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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 into 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 births 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 [CI]: 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% CI:
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 [1, 2]. The disease is characterized by periods of quiescence, and periods of flare-ups
where autoimmune functioning is highly active [3]. Individuals who will be diagnosed with
SLE can exhibit autoimmune abnormalities three years before the clinical onset of SLE [4,
5].

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 [6-8]. 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 [9]. 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 [10-16].

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 [13, 15-17]. 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 [18-21]. Only one study

was large enough to provide estimates for preterm birth, but not small-for-gestational age
among African American women with SLE [22]. Small-for-gestational age (SGA) is used
as a population-level proxy of fetal growth restriction, which is measured by successive
ultrasounds in utero [23]. The estimates for small-for-gestational age are less consistent

in SLE pregnancies, 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 [11, 13]. Infants born preterm or small-for-gestational age are vulnerable
to infant respiratory issues, infection, slow weight gain, stunted growth and impaired
cognitive development [23, 24]. Several studies have suggested that there is an elevated risk
of adverse perinatal outcomes among women with SLE even before their clinical diagnosis
[13, 17, 22, 25, 26].

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 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.
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METHODS

Study Population with Systemic Lupus Erythematosus

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 [6, 27]. 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 [6, 28]. 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 [29].

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 done

to achieve a 1:20 ratio of SLE births to general population births. The sampling of births to
the general population was conducted so that the distribution of general population births by
year (1994 — 2018) and maternal county of residence matched the distribution of births to
women with SLE to generate a more appropriate comparison group.

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 diagnosis 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
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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 10t 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 [30].

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

Statistical Analysis

RESULTS

Descriptive characteristics of births in each exposure category 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 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 Supplementary
Appendix S1. We also ran a sensitivity analysis restricting the sample to vaginal births

only. Finally, as management of SLE and counseling around pregnancy may have changed
between 1994 and 2018, we also ran a final model that included a variable for time period
(1994 -2000, 2001 - 2005, 2006 — 2010 or 2011 — 2018), to examine how temporal changes
may have affected our results. All analyses were conducted using SAS 9.4 (SAS Institute,
Cary, N.C)).

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 (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%).
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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
three 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 three years before diagnosis, but 27.9% within 3 years after diagnosis. By more
than three years after SLE diagnosis, the proportion of births that were SGA was 21.3%

of births. There also was a trend in 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 models adjusted for maternal age, education and parity, 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: 1.03, 95% CI: 0.77,
1.38) (Table 2). Births occurring within 3 years before diagnosis did have an increased risk
of preterm birth compared to the general population (RR: 1.71, 95% CI: 1.24, 2.35). 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 2.83 (95% CI: 2.36, 3.38). These
estimates differed only slightly from the unadjusted estimates.

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% CI: 2.74, 4.62). The results were also
similar when we restricted to vaginal births only. The estimates from the fully adjusted
model for preterm birth did not significantly change after adjusting for time period (results
not shown).

In models adjusted for maternal age, education and parity 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 SGA birth compared to the general population of African
American women (RR: 1.05, 95%: 0.72, 1.53) (Table 3). Among births to women with
SLE occurring within 3 years before diagnosis, the relative risk increased to 2.38 (95% CI:
1.69, 3.36), and to a maximum of 2.89 (95% CI: 2.03, 4.13) 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: 2.28, 95% ClI: 1.69, 3.07). The
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unadjusted 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
estimates from the fully adjusted model for SGA birth also did not significantly change after
adjusting for time period (results not shown).

The results of the simulation analysis presented in the Supplementary Appendix S1

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 (Supplementary Figure S1, Supplementary Figure S2).

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 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 [13, 17, 22, 25, 26]. 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
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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 [5, 16, 20]. Conversely, the observed association
could be due to the symptoms of active SLE, which have been shown to be associated

with adverse perinatal outcomes [31-33]. Diagnosis of SLE is often delayed even after the
presentation of clinical symptoms [34].

