertensive Disorders of Pregnancy (N=686)2

Risk Factor Odds Ratio (95% Cl) x?Test PValue
Psychostimulant exposure after 6.11(1.79-20.9) 8.32 .004
pregnancy week 20

Cocaine dependence, lifetime 2.99 (1.12-7.98) 4.76 .03
history (DSM-IV criteria)

SNRI exposure after pregnancy 2.57 (1.34-4.93) 8.12 .004

week 20
Advanced maternal age 240y at 2.51(1.21-5.20) 6.11 .01
conception
Black/African American race 2.33(1.04-5.23) 423 .04
Nulliparity 2.18(1.32-3.60) 9.18 .002

Obesity, preconception body 2.14(1.18-3.89) 6.24 .01
mass index>30.0
Panic disorder, lifetime history

(DSM-IV criteria)

aThe log-likelihood for the model was 517.9 (x*=46.02, P<.0001).
Hosmer-Lemeshow goodness-of-fit results: x*=3.40, P=.76.
Abbreviation: SNRI = serotonin-norepinephrine reuptake inhibitor.

1.78 (1.06-2.98) 476 .03

established risk factors was exceeded by the association
with a lifetime history of cocaine dependence (odds ratio
[OR] =2.99) and post-PW20 SNRI exposure (OR=2.57)
and more than doubled by the association with post-PW20
psychostimulant exposure (OR=6.11).

Post Hoc Analysis of HDP Association
With SNRI Exposure

The 71 participants receiving SNRI therapy after PW20
included 5 desvenlafaxine exposures, none diagnosed
with HDP; 14 duloxetine exposures with 3 (21.4%) HDP
diagnoses; and 52 venlafaxine exposures with 13 (25.0%)
HDP diagnoses.

An ordinal logistic regression, controlling for all
covariates retained in the final logistic regression model,
was conducted to assess dose effects of venlafaxine exposure.
Participants exposed to psychostimulants, desvenlafaxine, or
duloxetine were excluded a priori to isolate the association
between venlafaxine and HDP. Results of the model (Figure
1) demonstrated a significant positive association between
HDP and post-PW20 venlafaxine doses exceeding 187.5
mg/d. The odds ratio for HDP at these doses rivaled that of
psychostimulant exposure and more than doubled that for
other documented risk factors.

Post Hoc Analysis of HDP Association
With Psychostimulant Exposure

The 12 participants receiving post-PW20 psychostimulant
therapy included 2 with methylphenidate exposure, neither
of whom were diagnosed with HDP; 1 with lisdexamfetamine
exposure who also was not diagnosed with HDP; and 9
with amphetamine (either dextroamphetamine or mixed
amphetamine salts) exposure, 5 (55.6%) of whom were
diagnosed with HDP. Among the 9 women with post-PW20
amphetamine exposure, those diagnosed with HDP had
significantly higher mean daily amphetamine doses (33.8
mg/d [95% CI, 17.6 to 50.1] vs 11.9 mg/d [95% CI, —2.2 to
25.9], t=2.86, P=.02) and higher peak daily amphetamine
doses (36.0 mg/d [95% CI, 17.2 to 54.8] vs 16.3 mg/d [95%

Figure 1. Ordinal Logistic Regression of Venlafaxine Dose
as Risk Factor for Hypertensive Disorders of Pregnancy
(n=655)?

300 mg/d OR=6.15
(> 262.5) ® (1.79-21.1)
[}
8
225 mg/d
c OR=858
S (>187.5-262.5) o
8 (1.70-43.5)
[}
£
% 150 mg/d OR =201
E’ (>112.5-187.5) @ (0.64-6.31)
75 mg/d \ ‘ | OR=0.88
(>0-1125)] | T ' (0.10-7.62)
|
|
0.1 1 10 100

Odds Ratio (95% Cl)

@Participants receiving psychostimulants (n=12), duloxetine (n=14), or
desvenlafaxine (n=5) following pregnancy week 20 were omitted from
the model. The model controlled for maternal obesity (preconception
body mass index = 30.0), advanced maternal age (=40y), African
American race, nulliparity, and lifetime histories of panic disorder and
cocaine dependence. The log-likelihood for the model was 448 (x*=30.51,
P<.0001). Hosmer-Lemeshow goodness-of-fit results: x?=4.43, P=.62.

Abbreviation: OR=odds ratio.

CI, 4.3 to 28.2], t=2.36, P=.05) after PW20 than those
without HDP diagnoses.

Post Hoc Analysis of HDP Association
With Panic Disorder

Administration of the Panic Disorder Severity Scale
(PDSS)? was added to the protocol in January 2006;
therefore, PDSS scores were available for only 94 (56.6%) of
the 166 participants with lifetime histories of panic disorder.
Student ¢ tests revealed no difference in post-PW20 peak or
mean PDSS scores among those with versus without HDP
(data not shown). Nor was there any association with pre-
PW20 PDSS scores (data not shown).

Post Hoc Analysis of HDP Association
With Cocaine Dependence

Perinatal urine drug screens were completed for most
(n=558, 81.3%) of the study participants, including 22
(88.0%) of the 25 subjects with lifetime histories of cocaine
dependence. None of the urine samples collected during
pregnancy tested positive for cocaine; however, 3 participants
provided cocaine-positive urine samples at 4 to 5 months
postpartum. Notably, all 3 participants provided urine
samples during pregnancy that tested negative for cocaine,
and none of the 3 participants with a postpartum cocaine-
positive urine drug screen were diagnosed with HDP.

DISCUSSION

These data indicate that SNRI and psychostimulant
exposure following PW20 convey considerable risk for
the emergence of HDP. This should not be surprising, as
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hypertension has been reported” with venlafaxine?” and
psychostimulant?® therapy in nongravid adults.

