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Objective. Using a large, de-identified electronic health record database with over 3.2 million patients, we aimed to
identify trends of systemic lupus erythematosus (SLE) medication use during pregnancy and birth outcomes from 1989
to 2020.

Methods. Using a previously validated algorithm for SLE deliveries, we identified 255 pregnancies in patients with
SLE and 604 pregnancies in controls with no known autoimmune diseases. We examined demographics, medications,
SLE comorbidities, and maternal and fetal outcomes in SLE and control deliveries.

Results. Compared with control deliveries, SLE deliveries were more likely to be complicated by preterm delivery
(odds ratio [OR]: 6.71; 95% confidence interval [CI]: 4.31-10.55; P < 0.001) and preeclampsia (OR: 3.22; 95% CI:
1.83-5.66; P < 0.001) after adjusting for age at delivery, race, and parity. In a longitudinal analysis, medication use dur-
ing SLE pregnancies remained relatively stable, with some increased use of hydroxychloroquine over time but no
increase in aspirin use. For SLE deliveries, preterm delivery and preeclampsia rates remained stable.

Conclusion. We observed rates of preeclampsia and preterm delivery in SLE that were five times higher than the
general population and higher compared with other prospective SLE cohorts. Furthermore, we did not observe
improved outcomes over time with preeclampsia and preterm delivery. Despite increasing evidence for universal use
of hydroxychloroquine and aspirin, we did not observe substantially higher use of these medications over time, partic-
ularly for aspirin. Our results demonstrate the continued need to prioritize educational and implementation efforts to
improve adverse pregnancy outcomes in SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) pregnancies have been

studied using prospective cohorts that are often limited by small

sample sizes (1,2). These studies capture patients with SLE fol-

lowed in the rheumatology clinic that agree to participate in

research studies. Population studies are mainly from European

populations that may not reflect the racial diversity seen in US

SLE pregnancies (3–5). Administrative database studies typically

increase the sample sizes but often lack granular data to ensure

accurate case status (6,7). These studies often focus on inpatient

data and use one count of an SLE billing code from discharge

diagnoses despite multiple studies showing that one count of an

SLE billing code does not accurately identify SLE cases (8–10)

or SLE pregnancies (11). Electronic health record (EHR) studies

bridge these gaps by having relatively large sample sizes (12)

and dense, longitudinal data not just on a patient’s SLE but also

on other comorbidities, medications, and pregnancy outcomes.

Furthermore, EHR studies allow researchers to follow patients

across multiple care settings and provide easy to accrue, low-

cost, real-world data on patients who may not enroll in research

studies.
Both prospective (1,2,13) and administrative database stud-

ies (6,7) along with meta-analyses (14–16) in SLE pregnancies
demonstrate an increased risk of adverse fetal and maternal out-
comes. An administrative study using the National Inpatient Sam-
ple database from 1998 to 2015 reported that SLE pregnancy
outcomes improved over time, notably both maternal and fetal
death (7). This study was limited, however, by using only one
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count of an SLE billing code and inpatient data to identify SLE

pregnancies. Furthermore, this study lacked granular data on

race, SLE medication use, SLE comorbidities, and preterm deliv-

ery. Using a previously validated algorithm for SLE deliveries (11),

we identified SLE deliveries in a large EHR along with controls with

no known autoimmune diseases. We examined demographics,

medications, SLE comorbidities, and maternal and fetal out-

comes in SLE deliveries from 1989 to 2020. We assessed trends

over time of SLE medications prescribed during pregnancy.

PATIENTS AND METHODS

Synthetic Derivative. Research was conducted in com-
pliance with the Helsinki Declaration. Because a de-identified
database was used, the study was deemed to be non-human
subjects research, and informed consent was waived. After
obtaining approval from the Vanderbilt University Medical Center
(VUMC) Institutional Review Board, we identified possible SLE
and control pregnancies from the Synthetic Derivative. The Syn-
thetic Derivative is a de-identified copy of our EHR with longitudi-
nal data since 1989 and has been previously described (12).
Briefly, the Synthetic Derivative contains over 3.2 million subjects
with clinical data from VUMC inpatient, outpatient, primary care,
and subspecialty care encounters. Telephone encounters, nurs-
ing communications, medications, laboratory, radiology, and
pathology data are also available. Records external to VUMC are
not available.

