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Abstract

Objectives The aim was to investigate, how pregnancies proceed in patients with systemic lupus erythematosus (SLE)
compared to their individually matched population controls.

Material and methods Adult incident SLE patients were identified from the register of new special reimbursement decisions
for SLE drugs in 2000-2014. For each patient, 1-3 randomly selected controls from the Population Register Centre were
matched. Data regarding pregnancies were obtained from the Finnish Medical Birth Register, Care Register and Register of
Congenital Malformations until 2018. The study utilized data from the Drug Purchase Register and educational information
from Statistic Finland.

Results A total of 163 deliveries for 103 mothers with SLE and 580 deliveries for 371 population controls were identified.
The duration of pregnancies in SLE women was significantly shorter compared to controls (38.9 versus 39.6 weeks). There
were more urgent Caesarean Sections. (15% versus 9%) and need for care at neonatal intensive care unit (NICU) (21% ver-
sus 11%) among deliveries in SLE mothers. No statistical difference was observed between SLE and control groups in the
occurrence of preeclampsia or major congenital malformations. Gestational age was 2.5 weeks shorter when the mother
experienced pre-eclampsia. Hydroxychloroquine was purchased by 30% of SLE mothers during pregnancy.

Conclusion The course of pregnancies in Finnish SLE patients seems to be quite moderate compared to controls, and no new
safety issues were detected. The low utilization of hydroxychloroquine indicates that the benefits of the drug to pregnancy
and disease course are not optimally recognized by specialists treating SLE mothers.
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Introduction

The onset of systemic lupus erythematosus (SLE) is often
during patients’ reproductive years, and pregnancies in
female SLE patients are common. Therefore, many poten-
tial threats exist regarding family planning. Of particular
concern is active disease, especially renal manifestations,
during pregnancy [1, 2]. Results from earlier studies dem-
onstrate a strong association between antiphospholipids
and incidence of thrombotic events and an adverse course
of pregnancy [2-4], while SSA and SSB antibodies seem
to predispose foetus to congenital cardiac conduction
defects quite rarely, in 1-2% of the cases [5-7]. As a gen-
eral practice, it is recommended that in every SLE patient
risk factors affecting pregnancy should be individually
evaluated and the disease itself should be at least 6 months
in remission before conception [8].

Another major issue in SLE pregnancies is medica-
tion. Pregnant women tend to have concerns about the
possible harmful effects of medication on the foetus.
This may result in a lack of adherence to medication [9].
Hydroxychloroquine (HCQ), azathioprine, and if needed
cyclosporine and tacrolimus are commonly allowed anti-
rheumatic medications during pregnancy. Instead, con-
traindicated drugs during pregnancy are mycophenolate
mofetil, methotrexate, leflunomide, cyclophosphamide,
belimumab, rituximab and anifrolumab. However, in
a critical situation, cyclophosphamide can be used as a
life-saving treatment regardless of the consequences for
the foetus [8, 10]. There is an urgent need to address
the gestational safety concerns caused by SLE and drug
therapy with careful family planning [10]. According to
international guidelines, a shared decision-making process
is recommended [11-13]. Pregnancy planning should be
started well in advance to achieve and maintain remission
by potentially changing the drug therapy [11].

Despite the right timing and deliberate planning, prob-
lems can still occur. Evidence from previous studies has
shown that pre-eclampsia, small for gestational age and
intrauterine growth retardation are more common in SLE
pregnancies than in the control population [2, 14-16].
Additionally, stillbirths occur more often in SLE preg-
nancies [15, 16], and at least one recent study reported
increased maternal mortality among SLE mothers [17].
A theoretical framework behind these difficulties is not
yet fully understood, but it is complex and individual in
nature, just like the disease itself [18].

The aim of this study was to estimate whether there is
a difference in the duration of pregnancy, amount of pre-
eclampsia, urgent Caesarean sections and need for care at
neonatal intensive care units (NICU) in SLE pregnancies
compared to their population controls.
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Secondary objectives were to analyse the amount of
congenital malformations in infants born to SLE mothers
compared to those born to control mothers and in addition
clarify the use of hydroxychloroquine during SLE pregnan-
cies in Finland.

