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Background: Systemic lupus erythematosus (SLE), a common autoimmune
disease predominantly affecting women, has been linked to various
complications during pregnancy. The transfer of anti-Ro/SSA antibodies from
SLE-affected mothers to their offspring can lead to neonatal lupus and cardiac
issues. This study investigated the association between maternal SLE and the risk
of pediatric cardiovascular disorders.

Methods: The study utilized South Korea's National Health Insurance Service
(NHIS) database, covering 3,505,737 children born between 2007 and 2017 and
tracked until 2020. Maternal SLE cases were identified using the World Health
Organization's International Classification of Diseases Tenth revision (ICD-10)
codes and linked with delivery records. Cardiologic disorders were categorized
into congenital heart disease (CHD), arrhythmic disorders, and acquired heart
disease. Propensity score matching with 1:4 ratios was applied to the set control
group.

Results: Among 3,505,737 children, 0.7% (n = 23,330) were born to mothers with
SLE. The incidence of preterm birth was significantly higher in the maternal SLE
group (5.9% vs. 3.0%). Compared with the control group, children born to
mothers with SLE exhibited a significantly elevated risk of overall CHDs (5.5%,
adjusted odds ratio [aOR] 1.21; 95% confidence interval [CI] 1.14-1.29), including
atrial septal defect (1.18; 1.09-1.28) and patent ductus arteriosus (1.15; 1.03—
1.30). In addition, a notably higher risk was observed in arrhythmic disorders
(complete atrioventricular block 7.20; 2.41-21.49) and acquired cardiac
disorders, including cardiomyopathy (1.40; 1.17-1.68) and mucocutaneous
lymph node syndrome (MCLS) (1.27; 1.15-1.43).

Conclusions: Maternal SLE is associated with congenital and acquired cardiac
disorders in offspring, including structural, arrhythmic, and MCLS. This study
highlights the need for continuous cardiovascular monitoring from the prenatal
stage to preadolescence in these children due to multifactorial influences
involving maternal autoantibodies, genetic predisposition, and environmental
factors.
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1. Introduction

Systematic lupus erythematosus (SLE) is one of the most
that  affect
abnormalities (1). It predominantly affects women, with up to a

common autoimmune diseases multi-system
9-fold difference in incidence during reproductive ages (2).
Previous studies demonstrated that SLE causes a variety of
complications in mothers, such as pre-eclampsia, preterm birth,
and fetal demise (3). Although fetal loss has been improved due
to clinical protocols and prenatal monitoring, it is stil an
important issue in SLE, and health surveillance of the surviving
infants should be maintained (4).

The passive transfer of anti-Ro/SSA autoantibodies from an SLE-
affected mother to her offspring is known to increase several clinical
conditions, such as neonatal lupus rash and hepatic and central
nervous system involvement (5, 6). Canadian (7) and Chinese (8)
studies have shown that offspring born from mothers with SLE were
more likely to have adverse neonatal outcomes, such as neonatal
intensive care unit admission, preterm birth, and patent ductus
arteriosus (PDA). In particular, cardiac findings are notable, and the
most serious complication is third-degree atrioventricular (AV) block,
affecting approximately 2% of exposed pregnancies (9). Cutaneous
and hematologic abnormalities are usually known to subside by 6-8
months of age with the resolution of maternal antibodies (10, 11).
Conversely, it is known that neonatal SLE is related to various
including arrhythmias,
abnormalities, and cardiomyopathies (12). Given that these adverse

cardiovascular ~ abnormalities, structural
conditions could result in permanent damage, the risk of
cardiovascular abnormalities should be assessed (13).

Until now, previous studies regarding pregnancy-induced outcomes
of SLE have been confined to maternal perspectives (14, 15) or addressed
adverse outcomes in the neonatal period with a relatively small sample
size of children (3, 7, 8). Thus, the cardiovascular outcomes of
offspring born to mothers with SLE should be investigated. Herein,
using nationwide health claims data from 2007 to 2017, we evaluated
the association of maternal SLE with pediatric cardiovascular
disorders, including congenital and acquired disorders.

2. Methods
2.1. Data source and study population

We obtained data on children born between 2007 and 2017 and
followed their medical claims data until 2020 in the National Health
Insurance Service (NHIS) database. In South Korea, more than 97%
of the population are registered and covered by national medical
insurance. The NHIS collects medical claims data and has made
them available to use for research purposes since 2007. Diagnoses
data are registered with the World Health Organization’s
International Classification of Diseases Tenth revision (ICD-10).