Identifying SLE and control patients. Within the Syn-
thetic Derivative, we identified potential SLE pregnancies using a
previously validated and published algorithm that requires at least
four codes from the SLE International Classification of Diseases
Ninth Revision (ICD-9) (710.0) or International Classification of
Diseases Tenth Revision–Clinical Modification (ICD-10-CM)
(M32.1, M32.8, or M32.9) and one or more ICD-9 or ICD-10-CM
pregnancy or delivery-related codes (11). This previously vali-
dated algorithm uses primarily delivery-related codes with the

goal to identify SLE deliveries or births in the EHR. These delivery
codes have been previously validated in other chronic diseases
(17–19) and are in Supplemental Table 1. A flowchart of SLE
pregnancy selection is shown in Figure 1A. Our algorithm has a
positive predictive value of 81% and a sensitivity of 95% and has
been internally and externally validated (11). We performed chart
review on all possible SLE deliveries identified by the algorithm to
ensure that they had SLE diagnosed by an internal or external
rheumatologist. Deliveries to mothers who had possible SLE were
excluded. We counted SLE nephritis and antiphospholipid anti-
body syndrome (APS) if they were documented in clinical notes
during that specific SLE pregnancy. We performed chart review
and used keywords of “nephritis” and “antiphospholipid antibody
syndrome.”We required diagnosis by an internal or external rheu-
matologist or nephrologist for SLE nephritis and diagnosis by an
internal or external rheumatologist or hematologist for APS. For
APS, we performed chart review to ensure that patients had both
positive antiphospholipid antibodies and a qualifying thrombotic
or obstetric event.

Lastly, we examined for medication use during pregnancy
with a focus on SLE medications such as antimalarials, cortico-
steroids, and immunosuppressants as well as aspirin and antico-
agulants. In addition to reviewing the patient’s medication lists
from notes, we performed chart review on the full text or entirety
of Obstetrics and gynecology and rheumatology notes to deter-
mine medication use during pregnancy and then performed chart
review on admission and discharge notes to ascertain medication
use at delivery.

Controls were identified in the Synthetic Derivative and did not
have ICD-9 codes under the 710.* heading “Diffuse diseases of con-
nective tissue,” the 714.* heading “Rheumatoid arthritis and other
inflammatory polyarthropathies” or ICD-10 codes M05.* (“Rheuma-
toid arthritis with rheumatoid factor”), M06.* (“Other rheumatoid
arthritis”), M32 (“SLE”), M33.* (Dermatopolymyositis), M34.* (“Sys-
temic sclerosis”), M35.* (“Other systemic involvement of connective
tissue”), or M36.* (“Systemic disorders of connective tissue in
diseases classified elsewhere”). Controls were “medical home
patients” who received longitudinal care at VUMC with at least three
outpatient visits within 5 years to ensure that the density of records
was similar to that of cases (20–22). We then ensured that the con-
trols also had 1 or more pregnancy or delivery codes, the same
codes used for the SLE deliveries. We then randomly selected
250 of these controls for chart review to ensure the absence of any
autoimmune disease and assess delivery outcomes. We performed
chart review and excluded controls where autoimmune disease was
documented as present or diagnosed during that pregnancy. A
flowchart of control pregnancy selection is shown in Figure 1B.

Outcomes assessed. Race and ethnicity were based on
both self-report and administrative data. Prior studies have vali-
dated that these EHR race assignments reflect genetic ancestry
(23). For SLE and control deliveries, we used the obstetrician

SIGNIFICANCE & INNOVATIONS
• Although there are multiple prospective cohort and

administrative database studies in systemic lupus
erythematosus (SLE) pregnancies, we are among
the first to use an electronic health record (EHR)
database to assess real-world outcomes in SLE
deliveries.

• Using a unique, longitudinal EHR database, we iden-
tified a large cohort of SLE and control deliveries
across three decades.

• We are among the first to assess trends of delivery
outcomes in SLE and SLE medication use in
pregnancy.
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diagnosis of preeclampsia, severe preeclampsia, eclampsia, and
HELLP syndrome, as documented in clinical notes. Pregnancies
were defined as all gestations, including spontaneous abortions.
Deliveries were defined as gestations of 20 weeks or more, which
included stillbirths, preterm births, and full-term births. We con-
sidered preeclampsia only in pregnancies with a gestation of
20 weeks or more. Preterm delivery was defined as live births with
a gestation of less than 37 weeks. Miscarriage was defined as
fetal demise at less than 20 weeks, and stillbirth was defined as
fetal demise at 20 weeks or more. The duration of SLE was calcu-
lated as the time from the first SLE billing code in the EHR or the
date documented by a rheumatology note (whichever came first)
to the delivery date for that particular pregnancy. Hypertension,
diabetes mellitus, and gestational diabetes were all assessed
from delivery discharge notes.