Patients and methods

The study population consists of all 845 adult female
patients (age > 17 years), for whom a special reimburse-
ment for SLE medication had been applied at the time of
diagnosis by a specialist treating the disease between 1
January 2000 and 31 December 2014. The patients were
identified from the national special reimbursement deci-
sion register by the International Classification of Disease
10th revision (ICD-10) code for SLE (M32). The register is
administrated by the Social Insurance Institution. The date
of awarding of compensation was defined as an index date
(ID) for the patient and her controls. For each patient, one to
three population controls matched according to age, sex, and
place of residence at the ID were randomly selected from
the Population Register Centre. The detailed identification
method is explained in more detail in a previous study [19].
Any clinical data, or data regarding whether the patients
fulfilled the classification criteria for SLE were not available.
Data on educational attainment were obtained from Statis-
tics Finland, and education level was categorized as basic,
secondary and high level according to the number of years
of schooling. The incident SLE patients and their controls
were linked to the Finnish Medical Birth Register, which
is maintained by the National Institute for Health and Wel-
fare (THL). Shortly, the study was nationwide and register
based, and it included all adult incident SLE females, who
were granted a special reimbursement for SLE medication
in 2000-2014 and gave birth during the follow-up period by
the end of 2018.

The birth register receives data on maternal and infant’s
health records from all deliveries in Finland hospitals, and
it contains home births as well. The study included data
on those mothers who had a SLE diagnosis at the time of
pregnancy (years 2000-2018). The maternal data on deliver-
ies were retrieved as follows: mother’s age, height and pre-
gestational weight, time since ID, cohabiting, order of the
pregnancy, body mass index (BMI=body weight divided by
height?, kg/m?), smoking and the best estimate of gestational
age according to the five class scale (pregnancy weeks < 28,
28-31.9, 32.0-33.9, 34.0-36.9 and > 37).

The following information concerning pregnancies was
also gathered from the register: mode of delivery, infant’s
sex, infant’s birthweight and body length, ponderal index
(infant’s body weight divided by body length?, kg/m?),
one minute Apgar scores, number of the infants, need of
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neonatal intensive care unit (NICU) treatment before age
of seven days, and need of antibiotic treatments before age
of seven days. By Finnish law, all service providers are
obligated to produce data on all outpatient visits in special-
ized care and hospitalizations. These data are gathered in
the Care Register of the THL. The following information
with the ICD-10 codes was gathered from both the Finnish
Medical Birth Register and the Care Register, covering
the same observation time: gestational pregnancy-induced
hypertension without significant proteinuria (O13), pre-
eclampsia (O14) and eclampsia (O15).

In addition, the reimbursed and purchased medica-
tions across the pregnancy were clarified through their
Anatomical Therapeutic Chemical (ATC) codes from
the Drug Purchase Register maintained by the Social
Insurance Institution. The retrieved medical information
included anti-rheumatic medication (ATC codes hydrox-
ychloroquine PO1BAO02, glucocorticoids HO2, azathio-
prine LO4AXO01, cyclosporine LO4AD, and sulfasalazine
AO07ECO01) and medication for blood pressure (ATC codes
other hypertensives C02, diuretics CO3, peripheral vasodi-
lators C04, beta-blockers C07, calcium-channel blockers
CO08 and agents acting on the renin-angiotensin system
C09). A drug was interpreted to be used if an individual
had purchased it at least once during the pregnancy.

Lastly, the pregnant SLE patients and their controls
were linked to the Register of Congenital Malformations,
which is also maintained by the THL. It covers all the
data on major congenital malformations with their ICD-
10-codes after 22 weeks of gestation up to one year after
the delivery.

Permissions to use databases were obtained from each
registered holder. Since the study was register-based and
data were analysed pseudo anonymously without contact-
ing study participants, neither approval of the ethics com-
mittee nor the patients’ informed consent was required by
Finnish law.

Statistical methods

The results were presented as means with standard devia-
tions (SD) and as counts with percentages. Statistical
comparisons between SLE and control groups were done
using the chi-square test and t-test. Generalized estimating
equations (GEE) model with the exchangeable correlation
(appropriate distribution and link function) analyses were
used to account for correlations between repeated preg-
nancies in the same woman. Normal distributions were
evaluated graphically using the Shapiro—Wilk W test. Stata
17.0 (StataCorp LP, College Station, TX, USA) was used
for the analysis.

