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Abstract

Introduction: Women with systemic lupus erythematosus (SLE) have a higher risk for
fetal and maternal complications. We aimed to investigate maternal and fetal compli-
cations in pregnant women with SLE compared to a high-risk pregnancy cohort (HR)
from a tertiary university center and a standard-risk general population (SR) from the
Austrian Birth Registry.

Material and Methods: In this retrospective data analysis, we compared the incidence
of fetal/neonatal and maternal complications of pregnancies and deliveries of women
with SLE to age, body mass index and delivery date—matched high-risk pregnancies
from the same department, a progressive tertiary obstetric center and to a group of
women, who represent pregnancies with standard obstetric risk from the Austrian
Birth Registry.

Results: One hundred women with SLE were compared to 300 women with high-risk
pregnancies and 207039 women with standard-risk pregnancies. The incidence of
composite maternal complications (preeclampsia, Hemolysis, Elevated Liver enzymes
and Low Platelets [HELLP] syndrome, pregnancy-related hypertension, gestational
diabetes mellitus, maternal death, thromboembolic events) was significantly higher
in the SLE as compared to the SR group (28% vs. 6.28% SLE vs. SR, p=0.001). There
was no difference between the SLE and the HR groups (28% vs. 29.6% SLE vs. HR
group, p=0.80). The incidence of composite fetal complications (preterm birth be-
fore 37 weeks of gestation, stillbirths, birth weight less than 2500g, fetal growth re-
striction, large for gestational age, admission to neonatal intensive care unit, 5-min
Apgar <7) was also higher in the SLE than in the SR group (55% vs. 25.54% SLE vs. SR

Abbreviations: BMI, body mass index; C3c, proteolytic fragment of complement component 3; dsDNA, double-stranded DNA; HELLP, syndrome; Hemolysis, Elevated Liver enzymes,
and Low Platelets; HR, high-risk; NICU, neonatal intensive care unit; SLE, systemic lupus erythematosus; SR, standard-risk; cohort from the Austrian Birth Registry.
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1 | INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic autoimmune con-
nective tissue disorder in the group of inflammatory rheumatic dis-
eases. It is characterized by the loss of immunological tolerance to
cellular nuclear antigens, through which the disease can affect vari-
ous organ systems.! The diagnosis of SLE is based on the American
College of Rheumatology/European League Against Rheumatism
(EULAR) classification criteria from 2019.2 Women are dispropor-
tionately more often affected, representing 85%-93% of individuals
with SLE.® The most likely time of the diagnosis of the disease is be-
tween 15 and 55years, which often overlaps with childbearing age
and might influence family planning and the course of pregnancy.

Systemic lupus erythematosus in pregnancy increases the risk
of maternal and fetal/neonatal complications. To date, the exact
pathomechanism of the elevated incidence of complications, such
as early abortions, stillbirth, preterm birth, fetal growth retardation,
and preeclampsia, is not exactly known but is believed to be due
to disturbed placentation through autoimmune and inflammatory
processes.*

High-risk (HR) pregnancy is defined according to various na-
tional and international obstetric committees. A woman with HR
pregnancy requires special care because of a problem with the preg-
nancy itself, a preexisting maternal health condition, or fetal congen-
ital abnormalities or complication.’ The definition of HR pregnancy
is not defined unequivocally, but most definitions of HR pregnancy
imply that the mother, her fetus, or both are at an increased risk for
complications during pregnancy or delivery as compared to women
with unremarkable pregnancies.<S Patients who fall into this category
tend to accumulate in obstetric centers with high-level neonatology
units and specialized obstetric expertise to optimize the care for
mother and child.

Reproductive trends in Europe show that childbearing age is in-
creasing,” along with the number of pregnancies with comorbidities
and predictable risks. Moreover, the widespread use of artificial re-
productive technology also increases risk in pregnancies. For that
reason, we have an ever-growing number of HR pregnancies, which,
however, are increasingly accepted as a part of everyday care.

Obstetricians and internal specialists consider pregnancies
with SLE as risk situations and pregnancy counseling might trigger

p <0.001) while the higher incidence of adverse fetal outcome was detected in the HR
than in the SLE group (55% vs. 75% SLE vs. HR group, p=0.0005).