Statistical analyses. We performed cross-sectional and
longitudinal analyses of delivery outcomes in both SLE cases
and controls. For SLE outcomes, we assessed outcomes in all
SLE pregnancies but also compared outcomes that occurred
before versus after SLE diagnosis. Our unit of analysis was not a
patient with SLE but the SLE delivery. We assessed timing of

SLE diagnosis in relation to each delivery. If a delivery occurred
prior to the SLE diagnosis date, then it was analyzed as a delivery
before SLE. Similarly, if a delivery occurred after the SLE diagnosis
date, it was analyzed as a delivery after SLE. We compared cate-
gorial variables using χ2 or Fisher’s exact test and compared con-
tinuous variables using the Mann-Whitney U test, as there were
non-normal distributions in the data. We performed logistic
regression in all deliveries to estimate the association of SLE case
status with preterm delivery and preeclampsia after adjusting for
age at delivery, race, and parity, defined as number of pregnan-
cies. We also performed logistic regression in SLE deliveries that
occurred after SLE diagnosis to measure the association of SLE
disease covariates with preterm delivery and preeclampsia
adjusting for age at delivery and race. For logistic regression mod-
els, odds ratios (ORs) and 95% confidence intervals (95% CIs) are
reported. For sample size for our models with preterm delivery,
we estimated having 70 SLE deliveries with preterm delivery.
Applying the rule of 10-15 outcomes per one covariate, we esti-
mated having between four and seven covariates in the model to
prevent overfitting. For the outcome of preeclampsia with
36 SLE deliveries with preeclampsia, we estimated having two to
three covariates. Because both SLE and control mothers could

Figure 1. Flowchart of patient selection. (A) SLE pregnancies were selected from the EHR using four or more SLE ICD-9 (710.0) or ICD-10-CM
(M32.1 or M32.8 or M32.9) codes while also requiring one or more ICD-9 or ICD-10-CM pregnancy or delivery-related codes. A full list of these
codes is in Supplemental Table 1. We then required chart review to confirm SLE diagnosis by a rheumatologist resulting in 174 SLE cases with
255 pregnancies and 132 SLE cases with 178 pregnancies with restricting to deliveries after SLE diagnosis. (B) Control pregnancies were selected
from the EHR using the same pregnancy or delivery-related codes used for the SLE pregnancies aforementioned along with requiring that controls
not have codes for autoimmune diseases. We then chart-reviewed a random 250 controls to ensure no autoimmune disease and to assess preg-
nancy outcomes, resulting in 224 mothers with 604 pregnancies. EHR, electronic health record; ICD, International Classification of Diseases; SLE,
systemic lupus erythematosus.
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contribute multiple pregnancies, and because parity can impact
pregnancy outcomes, we conducted sensitivity analyses in which
we only analyzed the first pregnancy for SLE and control mothers
if they had multiple pregnancies. In addition, we used the gee
package in R to construct a generalized estimating equation
(GEE) with an exchangeable correlation structure to account for
correlation between multiple pregnancies per patient. Two-sided
P values less than 0.05 were considered significant. Analyses
were conducted using R version 4.0.2.

RESULTS

Comparison of SLE and control pregnancies.We iden-
tified 255 pregnancies in 174 SLE cases: 178 pregnancies occur-
ring after SLE diagnosis, 60 occurring before SLE diagnosis, and
17 with missing data regarding SLE diagnosis date. We started
with 250 control mothers and excluded 2 mothers with missing
data and 24 mothers with autoimmune disease discovered on
chart review. A list of the autoimmune diseases is included in Sup-
plemental Table 2. We then analyzed 224 control mothers with
604 pregnancies. SLE and control pregnancies are compared in
Table 1. The racial background was similar in pregnancies to
SLE cases and controls and was predominantly White. More con-
trol versus SLE pregnancies occurred in Hispanic mothers (11%
vs. 5%, P < 0.01). Mean age at delivery was similar in controls
compared with SLE cases (27.0 ± 6.6 vs. 27.3 ± 6.0, P = 0.67).
Compared with SLE cases, controls had more pregnancies

