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ABSTRACT

DEPRESSION, ANXIETY, ANTIDEPRESSANT, ANXIOLYTIC MEDICATIONS AND
THEIR ASSOCIATION WITH MATERNAL HYPERTENSION

By
Madhavi Thombre Kulkarni
Our goal is to better understand maternal depression, anxiety and related
medications in relation to risk of maternal hypertension (HTN) disorders, i.e. chronic
hypertension (CH), Gestational hypertension (GH), and preeclampsia (PE). We first
systematically reviewed relevant literature by searching electronic databases PubMed
and EMBASE from inception to May 2017. Observational studies were included if they
were published in the English language and assessed the association of pre-pregnancy
and/or pregnancy depression, anxiety, or antidepressant medication use with maternal
HTN disorders. A total of 29 studies meeting these criteria were critiqued and findings
summarized. Reports of pre-pregnancy depression/anxiety and chronic hypertension
(CH) were few and results were inconsistent. Most failed to find a compelling link
between pre-pregnancy depression/anxiety and GH or PE. Pregnancy depression
/anxiety was associated with PE in some studies but not others. A majority of studies
reported higher rates of PE and GH among women taking antidepressants.. It is
unresolved whether the increased risk for PE and GH represents a direct effect of
medication or the severity of the disorder marked by pregnancy medication use.
We next conducted our own study to further explore maternal mental health in

relation to HTN disorders of pregnancy. Working with Blue Cross Blue Shield of
Michigan (BCBSM) we examined medical and pharmacy claims data of women who

met our study eligibility criteria, i.e. singleton pregnancy ending in live birth between



October-1-2010 and September-30-2014,15-44 years of age at delivery, and 75%
continuous enroliment in medical and pharmacy claims for 2 years prior to last
menstrual period (LMP). These data were then linked with birth certificate data to
obtain an analytic sample of 12,647 women. We used International Classification of
diseases ninth revision Clinical modification (ICD-9CM) to assess depression, anxiety,
and HTN disorders of pregnancy from medical claims, and National Drug Codes (NDC)
to get antidepressant and anxiolytic medication prescription data from pharmacy
claims.

In our analytic sample the majority of HTN disorders were pregnancy hypertension
(PH) which includes PE and GH. Approximately 10.6% of all women had a depression
or anxiety diagnosis (defined as = 1 inpatient or = 2 outpatient visits) in the study
period; only 0.9% first met the diagnostic criteria for depression during pregnancy CH
was positively associated with antidepressant and anxiolytic medication use prior to
and during pregnancy. PH was associated with: 1) antidepressant use prior to
pregnancy only; 2) antidepressant use prior to and during pregnancy; and 3) initiation of
anxiolytic medication during pregnancy. CH and PH were not associated with
depression or anxiety among non-users of medications.

Our observations reinforce the importance of pre-pregnancy mental health and
related medication assessment; this information may help in risk stratification for HTN
disorders of pregnancy, plans for greater surveillance during prenatal care and
development of prevention strategies. Clearly, the benefits of controlling maternal

depression symptoms must be weighed against any excess risk posed by medication.
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CHAPTER 1
BACKGROUND LITERATURE AND AIMS

A young woman well accomplished in her thirties had just married and was pregnant.
She had suffered from depression and anxiety for most of her adult life with symptoms
coming and going and therapy sessions weaved into her schedule. Antidepressant
medications managed her symptoms and she had tried a couple of different
medications until one that worked well for her. She always wanted to be a mother and
was thrilled with her pregnancy, however taking medications for her depression and
anxiety during pregnancy was worrisome and she obsessed about the possible effects it
would have on her unborn child. She knew that stopping her mediations was probably
not advisable but she reasoned that with the doctor’s offer to closely monitor her during
her medication discontinued phase she was seriously thinking about discontinuing her
medications at least until the birth of her child. Stop or continue? The dilemma did not
help with her anxiety, would she be okay with psychotherapy during pregnancy? Could
she take a lower dose of medication? Should she try some other forms of therapy, with

close monitoring from her physician?

For all of recorded history of mankind, man has believed in a spiritual plane of
existence which somehow interacts with our physical plane of existence. A common
belief is that souls, spirits, demons exist and can invade and cause illness especially
mental illness. A common form of eliminating these evil spirits has been some form of
ritual invocation or exorcism. The view that supernatural forces can cause and cure
illness stretches back to furthest antiquity.! Exorcism is one form of supernatural

healing. Since the ancient Babylonians and Egyptians (circa 3000 B.C.E.) the mentally



abnormal have been treated with techniques like the laying on of hands, music and
herbs, and a ritual of exorcism. In fact, spiritual and religious practices such as
exorcism, faith healing, prayer, charms, amulets, and similar methods have been the
most common treatments for mental illness throughout human history. "Between the
years 200 and 1700, almost all mental disorders were understood in terms of demonic

possession"?

, and even today "spirit possession is the most common explanation of
problems throughout the world".® The Greek word "psyche” means mind or soul, and is
the root of the words psychology and psychiatry, which means the study of the psyche

and the treatment of the psyche, respectively.*

1.1 Anxiety Disorders

The origin of the word anxiety is thought to be Latin or French and the root is from Latin
word “anxius” or “anxietas”. Anxiety disorders have been distinctly defined according to
the (Diagnostic and Statistical manual) DSM-IV diagnostic criteria.” They are conditions
which involve more than temporary fear. In general, for a person to be diagnosed with
an anxiety disorder, the fear or anxiety must be out of proportion to the situation or age
inappropriate, and hinder one’s ability to function normally.®> Anxiety disorders may be
roughly grouped as: (1) those characterized primarily by acute fear (e.g., phobias) and
(2) those associated with lower level, but chronic, anxiety and apprehension (with the
clearest example being generalized anxiety disorder).® Anxiety disorders include
generalized anxiety disorder, panic disorder, with agoraphobia, agoraphobia without
history of panic disorder, specific phobia, social phobia, obsessive-compulsive disorder,

posttraumatic stress disorders.”® Anxiety disorders are characterized by prominent


https://en.wikipedia.org/wiki/General_anxiety_disorder
https://en.wikipedia.org/wiki/Panic_disorder
https://en.wikipedia.org/wiki/Agoraphobia
https://en.wikipedia.org/wiki/Agoraphobia_without_history_of_panic_disorder
https://en.wikipedia.org/wiki/Agoraphobia_without_history_of_panic_disorder
https://en.wikipedia.org/wiki/Agoraphobia_without_history_of_panic_disorder
https://en.wikipedia.org/wiki/Agoraphobia_without_history_of_panic_disorder
https://en.wikipedia.org/wiki/Social_anxiety_disorder
https://en.wikipedia.org/wiki/Social_anxiety_disorder
https://en.wikipedia.org/wiki/Posttraumatic_stress_disorder

symptoms of anxiety that are not proportional to the circumstances and persist in a
subject for the majority of at least six months prior to diagnosis.

Recent epidemiological research has shown that anxiety disorders collectively, are the
most common set of psychiatric disorders. In the United Sates approximately 30% of
women in the age group of 15-54 are diagnosed with lifetime anxiety while the one year
prevalence is 22.6% .” Estimates of current anxiety prevalence range between 0.9%
and 28.3% and past-year prevalence between 2.4% and 29.8% from data originating
from 44 countries.® Different definitions of anxiety disorders account for the wide
variation in prevalence of these conditions. The peak age for onset of anxiety disorders
in women appears to be in mid to late 20’s .° Anxiety disorders in the perinatal period
have received relatively less research attention even as some findings indicate that

d*and

symptoms of anxiety are common during the pregnancy and postpartum perio
maternal symptoms of anxiety during pregnancy are associated with adverse fetal and
developmental consequences™. In a population-based community sample of pregnant
women, in the first trimester (gestation week 8—12) anxiety symptoms were assessed

using the Hospital Anxiety Depression Scale (HADS-A). The prevalence of anxiety

symptoms (HADS-A scores =8 during pregnancy) was 15.6 % in early pregnancy.*

Anxiety has been assessed in the pregnancy literature using Spielberger's State Trait
Anxiety Inventory (STAI), to assess the levels of state and trait anxiety’*. State anxiety
is defined as the transient emotional condition characterized by subjective feelings of
tension and apprehension, generally fluctuating over time. Trait anxiety refers to the
relatively stable anxiety proneness, indicating the individual's tendency to respond to

situations perceived as threatening. Retest reliability is high for trait anxiety (r > .70)



and, as expected, lower for state anxiety. Diagnosis codes using the International
classification of diseases ninth revision Clinical Modification (ICD-9CM), tenth, or eighth
revision depending on the time of the study have been used. Typically large databases
like the hospital discharge data from Nationwide Inpatient sample or electronic medical
records databases, or claims data have used ICD-9 classification to identify anxiety
disorders. The main limitation of the larger databases is the non-systematic nature of
assessment of subjects, which could be dependent on the provider expertise. One
potential advantage with these data are that they are documented prospectively (they
may be motivated by reimbursement) without knowledge of the outcome, although they
may be assessed retrospectively. Smaller studies lack sample sizes for complete
anxiety assessment. Clinician administered diagnostic instruments are the gold
standards however they are time consuming and staff-intensive to administer. Patient
rated screens are easier to use but may have lower sensitivity and specificity.
Furthermore study design could influence the patient recall of these symptoms
contingent on the knowledge of the outcome. A large prospective study with adequate
power (sample size) and prolong pre-pregnancy period would be necessary to

adequately address the link between anxiety disorders and pregnancy hypertension.

1.2 Depression Disorders

Depression has been assessed in the perinatal period to encompass major, minor
depression, mood disorders, and symptoms of depression assessed by various
screens. Major and minor depression and mood disorders have been clearly defined by
DSM-1V criteria. Estimates of the prevalence of depression vary widely, studies

assessing major depression have estimated a point prevalence of 3.1% to 4.9% at



various times during the pregnancy. Prevalence of either major or minor depression
during pregnancy ranged from 8.5% to 11%, while incidence estimates for major or
minor depression hovered around 14.5% during pregnancy.® Prevalence rates of
depression symptoms by pregnancy trimester were 7.4% (2.2, 12.6) 12.8% (10.7, 14.8)
12.0% (7.4, 16.7) for the first, second and third trimester respectively.*’ Depression
scales used to identify symptoms of depression include the Beck Depression Inventory
(BDI), Edinburgh Postnatal Depression Scale (EPDS) Center for Epidemiologic
Depression Scale (CES-D) and structured clinical interviews. Structured interviews
found lower rate than the BDI but not the EPDS.® Maternal depression has been
associated with placental corticotrophin releasing hormone (CRH) which is
predominantly secreted in the latter half of pregnancy and may influence placental
function and uterine blood flow, thus possibly contributing to adverse maternal and fetal

outcomes such as preterm delivery and low birth weight.*” 8

1.3 Antidepressant Medications

Antidepressant medication use is controversial as is any medication use in pregnancy.
However untreated depression may carry maternal and fetal health risks. Women who
discontinue their antidepressants before pregnancy have a 68% risk of becoming
depressed, 50% by the first trimester, and 90% by the second trimester.?®?! Einarson et
al found that 70.3% women who discontinued their medication had adverse effects and
one third became suicidal.?? Roca et al reported that 57% of women who discontinued
their medications had to restart them, 48% of these in the first trimester.?* An estimated
of 3 to 13% of women with depression use medication to manage their condition, the

most common type of medication being selective serotonin reuptake inhibitors (SSRI).*



Antidepressants can control mood effectively and reduce the risk of serious

consequences associated with untreated depression.?*%

1.4 Hypertension Disorders of Pregnancy

Hypertension (HTN) disorders of pregnancy have been classified by the National High
Blood Pressure Education program (NHBPEP) working group on high blood pressure in
pregnancy into four categories:? 1) Chronic hypertension (CH,1-5% of pregnancies) 2)
gestational hypertension (GH, 6-7% of pregnancies; may also be called transient
hypertension of pregnancy) 3) preeclampsia/eclampsia (PE, 5-7% of pregnancies), 4)
Preeclampsia superimposed on chronic hypertension (20-25% of chronic hypertension
pregnancies). Hypertensive disorders complicate about 5-10% of pregnancies® and,
along with hemorrhage and infection, are responsible for a large proportion of maternal
morbidity and mortality, particularly in developing countries. Secular increases in chronic
hypertension, gestational hypertension and preeclampsia have occurred as a result of
changing maternal characteristics such as diabetes, obesity, maternal age and multiple
gestations. The etiology of hypertension disorders of pregnancy is multifactorial and
several demographic (maternal age, race/ethnicity) anthropometric (Body Mass Index
(BMI)) and obstetric (parity, previous history of preeclampsia, multifetal gestations)
factors have been implicated™*. Pre-existing medical conditions such as diabetes
mellitus and renal disease are also risk factors for hypertensive disorders of pregnancy.
Depression and anxiety may be two other conditions to consider given that in men and

non-pregnant populations such associations have been studied and observed. 26



1.5 Depression, Anxiety, Antidepressant Medications and Hypertension Disorders
of Preghancy

Table 1 summarizes the studies linking depression/anxiety prior to and during
pregnancy to maternal hypertension. About 29 studies have assessed the link between
depression, anxiety, related medication and hypertension disorders of pregnancy. Most
studies are published after 2012 perhaps reflecting interest in the topics but also the rise
in antidepressant use during pregnancy. Since these studies are present over a long
span of time it is important to note that the terminologies have changed over time and
definitions/criteria for diagnosis have evolved (e.g. criteria for preeclampsia). This
change in definition is likely to increase PE rates marginally as confirmed by a study
from Finland.?® More than one third of the 29 studies have reported on PE as the
outcome. Depression, anxiety assessment is heterogeneous and hence difficult to
compare various results. To add to the complexity of comparing results over many
studies, most of the studies have conflated depression, anxiety, and not quantified the
overlap between the two conditions. Investigations addressing the association of
antidepressant medication use with hypertension disorders have tried to control for
confounding by depression severity by adjusting for depression and assessing the risk
of PE among depressed women. Most of the studies report an increased risk for PE with
antidepressant medication use prior to and during pregnancy. Certain antidepressants

(tricyclics) were associated with increased risk for PE.



Table 1 Summary of studies investigating the association of pre-pregnancy and pregnancy
depression/anxiety with hypertension disorders of pregnancy

N=233

No. | First Author, Study Depression/Anxiety| Antidepressant| Hypertension type Control Results
Year, Design, Measurement, measurement, | measurement/timing variables
location of | Number of | timing with respect| timingwith | with  respect to
study, participants, | to index pregnancy respect to index pregnancy
gestation | data source index
status pregnancy

1. | Crandon %, Cross- Anxiety using the Not assessed Any persisting Not mentioned | Incidence
1978, sectional, Anxiety self-analysis diastolic blood of PE was
Australia N=146, form in the third pressure of 90mm of significantly

clinical trimester. Hg or more after the higher in
setting? 24" week without highly

prior hypertension. anxious

women.

2 Kurki et al ** Prospective, | Beck Depression No assessed PE, from medical Age, smoking, | Positive;
,2000, N=623, Inventory(BDI), records, not clear alcohol, marital | Depression
Finland, Maternity Anxiety question; how it was assessed, | Status, ses, with PE,
Singletons clinics not clear when both after 20 weeks. bacterial Anxiety

Helsinki were administered vaginosis with PE

3 Sikkema et Nested case | State —Trait Anxiety | Not assessed PE, Diastolic BP STAI
al * 2001, referent, 2 Inventory (STAI) 290mm Hg, on two scores did
Netherlands, | control administered at 1718 consecutive not differ
singletons groups , weeks and 27-28 occasions at least 4 between

Cases N=9, | \yeeks gestation hours apart and cases and
Matched presence of trols
Controls N=9, proteinuria in late con
Controls pregnancy




Table 1 (cont’d)

4 Angdgersson et Cross- Primary Care | Not assessed | Hypertensive | Maternal age, parity, | Null
al *>2004, sectional, evaluation of disorder marital status, association
N.Sweden N=1495, Mental Disorders including PE | socioeconomic of
Obstetric in second from medical | status, smoking depression
clinics in trimester  (after records after | habits, parity, BMIin | and anxiety
Northern 18-20 week delivery no first trimester, history | \yith
Sweden ultrasound) timing of of_chror_uc dlsease_,_ hypertensive
measurement | miscarriage, infertility disorders
specified treatment including PE
5.| Qiu et al * | Case control;| Patient Health Not assessed | PE Mat age, PE
2007, Peru Case Questionaire-9 hypertension | prepregnancy associated
(PE)=339 (PHQ-9) at (2140/90mm | BMI, parity with
Control (no | delivery of Hg_)W|th moderate
PIH or PE) = proteinuria and
337 after 20 weeks moderate to
on two
occasions four severe
hours apart depression
6 Vo?!ISebregt et | Pregnant Dutch version of | Did not ask GH,PE(after | BMI, CH, DM, Neither
al %, 2007, women Center for about 20 wks), CH | Pregnancy smoking, | anxiety nor
Amsterdam, seeking Epidemiological | antidepressant | (before 20 previous miscarriage | depression
singleton Antenatal Studies use wks) /abortion/nemorrhage| @ssociated
care in Depression Scale Self-report 3- | Model 2 = 1+ age, with PE or
Amsterdam (CES-D) and State > month_s ethnicity, education, GH
: : after delivery, . o
—Trait Anxiety e marriage/cohabitation
verified by
Inventory (STAI) medical
records for
PE/ GH.




Table 1 (cont’d)

7 | Tohetal *°, Retrospective | Not assessed Post-delivery Self-reported | Region, maternal | The risk for
2009, multiple cohort, telephone after delivery, | age, race, marital | gestational
gestations, N=5912 interview diagnosis status, family hypertension
multicenter USA, | Major birth selfreported, after 20 wks. | Income, age at was higher for
Canada, Slone hospitals SSRI menarche, women treated
Epidemiology discontinued, ( 2 diabetes mellitus, | i SSRI, risk
Center Birth months prior to C|gaL¢tte was greater for
defects pregnancy smoxing, pre- women who
Study preghancy BMI, .

before end of treatment with continued
first trimester), non SSRI treatment
continued after antidepressants,
first trimester number of

fetuses, gravidity,

history of fertility.

8| Quietal®, Prospective, | Medical Medication use | Clinic and Age, race, Pre-pregnancy

2009, Seattle N= 2601 records, and | during medical ethnicity, mood or
self-reported pregnancy from | records after | prepregnancy anxiety not
depression or | medical records | 20 weeks BMI associated with
anxiety gestation. PE, pregnancy
before mood or
pregnancy anxiety,

and in first 20
weeks

medication use
associated with
PE.

10




Table 1 (cont’d)

9 | Reis et al *®2010, | Retrospective | Not assessed Self-report at | From antenatal | Delivery year, | CH and PE
Sweden cohort, N= first prenatal records maternal age, | are associated
14,821, visit and parity, with early and
Swedish information smoking, later
Medical Birth from antenatal BMI antidepressant
register care use.
10 | Bansil et al *°, Crosssectional,| ICD-9 diagnosis | Not assessed | Preeclampsia | Maternal age, | Women  at
2010, US N= of depression, or insurance delivery with
32,156,438, anxiety at hypertension | status, hospital | & depression
Nation-wide delivery ICD-9 characteristics | diagnosis
inpatient diagnosis were more
sample codes at the likely to
time of delivery have PE
admission
11| Cripe et al ®° Prospective, Medical Not analyzed | Clinic and Age, race, Mood with
2011, Seattle, N= 3432 records, and medical ethnicity, PH (PE
self-reported records marital status, | +PIH) null
depression or parity, smoking | pMood with
anxiety status, chromc PIH null
pregnancy rb.oxising || Mood vt
and in first 20 diabetes PE positive
weeks mellitus,
prepregnancy
BMI
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Table 1 (cont’d)

12 | Katon et al **, | Prospective | Patient Health Self-reported | ICD-9 diagnosis codes | Maternal age, | Pre-existing
2012, N= 2398, Questionaire-9 from medical records marital status, | hypertension
University of | womenat | (PHQ-9) in for Pre-existing ethnicity, associated
Washington, | the second or third hypertension, education, with major
Obstetrics University of | yimester pregnancy induced employment, | genression or
clinic Washington, hypertension, and chronic antidepressant

Obstetrics preeclampsia/eclampsia gﬁ?ri';'fns’ use. Both

clinic cigarette preexisting
smoking, prior | @nd
pregnancy, superimposed
gestational PE associated
week at with any
depression depression or
screener, antidepressant
prior use
pregnancy
complications.

13 | Kharaghani et Case (156) | Patient Health Not PE, Systolic BP 2 Prepregnancy | PE cases
al ™, 2011, Control Questionnaire-9 | measured 140mm of Hg, DBP= BMI score >=15
Iran (156), (PHQ), at 90mm of Hg, after 20 (moderate to

matched on | delivery. weeks gestation, two severe
maternal consecutive separate depression)
age, weight, assessments at least 6

Qﬁ{%gtérim hours apart with

labor and proteinuria

delivery and

emergency

wards
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Table 1 (cont’d)

14 | DeVera et Nested Case | Used ICD Prescription drug | ICD-9 diagnosis Maternal age, | Antidepressants
al *®, 2012, (1216)-control | 9diagnosis file, at least one codes for PIH residence, (SSRI's ) during
Canada (1:10), codes for prescription filled | included PE,GH | social pregnancy were

Quebec depression and | between first day | or eclampsia after | @ssistance, associated with
pregnancy anxiety, of gestation and | 20 weeks depression, increased risk
registry built | adjusted for earliest date of gestation anxiety, DM, | ¢ pypy
by linkage of | these conditions | diagnosis of CVD, asthma,
prov!nC|aI pregnancyinduced antidepressant
medical, hypertension , other
pharmaceutica medication use
|, hospital, and in the year pre-
birth pregnancy,
databases N.S.AIDS’
visited
psychiatrists,
inpatient
emergency
visits

15 | Kim et al %, Retrospective | EPDS at initial| Self-reported Medical records Maternal age, | EPDS>= 10
2013, cohort, N=261 | prenatal Vvisit, PE (hypertension | parity associated
Pennsylvania | pregnant cutoff and proteinuria) with PE
, Singleton, African- Am 10
live birth
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Table 1 (cont’d)

16| Palmsten et

Columbia

al *,2012, British

Cohort of
women
having live
births, N=
69,448,
and  with
ICD-9
diagnosis
code for
depression
in the year
prior to the
last
menstrual
period and
until 20
completed
gestation
weeks,
province
wide health
care
utilization
databases

ICD-9
diagnosis
codes,
during the
year prior to
last
menstrual
period up to
20 weeks of
gestation

At least one
pharmacy
dispensing
record for an
SSRI,SNRI, TCA,
or other
antidepressant
during estimated
gestational
weeks 10-20

Inpatient or
outpatient
ICD-9 or
ICD10
diagnosis
codes for
preeclampsia,
between
gestational
week 20 and
1 month after
delivery.

Adjusted
variables in 4
models, delivery
year, age, DM,
multifetal ,
obesity,
primiparity,
physician visits,
number of
depression
claims,
psychiatrist visits,
mental health
hospitalizations,
benzodiazepines,
anticonvulsants,
antipsychotics.

Continuation of
antidepressants
during
pregnancy is
linked with high
risk for PE.
During weeks
10-20 TCA
monotherapy
has the highest
risk for PE,
followed by
SNRI and then
by SSRI
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Table 1 (cont’d)

17 | Palmsten et | Cohort women | ICD-9 diagnosis Antidepressant | Preeclampsia, ICD- | Delivery year, | SNRIs and
al *°, 2013, with delivery codes between dispensing 9 diagnosis codes | maternal age, | Tricyclics
us related LMP and 225 days | from 90 to 225 | after 20 weeks race diabetes, | were

ICD9diagnosis, | gestation gestational gestation multiparity, associated
procedure days. multiple with higher
codes and with gestgtlon,f risk of PE
depression number o
dia%nosis outpatient and than SSRI
codes. inpatient
N=100,942, depression,
Medicaid data. pain related

diagnoses,

mental, sleep

disorders,

number of anti-

convulsant,

benzodiazepin

e, prescriptions

and outpatient

visits.

18 | Paviov et Retrospective | Anxiety from Not assessed | Hypertensive Maternal age, | In adjusted
al ¥/, 2014, study, medical charts, disorders from ethnicity, results
Soroka N=256,312, recorded at perinatal database | smoking, anxiety was
Medical perinatal admission for reported by induction of not
center Israel, | database, delivery from obstetrician at labor, DM, associated
singletons medical charts | referral data delivery PPROM, with

at the medical
center

(antenatal?)

Preterm labor
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Table 1 (cont’d)

19 Wi4r;kel et | Prospective Composite Arterial hypertension Presence of
al 2015, longitudinal International Not assessed during pregnancy Maternal age, lifetime
Germany N=283,gyneco | Diagnostic BP= 140/90mmof parity, comorbid

logical Interview (CIDI-V) Hg, from smoking, depression
outpatient lifetime version, “‘Mutterpass” _medial occupation, and anxiety
settings during first/ second records book in household disorder
trimester of pregnancy income, agtshouated
. wi
pregnancy education significantly
higher systolic
and diastolic
BP.

20 | Thombre et | Cohort, Pre-pregnancy Self —reported| From medical Maternal age, | Pre-
al %, 2015, | N=1371,52 depression self- in pregnancy | records, CH before | race, smoking | pregnancy
MI, prenatal reported. 20 weeks, history, parity, | depression
singletons clinics in 5 Pregnancy DBP290mmHg and | \edicaid associated

Michigan depression SBP2140mmHg or | insurance with CH, and
communities | symptoms use of status preterm PE.
assessed by CES- antihypertensive Antidepressa
D at 16- medication, Prepregnancy | ot medication
27weeks,cutoff 16 gestational HTN BMI. use in
after 20 weeks pregnancy
elevated BP, PE was
=GH + proteinuria associated
with CH.