We extracted prenatal records by linking the data of the individuals
(children) with the data of their respective mothers. For the extraction,
we only linked mothers when a delivery record was registered in the
NHIS database and the date of delivery was defined as the date of
the birth. Maternal SLE was defined as an individual who visited an
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inpatient or outpatient clinic on more than one occasion and was
assigned the ICD-10 code “M32” prior to delivery. We included
3,505,737 children registered in the NHIS database in the study. We
138,549
information. Among the population, 23,330 children were born to

excluded individuals without baseline demographic
mothers diagnosed with SLE. The study was approved by the
Institutional Review Board of Hanyang University Guri Hospital
(IRB No. GURI 2023-02-026). The requirement for informed
consent was waived because public data from the NHIS were used
(NHIS-2023-1-396). The reporting of this study conforms to the
Strengthening  the

Epidemiology (STROBE) guidelines (online Supplementary Table 1).

Reporting of Observational Studies in

2.2. Cardiologic manifestations and clinical
variables

We categorized pediatric cardiologic disorders as congenital
heart disease (CHD), arrhythmic disorders, and other acquired
[e.g, cardiomyopathy (CMP) and
mucocutaneous lymph node syndrome (MCLS)]. Moreover, we

cardiologic  disorders
investigated neonatal lupus and death as outcomes. Each
outcome was defined as more than two outpatient or inpatient
visits with respective ICD-10 diagnostic codes.

As maternal characteristics, we selected cesarean section,
intrauterine growth retardation (IUGR), pregnancy induced
hypertension (PIH), gestational diabetes mellitus, chronic kidney
disorders, and maternal CHD as variables of interests. Maternal
CHD was defined as a mother who was assigned a diagnostic
CHD code (Q2) during the observation period. Growing
evidence suggests that genetic predisposition plays a crucial role
in the pathogenesis of CHD; therefore, maternal CHD should be
taken into account as a matching variable (16).

2.3. Statistical analysis

The demographic characteristics of the participants were
calculated with weighted percentages and compared with the
standardized mean difference (SMD). The propensity score was
calculated using variables including birth year, sex, socioeconomic
status, residence, preterm birth, and maternal CHDs. Additionally,
differences in maternal characteristics and cardiac manifestations
between two groups were compared using a chi-square test and
featured with weighted percentages and a p value. Although SLE
increasing the risk of preterm birth was previously known, we
included preterm birth in the propensity score variables as it
significantly increases the risk of CHD (15). The nearest available
matching based on the estimated propensity score was performed
with 1:4 ratios. Then, logistic regression analysis was used to
estimate the odds ratio (OR) with a 95% confidence interval (CI)
of CHD risk of children with maternal SLE. Statistical significance
was determined using two-sided tests, with a p value of less than
0.05 considered significant. Statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R
version 4.2.1 (www.R-project.org).
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[ Newborns born between 2007 — 2017 (n = 3,505,737) ]

( Exclusion ]

L- Missing values (n = 127,122)

[ Study population included in the study (n = 3,378,615) ]

Newborns born with maternal
SLE (n = 23,330)

J

Newborns born without maternal
SLE (n = 3,355,285)

[ Propensity score with 1:4 nearest neighbor matching ]

Newborns born with maternal
SLE (n = 23,330)

J |

Newborns born without maternal
SLE (n =93,320)

FIGURE 1

Selection flow of the population included in the analysis. SLE, systematic lupus erythematosus.

3. Results

We included 3,505,737 children registered in the national
health insurance database in the study (Figure 1). We excluded
127,122 individuals without baseline demographic information.
Among the population, 23,330 children were born from mothers
diagnosed with SLE. The baseline demographic findings of the
study population are shown in Table 1. Before matching,

offspring born from mothers with SLE had a significantly higher
incidence of preterm birth and maternal congenital heart disease
(SMD > 0.1). After propensity score matching, the SMD between
children with and without maternal SLE was lower than 0.1 in
all variables, such as birth year, sex, socioeconomic status,
residence, preterm birth, and maternal CHDs. The incidences
of preterm birth and maternal CHD were 5.9% and 13.4%,
respectively.