(3.1 ± 2.0 vs. 2.3 ± 1.6, P < 0.001) and deliveries (2.3 ± 1.3
vs. 1.7 ± 0.9, P = 0.001), defined as gestations of 20 weeks
or more. SLE cases and controls had similar rates of live births
(82% vs. 83%,P = 0.72). Compared with controls, SLE caseswere
more likely to have adverse delivery outcomes, including higher
rates of cesarean section (47% vs. 31%, P < 0.001), preeclampsia
(23% vs. 9%, P < 0.001), and preterm delivery (47% vs. 14%,
P < 0.001). Preeclampsia was more likely to occur preterm in SLE
cases versus controls (84% vs. 28%, P < 0.001). Both mean ges-
tational age (32.9 ± 8.2 weeks vs. 35.0 ± 9.8 weeks, P < 0.001)
and mean birthweights (2.5 ± 1.0 kg vs. 3.2 ± 0.7 kg, P < 0.001)
were significantly lower in SLE cases compared with controls.
Compared with control pregnancies, SLE pregnancies were more
likely to be complicated by hypertension (33% vs. 10%,
P < 0.001) and diabetes mellitus (5% vs. 2%, P = 0.05) but not
gestational diabetes (7% vs. 6%, P = 0.67).

Because both SLE and control patients could contribute
multiple pregnancies, we performed a sensitivity analysis in which
we only analyzed the first pregnancy for SLE and control mothers
if they had multiple pregnancies. Using this methodology, rates
for adverse outcomes did not significantly change in either
SLE or control patients compared with our original analyses
(Supplemental Tables 3 and 4).

Pregnancy outcomes for mothers with SLE in our study are
compared with prior SLE prospective cohorts and the general
population in Supplemental Table 5. Compared with prospective
SLE pregnancy cohorts, adverse SLE pregnancy outcomes in

Table 1. Comparison of pregnancies to SLE cases and controls

Characteristics

Pregnancies to
SLE cases

Pregnancies to
controls

P value(n = 255)a (n = 604)a

Mean age at delivery ± SD (y) 27.3 ± 6.0 27.0 ± 6.6 P = 0.67
Race (%)
White 66% 59% P = 0.11
African American 30% 38%
Asian 2% 2%
Other/Multi-race 2% 1%

Ethnicity (%)
Hispanic 5% 11% P < 0.01

Mean duration in the EHR (y) ± SD 13.3 ± 8.3 12.0 ± 7.6 P = 0.18
Parity
Mean number of pregnancies per mother ± SD 2.3 ± 1.6 3.1 ± 2.0 P < 0.001
Mean number of deliveries per mother ± SD 1.7 ± 0.9 2.3 ± 1.3 P = 0.001

Pregnancy outcomes
Live birth (%) 82% (194/238) 83% (502/602) P = 0.72
Cesarean section (%) 47% (97/207) 31% (168/546) <0.001
Mean gestational age ± SD (wk) 32.9 ± 8.2 35.0 ± 9.8 <0.001
Mean birthweight ± SD (kg) 2.5 ± 1.0 3.2 ± 0.7 <0.001

Mean Apgar score at 1 min ± SD 7.1 ± 2.3 7.9 ± 1.3 0.07
Mean Apgar score at 5 min ± SD 8.3 ± 1.5 8.8 ± 0.7 0.01
Preterm (%) 47% (90/191) 14% (71/497) <0.001
Preeclampsia (%) 23% (45/199) 9% (32/368) <0.001
Preeclampsia occurring preterm (%) 84% (38/45) 28% (9/32) <0.001

Abbreviations: EHR, electronic health record; SLE, systemic lupus erythematosus.
aN refers to number of pregnancies. For SLE cases, there were 255 pregnancies to 174 mothers with SLE. For
controls, there were 602 pregnancies to 224 control mothers.
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our EHR study, particularly preterm delivery, were higher (51%
vs. 30%). Compared with the general population, our SLE cases
had almost 5 times higher rates of preterm delivery (51%
vs. 10%) and preeclampsia (25% vs. 5%) (24,25). Comparing
controls in our study to the general population, controls had
slightly higher rates of adverse pregnancy outcomes.

