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ABSTRACT

Systemic lupus erythematosus (SLE) primarily affects women during their reproductive years. It
is three times as common among African American women compared to white women. Women
may be at risk of poor birth outcomes even in the years before a clinical diagnosis of SLE. Women
with SLE also have a higher incidence of cardiovascular disease (CVD) at younger ages. Adverse
pregnancy outcomes have been associated with later CVD in the general population, but the
relationship between pregnancy and CVD in women with SLE has not been examined. The goal
of this dissertation was to characterize the associations between pregnancy and cardiovascular
health among women with SLE, with a focus on African American women with SLE.

In Aim 1, we evaluated the association between SLE and preterm and small-for-gestational age
(SGA) birth among African American women by timing of birth in relation to diagnosis. After
adjusting for maternal age, education and parity, compared with the general population, women
were at higher risk of giving birth to preterm or SGA infants within three years before their SLE
diagnosis but even more so after their SLE diagnosis.

In Aim 2, we examined whether parous women with SLE were at a greater risk of
hospitalization for CVD compared to nulligravid women with SLE. Our results suggested a
modestly increased hazard of CVD among parous women with SLE compared with nulligravid
women with SLE after adjusting for markers of SLE severity.

In Aim 3, we examined whether subclinical markers of cardiovascular health, specifically blood
pressure, carotid intima media thickness (IMT) and arterial distensibility were associated with
parity among African American women with SLE and without SLE. Parity was not associated
with blood pressure or IMT among women with SLE, but distensibility was lower among parous
women compared to nulliparous women with SLE. There was no association among women
without SLE.

This work provides evidence for the need to monitor and coordinate care for all women with
SLE, but especially parous women, in order to manage their risk for CVD.



Cardiovascular Risks Associated With Pregnancy Among Women with
Systemic Lupus Erythematosus

By

Meghan Angley
MPH, Yale University, 2014
BS, University of lllinois at Urbana-Champaign, 2010

Advisor: Penelope P. Howards, PhD, MS

A dissertation submitted to the Faculty of the
James T. Laney School of Graduate Studies of Emory University
in partial fulfillment of the requirements for the degree of
Doctor of Philosophy
In Epidemiology
2021



Acknowledgements

There are so many people who have supported me in this program and during the
completion of my dissertation. First, to my committee chair Penny Howards, it was a happy
accident that you ended up as my advisor. It has been a wonderful experience to have you as a
mentor and guide throughout my development as an epidemiologist. Sam Lim, | will be forever
grateful for the opportunity to work with GOAL and witness the commitment you and your study
team have for the wellbeing of people with SLE. Tené Lewis, your feedback has been invaluable
in prompting me to always view my small pieces of research in a broader context and thank you
for allowing me to work with such new data. To Carey Drews-Botsch, thank you for your
consistently thoughtful feedback; | have appreciated all of the challenges to my assumptions
and encouragement of my ideas. To Martina Badell, your insight about how these data should
be approached from a clinical perspective has been invaluable. To my whole committee, thank
you so much for your time and commitment to this project, especially during a global pandemic.

This dissertation was also supported by Dana Flanders, who always has creative
solutions to methodological challenges and Emma Barinas-Mitchell, who was an invaluable
resource on subclinical cardiovascular health. Thank you to the GOAL study team, especially
Charmayne Dunlop-Thomas, Cristina Drenkard and Lashawn Baker, for sharing your
knowledge, skills and commitment to the SLE population with me. To the women participating in
GOAL, thank you for sharing your lives and stories.

| cannot imagine a better group of people to have shared this program with than my
cohort. Alyssa Troeschel, Danielle Sharpe, 1zzy McKinnon, Kevin Maloney, Kristin Marks, Lasha
Clarke, Minxuan Huang, Regina Simeone and Ryan Saelee — you are all great friends and
inspiring epidemiologists, and | am so excited to see what great things you will do. Rob
Driggers, you will be forever remembered and missed.

Thank you to all of the students, staff and faculty of the Epidemiology department,
especially Carol Hogue, who was my first mentor in the department, and Jena Black, who
guided me through the first years in the program.

Finally, to my family, | do not know where | would be without you. My dad, and younger
sisters, Katie, Lauren and Emma, have been constant sources of encouragement and never
doubted that | would finish this program. Thank you all for allowing me to lean on you when |
needed it. My husband Spencer has been my partner through tremendous joys and challenges
in the two years we have been married; our daughter Malou has been the greatest joy. And to
my mom, | miss you every day and this is for you.



Table of Contents

Chapter 1 Overview and SPECIfIC AIMS ... 1
1] 1o o 11 ox 1o o 1
Public Health IMPOMANCE. ..........iii et e e e e e e e aaes 1
01T od o A 1 1SRRI 2
DAlB SOUICES. ... i eiti ettt ettt e ettt e et e et e e ettt e e et th e e et et e e e e et e aeeraaeeeeenans 3

Chapter 2 BACKGIOUNG ... e e e e e e e e e e e e e aa e 6
Description and Epidemiology Of SLE........cccooo i 6
SLE and Birth OULCOMES ......iiiiieeeicis e e e ettt s e e e e e e e e aaae s e e e eeeeennee 7
Adverse Birth Outcomes and Cardiovascular DISEaSE..............uuuuuuuimmmmmiiiiiiiiiiiiiiiiiiiiiieiennneeen 11
SLE and Cardiovascular Health..............ooooiiiiiiiiee 12
Pregnancy and Cardiovascular Disease in Women with SLE ..............ccccooeeeiiiiiiiieiiiiciee e, 13

Chapter 3 Adverse Perinatal Outcomes Before and After Diagnosis Among Women with

SystemiC LUPUS ErYtNEMALOSUS ..o 17
Y 013 1= o 17
10T [T oo N 18
Y7111 T T £ 19
RESUIES .t n e 22
DISCUSSION ...ttt e 24
TADIES ANA FIQUIES ...ttt 29
Appendix: Simulation accounting for COVANANCE............uuuuuuriiiiiiiiiiiiiiiiiiiiiiieeee e 33

Chapter 4 Cardiovascular Disease After Delivery Among Women with Systemic Lupus

ENYINEMALOSUS ... ..ot e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e earrr s 36
Y 015 1 > V! P 36
1] (oo 11 Tox (o T o [ 37
Y= 1 0T 38
RESUIES ..t nnnen 42
DT ESY o 1] T o 44
TabIES ANA FIQUIES.....uee e e e e e e e e e e e e et e e e e e e e e eerraaanaes 49
Appendix: ADditional TabIES ... e 53

Chapter 5 Blood Pressure, Carotid Intima Media Thickness, Distensibility and Parity Among

African American Women with Systemic Lupus Erythematosus.............cccoeeeeiiiiieeeeee, 54
Y 01 1 = Vo PP 54
1] 1o o 11 Tox 1o o S 55

V(=] { aTo Yo ST 57



LRSI 01| 3PP 60

DISCUSSION ... 62
LI 0 =T 66
Chapter 6 Conclusions, Impact & Future ReSearch............coooooieeoeiieeeeeeeee 70
Summary Of FINAINGS.......coooiiiiii e 70
Strengths and LIMItAtiONS ........cooviuiiiiii e e e e et s e e e e e e e e e et e e eaeeeannnes 72
PUblic Health IMPACL.........oooiiii e e e e e e e e e r e eae e 75
T LT S TT - T o o S 76
[T (=T =] o Tod L PP PPPPPPPPPP 79

1] o [ T P 96



List of Figures

Figure 3-1. Preterm birth and small-for-gestational age by timing of birth in relation to SLE

diagnosis among African AMEINCAN WOMEN........coiiiiieeeeeeeaee e 30
Figure 3-2. Proportion of births delivered by cesarean section by timing of SLE diagnosis among
F N o= AN o g [T g Tor= T g o o 1= o P 30
Figure 3-3. Delivery method among preterm births to African American women (overall
proportion of births that were preterm in bold) .............ooiii i 31
Figure 3-4. Moving average of confidence interval widths after each simulation trial for preterm
0] 1 N 34
Figure 3-5. Moving average of confidence interval widths after each simulation trial for small-for-
gestational 8ge DIrth ... ... 35
Figure 4-1. Flowchart of @XClUSION CItEIIA ........cvvvviiiiiiiiiiiiiiiiiiieeeeeeeeeeeee et 49

Figure 4-2. Time to CVD hospitalization or CVD death after SLE diagnosis in years (interquartile
2= 1[0 =) TSP TRTRTRTPTRPRRRN 50



List of Tables

Table 2-1. Summary of studies evaluating pregnancy outcomes in women with SLE both before
and after diagnosis and including a compariSON grOUP ........cuuuuuiieieeeeiieiiiiieee e e e e e e eeereiae e e e eeeeenanns 9
Table 2-2. Summary of studies examining cardiovascular disease after pregnancy among
WOMEN WItN SLE ..ottt ettt a e e 14
Table 3-1. Participant CharacCteriStiCS ..........ooooiiiiiiiee e 29
Table 3-2. Risk ratios modeling the risk of preterm birth among African American women........ 31
Table 3-3. Risk ratios modeling the risk of small-for-gestational age..................cccoeeeeeeeeeeieeee. 32
Table 4-1. Participant CharacCteriStiCS ..........coooiiiii i 51
Table 4-2. Estimated hazard ratios...........ooooveeii e 52
Table 4-3. ICD-9 and ICD-10 COUES ......ccoeeeieie e 53
Table 4-4. Study population EAtNS...........cciiiiiice e e e e e eaaee 53
Table 4-5. Estimated hazard ratios using Fine & Gray methods...........ccccooeveeiiiiiiiiiiiin e, 53
Table 5-1. Participant CharacCteriStiCS ..........coooiiiiiii i 66
Table 5-2. Cardiometabolic characteristicS/Denaviors ..., 67
Table 5-3. Measures of blood pressure, carotid intima media thickness and distensibility ......... 67
Table 5-4. Associations between parity and blood pressure, carotid intima media thickness and
(o 1S3 =T 71 o1/ 68
Table 5-5. SENSILIVILY ANalYSES.......couiiiiiii i e e e e e e e e e e ettt e e e e aaaeaanne 69



Chapter 1 Overview and Specific Aims

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder involving the
production of autoantibodies that cause damaging inflammation, affecting multiple organ
systems. About 90% of affected persons are women, who are usually diagnosed during their
reproductive years [1]. While women with SLE are no longer discouraged from attempting
pregnancy, much remains to be understood about risks surrounding pregnancy in women with
SLE [2].

Despite the fact that African American women are at 3 times the risk of SLE and are at
greater risk of adverse pregnancy outcomes compared to white women, few studies specifically
examine adverse birth outcomes among African American women with SLE [3-7]. In addition,
risks of cardiovascular complications after pregnancy are not well studied among women with
SLE. Women with SLE have a cardiovascular event on average 10 years earlier and
cardiovascular death 14 years earlier than women without SLE, irrespective of race [8]. Among
women with SLE, it is possible that pregnancy and childbirth may act as stressors that cause
inflammation and increase women'’s risk for cardiovascular disease (CVD). Flares of disease
activity can increase in pregnancy [9]. Women with SLE are more likely to experience
cardiovascular disease after delivery than women without SLE [10]. Subclinical cardiovascular
health has also not been examined among women with SLE, even though it has been shown to

be associated with adverse birth outcomes in the general population [11-14].

Public Health Importance
As treatments and life expectancy for people with SLE improve, more women living with
SLE will attempt pregnancy and childbearing. The overall goal of this research is to characterize

the unique associations between pregnancy and cardiovascular health among women with SLE,



with a particular focus on African American women. This research has the potential to contribute
to informing the care of women with SLE before, during and after pregnancy [10, 15].

In the general population, there is greater recognition that pregnancy represents an
important opportunity to identify women at elevated risk of CVD, with an emphasis on
intervening for young women with adverse birth outcomes [16]. In women with SLE, there is an
even greater need to identify the risks surrounding pregnancy and childbirth, particularly among
African American who separately stand at greater risk of SLE, adverse birth outcomes, and
cardiovascular disease. In the proposed dissertation, we will examine the risk of adverse
perinatal outcomes among African American women with SLE and examine parity as a risk
factor that may place women with SLE at a uniquely high risk of CVD. Together, all three aims

serve to inform the care and management of women with SLE before and after pregnancy.

Specific Aims

Aim 1. Evaluate the association between SLE and the adverse perinatal outcomes preterm birth
and small-for-gestational age (SGA) among African American women.

Hypothesis: In women with SLE, births before diagnosis, and to a greater extent, births after
diagnosis, have a higher risk of both preterm birth and SGA compared with births to women
without SLE.

Aim 2: Examine whether parous women with SLE are at a greater risk of later hospitalization for
CVD compared to nulliparous women with SLE.

Hypothesis: Women with SLE who gave birth have an increased risk of hospitalization for later
CVD compared with women with SLE who never gave birth.

Aim 3: Examine whether there is an association between parity and blood pressure, carotid
intima media thickness and distensibility among African American women with SLE. Sub-aim:
Identify if this association is unique or stronger among women with SLE by also conducting the

same analyses among a group of comparison women without SLE.



Hypothesis: Parous women with SLE have higher blood pressure and carotid intima media
thickness and lower distensibility than nulliparous women with SLE. This association is stronger

among women with SLE compared to women without SLE.

Data Sources

Georgia Lupus Registry/Georgians Organized Against Lupus Cohort

The Georgia Lupus Registry (GLR) is a population-based registry of individuals living
with SLE in 2002-2004 in Fulton and DeKalb counties in Georgia. Both incident and prevalent
cases were identified during this time period. SLE cases were primarily identified from hospitals,
rheumatology, nephrology and dermatology groups in and around the catchment area.
Administrative databases were also queried retrospectively. To be considered a case,
individuals had to either meet = 4 of the revised American College of Rheumatology (ACR)
Criteria or 3 of the ACR criteria and have a diagnosis of SLE by the individual’s board-certified
rheumatologist documented in the medical record [3]. Date of diagnosis was the earliest date
that participants were assigned a diagnosis by their treating physician in the medical record.

The Georgians Organized Against Lupus (GOAL) Cohort is an ongoing cohort that
originally began recruitment from the GLR, and has since enrolled additional patients with SLE
using the same case definition as the GLR from hospitals and clinics in the Atlanta area.
Beginning in 2011 and through 2018, participants completed annual surveys covering topics
related to physical and mental health. Reflecting the racial distribution of SLE in the Atlanta
metropolitan area, about 80% of the participants in both the GLR and GOAL are African

American [3, 17].

VISTA



For Aim 3, we used data collected as part of VISTA. In VISTA, African American women
with SLE ages 20 — 50 were recruited from the GOAL Cohort. African American women without
SLE ages 20 — 50 were recruited from marketing lists to reflect the geographic distribution of
women with SLE recruited from GOAL. All women self-identified as African American, were
premenopausal and did not have a history of clinical CVD at the time of study enroliment.
Women without SLE enrolled into the comparison group were also free of any other
autoimmune or chronic inflammatory diseases. All participants attended a clinic visit and
completed a questionnaire on demographics, reproductive and health history, behaviors and
experiences of stress and support. Participants had their height, weight and blood pressures
measured by trained study staff. At this visit, participants also had a carotid ultrasound

assessment.

Administrative Data Linkages

Female participants in GLR/GOAL were linked to Georgia birth certificates from 1994 —
2018 on which they are identified as the mother. Data linkages were conducted by the Georgia
Department of Public Health (GA DPH). The GA DPH used a multi-stage matching algorithm
using combinations of various identifying keys. The identified sample of birth certificates
consisted of births both before and after SLE diagnosis. A comparison set of birth certificates to
the general population that reflected the racial, age and geographic distribution of the SLE
sample was obtained from the National Center for Health Statistics.

Participants in GLR/GOAL were also linked to Georgia inpatient hospital discharge
records from 2000-2013. The linkage was conducted by the GA DPH using the same methods
as the birth certificate linkage. Discharge records also contain a principal diagnosis and 9
secondary diagnoses indicating the reason(s) for the hospitalization. Diagnoses are coded using

the International Classification of Diseases 9" Revision Clinical Modification (ICD-9-CM).



Finally, participants in the GLR/GOAL were also linked to death records in the National
Death Index (NDI). Death records contain date of death and causes of death identified by ICD-

10 codes.



Chapter 2 Background

Description and Epidemiology of SLE

Systemic lupus erythematosus (SLE) can have multiple manifestations, commonly
affecting the heart, skin, joints, kidneys and eyes, and can cause progressive, permanent
damage to these organs [18, 19].The disease is characterized by periods of quiescence, and
periods of flare-ups where autoimmune functioning and inflammation is highly active [20].
Diagnosis of SLE is usually made by a rheumatologist. For the purposes of classification, the
American College of Rheumatology has identified a set of eleven criteria to that are
characteristic of SLE, including malar or discoid rashes, photosensitivity, renal or neurological
disorders or the presence of autoantibodies in a blood test [21]. Individuals with SLE usually
meet three or more of the criteria. Because SLE can manifest differently across individuals,
diagnosis is often delayed even after the development of clinical symptoms [22]. However,
individuals who will eventually be diagnosed with SLE can exhibit autoimmune abnormalities
typical of individuals with SLE up to three years before the clinical onset of SLE [23, 24].

National prevalence estimates of SLE are difficult to ascertain, but the most recent
national estimate is that 320,000 people have definite or probable SLE in the United States [25].
Women are 9 times as likely to be affected compared to men, and among women, the incidence
among African American women is 3 times the incidence among white women [3, 4, 6, 7]. SLE
is relatively rare, with a prevalence less than 100 per 100,000 people, but recent estimates
suggest that the incidence is increasing, likely due to improved diagnosis [1]. Even with
advances in treatment, individuals with SLE remain at a higher risk of death than the general
population. The age-standardized mortality ratio among women with SLE has improved since
2000, but the median age of death of women with SLE remains 22 years earlier than women
without SLE [26, 27]. Beyond sex and racial disparities, risk factors for SLE are unclear, though

genetic, hormonal and behavioral factors have all been implicated [18].



SLE and Birth Outcomes

As SLE is primarily diagnosed among women, and primarily diagnosed between the
ages of 15-45, preghancy outcomes among women with SLE are of interest [1]. Before
improvements in treatment for women with SLE, women were discouraged from attempting
pregnancy and childbearing. It is now believed that with proper timing and disease
management, women with SLE can have successful pregnancies [2]. However, women with
SLE still experience higher rates of adverse preghancy outcomes. Preterm birth, small-for-
gestational age, preeclampsia, fetal and maternal death are all more common among women
with SLE than women without SLE [28-35]. The risk of preterm birth among women with SLE is
consistently twice the risk among women without SLE [36]. On the extreme end of the outcome
spectrum, the risk of fetal death has been reported to be 180 per 10,000 deliveries (compared
with 65 per 10,000 deliveries to women without SLE) and the risk of maternal death is 180 per
100,000 hospital admissions among women with SLE (compared with 12 per 100,000 among
women without SLE) [37]. With a handful of exceptions, most of these studies do not provide
estimates for these associations specifically among African American women with SLE [31, 38,
39].

While the absolute risk of extreme outcomes such as fetal and maternal mortality remain
low among women with SLE, the high risk of more common outcomes such as preterm birth
(25-30% of SLE pregnancies) remains concerning [32, 34, 35, 40]. Small-for-gestational age
(SGA) is used as a population level proxy of intrauterine growth restriction (IUGR), which can
only be measured by successive ultrasounds in utero. SGA identifies infants born both term and
preterm who may be, but are not necessarily, growth restricted [41]. The estimates for small-for-
gestational age and intrauterine growth restriction are less consistent in SLE pregnancies, in
part because definitions vary across studies, but some indicate the risk of small-for-gestational

age is nearly 20% of SLE births, compared to 10% in the general population [29, 32]. Infants



born preterm or small-for-gestational age or growth restricted are vulnerable to poor perinatal
outcomes, including infant respiratory issues, infection and slow weight gain and poor childhood
outcomes, including stunted growth and impaired cognitive development [42, 43].

Despite the interest in pregnancy outcomes among women with SLE, several important
limitations in the literature remain. In U.S.-based studies comparing the risk of birth outcomes in
SLE population with women without SLE, SLE populations are primarily identified from one of
two sources: large administrative databases or obstetric and/or rheumatology units from
individual providers. Studies that draw patients from administrative databases identify women
with SLE by the presence of the International Classification of Diseases (ICD)-9 code 710.0 in
discharge records [28, 30, 37, 39, 44, 45]. In studies that have validated the use of the ICD code
against medical record abstraction in the general population, the positive predictive value of the
ICD code alone was approximately 60%, suggesting that a number of SLE cases identified by
the code are not true cases [46]. Conversely, study populations drawn from individual providers
may include SLE patients with validated diagnoses, but they are patients from single tertiary
care centers. These study populations may not reflect the experience of a larger population of
women with SLE, are small studies and largely white when conducted in U.S. populations [29,
35, 40, 47-49].