Conclusions: Although composite fetal risk is higher in the SLE group than in the gen-
eral population, it is still significantly lower as compared to high-risk pregnant women
at a tertiary obstetric center. Prepregnancy counseling of women with SLE should put
fetal and maternal risk in perspective, not only in relation to healthy, low risk cohorts,

but also compared to mixed HR populations.

birth registry, high-risk pregnancy, obstetric risk, systemic lupus erythematosus

Key message

While systemic lupus erythematosus group's composite
fetal risk surpasses the general population, it is notably
lower than high-risk pregnant women. Maternal obstet-
ric risk aligns with mixed high-risk cohorts. Prepregnancy
counseling for women with systemic lupus erythema-
tosus must contextualize both fetal and maternal risks

appropriately.

overwhelming fears before or during pregnancies. Advances in
therapy and preconceptional interdisciplinary counseling might im-
prove obstetric and rheumatic outcome. Unfortunately, exact risk
stratification is still not possible for women with SLE, and it is still
not exactly predictable which pregnant women will experience ad-
verse pregnancy outcome or flare of the underlying disease. Centers
providing pregnancy or preconceptional care for women with au-
toimmune disease employ standardized screening of disease activ-
ity, fetal biometry, and Doppler ultrasound examinations as well as
optional screening for congenital heart block to minimize risk and
detect possible complications. Until we find biomarkers for better
prediction of obstetric and rheumatic risk situations, the burden of
more intensive pregnancy care will remain a reality posing psycho-
logical burden on these patients.

For this reason, it is of utmost importance to understand the
meaning of elevated obstetric risk and put it in perspective, not only
in relation to healthy, low risk cohorts but also compared to mixed
HR populations. In our study, we wish to compare obstetric risk of
pregnancies with SLE to that of a mixed, HR population from a ter-
tiary progressive obstetric center and of a standard-risk (SR) cohort

from the Austrian Birth Registry.

2 | MATERIAL AND METHODS

This observational study was carried out according to the STROBE
guidelines. The patients in the case group (SLE group) and the high-
risk group (HR group) were selected with the help of a data query
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from the Obstetric Documentation System of the Medical University
of Vienna (ViewPoint®. Version 5.6.16.917).
The SLE group was selected through data query for pregnan-

n o«

cies with the following key words: “SLE,” “lupus,”, “lupus erythe-

» o«

matosus,” “rheuma,” “hydroxychloroquine, etc. (full list displayed
in Table S1).” The SLE group was individually checked for the plau-
sibility of diagnosis of SLE. Only women who had a record of diag-
nosis by a specialist in our documentation system were included
in the study group.

The high-risk (HR) group was selected from the deliveries at
the Department of Obstetrics and Feto-Maternal Medicine of the
Medical University of Vienna in the period from 01.01.2004 to
30.06.2020 with the diagnosis code “high-risk pregnancies” based
on the ICD 10 code (z35.8). High-risk pregnancies have a broad defi-
nition and include women with underlying chronic diseases, such as
diabetes or preexistent high blood pressure; infections during preg-
nancy; history of complications in a previous pregnancy; or pathol-
ogies in the current pregnancy. The most frequent diagnoses in the
high-risk group of the present study included the history of preterm
birth (13.6%), maternal comorbidity (24.7%), and maternal obesity
(body mass index [BMI] >30kg/m2) with 17%. Among the current
risk factors, 16.3% of women had a preterm birth, 10% suffered
from gestational diabetes mellitus, 17% were diagnosed with mater-
nal obesity, and 7% of women had preeclampsia or HELLP syndrome
(Hemolysis, Elevated Liver enzymes, and Low Platelets). The main
diagnostic features of the high-risk group are shown in the Table S4.
We were able to match HR patients from 2004 to 2020 to our SLE
patients.

In a further step, the following exclusion criteria were applied to
both the SLE and the HR group: patients under the age of 18, deliv-
eries where documentation of the delivery was missing, pregnancies
that ended in early abortions <20 gestational weeks, pregnancies
where the first hospital visit took place after the 20th gestational
week. Women with autoimmune conditions were excluded from the
HR group.