Comparison of SLE pregnancies before and after SLE
diagnosis. We then compared the 60 SLE pregnancies that
occurred before SLE diagnosis to the 178 pregnancies that
occurred after SLE diagnosis (Table 2). Overall, there were similar
rates of adverse pregnancy outcomes in SLE pregnancies that
occurred before and after SLE diagnosis. Rates of preterm deliv-
eries (40% vs. 51%, P = 0.24) and preeclampsia (19% vs. 25%,
P = 0.42) were similar in pregnancies that occurred before versus
after SLE diagnosis. Mean duration of SLE disease for pregnan-
cies that occurred after SLE diagnosis was 5.4 ± 5.1 years with
a median of 4.1 years. For pregnancies that occurred before
SLE diagnosis, SLE was diagnosed on average 6.5 ± 5.9 years
later with a median of 5.8 years after delivery. There were 10 preg-
nancies for which the SLE diagnosis occurred within 1 year after
the delivery. In deliveries after SLE diagnosis, adverse outcomes,
including preeclampsia and preterm delivery, were lower at
5 years or longer after SLE diagnosis compared with 0-2 and
2-5 years after SLE diagnosis (Supplemental Table 6).

Characteristics of SLE pregnancies after SLE diagno-
sis. Of the SLE pregnancies that occurred after SLE diagnosis,
32% were complicated by SLE nephritis during the pregnancy
and 20% by APS. Of the patients with SLE with APS, 52% had
an obstetrical complication, and 48% had a thrombotic complica-
tion. Of the preterm SLE births that occurred after SLE diagnosis,
73% were medically induced owing to hypertensive disorders or
SLE flare whereas 27% were spontaneous.

Medication use in SLE pregnancies. We then assessed
medication use during pregnancy in pregnancies that occurred

after SLE diagnosis (Supplemental Table 7). Medication use was
63% for corticosteroids, 40% for hydroxychloroquine, 14% for
azathioprine, 32% for aspirin, and 23% for anticoagulants.

Longitudinal analyses of SLE medication use. We
then examined medication use longitudinally from 1989 to 2020
in pregnancies that occurred after SLE diagnosis (Figure 2). Over-
all, SLE medication use during pregnancy was low. For hydroxy-
chloroquine, use increased over time, with peak use at around
70% of SLE pregnancies in 2015. Use of corticosteroids stayed
relatively consistent at 60%-70%. For azathioprine, use was low
at 13% to 20% and stayed relatively consistent. Aspirin use

Table 2. Comparison of pregnancy outcomes before vs. after SLE diagnosis

Pregnancy outcomes

SLE pregnancies
before SLE diagnosis

SLE pregnancies
after SLE diagnosis

P value(n = 60) (n = 178)

Mean age at delivery ± SD (y) 25.9 ± 6.7 28.6 ± 5.6 0.02
Live birth (%) 87% (48/55) 80% (139/173) 0.24
Cesarean section (%) 43% (19/44) 47% (72/152) 0.62
Mean gestational age ± SD (wk) 31.4 ± 10.3 31.6 ± 9.2 0.58
Mean birthweight ± SD (kg) 2.6 ± 1.2 2.4 ± 1.0 0.55
Apgar score at 1 min ± SD 6.5 ± 2.6 7.2 ± 2.3 0.60
Apgar score at 5 min ± SD 7.9 ± 1.4 8.3 ± 1.5 0.23
Preterm (%) 40% (17/42) 51% (70/138) 0.24
Preeclampsia (%) 19% (8/42) 25% (36/144) 0.42
Preeclampsia occurring preterm (%) 88% (7/8) 94% (34/36) 0.48

Abbreviation: SLE, systemic lupus erythematosus.

Figure 2. Trends of medication use during SLE pregnancies. The
x-axis shows year SLE pregnancy occurred. The y-axis shows the
proportion of pregnancies with medication use in that particular year.
Only SLE pregnancies that occurred after SLE diagnosis were
included. For corticosteroids (red line with the stars), we see a rela-
tively steady rate over time. For antimalarials (green line with dia-
monds), we see an increase in time, with a peak rate of about 70%.
For aspirin (purple line with squares), we see a decline in use over
time. For azathioprine (blue line with circles), we see low use and a rel-
atively steady rate over time. SLE, systemic lupus erythematosus.

SLE BIRTHS IN THE EHR 715



decreased over time ranging from as high as almost 70% in 1995
down to 20% from 2015 to 2020.