Additionally, individuals who will eventually be diagnosed with SLE can exhibit
autoantibodies, including antinuclear antibodies and anti-double-stranded DNA, three years
before a clinical diagnosis [23, 24]. However, perinatal outcomes prior to an SLE diagnosis are
often not considered. SLE itself can also be challenging to diagnose, often resulting in delayed
diagnosis and entry into treatment [22]. Whether due to subclinical manifestations of the disease
or delayed diagnosis, the risk of adverse birth outcomes may be elevated in women who will
eventually be diagnosed with SLE. Two cohort studies designed to examine perinatal outcomes
among women with SLE did not include births prior to SLE diagnosis [50, 51]. We could only

find 5 studies that examined birth outcomes both before and after SLE diagnosis that also



included a comparison group (Table 1). Two of these studies are from the early 1990’s, and

may not reflect current practices in counseling SLE pregnancies. Only 2 used statistical

modeling to compare the risks of adverse birth outcomes before and after SLE diagnosis to the

risks among healthy women while controlling for potential confounders [31, 52]. Dhar et al. and

Arkema et al. only included first pregnancies in their analyses. Barnado et al., Petri et al. and

Julkunen et al. included multiple pregnancies per woman, but did not discuss how they

accounted for the clustered nature of the data, potentially over-estimating the precision of their

results. With the exception of Barnado et al., none of these studies provide estimates

specifically among African American women.

Table 2-1. Summary of studies evaluating pregnancy outcomes in women with SLE both
before and after diagnosis and including a comparison group

Study

Julkunen, 1993
[52]

Petri, 1993* [40]

Dhar, 2005 [47]

Study Population

Helsinki University
Central Hospital (racial
distribution not
described)

Patients in the Johns
Hopkins Lupus Cohort
and their friends and
relatives, USA (59.0%
of SLE patients were
African American)

Patients at Wayne
State University
Hospital in Michigan,
USA (72.5% of women
before diagnosis,
81.8% of women after
diagnosis, and 78.7%
of women in control

Sample Size

134 pregnancies before SLE
diagnosis; 105 pregnancies after
SLE diagnosis; 417 pregnancies
to women without SLE

324 pregnancies before SLE
diagnosis; 157 pregnancies after
SLE diagnosis; 356 pregnancies
to friends without SLE; 566
pregnancies to relatives without
SLE

15 pregnancies before SLE
diagnosis; 69 pregnancies after
SLE diagnosis; 51,000
pregnancies to women without
SLE

PTB and SGA findings

PTB before diagnosis: RR 1.5
(95% CI: 0.7, 3.4)

PTB after diagnosis: RR 5.8
(3.2, 10.5)

SGA before diagnosis: RR 4.8
(95% CI: 1.6, 14.5)

SGA after diagnosis: RR 8.6
(3.0, 24.3)

PTB before diagnosis: 6.2%
PTB after diagnosis: 24.2%

PTB in friend comparison
group: 3.9%

PTB in relative comparison
group: 3.7%

No SGA results

PTB before diagnosis: 20%
PTB after diagnosis: 27%

PTB in control group: 15.4%
(p=0.03)

SGA before diagnosis: 13.3%
SGA after diagnosis: 10.1%



group were African
American)

Barnado, 2014 Self-identified African

[31] American Gullah
women in South
Carolina, USA

Arkema, 2016 Swedish Medical Birth

[32] Register (racial
distribution not
described)

337 pregnancies before SLE
diagnosis; 147 pregnancies after
SLE diagnosis; 694 pregnancies
to women without SLE

133 pregnancies 2-5 years
before diagnosis;

65 pregnancies within 2 years
before diagnosis;

551 pregnancies after diagnosis;
12,847 pregnancies to women
without SLE

10

SGA in control group: 5.5%
(p>0.05)

PTB before diagnosis: OR 1.87
(95% CI: 1.07, 3.28)

PTB after diagnosis: OR 4.70
(2.42,9.13)

No SGA results

PTB 2-5 years before
diagnosis: 16.5%

PTB 0-2 years before
diagnosis: 30.8%

PTB after diagnosis: 23.4%
PTB in control group: 6.5%

SGA 2-5 years before
diagnosis: 14.3%

SGA 0-2 years before
diagnosis: 18.5%

SGA after diagnosis: 14.7%

SGA in control group: 3.7%

*Qdds ratios were calculated, but only for any SLE pregnancy compared to non-SLE pregnancy, not split up

by before and after diagnosis

In addition, in general, African American women with SLE are understudied, even

though they represent the group at greatest risk of SLE. A number of studies have

demonstrated that the risk of adverse birth outcomes is higher among women diagnosed with

SLE. However, there is limited research on pregnancy outcomes among African American

women with SLE. We were only able to find a handful of studies that examined the relative risk

of adverse birth outcomes specifically among African American populations with SLE (rather

than just treating race as a confounding variable), and only one of these included risks for

intrauterine growth restriction/SGA [31, 38, 39]. African American women make-up the racial

group at greatest risk of SLE and are also at greater risk of adverse birth outcomes than white
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women. Therefore, more research is needed to quantify the unique risks African American

women with SLE experience in pregnancy.

Adverse Birth Outcomes and Cardiovascular Disease

In recent years, there has been a great deal of attention on the connection between
pregnancy and CVD, with pregnancy outcomes even called “a window to future cardiovascular
disease” [53]. Across a number of populations, women with pregnancy complications have been
shown to have a higher risk of CVD. This association is demonstrated both in the early
postpartum period and decades after delivery [10, 53-60]. Most evidence supports the notion
that women with certain pregnancy complications or adverse birth outcomes have poor
underlying vascular or metabolic health prior to pregnancy which increases their risk for
pregnancy complications and cardiovascular disease later in life. In this case, preghancy serves
as a “stress-test” to identify women at higher risk of later cardiovascular disease before any
clinical symptoms are present [61].

Preeclampsia and gestational hypertension have shown the strongest associations with
later cardiovascular disease, followed by placental abruption, preterm birth and small-for-
gestational age [59, 62]. Preeclampsia, intrauterine growth restriction, placental abruption,
placental infarction and sometimes preterm birth are clustered together in the literature, under
the names “maternal placental syndrome” or “ischemic placental disease” [60, 63]. These
indicators are all associated with disorders of placentation, which itself involves vascular
remodeling [64]. The abnormal vascular remodeling associated with ischemic placental disease
is considered a harbinger of later life cardiovascular disease [61]. It should be noted that while
preterm delivery is often indicated in the case of complications such as preeclampsia or
placental abruption, spontaneous preterm birth is also associated with later maternal
cardiovascular disease [65]. Spontaneous preterm births occur without a comorbidity that is an

indication for early delivery, and are the result of preterm labor or premature rupture of
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membranes. Many studies on birth outcomes and later cardiovascular disease consider preterm
birth separately, as there is not a clear association between spontaneous preterm birth and
disorders of placentation [10, 59, 66].

The association between adverse pregnancy outcomes and vascular health is also
apparent with subclinical markers of cardiovascular disease. Women with adverse perinatal
outcomes including preterm birth and small-for-gestational age births, and hypertensive
diseases of pregnancy, have been shown to have increased blood pressure in the decades after
delivery compared to women with uncomplicated pregnancies, while distensibility, a marker of
arterial stiffness, is associated with higher parity [13, 67, 68]. Subclinical markers of
atherosclerosis, especially carotid intima media thickness and coronary artery calcification, have
also been shown to be elevated among women who experienced complicated pregnancies or
adverse perinatal outcomes [12, 67, 69]. Elevated blood pressure, atherosclerosis and arterial
stiffness are associated with cardiovascular disease including myocardial infarction and

cerebrovascular accidents among women with SLE [70-74].

SLE and Cardiovascular Health

Individuals with SLE are at an increased risk of cardiovascular disease. Cardiovascular
disease is one of the leading causes of death among individuals with SLE [75]. Women with
SLE experience cardiovascular disease and cardiovascular death at earlier ages than those
without SLE. African American women with SLE experience CVD events 11.9 years before and
CVD-related death 19.8 years earlier than African American women without SLE [8]. Heart
failure, coronary heart disease, stroke and myocardial infarction have all been shown to occur at
early ages among women with SLE [76-79]. As these conditions are fairly uncommon among
young healthy women, the magnitude of the relative risk is particularly pronounced among
women with SLE under age 50, where women are 50 times as likely to have a myocardial

infarction when they have SLE [80-82]. Even prior to clinical CVD, there are disparities in
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subclinical cardiovascular health between people with SLE and those without. People with SLE
have been shown to have greater intima media thickness (IMT) and coronary artery calcification
than people without SLE, and also have more than two times the risk of hypertension [83-86].

There are several lupus-specific pathways that are implicated in the increased risk of
CVD among SLE patients. Lupus-related autoantibodies cause inflammation, leading to
endothelial injury and contributing to atherosclerosis. Individuals with SLE have highly elevated
interferon-1 activity, which is associated with atherosclerosis, coronary artery calcification and
impaired endothelial repair [87, 88]. SLE disease damage, disease activity, corticosteroid use
(itself associated with disease activity) and renal involvement have all be shown to be
associated with the progression of atherosclerosis in people with SLE [76]. Atherosclerosis and
coronary artery calcification are then associated with the development of clinical cardiovascular
disease [70, 71]. Estrogen also plays a role in the development of SLE through the estrogen-
receptor-a pathway and is even suspected to be a reason for the sex disparity in the incidence
of SLE [89]. However, there is not presently a clear link between estrogen and cardiovascular
disease, among women with SLE or in the general population [90, 91].
Pregnancy and Cardiovascular Disease in Women with SLE

Among women with SLE, pregnancy and delivery may serve as stressors that increase
women'’s risk of CVD, regardless of the pregnancy outcome. The incidence of SLE flares is
increased during pregnancy and postpartum period [9], and organ damage after pregnancy is
increased in certain SLE patients [92]. The risk of adverse renal outcomes after pregnancy has
been examined in several studies, 2 specifically in women with lupus nephritis. They did not find
an association between chronic kidney disease or end stage renal disease when comparing
women with lupus who had given birth to women who had not given birth [93-95].

Women with SLE are at a high risk of adverse birth outcomes and CVD. However, only a
handful of studies have examined the association between reproductive factors and later

cardiovascular disease in women with SLE (Table 2). Three of these studies examined the
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association between adverse perinatal outcomes and hypertensive disorders of pregnancy and
cardiovascular among women with SLE [10, 15, 96]. As in the general population, there was a
greater risk of cardiovascular events after a pregnancy complicated by adverse perinatal
outcomes compared to uncomplicated pregnancies. One study, conducted using Taiwanese
national health insurance records, demonstrated that compared with women without SLE, those
with SLE are at greater risk of major adverse cardiovascular events, even over a short follow-up
period of 4 years [54]. To date, only 1 other study of women with SLE has examined pregnancy
and childbirth as potential exposures that may increase the risk of cardiovascular disease [97]. It
was also conducted in a Taiwanese population and included 149 women with SLE who gave
birth and 446 women with SLE without pregnancy over a mean follow-up period of 7 years. This
study found no differences overall in major adverse cardiovascular events between women with
SLE who had and who had not given birth. However, it did report an association, albeit
imprecise, between giving birth and heart failure among with women with SLE.

Table 2-2. Summary of studies examining cardiovascular disease after pregnancy among
women with SLE

Study Population Exposure Definition Outcome Definition Findings

Soh, 2016 Women with SLE and Maternal placental Cardiovascular event Any MPS was

[10] history of pregnancy in syndrome: (CVE) as recorded in associated with any
linked Swedish Medical hypertensive the patient register or CVE (adjusted HR:
Birth Register and National  disorders of death from 1.6, 95% ClI: 1.3, 2.1);
Patient Register 1973-2011  pregnancy, stillbirth, cardiovascular cause when MPS combined
(N=3977) (racial SGA, placental with PTB, magnitude
distribution not described) abruption; preterm increased (adjusted

birth (<34 weeks HR: 2.0, 95% CI: 1.4,
gestation) 2.8)

Lin, 2014 Drawn from the parent Self-reported history Cardiovascular event Odds of CVE not

[15] study Study of Long-term (confirmed when as recorded in medical elevated among
Vascular and Bone possible in medical records women with adverse
Qutcomes in Lupus records) of birth outcomes
Erythematosus preeclampsia, (adjusted OR: 0.6,
(SOLVABLE) in Chicago preterm birth or low 95% CI: 0.2, 3.2)
(N=129) (racial distribution  birthweight
not described)

Wu, 2014  Women with SLE and Delivery as identified Major adverse No association

[97] deliveries identified by by delivery ICD codes cardiovascular event between delivery and

delivery discharge codes
(n=149) and women
without deliveries (n=446)
in Taiwanese National
Insurance Records 2000 -
2010

(MACE), including
death, in discharge
records

MACESs overall among
women with SLE
(adjusted IRR: 1.1,
95% CI: 0.5, 2.3)



15

Wu, 2014  Linked Taiwanese birth SLE identified by ICD  Major adverse SLE was associated
[54] certificate data and national codes cardiovascular event with any MACE after
health insurance records (MACE) identified by delivery (adjusted HRL
from 1999-2003 and death ICD codes (12 in 9.95, 95% CI: 5.6,
certificate files women with SLE, 749 17.7)
(n=1,132,089 women who among women without
had given birth) SLE)
Simard, Women with SLE (n=450) Discharge diagnosis Cardiovascular HDPs were associated
2021 [96] and a comparison group of hypertensive outcomes as recorded  with cardiovascular

without SLE (n=2,890) in

the Swedish Medical Birth

Register 1987-2012

disorders of
pregnancy (HDPs)
during the first
pregnancy

in the Swedish
National Patient
Register, the Swedish
Stroke Register or the
Swedish Cause of
Death Register

events in women with
SLE (adjusted HR: 1.9,
95% CI: 0.8, 4.3) and
women without SLE
(adjusted HR: 1.7,
95% CI: 0.5, 6.0) with

no evidence of effect
modification by SLE

In the association between adverse birth outcomes and pregnancy complications, most
evidence tends to support a common cause hypothesis in the general population, where
pregnancy complications and later cardiovascular disease are indicative of underlying vascular
health. However, women with SLE are already susceptible to vascular and organ damage [19,
98]. In these women, pregnancy may act as a stressor that increases their later risk of
cardiovascular disease. Pregnancy is often associated with an increased risk of SLE flares,
which are associated with more SLE-related organ damage [9, 99].

It is important to establish SLE-specific risk factors for CVD among women with SLE.
Traditional cardiovascular risk factors, such as high cholesterol, diabetes and hypertension, are
not uncommon among women with SLE [84]. However, traditional risk factors fail to account for
the substantially higher risk of CVD among women with SLE [100, 101]. Young women in
general do not present with the classic symptoms of CVD compared to older women or men
[102]. If parity is a risk factor for CVD that is specific to women with SLE, high-risk women with
SLE could be flagged immediately after childbirth so that their treatment could be monitored and
managed.

Despite advances in the treatment and prognosis of SLE, young women with SLE
remain at a high risk of CVD and death. Women with SLE show an increased risk of CVD even

before age 50 [80]. African American women with SLE experience cardiovascular-related death
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on average 20 years earlier than their non-SLE counterparts [8]. The limited research on CVD
after birth among women with SLE has focused on adverse birth outcomes as a risk factor for
CVD. There is a need for research that specifically examines parity as a risk factor for CVD and
postpartum cardiovascular health. Furthermore, there is a need for research that includes a
large population of African American women, who separately are at greater risk of SLE, earlier
cardiovascular disease and adverse pregnancy outcomes than white women. Among African
American women, after excluding accidental death (deaths due to homicide, suicide and
unintentional injury), SLE was the 6" leading cause of disease-related death for ages 25-34 and
the 8" leading cause of disease-related death for women age 35-44 based on the contributing
cause of death field on death certificates [103]. SLE is a complex disease that, through a

number of mechanisms, places women at a high risk of early morbidity and mortality.
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Chapter 3 Adverse Perinatal Outcomes Before and After Diagnosis Among Women with
Systemic Lupus Erythematosus

Abstract

Objective: Women with systemic lupus erythematosus (SLE) may experience adverse perinatal
outcomes in the years before an SLE diagnosis. Overall, there is limited research on perinatal
outcomes among African American women with SLE.

Methods: Women with SLE identified from the Georgia Lupus Registry and the Georgians
Organized Against Lupus Cohort were linked with birth certificates by the Georgia Department
of Public Health. Births were categorized as occurring more than 3 years before SLE diagnosis,
0-3 years before SLE diagnosis, 0-3 years after SLE diagnosis or more than 3 years after SLE
diagnosis. Comparison birth certificates to African American women in the same geographic
area were obtained from the National Center for Health Statistics. We used log-risk models to
compare the risk of preterm birth or small-for-gestational age among SLE births in each
diagnosis timing category to the general population, adjusting for maternal age and education
and parity.

Results: Births to women with SLE were more likely to occur preterm 0-3 years before SLE
diagnosis (risk ratio [RR]: 1.71, 95% confidence interval [Cl]: 1.24, 2.35), 0-3 years after SLE
diagnosis (RR: 2.29, 95% CI: 1.70, 3.09) and 3 or more years after diagnosis (RR: 2.83, 95%
Cl: 2.36, 3.38), but not 3 or more years before SLE diagnosis compared to the general
population (RR: 1.03, 95% CI: 0.77, 1.38). Similar results were observed for small-for-
gestational age births.

Conclusion: Our analysis, conducted among African American women, demonstrates an

increased risk of adverse perinatal outcomes even before a clinical diagnosis of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease that commonly affects
the heart, skin, joints, kidneys and eyes, and can cause progressive, permanent damage to
these organs [18, 19]. The disease is characterized by periods of quiescence, and periods of
flare-ups where autoimmune functioning is highly active [20]. Because SLE can manifest
differently across individuals, diagnosis is often delayed even after the development of clinical
symptoms [22]. However, individuals who will be diagnosed with SLE can exhibit autoimmune
abnormalities three years before the clinical onset of SLE [23, 24].

Women are nine times as likely to be diagnosed with SLE compared to men, and among
women, the incidence among African American women is 3 times the incidence compared to
white women [3, 4, 7]. As SLE is primarily diagnosed among women, and is typically diagnosed
during their reproductive years, understanding the effect of SLE on perinatal outcomes is
important [1]. Studies suggest that preterm birth, small-for-gestational age, preeclampsia, fetal
and maternal death are all more common among women with SLE than women without SLE
[28-30, 32-35].

While the risk of extreme outcomes such as fetal and maternal mortality are low among
women with SLE, the high risk of more common outcomes, such as preterm birth (25-30% of
SLE pregnancies among white women) remains concerning [32, 34, 35, 40]. Several studies
have examined racial disparities in perinatal outcomes between African American and white
women with SLE. These studies often had few African American participants and therefore
examined composite adverse outcomes or used hospital discharge data to examine ICD-9
codes for preterm labor as a proxy for preterm birth [38, 39, 50, 51]. Only one study was large
enough to provide estimates for preterm birth but not small-for-gestational age among African
American women with SLE [31]. Small-for-gestational age (SGA), though less well-studied than
preterm birth, also appears to be elevated among women with SLE. SGA is used as a

population-level proxy of fetal growth restriction, which is measured by successive ultrasounds
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in utero [43]. The estimates for small-for-gestational age are less consistent in SLE
pregnancies, in part because definitions vary across studies, but some indicate the risk of small-
for-gestational age is nearly 20% among SLE births to white women, while there are no
estimates specifically among African American women [29, 32]. Infants born preterm or small-
for-gestational age are vulnerable to poor perinatal outcomes, including infant respiratory
issues, infection and slow weight gain and poor childhood outcomes, including stunted growth
and impaired cognitive development [42, 43]. Furthermore, several studies have suggested that
there is an elevated risk of adverse perinatal outcomes among women with SLE even before
their clinical diagnosis [31, 32, 40, 47, 52]. Only one of these studies included a large enough
study population to generate estimates for the risk of preterm birth before diagnosis specifically
among African American women who later developed SLE.