Patients of the SLE group were matched 1:3 with patients
of the mixed HR group according to CaseControl Matching with
SPSS version 26 (IBM Corp., USA) based on the following criteria:
prepregnancy BMI, maternal age at delivery, and year of delivery.
A maximum deviation factor of +/- 2.5 was applied in order to per-
form 1:3 matching for all patients in the SLE group.

The third group in the present study mirrors the risk of the
general population (standard-risk). Data from all pregnancies in
the Austrian Birth Registry between 01.01.2018 and 30.06.2020
were retrospectively analyzed. The Austrian Birth Registry is a
nationwide, prospective registry that collects both maternal and
fetal data on all live and stillbirths in all Austrian obstetric units,
which was established in 2004. In 2018, the registry was ex-
panded allowing for more detailed analysis of obstetric risks and
outcomes. Therefore, we decided to use data from the Austrian
birth Registry from 1.1.2018 to 30.6.2020 not to underestimate
the adverse events.

As a second step, the same SLE cohort was compared to all deliv-
eries between 01.01.2018 and 30.06.2020 from the Austrian birth
registry (SR). Maternal and fetal/neonatal outcome were compared
between the SLE and high-risk group and between the SLE and
standard-risk group from the Austrian Birth Registry.

The serological activity of the SLE was determined by antibodies
against double-stranded DNA (dsDNA) and complement component
3 (C3c) levels at the three timepoints of pregnancies. We then di-
chotomized the parameters based on the cut-off provided by the
Department of Laboratory Medicine of the Medical University of
Vienna and grouped the patients into dsDNA-negative and dsDNA-
positive patients and those with normal or decreased C3c levels.

Composite maternal risk was defined as preeclampsia or ec-
lampsia or HELLP syndrome (Hemolysis, Elevated Liver enzymes,
and Low Platelets) or pregnancy-induced hypertension during preg-
nancy or in early puerperium (1-4days after delivery), thromboem-
bolic events, gestational diabetes mellitus, postpartum infections,
sepsis, re-operation, or death of the mother. Preeclampsia, HELLP
syndrome, and lupus nephritis have very similar symptoms. For that
reason, before utilizing the sFLT-1/PIGF ratio as an additional factor
for diagnosis of preeclampsia/HELLP syndrome, the entities have
been differentiable by using serum complement and dsDNA concen-
trations, the amount of proteinuria and urine sedimentation, liver
function and hemolysis parameters, and therapy response on corti-
sol administration. After the introduction of the sFLT-1/PIGF ratio,
a pathognomonic factor for preeclampsia and HELLP syndrome, the
differentiation between lupus exacerbation and preeclampsia or
HELLP syndrome was possible. Elevated sFLT-1/PIGF ratio helps to
establish the diagnosing of preeclampsia and HELLP syndrome and
differentiate from lupus nephritis in SLE patients.®

In patients suffering from gestational diabetes mellitus (GDM),
GDM was diagnosed with a 75-g oral glucose tolerance yest (OGTT)
at three time points (fasting, 1 and 2h) between the 24th and 28th
gestational weeks (gws) for women without glucocorticoid therapy.
Glucose monitoring was initiated for women under glucocorticoid
therapy to assess hyperglycemia/GDM in pregnancy from the 24th
gw in cases of higher than 5-mg corticosteroid dosage daily and
signs of GDM, such as macrosomia, increased fetal abdominal cir-
cumference in biweekly fetal ultrasound.

Composite fetal risk was defined as the presence of any one of
the following criteria: small for gestational age <10th percentile;
large for gestational age >90th percentile; weight of the newborn
<2500gr; fetal growth restriction—defined according to the ISUOG
criteria’; arterial cord blood pH <7.10; Apgar score at 5min <7; ad-
mission to the neonatal intensive care unit (NICU); neonatal lupus;
congenital malformation; preterm birth <37 gestational week;
stillbirth; neonatal death postpartum.