21 | Franco et Cross Anxiety measured | No assessed | Gestational arterial | Race, obesity, | Depression
al °8,2015, sectional N= | in third month hypertension in third| anxiety, and anxiety
Brazil 105, using State trimester depression are linked

prenatal Anxiety Inventory. with HTN in
care Depression not 3" trimester

mentioned.
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Table 1 (cont’d)

22 | Avalos et Retrospective | PHQ, depression | Antidepressan | Preeclampsia ICD- | Pre-pregnancy | Antidepressan
al*° 2015, | cohort diagnosis ICD-9 | t medication | 9 diagnosis codes | BMI, maternal | t use during
us, N=21,589 diagnosis codes in | from after 20 weeks age, . pregnancy
singletons One (first early pregnancy | Pharmacy gestation race/ethnicity, | may increase

during study data, LMP to marital status, | sk of PE
period) 20weeks parity, alcohol
pregnancy gestation at use, smoking,
/woman, least one diabetes, other
Kaiser pharmacy indications for
Permanente dispensing for antidepressant
California specified time medications,

period other mental

Psychotherap health

y between diagnoses

LMP and 20

weeks

23 | Sion etal *°, | Cohort, N= Depression Not assessed | Perinatal databases | Not mentioned | Prepregnancy
2016, Israel, | 256,312, diagnosis prior to after delivery depression
singletons University pregnancy on associated

medical center | patients charts with CH

24 | Kang et al **, | Crosssectional | Anxiety measured | Not assessed | Pregnancy induced | Area, Anxiety was
2016,China, |, by self-rating hypertension self- | household associated
singletons N=467,Gynec | anxiety scale, at reported at 38 income, with pregnancy

ology and 38 weeks weeks gestation maternal age | induced
obstetrics gestation HTN
hospital
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Table 1 (cont’d)

25 | Malm et al **, | Prospective Hospital discharge | Drug From medical birth | Infant gender, Increase
2015, birth cohort register ICD- reimburseme | register, birth period, mat | risk of
Finland, N= 556,775, |8,9,10, impatient | ntregister, hypertension of age at delivery, hypertensio
singletons National diagnosis in three groups | pregnancy/ residence, marital | n/preeclamp

register data | somatic and women who preeclampsia status, parity, sia  after
. used SSRIs smoking, exposure
psychiatric i X .
hospitals during socioeconomic to SSRI at
pregnancy, status, purchase | least
women who of anxiolytics, during
had sedativehypnotics, | second
psychiatric antiepileptic, and/or third
diagnosis DM, trimester
related to other chronic
SSRI but did diseases
not use the
SSRI, no
psychiatric
diagnosis and
no SSRI use

26 | Suzuki et Cross Depression/anxiety | Not PIH PIH
al ®2,2015, sectional, diagnosed prior to | mentioned BP=140/90mmof associated
Japan, Maternity or during early how they Hg on two with anxiety,
singleton hospital pregnancy by assessed it occasions at least 6 and self-

psychiatrists hours apart, not interruption
mentioned when of
in pregnancy it was medication
measured but not
depressive
disorders.
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Table 1 (cont’d)

27 | De Ocampo MotherToBaby | Not assessed Self-report at | Self-reported and | Maternal race, | Women who
et al *°2016, | cohort n=3471, intake and medical records for | age, continued to
US, Canada, then every 3 PE(GH+ proteinuria | prepregnancy | yse anti-
singletons months until | after 20  weeks | BMI, gravidity, | gepressants
delivery and gestation) and | ethnicity, parity, during
once after GH(BP 2 diabetes,
delivery. 140/90mmof Hg two | asthma, 2:2gar:ancy
Timing of or more occasions autoimmune .
antidepressan | after 20 weeks disease status, |r_1creased
t <20 wks gestation) cigarettes risk for PE
;>20wks smoked  per | @Nd GH.
Class of anti- day, cohort
depressant study,
SSRI, SNRI, enrollment
other alone,
>=2 drug year
classes.
28 | Cetinetal *°, | Cross Hospital Anxiety Not assessed | PE if gestational Not mentioned | Depression
2017, Turkey | sectional, and Depression hypertension and correlated
N=152, Scale after delivery proteinuria present with PE.

Obstetric center|

after 20 weeks
gestation self-
reported at delivery
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Table 1 (cont’d)

29 | Newport et al
°72016,US,
live singletons

Case cohort,
N=686, Emory
Women’s
Mental Health
program
(referred fon
mental health)

Structured clinical
interview for
DSMIV-TR Axis |
Disorders ,
depressive and
anxiety symptoms
assessment using
the Hamilton rating
Scales for
depression and
anxiety and the
Beck Depression
Inventory, timing
of assessment not
mentioned

Prospective
weekly

documentation

of medication
exposure
across
gestation

Hypertensive
disorders of
pregnancy (PE, GH,
Eclampsia, HELLP
syndrome)
abstracted from
obstetrical records
after 20 weeks of
gestation. GH =two
BP measurements
equal to or
exceeding
140/90mm of HG.
PE= GH+
proteinuria.

Nulliparity,
obesity,
advanced
maternal age,
African
American race,
lifetime histories
of panic
disorder

Adjusted
models
suggested
that
hypertensive
disorders of
pregnancy
were
associated
with SNRI
after 20™
week of
gestation
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1.5.1 Biological Plausibility

The association of depression, anxiety symptoms and hypertension is biologically
plausible and explained by the dysregulation of the hypothalamic-pituitary adrenal axis,
changes in the autonomic nervous system and unhealthy lifestyles. Depression is
associated with dysfunction of hypothalamic pituitary adrenal (HPA) axis, hypersecretion
of cortisol and inactivation of the negative feedback system.>® Dysfunction of the HPA
axis in depressed subjects is accompanied by dysfunction in the sympathetic nervous
system. Norepinephrine and dopamine have both been implicated in the
pathophysiology of depression.®° It is also possible that a third common variable like
exogenous stressors may influence both mood and hypertension disorders. Stressors
such as marital conflicts, health problems, and work overload have been demonstrated
to be associated with both unipolar and bipolar depression.®* Furthermore it has been
suggested that chronic stressors which do not favor the development of adaptation
(coping) are likely to be associated with depressive symptoms.®®> Many animal models
of stress induced hypertension have been developed and used to demonstrate that
environmental stressors are involved in the pathogenesis of hypertension.®® Some other
third variables that could affect both hypertension and depression include unhealthy
lifestyles (e.g. unhealthy dietary patterns, smoking, excessive alcohol use), childhood

maltreatment, 36

and personality traits like neuroticism, introversion. Depressive
symptoms are also associated with unhealthy lifestyles in hypertensive subjects with the
metabolic syndrome.®’ Certain antidepressant medications have also been associated

with hypertension.®®°°

and can act through changing sympathetic and parasympathetic
activity.”® Serotonin, and norepinephrine induce uterine, placental and umbilical

vasoconstriction in in vitro studies.”*"® Very few studies have studied the association
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between hypertension and incidence of depression, these studies usually are done in
older populations.”” Pharmacological treatment of hypertension directly or through side

effects has been demonstrated to lead to depression, anxiety.”

1.6 Methodological limitations and gaps in current literature

1) Cross-sectional and case control studies have assessed the exposure after the
outcome, hence possibly biasing the results.

2) In studies with modest effect sizes using administrative data cofounder
adjustments are inadequate

3) Given the recurrent nature of psychopathology assessing history of depression,
anxiety prior to pregnancy is essential since risk for hypertension disorders might
vary depending on whether the psychopathology is new onset in pregnancy or
present pre-pregnancy. Very few studies have queried history of depression,
anxiety or medication use.

4) Depression, anxiety diagnosis/symptoms have been assessed at varying time
points during the pregnancy, and depression and anxiety have been conflated
and the overlap not quantified, hence creating ambiguity about the timing and
nature of exposure.

5) Anxiolytic medications were not assessed.

Larger studies with prospective and objective exposure and outcome assessment are
needed since psychopathology related medication use in pregnancy is relatively rare

and the outcomes (hypertension disorders of pregnancy) are rare.

To address these gaps the project was envisioned to include Blue Cross Blue Shield

(BCBSM) of Michigan medical and pharmacy claims data linked with birth certificate
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data. The project was approved by the Michigan State University (MSU) Institutional

review board (IRB) and the Michigan Department of Health and Human Services IRB.

1.7 Study Aims

1)

2)

3)

To conduct a systematic review of the literature evaluating the association of pre-
pregnancy, pregnancy depression, anxiety, related medication use with
hypertension disorders of pregnancy.

To investigate the association of pre pregnancy, pregnancy depression, anxiety
diagnosis in women with hypertension disorders of pregnancy compared to
women without HTN disorders of pregnancy.

To investigate the association of antidepressant, anxiolytic medication use prior
to and during pregnancy in women with hypertension disorders of pregnancy

compared to women without hypertension disorders of pregnancy.
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CHAPTER 2

MATERNAL DEPRESSION/ANXIETY, ANTI-DEPRESSANT, ANXIOLYTIC
MEDICATION AND ITS ASSOCIATION WITH PREGNANCY HYPERTENSION:
A SYSTEMATIC REVIEW

2.1 Introduction

Hypertension (HTN) disorders of pregnancy have been classified by the National High
Blood Pressure Education program (NHBPEP) working group on high blood pressure in
pregnancy into four categories® ’°: Chronic hypertension (1-5% of pregnancies)
Gestational hypertension (6-7% of pregnancies; may also be called transient
hypertension of pregnancy) preeclampsia/eclampsia (5-7% of pregnancies),
Preeclampsia superimposed on chronic hypertension (20-25% of chronic hypertension
pregnancies). Hypertensive disorders complicate about 5-10% of pregnancies®® and,
along with hemorrhage and infection, are responsible for a large proportion of maternal
morbidity and mortality, particularly in developing countries. A systematic review® by
the World Health Organization (WHO) identified hypertension as the single leading
cause of maternal mortality in industrialized countries, accounting for 16% of maternal
deaths. In Africa and Asia hypertensive disorders accounted for 9% of maternal deaths
whereas in Latin America and the Caribbean hypertensive disorders were responsible
for more than 25% of maternal deaths® . In the US 8.4% of pregnancy-related maternal
deaths are due to hypertensive disorders of pregnancy.® Terminologies worldwide may
differ for example pregnancy induced hypertension (PIH) has in the past been used as a

synonym for preeclampsia in North America whereas it refers to gestational

24



hypertension without proteinuria in the United Kingdom and chronic hypertension has
been termed as pre-existing hypertension in Canada.

In the United States new guidelines for diagnosis and management of hypertension
disorders of pregnancy were proposed by the American College of Obstetrician and
Gynecologists (ACOG) in 2013. Chronic hypertension is defined as hypertension
(BP=140/90mmof Hg) that is present and observable before pregnancy or that is
diagnosed before 20 weeks of gestation. Hypertension that is diagnosed for the first
time during pregnancy and does not resolve postpartum is also classified as chronic
hypertension. Gestational hypertension (may also be called transient hypertension of
pregnancy) is characterized most often by new onset elevations of BP after 20 weeks of
gestation often near term with no proteinuria. Preeclampsia/eclampsia is defined as a
syndrome which includes the development of hypertension (persistent systolic BP
=140mmof Hg or a diastolic BP 290mm of Hg) after 20 weeks of gestation in a woman
with previously normal blood pressure. Although often accompanied by new onset
proteinuria (excretion of 300mg or more of protein in a 24 hour urine collection), PE can
be diagnosed in the absence of proteinuria if any of the following develops for the first
time; thrombocytopenia (platelet count less than 100,000/microliter), renal insufficiency
(serum creatinine concentration greater than 1.1mg/dL, or a doubling of the serum
creatinine concentration in the absence of other renal disease), impaired liver function
(elevated blood concentrations of liver transaminases to twice the normal
concentration), pulmonary edema, cerebral or visual symptoms. Preeclampsia
superimposed on chronic hypertension (20-25% of chronic hypertension pregnancies) is

defined as the presence of diagnostic features of preeclampsia in women with history of
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hypertension prior to gestation or during the first 20 weeks of gestation. In recognition of
the syndromic nature of PE the task force has eliminated the dependence of the
diagnosis of PE on proteinuria. New diagnosis criteria introduced in 2013 are likely to
show a marginal increase in the number of women diagnosed with PE. Results from the
Finnish preeclampsia consortium cohort Study®® reported a small increase (n=12) in the
number of PE cases identified from 2008-2011 using the 2013 (n=1459) ACOG criteria
versus the 2002 (n=1447) ACOG criteria.

Secular increases in chronic hypertension, gestational hypertension and

preeclampsia have occurred®® as a result of changing maternal characteristics such as

84,85 84,85

diabetes®®, obesity®*®, maternal age®” and multiple gestations®’. The etiology of
hypertension disorders of pregnancy is multifactorial and several demographic
(maternal age, race/ethnicity) anthropometric (Body Mass Index (BMI)) and obstetric
(parity, previous history of preeclampsia, multifetal gestations) factors have been
implicated®. Pre-existing medical conditions such as diabetes mellitus and renal
disease are also risk factors for hypertensive disorders of pregnancy.

Depression and anxiety may be two other conditions to consider given that in men and
non-pregnant populations such associations have been studied and observed. 26
Estimates for one year prevalence of major depressive disorder in adult women have
ranged from 7% in Taiwan'®® and Australia, *®’ 9% in Canada, *°® Sao Paulo, Brazil. **°
In the United States lifetime and 12 month prevalence for major depressive disorder in
women aged 15-54 was reported to be 12.3% and 12.9% respectively in nationally

representative sample.” Similarly lifetime and twelve month prevalence for any anxiety

disorders were 30.5% and 22.6% respectively.” Point prevalence of depression in
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pregnancy ranges from 7.4% to 11% in the first trimester, 8.5% to 13% in the second
trimester, and 8.5% to 12.0% in the third trimester.®*° An estimated 15.6% of women
had anxiety symptoms in early pregnancy™® while 8.5% to 18.4% of pregnant women
were depressed during their pregnancy,* *'° however estimates of depression
diagnosed for the first time during pregnancy were significantly lower, 14.5% during
pregnancy, 2.7% between first and second trimester, and 2.2% between second and
third trimester.*'° Risk of depression in pregnancy increases with history of depression

prior to pregnancy****

and this period can represent a time of increased susceptibility
for relapse of depression. Women with history of depression prior to gestation are at an
increased risk for recurrence of depression during pregnancy especially if they
discontinue their medications during pregnancy.! Furthermore if women with
depression during pregnancy are untreated 50% will experience a postpartum

exacerbation, which can confer a risk of attempted suicide of up to 15%.*°

The association of depression, anxiety symptoms and hypertension is biologically

plausible and explanations include unhealthy lifestyle, % *2°

changes in the autonomic
nervous system, **” and dysregulation of the hypothalamic-pituitary-adrenal axis.'*®
Depression is associated with dysfunction of hypothalamic pituitary adrenal (HPA) axis,
hypersecretion of cortisol and inactivation of the negative feedback system.”® More
recent evidence also suggests hyperactivity of corticotrophin releasing hormone
(CRH).Some investigators have identified elevated concentrations of CRH in the

118 Fyurthermore when this hormone is

cerebrospinal fluid of depressed subjects.
administered intra-cerebroventricularly to rats or monkeys it induces several depression-

like symptoms including decreased food intake and sexual activity, disturbed sleep,
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altered motor behavior and impaired learning.****?* Dysfunction of the HPA axis in
depressed subjects is accompanied by dysfunction in the sympathetic nervous system.
Norepinephrine and dopamine have both been implicated in the pathophysiology of
depression.®® Researchers have demonstrated an elevation of norepinephrine in the
vascular and extravascular compartments in depressed subjects relative to controls.??
Interactions between the HPA axis and the sympathetic nervous system may be

involved in the risk of adverse cardiovascular events in depression.

CRH has been demonstrated to act within the brain to stimulate sympathetic outflow.'*

In addition norepinephrine and epinephrine acting on cardiac $-adrenergic receptors
increases heart rate and contractility. Elevated heart rate is associated with factors such
as hypertension, increased body mass index, and increased blood glucose. It is
possible that depression is associated with HPA dysregulation and elevated
sympathetic activity which in turn may lead to cardiovascular dysregulation. It is also
possible that a third common variable like exogenous stressors may influence both
mood and hypertension disorders. In animal models environmental stress can lead to
altered neurochemical function such as changes in utilization and synthesis of
norepinephrine, changes in dopamine activity and enhanced synthesis of serotonin.
124125 |0 humans stressors such as marital conflicts, health problems, and work
overload have been shown to be associated with both unipolar and bipolar
depression.®* Furthermore it has been suggested that chronic stressors which do not

favor the development of adaptation (coping) are likely to be associated with depressive

symptoms. % Many animal models of stress induced hypertension have been
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developed and used to demonstrate that environmental stressors are involved in the
pathogenesis of hypertension.**°

Some other third variables that could affect both hypertension and depression include
unhealthy lifestyles (e.g. unhealthy dietary patterns, smoking, excessive alcohol use),

childhood maltreatment, 47

and personality traits like neuroticism, introversion.
Depressive symptoms are also associated with unhealthy lifestyles in hypertensive
subjects with the metabolic syndrome.®

The time order of depression, anxiety and hypertension is unclear in cross
sectional studies however in certain longitudinal studies®*?® depression, anxiety
precedes hypertension though this could vary with the age range of the population
studied. Certain antidepressant medications have also been associated with

hypertension.®® %

and can act through changing sympathetic and parasympathetic
activity. Serotonin reuptake inhibitors (SSRI) serotonin norepinephrine reuptake
inhibitors (SNRI) and tricyclics inhibit serotonin transporters or both serotonin and nor
epinephrine transporters and augment extracellular concentrations of these
monoamines.’® Serotonin, and norepinephrine induce uterine, placental and umbilical
vasoconstriction in in vitro studies.”"® Very few studies have studied the association
between hypertension and incidence of depression, these studies usually are done in

older populations.**® Pharmacological treatment of hypertension directly or through side

effects could also lead to depression, anxiety.®

In women of reproductive age the link between psychopathology and related medication
use during pregnancy and prior to pregnancy with pregnancy hypertension has been

studied with mixed results.
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The aim of the present article is to systematically review studies investigating the
link between maternal depression and /or anxiety prior to and/or during pregnancy, and
maternal anti-depressant medication use prior to and/or during pregnancy with
hypertension disorders in pregnancy. The included studies of pre-pregnancy, pregnancy
depression/anxiety and hypertension disorders of pregnancy are summarized in Six
outcome sections depending on the outcomes reported by individual studies
Association of maternal pre-pregnancy/pregnancy depression/anxiety with, i) chronic
hypertension ii) gestational hypertension iii) preeclampsia. iv) pregnancy induced
hypertension v) hypertension disorders of pregnancy vi) hypertension in pregnancy. We
also reviewed studies investigating the association of anti-depressant medication use
with HTN disorders of pregnancy and summarized their results by the same above
mentioned outcomes sections.

2.2 Methods

2.2.1 Search Strategy

In the current review article we initially searched the two electronic databases, PubMed
and EMBASE, from inception to May 2017 using the following keywords in various
combinations, depression or anxiety or anti-depressant use; preeclampsia or pregnancy
hypertension or gestational hypertension or maternal hypertension or obstetric
complications. Each broad item listed above was combined with “and” or “or”. This
search was carried out from December 2016 to May 2017. In addition, manual search of
bibliographies of the relevant articles (procured from the initial search) were examined

to obtain any pertinent publications missed in the first search.
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2.2.2 Eligibility Criteria

We considered articles for inclusion if they, i) were full text articles in English ii)
employed observational designs (case control or cohort, retrospective cohort,
crosssectional) iii) were focused on pregnant women iv) compared the risk of any or
all of the outcomes (see list below) in the exposed/non exposed group, our exposures
of interest were depression, anxiety (screen, diagnosis, self-report, medical records)
during pregnancy and/or prior to pregnancy; antidepressant/ anxiolytic medication
prescriptions/use during and prior to pregnancy. Outcomes assessed were PIH (e.qg.:
pregnancy induced hypertension = preeclampsia, and gestational hypertension): chronic
hypertension, gestational hypertension, preeclampsia, preeclampsia superimposed on
chronic hypertension, eclampsia, maternal hypertension. These outcomes were
assessed either by medical records, ICD-8/9/10 diagnosis codes or by self-report.

We excluded studies that were in a language other than English and then
examined titles and abstracts of all records to identify studies for full text review. These
full text articles were then reviewed and those that did not meet the eligibility criteria
were excluded. We also examined the bibliographies of designated articles to look for
additional manuscripts we may have missed in the initial search. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were
followed.®
2.2.3 Data Extraction
We extracted the following information from all the studies that met the inclusion criteria;
study author and year of publication, study design, place and population, inclusion and
exclusion criteria, definition of exposure and outcome, and time period of assessment

(of exposure and outcome) with respect to the index pregnancy, confounding variables
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considered in the analysis, and unadjusted and adjusted ratio measures of effect
(relative risks, odds ratios) with 95% confidence interval.

2.2.4 Data Synthesis

Figure 1 provides a flow chart of the process used to determine studies eligible for
inclusion. We summarized descriptive characteristics (first author, year of publication,
study location, study design, study population, number of participants, singleton,
multifetal pregnancy and study period) of the 29 eligible studies in Table 1. We
summarized details about exposure, outcome assessment method and timing with
respect to the index pregnancy and results in Table 2.

2.3 Results

Bibliographic database searches identified 2116 titles and abstracts distilling to 1267
unique records. Of these 1213 were excluded because 1173 were not relevant to our
review (i.e. did not include both exposure and outcome of interest) 24 were reviews, 8
were letters, 6 were studies in languages other than English, and 2 were meta-
analyses. We examined the full text for the remaining 54 articles of which 25 were
excluded for reasons listed in Figure 7. The excluded conference abstracts (N=12) were
not listed as published articles in either of the bibliographic databases assessed. The

other studies®>1%

were excluded because they did not assess the specific exposure or
outcome or the association of exposure and outcome pertinent to our review. One study
was excluded because the exposure was compared among women with PE (severe vs

mild) *°* (Figure 7). We included a total of 29 studies, 11 of which were published prior

to 2012 *°*° and the remainder *** between 2012 to November 2016 (Table 2).
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Of the 29 studies we included, 13 studies used data from the United States and

Canada 36,37,39,40,37-42,49,50,55,57 two each from Finland, 31,51 Netherlands, 32,35 Sweden 33,38

47,53
l

and Israe and one each from Germany,*® Brazil,*® Japan,®® China,>* Iran,*

Peru,?* Australia,* and Turkey *° (Table 2). There were eighteen cohort studies (10

36,37,40,42,44-46,49,50,55

from the US and Canada ) four case-control studies (one each from

Peru,* Iran,* Japan,®® Turkey®) four crosssectional studies (Australia,*® US,*® China,*

| °® two nested case-control studies (Canada,*® Netherlands %) and one case-

Brazi
cohort study (US °7). The studies included pregnant women from either outpatient
antenatal care clinics, established pregnancy cohorts, or hospitals at the time of

31,32,35 \while later

delivery. The earlier studies’ inclusion criteria required nulliparity
studies included multiparous women; some studies captured multiple births per woman
during the study period. Fifteen of the 29 studies recorded singleton gestations while the

others either did not specify or included multiple gestations. Study sample sizes ranged

from 105 to 32,256,438 women.
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Figure 1. PRISMA Diagram
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Table 2 Characteristics of Studies included in the review

First Location of Study Design Study population Number of Singletons Study period
AuthorYear Study
Crandon-1978 Australia Cross-sectional Women in third 146 NR NR
trimester of
pregnancy antenatal
care
Kurki et al- Finland Prospective Women from 623 Yes NR
2000%° Cohort maternity clinics in
Helsinki
Sikemma et al Netherlands Nested Case Women with 250 Yes NR
2001% control preeclampsia, 2
matched control
groups
Andersson et al | Sweden Cohort Pregnant women in | 1495 No 10- 2-2000 to
200428 second trimester 10-1-2001
from obstetric clinics
in N. Sweden
Qui et al 2007%° | Peru Case Control Women with PE and | 676 NR 5-2004 to 10-
normotensive 2005
controls attending
prenatal care at two
study hospitals in
Lima
Vollebregt et Amsterdam Cohort Pregnant  women | 3679 Yes 1-2003 to 3-
al2007% from ongoing Study 2004
seeking antenatal

care approached by
their Obstetricians
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Table 2 (cont’d)

Toh et al2009*

US and Canada

Retrospective
Cohort

Participants of ongoing
birth defect study?
(only non- malformed
live born infants were
included)

5731

Yes

1998-2007

Qui et al 2009*

us

Cohort

Participants from a
prospective study
recruited before
completion of 20 weeks
gestation.

2601

No

1996-2004

Reis et al2010*

Sweden

Cohort

Data from Swedish
Medical Birth register
sourced from pregnant
women in the free
prenatal care system

14,821

No

7-1-1995-2007

Bansil et
al2010*

us

Cross-sectional

Delivery
hospitalizations among
pregnant women from
the Nationwide
Inpatient Sample

32,256,438

No

1998 to 2005

Cripe et
al2011%®

us

Cohort

Participants from a
prospective study
recruited before
completion of 20 weeks
gestation.