Despite the interest in pregnancy outcomes among women with SLE, important gaps in
the literature remain. There is limited research on preterm birth and SGA specifically among
African American women with SLE, and only one study, conducted among a unique population
in the Sea Islands of South Carolina, has examined perinatal outcomes before SLE diagnosis
among African American women. In the present analysis, we examine the risk of preterm and
small-for-gestational age birth among African American women with SLE compared to the
general population of African American women in a large metropolitan area. We examine births
both before and after the date of SLE diagnosis. We hypothesize that compared to the general
African American population, the risk of preterm and SGA births is elevated among African
American women with SLE before diagnosis, and elevated to an even greater extent after
diagnosis.

Methods

Study Population with Systemic Lupus Erythematosus
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Women with SLE were identified from both the Georgia Lupus Registry (GLR) and the
Georgians Organized Against Lupus (GOAL) Cohort. The GLR is a population-based registry of
individuals living with SLE in 2002-2004 in Fulton and DeKalb counties, the two most populous
counties in metropolitan Atlanta, Georgia. Both incident and prevalent cases were identified
during this time period. SLE cases were primarily identified from hospitals and rheumatology,
nephrology and dermatology groups in and around the catchment area. Administrative
databases were also queried retrospectively. To be considered a case, individuals had to either
meet = 4 of the revised American College of Rheumatology (ACR) Criteria or 3 of the ACR
criteria and have a diagnosis of SLE by a board-certified rheumatologist documented in the
medical record [3, 21]. The GLR and GOAL were both approved by the Institutional Review
Boards of Emory University and the Georgia Department of Public Health.

The GOAL Cohort is an ongoing cohort that originally began recruitment from the GLR,
and has since enrolled additional patients with SLE using the same case definition as the GLR
from hospitals and clinics in the Atlanta area. Reflecting the racial distribution of SLE in the
Atlanta metropolitan area, about 80% of the participants in both GLR/GOAL are African
American [3, 17]. This analysis is restricted to African American female participants in
GLR/GOAL to generate reliable estimates for an understudied group of women affected by SLE.
This analysis was also restricted to singleton births.

Female participants in GLR/GOAL were linked to Georgia birth certificates from 1994 —
2018 on which they are identified as the mother. The data linkage was conducted by the
Georgia Department of Public Health with a multi-stage matching algorithm using combinations
of various identifying keys [104].

Comparison Birth Certificates

Birth certificates from the general population between 1994 and 2018 were obtained

from the National Center for Health Statistics. All singleton births occurring to African American

women in Georgia during the appropriate time frame were identified. Sampling was conducted
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to match the distribution of births by year and maternal county of residence to the set of SLE
births. Sampling was done to achieve a 1:20 ratio of SLE births to general population births.
Variable Definitions

The exposure of interest was a diagnosis of systemic lupus erythematosus. In
GLR/GOAL, a diagnosis of SLE was confirmed by physician review of medical records. When
available in GLR/GOAL, the date of diagnhosis was captured in medical records. When the
medical records were not available, the date of diagnosis was obtained by self-report. Births to
women with SLE were categorized as occurring more than three years before diagnosis, within
3 years before diagnosis, within 3 years after diagnosis or more than three years after
diagnosis. Women whose diagnoses occurred during pregnancy were categorized as having
their births within 3 years after diagnosis.

Preterm birth was defined as a birth occurring before 37 completed weeks of gestation,
identified from the clinical best estimate of gestation on the birth certificate. Small-for-
gestational-age births were infants born with birthweights below the 10™ percentile by
gestational age at birth. We used published standards of birthweights by gestational age that
were developed from a national dataset of singleton births to non-Hispanic African American
mothers [105].

Potential confounders of interest, including maternal age, education, parity and initiation
of prenatal care, were obtained from the birth certificate.

Statistical Analysis

Descriptive characteristics of births in each exposure category, including the proportion
of births that were preterm or SGA, were summarized using frequencies and percentages. We
generated estimated risk ratios using log-risk models. In our data, births to women with SLE
have unique identifiers, where we can identify births occurring to the same woman among
women with SLE, but in the set of births to the general population, we cannot identify unique

women in the data. Since our main analyses were conducted treating all births as independent



22

events, the precision of the confidence intervals for our estimates is potentially overestimated.
We addressed this issue in two ways. First, we conducted a sensitivity analysis that restricted
the study population to first births. Second, we conducted a simulation to examine the effect of
not accounting for covariance among births in the main analysis. This simulation is described
and presented in the Appendix. All analyses were conducted using SAS 9.4 (SAS Institute,

Cary, N.C)).

Results

Our final analytical sample included 583 births to African American women with SLE and
11,660 births to African American women in the general population from metropolitan Atlanta.
Among women with SLE, the majority of births occurred before SLE diagnosis, with the greatest
proportion of all births (40.8%) occurring more than three years before diagnosis (Table 1). The
distribution of maternal age at delivery was slightly younger among African American women
with SLE compared to the general population of African American women, with 51.3% of SLE
births to women under age 25, compared to 46.0% of births in the general population. Women
with SLE were likely to initiate prenatal care in the first trimester (72.2% of births), which was
similar to the general population (69.7%). About 40% of SLE births and of births in the general
population were first births. A noticeably higher proportion of SLE births were delivered by
cesarean section (33.1% vs. 24.7%).

Overall, 28.5% of births in our cohort of African American women with SLE were
preterm, compared to 15.5% among African American women in the general population. The
proportion of births that were preterm among women with SLE increased linearly by timing of
the birth in relation to SLE diagnosis, ranging from 16.4% of births more than 3 years before
diagnosis to 43.3% of births more than 3 years after diagnosis (Figure 1). The pattern was
different when examining SGA births. The risk of SGA birth was 10.9% more than 3 years
before diagnosis, but 27.9% within 3 years after diagnosis. By more than 3 years after SLE

diagnosis, the proportion of births that were SGA was 21.3% of births. There also was a trend in
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the proportion of SLE births that were delivered by cesarean section. Births occurring before
SLE diagnosis were about as likely to be delivered by cesarean section as the general
population (24.7%), but births occurring within 3 years after diagnosis and more than 3 years
after diagnosis were much more likely to be delivered by cesarean section (45.6% and 44.7%)
(Figure 2). Preterm births to African American women with SLE were more likely to be delivered
by cesarean section than preterm births to women without SLE, especially within 3 years after
diagnosis where over 70% of preterm deliveries were by cesarean section, compared to 29% in
the general population (Figure 3).

In unadjusted models, births occurring to African American women with SLE more than 3
years before their diagnosis did not have an increased risk of preterm birth compared to the
general population (RR: 1.05, 95% CI: 0.79, 1.41) (Table 2). Births occurring within 3 years
before diagnosis did have an increased risk of preterm birth compared to the general population
(RR: 1.76, 95% CI: 1.28, 2.42). For births to women with SLE occurring after their diagnosis, the
risk of preterm birth was more than twice that of the general population. Births more than three
years after diagnosis had the highest risk of preterm birth, with a risk ratio of 2.78 (95% ClI. 2.32,
3.33). These estimates changed only slightly after adjusting for maternal age, education and
parity.

When we restricted the preterm birth models to first births only (and adjusted for
maternal age and education), the estimates showed a similar pattern. SLE was not associated
with preterm birth more than 3 years before diagnosis (RR: 1.20, 95% CI: 0.77, 1.86), but the
relative risk increased for each diagnosis timing category (within 3 years before, within 3 years
after, more than 3 years after), with the greatest relative risk occurring among births more than 3
years after diagnosis (RR: 3.56, 95% ClI: 2.74, 4.62). The results were also similar when we
restricted to vaginal births only.

In the unadjusted models examining the risk of SGA birth, among births to women with

SLE more than three years before diagnosis, there was no evidence of an increased risk of
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SGA birth compared to the general population of African American women (RR: 1.11, 95%:
0.77, 1.60) (Table 3). Among births to women with SLE occurring within 3 years before
diagnosis, the relative risk increased to 2.38 (95% CI: 1.76, 3.51), and to a maximum of 2.82
(95% CI: 1.97, 4.04) when births occurred within 3 years after SLE diagnosis. Although still
greater than the general population, the risk of SGA birth was lower among births occurring
more than 3 years after diagnosis compared to those occurring closer to the time of SLE
diagnosis (RR: 2.16, 95% CI: 1.60, 2.92). When we adjusted for maternal age, education and
parity, the estimates were of a similar magnitude and showed the same pattern, with the
greatest increased risk among SLE births occurring within 3 years after diagnosis.

We also restricted the adjusted model for SGA to first births only. There was a similar
pattern among first births. There does not appear to be an association among women more than
3 years before their SLE diagnosis (RR: 0.85, 95%: 0.47, 1.55), but an increase within 3 years
before diagnosis (RR: 2.60, 95%: 1.70, 3.99), the greatest increase in risk observed among
births occurring within 3 years after SLE diagnosis (RR: 2.96, 95%: 1.74, 5.03), which then
decreased more than three years after diagnosis (RR: 2.15, 95%: 1.37, 3.36). The estimates
showed a similar pattern when we restricted the model to vaginal births only.

The results of the simulation analysis presented in the Appendix suggest that the
precision of the estimated confidence intervals may have been slightly overestimated, by 3-4%,
by not accounting for the covariance of births occurring to the same woman.

Discussion

The births to African American women with SLE in our study population occurred to
slightly younger women than births to the general population of African American women. Births
to women with SLE were roughly equally likely to have been to women with a college degree
and to be first births compared to the general population of African American women. In our
analysis, we found an increased risk of preterm birth and SGA birth among African American

women with SLE, both in the years immediately before diagnosis of SLE and in the years after
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diagnosis. However, we saw a different pattern for preterm births compared to SGA births. The
risk of preterm birth was elevated among births occurring within 3 years before diagnosis, 3
years after diagnosis and among births occurring more than three years after diagnosis. The
greatest increased risk of SGA occurred in the three years immediately after SLE diagnosis.

Individuals with SLE demonstrate immune abnormalities prior to SLE diagnosis, but
perinatal outcomes before diagnosis are not often considered. We could only find five studies
that examined perinatal outcomes both before and after SLE diagnosis that also included a
comparison group [31, 32, 40, 47, 52]. Two of these studies are from the early 1990’s, and may
not reflect current practices in counseling SLE pregnancies. Only two used statistical modeling
to control for potential confounders. With the exception of Barnado et al., none of these studies
provide estimates specifically among African American women. We provide an important
replication of Barnado et al.’s findings in a population of African American women in a major
metropolitan setting as well as extend their findings to include SGA estimates among African
American women with SLE.

All five studies that examined the risk of preterm and/or SGA birth before diagnosis
found an increased risk of preterm birth and SGA birth before diagnosis when comparing to a
non-SLE cohort. Only one of these studies, Arkema et al., distinguished between births
occurring 2-5 years before diagnosis and 0-2 years before diagnosis in a Swedish cohort. This
study found the risks of preterm and SGA births were especially elevated 0-2 years before
diagnosis. Our results also provide support for an association between a pre-diagnosis state of
SLE and adverse perinatal outcomes among African American women who will eventually be
diagnosed with SLE. This could be due to immune abnormalities experienced in the years
before a clinical diagnosis. Antiphospholipid antibodies and anti-Ro antibodies can both be
elevated years before a clinical SLE diagnosis is possible, and have also been shown to be
associated with preterm birth [24, 35, 51]. Conversely, the observed association could be due to

the symptoms of active SLE, which have been shown to be associated with adverse perinatal
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outcomes [106-108]. Diagnosis of SLE is often delayed even after the presentation of clinical
symptoms [22].

We could only find one other study that examined the risk of preterm birth before
diagnosis specifically among African American women with SLE [31]. Our results were of a
similar magnitude as Barnado et al. for births before SLE diagnosis, where they found an odds
ratio of 1.87 (95% CI: 1.07, 3.28) for preterm birth, but were less extreme than their results for
births after SLE diagnosis, where they found an odds ratio of 4.70 (95% CI: 2.42, 9.13) for
preterm birth. Barnado et al. was conducted among Gullah African Americans (220 women with
SLE, 217 women without SLE) in the Sea Islands of South Carolina, and the large odds ratio for
preterm birth after diagnosis was driven by the low risk of preterm birth in their comparison
population, where less than 5% of births were preterm. This low risk of preterm birth is not
reflective of the risk of preterm birth among African American women in metropolitan Atlanta
(16%), or African American women nationally (14%) [109]. Barnado et al. did not examine SGA
births.

We found no other studies that separated births after SLE diagnosis into births occurring
in the years immediately following diagnosis and births later after diagnosis, so we cannot
compare the differing trend that we saw where the risk of SGA births eventually decreased in
the 3 years after SLE diagnosis while preterm births continued to increase. The differing trends
may be due to random variability of the data. Conversely, the difference may be due to real
factors. While estimates vary, a large proportion of preterm births among women with SLE
appear to be medically-indicated, with preeclampsia being a major indicator for preterm delivery
[45, 110, 111]. Although preeclampsia may result in medically indicated preterm birth, it does
not necessarily affect fetal growth. Other aspects of SLE disease that could affect fetal growth
may be more likely to be stabilized more than 3 years after diagnosis, resulting in a lower risk of
SGA. We could not distinguish between medically-indicated and spontaneous preterm births in

our data, but we did have information on method of delivery from the birth certificate. Studies
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suggest that medically indicated preterm births are more likely to be delivered via cesarean
section, while spontaneous preterm births are more likely to be delivered vaginally [110, 112]. In
our sample, from within 3 years after diagnosis to 3 or more years after diagnosis, the
proportion of preterm births delivered by cesarean section, while decreasing slightly, remained
high, going from 71% to 59%. When restricting the multivariable analysis to vaginal deliveries
only, we saw the same trend where women with SLE were at the greatest risk of preterm
delivery more than 3 years after diagnosis. While method of delivery is only a rough proxy for
the medical necessity of a preterm delivery, this suggests that medically-indicated preterm births
remain common, even after a stable treatment regimen for SLE may be established in the early
years after diagnosis.

Some limitations should be noted. Ideally, insurance status and maternal receipt of WIC
as listed on the birth certificate would have been part of our analysis as indicators of
socioeconomic status. However, in Georgia, these variables were only available on the birth
certificate beginning in 2009 which would have rendered our sample size too small to conduct a
multivariable analysis. In addition, we used birth certificates from the general population of
African American women in Georgia as our comparison group, rather than births to African
American women who were confirmed to not have SLE. This set of comparison birth certificates
potentially contained births to women with SLE, and we have no way to exclude these births
using information from the birth certificate. The estimated prevalence of SLE among African
American women in Georgia is 196.2 per 100,000 [3]. With the age distribution of the 11,660
African American women included in our comparison group, the expected prevalence of SLE in
our comparison group is approximately 0.20%, or 22 women. We do not expect this to have
influenced our results. We also did not have a unique identifier among the comparison births to
identify births to the same woman. Our simulation analysis (Appendix) demonstrated that not
accounting for births to the same women likely generated estimated confidence intervals that

were only 3-4% narrower than what would have been estimated had we been able to account
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for the covariance of multiple births to the same woman. Restricting the adjusted analysis to first
births also eliminated the issue of covariance, but did not dramatically alter our results. Finally,
as previously mentioned, we were unable to differentiate between medically-indicated and
spontaneous preterm births.

Our analysis has several strengths. First, we included only validated cases of SLE.
Studies that draw patients from administrative databases identify women with SLE by the
presence of the International Classification of Diseases (ICD)-9 code 710.0 in discharge records
[28, 30, 37, 39, 44, 45]. In studies that have validated the use of the ICD code against medical
record abstraction in the general population, the positive predictive value of the ICD code alone
was approximately 60%, suggesting that a number of SLE cases identified by the code are not
true cases [46]. We also included births to women with SLE both before and after clinical
diagnosis and were able to demonstrate that the risks for both preterm birth and SGA are
elevated in the years before diagnosis. Finally, our study included a large sample of self-
identified African American women with SLE, who have been understudied with respect to
perinatal outcomes, yet represent a group at a high risk of SLE.

As the prognosis for women diagnosed with SLE improves, more women with SLE will
likely pursue pregnancy and childbearing. Our results suggest that African American women
with SLE are at greater risk for the adverse outcomes preterm birth and SGA than the general
population of African American women, even before a clinical diagnosis of SLE. In general,
African American women have a higher risk of preterm birth and SGA, a greater risk of
pregnancy complications that may lead to these outcomes, including preeclampsia and
gestational hypertension, and are more likely to die in childbirth than white women [5, 113-115].
More work remains to be done to characterize the additional risks around pregnancy and
childbirth that African American women with SLE face. Healthcare providers, especially those
serving communities of color should be better educated about SLE, and have a lower threshold

to suspect SLE in the peripartum period.



Tables and Figures

Table 3-1. Participant characteristics

Characteristic SLE births (N=583) Non-SLE Births

(N=11,660)
Timing of Birth
>3 years before diagnosis 238 (40.8)
Within 3 years before 102 (17.5)
diagnosis
Within 3 years after 79 (13.6)
diagnosis
>3 years after diagnosis 164 (28.1)
Preterm
Preterm 166 (28.5) 1812 (15.6)
Not preterm 417 (71.5) 9829 (84.4)
Small-for-Gestational Age
SGA 108 (18.5) 1141 (9.9)
Not SGA 475 (81.5) 10426 (90.1)
Maternal Age
12-19 119 (20.4) 1949 (16.7)
20-24 180 (30.9) 3411 (29.3)
25-29 138 (23.7) 2934 (25.2)
30-34 90 (15.4) 2082 (17.9)
35-39 44 (7.6) 1050 (9.0)
40+ 12 (2.1) 234 (2.0)
Prenatal Care Initiation
First Trimester 421 (72.2) 8122 (69.7)
Second Trimester 88 (15.1) 1890 (16.2)
Third Trimester 11 (1.9) 389 (3.3)
No Prenatal Care 6 (1.0) 293 (2.5)
Unknown 57 (9.8) 966 (8.3)
Parity
1 238 (40.8) 4571 (39.3)
2-3 263 (45.1) 5182 (44.6)
4+ 82 (14.1) 1879 (16.2)
Delivery Method
Vaginal 390 (66.9) 8756 (75.3)
Cesarean Section 193 (33.1) 2872 (24.7)
Education
High School or Less 367 (64.2) 6846 (60.1)
Some College 127 (22.2) 2700 (23.7)
College or Higher 78 (13.6) 1841 (16.2)
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Figure 3-2. Proportion of births delivered by cesarean section by timing of SLE diagnosis
among African American women



50
45
40
35
30
25
20
15
10

(=R

27.5

W Cesarean Delivery

35.4

28.6

3+ vyears before 0-3 years before 0-3 years after

3+ years after

43.3

40.9

15.6

71.0

No SLE

Vaginal Delivery

31

Figure 3-3. Delivery method among preterm births to African American women (overall
proportion of births that were preterm in bold)

Table 3-2. Risk ratios modeling the risk of preterm birth among African American women

Unadjusted

Adjusted*

First births
only*

Vaginal births
only*

3+years
before
diagnosis
Within 3
years before
diagnosis
Within 3
years after
diagnosis
3+ years
after
diagnosis

1.05(0.79, 1.41)

1.76 (1.28, 2.42)

2.28 (1.69, 3.08)

2.78 (2.32, 3.33)

1.03 (0.77, 1.38)

1.71 (1.24, 2.35)

2.29 (1.70, 3.09)

2.83 (2.36, 3.38)

1.20 (0.77, 1.86)

1.90 (1.19, 3.04)

2.75 (1.68, 4.49)

3.56 (2.74, 4.62)

0.99 (0.69, 1.41)

1.18 (0.73, 1.90)

1.30 (0.70, 2.43)

2.21 (1.62, 3.01)

*Adjusted for maternal age, education and parity



Table 3-3. Risk ratios modeling the risk of small-for-gestational age

Unadjusted Adjusted* First births  Vaginal births

only* only*
3+years 1.11 (0.77, 1.05(0.72, 0.85 (0.47, 0.97 (0.61,
before 1.60) 1.53) 1.55) 1.53)
diagnosis
Within 3 2.48 (.76, 2.38(1.69, 2.60 (.70, 2.39 (1.61,
years 3.51) 3.36) 3.99) 3.56)
before
Within 3 2.82 (2.97, 2.89(2.03, 2.96 (.74, 2.88 (1.78,
years after 4.04) 4.13) 5.03) 4.67)
3+ years 2.16 (2.60, 2.28(1.69, 2.15 (.37, 1.44 (0.85,
after 2.92) 3.07) 3.36) 2.45)

*Adjusted for maternal age, education and parity
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Appendix: Simulation accounting for covariance

There were no unique identifiers in the set of birth certificates to the general population
with which we could identify births occurring to the same woman, but we did have access to
these identifiers in the birth certificates to women with SLE. We used the identifiers available
among the SLE birth certificates to simulate what the confidence intervals might look like were
we able to account for covariance in both the exposed (SLE births) and unexposed (general
population births). To maintain an appropriate sample size for the simulations, we did not split
up SLE births by timing in relation to diagnosis.