Longitudinal analyses of pregnancy outcomes in
SLE cases and controls. We examined pregnancy outcomes
longitudinally from 1989 to 2020 in SLE pregnancies that
occurred after SLE diagnosis (Figure 3A). In general, pregnancy
outcomes were stable over the study period. Live birth and pre-
eclampsia rates were both stable. Cesarean section and preterm
delivery rates both increased and then somewhat decreased
over time. We also examined these same outcomes in all SLE
pregnancies with similar results. We examined control preg-
nancy outcomes longitudinally from 1989 to 2020 (Figure 3B).
Similar to the SLE pregnancies, rates of adverse pregnancy out-
comes in the controls remained relatively stable over the study
period. Compared with SLE pregnancies, control pregnancies
had lower rates of cesarean section, preterm delivery, and
preeclampsia.

Models for SLE and control pregnancies. We per-
formed a logistic regression model for preeclampsia in SLE
and control pregnancies (Table 3). After adjusting for age at delivery
and parity, SLE case status (OR: 3.22; 95% CI: 1.83-5.66;
P < 0.001) and African American race (OR: 1.58; 95% CI: 1.08-
2.29; P = 0.02) were both significantly associated with preeclamp-
sia. We also performed a logistic regression to evaluate the risk of
preterm deliveries in SLE and control pregnancies. After adjusting
for age at delivery, race, and parity, SLE case status (OR: 6.71;
95% CI: 4.31-10.55; P < 0.001) was significantly associated with
preterm deliveries. Estimates from the GEE were nearly identical
to those from themain logistic regressionmodels, while the models
examining the first pregnancy only also showed significant associa-
tions of similar magnitude (Supplemental Table 8).

Models for SLE pregnancies. In unadjusted analyses,
there was no association of SLE nephritis with either preeclamp-
sia (OR: 1.45; 95% CI: 0.66-3.17; P = 0.35) or preterm delivery
(OR: 1.48; 95% CI: 0.74-2.98; P = 0.27) (Table 3). There was also

Figure 3. Trends of SLE and control pregnancy outcomes. (A) The x-axis shows year pregnancy occurred. The y-axis shows the proportion of
pregnancies with the outcome in that particular year. Only SLE pregnancies that occurred after SLE diagnosis were included. Trends of SLE preg-
nancy outcomes were relatively stable over time, including live birth (red line with stars) and preeclampsia (green line with diamonds). Preterm deliv-
ery (blue line with circles) and cesarean section (purple line with squares) increased and then decreased. (B) Trends of control pregnancy
outcomes were relatively stable over time. Compared with SLE pregnancies, control pregnancies had lower rates of cesarean section, preterm
delivery, and preeclampsia. SLE, systemic lupus erythematosus.

Table 3. Models of preeclampsia and preterm delivery in SLE and control pregnancies

Population

Preeclampsia Preterm delivery

Raw OR
(95% CI)

Adjusted ORa

(95% CI)
Raw OR
(95% CI)

Adjusted ORa

(95% CI)

SLE vs. control pregnancies 3.42 (2.03-5.76) 3.22 (1.83-5.66) 8.27 (5.43-12.59) 6.71 (4.31-10.55)
SLE pregnancies only
Nephritis vs. non-nephritis 1.45 (0.66-3.17) 1.01 (0.41-2.46) 1.48 (0.74-2.98) 1.29 (0.60-2.77)
Corticosteroid user vs.
non-user

1.13 (0.46-2.81) 1.00 (0.38-2.77) 1.35 (0.62-2.95) 1.43 (0.63-3.29)

Abbreviations: OR, odds ratio; SLE, systemic lupus erythematosus.
aAdjusted for age at delivery, race, and parity, defined as number of pregnancies.
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no association of corticosteroid use during pregnancy with either
preeclampsia (OR: 1.13; 95% CI: 0.46-2.81; P = 0.79) or preterm
delivery (OR: 1.35; 95% CI: 0.62-2.95; P = 0.45). After adjusting
for age at delivery, race, and parity, corticosteroid use was not
associated with preeclampsia (OR: 1.00; 95% CI: 0.38-2.77;
P = 0.99). As there was significant collinearity between corticoste-
roid use and SLE nephritis, we could not add SLE nephritis to the
aforementioned model. In a separate model adjusting for age at
delivery, parity, and SLE nephritis, African American race (OR:
2.18; 95% CI: 1.16-4.21; P = 0.02) was significantly associated
with preeclampsia. After adjusting for age at delivery, race, and
parity, corticosteroid use was not associated with preterm deliv-
ery (OR: 1.43; 95% CI: 0.63-3.29; P = 0.39). In a separate model,
after adjusting for age at delivery, race, and parity, SLE nephritis
was also not associated with preterm delivery (OR: 1.29; 95%
CI: 0.60-2.77; P = 0.52).