3272

Yes

1996-2008
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Table 2 (cont’d)

Kharaghani et
al-2011%*

Iran

Case-Control

Women with
preeclampsia and
controls without
history of PE
admitted in study
hospitals

312

No

12-2009-to 12-
2010

Katon et
al2012%

us

Cohort

Linked records of
women receiving
prenatal care at a
University based
Obstetrics clinic
who delivered at
University hospital

2398

No

1- 2004 to 1-
2009

DeVera et
al2012%

Canada

Nested Case
control

Women with PIH
with no history of
pre-gestational
HTN from Quebec
pregnancy registry
and continuously
insured by
Quebec's
prescription drug
insurance plan for
at least 12 months
before and during
pregnancy controls
matched by
gestational age
1:10

13,376

No

1-1997 to 12-
2013
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Table 2 (cont’d)

Palmsten et
al2012%*

Canada

Retrospective
Cohort

Pregnancies ending in
live births, women had
continuous health
enrollment from 1 year
pre-LMP to 2 months
after delivery, and had
depression ICD9/10
diagnosis codes from
1 year prior to LMP to
20 weeks of gestation
from healthcare
utilization

databases

69,448

No

1997 to 2006

Palmsten et
al2013*

us

Retrospective
Cohort

Women with
delivery related
diagnosis and
procedures were
identified from
Medicaid data

100,942

No

2000-2007

Kim et
al2013%

us

Retrospective
Cohort

Pregnant women,
initial prenatal visit and
who delivered at Study
Hospital

254

Yes

11-2008 to
04-
2009

38




Table 2 (cont’d)

Pavlov et al-
2014*

Israel

Retrospective
Cohort

Pregnant
women
delivering at a
Study center

256,312

Yes

1989 to 2010

Winkel et
al2015%

Germany

Longitudinal
prospective
cohort

Women
recruited from
Obstetric
outpatient
setting in early
pregnhancy to
forth month
postpartum,
followed up in
two month
intervals and
then one year
later

283

Yes

1-2009 to 6-
2010

Thombre et
al2015*

usS

Prospective
cohort

Pregnant
women from 52
prenatal clinics
recruited at
16-27weeks
gestation from
five Michigan
communities

1371

Yes

1998 to 2004

Franco et
al2015%

Brazil

Cross-sectional

3" trimester
pregnant
women from
prenatal care
who delivered in
Study hospital

105

No

9-2013 to 8-
2014
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Table 2 (cont’d)

Avalos et
al2015*

us

Retrospective
Cohort

Pregnant Kaiser
Permanente
members with
electronic
medical
pharmacy
records

21,589

Yes

1-1-2010 to 12-
31-2012

Sion et al2015*

Israel

Retrospective
Cohort

Pregnant
women
delivering at a
Study medical
center

256,312

Yes

1989 to 2010

Malm et al
2015%

Finland

Population
Prospective birth
cohort

Pregnant
women with live
births identified
from National
Birth

56,775

Yes

1-1-1996 to 12-
31-2010

Suzuki et
al2015%

Japan

Case Control

Obstetric
records of
deliveries = 22

weeks in Study
hospital

9461

Yes

2009-2012

Kang et al2016%

China

Cross-sectional

Pregnant
women at least
38 weeks
gestation

467

Yes

1-2015 to 3-
2015
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Table 2 (cont’d)

DeOcampo et al-
2016

US and Canada

Cohort

Pregnant
women enrolled
at most 20
weeks gestation
and later
delivered a live
singleton infant,
MotherToBaby
pregnancy
Study

3471

Yes

1-1-2004 to 6-
30-2014

Cetin et al2017**

Turkey

Case Control

Pregnant women
who

delivered at the
study obstetric
center

130

No

Not mentioned

Newport et al
2017

us

Case cohort
analyses

Pregnant women
enrolled at most
16 weeks
gestation and
later delivered a
live infant

686

Yes

1-1998 5-2012
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Measures of exposure and outcome varied across studies (Table 3). Four studies

evaluated associations between pre-pregnancy and pregnancy

33,37,38,49

depression/anxiety/antidepressant medication use with chronic hypertension as

the outcome, eighteen assessed preeclampsia as the outcome, 3032343237

41,4446:49,50.53.55.56 tor studies assessed gestational hypertension,®*3°4°** five assessed

33,40,42,43,54

pregnancy induced hypertension (PIH), three assessed hypertensive disorder

47,52,57, 48,58

of pregnancy (HDP), two measured arterial hypertension (AHtn), and one
hypertension of pregnancy.® Some of the included studies assessed more than one
type of hypertension disorder as the outcome. Below we grouped studies by the
subtypes of maternal hypertension (CH, PE, GH, PE+GH), by the psychopathologies
measured (depression, anxiety, depression + anxiety), by medications used to treat
psychopathology, and by the timing of the latter two, i.e. pre-pregnancy, during

pregnancy. Within the groups we discuss the studies and their results.
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Table 3 Ex

posure and outcome characteristics of included studies

First Timing
Author - Exposure Ascertainment | Timing of of| Outcome | Ascertainment| of of CH Last Results
Year of of exposure exposure subjects of outcome | outcome Menstrual
publicatio Period
n
Crandon Any  persisting After
Anxiet Anxiety Analysis diastolic blood "
1978 symptor%s f)é)rm ’ Third PE" pressure of 24th Not NM Positive
week
Trimester 90mm Assessed
of Hg or more
Beck 8-17 weeks After Ultrasound
Depression Depression gestation PE® From medical 20th Excluded | at 16-20 Positive
Kurki et al symptoms Inventory records week weeks
2000 (BDI) Cut off 3
Anxiety
symptoms | One question NM PE? Positive
Sikemma et Anxiety State -Trait 17-18 weeks PE® After 33 | Included NM Null
al symptoms Anxiety and weeks
-2001 Inventory (STAI) | 27-28 weeks gestation
Depression Primary 18-20 weeks
Andersson Anxiety care if Hypertensive | \edical charts Adjusted NM Null
et al symptoms evaluation screen disorder
-2004 Assessed of Mental positive including
together Disorders if 1-2 weeks PE (PIH)
positive then later
clinician

evaluation guide
administered
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Table 3 (cont’d)

Qui et al Depression Patient Health At delivery PE® Identified at After 20 NM NM Positive
-2007 symptoms Questionnaire study weeks
(PHQ-9) hospitals
Dutch version of
the
Vollebregt | pepression Center for Before 24 Self-reported After 20 | Adiusted | NM
etal symptoms Epidemiological weeks d 3-5 months weeks
-2007 Studies gestation GHe after Null
Depression (CES- PE delivery Null
D)
Scale
Anxiety State-Trait Anxiety Before 24 Null
Inventory (STAI) weeks Null
gestation
2 mth Pre- GH' Null
i i ; Self-report, After 20| ey cluded | NM —
ronetal | seroonn | SeFreRon | eS| O | omonths afier|  weeks Posiive
2009 Reuptake 6mgnlt_hs after 1st tri-delivery | GH V\gth delivery Null
Inhibitors elvery 2 mth Pre- GHPvl?/ith
LMP to 1st tri .
(SSRI) pre LMP and PEY Positive

1st tri-delivery
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Table 3 (cont’d)

Mood or Medical Before PE" o After 20 Null
Qui et al Anxiety records and pregnancy Cl\l/llr(]algiggld w:éks Excluded NM
- self-report i iti
2009 p first 20wks h records Positive
. During PE Positive
SSRI Medical records pregnancy
10-20 weeks CH, PE Positive
. . i Antenatal
Reis et al - | Antidepressants Self-report During records Not Assessed NM
2010 Medical records pregnancy CH, PE mentioned Positive
. _ ICD-9CM ICD-9CM . .
Bans” et a| De.preSSI.on diagnOSiS COdeS PE diagnosis At dehvery NM NM Positive
-2010 Diagnosis codes
At delivery
Mood Before PIH Null
. Medical pregnancy Medical After 20 .
g(r)'fle etal - records and and/or first records weeks P:eegjs;it('jon NM
Mood self-report 20wks PE" xel Positive
Depression From
: symptoms Patient Health i PE' At delivery | Excluded | NM
Kharaghani —gevere 515) Questionnaire Se‘j;ﬁquegtret:“rd m::;g;?l y Positive
etal-2011 poderate (10- (PHQ-9)
records
14) Null
Moderate-
Mild(5-9); Null
<4 ref
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Table 3 (cont’d)

Durin
CH . . pregnar?cy Positive
Katon M ngor Orminory patient Health A al
ICD-9 diagnosis epression ; ; ssesse
etal- PIH q 9 P Questionnaire il
codes (PHQ-9) or
2012 ; second or
from medical : use of )
records Major id third
Depression antidepressant| e ter
or medications
antidepressant by self-report
use
Antidepressant At least one PIH ICD-9 Positive
prescription Before PIH diagnosis _
DeVera first diagnosis codes After 20 | £ uded | Hospital
SSRI filling date PIH for GH.PE weeks records | Positive
etal during Csin
-2012 Eclampsia
pregnancy
: At least one Year before Null
Antidepressant PIH
P prescription pregnancy
filling
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Table 3 (cont’d)

SSRI At least one Gestation weeks PE Positive
pharmacy 10 to 20 ICD-9/10 After 20 _
SNRI dispensing PE diagnosis codes |  weeks NM | Assigned | Positive
tol 280
TCA PE month days Positive
- after
3 mth prior to delivery
Palmsten At least one LMP +
et al pharmacy dii)lr(aeas,ZECJln
i dispensin
-2012 Antidepressants P g diagnosis (Ref) PE L
. Positive
Gestation weeks
10-24
SSRI, SNRI, Derived | Positive
Palmsten ICD-9 diagnosis | After 140
TeA Atleastone | o 9010205 | PE . NM with
etal pharmacy tational d codes days PTD
-2013 Other diSpenSing gestational days codes
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Table 3 (cont’d)

. . Edinburgh . Positive
Kim et al Depression Postnatal Initial prenatal PE Medical charts NM NM NM
-2013 symptoms Depression visit (Hypertension+
Scale (EPDS) proteinuria)
Cutoff 10
Pavlov et - Medical charts During : Perinatal ;
Anxiet At deliver NM NM
al y obtained at pregnancy H)[/);?;tredr;srg/e Databases y Null
-2014 delivery at delivery
Depression Null
Composite Medical record During
Winkel et . _ Arterial book NM NM .
al Anxiety International Hypertension in pregnancy pregnandcy Positive
-2015 Diagnostic BP> At least two secon
Interview (CIDIV) : and third
. - - 140/90 raised . Positiv
Comorbid | Lifetime version readings trimester ositive
Administered Pre-pregnancy (Crude)

during pregnancy
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Table 3 (cont’d)

Pre Medical Before20
Depression Self-report pregnancy CH; records wks Positive
CES-D cutoff After 20
l’f;ct)r;lbr 16 GH elevated BP* wks Assessed | Self-report Null
-2015 , 16-27 wks
Depregsmn/ gestation
Anxiety elevated BP+| After 20 Null
PE — u
Symptoms proteinuria wks
3rd
Anxiety STAI-A gestational ) Positive
E month During
etrzrlwco Arterial Measured pregnancy NM NM
NM NM Hypertension time
2015 . yp period
Depression "
not Positive
specified
Antidepressant ICD-9 Positive
Avalos Atleastone | \1p ang first PE diagnosis | AMr201 N vp=delivery
etal pharmacy codes weeks
delivery Positive
SNRI, NDRI,
SARI
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Table 3 (cont’d)

Sion | pepression | Medical charts Pre Perinatal NM Assessed | NM
et al obtained at pregnancy CH Databases Null
-2015 delivery at delivery u
Malm ICD-8/9/10 .
ot Hypertfensmn diaggosis rgurr:grgljc NM NM
al Drug 30 prior to 0 . COM e;_ I pregnancy -
2015 SSR purchases LMP to pregnancy rom hedica Positive
From drug end of Birth
reimbursement | pregnancy

: : - Before or : .
Suzuki | Depression By medical . . By medical During
etal diagnosis records during | Hypertensive records pregnancy | xcluded | NM Null
2015 Anxiot early Disorders

; y pregnancy Positive
Diagnosis
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Table 3 (cont’d)

Anxiety
; At least
Kang et al Anxiety f C5a(l)le UM | atleast 38 PIH Self - 38 NM NM Positive
symptoms = weeks reported
-2016 : weeks
. gestation )
Self-rating gestation
Anti- GH; GH or
DeOcampo depressant self-report Intake Self - After 20 Positive
et al-2016 (>20wks) (not> PE reported weeks
20wks) Excluded
and GH .
SSRI every 3 Positive
months
until GH, PE
SNRI delivery
Positive
Hospital .
) i . PE (mild, - After 20 iti
SSRI Self Positive
c;%uln? et al Depression | At delivery severe)" reported weeks Excluded NM
. Anxiety at delivery
SNRI scale Positive
Obstetrical
From records .
. Positive
Newportet | Antidepressant medical After 20 Hvpertensive | diagnosed After 201 Excluded NM
al records? weeks yp by weeks
2017 Disorders of providers
pregnancy using
ACOG
diagnostic
criteria
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Table 3 (cont’d)

PE: Preeclampsia, GH: Gestational Hypertension; PIH: pregnancy induced hypertension; HDP:Hypertensive Disorders of Pregnancy; NM:Not mentioned; Wks:Weeks;
Antidepr:antidepressant; BP:Blood pressure; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; mth: month; DSM: Diagnostic and Statistical
Manual of
Mental Disorders; SSRI: Selective Serotonin Reuptake Inhibitor; TCA: Tricyclic; SNRI: Serotonin Norepinephrine Reuptake Inhibitors; ICD: International
Classification
of Diseases; CM: Clinical Modification; tri:trimester; deliv:delivery; a
Preeclampsia (PE) Defined as elevated blood pressure = 140/90 mmof Hg and proteinuria (0.3g during 24 hours or
more) b
Preeclampsia (PE) Defined as diastolic blood pressure = 90 mmof Hg on two consecutive occassions at least 4 hours apart and proteinuria = 300mg /24 hours in a

previously normo tensive womanassessed after 33 weeks
‘Preeclampsia (PE) Defined as sustained blood pressures of 140/90mm of Hg on atleat two occassions at least four hours apart with proteinuria defined

as
urine protien concentration= 30 mg/di(or 1+ on urine dipstick) in at least tw orandom specimens collected atleast four hours
apart e

Preeclampsia combination of GH and proteinuria = 0.3 g/24 hours or dipstick ++ d

Gestational Hypertension diastolic pressure = 90 mmof Hg in previously normotensive women

'Gestational Hypertension was defined as incident hypertension during pregnancy °GH with PE was

defined as incident hypertension with proteinuria

"PE sustained blood pressure of = 140/90 mmof Hg with readings performed 2 6hours apart and urine protein concentration of = 30mg/dl or 1+ protein on a urine
dipstick on 2 2 urine specimens collected 2 4 hours apart after 20 weeks gestation
'PE sustained blood pressure of = 140/90 mmof Hg with readings performed = 6hours apart and urine protein concentration of = 30mg/dl or 1+ on a urine dipstick

after 20 weeks gestation 'CH elevated BP = 140/90 mmof Hg or use of antihypertensive medication k

Elevated Blood pressure(BP) is BP =2 140/90 mmof Hg
'Proteinuria is urine protein concentration of = 300mg/dl or 1+ protein on a urine dipstick on = 2 urine specimens
"PE mild BP = 140/90 mmof Hg and proteinuria = 300mg/24h; Severe PE, BP 2 160/110 mmof Hg and proteinuria 2 2g/24h after 20 weeks of gestation
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2.3.1 Chronic hypertension and pre-preghancy depression

Thombre et al*®

studied the association of self-reported pre-pregnancy history of
depression symptoms with CH and reported a positive association (aOR=3.5 95%ClI
(1.5, 7.8) while another cohort study from Israel® reported a null result (aOR=1.28
95%Cl (0.80, 2.04). Of the two studies, one*® was more racially diverse and had a
lower mean maternal age. In both studies the time order of the association was unclear
since first diagnosis dates for CH and depression were not available.

2.3.2. Chronic hypertension and pregnancy depression

Katon et al *? reported a positive association between pre-existing hypertension
identified by ICD-9 diagnosis codes and any depression during pregnancy (aOR=1.55
95%CI 1.08, 2.23) identified by the Patient Health Questionnaire-9 (PHQ-9)
administered at the second or third trimester or self-reported use of antidepressant
medication during pregnhancy. Thombre et al did not detect an association between CH
(from medical records) and pregnancy depression/anxiety symptoms (aOR=0.9 95%ClI
0.4, 2.0) assessed by the Center for Epidemiologic Studies Depression (CES-D) scale
administered at 16-27 weeks gestation.

2.3.3 Chronic hypertension and antidepressants

Reis et al 8

investigated the association of CH with antidepressant prescription use in
early (between weeks 10-12, self-reported) and later (antenatal prescriptions after the
week 12) pregnancy from the Swedish Medical Birth Register that contained all births in
Sweden in study time frame. CH was linked with antidepressant prescriptions during

pregnancy (early and later use) (aOR=1.50 95%CI 1.33, 1.69). Thombre et al *°

reported a borderline significant association between antidepressant use during
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pregnancy (abstracted from labor and delivery medical records) and CH (aOR=2.4
95%CIl 0.9, 6.4).

Figure 2. Depression/Anxiety with CH
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2.3.4 Preeclampsia and pre-pregnancy depression/anxiety

37,49,53 ;

Three studies investigating the link between pre-pregnancy depression/anxiety

37,49

and preeclampsia reported null results. Two studies measured depression/anxiety

symptoms by self-report in the second trimester while one study>® used physician
documented depression diagnosis. All three ascertained information about PE from
medical charts.

2.3.5 Preeclampsia and pregnancy depression

31,34,35-36,46,56

Seven studies reported a positive association between pregnancy

31,34,41,46,56

depression and PE, five assessed depression symptoms during pregnancy

and timing of assessment ranged from 7 weeks to 27 weeks gestation. Of these five
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studies Kharaghani et al ** (second to third trimester) (aOR= 2.52 95%Cl 1.05, 6.02)

and Qui_2007 ** (at delivery) used the same instrument (PHQ-9) and reported similar

effect sizes for moderate to severe depression (score of 2 15 on the PHQ-9) (aOR= 3.2
95%Cl 1.1, 9.6) though the timing of administration of the screen differed. Kurki et al *

used Beck Depression Inventory (BDI) as a screening tool however the cutoff (3) they

|46

used was very low. Kim et al ™ assessed depression symptoms with the Edinburgh

Postnatal Depression Scale (EPDS) and found that women with a score of 10 or more

were more likely to have PE (aOR=2.95 95%CI 1.26, 6.89); the population was

|56

predominantly African American. Cetin et al > conducted a case-control study using a

hospital anxiety and depression scale administered and completed after delivery. Given

the case-control design, there may have been recall bias. Of the two other positive

|’39

studies, one, Bansil et al, > was cross-sectional. They used ICD- 9CM (Clinical

Modification) diagnosis codes for identification of depression diagnosis and PE

|40

concurrently at the time of delivery. Cripe et al™ assessed mood and anxiety disorders

with self-reported history in combination with medical reports.

35, 49, 50

Three studies reported a null association between pregnancy depression

symptoms and PE. Two of the three 3> °

assessed depression symptoms using the
CES-D scale administered in the second trimester. One study*® was racially/ethnically
diverse with singleton gestations while the other study * included predominantly
Caucasian, nulliparous women with singleton gestations and the CES-D was
administered 3-5 months after delivery. The third null study>® was based on health

insurance claims data with ICD-9 diagnosis codes for depression (between six months

prior to pregnancy and through 20 weeks of gestation) and PE.
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Figure 3. Pregnancy Depression and Preeclampsia
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2.3.6 Preeclampsia and preghancy anxiety

One of the earliest studies® to report a positive association between maternal anxiety
and PE was in 1978; anxiety was assessed during the third trimester. Kurki et al®*
measured anxiety with one question posed to pregnant women in the first or second
trimester and likewise reported a positive association (aOR=3.2 95%CI 1.4, 7.4). In the

|, ° anxiety was queried after delivery. Vollebregt et al

other positive study by Cetin et a
% reported a null association between pregnancy anxiety (State Trait Anxiety
Inventory) and PE (aOR=1.38 95%CI 0.74, 2.58).

However studies reporting both anxiety and depression association with PE
separately have not elaborated on the degree of overlap between the two conditions or

the absence of such an overlap. In other words it is not clear how many in the

depression group have/have not concurrent anxiety at the same time. Risk for
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hypertension might differ depending on the presence of isolated disorder or

comorbidity*®.

Figure 4. Pregnancy Anxiety and Hypertension disorders of pregnancy
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2.3.7 Preeclampsia or gestational hypertension and antidepressant use

Sixs7, 38, 44,4550,55 Of the seven 37,38,44,45,49,50,55 studies have reported positive

associations of antidepressant prescriptions in the pre-pregnancy/pregnancy period with

38,44,45,50

PE. Out of these six positive studies most (four) utilized administrative data

(Table 1).

1*” used data from an ongoing prospective study and reported a positive

Quieta
association between psychotropic medications during pregnancy and PE (aOR=2.38
95%Cl (1.13, 5.00). Only one study”® reported a null association of antidepressant

medication use and PE (aOR=0.9 95%CIl 0.2, 3.5).
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Six studies 3% 43 44455055 haye assessed whether specific timing of antidepressant
prescription with respect to index pregnancy is associated with increased risk for PE.
These studies assessed the risk of PE in women taking antidepressant medication from
prior to and during early pregnancy (first 10-12 weeks only) and women taking
antidepressants prior to and during pregnancy. However pharmacy dispensing data in
the years preceding the index pregnancy and during pregnancy varied between studies
with maximum data available for a year prior to gestation. In women with depression
diagnosis and prescribed antidepressants prior to and during pregnancy Palmsten et
al** reported an increased risk for PE with continued serotonin norepinephrine reuptake
inhibitors (SNRI) (aOR=3.43 95%CI 1.77, 6.65) and Tricyclic antidepressant (TCA)
exposure (aOR=3.26 95%Cl 1.04, 10.24), while another study® utilizing a slightly
younger, lower socioeconomic status and less white population reported a lower
magnitude of association of continued serotonin reuptake inhibitors (SSRI) (aOR=1.21
95%Cl 1.02, 1.45), SNRI (aOR=1.61 95%CI(1.04, 2.47) prescriptions with PE.
DeOcampo et al*° reported increased risk for GH in women who continue taking SSRI
during pregnancy (aOR=1.96 95%CI 1.02, 3.76), SNRI
(aOR=4.96 95%CI 1.33, 18.56), and no association of SSRI. SNRI medication use with
PE. However women taking “other” (not SSRI, SNRI) were at increased risk for PE even
if they stopped their antidepressants prior to 20 weeks gestation. They did not specify
what the “other” class of antidepressant was or if it was a combination of multiple
classes.

Studies have evaluated if women prescribed only one class of (monotherapy)

antidepressant or more than one class of antidepressants (polytherapy) are at increased
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risk for PE. One study** included women with depression used data from the health care
utilization databases of British Columbia reported increased risk for PE in women with
diagnosed depression and exposed to SNRI monotherapy (aOR=1.95 95%CI(1.25,
3.03), and tricyclic monotherapy (aOR=3.23 95%Cl 1.87, 5.59). DeOcampo et al* also
reported that women who took antidepressants prior to and during pregnancy had an
increased risk for PE only if they used two or more antidepressant drug classes
(aOR=3.24 95%CIl 1.19, 8.81), and singular use of SNRI increased risk for GH
(aOR=4.96 95%Cl 1.33, 18.56).

However none of these studies have been able to disentangle if the increased
risk of PE/GH associated with continued use of antidepressants prior to and during
pregnancy represents a direct pharmacological effect or is a marker for underlying
severity of the disorder.

Figure 5. Antidepressant use during pregnancy and hypertension disorders of
pregnancy
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Figure 6. Antidepressant use prior to and during pregnancy and PE/GH
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Figure 7. Antidepressant (SNRI) use prior to and during pregnancy and PE/GH
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2.3.8 Gestational hypertension and depression
Only two studies®™ *° have addressed the issue of risk of gestational hypertension with
exposure to depression/anxiety symptoms either pre-pregnancy*® or during

pregnancy.®® *°

Both studies have concluded that depression/anxiety and gestational
hypertension were not associated (aOR=1.19 95%CI 0.67, 2.11)*; (aOR=0.6 95%CI
(0.3, 1.3)*. Although these studies rely on self-reported and or screens for exposure
data they are prospective in nature (study participants are administered screens,
guestionnaires before development of outcome) and there is no plausible reason to
expect systematic bias (differential with respect with the outcome) in self-reported
symptoms.

2.3.9 Gestational hypertension and pregnancy anxiety

Vollebregt et al*® assessed the association of pregnancy anxiety and GH and reported a
null result (aOR=1.46 95%CI (0.84, 2.54)

2.3.10 Pregnancy induced hypertension with pregnancy depression, anxiety
Some investigations ** *° ** have evaluated the association of pregnancy depression,
anxiety with gestational hypertension and preeclampsia together or pregnancy induced
hypertension after 20 weeks of pregnancy. Two studies reported null associations>3*°
while one study from China>* investigating PIH and pregnancy anxiety reported a strong
association (aOR = 6.17, 2.42, 15.62) However it was a cross-sectional study assessing
anxiety at 38 weeks gestation by the self-rating anxiety scale.

2.3.11 Hypertension disorders and pregnancy anxiety

Pavlov et al*’ reported a significant unadjusted association when studying the link

between pregnancy anxiety and hypertension disorders of pregnancy, but lost the
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statistical significance after adjusting for age, ethnicity, smoking, diabetes mellitus,
preterm premature rupture of membranes, preterm labor, and induction of labor.

2.3.12 Hypertension disorders of pregnhancy (PE and GH) and antidepressant

Two studies 3 ** have assessed increased risk of PIH with pregnancy antidepressant
use and reported positive results. DeVera et al*® conducted a matched (index case date
and gestational age) case (PIH with and without PE) control study using the Quebec
pregnancy registry and reported antidepressant use prior to the diagnosis of PIH to be
significantly associated with PIH after adjusting for depression (aOR=1.53 95%CI (1.01,
2.33). Further analyses revealed the association to be carried by singular prescriptions
of SSRI (aOR=1.60 95%CI (1.0, 2.55) prior to PIH diagnosis and “other” antidepressant
(did not specify class) prescriptions (aOR=3.71 95%CI (1.25, 10.98). Toh et al*®
conducted a timing analyses of antidepressant use with respect to the index pregnancy
and reported a significantly increased risk for PIH with SSRI use prior to and during
pregnancy (aOR=4.86 95%CI (2.70, 8.76).

2.3.13 Hypertension disorders of pregnancy and antidepressant

51, 57

Two studies evaluated the exposure to antidepressants during pregnancy and the

link with pregnancy hypertension. Newport et al®’

assessed SNRI exposure after
pregnancy week twenty and reported significant positive association with hypertensive
disorders of pregnancy (aOR=2.57 95%ClI (1.34, 4.93). On the other hand Malm et al**
reported a null association of SSRI exposure during pregnancy and hypertension of

pregnancy (aOR=1.10 95%CI (097.04, 1.26) compared to women with psychiatric

diagnosis and no medication. The latter analyses was from a population based
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prospective birth cohort study while the former study population had a higher mean
maternal age and was from a prospective longitudinal study in a tertiary referral center.
2.3.14 Pre-gestation depression/anxiety with hypertension in pregnancy

Two studies %8 2

evaluated the link between pre-gestation depression/anxiety with
hypertension in pregnancy. Winkel et al*® distinctly evaluated separate groups of
women with isolated depression and isolated anxiety and their independent
associations with hypertension in pregnancy. These analyses demonstrated an
increased risk of hypertension in pregnancy in women with pre-pregnancy anxiety and
comorbid depression and anxiety (both assessed pre-pregnancy) but a null association
between pre-pregnancy depression and hypertension in pregnancy. Another study®>?
examined the association of depression diagnosis (before or early pregnancy) with
hypertension in pregnancy and reported a null association. The same study®? reported
an increased risk of hypertension in pregnancy with anxiety diagnosis.

2.3.15 Pregnancy depression/anxiety with hypertension in pregnancy

One study®® reported a positive association of anxiety (assessed by STAI-A) but a null
association with depression and hypertension in pregnancy.

2.4 Discussion

This systematic review of the literature assessing associations of depression/anxiety
and antidepressant medication with hypertensive disorders of pregnancy suggests that:
1) there are conflicting reports on an association between pre-pregnancy or pregnancy
depression/anxiety and CH; 2) there is little evidence of a link between pre-pregnancy
or pregnancy depression/anxiety and GH; 3) pre-pregnancy depression/anxiety does

not appear associated with PE, however a majority of studies focused on depression in
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pregnancy and PE report a positive association; 4) results from most studies suggest
that anti-depressant use, e.g. SSRI, SNRI, TCA prior to and during pregnancy are
significantly associated with PE and GH; 5) Monotherapy with SNRI and tricyclic is
associated with increased risk for PE; 6) SSRI and TCA polytherapy is associated with
PE; 7) It is not clear if continuing antidepressant in pregnancy represents an increased
risk because of the medication or the underlying severity of the disorder.

Studies reporting a positive association between pre-pregnancy
depression/anxiety and CH are unable to report on the specific time order of the
association since first diagnosis dates are unavailable. Given that the prevalence of

advanced maternal age'®? and obesity%

is increasing among childbearing women in
the US, chronic hypertension is likely to become a common obstetric condition.
Understanding the complex web of CH, antihypertensive medication,
depression/anxiety, antidepressants and the time order of their associations should be
an important public health objective given that both these conditions and associated
medication use®® % have increased in reproductive aged women in recent years. Katon
et al*? reported a positive association between preexisting CH and pregnancy
depression symptoms although it is unclear if the association indicates a link between
the condition and depression symptoms or the pharmacological link between
antihypertensives and depression. Certain antihypertensive medications are suspected
to be associated with mood disorders and a recent study investigated the role of
monotherapy with various antihypertensive drug classes. This study concluded that beta

blockers and calcium antagonists may be associated with increased risk for mood

disorders®.
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Studies investigating the association between CH and pregnancy antidepressant
prescriptions report a positive association.*® ° Women taking antidepressants during
pregnancy may be different in terms of severity of disorder and antidepressant use
during this time period may reflect severity of the disorder. Moreover these women are
more likely to have other health problems, may be more likely to have frequent health
care contact and hence more likely to be diagnosed with depression symptoms.
Furthermore women with CH are likely to be older*® likely to report a higher mean
prepregnancy body mass index, likely to be taking antihypertensive medications which
have been associated with increase in prevalence of mood disorders'®.

All three studies ** 4% %3

assessing pre-pregnancy depression/anxiety with GH or
with PE have reported a null association. Depression/anxiety symptoms during
pregnancy and their association with PE have been most widely reported (12 studies).
In some studies participants were nulliparous women, depression/anxiety symptoms
were assessed using screens that were administered by trained study personnel or
insufficiently assessed (anxiety). Study design varied and case control designs might
be biased since self-reported depression/anxiety symptoms were assessed at the time
of admission for delivery in cases (with PE diagnosis) and controls (without PE
diagnosis).** ** *® One other study was cross-sectional®® one study®* used a very low
cutoff (3) to assess depression symptoms, and one question to assess anxiety, two

37, 40

analyses were from the same cohort and hence really one result.