We could only find one other study that examined the risk of preterm birth before diagnosis
specifically among African American women with SLE [22]. 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% ClI: 2.42, 9.13)

for preterm birth. Barnado et al. was conducted among Gullah American 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%) [35]. 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 [36—38]. 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 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 [36, 39]. 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%. While method of delivery
is only a rough proxy for the medical necessity of a preterm delivery, this suggests that
spontaneous and medically-indicated preterm births remain common, even after a stable
treatment regimen for SLE may be established in the early years after diagnosis.
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Some limitations should be noted. In Georgia insurance status and maternal receipt of WIC
were only available on the birth certificate beginning in 2009 which would have rendered
our sample size too small to conduct a multivariable analysis. Data on hypertension and
diabetes available on birth certificates is known to be of poor quality, and substantially
underestimates the proportion of births to women affected by these conditions [40, 41]. We
therefore chose to not include these variables in our analysis. We also did not have data

on SLE disease activity or medications during pregnancy. We used birth certificates from
the general population of African American women in Georgia as our comparison group.
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 [6]. 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 (Supplementary Appendix S1) 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 for the covariance of multiple births to the same woman. Finally, as previously
mentioned, we were unable to differentiate between medically-indicated and spontaneous
preterm births.

Our analysis has several strengths. 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 [10,
12, 21, 38, 42, 43]. 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 [44]. 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 [45—
48]. 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 in communities of color should be better educated about SLE, and have a lower
threshold to suspect SLE in the peripartum period.
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SIGNIFICANCE AND INNOVATIONS

. African American women with SLE are at an increased risk of delivering
preterm or small-for-gestational age infants compared to the general
population.

. There is an increased risk of delivering preterm or small-for-gestational age

infants among African American women in the years before they receive a
diagnosis of SLE.
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Figure 1.

Preterm birth and small-for-gestational age by timing of birth in relation to SLE diagnosis
among African American women
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Figure 2.
Proportion of births delivered by cesarean section by timing of SLE diagnosis among

African American women
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Figure 3.
Delivery method among preterm births to African American women (overall proportion of

births that were preterm in bold)
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Participant characteristics

Table 1.

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 diagnosis 102 (17.5)
Within 3 years after diagnosis 79 (13.6)
>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
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Characteristic SLE births (N=583) Non-SLE Births (N=11,660)
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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Table 2.

Risk ratios modeling the risk of preterm birth among African American women

Unadjusted

Adj usted”

First births only*

Vaginal births only*

3+years before diagnosis

1.05 (0.79, 1.41)

1.03 (0.77, 1.38)

1.20 (0.77, 1.86)

0.99 (0.69, 1.41)

Within 3 years before diagnosis

1.76 (1.28, 2.42)

1.71 (1.24, 2.35)

1.90 (1.19, 3.04)

1.18(0.73, 1.90)

Within 3 years after diagnosis

2.28 (1.69, 3.08)

2.29 (1.70, 3.09)

2.75 (1.68, 4.49)

1.30 (0.70, 2.43)

3+ years after diagnosis

2.78 (2.32, 3.33)

2.83 (2.36, 3.38)

3.56 (2.74, 4.62)

2.21(1.62, 3.01)

*
Adjusted for maternal age, education and parity
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Table 3.

Risk ratios modeling the risk of small-for-gestational age

Unadjusted

Adj usted”

First births only*

Vaginal births only*

3+years before diagnosis

1.11 (0.77, 1.60)

1.05 (0.72, 1.53)

0.85 (0.47, 1.55)

0.97 (0.61, 1.53)

Within 3 years before

2.48 (1.76, 3.51)

2.38 (1.69, 3.36)

2.60 (1.70, 3.99)

2.39 (1.61, 3.56)

Within 3 years after

2.82 (1.97, 4.04)

2.89 (2.03,4.13)

2.96 (1.74, 5.03)

2.88 (1.78, 4.67)

3+ years after

2.16 (1.60, 2.92)

2.28 (1.69, 3.07)

2.15 (1.37, 3.36)

1.44 (0.85, 2.45)

*
Adjusted for maternal age, education and parity
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