First, we randomly selected a woman with SLE with at least one preterm birth and
deleted all of her births from the SLE sample of births. Next, we ran a regression model
comparing the risk of preterm birth among the SLE births to the risk among the general
population. We progressively deleted randomly selected SLE mothers with at least one preterm
birth until the risk ratio equaled 1. Next, we used this sample of SLE mothers where a number of
mothers with the outcome were deleted as a pseudo-unexposed cohort, since it now had the
same risk of preterm birth as the general population. Finally, we ran a regression model
comparing the risk of preterm birth in the original sample of SLE births to the pseudo-unexposed
cohort. Since we now had unigue identifiers for both the exposed and pseudo-unexposed
cohorts, we ran the analysis first not accounting for the covariance between births to the same
mother and then accounting for the covariance using generalized estimating equations. We then
compared the widths of the 95% confidence intervals for the two risk ratios (width = upper
confidence limit/lower confidence limit). We ran the simulation for 20 trials and plotted the
moving average after each trial. The same process was repeated using SGA as the outcome of
interest.

The plots of confidence interval widths suggest that if we were able to account for the
covariance among births in the general population, the confidence intervals around the

generated estimates would be wider, but only slightly. In the case of preterm birth, after 20 trials



the average confidence interval width was 1.68 without accounting for covariance and 1.73
when accounting for covariance, an increase of 3.6%. In the case of SGA birth, the average
confidence interval width increased from 1.90 to 1.96 after accounting for covariance, an
increase of 3.2%. Overall, these simulations suggest that the impact of not accounting for

covariance on our estimated confidence intervals is minimal.
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Figure 3-4. Moving average of confidence interval widths after each simulation trial for
preterm birth
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Chapter 4 Cardiovascular Disease After Delivery Among Women with Systemic Lupus
Erythematosus

Abstract

Objective: Among women with systemic lupus erythematosus (SLE), pregnhancy can be
associated with increased disease activity. Separately, women with SLE are at risk for early
cardiovascular disease (CVD). We sought to examine the association between parity and CVD
among women with SLE.

Methods: Women with SLE identified from the Georgia Lupus Registry were linked with birth
certificates. CVD hospitalizations were identified from hospital discharge records and CVD
deaths were identified from the National Death Index. We separately compared women who had
never been pregnant, women who gave birth only before their SLE diagnosis and women who
gave birth both before and after their SLE diagnosis. Extended Cox models were used to
estimate hazard ratios for CVD hospitalization or death.

Results: The study sample included 127 women with SLE who had given birth and 141 women
who had not. The average length of follow-up was 9.1 years. In unadjusted models, births only
before diagnosis and births only after diagnosis were associated with earlier hospitalization or
death from CVD after diagnosis, with hazard ratios of 1.53 (95% confidence interval [CI]: 0.85,
2.76) and 1.91 (95% CI: 0.93, 3.94) compared to nulligravid women. Giving birth both before
and after diagnosis was also associated with a greater hazard of CVD compared to giving birth
before diagnosis only (HR: 2.93, 95% CI: 1.16, 7.36). Results were similar when adjusting for
age at diagnosis, race and renal and/or CNS involvement of SLE.

Conclusions: While pregnancy and birth outcomes have improved dramatically for women with
SLE, we found that women with SLE are at high risk of cardiovascular disease in the years after
delivery. Thus, women with SLE require greater monitoring and coordination of care after

delivery.
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Introduction

It was once recommended that women with systemic lupus erythematosus (SLE) avoid
pregnancy and childbearing. However, with improvements in treatments and knowledge of SLE,
it is now understood that with appropriate timing and disease management, women with SLE
should not be counseled against pregnancy. Since 2000, both the maternal and fetal death
rates among pregnancies to women with SLE have declined dramatically, and women with SLE
make up a larger proportion of women giving birth [37]. As part of planning healthy pregnancies,
it is recommended that women with SLE wanting to become pregnant have inactive disease for
at least six months and establish a treatment regimen that is compatible with pregnancy [2].

Recently, there has been a great deal of attention to the connection between pregnancy
and cardiovascular disease (CVD) in the general population, with pregnancy outcomes called “a
window to future cardiovascular disease” [53]. Most evidence supports the hypothesis that
women with certain pregnancy complications or adverse perinatal outcomes have underlying
vascular or metabolic disorders which increases their risk for pregnancy complications and
cardiovascular disease later in life [61]. Thus, there is increasing recognition that pregnancy
represents an important opportunity to identify women at elevated risk of CVD, with an
emphasis on intervening and follow-up for women with adverse birth outcomes [16].

Such interventions may be even more relevant for women with SLE. As an autoimmune
disorder that causes inflammation [19, 98], women with SLE already have an increased risk of
cardiovascular disease compared with the general population [9, 99]. The incidence of heart
failure, coronary heart disease, atherosclerosis and myocardial infarction are higher at younger
ages among women with SLE [76], and the established Framingham risk factors do not explain
this excess risk [100, 116].

Pregnancy history may provide information beyond traditional risk factors that could be

used to identify women with SLE at higher risk for cardiovascular disease. Women with SLE
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have a higher risk of adverse perinatal outcomes even before diagnosis of SLE compared to the
general population, potentially due to the accumulation of autoantibodies even years before SLE
diagnosis [24, 32, 117]. Further, pregnancy itself is often associated with an increased risk of
SLE flares, which are periods of higher disease activity, though this association can be modified
by medication use [9]. Thus, beyond the relationship between adverse outcomes and
cardiovascular disease, pregnancy itself may be predictive of an increased risk of
cardiovascular disease among women with SLE. This possibility is suggested by a Taiwanese
study that reported a higher risk of heart failure among women with SLE over a mean follow-up
of seven years, though the conclusions were based on a small number of events [97]. No
studies have examined if giving birth before an SLE diagnosis is predictive of cardiovascular
disease risk.

As treatments and prognosis improve for women with SLE, more women with SLE will
become pregnant. Of particular concern in the United States, African American women are at
greater risk of SLE, adverse birth outcomes, and cardiovascular disease than white women, and
yet African American women have been underrepresented in SLE research. If pregnancy is
associated with cardiovascular disease among women with SLE, then pregnancy history could
be used to help identify the women at greatest risk of cardiovascular disease. In this analysis,
we will examine whether women with SLE who gave birth, before or after their SLE diagnosis,
are at a greater risk of later hospitalization for CVD or death due to CVD compared to women
with SLE who never gave birth in a lupus registry with a high representation of African American
women. We hypothesize that women with SLE who gave birth will have an increased hazard of

later CVD compared with women with SLE who never gave birth.

Methods

Study Population
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The Georgia Lupus Registry (GLR) is a population-based registry of incident and
prevalent cases of SLE occurring in Fulton and DeKalb counties in Georgia from 2002 — 2004.
The methodology of the GLR has been described previously [3]. Briefly, cases were identified
from hospitals, rheumatology, nephrology and dermatology clinics in and around the catchment
area. Administrative databases were also queried retrospectively. To be considered a case,
individuals had to either meet = 4 of the revised American College of Rheumatology (ACR)
Criteria or 3 of the ACR criteria and a diagnosis of SLE by the individual's board-certified
rheumatologist documented in the medical record [3]. This analysis is restricted to the female
participants in the GLR.

In 2015, the GLR was linked with Georgia birth certificates from 1994 — 2013 on which
participants had been identified as the mother on the birth certificate. The GLR was also linked
with Georgia inpatient hospital discharge records occurring from 2000 — 2013. Both linkages
were performed by the Georgia Department of Public Health using a multi-stage matching
algorithm and combinations of identifying keys. The GLR was also linked with the National
Death Index (NDI) to identify deaths that had occurred through 2013. NDI records contain up to
20 multiple causes of death.

Cohort Definition

The sample of uniqgue women in GLR was first restricted to women who had been of
reproductive age (15 — 44) at some point between 1994 — 2013. We then further restricted the
sample to women who had been diagnosed in 2000 or later, as the available hospital discharge
data linkage begins in 2000. The cohort of women who gave birth were identified by their
linkage to birth certificates. In order to compare the cohort of women who had given birth to a
cohort that truly had not given birth, we used all available information to exclude women who
had any evidence of pregnancy from the group of women who did not link to birth certificates.
Additional variables available in the GLR that were abstracted from medical records document

the number of pregnancies, the number of miscarriages and the number of premature births that
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women have experienced. We excluded women with any documented history of pregnancy,
miscarriage or premature birth from the nulliparous group of women even if they did not link to a
birth certificate. This in effect created a comparison group that was nulligravid (never pregnant)
rather than nulliparous (never gave birth).
Outcome Definition

Georgia inpatient hospital discharge records were identified and linked to participants in
the GLR. The discharge records contain information on admission and discharge date,
discharge disposition, principal diagnosis and up to 9 secondary diagnoses. The diagnoses
were identified by International Classification of Diseases 9" Revision Clinical Modification (ICD-
9-CM) codes. Based on a literature review of cardiovascular events occurring postpartum, we
selected codes to identify coronary heart disease, cerebrovascular disease and congestive
heart failure (Appendix Table 1). Deaths were attributed to cardiovascular causes if the NDI
record contained ICD-10 codes for coronary heart disease, cerebrovascular disease or heart
failure (Appendix Table 1). Women were considered to have the outcome of interest if they had
a hospitalization with ICD-9 codes for cardiovascular disease or had a death record with ICD-10
codes for cardiovascular disease.
Covariates

Women were classified by race into 3 groups (African American, White or Other Race)
and age at diagnosis (less than 20 years old, 20-29 years old, 30-39 years old, 40 years old or
older). An important consideration for this analysis is that women may choose to or choose not
to become pregnant for several reasons. Women with more severe SLE may be less likely to
choose to become pregnant or less likely to be able to become pregnant. Women with more
severe SLE are also more likely to develop cardiovascular disease. To address the issue of SLE
severity being a potential confounder, we also included central nervous system and renal
manifestations of SLE as captured in the medical record by the time of data extraction. Central

nervous system involvement includes psychosis and/or seizures, while renal system



41

involvement includes a history of lupus nephritis, dialysis and/or kidney transplantation. Central
nervous involvement or renal system involvement are both considered indicators of more severe
SLE disease and are also associated with cardiovascular disease among people with SLE [71].
Statistical Analysis

We used frequencies and percentages to compare women who had given birth to those
who were nulligravid. Extended Cox models were used to compare the hazard of hospitalization
or death associated with cardiovascular disease among women who had given birth to those
who had never been pregnant. Women were followed from the time of their SLE diagnosis until
their first hospitalization attributable to cardiovascular disease or death attributable to
cardiovascular disease. Women were censored if they died and the death could not be
attributed to cardiovascular causes, or they did not experience the outcome by the end of 2013.
Giving birth prior to diagnosis was coded as binary yes/no. Extended Cox models allowed for
births after diagnosis to be treated as a time-varying exposure. Women were classified as not
having given birth after diagnosis until the date of the birth after their diagnosis, at which point
their classification status changed. Estimated hazard ratios and 95% confidence intervals were
obtained from the extended Cox models. We first ran unadjusted models, followed by models
adjusted for age, race and the severity indicators of central nervous system involvement or renal
system involvement. We made three separate comparisons in order to compare like groups.
First, we compared women who gave birth only before their SLE diagnosis to nulligravid
women. This was in effect a traditional Cox proportional hazards regression model since there
was no changing exposure status. This model generated an estimate for the effect of giving
birth before diagnosis. Next, we compared women who gave birth only after diagnosis to
nulligravid women to estimate the effect of giving birth only after diagnosis. We compared
women who gave birth both before and after diagnosis to women who gave birth only before
diagnosis to estimate the effect of giving birth after diagnosis among women with SLE who gave

birth before their SLE diagnosis. Finally, because death from a non-cardiovascular cause is a
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competing event that could potentially bias our estimated hazard ratios, we conducted an
additional analysis using Fine-Gray models [118]. The Fine-Gray subdistribution hazard models
also allow for time-varying exposures to be included [119]. All analyses were conducted using
SAS 9.4 (Cary, N.C)).

Results

We identified 1690 women with SLE from the Georgia Lupus Registry. The sample size
was reduced to 637 women when we restricted to women who had been diagnosed after 2000,
and further to 524 when we restricted to women of reproductive age during the study period.
One-hundred twenty-nine women linked to birth certificates, while 395 did not. After excluding
women who had any evidence of prior pregnancies from the group that did not link to birth
certificates and women who had cardiovascular-related hospitalizations prior to their diagnosis
of SLE, the final study sample included 127 women who had given birth and 141 nulligravid
women (Figure 1).

The majority of the study participants were African American, and women who gave birth
were more likely to be African American (74.6%) compared to women who did not give birth
(66.7%). Slightly higher proportions of the nulligravid women had renal manifestations (27.0%)
or central nervous system (12.1%) involvement of SLE compared to parous women (23.6%;
9.5%).

Parous women were a median of 27 years old at the time of their SLE diagnosis
(Interquartile Range [IQR]: 22-35) which was similar to nulligravid women who were also a
median of 27 years old at the time of their diagnosis (IQR: 18-38). Women who were nulligravid
were more likely to be diagnosed at age 40 or older compared to parous women (23.4%
compared to 9.5%) and also more likely to be diagnosed before 20 years of age compared to
parous women (29.1% vs. 11%). Among women who gave birth, 61.4% (78 women) gave birth
only before their SLE diagnosis, 26.0% (33 women) gave birth only after their SLE diagnosis

and 12.6% (16 women) gave birth both before and after their SLE diagnosis. When broken
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down by timing of first birth, women who gave birth only before their diagnosis were older at
their time of diagnosis (32 years, IQR: 24-38) compared to women who had any births after their
diagnosis (23 years, IQR: 19.5-27).

Twenty-five women who gave birth (19.7%) and 20 women who did not give birth
(14.2%) were hospitalized for CVD or died from CVD after diagnosis. Among African American
women, 21.2% were hospitalized or died due to CVD, compared with 7.1% of white women. The
median time from SLE diagnosis to CVD hospitalization or death among nulligravid women was
4.0 years (IQR: 1.9-5.9) and among all parous women was 3.6 years (IQR: 1.7-6.7) (Figure 2).
Among women who gave birth only before diagnosis, it was 3.0 years (IQR: 0.5-4.4) and among
those who gave birth at all after diagnosis, it was 6.1 years (IQR: 3.4-9.3). Among nulligravid
women, 65% of CVD hospitalizations and deaths occurred within 5 years of SLE diagnosis.
Among women who gave birth only before diagnosis, 87% of CVD hospitalizations and deaths
occurred within 5 years of SLE diagnosis, while this proportion is 30% among women who gave
birth at all after diagnosis. The most common indicator for CVD hospitalization were ICD codes
for heart failure, which were present on 67% of first CVD hospitalizations. Only one woman had
a CVD death without a prior CVD hospitalization. Overall, 20.5% (26) of women who had given
birth and 19.9% (28) of women who had not given birth died during the follow-up period, with 3
deaths to women who had given birth and 3 deaths to women who had not given birth listing
CVD as a cause of death (Appendix Table 2).

In unadjusted models, births only before diagnosis and births only after diagnosis were
associated with death or hospitalization for CVD after diagnosis, with hazard ratios of 1.60 (95%
confidence interval [CI]: 0.88, 2.90) and 1.70 (95% CI: 0.81, 3.59) (Table 2). The hazard of CVD
hospitalization among women who gave birth both before and after diagnosis was almost three
times the hazard compared to women who had given birth only before diagnosis (HR: 2.73, 95%
Cl: 1.04, 7.15), though this estimate had a wide confidence interval. In subsequent models, we

controlled for age at diagnosis (<20, 20-29, 30-39, 240), race (African American, White, Other
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Races) and renal and/or CNS involvement of SLE. The trends remained similar across the
models. Hazard ratios changed only slightly when using the Fine-Gray subdistribution hazards

model (Appendix Table 3).

Discussion

Overall, our results suggest that women with SLE who had given birth had a greater
hazard of hospitalization for cardiovascular disease than women who had never been pregnant.
It is important to highlight that even women who gave birth only before their SLE diagnosis (i.e.
before any lupus-specific interventions could take place) had a slightly greater hazard of CVD
compared to women with SLE who never gave birth. It is now known that with proper timing and
disease management, women with SLE can have healthy pregnancies and deliveries. However,
far less attention has been paid to the postpartum period among women with SLE. The 2020
American College of Rheumatology Guideline for the Management of Reproductive Health in
Rheumatic and Musculoskeletal Diseases contains no discussion of postpartum disease
management beyond what medications are compatible with breastfeeding [120]. Traditional
cardiovascular risk factors, such as high cholesterol, diabetes and hypertension, are not
uncommon among women with SLE, but these factors fail to account for the substantially higher
risk of CVD among women with SLE [84, 100, 101]. Young women with SLE in general do not
present with the classic symptoms of CVD compared to older women or men [102]. Thus,
pregnancy may be an important factor to consider in the cardiovascular health of women with
SLE.

Several studies suggest that adverse pregnancy outcomes are associated with later
cardiovascular disease among women with SLE as with the general population [10, 15, 121]. In
addition, women with SLE are reported to be more likely to have cardiovascular disease after
delivery compared to women without SLE [54]. However, only one other study of women with

SLE has examined pregnancy and childbirth as potential exposures that may increase the risk
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of cardiovascular disease [97]. It was conducted in a Taiwanese population and included 149
women with SLE who gave birth and 446 women with SLE without pregnancy over a mean
follow-up period of seven years. This study found no differences overall in major adverse
cardiovascular events between women with SLE who had and who had not given birth.
However, it did report an association, albeit imprecise, between giving birth and heart failure
among with women with SLE (OR: 5.4, 95% CI: 1.4, 21.7). In our study, heart failure was the
most common indicator of a CVD hospitalization among both parous and nulligravid women with
SLE.

Among women with SLE, pregnancy & childbirth, both immediately before and after SLE
diagnosis, might be stressors that increases inflammation and therefore risk for cardiovascular
disease later in life. The largest and most recent study of the risk of SLE flares during
pregnancy found that the risk of flares increases both during pregnancy and 3 months
postpartum compared to women with SLE who have not been pregnant, suggesting that
pregnancy may be a period of heightened disease activity [9]. This association was modified by
use of hydroxychloroquine (HCQ), where women receiving HCQ were not at an increased risk
for flares during pregnancy, and it is possible that flares may occur when women stop
medication during pregnancy. HCQ is considered safe and is even recommended for use during
pregnancy to control SLE disease activity. However, research suggests that HCQ adherence
may be low [122]. A large study of Medicaid claims data places nonadherence at 79% among all
patients with SLE [123]. While use of HCQ during pregnancy has increased, it still remains low,
with an estimate of less than 40% of pregnant women with SLE taking HCQ in 2015 [124].
Monitoring HCQ adherence may be a means to improve cardiovascular outcomes among
women with SLE. Furthermore, the effects of weight gain and increased cardiac output
experienced by women during pregnancy have not been examined in women with SLE. These

factors could also contribute to increased risk for cardiovascular disease after delivery.
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Recent research suggests that rheumatologists are somewhat uncomfortable discussing
reproductive goals with their patients, due to pregnancies to women with SLE invariably being
classified as “high risk” [125, 126]. Nevertheless, SLE itself is not a contraindication to
pregnancy. In a pilot study of women with SLE, we found that nearly all participants with SLE
wanted at least one child, and women with SLE desired to raise a comparable number of
children as women without SLE [127]. Women with SLE want to have children, and in many
cases, can have healthy pregnancies and deliveries. In addition to establishing a treatment
regimen compatible with pregnancy and ensuring medication adherence, coordination of care
between rheumatologists, cardiologists, and obstetrician-gynecologists can help women to plan
their pregnancies and can appropriately monitor women for cardiovascular complications.
Fragmentation of care is associated with poorer outcomes in people with SLE [128, 129] and
rheumatologists recognize the advantages of coordinating care with other physicians for SLE
patients [125]. Further, pregnancy generally is a time when women are highly motivated to
change health behaviors to improve their own health [130, 131]. Rather than avoiding
discussions of reproductive health among women with SLE, clinicians should encourage their
patients in an open dialogue about their reproductive goals and how they relate to their health
before and after pregnancy.