Although some studies assessed depression and anxiety separately they did not report

on the overlap between the two conditions and the association of the overlap with PE.
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Depression and anxiety are comorbid many times and mechanisms of action of
association with PE/GH might differ and hence independent association of isolated
depression and isolated anxiety along with their overlap with PE/GH should be
evaluated.

Depression and anxiety are chronic conditions with periods of remission and
relapse and hence history of the conditions is an important factor for a couple of
different reasons. Women with new onset depression/anxiety in pregnancy might be
different than women with a relapse in pregnancy. Furthermore women with history
might not manifest symptoms at the time of assessment due to adequate treatment,
however the timing, duration of medication use with respect to the pregnancy might be
an important factor to consider in the association with PE or any other hypertensive
disorder of pregnancy.

Antidepressant use has been assessed in the following ways. 1) Studies have
tried to control confounding by depression by assessing the association of
antidepressant medication with PE among the depressed pregnant women** >, Another
study® has controlled for depression in their analyses. 2) Studies have tried to assess
the associations of monotherapy, polytherapy with HTN disorders. Palmsten® et al
addressed combinations (polytherapy) across drug classes and concluded that
combinations of SSRI and SNRI, SSRI and bupropion, SSRI and other were not
associated with increased risk for PE. However SSRI and tricyclic were associated with
significantly increased risk for PE (aOR=1.49 95%CIl (1.02, 2.16). However they did not
address within class (SSRI/SNRI) polytherapy. 3) Six studies have assessed the

association of timing of antidepressant use with respect to index pregnancy and its
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association with GH/PE, and concluded that continued antidepressant use was

E38, 44, 45, 50 GH36, 55 P|H36 |50

associated with increased risk for P . 4) Avolos et a
concluded that increased duration (= 60-120 days; 2120 days) of antidepressant use
was associated with greater risk of PE. 5) No increased risk for PE was reported by one
study® which assessed the risk of PE for women with depression and psychotherapy
compared to women without depression. 6) Palmsten® reported no increased risk for
PE with any dose of SSRI or low doses of SNRI, and increased risk for PE with higher
doses of SNRIs and any dose of TCAs.

About seven of the eleven studies have assessed the association of
antidepressant use with PE, with six reporting positive and one null association. Four

38444550 and hence are able to

positive studies have used large administrative datasets
report on prescription filled but not necessarily ingested. In the absence of clinical trials
data, data with significant unmeasured confounding (lacking pertinent covariate
information, e.qg.: lifestyle factors) might be limiting in terms of drawing meaningful
conclusions, especially if the covariates have a strong association with the outcome and
are highly prevalent (e.g.; Obesity).

Certain methodological limitations of current studies include:

First due to nature of datasets used LMP determination may not be very accurate and
hence may misclassify exposure and outcome. Second depression and anxiety
although comorbid many times should be assessed in isolation to tease out

independent associations with either or both (comorbid) of the conditions. Third

assessment of depression anxiety symptoms by a structured clinical interview and by
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trained research personnel during pregnancy along with a supporting history of the
conditions may be required to establish a definitive diagnosis of the psychopathology.
Using ICD diagnosis codes from different providers might introduce bias depending on
provider expertise and access to these experts.

Administrative datasets or electronic databases used to assess antidepressants
medication prescription cannot ascertain that woman actually took the prescribed
medications and hence are inept in ascertaining medication compliance and drop outs.
Some of the administrative datasets lack data about important covariates like lifestyle
factors, or anthropometric measurements. Lastly since randomized clinical trials are
lacking in this area of research due to ethical considerations, reaching an unbiased and
definitive conclusion might be challenging.

2.5 Conclusion

Given that hypertension disorders of pregnancy are rare and depression and anxiety are
chronic conditions with remittances and relapses large datasets with relevant exposure
outcome and covariate data or large inceptions cohorts of women of reproductive ages
and longitudinal follow ups for a substantial period of time is warranted. Furthermore
with increasing obesity, maternal age at first delivery and multiple gestations all
significant risk factors for hypertension disorders of pregnancy more research about the
association of CH with psychopathology is apt. With regards to antidepressant use and
lack of clinical trial data alternative psychotherapeutic methods for maternal depression
treatment (e.g. cognitive therapy) should be explored and researched. Although the
links between anxiety and pregnancy hypertension disorders has been examined the

association of anxiolytic medication use with hypertension disorders of pregnancy
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needs to be studied. Since untreated depression/anxiety carries significant maternal,
fetal, infant risks and should be carefully weighed with benefits of antidepressant

therapy.
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CHAPTER 3

DEPRESSION, ANXIETY, ANTI-DEPRESSANT, ANXIOLYTIC MEDICATION USE
AND THEIR
ASSOCIATIONS WITH MATERNAL HYPERTENSION

3.1 Introduction

Hypertension (HTN) disorders of pregnancy affect 5-10% of pregnancies and are
classified as chronic hypertension (CH), preeclampsia (PE), eclampsia, preeclampsia
superimposed on chronic hypertension and Gestational hypertension (GH).?>"® These
disorders are associated with maternal and neonatal mortality, stillbirths, and a range of
maternal and neonatal morbidities such as abruptio placentae, disseminated
intravascular coagulation and intrauterine growth restriction.**®**? Although the risk of
dverse outcomes (e.g. very preterm delivery, fetal death) is greater with PE, gestational
HTN also is associated with significant maternal and fetal morbidity.®®

Epidemiological research suggests that pregnancy HTN disorders have a multi
factorial etiology. Shared established risk factors include pre-pregnancy obesity and
diabetes, advanced maternal age, and twin pregnancies.®® Maternal depression and
anxiety also may be risk factors, as these psychopathologies confer increased risk of
hypertension in men and non-pregnant women.?*?® Explanations for associations
between anxiety and depressive symptoms and hypertension include unhealthy

63, 126

lifestyle, changes in the autonomic nervous system,*?’ and dysregulation of the

hypothalamic-pituitary-adrenal axis.'?®

37, 49 31-35, 37, 40-42,

Studies investigating associations of pre-pregnancy or early pregnancy
4649 depression and anxiety symptoms with any one or all of the HTN disorders of

pregnancy have generated mixed results. Heterogeneity in outcome (PE, GH, CH,
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maternal hypertension), exposure determination (self-reported recall, symptoms,
diagnosis), timing (pre-pregnancy/pregnancy) and conflating of depression and
anxiety® 3749340 |ikely contribute to discordant results. In particular, the independent
association of anxiety (pre-pregnancy/ pregnancy) with HTN disorders is unclear due to
inadequate anxiety assessment®" and the small number of study participants with
‘anxiety only.”®’ In addition most studies assessing psychopathology symptoms did not
evaluate associated medication use,3!3433:32:40.41.46

Medications used to treat maternal psychopathologies, e.qg.
antidepressant/anxiolytic, might play a mediating role in HTN disorders of pregnancy;
it is estimated that 8-9 % of women use antidepressant medications during
pregnancy.*®?° Most Studies investigating maternal anti-depressant/anxiolytic
medication and PE have reported a positive association.3¢:3743424950.55 gy, djes of
these medications and gestational hypertension have produced equivocal
results.*>*>3¢ One challenge is separating direct effects of medication versus
medication use as a marker (proxy) of psychopathology severity.

The timing of maternal psychopathology and medication use is a critical question
when examining associations with HTN disorders of pregnancy. Physiological changes
in pregnancy could elicit maternal symptoms of psychopathology, or for reasons stated
above in non-pregnant populations, psychopathology and related medications could
lead to hypertension. One pregnancy HTN disorder, PE, is thought to have its origin
early in pregnancy at the time of placentation, but symptoms and diagnosis appear
later. Information on maternal psychopathology and related medication use prior to

pregnancy may be more relevant for early pregnancy events, and shed light on timing
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issues. Overall, it must be recognized that depression and anxiety are, most often,
chronic conditions with periods of high and low/absent symptomatology. Any relation to
HTN disorders of pregnancy might involve physiology underlying chronicity or acute
symptomatology or both. While these are complex considerations, a starting point is
determining associations between maternal psychopathology, related medication use
and HTN disorders of pregnancy, and carefully examining the time order of these
associations.

Here we use a unique data source, insurance medical and pharmacy claims data
covering two years prior to pregnancy up through 90 days post-delivery. These data
provide objective information (not relying on maternal self-report) to study hypertension
disorders of pregnancy in relation to: 1) pre-pregnancy and pregnancy depression and
anxiety (combined and separately); and 2) pre-pregnancy and pregnancy
antidepressant and anxiolytic medication use.

3.2 Methods

3.2.1 Data Source

Study data are from Blue Cross Blue Shield of Michigan (BCBSM) which internally
abstracted relevant information from enrolled women who delivered a live birth during a
set time period (described below). BCBSM then facilitated a confidential linkage of
abstracted data with birth certificate (BC) data at the Michigan Department of Health
and Human Services (MDHHS). This process created a de-identified, linked dataset that
was made available for this research study. This Study was approved by the

Institutional Review Boards of Michigan State University and MDHHS.
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3.2.2 Study Population

Initial eligibility criteria included women with pregnancies ending in live births between
October-1-2010 and September-30-2014 who were enrolled in BCBSM medical and
pharmacy commercial insurance and between the ages of 15-44 at delivery.
(N=123,225). Live births were identified using delivery-related ICD-9CM diagnosis and
ICD-9CM procedure codes in any of the diagnostic or procedure fields on claims.
Women were excluded if they delivered outside of Michigan, were BCBSM employees
or had deliveries with ICD-9CM diagnostic codes indicative of multifetal gestations or
stillbirths. Eligible women were linked with relevant infants in BCBSM based on BCBSM
contract number, delivery facility, infant date of birth and maternal admit and discharge
dates.

To capture psychopathology and related medication use prior to pregnancy we
selected a two year window prior to LMP. We reasoned that a longer window might limit
our sample size of women continuously enrolled in BCBSM before pregnancy and a
shorter window might miss episodes of chronic psychopathology that elicit encounters
with medical professionals (claims data). Thus we narrowed our eligibility criteria further
to include only women continuously enrolled in BCBSM for at least 75% of the time in
each year beginning two years prior to their LMP date through to ninety days after
delivery date (n= 24,281 women). Determination of delivery date and LMP is described
later in a section below.

Finally, limited resources precluded linkage of BCBSM data with BC data for all
24,281 women. We therefore created a sampling scheme by constructing maternal age

strata, selecting all women with the outcome of interest (hypertensive disorders before
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and/or during pregnancy based on ICD-9 CM diagnostic codes in BCBSM claims data),
and randomly sampling women with no hypertension diagnoses from within age strata.
We oversampled unaffected women within two extreme age strata (15-19, 40-44 years),
because they are fewer in number. The sampling scheme resulted in a sample size of
14,999 eligible women to be linked with BC data. Later we compared the linked and
unlinked women on delivery timing, antidepressant prescriptions and age at delivery.
3.2.3 Data Linkage

The delivery admit date in BCBSM claims data was presumed to be the delivery
date, and only the first delivery date during the study period for each woman was used
for the BC linkage (only one live birth per woman). BCBSM data and BC data were
linked using mother’s first and last name, age, delivery date, infant first and last name
and date of birth, and mother and infant provider facility. The linkage was 85%
successful yielding a sample of 12,743 women. Post-linkage data cleaning resulted in
exclusion of records with infant birthdate before mothers’ delivery admit date (N=8) or
after delivery discharge date (N=50), or mothers with two infants on the same delivery
date (N=38). The final de-identified analytic sample included 12,647 women.
3.2.4 Dating of Delivery and LMP

Because eligibility for linkage included BCBSM enroliment beginning two years
prior to the LMP date through to ninety days after delivery date, we could not use BC
data to determine LMP and had to rely on BCBSM available data. Neither gestational
age (GA) of infant at delivery nor LMP date is available in claims data, therefore,
following convention of previous studies, LMP was assigned as 245 days prior to

delivery date for preterm births (ICD-9CM codes 644.0, 644.2, and 765.x in any
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diagnostic field of maternal or infant claims data). Absent preterm birth ICD-9CM codes,
infants were assumed to be born at term and we used 270 days prior to delivery date to
calculate LMP.** We compared these LMP dates with LMP dates estimated from BC
data obtained after linkage and performed sensitivity analyses (described in analytic
section).

3.2.5 Exposure measures

BCBSM data included maternal and infant diagnostic, maternal procedural and
pharmacy information from physician services and hospitalizations. Depression and
anxiety were each assessed in two time periods, during the two years prior to LMP (pre-
pregnancy) and LMP to delivery date (pregnancy). For these analyses, depression or
anxiety in a specified time period was defined as at least one inpatient or two or more
outpatient visits in a facility or professional setting with an ICD-9CM diagnosis code
(depression: 296.x, 300.4, 309.0, 309.1, 311; anxiety: 300.x, 309.x, excluding the ones
used in depression diagnosis) in the primary diagnosis field of a claim. We reasoned
that women with a single depression/anxiety outpatient visit, while not meeting our
definition for the condition, might be different from women with no such visits. Therefore,
in some of our analyses we grouped these women separately. All groups were mutually
exclusive.

Anti-depressant/anxiolytic medication prescription was determined from BCBSM
pharmacy claims using National Drug Codes (NDC). Anti-depressants included
Serotonin Reuptake inhibitors (SSRI), Serotonin and Noradrenaline Reuptake Inhibitors
(SNRI), tricyclic, Norepinephrine and Dopamine Reuptake Inhibitors (NDRI) and

Noradrenergic and Specific Serotonergic antidepressant (NaSSA), and antipsychotics.

75



Anxiolytics included a wide variety of medications (e.g. Diazepam, Alprazolam and
Buspirone among others). Antidepressant/anxiolytic medication ‘use’ was grouped as:
Pre-pregnancy, at least one prescription filled within the two years prior to LMP but no
prescriptions in pregnancy; continued use, at least one prescription filled within two
years prior to LMP and at least one prescription filled throughout the pregnancy; and
pregnancy initiated, at least one prescription filled for the first time during pregnancy.
3.2.6 Outcome measures
BCBSM claims data were used to identify women with hypertensive disorders: 1)
chronic hypertension (CH), ICD-9CM diagnosis codes 401.xx, 402.xx, 403.xx, 404.xx,
405.xx, 642.0x, 642.1x, 642.2x, from two years prior to LMP to first twenty weeks of
pregnancy; 2) gestational hypertension (GH), ICD-9CM for ‘transitional hypertension
642.3x; 3) preeclampsia (PE), ICD-9CM 642.4x, 642.5x; 4) eclampsia, ICD-9CM 642.
6x; 5) preeclampsia superimposed on chronic hypertension, ICD-9CM 642.7x from
twenty weeks after LMP to the delivery date; and 6) unspecified hypertension (UH),
ICD-9CM 642.9x from two years prior to LMP up to delivery date. The above mentioned
codes were included if they were recorded in the primary diagnosis field on an inpatient
or outpatient claim in a facility or professional setting. In analyses, groups 2-5 were
combined as pregnancy-related hypertension (PH).
3.2.7 Covariates

Information on potentially relevant covariates i.e. maternal demographics (age,
race/ethnicity, education, marital status), pre-pregnancy BMI, smoking before and

during pregnancy, diabetes mellitus and parity was collected from BCBSM claims
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(derived maternal age and diabetes mellitus) and/or linked BC data. Race/ethnicity was
grouped as White, Black and other. While all of the above covariates may be
confounders, BMI, smoking and diabetes mellitus could play a mediating role as well.
3.2.8 Statistical Analysis

All analyses use sampling weights to account for the study sampling strategy.
Maternal characteristics were compared across a two-level outcome variable, i.e.
presence/absence of any HTN disorders and across a four-level outcome variable, i.e.
no HTN, CH, PH (includes GH and PE), and UH using chi-square for categorical
variables and t-test for continuous variables. In one set of models we created a fourlevel
exposure variable for depression with a focus on timing, i.e. no depression (referent),
only one visit with depression diagnosis in one or more time periods (the two time
periods being pre-LMP, during pregnancy); depression pre-LMP (according to definition
described above) and depression diagnosis for the first time during pregnancy (within
our study period). The same four-level variable was created for anxiety. The depression
and anxiety variables were modeled separately, first in weighted logistic regression
analyses using the two-level hypertension outcome, and then in weighted polynomial
logistic regression using the four-level hypertension variable.

Recognizing that depression and anxiety are often co-morbid, we attempted to
isolate each one in a second set of analyses by creating two new six-level variables,
one that detailed depression without anxiety, and the other that detailed anxiety without
depression. For the depression variable the six levels were: no depression/no anxiety

(referent), depression one visit in one or more time periods and no anxiety, depression
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prior to LMP and no anxiety, depression only after LMP and no anxiety, no depression
but anxiety anytime during the study period, and both depression and anxiety anytime.
We created a similar variable for anxiety, with the first four levels of the six-level variable
having no depression. These variables were then compared to the HTN outcomes using
the same analytic strategy described above.

A third set of models evaluated anti-depressant and anxiolytic medications; we
again focused on timing and separated women with psychopathology diagnosis but no
medication use to see if any observed associations were related to medication use but
not necessarily psychopathology diagnoses alone. The five-level antidepressants
variable included: no depression and no antidepressants (referent), antidepressants
used prior to LMP only, antidepressants used prior to LMP and during pregnancy,
antidepressants first used after LMP, and depression anytime but no antidepressants. A
similar five-level variable was created for anxiolytics. The anti-depressant and anxiolytic
variables were modeled separately, first in weighted logistic regression analyses using
the two-level hypertension outcome, and then in weighted polynomial logistic regression
using the four-level hypertension variable. All adjusted models included maternal age,
race/ethnicity, education and parity along with exposure and outcome. Subsequently we
added BMI, smoking and diabetes mellitus as additional covariates; interpretations of
these latter models required caution because these maternal characteristics might act
as confounders and/or mediators. For this reason we report final results unadjusted for
these latter three potential mediators. Analyses were conducted with SAS, version 9.4,

for windows (SAS Institute, Inc., Cary, North Carolina).
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3.2.9 Sensitivity Analyses

Anti-psychotics are prescribed for conditions other than depression/anxiety as
well as for depression/anxiety. To determine if the antipsychotics alone explained any
observed associations, we repeated analyses after excluding women who filled only
anti-psychotic prescriptions during the study period.

We lacked sufficient power to analyze the association of each class of
antidepressants with hypertension disorders of pregnancy. In previous literature use of
serotonin norepinephrine reuptake inhibitors (SNRI) has been associated with
hypertension disorders of pregnancy hence we conducted sensitivity analyses after
excluding women who filled these medication prescriptions during the study period.

Our estimated timing of exposures and outcome was based on LMP date, which
was derived from the BCBSM data (delivery date and preterm/term distinction). Given
this limitation we conducted sensitivity analyses excluding women with LMP date
difference (between estimated LMP from BCBSM and clinical estimate of LMP from BC)
more than fifteen days (N=1311, about 10%), assuming that the clinical estimate of LMP
date from birth certificate data was the gold standard.
3.3 Results

All the analyses were weighted for the Study sampling scheme. The majority of
women with hypertension disorders, 59%, had PH. During the study period, from two
years prior to LMP to delivery date, 9.7% of all women (N=1174) had at least one
physician visit with a primary diagnosis of depression and 11% (N=1389) had at least
one primary diagnosis of anxiety. Of these women about 5.3% met our definition of

depression (at least one inpatient or two out-patient visits in a time period) and 5.7%
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met the definition of anxiety prior to LMP date. Among 10.6% of women who had at
least one inpatient or two or more outpatient visits with a primary diagnosis of
depression or anxiety diagnosis, very few women met the definition of depression or
anxiety (0.9%) for the first time during the pregnancy portion of our study period.
Approximately 11.7% and 10.7% of women filled an antidepressant, anxiolytic
prescription respectively prior to LMP only; 6.8% and
1.6% filled antidepressant, anxiolytic prescriptions prior to and during pregnancy, while
1.0% and 0.7% filled anti-depressant, anxiolytic prescriptions in pregnancy for the first
time during the study period.

Demographic and pregnancy characteristics of the 12,647 women are presented
by outcome groups, i.e., HTN disorder absence/presence and HTN subtype, in Table 4.
Women with HTN disorders were more likely to be African American, primiparous, and
smokers, and more likely to have some college but no four year college degree and a
higher pre-pregnancy BMI. CH was associated with all of the above, with the exception
that a higher percentage was multiparous. Women with PH were more likely to be
White, primiparous, not married, smokers, and have some college but no four year

college degree and a higher pre-pregnancy BMI.
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Table 4 Maternal demographic and pregnancy characteristics according to HTN disorder presence and subtype?

Maternal Characteristics No HTN Any HTN p-value [Chronic HTN [Pregnancy HTN |Unsp HTN p-value
N= 9875 N=2772 N= 894 N= 1646 N= 232
N (Wt%) [N (Wt%) N (Wt%) N (Wt%) N (Wt%)

Maternal Race™ <0.0001 <0.0001

Caucasian 8905 (89.4) 2488 (89.4) 774 (87.0) 1502 (90.4) 212 (90.7)

African American 386 (4.6) 169 (6.5) 80 (8.9) 79 (5.4 10 (5.3)

Others 557 (6.0) 109 (4.1) 37 (4.0 62 (4.1 10 (4.1)

Maternal Education™ 0.0015 <0.0002

No college 1227 (15.4) 348 (15.4) 106 (13.5) 223 (17.1) 19 (10.0)

Some college 2531 (27.6) 819 (31.4) 270 (30.8) 487 (31.9) 62 (29.1)

college degree 6096 (57.0) 1599 (53.3) 516 (55.7) 932 (51.0) 151 (61.0)

Current Marital Status™ 0.118 <0.0001

Never Married 988 (15.7) 305 (16.3) 79 (11.1) 205 (19.3) 21 (13.4)

Currently Married 8749 (83.1) 2414 (82.0) 790 (86.2) 1419 (80.0) 205 (84.1)

divoced/widowed 133 (1.2) 53 (1.7) 25 (2.7) 22 (1.2 6 (2.9

Parity <0.0001 <0.0001

Primiparous 3882 (43.1) 1291 (49.9) 273 (32.2) 930 (60.2) 88 (39.7)

Multiparous 5993 (56.9) 1481 (50.1) 621 (68.0) 716 (39.8) 144 (60.3)

Maternal Smoking History™ <0.0001 <0.0007

Yes 835 (9.5) 308 (12.3) 104 (12.0) 181 (12.7) 23 (10.5)

No 9013 (90.5) 2458 (87.7) 789 (88.0) 1451 (87.3) 208 (89.5)

MaternalPre-pregnancy BMI (kg/m?)° Mean (SE) Mean (SE) <0.0001 [Mean (SE) Mean (SE) Mean (SE) <0.0001
26.4 (0.06) [30.2 (0.1) 31.3 (0.3) 29.5 (0.2) 29.2 (0.6)

Maternal Age at Delivery 30.2 (0.02) 30.7 (0.03) <0.0008 [32.4 (0.05) 29.8 (0.04) 31.1 (0.09) 0.2933

1Weighted for study sampling scheme Missing *2N=33, *3N=27, *4N=5, *5N=33, "®N=455Abbreviations: HTN: hypertension; SE: Standard Error; PE:

Preeclampsia; GH: Gestational hypertension; N= Number of women; Wt.%: Weighted percent
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Here we present results from weighted analytic models adjusted for maternal age,
race/ethnicity, education and parity (Table 5). Unadjusted results were similar to that of
adjusted models and can be found in the Appendix tables 8-10. Compared to women
with no HTN, those with CH were more likely to have a diagnosis of depression prior to
pregnancy (aOR=1.4; 95%CI 1.0, 1.9), and also more likely to have one visit in one or
more time periods with a primary diagnosis of anxiety (aOR=1.6; 95%CIl 1.2, 2.1). PH
was not associated with any of the depression or anxiety measures. In models that
attempted to separate depression and anxiety, CH was associated with the ‘pre-LMP
depression but no anxiety’ group (aOR=1.8; 95%CI 1.2, 2.5), the ‘no depression and
any anxiety’ group (aOR=1.4; 95%CI 1.1, 1.8), and the ‘one visit with a primary
diagnosis of anxiety but no depression’ group (aOR=1.6; 95%CIl 1.2, 2.2) (Table 6). By
contrast, women with CH or PH were not more likely to have primary diagnoses of both

depression and anxiety than were their ‘no HTN’ counterparts.
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Table 5 Adjusted associations of maternal depression/anxiety diagnosis with hypertension disorders in pregnancy*

No HTN?  |AnyHTN® Chronic HTN* Pregnancy HTN® Unspecified HTN®

N= 9875 N=2772 N= 894 N= 1646 N= 232

N Wt% [N Wt% OR 9%l [N Wt% OR 95%Cl IN Wit% OR 95%CI [N Wi% OR 95%Cl
No depression 8992 (86.6) [2481(13.4) 795 (4.0) 1472 (8.2) 214 (1.1)
One depr related visit 21 timept.|360 (84.3) |121 (15.7)1.2 [0.9,15] (39 (4.6)1.2[0.9,1.8] |73 (9.8)1.2 [0.9,1.6]|9 (1.3) 1.2 [0.6, 2.6]
Met depr criteria PreLMP 483 (84.9) |160 (15.1)1.1 [0.9,1.4] [58 (55)14 [1.0,19 |94 (8.8)1.0 [08 1.3]|8  (0.8)0.7 [0.4, 1.7]
Met depr criteria in pregnancy (40  (88.4) |10 (11.6) 0.8 [0.4,1.7]|2  (2.3)0.5 [0.1, 2.1] |7 8.1)1.0 [0.4,23]1 (1.1)101]0.1,7.2
No anxiety 8819 (86.6) (2439 (13.4) 733 (4.0) 1460 (8.2) 206 (1.1)
One anx related visit 1 timept. 423 (83.7) |150 (16.3)1.2 [L0,1.5]"|59 (6.0) 1.6 [L.2, 2.1*{79  (8.9) 1.1 [0.8, 1.4][12 (L.4)1.3 [0.7, 2.5]
Met anx criteria PreLMP 558 (85.8) [164 (14.2)1.1 [0.9,1.3] |55 (4.4)1.1 [0.8,15] [97 (8.9) 1.1 [0.8, 1.4]|12 (0.9)0.9 [0.5, 1.6]
Met anx criteria in pregnancy (75  (86.9) [19  (13.1)1.0 [0.6,1.7]|7  (3.9)1.1[05,24] (10 (7.4) 0.9 [0.4,1.8]2  (1.8) 1.7 [0.4,7.9]

+ p-value < 0.10; * p-value <0.05; 1Weighted for the Study sampling scheme. Adjusted for maternal age, race, education and parity
Abbreviations: HTN: hypertension; PE: Preeclampsia; GH: Gestational hypertension; LMP: Last Menstrual Period; N= Number of women;
Wt. %: Weighted percent; AOR: Adjusted Odds Ratio; Cl: Confidence Interval
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Table 6 Adjusted associations of maternal depression/anxiety overlap with hypertension disorder subtypes?.