TABLE 1 Baseline characteristics of the pediatric population included in the study before and after propensity score matching.

dre 0 aterna dre O aterna dre D (before D~ (afte
pefore a q afte a q o 0 aterna a Q a q
3 0
Birth year 0.08 <0.001
2007-2010 816,412 (26.4) 24,776 (29.1) 6,194 (29.1)
2011-2014 1,369,433 (44.3) 37,972 (44.5) 9,493 (44.5)
2015-2017 906,788 (29.3) 22,504 (26.4) 5,626 (26.4)
Sex <0.01 <0.01
Boys 1,719,456 (51.2) 47,993 (51.4) 12,019 (51.5)
Girls 1,635,829 (48.8) 45,327 (48.6) 11,311 (48.5)
SES? 0.07 <0.001
Q1 (lowest) 356,999 (10.6) 9,551 (10.2) 2,387 (10.2)
Q2 755,787 (22.5) 19,340 (20.7) 4,825 (20.7)
Q3 1,349,712 (40.2) 36,857 (39.5) 9,225 (39.5)
Q4 (highest) 892,787 (26.6) 27,572 (29.5) 6,893 (29.5)
Residence® 0.14 <0.001
City 1,498,983 (44.7) 48,260 (51.7) 12,065 (51.7)
Rural 1,856,302 (55.3) 45,060 (48.3) 11,265 (48.3)
Preterm birth 101,472 (3.0) 5,544 (5.9) 1,386 (5.9) 0.14 <0.001
Maternal CHD 218,812 (6.5) 12,496 (13.4) 3,124 (13.4) 0.23 0.02

Data are expressed as numbers (weighted %).

SLE, systematic lupus erythematosus; SMD, standardized mean difference; SES, socioeconomic status; Q, quartile; CHD, congenital heart disease.
?Based on the amount of health insurance premiums. Income status was categorized into quartiles.

PCity area was defined as Seoul and six major metropolitan cities (Busan, Incheon, Gwangju, Daegu, Daejeon, and Ulsan).

“Propensity score matching with birth year, sex, SES, residence, preterm birth, and maternal CHD.
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TABLE 2 Prenatal and obstetric characteristics of the population included in the study.

dre 0 dre 0 dre D (before D e
erna before e e ate g a g
a g 8 g e 0 0
eighted % eighted % eighted %
Maternal characteristics
Cesarean section 1,220,053 36.4 34,125 36.6 9,228 39.6 0.07 0.06
IUGR 107,949 32 3,362 3.6 1,088 4.7 0.07 0.05
PIH 49,271 1.5 1,802 1.9 749 32 0.12 0.08
Gestational diabetes mellitus 1,377,325 41.0 37,792 40.5 9,206 39.5 0.03 0.02
Chronic kidney disorders 12,793 0.4 1,802 1.9 557 24 0.17 0.16

Data are expressed as numbers (weighted %).

SLE, systematic lupus erythematosus; SMD, standardized mean difference; IUGR, intrauterine growth retardation; PIH, pregnancy induced hypertension.
®Propensity score matching with birth year, sex, SES, residence, preterm birth, and maternal CHD.

Table 2 summarizes the comparisons between maternal and
cardiologic manifestations between two groups. For maternal
characteristics, mothers with SLE had a higher incidence of
cesarean section, IUGR, PIH, and chronic kidney disorders.
However, these differences were not statistically significant.

For CHD, children of mothers with SLE had a significantly higher
incidence of ventricular septal defect (VSD), atrial septal defect (ASD),
PDA, and all CHDs. For arrhythmic disorders, 15 cases of AV block
were identified in children of mothers with SLE, which was
significantly higher than in the control group (six cases, p <0.05).
Additionally, the incidence of other arrhythmias was higher than in
the control group (0.7% vs. 0.5%). However, the differences in the
other block, atrial flutter,
tachyarrhythmia were not significant. The incidences of neonatal
lupus and childhood mortality in the SLE mother group were 0.5%
and 0.2%, respectively, which were higher than those in the control

incidences of cardiac arrest, and

group. A description of the number of cases of CHD in children of
mothers with SLE is summarized in Supplementary Table 2.

Children of mothers with SLE had a significantly higher risk of
overall CHD (OR 1.23; 95% CI 1.15-1.31), as well as VSD, ASD,
and PDA. Additionally, the risk of AV block was the highest [10.01
(3.88-25.79)], followed by other arrhythmias [1.37 (1.14-1.64)]. For
acquired cardiac disorders, there was a higher risk of CMP [12.16
(8.34-17.73)] and MCLS [1.29 (1.17-1.43)]. Finally, the enhanced
risk of neonatal lupus [12.16 (8.34-17.73)] and pediatric mortality
[1.48 (1.17-1.87)] was also investigated (Figure 2).