Our analysis has several important limitations that should be noted. First, our sample
size was relatively small, especially when broken down by timing of birth in relation to diagnosis
among parous women with SLE which leads to some imprecise estimates. As African American
women are at higher risk of SLE and cardiovascular disease compared to white women, it would
have been ideal to conduct analyses stratified on race, but our sample size was too small. In our
data a substantially greater proportion of African American women were hospitalized or died
from CVD compared with white women. Our analysis relied on the linkage of several
administrative databases — births, deaths and inpatient hospitalization records. There is the

possibility that these linkages may be incomplete or may not capture accurate information



47

compared to medical records. Deaths were identified through the National Death Index, which
does not depend on the deaths occurring in Georgia. According to the NDI, 95% of deaths to
GLR participants occurred in Georgia, suggesting that this is not a highly mobile population. It is
likely that few births or hospitalizations were missed due to the them occurring out of state. For
CVD, inpatient claims data have high positive predictive values [132-134], so it is likely that
most inpatient hospitalizations that we captured were true cases. In addition, we excluded a
large number of women who had some evidence of pregnancy, but did not link to birth
certificates. We could not include them in our analyses because we did not know the outcome of
these pregnancies, nor the timing of any live births. These women were generally older at the
time of their diagnosis compared to our study population, and had a slightly elevated hazard of
CVD hospitalization or death compared with the nulligravid women included in our study. It is
likely that this excluded group is a mix of women who gave birth prior to the beginning of our
linkage period and women with pregnancies not resulting in live birth. We also only compared
women who had a live birth to women who had never been pregnant; women who had
pregnancies that were electively or spontaneously terminated are not included. Finally, in using
administrative linkages we had limited covariates that we could adjust for as confounders.
Insurance status at the time of diagnosis was only available for 50% of the women, so we did
not use it in our multivariable analysis. ldeally, we would have liked to adjust for socioeconomic
status, as it is both associated with choosing to become pregnant and cardiovascular disease.
In addition, we did not have information on medication use. Certain medications, such as
cyclophosphamide, are contraindications to pregnancy and also associated with disease
severity [2]. As previously mentioned, hydroxychloroquine is recommended in pregnancy to
reduce flares and control SLE disease activity.

While pregnancy and birth outcomes have improved dramatically for women with SLE,
we found that women with SLE may be at risk of earlier cardiovascular disease after childbirth.

Women with SLE need greater monitoring and coordination of care after delivery than women
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without SLE. Much of the current research is limited by small sample sizes and single-center
populations [135]. The European League Against Rheumatism recently published
recommendations for a core data set for pregnancy registries in rheumatology to facilitate
analyses and collaborations across registries [136]. While postpartum health is not yet included
in the recommended core data set, such registries could aid in linkages and postpartum data
collection, which in turn would aid in addressing long term health outcomes. As treatments and
the prognosis for women with SLE improve, more women with SLE will become pregnant and
have children. While perinatal and immediate maternal outcomes have shown great
improvement over time, understanding the relationship between pregnancy and CVD provides
the opportunity to identify the women at highest risk and develop interventions to mitigate these
risks. Pregnancy is a window to future health is true for all women, but particularly those with

underlying conditions such as lupus.
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Table 4-1. Participant characteristics

Parous (N=127) Nulligravid
(N=141)
Age at Diagnosis
<20 14 (11.0) 41 (29.1)
20-29 62 (48.8) 35 (24.8)
30-39 39 (30.7) 32 (22.7)
40+ 12 (9.5) 33 (23.4)
Race
African American 95 (74.8) 94 (66.7)
White 28 (22.1) 42 (29.8)
Other 4(3.2) 5 (3.6)
SLE Severity
Central Nervous System 12 (9.5) 17 (12.1)
Manifestations
Renal Manifestations 30 (23.6) 38 (27.0)
Birth Timing
Before diagnosis 78 (61.4)
After diagnosis 33 (26.0)
Before and After diagnosis 16 (12.6)
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Table 4-2. Estimated hazard ratios

52

Model

Unadjusted

HR (95% Cl)

Adjusted for ...and Race ...and CNS,
Age Renal
Involvement

HR (95% CI)
HR (95% CI) HR (95% CI)

Births Before vs.
Nulligravid

Births After vs.
Nulligravid

Births Before and
After vs. Births
Before

1.53 (0.85,
2.76)

1.91 (0.93,
3.94)

2.93 (1.16,
7.36)

1.92 (1.02, 3.61) 1.74(0.92, 3.32) 1.60 (0.81, 3.13)

1.57 (0.73, 3.36) 1.46 (0.67, 3.20) 1.74 (0.77, 3.91)

3.01 (1.22, 7.42) 2.55(1.00, 6.48) 2.78 (1.10, 7.02)
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Appendix: Additional Tables

Table 4-3. ICD-9 and ICD-10 codes

Cardiovascular Disease Cardiovascular Death
Identified on Hospital Identified on the National
Discharge Records Death Index Records
Cardiovascular Disease ICD-9 Codes ICD-10 Codes
Coronary Heart Disease 410 — 414, 429.1, 429.2, 120 — 125
429.9, v45.81, V45.82
Cerebrovascular Disease 431 - 438 160 — 167, G45
Heart Failure 398.91, 402.01, 402.11, 150, 151.3, 151.9
402.91, 404.01, 404.03,
404.11, 404.13, 404.91,
404.93, 428
Table 4-4. Study population deaths
Parous (N=127) Nulligravid (N=141)
Died 26 (20.5%) 28 (19.9%)
Median Age at Death (IQR) 32.5 (28.0-38.0) 32.0 (25.0-37.5)
Median Time after Diagnosis 6.7 (3.6-9.5) 8.1 (3.5-10.3)

to Death in Years (IQR)

Table 4-5. Estimated hazard ratios using Fine & Gray methods

Model Unadjusted Adjusted for ...and Race ...and CNS,
Age Renal
Involvement
HR (95% CI) HR (95% CI)
HR (95% CI) HR (95% CI)
Births Beforevs.  1.50 (0.84, 1.81 (0.99, 3.31) 1.62(0.87,3.00) 1.52(0.80, 2.89)
Nulligravid 2.70)
Births After vs. 2.04 (0.99, 1.75(0.82, 3.75) 1.68 (0.77, 3.66) 1.99 (0.88, 4.47)
Nulligravid 4.22)
Births Before and 3.07 (1.21, 3.17(1.27,7.92) 2.72(1.05,7.04) 3.02(1.17,7.81)

After vs. Births 7.78)
Before
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Chapter 5 Blood Pressure, Carotid Intima Media Thickness, Distensibility and Parity
Among African American Women with Systemic Lupus Erythematosus

Abstract

Objective: Some evidence suggests that parity vs. nulliparity is associated with future
cardiovascular disease among women with systemic lupus erythematosus (SLE). We sought to
examine the association between parity and subclinical measures of cardiovascular health. As
women with SLE experience CVD that is not explained by traditional risk factors, we also sought
to examine if this association is stronger among African American women with SLE than African
American women without SLE.

Methods: African American women with SLE ages 22 — 50 were enrolled from a longitudinal
cohort of patients with validated SLE (n=201). A group of African American women without SLE
from the same geographic area was enrolled for comparison (n=202). All participants were
premenopausal. Women completed structured questionnaires, had their blood pressure
measured and carotid artery ultrasounds performed at study visits. Outcomes of interest
included systolic and diastolic blood pressure (SBP, DBP), cross-sectional common carotid
artery (CCA) distensibility and average carotid IMT, carotid bulb IMT and CCA IMT.

Results: Approximately 70% of each group was parous. Parous women with and without SLE
had a similar average age (37.7 and 38.4), with nulliparous women an average of 5 years
younger (32.3 and 33.6). After adjusting for demographic and cardiometabolic factors,
measures of blood pressure and carotid IMT were not associated with parity among women with
SLE, but parous women with SLE had lower distensibility compared with nulliparous women
with SLE. Parity was associated with higher SBP and DBP among women without SLE.
Conclusions: Overall, our findings suggest that parity is not associated with blood pressure and

IMT among women with SLE, but distensibility is lower among parous women with SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease that is diagnosed in
women nine times as often as men [3, 6, 7]. African American women have 3 times the risk of
SLE compared with white women [3, 6, 7]. Women with SLE are at greater risk of
cardiovascular disease earlier than women without SLE and the disparity is much more
pronounced before age 50 [78, 80, 81]. Compared to white women with SLE, African American
women with SLE are especially vulnerable to early cardiovascular disease and death [8].
Traditional cardiovascular risk factors fail to account for the substantially higher risk of CVD
among women with SLE [84, 100, 101].

In the general population, there is recognition that adverse pregnancy outcomes are a
harbinger of later cardiovascular disease, with the risk of maternal CVD 1.5 — 2.0 times greater
among women who have experienced adverse birth outcomes [53, 62, 66, 137]. Most evidence
tends to support the hypothesis that adverse birth outcomes and pregnancy complications are
associated with later cardiovascular disease in the general population because of a common
cause; in other words, pregnancy complications and later cardiovascular disease are indicative
of underlying vascular health [61]. As in the general population, adverse perinatal outcomes are
associated with cardiovascular disease among women with SLE [10]. However, women with
SLE are already susceptible to vascular and organ damage [19, 98], and compared to the
general population, women with SLE are more likely to develop cardiovascular disease after
delivery [54]. Thus, in these women, pregnancy itself may act as a stressor that increases their
later risk of cardiovascular disease. Two studies also examined cardiovascular disease after
childbirth, comparing parous and nulliparous women with SLE. These studies found that
cardiovascular disease, in particular, heart failure, may be more common among parous women
with SLE, compared to nulliparous women [97, 138]. Thus, pregnancy may be an important

factor to consider in the cardiovascular health of women with SLE.
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Elevated blood pressure and atherosclerosis are associated with cardiovascular events
including myocardial infarction and cerebrovascular accidents among women with SLE [70, 71].
Research on distensibility in SLE populations is limited, but in the general population lower
distensibility is also associated with cardiovascular events [139]. People with SLE have been
shown to have greater intima media thickness than people without SLE, and also have more
than two times the risk of hypertension [83, 84]. Arterial stiffness, measured by reduced
distensibility, has also been shown to be higher among people with SLE [140]. Both IMT and
distensibility have not been examined specifically among African American women with SLE. To
our knowledge, no studies have examined if women with SLE are more likely to have adverse
subclinical markers of cardiovascular health after pregnancy. In the general population, adverse
pregnhancy outcomes are associated with elevated blood pressure and markers of
atherosclerosis later in life [12, 13], while distensibility is lower among women with parity greater
than 2 [68]. If blood pressure, atherosclerosis and distensibility are associated with childbirth
among women with SLE, parity may provide and easy to measure way to identify women at risk
for later CVD and an early opportunity to intervene.

It is especially important to discern the relationship between subclinical CvD and
pregnancy among African American women with SLE. African American women represent the
racial group at the greatest risk of SLE in the United States, yet they are underrepresented in
studies of SLE, patrticularly in pregnancy-related research [3]. African American women with
SLE experience a higher incidence of cardiovascular disease at younger ages than white
women [8]. The intersection of SLE, childbirth and cardiovascular health among African
American women has not been examined, and is unique from other women. In this analysis we
will examine whether there is an association between parity and blood pressure, carotid intima
media thickness and distensibility among African American women with SLE. As women with

SLE have a higher risk of cardiovascular disease than is explained by traditional risk factors, we
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will identify whether this association is unique or stronger among women with SLE by also
conducting the same analyses among a group of comparison women without SLE.
Methods
Study Population

We used data from Vascular Aging, Inflammation, and STress in African-American
Women's Health Research Study (VISTA), a study that examined whether the specific stressors
experienced by African American women contribute to atherosclerotic progression among
African American women with SLE. The study recruited African American women ages 22 — 50
with SLE from the Georgians Organized Against Lupus (GOAL) Cohort. GOAL is a longitudinal
cohort of individuals with SLE that originally recruited from the Georgia Lupus Registry [17].
Women with SLE had to either meet = 4 of the revised American College of Rheumatology
(ACR) Criteria or 3 of the ACR criteria and a diagnosis of SLE by the individual’s board-certified
rheumatologist documented in the medical record [3]. African American women without SLE
were recruited from marketing lists to reflect the geographic distribution of women with SLE
recruited from GOAL. All women self-identified as African American, were premenopausal and
did not have a history of diabetes, clinical CVD (a history of myocardial infarction, symptoms of
angina, intermittent claudication, cerebral ischemia or revascularization) or end stage renal
disease at the time of study enroliment. Women without SLE enrolled into the comparison group
were also free of any other autoimmune or chronic inflammatory diseases. has collected
participant data at baseline, with ongoing visits scheduled for 12 months and 24 months. This
analysis only examines participant data collected at baseline.
Study Procedures
Clinic Visit

Participants in the VISTA study attended a clinic visit at one of two locations at Emory
University. Participants completed an interviewer-administered questionnaire on demographics,

reproductive and health history, behaviors and experiences of stress and support. Participants
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had their height, weight and blood pressures measured by trained study staff. At this visit,
participants also had a carotid ultrasound assessment. All participants provided written informed
consent. All study procedures were approved by the Institutional Review Board of Emory
University.
Ultrasound Scan

Carotid intima media thickness and distensibility was assessed by B-mode
ultrasonography using standard protocols [141]. Images of the near and far walls of the distal
common carotid artery, far wall of the bulb, and first centimeter of the far wall of the internal
carotid artery were obtained from the left and right carotid artery. IMT measures were obtained
by electronically tracing and measuring the distance between the lumen-intima and the media-
adventitia interfaces of the near and far walls of the common carotid artery. Average IMT was
the mean value of images averaged across sites. The mean common carotid artery (CCA)
measure was assessed across 3 angles. Ultrasound images were read at the University of
Pittsburgh Ultrasound Research Lab.
Exposure

The exposure of interest was a history of giving birth (parous vs. nulliparous) among
women with SLE and women without SLE. As part of the administered questionnaire, women
self-reported the number of times they had given birth and the ages at which their first birth and
last (most recent) birth occurred. Using this information, among women with SLE, we could
determine if births occurred only before, only after or both before and after the age at which they
were diagnosed with SLE. Women were also asked if they had experienced preeclampsia
during any of their pregnancies.
Outcomes

Systolic and diastolic blood pressure were treated as continuous values for each
participant. Blood pressure and mean arterial pressure were measured in mm Hg. Average IMT,

mean bulb IMT and mean CCA IMT were examined for each participant. IMT measurements
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were treated as continuous variables and measured in millimeters. Mean common carotid artery
cross-sectional distensibility was calculated as (AA) / (PP*A), where AA is the stroke-change in
the lumen area, PP is the difference between systolic and diastolic blood pressure and A is the
diastolic lumen area [142].
Covariates

Age at the time of the clinic visit, highest level of education completed and Medicaid use
in the past year were all collected as part of the questionnaire. Women also reported if they had
ever been told by a doctor that they had hypertension or high cholesterol. Women reported the
number of minutes they spent on in various physical activities during a typical week. The
minutes of activity spent on each activity were multiplied by the appropriate metabolic
equivalent, and then converted to MET-hours/week [143]. We used the summary variable of
intentional exercise, which summed the MET-hours/week spent playing sports, dancing, walking
for exercise or participating in conditioning activities [144]. Body mass index was calculated
using participants’ measured weight and height and categorized as underweight (<18.5 kg/m?),
normal weight (18.5 to less than 25 kg/m?), overweight (25 kg/m?to less than 30 kg/m?) and
obese (more than 30 kg/m?). Women were also asked if they had ever been a regular smoker,
defined as smoking at least 20 cigarettes during a typical week. Regular smoking was defined
as current, former or never.
Analysis

There were four exposure categories of interest: parous women with SLE, nulliparous
women with SLE, parous women without SLE and nulliparous women without SLE. Frequencies
and percentages were used to compare the distribution of demographic and
cardiometabolic/behavioral characteristics across these four exposure groups. In multivariable
linear models, SLE and parity (parous vs. nulliparous) were included as exposure variables,
along with an interaction term for SLE*parity. Estimated beta coefficients were then generated

separately for women with SLE and women without SLE for the association between parity and
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each of the outcome variables of interest. We examined these associations using models that
sequentially adjusted for different covariates. Model 1 adjusted for age only. Model 2 adjusted
for age, education and Medicaid use in the past year. Model 3 adjusted for age, education,
Medicaid use in the past year, intentional exercise, regular smoking and BMI. In models
including average, bulb or CCA IMT or distensibility as the outcome, model 3 also adjusted for
systolic blood pressure.

Finally, we ran three sensitivity analyses using the fully adjusted models for each
outcome of interest. Model 4 excluded women who had ever been diagnosed with hypertension,
as hypertension medication may affect observed values of IMT [13]. Model 5 excluded women
who had given birth and had a history of preeclampsia. Lastly, to account for the possibility of
confounding by indication where women with severe SLE may be less likely to get pregnant and
be at greater risk of SLE. In model 6, we only included parous women who only gave birth prior
to their SLE diagnosis. All analyses were conducted in SAS 9.4 (Cary, NC).

Results

Our analysis included 201 African American women with SLE and 202 African American
women without SLE. Approximately 70% of each group were parous (Table 1). Parous women
with and without SLE had a similar average age (37.7 and 38.4), and nulliparous women were
an average of 5 years younger than their parous counterparts (32.3 and 33.6). Nearly 90% of
nulliparous women with SLE were diagnosed in their twenties, compared to 63.5% of parous
women with SLE. A noticeably larger proportion of parous women with SLE had a high school
education or less (47.1%, compared to ~ 30% among all other groups) and had used Medicaid
in the previous year to pay for health care (45.7%, compared to 30.2% among nulliparous
women with SLE, 25.0% among parous women without SLE and 6.6% among nulliparous
women without SLE). Among parous women, 23.9% of women with SLE had a history of
preeclampsia, compared with 8.6% of women without SLE. Age at first birth was similar

between parous women with SLE and parous women without SLE (21.0 vs. 22.8). Women with
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SLE in general were more likely to have been diagnosed by a healthcare provider with either
hypertension or high cholesterol (Table 2). In all groups, women were most commonly obese.
The number of MET-hours of intentional exercise performed each week varied widely within
each group, and parous women with SLE had the lowest median value. The vast majority of
women in each group were never smokers.

Mean systolic and diastolic blood pressure was very similar among parous women with
SLE, nulliparous women with SLE and parous women without SLE, while nulliparous women
without SLE had noticeably lower values (Table 3). Average IMT was similar across groups and
identical among parous women (0.57 mm) and nulliparous women (0.55 mm). Mean bulb IMT
and mean CCA IMT showed similar patterns. Mean CCA distensibility was 4.98 1/mmHg * 103
among nulliparous women with SLE and without SLE. Parous women with SLE had a slightly
lower mean CCA distensibility (4.14 1/mmHg * 10%) than parous women without SLE (4.23
1/mmHg * 103).

In models examining the association between blood pressure measures and parity, SBP
and DBP were not associated with parity among women with SLE (Table 4). Among women
without SLE, parous women had SBP and DBP values that were on average 4 - 5 points higher
than for nulliparous women. These differences persisted even after adjusting for age, education,
Medicaid use, high cholesterol, BMI, intentional exercise and smoking. Average IMT, mean bulb
IMT and mean CCA IMT were not associated with parity among African American women with
SLE or without SLE. Associations did not change in adjusted models. Among women with SLE,
parous women had lower mean CCA distensibility than nulliparous women after adjusting for
age (B=-0.432; 95% confidence interval [CI]: -0.802, -0.063) and this association remained
consistent even after adjusting for all factors in model 3. Among women without SLE, there was
a weaker association between parity and SLE, with parous women having a mean CCA
distensibility that was 0.172 1/mmHg * 107 less than nulliparous women in fully adjusted models

(95% CI: -0.539, 0.195).
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In sensitivity analyses that excluded women with hypertension, women with a history of
preeclampsia and parous women with SLE who had births after their SLE diagnosis (models 4-
6), there was no association between parity and any IMT measures among women with SLE or
women without SLE. Among women without SLE, associations between parity and SBP and
DBP were attenuated in models that excluded women with hypertension and models that
excluded women with a history of preeclampsia. Excluding women with SLE who gave birth
after their SLE diagnosis had very little effect on the estimated coefficients among women
without SLE. The association between mean CCA distensibility and parity was strengthened
among women with SLE when excluding women with diagnosed hypertension (model 4) but
attenuated among women without SLE. Among women without SLE, the association between
parity and CCA distensibility was attenuated when excluding women with a history of
preeclampsia (model 5). Results were largely unchanged when excluding women who gave

birth after their SLE diagnosis (model 6).