No HTN AnyHTN Chronic HTN Pregnancy HTN Unspecified HTN
N= 9875 N=2772 N= 894 N= 1646 N= 232
N  Wit% [N Wt% OR 95%Cl [N Wit% OR 95%CI [N Wt% OR 95%Cl |N Wi% OR 95%Cl

No Depression-anxiety 8251 (86.8) (2247 (13.2) 704 (3.9) 1350 (8.2) 193 (1.1)
Depression one visit >=1 time pt-Noanxiety |248 (85.1) |80  (14.9)1.2 [0.9, 1.5]|27 (3.2)1.3[0.9,2.1] |46 (8.8)1.0[0.7, 1.5 |7 (1.3)1.3[0.6, 2.9]
Depression pre_LMP_no anx 298 (83.7) (107 (16.3)1.2 [1.0,1.6] |42 (6.5)1.8[1.2, 2.5]" |60 (9.0)1.1]0.8,1.4] |5 (0.8)0.7[0.3, 1.6]
Depression in pregnancy-no anx 22 (90.4) |5 (10.0)0.7 0.3, 1.9] |0 NE 4 (8.001.0 [0.3,3.0]]1 (2.0)1.7[0.2,12.7]
No Depression_Any Anxiety 741 (84.9) (234 (15.1)1.1 [1.0,1.3] |91 (5.5 1.4]1L1, 1.8] 122 (8.4)1.0 [0.8,1.2]21 (1.2)1.1[0.7, 1.8]
Any depression anxiety overlap 315 (85.2) (99 (14.8)1.1 [0.9, 1.5] |30 (4.0)1.1[0.8, 1.7] |64 (9.7)1.1]0.9, 1.6]{ 5 (1.0)1.0[0.4, 2.7]
No Anxiety-depression 8251 (86.8) (2247 (13.2) 704 (3.9) 1350 (8.2) 193 (1.1)
Anxiety one visit >=1 time pt/no depression (308 (84.1) [109 (15.9)1.2 [1.0,1.5] [44 (6.1)1.6[1.2,2.2] |55  (8.4)1.0[0.7, 1.4]|10 (1.4) 1.3[0.7, 2.5]
Anxiety pre-LMP/no depression 383 (85.4) (111 (14.6)1.1 [0.9,1.4] |41 (4.9)1.3[0.9,1.8] |60 (8.5)1.0[0.7, 1.4]|10  (1.2) 1.0[0.6, 2.0]
Anxiety in pergtnancy -no depression 50 (86.7) [14 (13.3)1.0 [0.6,2.01(6 (5.1)1.4[0.6,3.3]|7 (7.3)0.9[0.4,2.1)] 1 (0.8)0.8[0.1,5.5]
No Anxiety-any depression 568 (84.5) [192 (15.4)1.2 [1.0,1.4] |69 (5.5)1.5[1.1,2.0] [110 (8.9)1.1[0.8, 1.3] |13  (1.0) 1.0[0.5, 1.§]
Any Anxiety- depression overlap 315 (85.2) (99 (14.8)1.2 [0.9,1.5]|30 (4.0)1.1[0.8,1.7] |64  (9.7)1.2[0.9,1.6] |5 (1.0)1.0[0.4, 2.7]

lWeighted for study sampling scheme; + p-value = 0. 10 * p-value <0.05; Adjusted for maternal age, race, education and parity. Abbreviation: HTN: hypertension;
Depr: Depression, pt: point; N= Number of women; Wt.%: Weighted percent; AOR: Adjusted Odds Ratio; Cl: Confidence Interval Adjusted for maternal age, race,

education and parity
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We next considered HTN and its subtypes in relation to anti-depressant medication
prescriptions, timing of prescriptions, and diagnoses of depression in the absence of
medication prescriptions. Women who were not diagnosed with depression and did not
fill an anti-depressant prescription during the study period served as the comparison
group. In these models CH and PH were each associated with anti-depressant
prescription prior to pregnancy only and with continued use into pregnancy; for the
latter CH aOR=2.0 (95%CI 1.5, 2.5) and PH aOR=1.4 (95%Cl 1.1, 1.7) (Table 3.4).
Depression diagnosis without an anti-depressant prescription was not associated with

any HTN group.

The same modeling strategy was repeated, this time focusing on anxiolytics and
anxiety. Women with CH were more likely to have anxiolytic prescriptions prior to
pregnancy only and continued use into pregnancy; for the latter aOR=2.6 (95%CI 1.8,
3.8). PH was associated with initiation of anxiolytic medication during pregnancy,
aOR=2.5 (95%CI 1.6, 4.2). To better understand this observation we investigated timing
of prescription and PH diagnosis and found that first prescription preceded diagnosis
date in 96.1% (N=25/26) of women. Anxiety diagnosis without an anxiolytic prescription
during the study period was not associated with any HTN group.

We separated PE and GH and repeated all above models. Despite smaller
numbers, results were similar for these two pregnancy-related hypertension groups and
supported our decision to combine them into one group, PH. To examine the effect of
including anti-psychotic medications in our models of anti-depressants and anxiolytics,
we re-analyzed our data after excluding women who filled only an anti-psychotic

medication; we found that our results were similar to those in the original analyses.
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Results from sensitivity models that removed 10% (N=1311) of women who had
discrepant LMP dates, i.e. > 15 day disagreement between BCBS-based estimate and
BC data estimate, were similar to those in analyses with all women included (Appendix
Table 3.9.1 - 3.9.3). Results from sensitivity analyses excluding women with exclusive
antipsychotic prescriptions (N=23) did not alter the results significantly (Appendix Table
3.10.1 - 3.10.3). Another sensitivity analysis excluding women with SNRI prescriptions
during the study period (N=358) did not change results significantly (Appendix Table

3.11.1 - 3.11.3).

86



Table 7 Adjusted associations of maternal anti-depressant /anxiolytic use and presence of depression/anxiety with
hypertension disorder subtypes®

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN

N= 9875 N=2772 N= 894 N= 1646 N= 232

N Wit% N Wt% OR 95%ClI [N Wi% OR 95%Cl [N Wt% OR 95%Cl [N Wit% OR 95%Cl
No Anti-depr-No depression 7948 (87.3) 2069 (12.7) 633 (3.7) 1254 (8.0) 182 (1.1)
Anti-deprassant pre-preg 1049 (83.0)  [392 (17.0)1.4 [1.2, 1.6]* |141 (5.8) 1.7[1.4,2.1] |218 (9.8) 1.2[1.0, 15" (33 (L.4) 1.4[0.9, 2.1]
Anti-depressant continued 640 (81.8)  [257 (18.2) 1.5 [1.3,1.8] [101(7.1)2.0 [1525] |142(10.2)1.4[1.1, 17 |14 (0.9) 09[0.5, 1.6]
Anti-depressant preg initiated 86 (87.6) 21 (12.4)1.0 [0.6,1.7] |6 (2.8)0.7 [0.3,1.8] |15 (9.6) 1.2[0.7,2.3] |0 (0.0) N
No anti-depessantr-Yes Depr 152 (90.0) 33 (10.2) 0.7[0.5,1.1] |13 (4.0) 1.0 [0.6,1.7] |17 (5.3) 0.6 [0.4,1.0] |3 (0.9) 0.8 [0.2, 2.5]
No anxiolytic-no anxiety 8243 (87.1) 2198 (12.9) 675 (3.8) 1331 (8.1) 192 (1.1)
Anxiolytic pre-preg 1042 (82.8) 383(17.2) 1.3[1.1,1.5] |146 (6.4) 1.7 [1.4,2.1]" [210 (9.5)1.1[1.0,1.3] |27 (1.3)1.3[0.8, 2.0]
Anxiolytic- continued 151 (81.3) 65 (18.7)1.4[1.1,1.9] (36 (10.1)2.6 [18, 3.8] |24 (7.1)0.9[05, 1.4 |5 (1.4 14[06 3.5]
Anxiolytic preg initiated 61 (76.6) 32 (23.4) 2.0[13,32] |6 (4.6) 1.4 [0.5,3.4] [26 (18.8)25[1.6,42] |0 (0.0) N
No Anxiolytic-yes anxiety 378 (87.2) 94 (12.8) 1.00.8,1.3] |31 (3.7) 1.0 [0.7,1.5] |55 (8.1) 1.0[0.7,1.3] [8 (1.1) 1.0 [0.5, 2.1]

lWeighted for study sampling scheme; + p-value = 0. 10 * p-value <0.05; Adjusted for maternal age, race, education and parity.
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3.4 Comments

This study uses medical and pharmacy claims data linked to birth certificate data
to examine relations among maternal hypertension disorders, depression/anxiety, and
psychopathology-related medications. Among the women with hypertension disorders,
the majority were pregnancy-related, i.e. gestational hypertension or preeclampsia. We
observed that most women with a depression and/or anxiety diagnosis had a
documented diagnosis before the onset of pregnancy; this was true for those with or
without hypertensive disorders. Similarly few women had their first documented
psychopathology-related prescriptions during pregnancy. Women with CH were more
likely to receive anti-depressant and/or anxiolytics prescriptions prior to pregnancy only
or prior to and during pregnancy. PH was associated with anti-depressant medication
prior to pregnancy only or prior to and during pregnancy, and with anxiolytics initiated
during pregnancy. We also found that maternal hypertension disorders were not
associated with depression and/or anxiety diagnoses absent evidence of
psychopathology-related medication.

Our results for women with CH are best compared to studies of non-pregnant
populations. In cross-sectional studies with non-pregnant participants, hypertension is
more common among individuals with depression/anxiety, but the ordering of these two
conditions is unclear. 2% 28 13%135.136.137 | gngitudinal studies suggest that

26,28,134,135

psychopathologies most often precede hypertension, though this could vary

with the age range of the population studied. Depression/anxiety may lead to
hypertension through: 1) altered neuroendocrine functions that include dysregulation of

138,139

the hypothalamic-pituitary-adrenocortical axis (HPA), and/or hyperactivity of the
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sympathetic nervous system; 2) medications used to treat psychopathologies, e.g.

®8.59 and 3) behaviors such as diet and physical activity.®*?° Additionally,

tricyclics;
some have suggested common pathways for both hypertension and depression/anxiety
such as inflammation (pro-inflammatory cytokines) and platelet activation.*

Pharmacological treatment of hypertension, directly or through side effects, could also

lead to depression/anxiety.”®

Our findings related to CH are consistent with those from prior studies of non—
pregnant populations i.e. CH is positively associated with pre-pregnancy
depression/anxiety. In our analyses stratified by psychopathology and medication use,
the link with depression/anxiety was confined to those having prescriptions for
antidepressant or anxiolytic medications. We extended our inquiries into pregnancy
because pre-existing chronic conditions and medications used to treat these conditions
may compromise the health of mother and baby. Only one other pregnancy study, to
our knowledge, assessed pre-pregnancy depression/anxiety and CH?; this study also
reported a positive association.*® The two studies of CH and depression/anxiety
measured during pregnancy produced inconsistent results, one found a positive

association,*? and the other reported no association.*°

Pregnancy-related hypertension can arise superimposed on CH, though most
often this is not the case. The unique timing of PH has prompted investigations into
whether depression/anxiety might contribute to PH or be a consequence of underlying
pathologies accompanying PH. Of the two studies that considered PE or GH and
prepregnancy depression/anxiety one found positive unadjusted association ** and

another reported a negative association.*® A larger group of studies have examined PH
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and depression/anxiety assessed during pregnancy with six reporting a positive

aSSOCiati0n31,34,37,40,4l,46

and five reporting no association.3333°4249 Most of these
studies investigated PE only. Their approaches to measuring depression/anxiety varied,
typically using symptom screening with cutoff values and not relying on physician
diagnosis.3!3> 41424649 |5 addition depression and anxiety were not always considered

33, 35,37,40,49

separately or the focus was primarily on either anxiety® or depression

34414246 \vith only one study assessing the two conditions separately, 3* however
anxiety assessment in this study was based on one question. We found no
relation between PH and depression/anxiety (pre-pregnancy or during pregnancy) in
analyses that did not stratify on medication use. It's worth noting that our pre-
pregnancy time period was constrained to two years, we focused only on primary
diagnoses in the BCBSM claims, and our population was a relatively low-risk, majority
white group of women with BCBSM insurance coverage. The ready access to health
care providers may have permitted women with less severe depression to seek mental
health care, thereby creating a broad range of symptom severity in our group of women
with depression/anxiety diagnoses claims. In addition, claims data are reimbursement
driven and may lack diagnostic specificity. Other studies that query pregnant women to
assess their depression/anxiety likely include affected women who have and have not
sought treatment, and this latter group may have distinct characteristics.

In our analyses stratified by psychopathology and medication use, we found that
women with PH were more likely to have a history of anti-depressant prescriptions
either pre-LMP only or continuing into pregnancy. The majority of studies examining this

association report similar results.>® 4342 %%%>  Attempts to explain these associations

have motivated in-vitro studies showing certain anti-depressants can induce uterine,
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placental and umbilical vasoconstriction.” **! Vasoconstriction may then lead to
uteroplacental underperfusion, ischemia and PH.**! In-vivo data are sparse regarding
the impact of anti-depressants on uterine and umbilical blood flow in pregnant

women.141, 142

Investigators have struggled to separate potential direct effects of antidepressant
medication on pregnancy from the indication for medication, i.e.
moderate/severe depression, and all its accompanying risk factors (poor diet, less
physical activity, BMI extremes, substance use, social support). This is an area where
clinical trials randomizing anti-depressant or placebo are challenging, particularly among
pregnant women with severe depression. We observed that the effect sizes for the
associations between PH and anti-depressant use were similar for women who
discontinued or continued prescriptions during pregnancy. This might suggest that any
direct effect of anti-depressant medications on PH risk is not mitigated by discontinuing
medication prior to LMP. Alternatively, our findings could support the hypothesis that
anti-depressant use has no direct effect on PH but rather is a marker for depression
severity and/or other factors related to PH, and that is why discontinuation does not
alter the effect size of the association. In a set of investigative analyses, we added
covariates, i.e. diabetes, pre-pregnancy BMI, smoking, that might mediate and/or
confound the relation between PH and anti-depressant medication use. Inclusion of
these covariates did not substantially alter the strength or direction of the results (data
not shown).

We also found that women with PH were more likely to have initiated anxiolytic

medication in pregnancy without a history of anxiolytic prescriptions in the two years
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prior to the LMP (study period). It's unclear whether anxiolytic use occurred during an
important time window in pregnancy that is etiologically relevant for PH, or if initiation of
anxiolytics is a marker of other PH risk factors. To rule out reverse causation in this
subgroup of 26 women, we examined the timing of first anxiolytic prescription during
pregnancy in relation to timing of PH diagnosis. The first BCBS diagnostic claim of PH
occurred after the first anxiolytic prescription date in 25 of the 26 women. Furthermore it
is unlikely that the results can be explained by SNRI use during this time window since
excluding this class of antidepressants frequently used in anxiety treatment did not alter
results.

Some of our study limitations merit consideration. We sampled women who were
continuously enrolled in BCBSM medical and pharmacy for a period of three years; this
sample may not be generalizable to other more high-risk populations. However, one
could argue that low-risk populations provide opportunities to test associations when
there is less unmeasured confounding by adverse life circumstances. Since we did not
attempt to link all eligible women to BC data (due to limited resources) we compared
women who were not sent for linkage and women who were unable to be linked with
women who were linked with BC data (Appendix Table 3.8). We compared women by
delivery timing (preterm/term), antidepressant, anxiolytic medication prescription and
maternal age at delivery. A small percentage of women were unable to be linked, these
women had a significantly lower median age at delivery possibly indicating recording
errors in BCBSM data. The reliance on ICD-9 codes in claims data for assigning
exposure and outcome diagnoses has its drawbacks, e.g. claims and coding are

motivated by reimbursement and code assignment may vary between providers and by
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provider expertise (psychiatrist vs obstetric practitioner). Prevalence of diagnosis of
depression/anxiety for the first time in the study period during pregnancy was low and
may reflect the drawback of using only the primary diagnosis field on a claim. Hence
these first time diagnosis percentages for depression/anxiety may reflect an
underestimation of the true rates. Furthermore we did not have data by provider
specialty and obstetric practitioners might be less likely to code depression/anxiety as
the primary diagnosis during a prenatal care visit. However relying on diagnostic codes
from the primary diagnostic field only is consistent with most of the literature using
claims data for mental health studies, and provides diagnostic specificity, indicating the
primary reason for that specific visit to the medical practitioner. Misspecification of LMP
using the BCBSM data could have also resulted in misclassification of timing of
exposure (prior to LMP/after LMP), particularly in women with hypertension disorders
since these complications are positively associated with preterm delivery. We attempted
to address this concern through sensitivity analyses that excluded women with an LMP
date difference (between assigned LMP and estimated gestational age from birth
certificate) of more than 15 days. Results from models with and without these
exclusions were comparable and did not alter our conclusions. Medication exposure
was assigned based on filled prescriptions; we cannot be sure that women actually
used the medication as directed. As is true in any observational study, unmeasured
confounding may have played a role in our results.
The strengths of this study include the large sample size with recorded clinical

and pharmacy data. Linking claims data with birth certificate data provided additional

sources of information to include as potential confounders and a check on estimated
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LMP. The BCBSM claims data allowed us to separate women with only one outpatient
primary claim of depression/anxiety vs. at least two or more outpatient or at least one
inpatient visit (diagnostic definition for this paper), and this permitted some measure of
diagnostic specificity during the study period. By capturing diagnoses and medications
prospectively, we avoided the problem of recall bias that impacts many studies in this
area. In addition we were able to isolate maternal psychopathology and related
medications pre-pregnancy only from continuation through pregnancy and consider
timing in relation to PH diagnoses.

In conclusion we found that diagnoses of depression/anxiety are rare in
pregnhancy among women with no such diagnoses in the previous two years. Studies of
women without healthcare insurance prior to pregnancy may miss this point. Our
observations reinforce the importance of pre-pregnancy mental health assessments.
Women with CH or PH were more likely to have used anti-depressants prior to
pregnancy only or prior to and during pregnancy. In this study we could not determine if
this association is explained by direct effects of medication or if medication is solely an
indicator of depression severity and other related risk factors. Clearly, the benefits of
controlling maternal depression symptoms must be weighed against any excess risk
posed by medication use in the peri-conception or pregnancy periods. In at least one
study, discontinuation of anti-depressant medication was associated with depression
relapse during pregnancy.?! Our findings do point to a subgroup of women, those taking
anti-depressants, who might be followed more closely for the development of PH. The
observed association between initiation of anxiolytics during pregnancy and increased

risk of PH merits further investigation.

94



CHAPTER 4
SUMMARY

The Systematic review of studies from various countries provided inconsistent
results regarding associations between maternal depression/anxiety and HTN disorders
of pregnancy. In contrast, most studies found that antidepressant use prior to and during
pregnancy was related to an increased risk of PE and GH; polytherapy with two different
classes of antidepressants carried an increased risk as did number of days of
antidepressant prescription. In the absence of randomized controlled trials it is still
unclear if these associations reflect direct pharmacological effects of mediation or if
medication is a marker for other causal explanations, e.g. depression/anxiety severity,

unmeasured lifestyle factors.

Current US trends of older maternal age at pregnancy, higher rates of obesity,
and increases in antidepressant use, all of which have been linked to HTN disorders of
pregnancy, heighten the importance of investigation into links among these factors.
Previous findings of associations between antidepressant medication use prior to and
during pregnancy and PH were confirmed in our study using BCBSM claims data. In
addition we found links between new onset anxiolytic medication use during pregnancy
and PH. CH risk was greater among women with antidepressant use or anxiolytic
medication use prior to and during pregnancy. Our finding of the association of
anxiolytic medication initiated in pregnancy with PH should be investigated further in
studies with more detailed information on indications for prescriptions.

In our study, stratification of women by medication use and depression/anxiety

status revealed no association between psychopathology diagnosis and HTN disorders
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of pregnancy in the absence of related medication use. While others have reported that
maternal pregnancy depression and anxiety symptoms increase the risk of HTN
disorders of pregnancy, not all separate out medication use and their measures of
depression/anxiety vary considerably. Our criteria for depression, anxiety may be more
stringent than some studies which could partially explain why our results differ.

HTN disorders of pregnancy are not common (typically 3-10%) and depression
and anxiety are chronic conditions with remittances and relapses. Thus examining the
time ordering of these associations and teasing out potential confounding factors will
require large cohorts of women of reproductive age and longitudinal follow up for a
substantial period of time. In light of recent trends, i.e. increasing obesity, older maternal
age at first pregnancy, and multiple gestations, all of which are significant risk factors for
HTN disorders of pregnancy, the added risks of mental health disorders and related
medications deserve investigation within this growing public health concern.

Risks associated with maternal antidepressant use in the peri-conception and
pregnancy periods are mainly inferred from observational studies. The more definitive
study design, a randomized clinical trial, presents an ethical dilemma given that
untreated depression/anxiety carries significant maternal, fetal, and infant risks. There
may be subsets of women who could be randomized to alternative psychotherapeutic
methods for maternal depression treatment (e.g. cognitive therapy); this would
represent an important next step and results could help providers and women carefully

weigh the benefits and risks of antidepressant therapy during pregnancy.

96



APPENDIX

97



Table 8 Unadjusted associations of maternal depression/anxiety diagnosis with hypertension disorder subtypes®.

No HTN  [AnyHTN Chronic HTN Pregnancy HTN Unsp HTN

N=9875 [N=2772 N= 894 N= 1646 N= 232

N Wt% [N Wit% OR 95%Cl N Wit% OR 95%ClI [N Wt% OR 95%Cl N Wt% OR 95%Cl
No depression 8992 (86.6) |2481 (13.4) 795 (4.0) 1472 (8.2) 214 (1.1)
One depr related visit 21 timept.|360 (84.3) |121 (15.7)1.2[1.0,15] (39 (4.6)1.2[0.8,1.7] {73  (9.8)1.2 [0.9, 1.6]|9  (1.3)1.2[0.6, 2.4]
Met depr criteria PreLMP 483 (84.9) 160 (15.1)1.1[0.9, 1.4] [58 (5.5)1.4 [1.0,1.9]'|94 (8.8)1.1 0.9, 1.4]|8 (0.8)0.7 [0.3, 1.6]
Met depr criteria in pregnancy |40 (88.4) [ 10 (11.6)0.9[0.4,1.7] |2 (2.3) 0.6 [0.1,23]|7  (8.1)10 [0.4,21]1 (1.1)1.0 [0.1,7.4]
No anxiety 8819 (86.6) (2439 (13.4) 733 (4.0) 1460 (8.2) 206 (1.1)
One anx related visit 21 timept. |423 (83.7)|150 (16.3) 1.3[1.0, 1.5] |59  (6.0) 1.5[1.2, 2.0]'|79 (8.9)1.2 [0.9,1.5][12 (1.4)1.3[0.7, 2.4]
Met anx criteria PreLMP 558 (85.8)|164 (14.2)1.1[0.9,1.3] |55 (4.4)1.1[0.8,1.5 |97 (8.9)1.1 [0.9,1.4]|12 (0.9)0.9[0.5, 1.6]
Met anx criteria in pregnancy |75  (86.9)[19  (13.1)1.0[0.6, 1.7 [7  (3.9)1.0 [0.4,2.1]|10  (7.4)0.9[0.4, 1.9]|2 (1.8) 1.7[0.4, 7.6]

! Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05
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Table 9 Unadjusted associations of maternal depression/anxiety overlap with hypertension disorder subtypes?.

No HTN AnyHTN Chronic HTN Pregnancy HTN Unsp HTN

N= 9875 N=2772 N= 8% N= 1646 N= 232

N Wt% [N Wt% OR 95%ClI N Wt.% OR 95%Cl N Wt.% OR 95%CI N Wt.% OR 95%Cl
No depression-anxiety 8251 (86.8) |2247 (13.2) 704 (3.9) 1350 (8.2) 193 (1.1)
Depr 1 visit 21 timept-noanx [248 (85.1) |80 (14.9)1.2[0.9,1.5] |27 (3.2)1.2[0.8,19] |46 (8.8)1.1[0.8,1.6] |7 (1.3)1.2 [0.5, 2.8]
Depr pre-LMP-no anx 298 (83.7) |107 (16.3)1.3[1.0,1.6] |42 (6.5)1.7[1.2, 2.5]" |60 (9.0)01.1[0.8,1.5] |5 (0.8)0.6 [0.3, 1.6]
Depr in preg-no anx 22 (90.4) |5 (10.0)0.7[0.3,1.9] |0 NE |4 8.000.9[0.3,28] [1 (2.001.7 [0.2,12.9]
No depr_any anx 741 (84.9) |234 (15.1)1.2]0.9,1.4] |91 (5.5 1.4 [1.1, 1.8] |122 (8.4)1.0[0.8,1.3] |21 (1.2)1.2 [0.7, 1.8]
Any depr anx overlap 315 (85.2) (99 (14.8)1.1 0.9, 1.5] [30 (4.0)1.0 [0.7,1.6] |64 (9.7)1.2 [0.9,16]|5 (1.0)1.0 [0.4, 2.5]
No anxiety-depression 8251 (86.8) |2247 (13.2) 704 (3.9) 1350 (8.2) 193 (1.1)
Anx 1 visit 21 timept-no depr {308 (84.1) |109 (15.9)1.2[1.0,15] |44 (6.1)16[1.2,2.2]"|55 (8.4)1.1 [0.8,1.4] |10 (1.4)1.3[0.7, 2.5]
Anxiety pre-LMP-no depr ~ [383 (85.4) |111 (14.6)1.1[0.9, 1.4] |41 (4.9)1.1[0.8,1.5] [60 (8.5)1.1 [0.8, 1.4] {10 (1.2)1.1[0.6, 2.1]
Anxiety in perg -no depr 50 (86.7) |14 (13.3)1.0[0.5,1.9] |6 (51)1.3[0.5 3.1 |7 (7.3)0.9 [0.4,21]|1 (0.8)0.8[0.1, 5.6]
No anxiety-any depr 568 (84.5) 192 (15.4)1.2[1.0,1.4] [69 (5.5)1.4[1.1,1.9] [110 (8.9)1.1 [0.9, 1.4] |13 (1.0)1.0[0.5, 1.7]
Any anxiety- depr overlap (315 (85.2) [99 (14.8)1.0 [0.6,1.7] [30 (4.0)1.0 [0.4,2.1] |64 (9.7)0.9 [0.4,1.9] [5 (1.0)1.0[0.4, 2.5]

! Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05
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Table 10 Unadjusted associations of maternal anti-depressant /anxiolytic use with and without depression/anxiety status
with hypertension disorder subtypes?.