4. Discussion

This nationwide study demonstrated that offspring born from
mothers with SLE had a significantly higher risk of congenital

Disorders Children without Children with
maternal SLE maternal SLE
Number Weighted % Number Weighted % OR  95%Cl
All CHD (Q2) 4289 4.6 1289 8.5 e 121 114 1.29
VSD (Q21.0) 786 0.8 205 0.9 '-:0-' 1.04 089 1.22
ASD (Q21.1) 2565 2.7 752 3.2 d L 118 1.09 1.28
PDA (Q25.0) 1288 0.4 371 1.6 - 115 1.03 1.3
Cardiac arrest (146) 73 0.1 30 0.1 —— 1.64 1.07 2.52
Heart block (144, 145) 50 0.1 28 0.1 | —e— 224 141 3.56
CAVB (144.2) 5 < 01 9 < 0.1 0 ® 72 241 2149
Tachyarrythmia (147) 106 0.1 40 0.2 —e—i 151 1.05 217
Atrial flutter (148) 53] 0.1 17 0.1 I—E—Q—i 1.28 0.74 222
Other arrhythmia (149) 454 0.5 159 0.7 | o 1.4 1.17 1.68
Pacemaker insertion 30 < 0.1 1 < 0.1 ——— 147 0.74 2.93
CMP (142) 39 < 041 14 0.1 e 1.4 1.17 1.68
MCLS (M303) 1579 1.7 500 2.1 | o 127 115 143
Neonatal lupus (M32) 36 < 041 109 0.5 : —e— 12.16 8.34 17.73
Death 292 0.3 96 0.4 El—Q—i 1.32 1.04 1.66
1.0 3.0 10.0 30.0
FIGURE 2
Logistic regression analysis presenting the risk of cardiovascular diseases in offspring born to mothers with SLE. SLE, systematic lupus erythematosus; OR,
odds ratio; Cl, confidence interval; CHD, congenital heart disease; VSD, ventricular septal defect; ASD, atrial septal defect; PDA, patent ductus arteriosus;
AV, atrioventricular; CMP, cardiomyopathy; MCLS, mucocutaneous lymph node syndrome.
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and acquired pediatric cardiologic disorders. In detail, maternal
SLE was associated with congenital structural heart disorders. By
contrast, the association with arrhythmic disorders was confined
to AV block. Additionally, maternal SLE was associated with
elevated risks of MCLS, CMP, and pediatric mortality.

To our knowledge, this is the first study to use nationwide data
to assess the risk of cardiovascular disorders in offspring of
mothers with SLE. It is already well-documented that SLE is
strongly associated with pregnancy outcomes, and in our study,
SLE was associated with the incidence of complications such as
cesarean section, IUGR, PIH, and preterm birth. We did not
include maternal comorbidities in the propensity score variables,
except for maternal CHDs, as the association of these variables
with pediatric cardiovascular disorder is unclear (17).

The incidence of overall CHD in offspring of SLE mothers was
5.5%, which was higher than previous reports (18, 19). There was
an increased risk of preterm birth in the maternal SLE group,
which can be interpreted as a key factor for the increased risk of
CHD. However, according to our risk, the risk of CHD was still
evident even after controlling for preterm birth. Further studies
investigating whether SLE autoantibodies contribute to the
pathogenesis of CHD should be undertaken. Rather, it could be
the overdiagnosis bias, given that mothers with SLE are more
likely to undergo a preemptive cardiologic work up during
pregnancy. In addition, children born from mothers diagnosed
with SLE may have been overdiagnosed with CHDs due to
repeated echocardiograms, such as patent foramen ovale/ASD
and PDA that can resolve spontaneously later in life.

Among arrhythmic disorders, we identified nine cases of third-
degree AV block, with an estimated incidence of 1 per 5,000 live
births, which was higher than in a previous study (20). The risk of
third-degree AV block was 10-fold higher in the SLE mother
group. Although we could not investigate the status of maternal
autoantibodies due to methodological limitations, our results
support the notion that the majority of pediatric third-degree AV
block cases are due to maternal autoantibodies (21). We found that
offspring born to mothers with SLE also have a prominent risk of
first- and second-grade AV block. The initial manifestation of AV
block could be either first or second degree, and those whose
features usually spontaneously resolve within the first month of life
(22, 23). This implies that the inflammatory reaction caused by
maternal autoantibodies is mild and reversible (24). Neonatal
lupus erythematosus is known to be closely associated with a
variety of arrhythmic disorders (13). Our results showed that these
adverse effects were limited to AV block, premature beat, ectopic
beats, sinus arrhythmia, and long QT disorders.