Discussion

In this analysis of African American women with SLE and African American women
without SLE, similar proportions of each group were parous. In crude analyses, blood pressure,
measures of IMT and mean CCA distensibility were similar among parous women, regardless of
SLE status. Nulliparous women with SLE had slightly higher blood pressure compared to
nulliparous women without SLE, though IMT and mean CCA distensibility were similar. When
treating SLE as an effect modifier in the association between parity and cardiovascular factors,
parity was not associated with blood pressure or IMT among women with SLE. However, parous
women with SLE had lower mean CCA distensibility than nulliparous women with SLE, even
after adjusting for demographic and cardiometabolic characteristics and behaviors. Overall, our
results suggest that blood pressure and/or IMT measurements are not appreciably higher

among parous women with SLE, but parity does appear to be associated with mean CCA
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distensibility. Measuring arterial stiffness may be a way to identify women with SLE who are at
risk of cardiovascular disease after childbirth. Among women without SLE, we found that blood
pressure was associated with parity, even after adjustment for demographic and
cardiometabolic factors. It is possible that even after adjusting for age, and other
cardiometabolic factors, this is reflective of nulliparous women without SLE in general being
younger and healthier than parous women without SLE.

It is noteworthy that we only observed significant differences by SLE status for our
measures of distensibility, and not IMT or blood pressure. However, there is some support for
this in the literature. In a study conducted among Taiwanese women with SLE, there was no
association between parity and major adverse cardiovascular events in general, but parous
women with SLE were more likely to experience earlier heart failure compared with nulliparous
women with SLE [97]. In our own analysis of parity and cardiovascular disease among women
with SLE, congestive heart failure was the most common indication for CVD hospitalization
[138]. While IMT and blood pressure have been shown to be associated with heart failure [72,
73], arterial stiffness has been more directly implicated in the etiology of heart failure, and may
therefore be a more salient predictor of heart failure in our population [74, 145, 146]. The finding
that distensibility is associated with parity is valuable as arterial stiffness is modifiable through
medication and/or health behaviors [147, 148]. In addition, a study of SLE patients found that
reduced SLE disease activity was associated with improvements in arterial stiffness [149].
African American women with SLE are more likely to experience periods of sustained disease
activity than white women, and persistently active disease is associated with CVD among
people with SLE over a 10-year follow-up [150, 151].

There are several reasons we may not have seen differences in blood pressure or IMT
by parity in women with SLE. Our sample was fairly young, with an average age of 38.
Differences in CVD health by adverse pregnancy status have been found among women over

age 60 [13]. It is possible that our sample was too young for these differences to manifest.
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Furthermore, our sample, although large for a study sample of African American women with
SLE, may have been too small to detect differences between parous and nulliparous women.
Several studies in the general population that did find differences in IMT between women with
adverse birth outcomes and women without with an average age that was similar to our study
included samples that were more than twice as large as our sample [12, 137, 152]. In addition, a
study that found distensibility to be associated with parity greater than 2 in the general
population did not find parity associated with intima media thickness, suggesting that arterial
stiffening and atherosclerosis have separate distinct associations with parity [68].

Our analysis has several limitations that should be noted. Despite the fact that our study
population included a uniquely large sample of African American women with SLE, when
stratified by parity, our analytical samples become smaller. It is possible that our sample was
too small to detect meaningful differences in blood pressure or IMT among women with SLE.
This was also a cross-sectional analysis, with a self-reported history of previous birth. We did
not have baseline measures of cardiometabolic or SLE-specific health prior to pregnancy. In
addition, mean CCA distensibility was measured using brachial blood pressure, but carotid
blood pressure would have been ideal for controlling for the confound effects of blood pressure
[153]. While we did conduct a sensitivity analysis that excluded women who became pregnant
after their SLE diagnosis, we cannot rule out the possibility that some women may have chosen
not to have biological children or could not have biological children based on their underlying
health, which would have likely biased our results to the null if there were a true association.
Despite the fact that the aim of this study was to examine parous vs. nulliparous women, these
are heterogenous groups. Parous women have varying numbers of births and births with
different perinatal outcomes. Nulliparous women include women who have never been pregnant
and women who were pregnant but did not have a live birth. It is possible that we may have

found different results if we examined exposures at a more granular level.
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Our analysis is one of the few studies to examine reproductive exposures and subclinical
CVD measures specifically among African American women with SLE. We found arterial
distensibility to be lower among parous African American women with SLE compared to
nulliparous women with SLE. Research in recent years has demonstrated that women with SLE
can have healthy pregnancies and deliveries, though these pregnancies and births should be
carefully planned and managed [120]. However, young women with SLE remain at high risk of
early CVD [8, 78, 80]. Monitoring arterial stiffness among parous women with SLE may be an

effective was to identify women at risk of later CVD and intervene early.
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Table 5-1. Participant characteristics

SLE No SLE
Parous (N=138) Nulliparous Parous (N=140) Nulliparous
(N=63) (N=61)
Age at Survey
19-34 31.2 (43) 65.1 (41) 22.9 (32) 62.3 (38)
35-39 23.2 (32) 9.5 (6) 32.1 (45) 16.4 (10)
40-44 24.6 (34) 15.9 (10) 30.0 (42) 16.4 (10)
45+ 21.0 (29) 9.5 (6) 15.0 (21) 4.9 (3)
Education
= SChofé;’; 47.1 (65) 28.6 (18) 30.0 (42) 26.2 (16)
Some College 16.7 (23) 19.1 (12) 20.0 (28) 13.1 (8)
College 22.5 (31) 49.2 (31) 40.7 (57) 52.5 (32)
Missing 13.8 (19) 3.2(2) 9.3 (13) 8.2 (5)
'\\("s:r'ca'd Past 45.7 (63) 30.2 (19) 25.0 (35) 6.6 (4)
Age at SLE
Diagnosis
<20 17.5 (24) 35.5 (22)
20-29 46.0 (63) 53.2 (33)
30-39 30.7 (42) 11.3 (7)
40-50 5.8 (8) 0.0 (0)
History of
Preeclampsia 23.9 (33) 8.6 (12)
Age at First Birth
(Mean, SD) 21.0 (4.6) 22.8 (5.5)
Time Since Last
Birth (Mean, SD) 12.0 (7.6) 9.9 (6.4)
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Table 5-2. Cardiometabolic characteristics/behaviors

SLE No SLE
Parous (N=138) Nulliparous Parous (N=140) Nulliparous
(N=63) (N=61)
Hypertension 58.7 (81) 40.3 (25) 24.3 (34) 11.5(7)
High
Cholesterol 18.1 (25) 14.3 (9) 3.6 (5) 9.8 (6)
BMI
Underweight 2.2 (3) 1.7 (1) 0.7 (1) 8.2 (5)
Normal weight 23.9 (32) 32.2 (19) 19.0 (26) 26.2 (16)
Overweight 26.1 (35) 30.5 (18) 21.2 (29) 21.3 (13)
Obese 47.8 (64) 35.6 (21) 59.1 (81) 44.3 (27)
Intentional
Exercise
(MET hr/week) 14.4 (0.2, 35.0) 21.8(5.0,62.5) 29.0(10.0,56.0) 27.9(10.5,70.0)
(Median, IQR)
Regular
Smoking
Current 7.3 (10) 6.4 (4) 7.1 (10) 0.0 (0)
Former 10.9 (15) 7.9 (5) 6.4 (9) 3.3(2)
Never 81.9 (113) 85.7 (54) 86.4 (121) 96.7 (59)

Table 5-3. Measures of blood pressure, carotid intima media thickness and distensibility

SLE No SLE

Parous (N=138) Nulliparous Parous (N=140) Nulliparous
(N=63) (N=61)

Diastolic Blood
Pressure 82.0 (12.4) 81.0 (11.3) 80.6 (12.4) 75.5(12.1)
(mm/Hg)
Systolic Blood
Pressure 120.2 (16.4) 119.0 (15.2) 120.9 (16.4) 114.8 (13.4)
(mm/Hg)
Mean average
IMT of 3 0.57 (0.09) 0.55 (0.07) 0.57 (0.07) 0.55 (0.08)
segments and 3
angles (mm)
Mean of average 0.63 (0.13) 0.60 (0.11) 0.62 (0.12) 0.59 (0.12)
bulb IMT (mm)
Mean of average
CCA IMT (mm)
Mean CCA
cross-sectional
distensibility
(1/mmHg * 10®)

0.59 (0.07) 0.57 (0.07) 0.60 (0.07) 0.58 (0.08)

4.14 (1.22) 4.98 (1.56) 4.23 (1.37) 4.98 (1.32)




Table 5-4. Associations between parity and blood pressure, carotid intima media
thickness and distensibility

SLE (B [95%
confidence interval])

No SLE (B [95%
confidence interval])

SBP
Model 1
Model 2
Model 3
DBP
Model 1
Model 2
Model 3
Mean average IMT
Model 1
Model 2
Model 3
Mean of average bulb
IMT
Model 1
Model 2
Model 3
Mean of average CCA
IMT
Model 1
Model 2
Model 3
Mean CCA cross-
sectional distensibility
Model 1
Model 2
Model 3

-0.45 (-5.24, 4.34)
-0.30 (-5.37, 4.78)
-1.19 (-6.32, 3.95)

0.36 (-3.35, 4.06)
0.09 (-3.86, 4.03)
-0.44 (-4.32, 3.44)

-0.00 (-0.03, 0.02)
-0.00 (-0.03, 0.02)
0.00 (-0.02, 0.03)

0.00 (-0.04, 0.04)
0.01 (-0.03, 0.05)
0.01 (-0.03, 0.06)

-0.01 (-0.03, 0.01)
-0.00 (-0.02, 0.02)
0.00 (-0.02, 0.02)

-0.432 (-0.802, -0.063)
-0.461 (-0.857, -0.065)
-0.492 (-0.850, -0.134)

4.34 (-0.55, 9.23)
5.66 (0.55, 10.78)
5.34 (0.14, 10.55)

4.37 (0.57, 8.16)
5.20 (1.23, 9.18)
4.06 (0.13, 7.99)

-0.006 (-0.03, 0.02)
-0.003 (-0.03, 0.02)
-0.002 (-0.03, 0.02)

0.00 (-0.04, 0.04)
0.00 (-0.04, 0.04)
0.00 (-0.04, 0.04)

-0.00 (-0.02, 0.01)
0.00 (-0.02, 0.02)
-0.01 (-0.03, 0.01)

-0.292 (-0.673, 0.088)
-0.361 (-0.763, 0.041)
-0.172 (-0.539, 0.195)

Model 1: Adjusted for age at survey

Model 2: Adjusted for age at survey, Medicaid in past year, education

Model 3: Adjusted for age at survey, Medicaid in past year, education, BMI, regular smoking,
intentional exercise, high cholesterol (IMT and distensibility models also adjusted for SBP)



Table 5-5. Sensitivity analyses

SLE (B [95%

confidence interval])

No SLE (B [95%

confidence interval])

SBP
Model 4
Model 5
Model 6
DBP
Model 4
Model 5
Model 6
Mean average IMT
Model 4
Model 5
Model 6
Mean of average bulb
IMT
Model 4
Model 5
Model 6
Mean of average CCA
IMT
Model 4
Model 5
Model 6
Mean CCA cross-
sectional distensibility

-1.44 (-6.92, 4.02)
-1.43 (-6.65, 3.80)
1.00 (-5.04, 7.04)

-1.61 (-5.90, 2.68)
-1.14 (-5.05, 2.78)
0.99 (-3.53, 5.49)

0.00 (-0.03, 0.03)
0.01 (-0.02, 0.03)
0.01 (-0.02, 0.04)

0.00 (-0.05, 0.05)
0.02 (-0.03, 0.06)
0.02 (-0.02, 0.07)

-0.01 (-0.03, 0.02)
0.00 (-0.07, 0.03)
-0.00 (-0.02, 0.02)

2.37 (-2.05, 6.79)
4.31 (-0.84, 9.45)
5.85 (0.49, 11.20)

2.37 (-1.09, 5.83)
3.45 (-0.40, 7.30)
4.51 (0.51, 8.51)

0.00 (-0.02, 0.03)
0.00 (-0.03, 0.03)
-0.01 (-0.03, 0.02)

0.00 (-0.03, 0.04)
0.00 (-0.04, 0.05)
-0.00 (-0.05, 0.04)

0.00 (-0.02, 0.02)
-0.01 (-0.03, 0.01)
-0.01 (-0.03, 0.01)
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Model 4 -0.717 (-1.216, -0.219)

Model 5 -0.527 (-0.904, -0.149)  -0.144 (-0.519, 0.232)

Model 6  -0.338 (-0.761, 0.085) -0.204 (-0.582, 0.174)
Model 4: Excluded women with diagnosed hypertension: adjusted for age at survey,
Medicaid in past year, education, BMI, regular smoking, intentional exercise, high
cholesterol (IMT and distensibility models also adjusted for SBP)
Model 5: Excluded women with history of preeclampsia: adjusted for age at survey,
Medicaid in past year, education, BMI, regular smoking, intentional exercise, high
cholesterol (IMT and distensibility models also adjusted for SBP)
Model 6: Excluded women with births only after SLE diagnosis: adjusted for age at
survey, Medicaid in past year, education, BMI, regular smoking, intentional exercise,
high cholesterol (IMT and distensibility models also adjusted for SBP)

-0.135 (-0.540, 0.270)
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Chapter 6 Conclusions, Impact & Future Research

Summary of Findings

Findings from Aim 1

African American are at greater risk of SLE and adverse perinatal outcomes compared
to white women, yet few studies specifically examine the risk of adverse perinatal outcomes
among African American women with SLE. We compared the risk of preterm birth and small-for-
gestational age among African American women with SLE to the risk in the general population
of African American women. We also examined the risk of these adverse perinatal outcomes by
the timing of birth in relation to SLE diagnosis.

We found that African American women with SLE are at greater risk of preterm birth and
small-for-gestational age than the general population, and that this increased risk varies by
when the birth occurred in relation to SLE diagnosis. After adjusting for maternal age, education
and parity, women were not at risk of giving birth to preterm or small-for-gestational age infants
more than three years before their diagnosis compared to the general population. However,
within three years before their diagnosis, compared to the general population, African American
women with SLE have 1.71 times the risk of preterm birth (95% CI: 1.24, 2.35) and 2.38 times
the risk of small-for-gestational age (95% CI: 1.69, 3.36). The relative risk of preterm birth is
highest 3 years or more after diagnosis 2.83 (95% CI: 2.36, 3.38) while the relative risk of small-
for-gestational age is highest within three years after diagnosis 2.89 (95% CI: 2.03, 4.13)
compared to the general population.

These results align with previous studies that suggest a pre-disease state of SLE that
may influence perinatal outcomes in the years before SLE is clinically diagnosed. In addition,
our results show a greater risk of preterm birth (nearly 40% more than three years after
diagnosis) among African American women with SLE than had previously been identified in SLE

populations.
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Findings from Aim 2

Research has shown that women with SLE are both at risk of cardiovascular disease
after experiencing adverse birth outcomes, and at greater risk of cardiovascular disease at
younger ages than the general population. Among women with SLE, pregnancy could be a
stressor that increases their risk of CVD following delivery. Only one other study, conducted in a
Taiwanese population, has examined the risk of cardiovascular disease between nulliparous
and parous women with SLE. In our analysis, we examined the risk of hospitalization or death
due to cardiovascular disease after delivery in a predominantly African American study
population of women with SLE, considering both births before and after SLE diagnosis.

Our results suggest there may be an increased hazard of cardiovascular disease among
parous women with SLE compared with nulligravid women with SLE. After adjusting for age,
race and renal/central nervous system involvement of SLE, births before diagnosis and births
after diagnosis had a slight greater hazard of earlier hospitalization or death from CVD after SLE
diagnosis, with hazard ratios of 1.60 (95% CI: 0.81, 3.13) and 1.74 (95% CI: 0.77, 3.91)
compared to nulligravid women. Giving birth both before and after diagnosis was also
associated with a greater hazard of CVD compared to giving birth before diagnosis only (HR:
2.78, 95% CI: 1.10, 7.02). Although we controlled for severe manifestations of SLE, we expect
that SLE disease severity potentially biased our results towards the null. While these results are
based on a small sample size, they consistently suggest that parity is associated with
cardiovascular disease, even when births occur before diagnosis.

This analysis is the second study to suggest an increased hazard of CVD among parous
women compared to nulliparous women with SLE. Although perinatal outcomes have improved
drastically for women with SLE, there remains an unmet need to support women with SLE
during the postpartum period and beyond. Among women with SLE, who have rates of CVD not
explained by traditional risk factors, pregnancy and childbirth history may be even more

important to consider than in the general population in assessing cardiovascular risk.
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Findings from Aim 3

Following our analysis in Aim 2, we sought to examine if subclinical markers of
cardiovascular health, specifically blood pressure, carotid intima media thickness (IMT) and
distensibility were associated with parity among African American women with SLE. Since
women with SLE are at a uniquely high risk of SLE compared with women without SLE, we also
examined if this association was unique or stronger among women with SLE compared with
women without SLE.

Contrary to our hypotheses, we did not find blood pressure or IMT to be associated with
parity among African American women with SLE. However, among women with SLE common
carotid artery distensibility was lower among parous women compared with nulliparous women,
and this association remained in sequentially adjusted models. Among African American women
without SLE, we did find that blood pressure was higher among parous women compared with
nulliparous women.

We found arterial distensibility to be lower among parous African American women with
SLE compared to nulliparous women with SLE. Monitoring arterial stiffness may be an effective

way to identify parous women with SLE at risk of later CVD.
Strengths and Limitations

Strengths

This dissertation had several strengths that addressed important gaps in the current
literature. First, all of the analyses in this dissertation included a study sample of women with
SLE drawn the Georgia Lupus Registry (GLR) and the Georgians Organized Against Lupus
(GOAL) Cohort. These studies only enroll participants with SLE validated from medical records
according to the American College of Rheumatology Criteria [21]. SLE can be a complex and
multi-factorial disease and studies have shown that when cases are identified from

administrative data using ICD-9-CM codes, the positive predictive value is 60% [46]. This
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suggests that a number of cases are incorrectly identified as SLE. In addition, the participants in
GLR and GOAL are also 80% African American, reflecting the distribution of SLE in the Atlanta
metropolitan area [17]. African American women represent the racial/ethnic group at the
greatest risk of SLE in the United States, yet they are underrepresented in studies of SLE,
especially studies that relate to reproductive health [3, 6, 7].

Considering parity as a potential exposure in Aims 2 and 3 is one of the most innovative
aspects of this dissertation. To date, only one other study has examined childbirth as a risk
factor for cardiovascular disease in women with SLE [97]. By including both parous and
nulliparous women with SLE in our analyses, we were able to consider parity as a risk factor for
CVD in a population that is uniquely vulnerable to CVD.

Finally, in our first two aims, as a result of the linkage to Georgia birth certificates, we
were able to consider births both before and after SLE diagnosis. This was important for two
reasons: 1) people who will eventually be diagnosed with SLE can have autoimmune antibodies
years before they meet the clinical criteria for SLE and 2) people who do meet the clinical
criteria for SLE often experience delays in diagnosis [22, 24]. Several studies have
demonstrated that women who will eventually be diagnosed with SLE are at risk of adverse
perinatal outcomes in the years before their diagnosis [31, 32, 47]. Our findings in Aim 1
supported these results. In Aim 2, we used models with time-varying exposures to examine
women who gave birth both before and after their SLE diagnoses and found that women who
gave birth before their SLE diagnosis may have an increased hazard of cardiovascular disease
compared with nulligravid women. These results suggest that exposures even before a clinical

SLE diagnosis should be considered when assessing risks associated with SLE.

Limitations
In addition to the specific limitations pertaining to each individual aim, there are several

overarching limitations that are relevant to the dissertation as a whole.
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Limitations of administrative data

Aims 1 and 2 relied on linkages to birth certificates and hospital discharge data, which
collect variables for administrative, rather than research purposes. Across states, birth
certificate variables for gestational age and birthweight tend to show high validity when
compared to medical records [154, 155] and for CVD, inpatient claims data have high positive
predictive values [132-134]. However, we did not have access to some variables that would
have been valuable to control for confounding. For Aims 1 and 2, insurance status would have
been useful as a proxy measure of socioeconomic status. In Georgia, maternal receipt of WIC
and insurance status were only available on the birth certificate beginning in 2009 which would
have rendered our sample size too small to conduct a multivariable analysis for Aim 1.
Insurance status at the time of diagnosis was only available for 50% of the women in the GLR
for Aim 2. In addition, we did not have information on medication use. Cyclophosphamide is
contraindicated in pregnancy and also associated with disease severity, prednisone use is
associated with adverse perinatal outcomes and hydroxychloroquine has been shown to reduce
the risk of flares in pregnancy [2, 9, 50].