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN

N= 9875 N=2772 N= 894 N= 1646 N= 232

N  Wt% [N Wt% OR 95%Cl [N Wt.% OR 95%Cl [N Wt.% OR 95%CI [N Wt.% OR 95%Cl
No Anti-depr-No depression  [7948 (87.3) 2069 (12.7) 633 (3.7) 1254 (8.0) 182 (1.1)
Anti-depressant pre-preg 1049 (83.0) (392 (17.0) 1.4 [1.2, 1.6]* {141 (5.8) 1.7 [1.4, 2.0] 218 (9.8) 1.3 [1.1, 1.5]" |33 (1.4) 1.4 0.9, 2.0]
Anti-depressant continued 640 (81.8) |257 (18.2) 1.5 [1.3, 1.8] |101 (7.1) 2.1 [1.6, 2.6] |142 (10.2) 1.4 [1.1, 1.7]* |14 (0.9)0.9 [0.5, 1.6]
Anti-depressant preg initiated |86  (87.6) |21 (12.4)1.0 [0.6, 1.6] |6 (2.8)0.8[0.3,1.7] |15 (9.6) 1.2 [0.7,2.2] |0 (0.0) NE
No anti-depressant-Yes Depr |152 (90.0) (33 (10.2) 0.8 [0.5, 1.1]"|13 (4.0)1.1[0.6,1.9] |17 (5.3) 0.6 [0.4, 113 (0.9)0.8 [0.3, 2.6]
No anxiolytic-no anxiety 8243 (87.1) |2198 (12.9) 675 (3.8) 1331 (8.1) 192 (1.1)
Anxiolytic pre-pregnancy 1042 (82.8) |(383(17.2)1.4[1.2, 1.6] |146 (6.4) 1.8 [1.5, 2.2] [210(9.5)1.2[1.0,1.5] |27 (1.3)1.3 [0.8,2.0
Anxiolytic- continued 151 (81.3) [65(18.7)1.5[1.1,2.1] [36(10.1)2.9(2.0,4.2] |24 (7.1) 0.9[0.6, 1.5] |5 (1.4)1.4 [0.6, 3.4]
Anxiolytic preg initiated 61  (76.6) [32(23.4)2.1[1.3,3.3]* |6 (4.6) 1.4[0.6,3.4] |26 (18.8)2.6 [1.6,4.2] [0 (0.0)NE
No Anxiolytic-yes anxiety 378 (87.2) |94(12.8)1.0[0.8,1.3] |31(3.7) 1.0[0.7,1.4] (55 (8.1)1.0 [0.7,1.4] |8 (1.1)1.0 [0.5, 2.1]

1Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05
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Table 11 Comparing linked and not linked data on delivery timing, antidepressant, and anxiolytic medication filling by

timing and maternal age.

Maternal Characteristics Linked Not for linkage |Could not link |pvalue
N= 12,705 N=9280 N= 2256
N (Col Wt%) |N (Col Wt%) N (Col Wt%)
Preterm codes on mom or baby claims <0.0001
No 11867 (93.4) 8829 (93.7) 2114 (95.1)
Yes 838 (6.6) 451 (6.3) 142 (4.9)
Antidepressant medicaiton fillings by timing <0.0001
No antidepressant medicaiton 10250 (80.7) 7520 (81.0) 1687 (74.8)
Prepregnancy medication 1446 (11.4) 1064 (11.4) 366 (16.2)
Pre-pregnancy and pregnancy medication 901 (7.1) 614 (6.6) 164 (7.3)
First time pregnancy medication 108 (0.9) 82 (0.9) 39 @.7)
Anxiolytic Medication <0.0001
No anxiolytic medicaiton 10963 (86.3) 8112 (87.4) 1940 (86.0)
Prepregnancy medication 1432 (11.3) 982 (10.6) 235 (10.4)
Pre-pregnancy and pregnancy medication 217  (1.7) 119 (1.3) 61 2.7)
First time pregnancy medication 93 0.7) 67 (0.7) 20 (0.9)
Maternal age at delivery Median (SE) |Median (SE) Median (SE) <0.0001
31.0 (0.04) (31.0 (0.05) |22 (0.13)
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Tablel2 Sensitivity analyses excluding women with LMP date difference greater than or equal to fifteen days
(N=1311~10%), unadjusted and adjusted examining the associations of maternal depression/anxiety diagnosis with
hypertension disorder subtypes®

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN
N= 8817 N=2519 N= 810 N= 1499 N= 210
N Wt% N Wt.% OR 95%Cl [N Wt.% OR 95%Cl [N Wt.% OR 95%Cl N Wt.% OR 95%Cl
No Depression 8028 (86.3) |2261 (13.7) 725 (4.1) 1342 (8.4) 194 (1.1)
One depr related visit >1 timept. |323 (84.6) |105(15.4) 1.1[0.9,1.5] |31 (4.1)1.0[0.7,1.5] |66 (9.9)1.2[0.9,1.6] | 8 (1.3)1.2[0.5, 2.5]
Adjusted Odds Ratio 1.2[0.9,1.5] 1.1[0.7, 1.6] 1.2[0.9, 1.6] 1.2[0.6, 2.7]
Met depression criteria Pre-LMP ~ |433 (84.8)  [143(15.1) 1.1[0.9,1.4] |52 (5.6) 1.4[1.0, 1.9 |84 (8.8)1.1[0.8,1.4] | 7 (0.8) 0.7]0.3, 1.7]
Adjusted Odds Ratio 1.1[0.9,1.4] 1.4[1.0, 2.0]* 1.0[0.8, 1.3] 0.7[0.3, 1.7]
Met depr criteriain pregnancy |33 (86.5) |10 (13.5) 1.0[0.5,2.0] |2 (2.7) 0.7[0.1,2.7] 7 (9.5 11][0.5,26] | 1 (1.3)1.2[0.2, 8.6]
Adjusted Odds Ratio 0.9[0.4,1.8] 0.6[0.1,2.5] 1.0 [0.4, 2.4] 1.1[0.2, 8.4]
No Anxiety 7871 (86.3) |2217 (13.7) 699 (4.1) 1331 (8.4) 187 (1.1)
One anx related visit 21 timept. (386 (83.6) |139(16.4) 1.2[1.0,1.5] (54 (6.0) 1.5[1.1, 2.0] 74 (9.0)1.1[0.8,1.4] | 11 (1.4) 1.3[0.7, 2.5]
Adjusted Odds Ratio 1.2 [1.0,1.5] 1.5[1.1, 2.1] 1.1[0.8, 1.4] 1.3[0.7, 2.5]
Met anxiety criteria Pre-LMP 494 (85.8) (146 (14.2) 1.0[0.9,1.3] |51 (4.7) 1.1[0.8, 1.6] 85 (8.6)1.0[0.8, 1.3] | 10(0.9) 0.8[0.4, 1.5]
Adjusted Odds Ratio 1.1[0.8,1.2] 1.1[0.8, 1.5] 1.0[0.8, 1.3] 0.810.4, 1.5]
Met anx criteria in pregnancy 66 (86.4) (17 (13.6)1.0[0.6,1.8] |[6(3.8) 0.9[0.4, 2.2] 9 (7.7) 0.9[0.4, 2.0] 2 (2.1) 1.8[0.4, 8.4]
Adjusted Odds Ratio 1.0[0.5, 1.8] 1.0[0.4, 2.4] 0.8[0.4, 1.8] 1.9 (0.4, 8.6]

1Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity
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Table 13 Sensitivity analyses excluding women with LMP date difference greater than or equal to fifteen days
(N=1311~10%), unadjusted and adjusted examining the associations of maternal depression/anxiety overlap with
hypertension disorder subtypes®

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN
N= 8817 N=2519 N= 810 N= 1499 N= 210
N Wt% [N Wt.% OR 95%CI N Wt.% OR 95%CI N Wt.% OR 95%CIN W1t.% OR 95%CI
No depression-anxiety 7363 (86.5) |2044 (13.5) 640 (4.0) 1229 (8.4) 175 (1.1)
Depr 1 \isit 21 timept-noanx 220 (84.9) (71 (15.1)1.1[0.9,1.5] |22 (4.4)1.1[0.7,1.8] (43 (9.3)1.1[0.8, 1.6] |6 (1.3) 1.2[0.5, 2.9]
Adjusted Odds Ratio 1.1[0.9, 1.5] 1.2[0.8, 2.0] 1.1[0.7, 1.6] 1.2 [0.5, 3.0]
Depr pre-LMP-no anx 269 (83.5) |97 (16.5) 1.3[1.0, 1.6] |37 (6.5) 1.7 [1.2, 2.5]" |55 (9.2) 1.1[0.8,1.6] |5 (0.8)0.7[0.3, 1.7]
Adjusted Odds Ratio 1.2 0.9, 1.6] 1.7 [1.2, 2.5]* 1.1[0.8, 1.5] 0.7[0.3, 1.7]
Depr in preg-no anx 19 (88.7) |5 (11.3) 0.8 [0.3,2.2] |0 NE 4 (9.0) 1.1[0.4,3.1]|1 (2.2)1.2[0.3, 14.5]
Adjusted Odds Ratio 0.6 [0.2, 1.9] NE 0.8[0.2, 2.8] 1.1[0.3, 14.3]
No depr_any anx 665 (84.6) 217 (15.4) 1.2 [1.0, 1.4] |85 (5.7) 1.5[1.1, 1.9]" |113(8.5) 1.0 [0.8, 1.3] |19 (1.3) 1.1 [0.7, 1.9]
Adjusted Odds Ratio 1.1[1.0, 1.3] 1.4[1.1, 1.8]* 1.0[0.8, 1.2] 1.1[0.7, 1.8]
Any depr anx overlap 218 (85.7) [85(14.3) 1.1[0.8, 1.4] |26 (4.0)1.0[0.7,1.5] |55 (9.3)1.1[0.8, 1.5] | 4 (1.0) 0.9 [0.3, 2.7]
Adjusted Odds Ratio 1.1[0.8, 1.4] 1.1[0.7, 1.6] 1.1[0.8, 1.5] 1.0 [0.3, 2.8]
No anxiety-depression 7363 (86.5) |2044 (13.5) 640 (4.0) 1229 (8.4) 175 (1.1)
Anx 1 Visit 21 timept-no depr  |278 (83.4)|103 (16.6) 1.3 [1.0, 1.6] |42 (6.4) 1.7 [1.2, 2.3]" |52 (8.8)1.1[0.8, 1.5] |9 (1.4) 1.3[0.7, 2.6]
Adjusted Odds Ratio 1.2 [1.0, 1.6] 1.7 [1.2, 2.3]+ 1.0[0.7, 1.4] 1.3[0.6, 2.5]
Anxiety pre-LMP-no depr 345 (85.5) |101 (14.5)1.1[0.9, 1.4] |38 (5.1) 1.3[0.9,1.8] |54 (8.2)1.0[0.7,1.4] |9 (1.2)1.1[0.5, 2.1]
Adjusted Odds Ratio 1.0[0.8, 1.3] 1.2[0.9, 1.8] 1.0[0.7, 1.3] 1.0[0.5, 2.0]
Anxiety in perg -no depr 42 (85.3) |13 (14.7)1.1[0.6,2.1] |5 (5.0) 1.3[0.5,3.3] |7 (8.6)1.0[0.4,25] |1 (1.0)0.9[0.1, 6.5]
Adjusted Odds Ratio 1.1[0.6, 2.2] 1.4 [0.5, 3.4] 1.0[0.4, 2.5] 0.9]0.1, 6.5]
No anxiety-any depr 508 (84.3) [173 (15.7) 1.2 [1.0, 1.4] |59 (5.4) 1.4[1.0, 1.9] [102(9.3) 1.1[0.9, 1.4] |12 (1.1) 1.0 [0.5, 1.8]
Adjusted Odds Ratio 1.2 [1.0, 1.4] 1.4[1.1, 1.9] 1.1[0.8, 1.3] 1.0 [0.5, 1.8]
Any anxiety- depr overlap 281 (85.7) [85(14.3) 1.1[0.8, 1.4] |26 (4.0) 1.0[0.7,1.5] |55(9.3)1.1[0.8,1.5] |4 (1.0)0.9[0.3, 2.7]
Adjusted Odds Ratio 1.1[0.8, 1.4] 1.1[0.7, 1.6] 1.1 [0.8, 1.5] 1.0 [0.3, 2.8]
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Table 14 Sensitivity analyses excluding women with LMP difference equal to or more than fifteen days (N=1311~10%),
unadjusted and adjusted associations of maternal anti-depressant /anxiolytic use and depression/anxiety status with
hypertension disorder subtypes®.

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN
N= 8817 N=2519 N= 810 N= 1499 N= 210
N Wt% N Wt.% OR 95%CI [N Wt.% OR 95%ClI |N Wt.% OR 95%CI N Wt.% OR 95%CI
No Anti-depressant-No Depression 7079 (87.0) |1881 (13.0) 576 (3.7) 1441 (8.2) 164 (1.1)
Anti-depressant Pre-Pregnancy 942 (82.7) |356 (17.3)1.4[1.2, 1.6] |125(5.8) 1.6 [1.3, 2.0] {199 (9.9) 1.3 [1.1, 1.5] |32 (1.5) 1.5[1.0, 2.2]
Adjusted Odds Ratio 1.4 [1.2, 1.6] 1.7 [1.4, 2.1] 1.2 [1.0, 1.5] 1.5 [1.0, 2.3]
Anti-depressant Continued 586 (81.7) |236 (18.3)1.5[1.3, 1.8] |93 (7.2) 2.0 [1.6, 2.6 131(10.3) 1.3[1.1, 1.7] {12 (0.9) 0.8 [0.5, 1.5]
Adjusted Odds Ratio 1.4 1.3, 1.8] 1.9 [1.5, 2.5]* 1.4 1.1, 1.7] 0.8 0.4, 1.5]
Anti-depressant-Pregnancy Initiated |75 (89.9) |16 (10.1) 0.8[0.4, 1.3] (4 (2.1) 0.6[0.2, 1.5] [12 (7.9) 0.9[0.5, 1.8] |0 NE
Adjusted Odds Ratio 0.7 [0.4, 1.3] 0.5[0.2, 1.5] 0.9[0.4, 1.8] NE
No Anti-depressant-Yes depression |135 (89.6) |30 (10.4) 0.8 [0.5, 1.2] (12 (4.1)1.1[0.6, 2.0] |16 (5.5) 0.7[0.4, 1.1] |2 (0.7) 0.6 [0.1, 2.5]
Adjusted Odds Ratio 0.7 [0.5, 1.1] 1.0 [0.5, 1.8] 0.6 [0.4, 1.1] 0.6 [0.1, 3.1]
No Anxiolytic-No Anxiety 7369 (86.8) |[1998 (13.2) 608 (3.8) 1215 (8.3) 175 (1.1)
Anxiolytic Pre-Pregnancy 921 (82.1) |355(17.9) 1.4[1.3, 1.6] (135 (6.6) 1.9 [1.5, 2.3]" |195 (9.9) 1.3 [1.1, 1.5] |25 (1.4) 1.3 [0.8, 2.0]
Adjusted Odds Ratio 1.3[1.2, 1.5] 1.8[1.5, 2.2]" 1.2 [1.0, 1.4] 1.3[0.8, 2.0]
Anxiolytic Continued 138 (81.2) |59 (18.8) 1.5[1.1,2.1] |35 (10.9) 3.1[2.1, 4.5] |20 (6.7) 0.9[0.5, 1.4] |4 (1.3) 1.2 [0.4, 3.3]
Adjusted Odds Ratio 1.4[1.0, 2.0] 2.8[1.9, 4.2] 0.8[0.5, 1.3] 1.2 [0.4, 3.3]
Anxiolytic Pregnancy Initiated 52 (77.3) |26 (22.7)1.9[1.2,3.2] |5 (4.6) 1.4[0.5,3.7] |21 (18.1)2.5[1.4,4.2] |0 NE
Adjusted Odds Ratio 1.9[1.1, 3.1] 1.4 [0.5, 3.9] 2.3[1.3, 4.0]
No Anxiolytic-Yes Anxiety 337 (87.5) [81(12.5)0.9[0.7,1.2] |27 (3.7) 1.0[0.6, 1.5] | 48 (7.9) 0.9[0.7, 1.3] |6 (1.0) 0.8 [0.4, 2.1]
Adjusted Odds Ratio 0.9[0.7, 1.2] 1.0 [0.6, 1.5] 1.1[0.8, 1.3] 0.9 [0.6, 1.3]

Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity
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Table 15 Sensitivity analyses excluding women with exclusive antipsychotic use (N=23), unadjusted and adjusted
associations of maternal depression/anxiety diagnosis with hypertension disorder subtypes*

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN
N= 9856 N=2768 N= 892 N= 1644 N= 232

N Wt% [N Wi% OR 95%Cl [N Wt% OR 95%ClI [N Wt% OR 95%Cl|N Wi% OR 95%Cl

No Depression 8984 (86.6)  |2479 (13.4) 794 (4.1) 1471 (8.2) 214 (1.1)
One depr related visit >1 timept. |357 (84.5) |[119(15.5)1.2[0.9, 1.5] |38 (4.6) 1.0[0.8, 1.7] |72 (9.7)1.2[0.9, 1.6] |9 (1.3) 1.2[0.6, 2.5]
Adjusted Odds Ratio 1.2[1.0, 1.5] 1.2[0.9, 1.8] 1.2[0.9, 1.6] 1.3[0.6, 2.6]
Met depression criteria Pre-LMP 476 (84.7) |160 (15.3)1.2[1.0, 1.4] (58 (5.6) 1.4[1.0, 1.9] |04 (8.9) 1.1[0.9,1.4] |8 (0.8) 0.8[0.4,1.7]
Adjusted Odds Ratio 1.210.9, 1.4] 1.5[1.1, 2.0)* 1.1]0.8, 1.3] 0.8[0.4, 1.7]
Met depr criteriain pregnancy 39 (88.1) |10 (11.9) 0.9[0.4,1.8] |2 (2.4)0.6 [0.1,2.4] |7 (83) 1.0[0.4,23] |1 (1.2) 1.0[0.1, 7.6]
Adjusted Odds Ratio 0.8[0.4,1.8] 0.5 [0.4, 2.2] 0.9[0.4, 2.1] 1.0[0.1, 7.4]

No Anxiety 8806 (86.8) (2436 (13.4) 771 (4.0) 1459 (8.2) 206 (1.1)
One anx related visit 21 timept.  |421 (83.8) [149(16.2) 1.2[1.0,1.5] (59 (6.0)1.5[1.2,2.1] (78 (8.7)1.1[0.8, 1.4] |12 (1.4) 1.3[0.7, 2.4]
Adjusted Odds Ratio 1.2[1.0, 1.5] 1.6[1.2, 2.1] 1.1[0.8, 1.4] 1.3[0.7, 2.5]
Met anxiety criteria Pre-LMP 554 (85.7) |164(14.3)1.1[0.9,1.3] |55 (4.4)1.1[0.8, 1.5] (97 (9.0) 1.1[0.9, 1.4] |12 (1.0) 0.9[0.5, 1.6]
Adjusted Odds Ratio 1.110.9, 1.3] 1.110.8, 1.5] 1.110.9, 1.4] 0.9]0.5, 1.6]
Met anx criteria in pregnancy 756 (86.9) (19 (13.1)1.0[0.6,1.7] (7 (3.9) 1.0[0.4,2.1] |10 (7.4) 0.9[0.4,1.9] [2 (1.8) 1.7[0.4, 7.6]
Adjusted Odds Ratio 1.0[0.6, 1.7] 1.1[0.5, 2.4] 0.9[0.4, 1.9] 1.7[0.4, 7.9]

1Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity
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Tablel6 Sensitivity analyses excluding women exclusive antipsychotic use (N=23), unadjusted and adjusted associations
of maternal depression/anxiety overlap with hypertension disorder subtypes®

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN
N= 9856 N=2768 N= 892 N= 1644 N= 232
N Wt% [N  Wit% OR 95%CI |N Wit% OR 95%ClI |[N Wit% OR 95%CI [N W1t% OR 95%CI
No depression-anxiety 8245 (86.8) 2245 (13.2) 703 (3.9) 1349 (8.2) 193 (1.1)
Depr 1 visit 21 timept-noanx 245 (85.0) |79 (15.0)1.2[0.9, 1.5] |26 (4.7)1.2[0.8, 1.9] (46 (8.9)1.1[0.8, 1.6] |7 (1.3) 1.3[0.6,2.8]
Adjusted Odds Ratio 1.2[0.9, 1.5] 1.3[0.9, 2.0] 1.1[0.8, 1.5] 1.3[0.6,3.0]
Depr pre-LMP-no anx 294 (83.5) |107 (16.5) 1.3[1.0, 1.6] |42 (6.6) 1.8 [1.2, 2.5] |60 (9.2) 1.2[0.9, 1.6] |5 (0.7) 0.7 [0.3,1.6]
Adjusted Odds Ratio 1.2 [1.0, 1.6] 1.8[1.3, 2.6]* 1.1[0.8, 1.5] 0.7 [0.3,1.6]
Depr in preg-no anx 22 (90.0) [5(10.0) 0.7[0.3,1.9] |0 NE 4(8.0) 0.9][0.3,2.8] |1 (2.0) 1.7[0.2,12.9]
Adjusted Odds Ratio 0.6[0.2, 1.7] NE 0.8[0.2, 2.5] 1.7 [0.2,12.6]
No depr_any anx 739 (85.0) [234 (15.1) 1.2[1.0, 1.4] |91 (5.5) 1.0 [1.1, 1.8]" 122 (8.4)1.0 [0.8, 1.3] |21 (1.3) 1.2[0.7,1.8]
Adjusted Odds Ratio 1.1[1.0, 1.3] 1.4[1.1, 1.8]* 1.0[0.8, 1.3] 1.2[0.7, 1.8]
Any depr anx overlap 311 (85.3) (98 (14.7) 1.1[0.9, 1.5] (30 (4.1)1.1[0.7,1.6] |63 (9.5)1.2[0.9, 1.6] |5 (1.1) 1.0[0.4,2.6]
Adjusted Odds Ratio 1.1[0.9, 1.5] 1.1[0.8, 1.7] 1.2[0.9, 1.6] 1.0 [0.4,2.7]
No anxiety-depression 8245 (86.8) (2245 (13.2) 703 (3.9) 1349 (8.2) 1193 (1.1)
Anx 1 visit 21 timept-no depr 308 (84.1) |109 (15.9) 1.2[1.0, 1.6] |44 (6.1) 1.6 [1.2, 2.2]" |55 (8.4) 1.1[0.8,1.4] |10 (1.4) 1.3[0.7,2.5]
Adjusted Odds Ratio 1.2 [1.0, 1.5] 1.6 [1.2, 2.2]+ 1.0 [0.7,1.4] 1.3[0.7, 2.5]
Anxiety pre-LMP-no depr 381(85.3) 111 (14.7)1.1[0.9, 1.4] |41 (5.0)1.3[0.9, 1.8] [60 (8.5)1.1[0.8,1.4] |10 (1.2) 1.1[0.6,2.1]
Adjusted Odds Ratio 1.1[0.9, 1.4] 1.3[0.9, 1.9] 1.0 [0.8,1.4] 1.1 [0.6,2.0]
Anxiety in perg -no depr 50 (86.7) [14(13.3) 1.0[0.5,1.9] [6 (5.1)1.3[0.6,3.1] |7 (7.3) 0.9[0.4,2.1] |1 (0.8) 0.8[0.1,5.6]
Adjusted Odds Ratio 1.0 [0.5, 2.0] 1.4[0.6, 3.3] 0.9 [0.4,2.1] 0.8 [0.1,5.6]
No anxiety-any depr 561 (84.4) 191 (15.6) 1.2 [1.0, 1.5] |68 (5.5) 1.4 [1.1, 1.9] |110(9.0)1.1[0.9,1.4] |13 (1.0) 1.0 [0.5,1.7]
Adjusted Odds Ratio 1.2 [1.0, 1.4] 1.5[1.1, 2.0] 1.1 [0.8,1.3] 1.0 [0.5,1.8]
Any anxiety- depr overlap 311(85.3) |98 (14.7) 1.1 [0.9, 1.5] |30 (4.1)1.1[0.7, 1.6] [63(9.5) 1.2[0.9, 1.6] [5 (1.1) 1.0 [0.4,2.6]
Adjusted Odds Ratio 1.1 [0.9, 1.5] 1.1[0.8, 1.7] 1.2 [0.9, 1.6] 1.0 [0.4,2.7]

! Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity
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Table 17 Sensitivity analyses excluding women with exclusive antipsychotic use (N=23), unadjusted and adjusted
associations of maternal anti-depressant /anxiolytic and depression/anxiety status with hypertension disorder subtypes®.