Notably, we underline that the offspring born from SLE
mothers had significantly higher risk of CMP and MCLS.
According to previous studies, 15%-20% of affected children
with third degree AV block could develop into more prominent
myocardial disease, progressing to CMP (21, 25). Given that the
incidence of CMP was higher than that of AV block, we assume
that additional mechanism could underlie. The mechanism of
cardiac damage resulting from maternal autoantibodies is still
unclear, but the most known hypothesis is that maternal
autoantibodies interfere with macrophage-mediated clearance of
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apoptotic cardiocytes by releasing pro-inflammatory cytokines
and inducing inflammatory reactions, with subsequent cardiac
inflammation and scarring (26-28). Nevertheless, we could not
solely affected the
pathogenesis of the CMP since pediatric CMP could result from

ascertain that maternal autoantibodies
many underlying cardiovascular conditions, not only maternal
rheumatic disorders, but from coronary artery abnormalities,
tachyarrhythmia, and secondary to underlying conditions (29).

There have been two studies with large sample sizes regarding the
impact of maternal autoimmune disorders on MCLS, with conflicting
results. Chu et al. (30) investigated 7,178 children and showed that
SLE did not have an adverse effect on MCLS. However, when a
broader range of autoimmune diseases, such as Sjogren’s and
rheumatoid arthritis, were included, maternal immune diseases were
significantly associated. Meanwhile, a cohort study in Canada, with
a follow-up for 12 years, stated that maternal rheumatic disorders
had a 1.84-fold increase in MCLS in offspring; in particular, a
higher risk was expected until 5 years of age (OR: 2.06, 95% CIL:
1.77-241) (31). Unlike previous studies, we only included children
who were born to mothers diagnosed with SLE, and considered
maternal CHDs in the variables. It is known that transplacental
autoantibodies disappear within the first 12 months. Thus, an
inflammatory cascade known to be the pathogenesis of arrhythmic
disorders would not explain the relationship with MCLS.

MCLS is a systemic vasculitis that affects small- and medium-
sized arteries with elevated cytokine levels (32). Growing evidence
suggests that immune complexes play a crucial role in the
pathogenesis of MCLS (33). In addition, according to a genome-
wide association study, autoimmune disease (e.g., SLE and
rheumatoid arthritis) and MCLS share common candidate genes
(e.g., BLK and CD40) (34). Although we could not verify the
causality of the relationship, the genetic predisposition could
affect the pathogenesis of MCLS, which would require clinical
attention in febrile or infectious cases.

The strength of our study lies in the large sample size of
health data,
cardiovascular diseases of offspring born to mothers with

nationwide claims presenting  pediatric
SLE. In contrast to previous studies that focused on the
prenatal and neonatal health outcomes of childhood, we
investigated overall pediatric cardiovascular disorders up until
the pre-adolescent period. However, this study has several
limitations due to methodological issues. First, we could not
investigate the clinical information (e.g., maternal age, SLE
flare, onset of maternal SLE, and duration of SLE) and
laboratory findings (e.g., antibody status) of mothers. Such
clinical symptoms and laboratory findings could not be
obtained from our database, which is based on ICD-10 codes.
The autoantibody profile is highly variable in SLE groups and
could present different clinical manifestations of offspring
(24).
experience flare ups and should be considered a serious risk

Approximately one half of pregnant SLE patients

factor. Additionally, genetic predisposition to CHD was not
identifiable due to the characteristics of our data. Further
based on the data
information should be carried out. Second, for children, we

studies nationwide with  genetic

could not  investigate the  echocardiography  and
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echocardiogram findings for the diagnosis of cardiovascular
disorders. Although we defined outcomes using diagnoses
confirmed by pediatricians, the objective clinical findings
would be helpful in assessing cardiovascular outcomes in
children. Finally, as we obtained maternal data by linking
ICD-10 codes regarding delivery, we could not identify
stillbirth ~ cases with SLE. To
evaluate the CHD risk, results from fetal echocardiography

abortion and of mothers
should be investigated in further studies.

In conclusion, using nationwide registry health claims data, this
study investigated the risk of pediatric cardiovascular disorders in
offspring born to mothers with SLE. In addition to the significant
risk of complete AV block, maternal SLE was significantly
associated with overall CHD, CMP, acquired cardiovascular
disorders, such as MCLS, and even mortality. We suspect these
associations to be multifactorial etiology, with the combined
effects of maternal autoantibodies, genetic predisposition, and
environmental factors, which needs to be confirmed in further
studies. We underline that offspring born to mothers with SLE
should undergo regular surveillance of their cardiovascular systems
from the prenatal period through to pre-adolescence.
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