With administrative linkages there is also the possibility that linkages were incomplete.
This is especially a concern for Aim 2, where identification of parous and nulliparous women
relied on data linkages. According to the National Death Index, 95% of deaths to GLR
participants occurred in Georgia. This suggests few births and hospitalizations to women were
missed because they occurred out of state. In addition, we excluded a large number of women
who had some evidence of pregnancy, but did not link to birth certificates. It is likely that this
excluded group is a mix of women who gave birth prior to the beginning of our linkage period
and women with pregnancies not resulting in live birth.
Sample size concerns

In Aim 2, our sample size was relatively small, especially when broken down by timing of

birth in relation to diagnosis among parous women with SLE. Some of the estimates generated
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in Aim 2 were somewhat imprecise, and the overall trend of the estimates that suggest an
association between parity and CVD should be highlighted, rather than individual estimates. In
Aim 3, when divided by parity, again our analytical samples were relatively small. It is possible
that our sample was too small to detect meaningful differences in blood pressure or IMT among
women with SLE. In the context of the SLE literature, our study samples were uniquely large,
especially in their inclusion of African American women with SLE. The imprecision of our
estimates should be weighed against the gaps in the literature that they address.
Limitations in generalizability

Our analyses include an understudied population of African American women with SLE,
but this population was identified primarily in the Atlanta metropolitan area. Studies show a
strong urban-rural divide in terms of SLE diagnosis timing and outcomes [156]. Our results may
not be applicable to or reflect the treatment experiences of women living in regions with limited
access to rheumatologists or medical facilities. In addition, Aims 1 and 3 were restricted to
African American women with SLE, and the study population in Aim 2 was largely African
American and white. Hispanic and Asian women also have a higher risk of SLE compared to
white women [3, 4] but our results may not reflect the experiences of Hispanic and Asian
women.
Public Health Impact

In this dissertation, we sought to characterize the risks associated with systemic lupus
erythematosus, adverse birth outcomes and CVD among women, with particular representation
of African American women. We found that risks of adverse perinatal outcomes and CVD
among parous women may be elevated among women with SLE before they are diagnosed with
SLE. Healthcare providers, especially those in communities of color, should be better educated
about SLE, and have a lower threshold to suspect SLE in the peripartum period. As in the
general population, pregnancy is both a potential harbinger of later cardiovascular risk and

potential point of intervention [61, 157]. Coordination of care between rheumatologists,
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cardiologists and obstetrician-gynecologists can help women to plan their pregnancies and can
appropriately monitor women for cardiovascular complications. Increasing adherence to
hydroxychloroquine during pregnancy, which historically is low, may be a means to improve

cardiovascular health during the postpartum period [124, 149].

In our unpublished analysis of a pilot study of African American women in GOAL, we
found that having biological children was as important to women with SLE as women without
SLE and wanting children did not depend on the severity of their disease. In a separate study,
we found that the average number of children desired by African American women with SLE did
not differ from women without SLE [127]. Women with SLE want to have children, and in many
cases, can have healthy pregnancies and deliveries. However, women with SLE experience a
complex interaction of autoimmune, cardiovascular, and reproductive risks, and it is important
that all of these risks are considered. Clinicians should encourage their patients in an open
dialogue about their reproductive goals and how they relate to their health before and after
pregnancy. This is especially true for African American women with SLE, who are at greater risk
of adverse perinatal outcomes and early CVD [8, 38, 39]. The quality of interactions with
healthcare providers also appears to show a stronger relationship with medication adherence
and organ damage among African American SLE patients than white patients [158, 159]. In this
dissertation, we provided evidence for the risk of adverse perinatal outcomes before SLE
diagnosis among African American women and identified pregnancy as a potential important
point of intervention for cardiovascular health among women with SLE.

Future Research

This dissertation has generated several questions to be addressed in future studies. As
was also an issue in this dissertation, much of the current research on reproductive health
among women with SLE is limited by small sample sizes [135]. Previous studies have either

utilized small, center-based samples of SLE patients that may not be representative of all SLE
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patients or national administrative databases where SLE is identified by administrative codes,
which may not be accurate, and are limited in the questions they can address. The European
League Against Rheumatism recently published recommendations for a core data set for
pregnancy registries in rheumatology to facilitate analyses and collaborations across registries
[136]. While postpartum health is not yet included in the recommended core data set, such
registries could aid in linkages and postpartum data collection, which in turn would aid in
addressing long term health outcomes.

There continues to be a need for studies of long-term outcomes after delivery among
women with SLE. Additional research on the incidence of cardiovascular disease, but also
kidney disease, are needed. Three studies examining renal complications after pregnancy in an
SLE population found no association, but these we both conducted in hon-U.S. populations [93-
95]. In the United States, the incidence of end stage renal disease among African American
patients with SLE is nearly 4 times that among white patients with SLE and its association with
pregnancy has not been studied [160]. Further studies are needed to both conduct our analyses
in additional populations and examine other serious morbidities that may follow pregnancy in
women with SLE.

Additionally, future studies should examine other components of postpartum
cardiovascular health of women with SLE. While we did not find differences in blood pressure
or carotid intima media thickness between parous and nulliparous women, other markers of
atherosclerosis, in particular arterial plaque, may be more important to consider. It is suggested
that plaque is a better predictor than IMT of CVD among people with SLE [161]. In addition, SLE
specific-factors may prove to be important factors to consider. African American women with
SLE are more likely to experience periods of sustained disease activity than white women, and
disease activity is associated with organ damage [99, 150]. Monitoring disease activity during
the postpartum period may be a means to identify women at greater risk of cardiovascular

disease.
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Finally, additional research should examine socioeconomic and psychosocial factors as
they relate to pregnancy outcomes and cardiovascular disease. A recent study has suggested
that clinical factors, including disease activity and physician visits, do not account for racial
disparities in adverse perinatal outcomes among women with SLE, but disparities may be
explained by socioeconomic factors [38]. The higher risk of cardiovascular disease among
women with SLE remains unexplained by traditional risk factors. In Aim 3, we only found carotid
distensibility was associated with parity among women with SLE, but not blood pressure or IMT.
Experiences of racism and discrimination are associated with disease activity and disease
damage among African American women with SLE [162, 163]. In the general population of
African American women, discrimination and other psychosocial stressors are associated with
cardiovascular health [164, 165]. The intersection of experiences of life stressors and
cardiovascular health among African American women with SLE may provide additional insight
in the association between parity and cardiovascular disease, and identify opportunities for

intervention.



79

References

1. Pons-Estel, G.J., et al., Understanding the epidemiology and progression of systemic
lupus erythematosus. Semin Arthritis Rheum, 2010. 39(4): p. 257-68.

2. Andreoli, L., et al., EULAR recommendations for women's health and the management
of family planning, assisted reproduction, pregnancy and menopause in patients with
systemic lupus erythematosus and/or antiphospholipid syndrome. Ann Rheum Dis,
2017. 76(3): p. 476-485.

3. Lim, S.S., et al., The incidence and prevalence of systemic lupus erythematosus, 2002-
2004: The Georgia Lupus Registry. Arthritis Rheumatol, 2014. 66(2): p. 357-68.

4, Dall'Era, M., et al., The Incidence and Prevalence of Systemic Lupus Erythematosus in
San Francisco County, California: The California Lupus Surveillance Project. Arthritis
Rheumatol, 2017. 69(10): p. 1996-2005.

5. Grobman, W.A., et al., Racial Disparities in Adverse Pregnancy Outcomes and
Psychosocial Stress. Obstet Gynecol, 2018. 131(2): p. 328-335.

6. Somers, E.C., et al., Population-based incidence and prevalence of systemic lupus
erythematosus: the Michigan Lupus Epidemiology and Surveillance program. Arthritis
Rheumatol, 2014. 66(2): p. 369-78.

7. Izmirly, P.M., et al., The Incidence and Prevalence of Systemic Lupus Erythematosus in
New York County (Manhattan), New York: The Manhattan Lupus Surveillance Program.
Arthritis Rheumatol, 2017. 69(10): p. 2006-2017.

8. Scalzi, L.V., C.S. Hollenbeak, and L. Wang, Racial disparities in age at time of
cardiovascular events and cardiovascular-related death in patients with systemic lupus

erythematosus. Arthritis Rheum, 2010. 62(9): p. 2767-75.



10.

11.

12.

13.

14.

15.

16.

17.

80

Eudy, A.M., et al., Effect of pregnancy on disease flares in patients with systemic lupus
erythematosus. Ann Rheum Dis, 2018. 77(6): p. 855-860.

Soh, M.C., et al., Maternal-placental syndrome and future risk of accelerated
cardiovascular events in Parous Swedish women with systemic lupus erythematosus - a
population-based retrospective cohort study with time-to-event analysis. Rheumatology
(Oxford), 2016. 55(7): p. 1235-42.

Catov, J.M., et al., Preterm birth and future maternal blood pressure, inflammation, and
intimal-medial thickness: the CARDIA study. Hypertension, 2013. 61(3): p. 641-6.
Catov, J.M., et al., Women with Preterm Birth Have Evidence of Subclinical
Atherosclerosis a Decade After Delivery. J Womens Health (Larchmt), 2019. 28(5): p.
621-627.

Cortes, Y.1., et al., History of Adverse Pregnancy Outcomes, Blood Pressure, and
Subclinical Vascular Measures in Late Midlife: SWAN (Study of Women's Health Across
the Nation). J Am Heart Assoc, 2017. 7(1).

Milic, N.M., et al., Preclinical atherosclerosis at the time of pre-eclamptic pregnancy and
up to 10 years postpartum: systematic review and meta-analysis. Ultrasound Obstet
Gynecol, 2017. 49(1): p. 110-115.

Lin, P., et al., Adverse pregnhancy outcomes and subsequent risk of cardiovascular
disease in women with systemic lupus erythematosus. Lupus Sci Med, 2014. 1(1): p.
e000024.

Smith, G.N., J.M. Louis, and G.R. Saade, Pregnancy and the Postpartum Period as an
Opportunity for Cardiovascular Risk Identification and Management. Obstet Gynecol,
2019. 134(4): p. 851-862.

Drenkard, C., et al., Primary preventive services in patients with systemic lupus
erythematosus: study from a population-based sample in Southeast U.S. Semin Arthritis

Rheum, 2013. 43(2): p. 209-16.



18.

19.

20.

21.

22.

23.

24,

25.

26.

81

Tsokos, G.C., Systemic lupus erythematosus. N Engl J Med, 2011. 365(22): p. 2110-21.
Taraborelli, M., et al., Organ damage accrual and distribution in systemic lupus
erythematosus patients followed-up for more than 10 years. Lupus, 2017. 26(11): p.
1197-1204.

Ines, L., et al., Identification of clinical predictors of flare in systemic lupus
erythematosus patients: a 24-month prospective cohort study. Rheumatology (Oxford),
2014. 53(1): p. 85-9.

1997 Update of the 1982 American College of Rheumatology Revised Criteria for
Classification of Systemic Lupus Erythematosus. 1997 [cited 2018 October 3, 2018];
Available from:

https://www.rheumatoloqy.org/Portals/0/Files/1997%20Update%200f%201982%20ReVvis

ed.pdf.

Rees, F., et al., Early Clinical Features in Systemic Lupus Erythematosus: Can They Be
Used to Achieve Earlier Diagnosis? A Risk Prediction Model. Arthritis Care Res
(Hoboken), 2017. 69(6): p. 833-841.

Arbuckle, M.R., et al., Development of anti-dsDNA autoantibodies prior to clinical
diagnosis of systemic lupus erythematosus. Scand J Immunol, 2001. 54(1-2): p. 211-9.
Arbuckle, M.R., et al., Development of autoantibodies before the clinical onset of
systemic lupus erythematosus. N Engl J Med, 2003. 349(16): p. 1526-33.

Helmick, C.G., et al., Estimates of the prevalence of arthritis and other rheumatic
conditions in the United States. Part I. Arthritis Rheum, 2008. 58(1): p. 15-25.

Yen, E.Y., et al., 46-Year Trends in Systemic Lupus Erythematosus Mortality in the
United States, 1968 to 2013: A Nationwide Population-Based Study. Ann Intern Med,

2017. 167(11): p. 777-785.


https://www.rheumatology.org/Portals/0/Files/1997%20Update%20of%201982%20Revised.pdf
https://www.rheumatology.org/Portals/0/Files/1997%20Update%20of%201982%20Revised.pdf

27.

28.

29.

30.

31.

32.

33.

34.

35.

82

Falasinnu, T., Y. Chaichian, and J.F. Simard, Impact of Sex on Systemic Lupus
Erythematosus-Related Causes of Premature Mortality in the United States. J Womens
Health (Larchmt), 2017. 26(11): p. 1214-1221.

Ling, N., E. Lawson, and E. von Scheven, Adverse pregnancy outcomes in adolescents
and young women with systemic lupus erythematosus: a national estimate. Pediatr
Rheumatol Online J, 2018. 16(1): p. 26.

Kroese, S.J., et al., Maternal and Perinatal Outcome in Women with Systemic Lupus
Erythematosus: A Retrospective Bicenter Cohort Study. J Immunol Res, 2017. 2017: p.
8245879.

Clowse, M.E., et al., A national study of the complications of lupus in pregnancy. Am J
Obstet Gynecol, 2008. 199(2): p. 127 el1-6.

Barnado, A., et al., Pregnancy outcomes among African-American patients with systemic
lupus erythematosus compared with controls. Lupus Sci Med, 2014. 1(1): p. e000020.
Arkema, E.V., et al., What to Expect When Expecting With Systemic Lupus
Erythematosus (SLE): A Population-Based Study of Maternal and Fetal Outcomes in
SLE and Pre-SLE. Arthritis Care Res (Hoboken), 2016. 68(7): p. 988-94.

Nili, F., et al., Maternal and neonatal outcomes in preghancies complicated by systemic
lupus erythematosus: a population-based study. J Obstet Gynaecol Can, 2013. 35(4): p.
323-328.

Jakobsen, I.M., R.B. Helmig, and K. Stengaard-Pedersen, Maternal and foetal outcomes
in pregnant systemic lupus erythematosus patients: an incident cohort from a stable
referral population followed during 1990-2010. Scand J Rheumatol, 2015. 44(5): p. 377-
84.

Al Arfaj, A.S. and N. Khalil, Pregnancy outcome in 396 pregnancies in patients with SLE

in Saudi Arabia. Lupus, 2010. 19(14): p. 1665-73.



36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

83

Wei, S., et al., Systemic lupus erythematosus and risk of preterm birth: a systematic
review and meta-analysis of observational studies. Lupus, 2017. 26(6): p. 563-571.
Mehta, B., et al., Trends in Maternal and Fetal Outcomes Among Pregnant Women With
Systemic Lupus Erythematosus in the United States: A Cross-sectional Analysis. Ann
Intern Med, 2019. 171(3): p. 164-171.

Kaplowitz, E.T., et al., Contribution of Socioeconomic Status to Racial/Ethnic Disparities
in Adverse Pregnancy Outcomes Among Women With Systemic Lupus Erythematosus.
Arthritis Care Res (Hoboken), 2018. 70(2): p. 230-235.

Clowse, M.E. and C. Grotegut, Racial and Ethnic Disparities in the Pregnancies of
Women With Systemic Lupus Erythematosus. Arthritis Care Res (Hoboken), 2016.
68(10): p. 1567-72.

Petri, M. and J. Allbritton, Fetal outcome of lupus pregnancy: a retrospective case-
control study of the Hopkins Lupus Cohort. J Rheumatol, 1993. 20(4): p. 650-6.
Sharma, D., et al., Intrauterine growth restriction - part 1. J Matern Fetal Neonatal Med,
2016. 29(24): p. 3977-87.

Platt, M.J., Outcomes in preterm infants. Public Health, 2014. 128(5): p. 399-403.
Sharma, D., et al., Intrauterine growth restriction - part 2. J Matern Fetal Neonatal Med,
2016. 29(24): p. 4037-48.

Williams, A., et al., Obstetric and neonatal complications among women with
autoimmune disease. J Autoimmun, 2019. 103: p. 102287.

Kolstad, K.D., et al., Preterm birth phenotypes in women with autoimmune rheumatic
diseases: a population-based cohort study. BJOG, 2019.

Moores, K.G. and N.A. Sathe, A systematic review of validated methods for identifying
systemic lupus erythematosus (SLE) using administrative or claims data. Vaccine, 2013.

31 Suppl 10: p. K62-73.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

84

Dhar, J.P., et al., Pregnancy outcomes before and after a diagnosis of systemic lupus
erythematosus. Am J Obstet Gynecol, 2005. 193(4): p. 1444-55.

Liu, J., et al., Preghancy in women with systemic lupus erythematosus: a retrospective
study of 111 pregnancies in Chinese women. J Matern Fetal Neonatal Med, 2012. 25(3):
p. 261-6.

Chen, S., et al., Pregnancy in Women with Systemic Lupus Erythematosus: A
Retrospective Study of 83 Pregnancies at a Single Centre. Int J Environ Res Public
Health, 2015. 12(8): p. 9876-88.

Andrade, R., et al., Adverse preghancy outcomes in women with systemic lupus
erythematosus from a multiethnic US cohort: LUMINA (LVI) [corrected]. Clin Exp
Rheumatol, 2008. 26(2): p. 268-74.

Buyon, J.P., et al., Predictors of Pregnancy Outcomes in Patients With Lupus: A Cohort
Study. Ann Intern Med, 2015. 163(3): p. 153-63.

Julkunen, H., et al., Fetal outcome in lupus pregnancy: a retrospective case-control
study of 242 pregnancies in 112 patients. Lupus, 1993. 2(2): p. 125-31.

Cain, M.A., et al., Pregnancy as a window to future health: maternal placental
syndromes and short-term cardiovascular outcomes. Am J Obstet Gynecol, 2016.
215(4): p. 484 e1-484 el4.

Wu, L.S., et al., Major adverse cardiovascular events and mortality in systemic lupus
erythematosus patients after successful delivery: a population-based study. Am J Med
Sci, 2014. 347(1): p. 42-9.

Jarvie, J.L., et al., Short-term risk of cardiovascular readmission following a hypertensive
disorder of pregnhancy. Heart, 2018. 104(14): p. 1187-1194.

Auger, N., et al., Recurrent pre-eclampsia and subsequent cardiovascular risk. Heart,

2017. 103(3): p. 235-243.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

85

Savitz, D.A., et al., Pregnancy-induced hypertension and diabetes and the risk of
cardiovascular disease, stroke, and diabetes hospitalization in the year following
delivery. Am J Epidemiol, 2014. 180(1): p. 41-4.

Theilen, L.H., et al., All-Cause and Cause-Specific Mortality After Hypertensive Disease
of Pregnancy. Obstet Gynecol, 2016. 128(2): p. 238-44.

Bonamy, A.K., et al., Birth characteristics and subsequent risks of maternal
cardiovascular disease: effects of gestational age and fetal growth. Circulation, 2011.
124(25): p. 2839-46.

Ray, J.G., et al., Cardiovascular health after maternal placental syndromes (CHAMPS):
population-based retrospective cohort study. Lancet, 2005. 366(9499): p. 1797-803.
Roberts, J.M. and C.A. Hubel, Pregnancy: a screening test for later life cardiovascular
disease. Womens Health Issues, 2010. 20(5): p. 304-7.

Grandi, S.M., et al., Cardiovascular Disease-Related Morbidity and Mortality in Women
With a History of Pregnancy Complications. Circulation, 2019. 139(8): p. 1069-1079.
Ananth, C.V., Ischemic placental disease: a unifying concept for preeclampsia,
intrauterine growth restriction, and placental abruption. Semin Perinatol, 2014. 38(3): p.
131-2.

Brosens, I., et al., The "Great Obstetrical Syndromes" are associated with disorders of
deep placentation. Am J Obstet Gynecol, 2011. 204(3): p. 193-201.

Heida, K.Y., et al., Cardiovascular disease risk in women with a history of spontaneous
preterm delivery: A systematic review and meta-analysis. Eur J Prev Cardiol, 2016.
23(3): p. 253-63.

Lykke, J.A., et al., Mortality of mothers from cardiovascular and non-cardiovascular
causes following pregnancy complications in first delivery. Paediatr Perinat Epidemiol,

2010. 24(4): p. 323-30.



67.

68.

69.

70.

71.

72.

73.

74.

75.