No HTN Any HTN Chronic HTN Pregnancy HTN Unsp HTN
N= 9856 N=2768 N= 892 N= 1644 N= 232
N Wt% [N Wit% OR 95%CI [N Wit% OR 95%CI [N Wit% OR 95%CI [N Wit% OR 95%CI
No Anti-depressant-No Depression |7948 (87.3) [2069 (12.7) 633 (3.7) 1254 (8.0) 182 (1.1)
Anti-depressant Pre-Pregnancy 1037 (82.9) |388(17.1) 1.4[1.2, 1.6] |139 (5.8) 1.7 [1.4, 2.1]" 216 (9.8) 1.3[1.1, 1.5] [33(1.4)1.4[0.9, 2.1]
Adjusted Odds Ratio 1.4[1.2, 1.6] 1.7[1.4, 2.1] 1.2[1.0, 1.5] 1.5[1.0, 2.2]
Anti-depressant Continued 635 (81.7) 257 (18.3) 1.5 [1.3, 1.8]"|101 (7.1) 2.1 [1.6, 2.6] |142 (10.3)1.4 [1.1, 1.7] (14 (0.9) 0.9 [0.5, 1.6]
Adjusted Odds Ratio 1.5[1.3, 1.8]" 2.0[1.6, 2.5]" 1411, 1.7] 0.9 [0.5, 1.6]
Anti-depressant-Pregnancy Initiated |84 (87.2) 21(12.8) 1.0[0.6,1.7] |[6 (2.8) 0.8[0.3,1.8] |15 (9.9)1.2[0.7,2.3] |0 NE
Adjusted Odds Ratio 1.0 [0.6, 1.7] 0.8[0.3, 1.8] 1.2 [0.6, 2.3] NE
No Anti-depressant-Yes depression (152 (89.8) |33 (10.2) 0.8[0.5, 1.1] (13 (4.0) 1.1[0.6, 1.9] |17 (5.3) 0.6 [0.4, 1.1] (3 (0.9) 0.8 [0.3, 2.6]
Adjusted Odds Ratio 0.7 [0.5, 1.7] 1.0[0.5, 1.7] 0.6 [0.4, 1.0] 0.8 0.2, 2.5]
No Anxiolytic-No Anxiety 8232 (87.1) [2195 (12.9) 608 (3.8) 1329 (8.1) 192 (1.1)
Anxiolytic Pre-Pregnancy 1036 (82.7) [383 (17.3) 1.4[1.2, 1.6] |146 (6.4) 1.8 [1.5, 2.2] | 210(9.5) 1.2 [1.1, 1.5] |27 (1.3) 1.3[0.8, 2.0]
Adjusted Odds Ratio 1.3[1.2, 1.5] 1.7[1.4, 2.1]* 1.1[1.0, 1.4] 1.3[0.8, 2.0]
Anxiolytic Continued 150 (81.5) |64 (18.5) 1.5[1.1, 2.1] [35(9.9) 2.8[1.9, 4.1] |24 (7.2)0.9[0.6, 1.5] |5 (1.4) 1.4[0.6, 3.5]
Adjusted Odds Ratio 1.4 [1.0, 1.9] 2.6[1.8, 3.8]" 0.9 [0.6, 1.4] 1.4 0.6, 3.5]
Anxiolytic Pregnancy Initiated 61 (76.6) 32(23.4) 2.1[1.3,3.3] |6 (4.6) 1.4[0.6, 3.4] |26 (18.8) 2.6 [1.6, 4.3]" |0 NE
Adjusted Odds Ratio 2.0 [1.3,3.2] 1.4 [0.5, 3.4] 2.5[1.5, 4.1]
No Anxiolytic-Yes Anxiety 377 (87.1) |94 (12.9) 1.0 [0.8, 1.3] |31 (3.7) 1.0[0.7, 1.4] |55 (8.1) 1.0[0.7, 1.4] |8 (1.1)1.0[0.5, 2.1]
Adjusted Odds Ratio 1.0 [0.8, 1.3] 1.0[0.7, 1.5] 1.0[0.7, 1.3] 1.0 [0.5, 2.2]

! Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity
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Table 18 Sensitivity analyses excluding women with SNRI use (N=358), unadjusted and adjusted associations of maternal
depression/anxiety diagnosis with hypertension disorder subtypes®

No HTN AnyHTN Chronic HTN Pregnancy HTN Unspecified HTN
N= 9629 N=2660 N= 851 N= 1584 N= 225
N Wi% [N Wt% OR  95%CIN Wt% OR 95%Cl [N Wt% OR 95%CI [N Wt% OR 95%Cl
No Depression 8873 (86.7)  [2426 (13.3) 775 (4.0) 1442 (8.2) 209 (L1.1)
One depression-related visit in>1 time point 314 (84.1) 107 (15.9) 1.2[1.0, 1.6]" | 32 (4.3)1.1[0.8, 1.6] 66 (10.1) 1.2[1.0, 1.7] | 9 (1.4) 1.3]0.6, 2.8]
Adjusted Odds Ratio 1.3[1.0, 1.6] 1.2]0.8, 1.8] 1.210.9, 1.7] 1.410.7, 3.0]
Met depression criteria Pre-LMP 406 (86.6) | 119(13.4)1.0[0.8,1.3] | 42 (4.8)1.2]0.9, L7 71(7.8) 1.0[0.7,1.3] | 6 (0.8) 0.7]0.3, 1.7]
Adjusted Odds Ratio 1.0[0.8, 1.2] 1.3[0.9, 1.8J* 0.9[0.7, 1.2 0.7[0.4, 1.8]
Met depr criteria for the first time in pregnancy 36 (89.5) 8(10.5) 0.8[0.4, 1.7 2(2.6) 0.6[0.2, 2.6] 5(6.6) 08[0.3,20] | 1 (1.1) 1.1[0.2,8.3]
Adjusted Odds Ratio 0.6[0.3, 1.4] 05[0.1, 2.3] 0.7[0.2, 1.8] 1.1]0.1, 8.1]
No Anxiety 8679 (86.8)  [2366 (13.2) 744 (4.0) 1420 (8.2) 202 (1.1)
One anxiety-related visit 21 time point 384 (84.0) 132 (15.9) 1.2[1.0, 1.5] | 52 (5.8) 1.5[1.1, 2.1] 69(8.7) 1.1]0.8,1.5] | 11 (1.4) 1.3[0.7, 2.5]
Adjusted Odds Ratio 1.2[1.0, 1.5] 16[11, 21" 1.1]0.8, 1.4] 1.410.7, 2.6]
Met anxiety criteria Pre-LMP 497 (85.9) 144 (14.1)1.1]0.9, 1.3] | 48 (4.3) 1.1[0.8, 1.5] 86(8.9)1.1[0.9,1.4] | 10 (0.9) 0.8[0.4, 1L.5]
Adjusted Odds Ratio 1.1[0.9, 1.3] 1.1[0.8, 1.5] 1.1[0.8, 1.4] 0.8[0.4, 1.5]
Met anx criteria for the first time in pregnancy 69 (87.0) 18(13.0) 1.0 [0.6, 1.7] 7 (4.3) 1.1]0.5, 2.4] 9(6.6) 0.8 0.4, 1.7] 2 (2.0) 1.8[0.4, 8.4
Adjusted Odds Ratio 1.0[0.6, 1.7] 1.2[0.5, 2.6] 0.8[0.4, 1.7] 1.9]0.4,8.5]

! Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity
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Table 19 Sensitivity analyses excluding women with SNRI use (N=358), unadjusted and adjusted associations of maternal
depression/anxiety overlap with hypertension disorder subtypes?

No HTN AnyHTN Chronic HTN Pregnancy HTN Unspecified HTN
N= 9629 N=2660 N= 851 N= 1584 N= 225
N Wt% |N Wt% OR 95%CI N Wi% OR 95%Cl [N Wt% OR 95%Cl |[N Wit% OR 95%Cl
No depression/anxiety 8174 (86.8) 2214 (13.2) 692 (3.9) 1331 (8.2) 191 (1.1)
DeprOne visit>1 time pt_noanx 224 (85.4) 70 (14.6) 1.1[0.8,1.5] | 23 (4.5)1.2[0.7, 1.9] 40 (8.6) 1.1 [0.7, 1.6] 7 (1.5) 1.3[0.6, 3.1]
Adjusted Odds Ratio 1.1[0.8, 1.5] 1.3[0.8, 2.1] 1.0[0.7, 1.5] 1.4 0.6, 3.3]
Depression Pre-LMP-no anxiety 261 (86.0) 78 (14.0) 1.1[0.8, 1.4] | 29 (5.4) 1.4[0.9, 2.1] 46 (8.1) 1.0 [0.7, 1.4] 3 (0.5) 0.4[0.1, 1.4]
Adjusted Odds Ratio 1.0[0.8, 1.4] 1.4[0.9, 2.2] 1.1[0.8, 1.5] 0.4]0.1, 1.4]
Depression in pregnancy-no anxiety 20 (91.1) 4(8.9)0.6 [0.2, 1.9] 0 NE 3(6.7) 0.8[0.2, 2.7] 1 (2.2) 1.9[0.2, 14.2]
Adjusted Odds Ratio 0.5[0.1, 1.5] NE 0.5[0.1, 2.2] 1.8[0.2, 13.9]
No depression-any anxiety 699 (85.3) 212 (14.7) 1.1[1.0, 1.3] 83(5.3)1.4[1.1, 1.8] | 111 (8.2) 1.0[0.8, 1.3] 18 (1.1) 1.1[0.6, 1.7]
Adjusted Odds Ratio 1.1[0.9, 1.3] 1.4[1.1, 1.8]* 1.0[0.8, 1.2] 1.1[0.6, 1.7]
Any depression-anxiety overlap 251 (85.1) 82 (14.9) 1.2 [0.9, 1.5] 24 (4.0) 1.0 [0.7, 1.6] 53 (9.7) 1.2 [0.9, 1.7] 5(.3)1.2 [0.4, 3.1]
Adjusted Odds Ratio 1.2[0.9, 1.5] 1.1[0.8, 1.7] 1.2[0.8, 1.6] 1.3 [0.5, 3.3]
No Anxiety/depression 8174 (86.8) 2214 (13.2) 692 (3.9) 1331 (8.2) 191 (1.1)
Anxiety 1visit>1 time pt/no depr 291 (84.8) 97 (15.2) 1.2 [0.9, 1.5] 40 (6.0)1.6[1.1, 2.2 48 (7.9)1.0[0.7, 1.4] 9 (1.4) 1.3[0.6, 2.5]
Adjusted Odds Ratio 1.2[0.9, 1.5] 1.6[1.1, 2.2]+ 1.0[0.7, 1.3] 1.3[0.6, 2.5]
Anxiety-Pre-LMP/no depr 359 (85.7) 101 (14.3) 1.1 [0.9, 1.4] 37 (4.8)1.2]0.9, 1.8] 56 (8.5)1.1[0.8, 1.5] 8 (1.0) 0.9 [0.4, 1.9]
Adjusted Odds Ratio 1.1 [0.8, 1.4] 1.2[0.8, 1.7] 1.0[0.7, 1.4] 0.9 [0.4, 1.9]
Anxiety in pregnancy — no depr 49 (86.2) 14 (13.7) 1.0 [0.6, 2.0] 6 (5.3) 1.4[0.6, 3.2] 7 (7.6)0.9[0.4, 2.2] 1(0.9) 0.8 [0.1, 5.8]
Adjusted Odds Ratio 1.1 [0.6, 2.0] 1.4 0.6, 3.3] 0.9 0.4, 2.2] 0.8 [0.1, 5.8]
No anxiety-Any depression 505 (85.9) 152 (14.1) 1.0 [0.9, 1.3] 52 (4.8) 1.2[0.9, 1.7] 89 (8.3)1.0[0.8, 1.3] 11 (1.0) 0.9 [0.5, 1.7]
Adjusted Odds Ratio 1.1 [0.9, 1.3] 1.3[1.0, 1.8] 0.9[0.7, 1.2] 0.9 [0.5, 1.8]
Any depression-anxiety-overlap 251 (85.1) 82 (14.9) 1.2 [0.9, 1.5] | 24 (4.0) 1.0[0.7, 1.6] 53 (9.7)1.2 0.9, 1.7] 5 (1.3)1.1[0.4, 3.1]
Adjusted Odds Ratio 1.2 [0.9, 1.5] 1.1[0.7, 1.8] 1.2[0.8, 1.6] 1.3 [0.5, 3.3]
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Table 20 Sensitivity analyses excluding women with SNRI use (N=358), unadjusted and adjusted associations of maternal
anti-depressant /anxiolytic and depression/anxiety status with hypertension disorder subtypes™.

No HTN? AnyHTN® Chronic HTN* Pregnancy HTN® Unspecified HTN®
N= 9629 N=2660 N= 851 N= 1584 N= 225
N Wt% [N Wit% OR 95%CI N Wt% OR 95%CI |N Wt% OR 95%Cl |[N Wit% OR 95%CI
No Anti-depressant-No Depression 7948 (87.3) 2069 (12.7) 633 (3.7) 1254 (8.0) 182 (1.1)
Anti-depressant Pre-Pregnancy 931 (83.3) 341 (16.7) 1.4 [1.2, 1.6]" [125 (5.8) 1.7 [1.4, 2.1]" 187 (9.5) 1.2 [1.0, 1.5] 29 (1.4) 1.4[0.9, 2.1]
Adjusted Odds Ratio 1.4[1.2, 1.6] 1.8[1.4,2.2] 1.2[1.0, 1.4] 1.5[0.9, 2.2]
Anti-depressant Continued 515 (82.6) 196 (17.4) 1.4 [1.2, 1.7]" | 74 (6.5) 1.9[1.4, 2.4]" 111 (10.0)1.3[1.1, 1.7] | 11 (0.9) 0.9[0.5, 1.6]
Adjusted Odds Ratio 1.4[1.2,.7] 1.8[1.4, 2.3]" 1.4[1.1, 1.7] 0.9 [0.5, 1.6]
Anti-depressant-Pregnancy Initiated 83 (87.3) 21 (12.7)1.0[0.6, 1.7] 6 (2.8)0.8[0.3, 1.8] 15(9.9) 1.2 0.7, 2.3] 0 NE
Adjusted Odds Ratio 1.0[0.6, 1.7] 0.8[0.3, 1.9] 1.2[0.6, 2.2] NE
No Anti-depressant-Yes depression 152 (89.8) 33 (10.2) 0.8 [0.5, 1.1] 13 (4.0) 1.1 [0.6, 1.9] 17 (5.3) 0.6 [0.4, 1.1] 3 (0.9) 0.8[0.3, 2.6]
Adjusted Odds Ratio 0.7 [0.5, 1.7] 1.0[0.5, 1.7] 0.6 [0.4, 1.0] 0.8 0.2, 2.5]
No Anxiolytic-No Anxiety 8136 (87.2) (2144 (12.8) 653 (3.7) 1301 (8.0) 190 (1.1)
Anxiolytic Pre-Pregnancy 962 (82.9) | 350 (17.0) 1.4[1.2,1.6] {135 (6.4) 1.8 [1.5, 2.2 191 (9.3)1.2[1.0,1.5] | 24(1.3) 1.2[0.8, 1.9]
Adjusted Odds Ratio 1.3[1.1, 1.5] 1.8[15,2.2]" 1.1[0.9, 1.3] 1.2[0.8, 2.0]
Anxiolytic Continued 124 (82.0) 50 (18.0) 1.5 [1.1, 2.1] 29 (10.2) 2.9 [1.9, 4.5]" 17 (6.4)0.9[0.5, 1.4] 4(1.4)1.4 [0.5, 3.8]
Adjusted Odds Ratio 1.4 1.0, 1.9] 2.6 [1.7, 4.0 0.8 [0.5, 1.3] 1.4 [0.5, 3.8]
Anxiolytic Pregnancy Initiated 56 (75.7) 31(24.2) 2.2 [1.4, 3.5] 5 (4.2) 1.3[0.5, 3.5] 26 (20.0)2.9[1.7, 4.7] 0 NE
Adjusted Odds Ratio 2.1[1.3,3.4] 1.3[0.5, 3.5] 2.7[1.7, 4.5]
No Anxiolytic-Yes Anxiety 351 (87.5) 85 (12.5)1.0 [0.7, 1.3] 29 (3.7) 1.0[0.7, 1.5] 49 (7.7)1.0[0.7, 1.3] 7(1.0) 0.9 [0.4, 2.1]
Adjusted Odds Ratio 1.0[0.7, 1.3] 1.0[0.7, 1.6] 0.9[0.7, 1.3] 1.0 [0.4, 2.2]

! Weighted for study sampling scheme; + p-value = 0.10 * p-value <0.05; Adjusted Odds Ratio: adjusted for maternal age, race, education and parity

110




REFERENCES

111



no

10.

11.

REFERENCES

Frank, J. D. & Frank, J. B. (1991). Persuasion and healing (third edition)
p88.Baltimore, MD: The Johns Hopkins University Press.

Wolpert, L (2006). Six impossible things before breakfast. New York: Norton.
p163.

Haley, J. & Richeport-Haley, M (2003) Art of strategic therapy. New York:
Routledge. P20.

Stone, M.H. (1997). Healing the mind. New York: Norton.

American Psychiatric Association Diagnostic and Statistical manual for
psychiatric disorders. 4™ ed. Washington DC: American Psychiatric Association:
2000 (Text Revision).

Reid Jeannete M. McKay Dean. Anxiety Disorders. New York Oxford University
Press (2013)

Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR, Rush AJ,
Walters EE, Wang PS; National Comorbidity Survey Replication. The
epidemiology of major depressive disorder: results from the National
Comorbidity Survey Replication (NCS-R). JAMA. 2003 Jun 18; 289(23):3095-
105. PubMed [citation] PMID: 12813115.

Baxter AJ, Scott KM, Vos T, Whiteford HA. Global prevalence of anxiety
disorders: a systematic review and meta-regression. Psychol Med. 2013 May;
43(5):897-910. doi: 10.1017/S003329171200147X. Epub 2012 Jul 10. Review.
PubMed [citation] PMID:22781489

Pigott TA. Anxiety disorders in women. Psychiatr Clin North Am. 2003 Sep;
26(3):621-72, vi-vii. Review. PubMed [citation] PMID: 14563101

Stuart S, Couser G, Schilder K, O'Hara MW, Gorman L. Postpartum anxiety and
depression: onset and comorbidity in a community sample. J Nerv Ment Dis.
1998 Jul; 186(7):420-4. PubMed [citation] PMID: 9680043

Heron J, O'Connor TG, Evans J, Golding J, Glover V; ALSPAC Study Team.

The course of anxiety and depression through pregnancy and the postpartum in
a community sample. J Affect Disord. 2004 May; 80(1):65-73. PubMed [citation]

112



PMID: 15094259

12. O'Connor TG, Heron J, Glover V; Alspac Study Team. Antenatal anxiety predicts
child behavioral/emotional problems independently of postnatal depression. J
Am Acad Child Adolesc Psychiatry. 2002 Dec; 41(12):1470-7. PubMed [citation]
PMID: 12447034

13. Rubertsson C, Hellstrom J, Cross M, Sydsjo G. Anxiety in early pregnancy:
prevalence and contributing factors. Arch Womens Ment Health. 2014 Jun; 17
(3):221-8. doi: 10.1007/s00737-013-0409-0. Epub 2014 Jan 18. PubMed
[citation] PMID: 24442712

14. Spielberger C. GRLR. STAI Manual for the State-Trait Anxiety Inventory. Palo
Alto, CA: Consulting Psychologists Press, 1970.

15. Gaynes BN, Gavin N, Meltzer-Brody S, Lohr KN, Swinson T, Gartlehner G,
Brody S, Miller WC. Perinatal depression: prevalence, screening accuracy, and
screening outcomes. Evid Rep Technol Assess (Summ). 2005 Feb ;(119):1-8.
Review. No abstract available. PubMed [citation] PMID: 15760246, PMCID:
PMC4780910

16. Bennett HA, Einarson A, Taddio A, Koren G, Einarson TR. Prevalence of
depression during pregnancy: systematic review. Obstet Gynecol. 2004
Apr;103(4):698-709. Review. Erratum in: Obstet Gynecol. 2004
Jun;103(6):1344. PubMed [citation] PMID: 15051562

17. Grote NK, Bridge JA, Gavin AR, Melville JL, Ilyengar S, Katon WJ. A
metaanalysis of depression during pregnancy and the risk of preterm birth, low
birth weight,and intrauterine growth restriction. Arch Gen Psychiatry. 2010
Oct;67(10):1012-24. doi: 10.1001/archgenpsychiatry.2010.111. PubMed [citation]
PMID: 20921117, PMCID: PMC3025772

18. Chung TK, Lau TK, Yip AS, Chiu HF, Lee DT. Antepartum depressive
symptomatology is associated with adverse obstetric and neonatal outcomes.
Psychosom Med. 2001 Sep-Oct;63(5):830-4. PubMed [citation] PMID: 11573032

19. Andrade SE, Raebel MA, Brown J, Lane K, Livingston J, Boudreau D, Rolnick
SJ, Roblin D, Smith DH, Willy ME, Staffa JA, Platt R. Use of antidepressant
medications during pregnancy: a multisite study. Am J Obstet Gynecol. 2008
Feb;198(2):194.e1-5.

20. Cooper WO, Willy ME, Pont SJ, et al. Increasing use of antidepressants in
pregnancy. Am J Obstet Gynecol 2007; 196;544.e1-544.e5.

113


https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Livingston%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Livingston%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolnick%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolnick%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolnick%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolnick%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Staffa%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Staffa%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/?term=Platt%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17905176
https://www.ncbi.nlm.nih.gov/pubmed/17905176
https://www.ncbi.nlm.nih.gov/pubmed/17905176

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Cohen LS, Altshuler LL, Harlow BL, et al. Relapse of major depression during
pregnancy in women who maintain or discontinue antidepressant treatment.
JAMA. 2006;295(5): 499-507.

Einarson A. Abrupt discontinuation of psychotropic drugs following confirmation
of pregnancy: a risky practice. J Obstet Gynaecol Can. 2005
Nov;27(11):101922.PubMed [citation] PMID: 16529668

Roca A, Imaz ML, Torres A, Plaza A, Subira S, Valdés M, Martin-Santos R,
Garcia-Esteve L. Unplanned pregnancy and discontinuation of SSRIs in
pregnant women with previously treated affective disorder. J Affect Disord. 2013
Sep 25;150(3):807-13. doi: 10.1016/j.jad.2013.02.040. Epub 2013 Apr 6.
PubMed [citation] PMID: 23566335

Bonari L, Pinto N, Ahn E, Einarson A, Steiner M, Koren G: Perinatal risks of
untreated depression during pregnancy. Can J Psychiatry 2004; 49:726—-735

Report of the National High Blood Pressure Education Program Working Group
on high blood pressure in pregnancy. Am J Obstet Gynecol 2000;183:S1-S22.

Levenstein S, Smith MW, Kaplan GA. Psychosocial predictors of hypertension in
men and women. Arch Intern Med 2001;161:1341-1346.

Lin Meng, Dongmei Chen, Yang Yang, Yang Zheng, Rutai Hui. Depression
increases the risk of hypertension incidence: a meta-analysis of prospective
cohort studies Journal of Hypertension 2012, 30:842—-851

Davidson K, Jonas BS, Dixon KE, Markovitz JH. Do depression symptoms
predict early hypertension incidence in young adults in the CARDIA study?
Coronary Artery Risk Development in Young Adults. Arch Intern Med 2000;
160:1495-1500

Kallela J, Jaaskelainen T, Kortelainen E, Heinonen S, Kajantie E, Kere J,
Kivinen K, Pouta A, Laivuori H. The diagnosis of pre-eclampsia using two
revised classifications in the Finnish Pre-eclampsia Consortium (FINNPEC)
cohort. BMC Pregnancy Childbirth. 2016 Aug 12;16:221. doi: 10.1186/s12884-
016-1010-0. PMID:27520381

Crandon AJ. Maternal anxiety and obstetric complications. J Psychosom Res.
1979;23(2):109-11. No abstract available. PubMed [citation] PMID: 314979

Kurki T, Hiilesmaa V, Raitasalo R, Mattila H, Ylikorkala O. Depression and
anxiety in early pregnancy and risk for preeclampsia. Obstet Gynecol. 2000
Apr;95(4):487-90. PubMed [citation] PMID: 10725477

114


https://www.ncbi.nlm.nih.gov/pubmed/27520381
https://www.ncbi.nlm.nih.gov/pubmed/27520381
https://www.ncbi.nlm.nih.gov/pubmed/27520381
https://www.ncbi.nlm.nih.gov/pubmed/27520381

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sikkema JM, Robles de Medina PG, Schaad RR, Mulder EJ, Bruinse HW,
Buitelaar JK, Visser GH, Franx A. Salivary cortisol levels and anxiety are not
increased in women destined to develop preeclampsia. J Psychosom Res. 2001
Jan;50(1):45-9. PubMed [citation] PMID: 11259800

Andersson L, Sundstrém-Poromaa |, Wulff M, Astrom M, Bixo M. Implications of
antenatal depression and anxiety for obstetric outcome. Obstet Gynecol. 2004
Sep;104(3):467-76. PubMed [citation] PMID: 15339755

Qiu C, Sanchez SE, Lam N, Garcia P, Williams MA. Associations of depression
and depressive symptoms with preeclampsia: results from a Peruvian
casecontrol study. BMC Womens Health. 2007 Sep 27;7:15. PubMed [citation]
PMID: 17900360, PMCID: PMC2148036

Vollebregt KC, van der Wal MF, Wolf H, Vrijkotte TG, Boer K, Bonsel GJ. Is
psychosocial stress in first ongoing pregnancies associated with pre-eclampsia
and gestational hypertension? BJOG. 2008 Apr;115(5):607-15. doi:
10.1111/j.1471-0528.2008.01665.x. PubMed [citation] PMID: 18333942

Toh S, Mitchell AA, Louik C, Werler MM, Chambers CD, Hernandez-Diaz S.
Selective serotonin reuptake inhibitor use and risk of gestational hypertension.

Am J Psychiatry. 2009 Mar;166(3):320-8. doi: 10.1176/appi.ajp.2008.08060817.

Epub 2009 Jan 2. PubMed [citation] PMID: 19122006, PMCID: PMC2735348

Qiu C, Williams MA, Calderon-Margalit R, Cripe SM, Sorensen TK.
Preeclampsia risk in relation to maternal mood and anxiety disorders diagnosed
before or during early pregnancy. Am J Hypertens. 2009 Apr;22(4):397-402. doi:
10.1038/ajh.2008.366. Epub 2009 Feb 5. PubMed [citation] PMID: 19197246.

Reis M, Kallén B. Delivery outcome after maternal use of antidepressant drugs
in pregnancy: an update using Swedish data. Psychol Med. 2010
Oct;40(10):1723-33. doi: 10.1017/S0033291709992194. Epub 2010 Jan 5.
PubMed [citation] PMID: 20047705

Bansil P, Kuklina EV, Meikle SF, Posner SF, Kourtis AP, Ellington SR, Jamieson
DJ. Maternal and fetal outcomes among women with depression. J Womens
Health (Larchmt). 2010 Feb;19(2):329-34. doi: 10.1089/jwh.2009.1387. PubMed
[citation] PMID: 20095906

Cripe SM, Frederick 10, Qiu C, Williams MA. Risk of preterm delivery and

hypertensive disorders of pregnancy in relation to maternal co-morbid mood and
migraine disorders during pregnancy. Paediatr Perinat Epidemiol. 2011 Mar;25

115



(2):116-23. doi: 10.1111/1.1365-3016.2010.01182.x. Epub 2011 Jan 14. PubMed
[citation] PMID: 21281324, PMCID: PMC3756187

41. Kharaghani R, Geranmaye M, Janani L, Hantooshzade S, Arbabi M, Rahmani
Bilandi R, Bagheri F. Preeclampsia and depression: a case-control study in
Tehran. Arch Gynecol Obstet. 2012 Jul;286(1):249-53. doi: 10.1007/s00404-
0122260-3. Epub 2012 Mar 2. PubMed [citation] PMID: 22382370

42. Katon WJ, Russo JE, Melville JL, Katon JG, Gavin AR. Depression in pregnancy
is associated with preexisting but not pregnancy-induced hypertension. Gen
Hosp Psychiatry. 2012 Jan-Feb;34(1):9-16. doi:
10.1016/j.genhosppsych.2011.09.018. Epub 2011 Nov 3. PubMed [citation]
PMID: 22055108, PMCID: PMC3253932

43. De Vera MA, Bérard A. Antidepressant use during pregnancy and the risk of
pregnancy-induced hypertension. Br J Clin Pharmacol. 2012 Aug;74(2):362-9.
doi: 10.1111/.1365-2125.2012.04196.x. PubMed [citation] PMID: 22435711,
PMCID: PMC3630756

44. Palmsten K, Setoguchi S, Margulis AV, Patrick AR, Hernandez-Diaz S. Elevated
risk of preeclampsia in pregnant women with depression: depression or
antidepressants? Am J Epidemiol. 2012 May 15;175(10):988-97. doi:
10.1093/aje/kwr394. Epub 2012 Mar 22. PubMed [citation] PMID: 22442287,
PMCID: PMC3353132

45. Palmsten K, Huybrechts KF, Michels KB, Williams PL, Mogun H, Setoguchi S,
Hernandez-Diaz S. Antidepressant use and risk for preeclampsia. Epidemiology.
2013 Sep;24(5):682-91. doi: 10.1097/EDE.Ob013e31829e0aaa. PubMed
[citation] PMID: 23873072, PMCID: PMC4159745

46. Kim DR, Sockol LE, Sammel MD, Kelly C, Moseley M, Epperson CN. Elevated
risk of adverse obstetric outcomes in pregnant women with depression. Arch
Womens Ment Health. 2013 Dec;16(6):475-82. doi: 10.1007/s00737-013-0371-
X. Epub 2013 Aug 10. PubMed [citation] PMID: 23934018, PMCID:
PMC3834010

47. Pavlov M, Steiner N, Kessous R, Weintraub AY, Sheiner E. Obstetric and
neonatal outcome in patients with anxiety disorders. J Matern Fetal Neonatal
Med. 2014 Sep;27(13):1339-42. doi: 10.3109/14767058.2013.858242. Epub
2013 Nov 26. PubMed [citation] PMID: 24219637

48. Winkel S, Einsle F, Pieper L, Hofler M, Wittchen HU, Martini J. Associations of

anxiety disorders, depressive disorders and body weight with hypertension
during pregnancy. Arch Womens Ment Health. 2015 Jun;18(3):473-83. doi:

116



49.

50.

51.

52.

53.

54.

55.