Results

A total of 163 deliveries for 103 SLE mothers were identified
during the follow-up time. At the same time, 371 population
controls had 580 deliveries. The basic characteristics of the
pregnancies are summarized in Table 1. The age distribution
was similar for both groups (p=0.87). A higher percentage of
SLE women (45%) were primiparous compared to the controls
(36%) (p=0.036).

The outcomes of the deliveries are shown in Table 2. The
duration of pregnancy in SLE women was significantly shorter
than in the controls. In both groups, there were a few sporadic
births at the early stages of pregnancy. In both SLE and con-
trol groups, the pregnancies were a mean 2.5 weeks shorter,
when pre-eclampsia was present. There was no statistical dif-
ference in the occurrence of pre-eclampsia between groups.
There were more urgent Caesarean sections in SLE pregnan-
cies than in the controls (15% versus 9%). Additionally, there
was a higher need for NICU treatment among deliveries in
SLE mothers (21% versus 11%). Female infants born to SLE
mothers had a smaller birth weight and body length than those
of the control mothers, but the difference was not significant
after considering the gestational age.

Altogether 40% of SLE mothers had purchased some anti-
rheumatic medication during their pregnancy. Hydroxychlo-
roquine (ATC code PO1BA02) was purchased by 30% of the
SLE mothers. Purchases of HCQ in SLE patients were not
significantly associated with gestational age, birth weight or
incidence of pre-eclampsia. Glucocorticoids (ATC code H02)
were purchased by 27% of SLE patients and azathioprine
(ATC code LO4AXO01) and cyclosporine (ATC code LO4AD)
by 7% and 1% of the SLE patients, respectively. Antihyper-
tensive agents were purchased by 3% of SLE mothers during
pregnancy compared to 1% of control mothers (p=0.058).

Table 3 displays the occurrence of congenital malforma-
tions in the deliveries of SLE mothers (n=8) and in their con-
trols (n=25). No differences in the incidence of congenital
malformations were observed between the infants of moth-
ers with SLE and control mothers. Purchased anti-rheumatic
medication during pregnancy in those SLE mothers whose
infants had congenital malformation were as follows: azathio-
prine in one, glucocorticoid in 4, hydroxychloroquine in 4 SLE
mothers and four of them had no anti-rheumatic medication.

Discussion

The study confirms the view that in SLE patients the course
of pregnancy differs from the control population. Moreover,
in this study, the gestational ages of infants born to SLE
mothers were younger compared with those born to control
mothers. There were more urgent Caesarian sections, and
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Table 1 Characteristics of the

T Characteristics of pregnancies SLE n=163 Controls n=580 p value
pregnancies in 2000-2014 of
diagnosed SLE patients and Mothers, 1 103 371
gi‘;ﬁgl"ﬂa“"“ controls in Cohabiting, 7 (%) 152 (93) 528 (91) 0.37
Primipara, n (%) 74 (45) 211 (36) 0.036
Mother’s age at delivery, mean (SD) 31.2 (4.5) 31.34.7) 0.85
Time since index date, months, mean (SD) 6.2 (3.4) 5.7 (3.6) 0.091
Pre-pregnancy weight, kg, mean (SD) 65.6 (10.6) 67.2 (14.1) 0.21
Height, cm, mean (SD) 166 (6) 166 (6) 0.71
Pre-pregnancy body mass index, kg/m2, mean (SD) 23.8 (3.8) 24.4 (4.8) 0.18
<18.5,n (%) 2(1) 11(2)
18.5-24.9, n (%) 101 (69) 329 (64)
25.0-29.9, n (%) 31 2D 116 (22)
>30, n (%) 13(9) 62 (12)
Smokers, n (%) 0.28
No 140 (89) 490 (87)
Quit during the first trimester 10 (6) 25 4)
Continued after the first trimester 8(5) 46 (8)
Education level, n (%) 0.13
Basic 67 (41) 272 (47)
Secondary 53 (33) 183 (32)
High 43 (26) 125 (22)

SLE systemic lupus erythematosus, n number, % percentage, SD standard deviation, index date the date of
special reimbursement decision for SLE medication in patients (equal with the inclusion of controls), kg
kilograms, cm centimetre, m? square metre

the need for NICU treatment was greater, in infants born
to SLE mothers than in the controls. However, the overall
picture of SLE mothers’ pregnancies was positive, and no
new safety concerns were identified. Contrary to expecta-
tions, the incidence of pre-eclampsia appeared to be similar
in both groups.