Categorical variables are reported as absolute (n) and relative
frequencies (%) and were compared using the Chi-square test and
Fisher's exact test, respectively. Continuous data are reported
as median and interquartile range and were analyzed using the

Wilcoxon rank sum test. The significance level was set at p<0.05.
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Statistical analysis was conducted in STATA (StataCorp. 2013. Stata
Statistical Software: Release 13. College Station, TX: StataCorp LP).

3 | RESULTS

After applying the exclusion criteria, exactly 100 pregnancies with
SLE remained (Figure 1), which were then matched 1:3 to 300 HR
pregnancies and also compared to 207039 women with SR preg-
nancies. Maternal demographic characteristics, such as prepreg-
nancy BMI and age at delivery, did not differ significantly between
the three groups. More women smoked in the standard population
during pregnancy as compared to the SLE or HR groups (22% vs.
52.3%; p<0.001; SLE vs. SR group). The number of spontaneous
conceptions was significantly higher in the SR group than in the SLE
group (87% vs. 99.57%; p<0.001; SLE vs. SR group). The number of
nulliparas did not differ between the groups (Table 1).

3.1 | Characteristics of the SLE group

Table S2 provides an overview of the therapy of the women with SLE
during pregnancy. Eighty-three percent of them took medication at
some point during their pregnancies, with exception of vitamins
and mineral substitution. Low-dose acetylsalicylic acid was taken
by 41.0%, low-dose molecular heparin by 22%, hydroxychloroquine
or chloroquine by 45.0%, glucocorticoids by 50.0% (glucocorticoids
>5mg by 21%), azathioprine by 21.0%. 22.0% of women with SLE
were receiving antihypertensive therapy. Apheresis was performed
in 6.0% of the patients.

Laboratory parameters, which might suggest SLE disease activ-
ity, were also collected from these patients. Table S3 provides an
overview of all laboratory parameters collected in the SLE group.
Low blood count with a Hb value below 10.0mg/dL occurred in
26.5% of SLE pregnancies. Pathological platelet count (defined as
thrombocytes <150.000/pL) occurred in 23.5% (thrombocytopenia)

Patients with SLE who comply with the
inclusion criteria:

¢ n(pregnancies) =105

v

v

]

* n(pregnancies) = 100
(19 women with two pregnancies and
62 women with one pregnancy)

and 9.2% (thrombocytosis) of SLE pregnancies. 26.5% of the women
experienced at least one prolongation of the activated partial
thromboplastin time, aPTT to more than 41.0s. Elevated creatinine
(>1.2mg/dL) occurred in 13.3%, elevated liver function parameters
(glutamic-oxaloacetic transaminase, GOT >31U/L and/or gluta-
mate pyruvate transaminase, GPT >34 U/L) occurred in 36.1% of
SLE pregnancies. 42.1% of pregnant women had proteinuria in the
urine dipstick test (combur test), while 12% of the patients hat pro-
teiuria > 500 mg/g. Immunological parameters were also assessed.
Most of the patients (87%) had positive (>1:80) antinuclear antibody
(ANA) titers while complement deficiency occurred in 34.8% (C3)
and 25.8% (C4) of cases. In the majority of women, antibodies (AB)
against double-stranded DNA (52.7%) and anti-Ro (50.5%) could be
detected. Other antinuclear antibodies were also frequently positive
in women with SLE during pregnancy (see Table S3).

The SLE group was further divided into four groups: patients
with low-risk profiles (n=62), patients with kidney involvement
(n=20), patients with antiphospholipid syndrome (n=13), patients
with both lupus nephritis and APL (h=3) and not specified (n=2).
Of the 22 patients, 5 had active nephritis with proteinuria during
pregnancy; however, no patient had nephrotic range proteinuria.
Two patients had a history of kidney transplantation, 4 patients had
impaired kidney function, and none of the patients underwent dial-
ysis during pregnancy.