86

Catov, J.M., et al., Blood Pressure Patterns and Subsequent Coronary Artery
Calcification in Women Who Delivered Preterm Births. Hypertension, 2018. 72(1): p.
159-166.

Vaidya, D., et al., Association of parity with carotid diameter and distensibility: multi-
ethnic study of atherosclerosis. Hypertension, 2014. 64(2): p. 253-8.

Cortes, Y.1., et al., Pregnancy-related events associated with subclinical cardiovascular
disease burden in late midlife: SWAN. Atherosclerosis, 2019. 289: p. 27-35.

Kao, A.H., et al., Relation of carotid intima-media thickness and plaque with incident
cardiovascular events in women with systemic lupus erythematosus. Am J Cardiol,
2013. 112(7): p. 1025-32.

Ballocca, F., et al., Predictors of cardiovascular events in patients with systemic lupus
erythematosus (SLE): a systematic review and meta-analysis. Eur J Prev Cardiol, 2015.
22(11): p. 1435-41.

Gu, J., et al., Long-term prescription of beta-blocker delays the progression of heart
failure with preserved ejection fraction in patients with hypertension: A retrospective
observational cohort study. Eur J Prev Cardiol, 2016. 23(13): p. 1421-8.

Effoe, V.S., et al., Carotid intima-media thickness is associated with incident heart failure
among middle-aged whites and blacks: the Atherosclerosis Risk in Communities study. J
Am Heart Assoc, 2014. 3(3): p. e000797.

Aisu, H., et al., Assaociation of worsening arterial stiffness with incident heart failure in
asymptomatic patients with cardiovascular risk factors. Hypertens Res, 2017. 40(2): p.
173-180.

Thomas, G., et al., Mortality associated with systemic lupus erythematosus in France
assessed by multiple-cause-of-death analysis. Arthritis Rheumatol, 2014. 66(9): p. 2503-

11.



76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

87

Schoenfeld, S.R., S. Kasturi, and K.H. Costenbader, The epidemiology of atherosclerotic
cardiovascular disease among patients with SLE: a systematic review. Semin Arthritis
Rheum, 2013. 43(1): p. 77-95.

Katz, G., et al., Systemic Lupus Erythematosus and Increased Prevalence of
Atherosclerotic Cardiovascular Disease in Hospitalized Patients. Mayo Clin Proc, 2019.
94(8): p. 1436-1443.

Kim, C.H., et al., Incidence and risk of heart failure in systemic lupus erythematosus.
Heart, 2017. 103(3): p. 227-233.

Arkema, E.V., et al., Stroke in systemic lupus erythematosus: a Swedish population-
based cohort study. Ann Rheum Dis, 2017. 76(9): p. 1544-1549.

Manzi, S., et al., Age-specific incidence rates of myocardial infarction and angina in
women with systemic lupus erythematosus: comparison with the Framingham Study. Am
J Epidemiol, 1997. 145(5): p. 408-15.

Ward, M.M., Premature morbidity from cardiovascular and cerebrovascular diseases in
women with systemic lupus erythematosus. Arthritis Rheum, 1999. 42(2): p. 338-46.
Hak, A.E., et al., Systemic lupus erythematosus and the risk of cardiovascular disease:
results from the nurses' health study. Arthritis Rheum, 2009. 61(10): p. 1396-402.
Gustafsson, J.T., et al., Excess atherosclerosis in systemic lupus erythematosus,-A
matter of renal involvement: Case control study of 281 SLE patients and 281 individually
matched population controls. PLoS One, 2017. 12(4): p. e0174572.

Bruce, I.N., et al., Risk factors for coronary heart disease in women with systemic lupus
erythematosus: the Toronto Risk Factor Study. Arthritis Rheum, 2003. 48(11): p. 3159-
67.

Asanuma, Y., et al., Premature coronary-artery atherosclerosis in systemic lupus

erythematosus. N Engl J Med, 2003. 349(25): p. 2407-15.



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

88

Leonard, D., et al., Increased carotid intima thickness and decreased media thickness in
premenopausal women with systemic lupus erythematosus: an investigation by non-
invasive high-frequency ultrasound. Scand J Rheumatol, 2011. 40(4): p. 279-82.

Liu, Y. and M.J. Kaplan, Cardiovascular disease in systemic lupus erythematosus: an
update. Curr Opin Rheumatol, 2018. 30(5): p. 441-448.

Giannelou, M. and C.P. Mavragani, Cardiovascular disease in systemic lupus
erythematosus: A comprehensive update. J Autoimmun, 2017. 82: p. 1-12.

Oktem, O., et al., Reproductive aspects of systemic lupus erythematosus. J Reprod
Immunol, 2016. 117: p. 57-65.

Gilbert, E.L. and M.J. Ryan, Estrogen in cardiovascular disease during systemic lupus
erythematosus. Clin Ther, 2014. 36(12): p. 1901-1912.

lorga, A., et al., The protective role of estrogen and estrogen receptors in cardiovascular
disease and the controversial use of estrogen therapy. Biol Sex Differ, 2017. 8(1): p. 33.
Andrade, R.M., et al., Predictors of post-partum damage accrual in systemic lupus
erythematosus: data from LUMINA, a multiethnic US cohort (XXXVIII). Rheumatology
(Oxford), 2006. 45(11): p. 1380-4.

Chiu, T.F., et al., Long-Term Outcomes of Systemic Lupus Erythematous Patients after
Pregnancy: A Nationwide Population-Based Cohort Study. PLoS One, 2016. 11(12): p.
e0167946.

Gianfreda, D., et al., Does pregnancy have any impact on long term damage accrual and
on the outcome of lupus nephritis? J Autoimmun, 2017. 84: p. 46-54.

Tandon, A, et al., The effect of pregnancy on lupus nephritis. Arthritis Rheum, 2004.
50(12): p. 3941-6.

Simard, J.F., et al., Maternal Hypertensive Disorders in Pregnant Women With Systemic
Lupus Erythematosus and Future Cardiovascular Outcomes. Arthritis Care Res

(Hoboken), 2021. 73(4): p. 574-579.



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

89

Wu, L.S,, et al., Lupus women with delivery with higher risk of heart failure compared
with those without pregnancy but neutral in major adverse cardiovascular events. A
population-based matched cohort study. Clin Exp Rheumatol, 2014. 32(1): p. 108-12.
Frodlund, M., et al., The majority of Swedish systemic lupus erythematosus patients are
still affected by irreversible organ impairment: factors related to damage accrual in two
regional cohorts. Lupus, 2019. 28(10): p. 1261-1272.

Ugarte-Gil, M.F., et al., The number of flares patients experience impacts on damage
accrual in systemic lupus erythematosus: data from a multiethnic Latin American cohort.
Ann Rheum Dis, 2015. 74(6): p. 1019-23.

Esdaile, J.M., et al., Traditional Framingham risk factors fail to fully account for
accelerated atherosclerosis in systemic lupus erythematosus. Arthritis Rheum, 2001.
44(10): p. 2331-7.

Magder, L.S. and M. Petri, Incidence of and risk factors for adverse cardiovascular
events among patients with systemic lupus erythematosus. Am J Epidemiol, 2012.
176(8): p. 708-19.

Nguyen, P.K., D. Nag, and J.C. Wu, Sex differences in the diagnostic evaluation of
coronary artery disease. J Nucl Cardiol, 2011. 18(1): p. 144-52.

Yen, E.Y. and R.R. Singh, Brief Report: Lupus-An Unrecognized Leading Cause of
Death in Young Females: A Population-Based Study Using Nationwide Death
Certificates, 2000-2015. Arthritis Rheumatol, 2018. 70(8): p. 1251-1255.

Ido, M.S., et al., Administrative data linkage to evaluate a quality improvement program
in acute stroke care, Georgia, 2006-2009. Prev Chronic Dis, 2015. 12: p. E05.

Oken, E., et al., A nearly continuous measure of birth weight for gestational age using a
United States national reference. BMC Pediatr, 2003. 3: p. 6.

Clowse, M.E., et al., Predictors of preterm birth in patients with mild systemic lupus

erythematosus. Ann Rheum Dis, 2013. 72(9): p. 1536-9.



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

90

Palma Dos Reis, C.R., et al., Prediction of Adverse Pregnancy Outcomes in Women with
Systemic Lupus Erythematosus. Clin Rev Allergy Immunol, 2019.

Skorpen, C.G., et al., Influence of disease activity and medications on offspring birth
weight, pre-eclampsia and preterm birth in systemic lupus erythematosus: a population-
based study. Ann Rheum Dis, 2018. 77(2): p. 264-269.

Prevention, C.f.D.C.a. Preterm Birth. 2020 October 30, 2020 [cited 2021 May 2, 2021];
Available from:

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pretermbirth.htm.

Eudy, A.M., et al., Reasons for cesarean and medically indicated deliveries in
pregnancies in women with systemic lupus erythematosus. Lupus, 2018. 27(3): p. 351-
356.

Chakravarty, E.F., et al., Factors that predict prematurity and preeclampsia in
pregnancies that are complicated by systemic lupus erythematosus. American Journal of
Obstetrics and Gynecology, 2005. 192(6): p. 1897-1904.

Stout, M.J., G.A. Macones, and M.G. Tuuli, Accuracy of Birth Certificate Data for
Classifying Preterm Birth. Paediatr Perinat Epidemiol, 2017. 31(3): p. 245-249.

Schaaf, J.M., et al., Ethnic and racial disparities in the risk of preterm birth: a systematic
review and meta-analysis. Am J Perinatol, 2013. 30(6): p. 433-50.

Force, U.S.P.S.T., et al., Screening for Preeclampsia: US Preventive Services Task
Force Recommendation Statement. JAMA, 2017. 317(16): p. 1661-1667.

Joseph, K.S., et al., Maternal Mortality in the United States: Recent Trends, Current
Status, and Future Considerations. Obstet Gynecol, 2021. 137(5): p. 763-771.

Boulos, D., et al., Cardiovascular risk profiles in a lupus cohort: what do different

calculators tell us? Lupus Sci Med, 2017. 4(1): p. e000212.


https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pretermbirth.htm

117.

118.

119.

120.

121.

122.

123.

124.

125.

91

Barnado, A., et al., Developing Electronic Health Record Algorithms That Accurately
Identify Patients With Systemic Lupus Erythematosus. Arthritis Care Res (Hoboken),
2017. 69(5): p. 687-693.

Fine, J.P. and R.J. Gray, A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc, 1999. 94: p. 496-509.

Austin, P.C., A. Latouche, and J.P. Fine, A review of the use of time-varying covariates
in the Fine-Gray subdistribution hazard competing risk regression model. Stat Med,
2020. 39(2): p. 103-113.

Sammaritano, L.R., et al., 2020 American College of Rheumatology Guideline for the
Management of Reproductive Health in Rheumatic and Musculoskeletal Diseases.
Arthritis Care Res (Hoboken), 2020. 72(4): p. 461-488.

Soh, M.C., et al., Brief Report: Association Between Pregnancy Outcomes and Death
From Cardiovascular Causes in Parous Women With Systemic Lupus Erythematosus: A
Study Using Swedish Population Registries. Arthritis Rheumatol, 2015. 67(9): p. 2376-
82.

Bermas, B.L., Too Little of a Good Thing: Hydroxychloroquine in Pregnancy. J
Rheumatol, 2019. 46(1): p. 1-2.

Feldman, C.H., et al., Medication Nonadherence Is Associated With Increased
Subsequent Acute Care Utilization Among Medicaid Beneficiaries With Systemic Lupus
Erythematosus. Arthritis Care Res (Hoboken), 2015. 67(12): p. 1712-21.

Bermas, B.L., et al., Trends in use of hydroxychloroquine during pregnancy in systemic
lupus erythematosus patients from 2001 to 2015. Lupus, 2018. 27(6): p. 1012-1017.
Birru Talabi, M., et al., Perspectives of Adult Rheumatologists Regarding Family
Planning Counseling and Care: A Qualitative Study. Arthritis Care Res (Hoboken), 2020.

72(3): p. 452-458.



126.

127.

128.

129.

130.

131.

132.

133.

134.

92

Prevention, C.f.D.C.a. Having a Healthy Pregnancy with Lupus. 2018 [cited 2021 July,

21 2021]; Available from: https://www.cdc.gov/lupus/basics/pregnancy.htm.

Angley, M., et al., Infertility Among African American Women With Systemic Lupus
Erythematosus Compared to Healthy Women: A Pilot Study. Arthritis Care Res
(Hoboken), 2020. 72(9): p. 1275-1281.

Walunas, T.L., et al., Disease Outcomes and Care Fragmentation Among Patients With
Systemic Lupus Erythematosus. Arthritis Care Res (Hoboken), 2017. 69(9): p. 1369-
1376.

Yelin, E., J. Yazdany, and L. Trupin, Relationship Between Process of Care and a
Subsequent Increase in Damage in Systemic Lupus Erythematosus. Arthritis Care Res
(Hoboken), 2017. 69(6): p. 927-932.

Solomon, L. and V. Quinn, Spontaneous quitting: self-initiated smoking cessation in
early pregnancy. Nicotine Tob Res, 2004. 6 Suppl 2: p. S203-16.

Olander, E.K., et al., Promoting healthy eating in pregnancy: what kind of support
services do women say they want? Prim Health Care Res Dev, 2012. 13(3): p. 237-43.
Colantonio, L.D., et al., Use of Medicare Claims Data for the Identification of Myocardial
Infarction: The Reasons for Geographic And Racial Differences in Stroke Study. Med
Care, 2018. 56(12): p. 1051-1059.

Kumamaru, H., et al., Validity of claims-based stroke algorithms in contemporary
Medicare data: reasons for geographic and racial differences in stroke (REGARDS)
study linked with medicare claims. Circ Cardiovasc Qual Outcomes, 2014. 7(4): p. 611-
0.

Saczynski, J.S., et al., A systematic review of validated methods for identifying heart
failure using administrative data. Pharmacoepidemiol Drug Saf, 2012. 21 Suppl 1: p.

129-40.


https://www.cdc.gov/lupus/basics/pregnancy.htm

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

93

Vinet, E., E.F. Chakravarty, and M.E.B. Clowse, Power in numbers. Rheumatology
(Oxford), 2018. 57(suppl_5): p. v40-v47.

Meissner, Y., et al., EULAR recommendations for a core data set for preghancy
registries in rheumatology. Ann Rheum Dis, 2021. 80(1): p. 49-56.

Catov, J.M., et al., Prior preterm birth and maternal subclinical cardiovascular disease 4
to 12 years after pregnancy. J Womens Health (Larchmt), 2013. 22(10): p. 835-43.
Angley, M., et al., Cardiovascular Disease After Delivery Among Women with Systemic
Lupus Erythematosus. 2021.

Yuan, C., J. Wang, and M. Ying, Predictive Value of Carotid Distensibility Coefficient for
Cardiovascular Diseases and All-Cause Mortality: A Meta-Analysis. PLoS One, 2016.
11(4): p. €0152799.

Cacciapaglia, F., et al., Stiffness parameters, intima-media thickness and early
atherosclerosis in systemic lupus erythematosus patients. Lupus, 2009. 18(3): p. 249-56.
Stein, J.H., et al., Use of carotid ultrasound to identify subclinical vascular disease and
evaluate cardiovascular disease risk: a consensus statement from the American Society
of Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by the
Society for Vascular Medicine. J Am Soc Echocardiogr, 2008. 21(2): p. 93-111; quiz
189-90.

Oliver, J.J. and D.J. Webb, Noninvasive assessment of arterial stiffness and risk of
atherosclerotic events. Arterioscler Thromb Vasc Biol, 2003. 23(4): p. 554-66.

Jones, S.A., et al., Physical Activity, Sedentary Behavior, and Retirement: The Multi-
Ethnic Study of Atherosclerosis. Am J Prev Med, 2018. 54(6): p. 786-794.

Bertoni, A.G., et al., The association between physical activity and subclinical
atherosclerosis: the Multi-Ethnic Study of Atherosclerosis. Am J Epidemiol, 2009. 169(4):

p. 444-54.



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

94

Marti, C.N., et al., Endothelial dysfunction, arterial stiffness, and heart failure. 3 Am Coll
Cardiol, 2012. 60(16): p. 1455-69.

Kang, S., et al., Relationship of arterial stiffness and early mild diastolic heart failure in
general middle and aged population. Eur Heart J, 2010. 31(22): p. 2799-807.

Petersen, K.S., et al., Effect of weight loss on pulse wave velocity: systematic review
and meta-analysis. Arterioscler Thromb Vasc Biol, 2015. 35(1): p. 243-52.

Peng, F., et al., The impact of angiotensin receptor blockers on arterial stiffness: a meta-
analysis. Hypertens Res, 2015. 38(9): p. 613-20.

Du, T., et al., Reduction in SLEDAI is associated with improved arterial stiffness in
systemic lupus erythematosus. Medicine (Baltimore), 2020. 99(47): p. e23184.
Babaoglu, H., et al., Predictors of predominant Lupus Low Disease Activity State
(LLDAS-50). Lupus, 2019. 28(14): p. 1648-1655.

Tselios, K., et al., Disease course patterns in systemic lupus erythematosus. Lupus,
2019. 28(1): p. 114-122.

Haas, D.M., et al., Association of Adverse Pregnancy Outcomes With Hypertension 2 to
7 Years Postpartum. J Am Heart Assoc, 2019. 8(19): p. e013092.

Zieff, G.H., et al., The pressure-dependency of local measures of arterial stiffness. J
Hypertens, 2019. 37(5): p. 956-963.

Andrade, S.E., et al., Validity of health plan and birth certificate data for pregnancy
research. Pharmacoepidemiol Drug Saf, 2013. 22(1): p. 7-15.

Dietz, P.M., et al., Validation of obstetric estimate of gestational age on US birth
certificates. Am J Obstet Gynecol, 2014. 210(4): p. 335 e1-335 e5.

Gergianaki, I., et al., Is systemic lupus erythematosus different in urban versus rural
living environment? Data from the Cretan Lupus Epidemiology and Surveillance

Registry. Lupus, 2019. 28(1): p. 104-113.



157.

158.

159.

160.

161.

162.

163.

164.

165.

95

Roberts, J.M. and J.M. Catov, Pregnancy is a screening test for later life cardiovascular
disease: now what? Research recommendations. Womens Health Issues, 2012. 22(2):
p. €123-8.

Sun, K., et al., Racial Disparities in Medication Adherence between African American
and Caucasian Patients With Systemic Lupus Erythematosus and Their Associated
Factors. ACR Open Rheumatol, 2020. 2(7): p. 430-437.

Sun, K., et al., Racial Differences in Patient-provider Communication, Patient Self-
efficacy, and Their Associations With Systemic Lupus Erythematosus-related Damage:
A Cross-sectional Survey. J Rheumatol, 2021. 48(7): p. 1022-1028.

Plantinga, L., et al., Incidence of End-Stage Renal Disease Among Newly Diagnosed
Systemic Lupus Erythematosus Patients: The Georgia Lupus Registry. Arthritis Care
Res (Hoboken), 2016. 68(3): p. 357-65.

Eder, L., et al., The correlation between carotid artery atherosclerosis and clinical
ischemic heart disease in lupus patients. Lupus, 2014. 23(11): p. 1142-8.

Chae, D.H., et al., Racial Discrimination, Disease Activity, and Organ Damage: The
Black Women's Experiences Living With Lupus (BeWELL) Study. Am J Epidemiol, 2019.
188(8): p. 1434-1443.

Martz, C.D., et al., Vicarious Racism Stress and Disease Activity: the Black Women's
Experiences Living with Lupus (BeWELL) Study. J Racial Ethn Health Disparities, 2019.
6(5): p. 1044-1051.

Lewis, T.T., et al., Race/Ethnicity, Cumulative Midlife Loss, and Carotid Atherosclerosis
in Middle-Aged Women. Am J Epidemiol, 2021. 190(4): p. 576-587.

Lewis, T.T., et al., Expectations of Racism and Carotid Intima-Media Thickness in

African American Women. Psychosom Med, 2019. 81(8): p. 759-768.



96

Funding

The Georgia Lupus Registry was funded by the Centers for Disease Control and
Prevention (CDC), and by cooperative agreement CDC-RFA-DP08-806 and earlier by
cooperative agreement PA03022 from the CDC. The Georgians Organized Against Lupus
(GOAL) Cohort is supported by the CDC - U01DP005119.Q5X. VISTA is funded by NIH RO1-
AR070898-01.

This research was supported by the METRIC T32 training grant (NIH T32 HL130025)
and a fellowship funded by the National Institute of Arthritis and Musculoskeletal and Skin

Diseases (NIH F31 AR078047-02).