DISCUSSION

We examined adverse pregnancy outcomes and SLE medi-
cation use in a large EHR SLE cohort. As expected, patients with
SLE were more likely to have adverse pregnancy outcomes com-
pared with our EHR controls and the US general population.
Unfortunately, adverse pregnancy outcomes in patients with
SLE, including preterm delivery and preeclampsia, have not
improved over time. Furthermore, recommended medications in
SLE pregnancy such as aspirin and hydroxychloroquine have
not increased over time despite increased evidence supporting
their use in pregnancy.

Preterm delivery and preeclampsia did not significantly
change from 1989 to 2020. Live birth and cesarean
section rates were similar across the study duration. Similar to
the SLE pregnancies, outcomes in the control pregnancies were
also stable, including live birth, cesarean section, preeclampsia,
and preterm delivery. These results contrast with findings in a
large administrative study that used the National Inpatient Sample
to assess SLE pregnancy outcomes from 1998 to 2015 (7). This
study identified SLE pregnancies using a one-time code of either
SLE ICD-9 or ICD-10-CM codes. They report that inpatient infant
death mortality decreased over the study duration in both SLE
and non-SLE pregnancies. Rates of preeclampsia or eclampsia
decreased in SLE pregnancies but increased in non-SLE preg-
nancies. For cesarean section, rates increased in both SLE and
non-SLE pregnancies but increased more significantly in non-
SLE pregnancies. The National Inpatient Sample study could not
assess SLE comorbidities, SLE medications, or preterm delivery.
We hypothesize that the different findings in the National Inpatient
Sample study (7) are most likely related to different phenotyping
efforts for defining SLE cases. While we initially used billing codes
to identify possible SLE pregnancies, we required four or more
SLE billing codes, not just one, as was done in the National Inpa-
tient Sample study. We then performed chart review on all our

potential SLE pregnancies to ensure they had an SLE diagnosis
given by a rheumatologist. This type of chart review was not pos-
sible in the National Inpatient Sample study. It is possible that the
National Inpatient Sample study may include hospitals with less
severe SLE cases than our tertiary care hospital. In addition,
another methodologic difference in the NIS study was that the unit
of analysis was the hospitalization rather than the patient, as
unique patient identifiers are not available in the NIS. Our unit of
analysis was an SLE delivery.

As expected, there were worse outcomes in our SLE preg-
nancies compared with our controls, as has been previously
reported (14,15). Compared with controls, SLE pregnancies were
significantly more likely to have higher rates of cesarean sections,
preeclampsia, and preterm deliveries. In adjusted models for age
at delivery, race, and parity, SLE case status was strongly associ-
ated with both preeclampsia and preterm deliveries. Comparing
SLE pregnancies in our study to other SLE prospective cohorts,
SLE pregnancies in our study had higher rates of preeclampsia
and preterm deliveries (26). We hypothesize that these higher
rates of adverse pregnancy outcomes could be because our
patients are from a tertiary care center. There may be referral bias
such that the sickest patients are referred to our center with
access to specialty services, including a higher acuity level neona-
tal intensive care unit. Our controls did have slightly higher rates of
preeclampsia and preterm delivery compared with the general
population. The higher rates of adverse pregnancy outcomes in
our SLE pregnancies compared with other prospective cohorts
are also likely related to patient selection. In one large, prospective
cohort study, patients with SLE with high disease activity were
excluded (26). In our study, we did not restrict which SLE preg-
nancies were analyzed and only required that patients with SLE
be diagnosed with SLE by a rheumatologist.

Rates of adverse pregnancy outcomes were relatively the
same before SLE diagnosis compared with after SLE diagnosis.
This finding was unexpected as we anticipated increased rates
of adverse pregnancy outcomes in pregnancies after SLE diagno-
sis but not before SLE diagnosis. We hypothesized that these
rates could be similar if patients had SLE diagnosed shortly after
a pregnancy. Our results, however, showed that this was not the
case. In pregnancies that occurred before SLE diagnosis, on
average, SLE was diagnosed 6.5 years after pregnancy. There
were only 10 pregnancies in which SLE was diagnosed within
1 year after pregnancy. Other studies (27–29), including a study
in a predominantly African American SLE population (30), demon-
strated similar findings of increased rates of adverse pregnancy
outcomes both before and after SLE diagnosis. A large Swedish
registry showed increased adverse pregnancy outcomes in preg-
nancies that occurred both 0-2 years and 2-5 years prior to SLE
diagnosis (29). We hypothesize along with these studies that a
preclinical disease state likely exists in SLE that can negatively
impact pregnancy outcomes. As SLE autoantibodies can pre-
cede clinical presentation, the presence of autoantibodies,
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particularly antiphospholipid antibodies, could explain this preclin-
ical disease state with increased adverse pregnancy outcomes
prior to SLE diagnosis. In our data, for example, we observed that
in all 11 spontaneous abortions, the presence of antiphospholipid
antibodies predated the spontaneous abortions and even pre-
dated an APS diagnosis in 4 spontaneous abortions.