3.2 | Maternal complications

The incidence of composite maternal complications was significantly
higher in the SLE group than in the SR group (28.0% vs. 6.28%; SLE vs.
SR; p=0.001) and did not differ between the SLE and the HR groups
(28.0% vs. 29.6%; SLE vs. HR group; p=0.80). The SLE and the HR
groups had similarly high incidence of hypertension-related preg-
nancy complications such as pregnancy-induced hypertension, preec-
lampsia, HELLP syndrome, or eclampsia (21% vs. 20.33%; p=0.33;
SLE vs. HR), while in the SR group, the incidence was significantly

» Exclusion due to missing outcome data (n = 2)
Exclusion due to abortion < 20gw. (n= 2)

Exclusion by not validated SLE diagnosis (n =1)

FIGURE 1 Flowchart of pregnancies in the systemic lupus erythematosus (SLE) group.
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TABLE 1 Maternal characteristics among the three groups.

SLEN=100 High-risk N=300 Standard-risk N=207039 p-value! p-value2
Prepregnancy BMI kg/m?, median (IQR) 23.3(20-27) 23.34(21-28) 22.94(20.66-26.3) 0.62 0.77
Age at delivery median (IQR) 31 (27-35) 31 (27-35) 31 (27-34) 0.96 0.15
Spontaneous conception N (%) 87 (87) 297 (99) 206144 (99.57) 0.12 0.001*
Primiparity N (%) 29 (29) 71(23.7) 68794 (33.23) 0.051 0.85
Smoking N (%) 22(22) 57 (19.5) 108316 (52.32) 0.53 0.001*
Note: p-value®: SLE versus high-risk group; p-value?: SLE versus standard-risk group; *p <0.05.
Abbreviations: BMI, body mass index (kg/m?); IQR, interquartile range; SLE, systemic lupus erythematosus.
TABLE 2 Maternal complications in systemic lupus erythematosus, high-risk, and standard risk groups.
High-risk Standard risk
SLEN=100 N=300 N=207039 p-value? p-value?
Maternal complication as composite outcome (%) 28 (28.0) 89 (29.6) 12998 (6.28) 0.80 0.001*
Preeclampsia/eclampsia/HELLP/pregnancy-induced 21(21.0) 61 (20.33) 1576 (0.76) 0.33 0.001*
hypertension (%)
GDM/IGDM (%) 11(11.0) 60 (20.0) 11230 (5.42) 0.054 0.004*
Maternal death (%) 1(1.0) 0(0.0) 24 (0.01) 0.563 0.001*
C-section (%) 59 (59) 209 (70.1) 61421 (29.67) 0.0005* 0.001*
Thromboembolic events (%) 1(1.0) 3(1.0) 264 (0.13) 1 0.001*
Postpartal maternal infection 4 (4%) 3(1.0) n.a 0.123

Note: p-value®: SLE versus HR group; p-value?: SLE versus standard-risk group; *p <0.05.

Abbreviations: C-section, caesarean section; GDM, gestational diabetes mellitus; HELLP, Hemolysis, Elevated Liver enzymes and Low Platelets;
IGDM, insulin-dependent gestational diabetes mellitus; n.a, not available data.

lower (21% vs. 0.76%; p <0.001). The differential diagnosis for preec-
lampsia in women with preconceptional hypertension and proteinuria
was based on the amount of proteinuria, the decrease in the level of
complement factors (C3, C4), the increase of the anti-ds-DNA titer
and additional organ manifestations, suggesting a lupus flair. On the
other hand, moderate proteinuria, normal complement, thrombocy-
topenia, elevated liver enzymes, and stabile anti-ds-DNA levels with
elevated sFLT-1/PIGF suggested preeclampsia/HELLP.810

Four women (1.0%) experienced a thromboembolic event, of
which one was from the SLE group (equivalent to 1.0% within the
SLE group) and three were from the HR group (equivalent to 1.0%
within the HR group); there was no thromboembolic event reported
in the SR group. One pregnant woman died during pregnancy and
suffered from SLE. She had a therapy-resistant low platelet count
during pregnancy and suffered from a lethal intracranial bleeding
during a hypertensive crisis. Lupus activity was not associated with
adverse maternal outcome.

The incidences of gestational diabetes mellitus (GDM; 11% vs.
5.42%; p=0.004) and C-section (59% vs. 29.67%; p<0.001) were
significantly increased in the SLE group compared to the standard-
risk group and did not differ between the SLE and the HR groups
(Table 2).