In contrast to 2 recent studies,* SSRI exposure was not
associated with HDP in the current study. Although De
Vera and Bérard* reported a higher rate (OR=1.60; 95%
CI, 1.00-2.55) of gestational hypertension among SSRI-
treated gravidas, closer inspection of their report reveals that
paroxetine was the only SSRI significantly associated with
HDP (OR=1.81; 95% CI, 1.02-3.23). Paroxetine has been
shown to possess in vivo norepinephrine reuptake inhibition
activity® and could arguably, therefore, be classified as an
SNRI rather than an SSRL

Toh and colleagues,’ in a retrospective analysis utilizing
data from the Slone Epidemiology Center Birth Defects
Study, reported an even greater association between SSRI
exposure and HDP (OR=2.49; 95% CI, 1.62-3.83). This
study® did not have a sufficient number of exposures to
examine SNRI-associated outcomes. Furthermore, this study
relied upon phone interviews conducted up to 6 months
following delivery to ascertain exposure status,” a method
that has previously been shown to be subject to systematic
recall bias.*

Although the pathophysiology of HDP has not been
definitively elucidated, numerous studies®'~** of preeclampsia
suggest a role for cardiovascular maladaptation marked by
endothelial dysfunction and heightened vascular reactivity
to sympathetic stimulation. Yet, there remains debate as to
the respective roles of serotonergic versus noradrenergic
activity in the pathogenesis of HDP. Some researchers, for
example, have posited that direct vasoconstrictive properties
of serotonin play a central role in the etiology of HDP, or at
least in the reported occurrence of iatrogenic HDP during
SSRI therapy.®

Findings from the current study and others,” however,
suggest that sensitization to noradrenergic rather than
serotonergic activity may be pivotal to HDP risk among
women with psychiatric illness. Psychostimulants, cocaine,
and SNRIs, the latter at high doses, are each known to
increase norepinephrine signaling. The dose-response
relationship of psychostimulants and SNRIs with HDP in
the current study lends additional credence to the role of
sympathetic hyperreactivity, particularly in light of the
relative increase in norepinephrine transporter blockade by
venlafaxine as the daily dose exceeds 150 mg.*

Yet, the association of HDP with a lifetime history
of cocaine dependence, despite the absence of cocaine
use during gestation, seems counterintuitive. Might
this be explained by a heightened vascular reactivity to
sympathetic/noradrenergic stimulation precipitated during
the prior period of extensive cocaine use that persists during
subsequent periods of abstinence? Chronic cocaine exposure
has, in fact, been shown to produce an up-regulation of
norepinephrine transporters within the central nervous
system of nonhuman primates.’”” Similarly, enduring
changes in cortical function have been reported in abstinent
adults with past histories of extensive cocaine use.*®
Perhaps most intriguing are studies in numerous animal
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models demonstrating persistent vascular hyperreactivity
following prenatal cocaine exposure.**~*? Nevertheless, it
is unclear whether similarly enduring vascular effects are
seen in humans following chronic cocaine exposure during
adolescence or early adulthood.

Panic disorder, a syndrome with considerable evidence
linking it to sympathetic dysregulation,*® was also associated
with HDP in the current study. However, the relationship
was not dependent on the presence or severity of active
panic symptomatology during the latter half of gestation.
Consistent with this finding is an investigation of baroreflex
function in panic disorder demonstrating that heightened
vasoreactivity is a trait rather than state characteristic of
the syndrome.**

Ultimately, the putative roles of noradrenergic and
serotonergic dysfunction in conveying risk for HDP among
pregnant women with psychiatric illness or receiving
psychiatric medication are not necessarily mutually
exclusive. Serotonergic potentiation of noradrenergic
activity may instead underlie the pathogenesis of HDP.
Indeed, serotonin-mediated amplification of noradrenergic
vasoconstriction of the human umbilical artery has been
reported.*®

There are numerous clinical implications raised by the
findings of the current study. Heightened prenatal screening
for HDP may be indicated for women with histories of
panic disorder or cocaine dependence. Indeed, obstetrical
outcome among women with panic disorder is an important
yet neglected area for clinical investigation. Given the
frequent comorbidity of panic disorder and depression, it
may be that adverse obstetrical outcomes reported in studies
of depression may instead be attributable to unmonitored
comorbidities such as panic disorder.

In addition, alternatives to SNRIs and psychostimulants
should be considered, particularly for women with prior
histories of HDP. If the risk-benefit evaluation determines
that these agents should be administered during pregnancy,
then vigilant dose monitoring is warranted.

Although the current study’s generalizability is arguably
limited by utilization of a homogeneous sample recruited
from a tertiary care center, the results (with respect to HDP
rate and association with demographic risk factors) parallel
those from community samples, suggesting that the findings
may be relevant to other populations. It may be argued that
the absence of a healthy volunteer control group limits the
study; however, disentangling effects of medication versus
illness exposure requires careful psychiatric control (ie,
continued vs discontinued treatment; relapsed vs remitted
illness) that a nonpsychiatric control group fails to afford.
Other potential limitations include the incomplete data
on certain preconception risk factors for HDP such as
family history of hypertension***” and lack of screening
for postdelivery onset of preeclampsia. However, these
limitations are offset by numerous unique strengths of
the current analysis. The exposure data collected in the
study were extensive (encompassing a broad array of both
maternal mental illnesses and pharmacologic exposures
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from numerous psychotropic’classes), detailed (including
both the level and the timing of exposure), and collected
prospectively at serial longitudinal visits (thereby avoiding
recall bias). The comprehensive nature of the data afforded
an opportunity to extend the data analysis beyond hypothesis
testing to incorporate post hoc confirmatory tests.
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