10.1007/s00737-014-0474-z. Epub 2014 Nov 25. PubMed [citation] PMID:
25422149

Thombre MK, Talge NM, Holzman C. Association between pre-pregnancy
depression/anxiety symptoms and hypertensive disorders of pregnancy. J
Womens Health (Larchmt). 2015 Mar;24(3):228-36. doi: 10.1089/jwh.2014.4902.
Epub 2015 Jan 14. Erratum in: J Womens Health (Larchmt). 2015 Mar;24(3):256.
PubMed [citation] PMID: 25588112, PMCID: PMC4442555

Avalos LA, Chen H, Li DK. Antidepressant medication use, depression, and the
risk of preeclampsia. CNS Spectr. 2015 Feb;20(1):39-47. doi:
10.1017/S1092852915000024. PubMed [citation] PMID: 25778691

Malm H, Sourander A, Gissler M, Gyllenberg D, Hinkka-Yli-Salom&ki S,
McKeague IW, Artama M, Brown AS. Pregnancy Complications Following
Prenatal Exposure to SSRIs or Maternal Psychiatric Disorders: Results From
Population-Based National Register Data. Am J Psychiatry. 2015 Dec;172
(12):1224-32. doi: 10.1176/appi.ajp.2015.14121575. Epub 2015 Aug 4. PubMed
[citation] PMID: 26238606

Suzuki S, Shinmura H, Kato M. Maternal Uncontrolled Anxiety Disorders Are
Associated With the Increased Risk of Hypertensive Disorders in Japanese
Pregnant Women. J Clin Med Res. 2015 Oct;7(10):791-4. doi:
10.14740/jocmr2284w. Epub 2015 Aug 23. PubMed [citation] PMID: 26346308,
PMCID: PMC4554219

Yedid Sion M, Harlev A, Weintraub AY, Sergienko R, Sheiner E. Is antenatal
depression associated with adverse obstetric and perinatal outcomes? J Matern
Fetal Neonatal Med. 2016 Mar;29(6):863-7. doi:
10.3109/14767058.2015.1023708. Epub 2015 Apr 9. PubMed [citation] PMID:
25777791

Kang YT, Yao Y, Dou J, Guo X, Li SY, Zhao CN, Han HZ, Li B. Prevalence and
Risk Factors of Maternal Anxiety in Late Pregnancy in China. Int J Environ Res
Public Health. 2016 May 4;13(5). pii: E468. doi: 10.3390/ijerph13050468.
PubMed [citation] PMID: 27153080, PMCID: PMC4881093

De Ocampo MP, Araneta MR, Macera CA, Alcaraz JE, Moore TR, Chambers
CD. Risk of gestational hypertension and preeclampsia in women who
discontinued or continued antidepressant medication use during pregnancy.
Arch Womens Ment Health. 2016 Dec;19(6):1051-1061. Epub 2016 Aug 24.
PubMed [citation] PMID: 27558246

117



56. Cetin O, Guzel Ozdemir P, Kurdoglu Z, Sahin HG. Investigation of maternal
psychopathological symptoms, dream anxiety and insomnia in preeclampsia. J
Matern Fetal Neonatal Med. 2016 Nov 22:1-6. doi:
10.1080/14767058.2016.1254185. [Epub ahead of print] PubMed [citation] PMID:
27806675

57. Newport DJ, Hostetter AL, Juul SH, Porterfield SM, Knight BT, Stowe ZN.
Prenatal Psychostimulant and Antidepressant Exposure and Risk of
Hypertensive Disorders of Pregnancy. J Clin Psychiatry. 2016
Nov;77(11):15381545. doi: 10.4088/JCP.15m10506. PubMed [citation] PMID:
28076672

58. Franco RC, Ferreira CR, Vieira CR, Silva RR. Ethnicity, Obesity and Emotional
Factors Associated With Gestational Hypertension. J Community Health. 2015
Oct;40(5):899-904. doi: 10.1007/s10900-015-0010-8. PubMed [citation]
PMID:25761986

59. Carroll, Curtis GC, Mendels J. Neuroendocrine regulation in depression. I.
Limbic system-adrenocortical dysfunction. Arch Gen Psychiatry. 1976
Sep;33(9):1039-

44. PubMed [citation] PMID: 962488

60. Garlow SJ, Musselman DL, Nemeroff CB. The neurochemistry of mood
disorders: clinical studies. In: Charney DS, Nestler EJ, Bunney BS, editors.
Neurobiology of mental illness. New York: Oxford University Press; 1999. p.
348- 64

61. Bidzinska EJ. Stress factors in affective diseases. Br J Psychiatry
1984;144:161-6.

62. Futterman AD, Kemeny ME, Shapiro D, Fahey JL. Immunological and
physiological changes associated with induced positive and negative mood.
Psychosom Med 1994;56:499-511.

63. Bonnet F, Irving K, Terra JL, Nony P, Berthezéne F, Moulin P. Depressive
symptoms are associated with unhealthy lifestyles in hypertensive patients with
the metabolic syndrome. J Hypertens. 2005 Mar;23(3):611-7. PubMed [citation]
PMID: 15716704

64. Weiss EL, Longhurst JG, Mazure CM. Childhood sexual abuse as a risk factor
for depression in women: psychosocial and neurobiological correlates. Am J
Psychiatry. 1999;156:816—28. [PubMed]

118


https://www.ncbi.nlm.nih.gov/pubmed/10360118
https://www.ncbi.nlm.nih.gov/pubmed/10360118

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Kendler KS, Bulik CM, Silberg J, Hettema JM, Myers J, Prescott CA. Childhood
sexual abuse and adult psychiatric and substance use disorders in women. Arch
Gen Psychiatry. 2000;57:953-9. [PubMed]

Kessler RC, Magee WJ. Childhood family violence and adult recurrent
depression. J Health Soc Behav. 1994;35:13-27. [PubMed]

Saunders BE, Villeponteaux LA, Lipovsky JA, Kilpatrick DG, Veronen LJ. Child
sexual assault as a risk factor for mental disorders among women. J Interpers
Violence. 1992;7:189-204.

Thase ME: Effects of venlafaxine on blood pressure: a meta-analysis of original
data from 3,744 depressed patients. J Clin Psychiatry 1998; 59:502-508.

Carmilla M.M. Licht, Eco J.C. de Geus, Adrie Seldenrijk, Hein P.J. van Hout,
Frans G. Zitman, Richard van Dyck and Brenda W.J.H. Penninx. Depression Is
Associated With Decreased Blood Pressure, but Antidepressant Use Increases
the Risk for Hypertension. Hypertension. 2009;53:631-638;

Andersen J, Kristensen AS, Bang-Andersen B, Strgamgaard K. Recent advances
in the understanding of the interaction of antidepressant drugs with serotonin
and norepinephrine transporters. Chem Commun (Camb). 2009 Jul 7;(25):3677-
92. doi: 10.1039/b903035m. Epub 2009 May 7. Review. PubMed [citation]
PMID: 19557250

Bjoro K, Stray-Pedersen S. In vitro perfusion studies on human umbilical
arteries. |. Vasoactive effects of serotonin, PGF2 alpha and PGE2. Acta Obstet
Gynecol Scand. 1986; 65:351-355. [PubMed: 3461666]

Gonzalez C, Cruz MA, Sepulveda WH, Rudolph MI. Effects of serotonin on
vascular tone of isolated human placental chorionic veins. Gynecol Obstet
Invest. 1990; 29:88-91. [PubMed: 2335314]

Gonzalez C, Cruz MA, Gallardo V, Albornoz J, Bravo |. Serotonin-induced
vasoconstriction in human placental chorionic veins: interaction with
prostaglandin F2 alpha. Gynecol Obstet Invest. 1993; 35:86—90. [PubMed:
8449450]

Jovanovic¢ A, Grbovi¢ L, Jovanovi¢ S. Effect of the vascular endothelium on
noradrenaline induced contractions in hon-pregnant and pregnant guinea-pig
uterine arteries. Br J Pharmacol. 1995; 114:805-815. [PubMed: 7773541]

119


https://www.ncbi.nlm.nih.gov/pubmed/11015813
https://www.ncbi.nlm.nih.gov/pubmed/11015813
https://www.ncbi.nlm.nih.gov/pubmed/8014427
https://www.ncbi.nlm.nih.gov/pubmed/8014427

75. Steele SC, Warren AY, Johnson IR. Effect of the vascular endothelium on
norepinephrine-induced contractions in uterine radial arteries from the
nonpregnant and pregnant human uterus. Am J Obstet Gynecol. 1993;
168:1623-1628. [PubMed: 8498451]

76. Yousif MH, Chandrasekhar B, Kadavil EA, Oriowo MA. Noradrenaline-induced
vasoconstriction in the uterine vascular bed of pregnant rats chronically treated
with L-NAME: role of prostanoids. J Cardiovasc Pharmacol. 2003; 42:428-435.
[PubMed: 12960689]

77. Gao S, Hendrie HC, Yang L, Stump TE, Stewart JC, Kesterson J, Clark DO,
Callahan CM. Increase in blood pressure precedes clinical depression in elderly
primary care patients. Int J Geriatr Psychiatry. 2013 Oct;28(10):1099-100. doi:
10.1002/gps.3957. No abstract available. PubMed [citation] PMID: 24038165,
PMCID: PMC4030680

78. Angela H. Boal, Daniel J. Smith, Linsay McCallum, Scott Muir, Rhian M. Touyz,
Anna F. Dominiczak, Sandosh Padmanabhan. Monotherapy with Major
Antihypertensive Drug Classes and Risk of Hospital Admissions for Mood
Disorders. Hypertension. 2016;68:1132-1138. DOI:
10.1161/HYPERTENSIONAHA.116.08188.

79. Roberts JM, Pearson G, Cutler J, Lindheimer M, Pregnancy NWGoRoHD.
Summary of the NHLBI Working Group on Research on Hypertension during
Pregnancy. Hypertension 2003;41:437-445.

80. Cunningham FG, Leveno KJ, Bloom SL, Hauth JC, Rouse D, Spong CY.
Pregnancy hypertension. In: Cunningham FG, ed. Williams Obstetrics, 23rd edn.
McGraw-Hill Professional;2009:706

81. Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF. WHO analysis of
cases of maternal death: a systematic review. Lancet. 2006 Aprl:67 (9516):
1066-74. Review. PubMed [citation] PMID: 16581405

82. Neggers YH. Trends in maternal mortality in the United States. Reprod Toxicol.
2016 Sep;64:72-6. doi:10.1016/j.reprotox.2016.04.001. Epub 2016 Apr 7.
PubMed]citation] PMID: 27063184

83. Wallis AB, Saftlas AF, Hsia J, Atrash HK. Secular trends in the rates of
preeclampsia, eclampsia, and gestational hypertension, United States,
19872004. Am J Hypertens. 2008 May;21(5):521-6. doi: 10.1038/ajh.2008.20.
Epub 2008 Mar 13.PubMed [citation] PMID: 1843714

120



84.

85.

86.

87.

88.

89.

90.

91.

92.

Kim SY, Dietz PM, England L, Morrow B, Callaghan WM. Trends in
prepregnancy obesity in nine states, 1993—-2003. Obesity (Silver Spring) 2007;
15:986-993.

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM.
Prevalence of overweight and obesity in the United States, 1999-2004. JAMA
2006; 295:1549-1555.

Catov JM, Ness RB, Kip KE, Olsen J. Risk of early or severe pre-eclampsia
related to pre-existing conditions. Int J Epidemiol 2007; 36:412—-4109.

Hamilton BE, Minino AM, Matrtin J, Kochanek KD, Strobino D, Guyer B. Annual
summary of vital statistics: 2005. Pediatrics 2007; 119:345-360.

Jose” Villar, Guillermo Carroli, Daniel Wojdyla, Edgardo Abalos, Daniel
Giordano, Hassan Ba’'aqgeel, Ubaldo Farnot, PerBergsjg, Leiv Bakketeig, Pisake
Lumbiganon, Liana Campodo’nico, Yagob Al-Mazrou, Marshall Lindheimer,
Michael Kramer, for the World Health Organization Antenatal Care Trial
Research Group. Preeclampsia, gestational hypertension and intrauterine growth
restriction, related or independent conditions? American Journal of Obstetrics
and Gynecology 2006; 194: 921-31.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. BMJ
2009;339:b2535.

Staneva AA, Morawska A, Bogossian F, Wittkowski A. Maternal psychological
distress during pregnancy does not increase the risk for adverse birth outcomes.
Women Health. 2017 Jan 17:1-20. doi: 10.1080/03630242.2017.1282395. [Epub
ahead of print] PubMed [citation] PMID: 28095254

Stacey T, Prady S, Haith-Cooper M, Downe S, Simpson N, Pickett K.
EthnoSpecific Risk Factors for Adverse Pregnancy Outcomes: Findings from
the Born in Bradford Cohort Study. Matern Child Health J. 2016 Jul;20(7):1394-
404. doi:10 1007/s10995-016-1936-x. PubMed [citation] PMID: 26983444,
PMCID: PMC4909785

Dahlen HG, Barnett B, Kohlhoff J, Drum ME, Munoz AM, Thornton C. Obstetric
and psychosocial risk factors for Australian-born and non-Australian born
women and associated pregnancy and birth outcomes: a population based
cohort study.

BMC Pregnancy Childbirth. 2015 Nov 9;15:292. doi: 10.1186/s12884-015-0681-
2. PubMed [citation] PMID: 26552427, PMCID: PMC4640409

121



93. Lutsiv O, McKinney B, Foster G, Taylor VH, Pullenayegum E, McDonald SD.
Pregnancy complications associated with the co-prevalence of excess maternal
weight and depression. Int J Obes (Lond). 2015 Dec;39(12):1710-6. doi:
10.1038/ij0.2015.119 Epub 2015 Jun 22. PubMed [citation] PMID: 26095247

94. Raisanen S, Lehto SM, Nielsen HS, Gissler M, Kramer MR, Heinonen S. Risk
factors for and perinatal outcomes of major depression during pregnancy: a
population-based analysis during 2002-2010 in Finland. BMJ Open. 2014 Nov
14;4(11):e004883. doi: 10.1136/bmjopen-2014-004883. PubMed [citation] PMID:
25398675, PMCID: PMC4244456

95. Hayes RM, Wu P, Shelton RC, Cooper WO, Dupont WD, Mitchel E, Hartert TV.
Maternal antidepressant use and adverse outcomes: a cohort study of 228,876
pregnancies. Am J Obstet Gynecol. 2012 Jul;207(1):49.e1-9. doi:
10.1016/j.aj0og.2012.04.028. Epub 2012 Apr 30. Erratum in: Am J Obstet
Gynecol. 2013 Apr;208(4):326. PubMed [citation] PMID: 22727349, PMCID:
PMC3567615

96. Landsbergis PA, Hatch MC. Psychosocial work stress and pregnancy-induced
hypertension. Epidemiology. 1996 Jul;7(4):346-51. PubMed [citation] PMID:
8793358

97. Chen CH, Lin HC. Prenatal care and adverse pregnhancy outcomes among
women with depression: a nationwide population-based study. Can J Psychiatry.
2011 May;56(5):273-80. PubMed [citation] PMID: 21586193

98. Leeners B, Neumaier-Wagner P, Kuse S, Stiller R, Rath W. Emotional stress
and the risk to develop hypertensive diseases in pregnancy. Hypertens
Pregnancy. 2007;26(2):211-26. PubMed [citation] PMID: 17469011

99. Marcoux S, Bérubé S, Brisson C, Mondor M. Job strain and pregnancy-induced
hypertension. Epidemiology. 1999 Jul;10(4):376-82. PubMed [citation] PMID:
10401871

100. Klonoff-Cohen HS, Cross JL, Pieper CF. Job stress and preeclampsia.
Epidemiology. 1996 May;7(3):245-9. PubMed [citation] PMID: 8728436

101. Abedian Z, Soltani N, Mokhber N, Esmaily H. Depression and anxiety in
pregnancy and postpartum in women with mild and severe preeclampsia. Iran J
Nurs Midwifery Res. 2015 Jul-Aug;20(4):454-9. doi: 10.4103/1735-
9066.161013. PubMed [citation] PMID: 26257800, PMCID: PMC4525343

102. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Mathews TJ, Kirmeyer S,

122



Osterman MJ. Births: final data for 2007. Natl Vital Stat Rep. 2010 Aug 9;
58(24):1-85. PubMed [citation] PMID: 21254725

103. Fisher SC, Kim SY, Sharma AJ, Rochat R, Morrow B. Is obesity still increasing
among pregnant women? Prepregnancy obesity trends in 20 states, 2003-2009.
Prev Med. 2013 Jun;56(6):372-8. doi: 10.1016/j.ypmed.2013.02.015. Epub
2013 Feb 27.PubMed [citation] PMID: 23454595, PMCID: PMC4424789

104. Boal AH, Smith DJ, McCallum L, Muir S, Touyz RM, Dominiczak AF,
Padmanabhan S. Monotherapy With Major Antihypertensive Drug Classes and
Risk of Hospital Admissions for Mood Disorders. Hypertension. 2016
Nov;68(5):1132-1138. Epub 2016 Oct 10. PubMed [citation] PMID: 27733585,
PMCID: PMC5058642

105. American College of Obstetricians and Gynecologists, Task Force on
Hypertension in Pregnancy Hypertension in pregnancy: report of the American
College of Obstetricians and Gynecologists’ Task Force on Hypertension in
Pregnancy. Obstet Gynecol. 2013;122(5):1122-1131. [PubMed]

106. Liu SI, Prince M, Blizard B, Mann A. The prevalence of psychiatric morbidity and
It's associated factors in general health care in Taiwan. Psychol Med. 2002
May;32(4):629-37. PubMed [citation] PMID: 12102377

107. Australian Institute of Health and Welfare. National health priority areas report.
Mental Health 1998. Canberra:The Institute;1999. AIHW Cat. No. PHE 13.

108. Statistics Canada. Health Indicators volume 2002, no. 1, Depression. Ottawa,
(ON): Statistics Canada, CIHI;2002. Catalogue No: 82-221-XIE

109. Andrade L, Walters EE, Gentil V, Laurenti R. Prevalence of ICD-10 mental
disorders in a catchment area in the city of S&o Paulo, Brazil. Soc Psychiatry
Psychiatr Epidemiol. 2002 Jul;37(7):316-25. PubMed [citation] PMID: 12111023

110. Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T.
Perinatal depression: a systematic review of prevalence and incidence. Obstet
Gynecol. 2005 Nov;106(5 Pt 1):1071-83. Review. PubMed [citation] PMID:
16260528

111. Zuckerman B, Amaro H, Bauchner H, Cabral H. Depressive symptoms during

pregnancy: relationship to poor health behaviors. Am J Obstet Gynecol
1989;160:1107-11. [PubMed: 2729387]

123


https://www.ncbi.nlm.nih.gov/pubmed/24150027
https://www.ncbi.nlm.nih.gov/pubmed/24150027

112.

113.

114.

115.

Flynn HA, Walton MA, Chermack ST, Cunningham RM, Marcus SM. Brief
detection and co-occurrence of violence, depression and alcohol risk in prenatal
care settings. Arch Womens Ment Health 2007;10:155—-61. [PubMed: 17594132]

Rodriguez MA, Heilemann MV, Fielder E, Ang A, Nevarez F, Mangione CM.
Intimate partner violence, depression, and PTSD among pregnant Latina
women. Ann Fam Med 2008;6:44-52. [PubMed: 18195314]

Seguin L, Potvin L, St-Denis M, Loiselle J. Chronic stressors, social support,
and depression during pregnancy. Obstet Gynecol 1995;85: 583-9. [PubMed:
7898838]

Zuckerman B, Bauchner H, Parker S, Cabral H. Maternal depressive symptoms
during pregnancy, and newborn irritability. J Dev Behav Pediatr 1990;11:190-4.
[PubMed: 2212032]

116. MacArthur Initiative on Depression and Primary Care. Patient health

117.

118.

119.

120.

121.

122.

guestionnaire (PHQ-9). Available at
http://depressionprimarycare.org/clinicians/toolkits/materials/forms

/phg9 Accessed 14 April 2010

Banki CM, Karmacsi L, Bissette G, Nemeroff CB. CSF corticotropin-releasing
hormone and somatostatin in major depression: response to antidepressant
treatment and relapse. Eur Neuropsychopharmacol. 1992 Jun;2(2):107-13.
PubMed [citation] PMID: 1352999

Nemeroff CB, Widerldv E, Bissette G, Walléus H, Karlsson |, Eklund K, Kilts CD,
Loosen PT, Vale W. Elevated concentrations of CSF corticotropin-releasing
factor-like immunoreactivity in depressed patients. Science. 1984 Dec
14;226(4680):1342-4. PubMed [citation] PMID: 6334362

Glowa JR, Gold PW. Corticotropin releasing hormone produces profound
anorexigenic effects in the rhesus monkey. Neuropeptides 1991;18:55-61.

Krahn DD, Gosnell BA, Levine AS, Morley JE. Behavioral effects of
corticotropin-releasing factor: localization and characterization of central effects.
Brain Res 1988;443:63-9.

Sirinathsinghji DJ, Rees LH, Rivier J, Vale W. Corticotropin releasing factor is a
potent inhibitor of sexual receptivity in the female rat. Nature 1983;305:232-5.

Veith RC, Lewis N, Linares OA, Barnes RF, Raskind MA, Villacres EC, Murburg

MM, Ashleigh EA, Castillo S, Peskind ER, Pascualy M, Halter JB. Sympathetic
nervous system activity in major depression: basal and desipramine-induced

124


http://depressionprimarycare.org/clinicians/toolkits/materials/forms%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/phq9%C2%A0Accessed%2014%20April%202010
http://depressionprimarycare.org/clinicians/toolkits/materials/forms%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/phq9%C2%A0Accessed%2014%20April%202010
http://depressionprimarycare.org/clinicians/toolkits/materials/forms%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/phq9%C2%A0Accessed%2014%20April%202010
http://depressionprimarycare.org/clinicians/toolkits/materials/forms%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/phq9%C2%A0Accessed%2014%20April%202010
http://depressionprimarycare.org/clinicians/toolkits/materials/forms%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/phq9%C2%A0Accessed%2014%20April%202010
http://depressionprimarycare.org/clinicians/toolkits/materials/forms%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/phq9%C2%A0Accessed%2014%20April%202010

alterations in plasma norepinephrine kinetics. Arch Gen Psychiatry 1994;51:
411-22.

123. Brown MR, Fisher LA, Spiess J, Rivier C, Rivier J, Vale W. Corticotropin-
releasing factor: actions on the sympathetic nervous system and metabolism.
Endocrinology 1982;111:928-31

124. Adell A, Garcia-Marquez C, Armario A, Gelpi E. Chronic stress increases
serotonin and noradrenaline in rat brain and sensitizes their responses to a
further acute stress. J Neurochem 1988;50: 1678-81.

125. Herman JP, Guillonneau D, Dantzer R, Scatton B, Semerdjian Rouquier L,
LeMoal M. Differential effects of inescapable footshocks and of stimuli
previously paired with inescapable footshocks on dopamine turnover in
cortical and limbic areas of the rat. Life Sci 1982;30:2207-14

126. Strine TW, Mokdad AH, Dube SR, Balluz LS, Gonzalez O, Berry JT

Manderscheid R, Kroenke K. The association of depression and anxiety
with obesity and unhealthy behaviors among community-dwelling US adults.
Gen Hosp Psychiatry. 2008; 30(2):127-37.

127. Hu MX, Lamers F, de Geus EJ, Penninx BW. Influences of lifestyle factors on
cardiac autonomic nervous system activity over time. Prev Med. 2017; 94:12-19.

128. Hamer M, Steptoe A. Cortisol responses to mental stress and incident

hypertension in healthy men and women. J Clin Endocrinol Metab
2012;97(1):E29-

129. Gao S, Hendrie HC, Yang L, Stump TE, Stewart JC, Kesterson J, Clark DO,
Callahan CM. Increase in blood pressure precedes clinical depression in elderly
primary care patients. Int J Geriatr Psychiatry. 2013 Oct;28(10):1099-100. doi:
10.1002/gps.3957. No abstract available. PubMed [citation] PMID: 24038165,
PMCID: PMC4030680

130. Zhang J, Meikle S, Trumble A. Severe maternal morbidity associated with
hypertensive disorders in pregnancy in the United States. Hypertens Pregnancy
2003; 22:203-212.

131. Xiao R, Sorensen TK, Williams MA, Luthy DA. Influence of pre-eclampsia on
fetal growth. J Matern Fetal Neonatal Med 2003;13:157-162.

132. Ananth CV, Basso O. Impact of pregnancy-induced hypertension on stillbirth and
neonatal mortality. Epidemiolog 2010;21:118-123.

125


https://www.ncbi.nlm.nih.gov/pubmed/?term=Strine%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strine%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dube%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dube%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manderscheid%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manderscheid%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18291294
https://www.ncbi.nlm.nih.gov/pubmed/18291294
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20MX%5BAuthor%5D&cauthor=true&cauthor_uid=27836526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20MX%5BAuthor%5D&cauthor=true&cauthor_uid=27836526
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Geus%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=27836526
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Geus%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=27836526
https://www.ncbi.nlm.nih.gov/pubmed/27836526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22031509
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22031509
https://www.ncbi.nlm.nih.gov/pubmed/22031509
https://www.ncbi.nlm.nih.gov/pubmed/22031509

133. Margulis AV, Setoguchi S, Mittleman MA, Glynn RJ, Dormuth CR, et al. (2013).
Algorithms to estimate the beginning of pregnancy in administrative databases.
Pharmacoepidemiology and Drug Safety. 22: 16-24.

134. Meyer CM, Armenian HK, Eaton WW, Ford DE. Incident hypertension
associated with depression in the Baltimore Epidemiologic Catchment
area follow-up study. J Affect Disord 2004;83:127-133.

135. Yan LL, Liu K, Matthews KA, Daviglus ML, Ferguson TF, Kiefe Cl. Psychosocial
factors and risk of hypertension: The Coronary Artery Risk Development in
Young Adult (CARDIA) study. JAMA 2003;290:2138-2148.

136. Godin O, Elbejjani M, Kaufman JS. Body mass index, blood pressure, and risk of
depression in the elderly: a marginal structural model. Am J Epidemiol 2012;176:
204-213

137. Garcia-Fabela L, Melano CE, Anguilar NS, GarciaLJM, Gutierrez RLM, Avila
FJA Hypertension is a risk factor for developing depressive symptoms among
community dwelling elders. Rev Invest Clin 2009; 61:274-280.

138. Musselman DL, Evans DL, Nemeroff CB. The relationship of depression to
cardiovascular disease: Epidemiology,biology, and treatment. Arch Gen
Psychiatry 1998;55: 580-592.

139. Carney RM, Freedland KE, Miller GE, Jaffe AS. Depression as a risk factor for
cardiac mortality and morbidity: A review of potential mechanisms. J Psychosom
Res 2002;53:897-902.

140. Carney RM, Freeland, Kenneth E, Rich, Michael, W, Jaffe, Allan S. Depression
as a risk factor for cardiac events in established coronary heart disease: A review
of possible mechanisms. Ann Behav Med 1995;17:142-9.

141. Rurak D, Lim K, Sanders A, Brain U, Riggs W, Oberlander TF. Third trimester
fetal heart rate and Doppler middle cerebral artery blood flow velocity
characteristics during prenatal selective serotonin reuptake inhibitor exposure.
Pediatr Res. 2011; 70:96-101.

142. Monk C, Newport DJ, Korotkin JH, Long Q, Knight B, Stowe ZN. Uterine blood
flow in a psychiatric population: impact of maternal depression, anxiety, and
psychotropic medication. Biol Psychiatry. 2012; 72:483—-490.

126