Postpartum maternal infections occurred in 4% of the SLE group
and 1% of the high-risk group (p>0.05). No information was available
from the SR group. All of the SLE patients with maternal postpartum

infections were treated with more than 5-mg glucocorticoid daily
and received HCQ as well.

3.3 | Fetal/neonatal complications

The incidence of composite fetal complications was higher in the SLE
group than in the SR group (55.0% vs. 25.54%; SLE vs. SR; p<0.001).
Interestingly, composite fetal complications were significantly more
frequent in the HR group compared to the SLE group (55.0% vs.
75.0%; SLE vs. HR; p=0.0005). Table 3 provides an overview of
the frequencies of fetal or neonatal complications in the groups.
Composite adverse fetal outcome was not associated with lupus
activity. Preterm birth before the 37th gestational week occurred
in 27.0% in the SLE group; this is significantly lower than in the HR
group (39.7%; p=0.032) and significantly higher than in the SR popu-
lation (7.68%; p <0.001). Fetal birth weight differed significantly be-
tween the SLE and the SR groups (SLE vs. SR; 2970g (2360-3330¢g)
vs. 3350 (3025-3670g); p<0.001), as well as between the SLE and
the HR group (SLE vs. HR; 2970g (2360-3330g) vs. 2660g (2055-
3050g); p=0.001)—in this case in favor of the SLE group. Fetal
growth restriction occurred in 11.0% of the SLE group and 7.6% of
the HR group (p=0.44) and significantly more frequently than in the
standard-risk group (SLE vs. SR; 11% vs. 0.33; p=0.002). Transfer

of the newborn to the neonatal intensive care unit was required in
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TABLE 3 Fetal and neonatal complications in the systemic lupus erythematosus, high-risk and standard-risk groups.
Standard risk

SLEN=100 High-risk N=300 N=210262 p-value! p-value?
Fetal complication as composite outcome (%) 55(55.0) 227 (75.0) 52878 (25.54) 0.0005* 0.001*
Preterm birth <37th gw 27 (27.0) 119 (39.7) 16148 (7.68) 0.032* <0.001*
Preterm birth <28th gw 7(7.0) 13(4.3) 1098 (0.52) 0.44 0.01*
Fetal birth weight (g) 2970 (2350-3330) 2660 (2055-3050) 3350 (3025-3670) 0.001* 0.001*
Fetal growth restriction (%) 11 (11) 23(7.60) 697 (0.33) 0.45 0.002*
Birth weight under 2500¢g (%) 30(30.0) 118 (40.0) 13508 (6.42) 0.10 0.001*
Admission to neonatal intensive unit (%) 23(23.0) 80 (26.7) 15751 (7.49) 0.51 0.001*
Perinatal mortality (%) in 7 days after birth 2(2.0) 5(1.7) 410 (0.19) 1 0.017*
Stillbirth (%) 3(3.0) 10(3.3) 700 (0.33) 1 0.005*
5-min Apgar Score under 7 (%) 4(4.0) 22(7.3) 8772 (4.17) 0.35 0.05
Postnatal infection 5(5.0) n.a 89 (0.04) 0.001*

Note: p-value®: SLE versus HR group; p-value?: SLE versus standard-risk group; *p <0.05; Fetal growth restriction was defined according to the

ISUOG guidelines.

Abbreviations: g, gram; gw, gestational week; HR, high-risk group; N, number; n.a, not available data; SR, standard-risk group.

23.0% of the SLE group and 26.7% of the HR group and significantly
rarer in the SR group (SLE vs. SR; 23% vs. 7.49%; p <0.001). Stillbirth
was detected in three cases in the SLE and thirteen cases (3.3%) in
the HR group, while this complication happened in 0.33% in the SR
group. Another two infants died perinatally or postpartum within
7 days after birth in the SLE group (2%) and five (1.7%) in the HR
group, and 410 (0.19%) in the SR group (SLE vs. SR; p=0.017). Five-
minute Apgar score <7 was noted in 8.2% of the SLE group, 11.7% in
the HR group, and 4.17% in the SR group (SLE vs. HR, p=0.355; SLE
vs. SR, p=0.05). Postnatal neonatal infections occurred in 5% of the
SLE group and 0.04% of the SR group (p <0.001).