There is a large volume of published studies describing
that preterm birth and small gestational age are common
complications in SLE pregnancies [16, 20-25]. In many
cases, these are attributed to growth problems during preg-
nancy. The background can be associated with many things,
such as maternal smoking (regardless of SLE), high blood
pressure, chronic kidney disease, antiphospholipid antibod-
ies, disease-related characteristics and use of drugs [4, 26,
27]. Commonly, all these predisposing things can cause
placental dysfunction by several different mechanisms such
as inadequate perfusion, thrombosis or uncontrolled activa-
tion of complement [18]. In the present study, the distribu-
tion of gestational age was similar to the existent literature
[16, 20-23]. Few infants were born prematurely (gestation
less than 37 weeks) in both groups. Altogether, 11% of the
infants of SLE mothers were born prematurely compared to
5% of infants born to controls. The proportions of prematu-
rity were smaller than in the previous studies from China,
Taiwan, Denmark, Canada and Sweden: 14-35% and 7-13%,
in SLE and control pregnancies, respectively [16, 20-23].

@ Springer

In Finland, Caesarian sections are performed only when
the mother’s or foetus’s condition is unstable, thus it is likely
that the abovementioned challenges in SLE pregnancies fur-
ther led to the increase in urgent Caesarian sections [11,
21, 24]. In the present study, approximately a quarter of the
deliveries were Caesarian sections and most of them were
urgent in nature. Wu et al. have reported Caesarian sections
in 85% of SLE deliveries compared to 56% of non-SLE
control deliveries [16]. Of all SLE deliveries in that study,
8% were emergency Caesarian sections. The vast dispar-
ity between the percentages of Caesarian sections between
this and present studies most probably reflects differences
in health care systems and the treatment methods used and
indicates that the results between different studies may
not be comparable as such [16]. In turn, urgent Caesarian
sections and the circumstances leading or related to them,
especially respiratory distress syndrome, result in numerous
NICU treatment episodes [28]. In the present study, one-fifth
of the neonates needed NICU treatment. Elsewhere, the per-
centages of need for NICU treatment after SLE deliveries
have varied between 16 and 52% and the risk for NICU treat-
ment has been estimated to be 2—-3.5 times higher in neo-
nates born to SLE mothers compared with the background
population [6, 16, 22, 24, 29].

Pre-eclampsia is a possibly life-threatening condition
that occurs in 3-5% of all pregnancies [30]. In Finland,
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Tab]e 2_ Optcomes of the Outcomes of the deliveries SLE n=163 Controls n=580 p value
deliveries in 2000-2014 of
diagnosed SLE patients and Number of infants, n (%) 0.73
gi‘lzggp‘ﬂa“"“ controls in Singleton 160 (98) 571 (98)
Twins 3(2) 9(12)
Gestational hypertension without proteinuria, n (%) 8(5) 39(7) 0.10
Pre-eclampsia, n (%) 74) 18 (3) 0.46
Type of delivery, n (%) 0.034
Vaginal 123 (76) 480 (84)
Elective caesarean section 14 (9) 42 (7)
Urgent caesarean section 25 (15) 50 (9)
One minute Apgar score, mean (SD) 8.4 (1.5) 8.6 (1.2) 0.10
NICU treatment*, n (%) 34 (21) 66 (11) 0.002
Antibiotics after delivery*, n (%) 17 (10) 35 (6) 0.052
Gestational age, weeks, mean (SD) 38.9 (2.5) 39.6 (1.8) <0.001
<28.0, n (%) 2(1) 2 (0)
28.0-31.9, n (%) 32 1(0)
32.0-33.9, n (%) 0(0) 41
34.0-36.9, n (%) 13 (8) 23 (4)
>37.0, n (%) 145 (89) 550 (95)
Boy, n (%) 87 (53) 292 (50) 0.49
Birth weight, g, mean (SD)
Girl 3153 (622) 3439 (526) <0.001
Boy 3442 (702) 3554 (559) 0.12
Birth weight, Z score, mean (SD) —0.00 (1.00) 0.00 (1.00) 0.99
Macrosomia, birthweight >4500 g, n (%) 3(12) 11 (2) 0.99
Birth length, cm, mean (SD)
Girl 48.5 (3.5) 49.6 (2.6) 0.002
Boy 50.1 (2.8) 50.6 (2.6) 0.18
Ponderal index, kg/m3, mean (SD) 27.4(2.9) 27.6 (2.6) 0.40