We also found low SLE medication use in our SLE pregnan-
cies throughout the study duration except for frequent use of cor-
ticosteroids. For hydroxychloroquine, use increased, with highest
use at around 70% in 2015. Increasing evidence demonstrates
beneficial effects of hydroxychloroquine use in SLE pregnancies
for both the mother and the fetus (31–39). The American College
of Rheumatology (ACR) released reproductive health guidelines
in 2020 that recommend all pregnant patients with SLE use
hydroxychloroquine during pregnancy unless there are contrain-
dications (40). Our study demonstrated low rates of aspirin use,
with most recent use at only 20%. Because aspirin is an over-
the-counter medication, it may not be reported the same way as
prescription medications, resulting in an underreporting of aspirin
use in our data. We did, however, perform chart review on the full
text or entirety of notes and not just the medication list to try and
capture all medications recommended. These low rates are
despite increasing evidence and recommendations from the
American College of Obstetrics and Gynecology and the US Pre-
ventive Health Task Force in 2014 that aspirin use in high-risk
patients reduces risk of preeclampsia (2,41–44) and a random-
ized controlled clinical trial in 2017 showing that low-dose aspirin
reduced risk of preterm preeclampsia compared with placebo
(45). The ACR reproductive health guidelines in 2020 conditionally
recommended that all pregnant patients with SLE be on low-dose
aspirin to reduce risk of hypertensive disorders during pregnancy
(40). While most of the SLE pregnancies in our cohort occurred
before the 2020 guidelines, our results demonstrate the contin-
ued gaps of care, with a need to increase both hydroxychloro-
quine and aspirin use in SLE pregnancies.

Corticosteroid use during pregnancy and SLE nephritis have
both been associated with risk of preterm delivery and pre-
eclampsia (46,47). Although we had adequate power to detect a
result of similar magnitude, we observed no association of corti-
costeroid use and SLE nephritis with either preterm delivery or
preeclampsia. We hypothesize that the high background rates of
both preeclampsia and preterm delivery in our non-nephritis and
non-corticosteroid deliveries may have attenuated any relative
measures of association.

Although we have a relatively large, unique EHR cohort of
SLE deliveries, there are limitations to our study. We conducted
our study at a single center in the Southeastern United States,
so our results may not be generalizable to SLE in other regions.
Our study was conducted at a tertiary referral care center that
could bias our results to more severe outcomes. The validated
algorithm we used to assemble our SLE and control cohorts uses
primarily delivery-related billing codes to focus on deliveries and

births, so we may not have captured all pregnancies, particularly
early spontaneous abortions, in our dataset. Because our study
used EHR data, we do not have access to SLE disease activity
or damage measures. These measures are not collected routinely
in clinical practice and thus are not available currently in the EHR.
Date of SLE diagnosis is also not systematically collected in the
EHR, so for 56 SLE deliveries, we estimated SLE disease duration
from first SLE code, which may underestimate SLE disease dura-
tion but did not significantly impact our overall mean SLE disease
duration. Because our EHR is de-identified, we do not have avail-
able data on education level, income, or insurance status. These
social determinants can impact pregnancy outcomes
(1,2,16,48). We acknowledge missingness in our EHR data as
records from outside our institution are not available. This miss-
ingness could cause us to underestimate adverse pregnancy out-
comes. Furthermore, assessing adverse pregnancy outcomes at
time of the delivery hospitalization may also cause us to underes-
timate adverse pregnancy outcomes.

In conclusion, we identified a large EHR cohort of SLE and
control pregnancies across three decades. Unfortunately, rates
of adverse outcomes in SLE pregnancies have not improved over
time. Similarly, rates of aspirin and hydroxychloroquine use have
not improved over time despite increasing evidence that supports
their use. These results highlight persistent gaps in management
strategies for SLE pregnancies and the continued need to direct
resources to improve care in these high-risk patients.
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