3.4 | Impact of disease on maternal and
fetal outcomes

Out of 100 pregnancies, 53 patients had elevated dsDNA and/
or reduced C3c levels during pregnancy. SLEDAI scores were not
possible to assess in this retrospective study. The analysis revealed
no correlation between serological lupus activity, as measured by
immunological parameters, and maternal and fetal complications.
To investigate if the long timespan of our retrospective study or
the SLE subgroups (SLE subgroups: patients with low-risk profiles
(n=64), patients with kidney involvement (n=20), patients with
antiphospholipid syndrome (n=13), patients with both (n=3))
influenced our results, we conducted logistic regressions with
regard to maternal as well as fetal complications. The timepoint
of the pregnancy and kidney involvement did not influence ob-
stetric outcome. Secondary APL syndrome, when compared to the
baseline of solely SLE, was the only factor, which significantly and
negatively influenced maternal and fetal outcome with a p-value
of 0.01 (OR 4.7 and 6.9), respectively. Yet SLE with APL only oc-
curred in 15 cases in total so that further statistical analysis had to
be neglected (Data not shown). Additionally, we observed almost

no change in either Brier score or AIC when comparing the regres-

sion models above to null models.

4 | DISCUSSION

In line with both prospective and retrospective studies,**™*® our
study demonstrates worse fetal/neonatal and maternal outcomes in
SLE patients compared to a control cohort with low or SR pregnan-
cies This is in accordance with a 2017 meta-analysis by Bundhun
et al., comprising 10 studies with 529778 subjects, pregnancy
complications in SLE patients were compared to healthy women.'*
Similarly, Smyth et al.'s 2010 meta-analysis, focusing on lupus ne-
phritis patients, also found significantly higher complication rates
during pregnancy.!® Having a history of lupus nephritis serves as
a negative predictive factor for pregnancy complications. The pro-
spective PROMISSE study by Buyon et al. showed that 81% of SLE
patients with low or no disease activity had favorable pregnancy
outcome and that 19% of pregnant women with SLE experienced
complications. This study excluded patients with severe courses of
SLE and showed that even well-controlled SLE causes relevant risk
concerning the pregnancy.16 In our retrospective study, no correla-
tion could be detected between serologic disease activity or kidney
involvement and obstetric outcome; however, secondary APL syn-
drome correlated with a poorer obstetric outcome. Due to the retro-
spective nature of our research, we could not differentiate between
high, low, or moderate disease activity in SLE, which might be the
reason for the lack of correlation.

The prevalence of maternal complications due to hypertension-
related diseases was similarly high in the SLE and the HR groups
and significantly lower in the SR group. In the general population,
preeclampsia occurs approximately in 1.2% to 4.2% of all pregnan-
cies.!” The lower prevalence in our SR group might show that pre-
eclampsia is still underreported in the documentation systems of
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the Austrian Birth Registry. The high prevalence of preeclampsia
found in the SLE group is supported by a study from Chakravarty
et al., in which 63 pregnancies of 48 mothers with SLE were retro-
spectively examined and 22.0% developed preeclampsia.18 On the
other hand, lower occurrence of preeclampsia was reported in a
prospective study with 12.0% of 132 SLE pregnancies examined.’
A meta-analysis by Dong et al. from 2020 showed that the relative
risk of developing preeclampsia is 2.99 times higher for SLE pa-
tients,20 while Bundhun et al.'* found that the relative risk of pre-
eclampsia for mothers with SLE was 1.91. Known risk factors for
preeclampsia include the history of preeclampsia in the previous
pregnancy, pre-existing hypertension, positive anti-phospholipid
antibodies, active SLE, impaired renal function and the presence
of lupus nephritis, the use of corticosteroids, obesity, and diabe-
tes.81% The majority of these risk factors affect women with SLE,
which explains the increased preeclampsia rates in this group.19

Previous studies estimated the prevalence of premature births
of children born to mothers with SLE at 17.9% to 34.7% of all preg-
nancies.?2® These studies also show a significantly higher preterm
birth rate in the SLE group compared to a healthy control group. In
the present study, 27.0% of all newborns born to SLE mothers were
born before the 37th gestational week. This is consistent with the
findings of previous studies. Delivery before the 37th gestational
week occurred more often in the HR group (39.7%), which mirrors
the composition of high-risk obstetric situations, which predispose
to preterm delivery, such as history of preterm birth or cervical in-
sufficiency, preeclampsia, fetal growth restriction, and placental in-
sufficiency (also see Table S4).

It has been reported that 20.0% to 35.8% of all infants born to

mothers with SLE require care in a NICU after birth,2%2°

which aligns
with our findings, as 23% of newborns born to SLE mothers were
admitted to the NICU in our study.

Over time, management of SLE pregnancies has improved, partly
due to widespread hydroxychloroquine (HCQ) use for preventing
disease flares and enhancing pregnancy outcomes.?*"28 Despite rec-
ommendations supporting HCQ treatment throughout pregnancy,
only 45% of SLE patients in our study utilized HCQ, contrasting with
the 74% usage reported in the Norwegian RevNatus multicenter
registry study.29 Additionally, 21% of our patients used glucocorti-
coid doses exceeding 5mg/day during pregnancy, elevating risks of
preterm birth and gestational diabetes mellitus.*° This underscores
the necessity for better preconception counseling and interdisci-
plinary care to ensure optimal treatment initiation before and during
pregnancy. Low-dose aspirin (LDA) usage surged post the ASPRE
trial in 2017 due to increased awareness of preeclampsia risks in SLE
pregnancies.31 However, in our study, only 41% of SLE women used
LDA, possibly due to the longer inclusion period predating its stan-
dardization for preeclampsia prophylaxis between 2004 and 2018.

An important limitation of our study is the long observational pe-
riod during which changes in clinical practice in both rheumatology
and obstetrics were supplemented. According to a logistic regres-
sion analysis applied, the time period observed did not influence our

outcome.

Furthermore, the small sample size of the SLE cohort and the
monocentric character of the study, as well as the lack of data on
sociodemographic parameters and educational status, limit the di-
versity of the patient population, thus potentially introducing biases
and hindering a comprehensive understanding of potential influenc-
ing factors.

With an incidence of 0-241 per 100000 (depending on the geo-
graphic region), SLE is a rare disease.®? To avoid lower power due
to multiple test corrections, individual fetal/neonatal and maternal
complications were combined into combined/composite endpoint
variables.

To our knowledge, our study is the first to compare SLE preg-
nancies to a mixed HR cohort without autoimmune disease in ad-
dition to a group with SR pregnancies. We could show that adverse
maternal composite outcome was 4.5 times more frequent in the
SLE and in the HR cohort compared to the SR group and did not
differ between the SLE and HR groups. This is an important finding
as population trends show that women tend to postpone their fam-
ily planning” and more pregnant women have comorbidities, such
as SLE and other risk factors, which may cause adverse pregnancy
outcomes. Maternal obstetric risk seems to be similar to that ob-
served in a mixed high-risk cohort in a progressive tertiary center,
where a significant proportion of women facing elevated obstetric
risks due to factors such as age, overweight, poor obstetric history,
GDM, pregnancy-induced hypertension, and other complications
(see Table S4). High-risk obstetrics has an important role in the care
of women with comorbidities and poor obstetric history. For that
reason, our results might bring reassurance to those colleagues
who work in high-risk settings and face the challenges of preg-
nancy counseling of women with SLE. In addition, our findings are
reassuring for pregnant women with SLE attending a tertiary setting
with the observations here of pregnancy outcomes comparable to a
mixed population of high-risk pregnancies. Prepregnancy care and
multidisciplinary efforts may be ways of assuring the most optimal
pregnancy outcomes.

5 | CONCLUSION

Drawing conclusions from a tertiary obstetric center, the compos-
ite fetal risk is higher in the SLE group than the general population
and is significantly lower than that of high-risk pregnant individuals.
Prepregnancy counseling for women with SLE should emphasize the
context of fetal and maternal risks, comparing not only to healthy,

low-risk cohorts but also to various high-risk populations.
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