*before age of seven days

SLE systemic lupus erythematosus, n number, SD standard deviation, g gram, cm centimetre, m’® cubic
metre, NICU care at neonatal intensive care unit

Table 3 Congenital malformations in the deliveries of SLE patients
and their controls in 2000-2018, in Finland

Congenital malformation with SLE Control p value
ICD-10-code class n=163n n=580n

(%) (%)
At least one 8(5) 25 4) 0.74
More than one 1(D) 10 (2) 0.47
Eye, ear, face and neck, Q10-18 0 (0) 2 (0) 0.99
Cardiovascular, Q20-28 4(2) 13 (2) 0.77
Cleft palate or lip, Q35-37 1(1) 0 (0) 0.22
Digestive system, Q38-45 0 (0) 3(1) 0.98
Genital, Q50-56 0(0) 1 (0) 0.97
Urogenital, Q60-64 3(2) 2 (0) 0.073
Musculoskeletal, Q65-79 0 (0) 6 (1) 0.35
Others, Q80-89 0(0) 1 (0) 0.97
Chromosomal, Q90-99 0(0) 2 (0) 0.99

SLE systemic lupus erythematosus, /CD— 10 code International clas-
sification of disease- 10th revision code, n number, % percentage

the prevalence of pre-eclampsia has been estimated to be
between 2 and 3% of pregnancies [31, 32]. The primary
treatment option is delivery [30]. Data from several sources
have identified an increased incidence of pre-eclampsia asso-
ciated with SLE pregnancies [6, 15, 22, 23, 25]. The likeli-
hood of pre-eclampsia in SLE mothers has been estimated to
be 2—4 times higher compared to the background population
[6, 15, 22, 25, 33, 34]. Nevertheless, in the present study,
there was no difference in the occurrence of pre-eclampsia
between SLE mothers and their controls. Since this result
from the Medical Birth Register was unexpected, it was fur-
ther confirmed by the Care Register, and the result remained
the same. There is evidence showing that maternal hyperten-
sion raises the likelihood of complications in lupus preg-
nancies [14, 35]. Thus, theoretically use of antihypertensive
agents could have a protective influence on further compli-
cations. In the present study, SLE mothers more frequently
purchased antihypertensive medication than their control
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counterparts, but the difference in purchases of antihyperten-
sive medication was not significant. Still, there is a Japanese
study on lupus pregnancies showing no increased level of
pre-eclampsia in SLE pregnancies compared to figures ear-
lier reported in the population (6% versus 10%) [36], and a
Danish study detecting an increased but not significant trend
of pre-eclampsia in SLE versus control pregnancies [21].
Further, the differential diagnosis between lupus nephritis
at gestation and pre-eclampsia in SLE mothers is not always
straightforward, and in our register material, we depend on
the clinicians” ability to make the correct diagnosis without
the ability to check the clinical data afterwards. Thus, it is
possible that, for example, the prevalence of pre-eclampsia
in SLE is an underestimation.

Several studies have found HCQ to be beneficial during
pregnancy [37-43]. It seems that HCQ is related to lower
disease activity during SLE pregnancy [37]. Saavedra et al.
[39] showed that the likelihood of pre-eclampsia was lower
in SLE patients using antimalarial drugs during pregnancy.
HCQ has the ability to cross the placenta [44]. It has been
shown that HCQ inhibits lysosomal and extralysosomal
toll-like receptors (TLRs), which block systemic inflam-
mation in pre-eclampsia and in recurrent miscarriage [42].
Moreover, Abd Rahman et al. [38] showed that the use of
HCQ was related to a longer duration of pregnancy, higher
birth weight, lower incidence of gestational diabetes and
had a protective effect against high blood pressure. Also,
the prevalence of congenital conduction defects has been
shown to be lower in HCQ users [40]. The safety profile of
antimalarial drugs during pregnancy has been shown to be
good, and they are not associated with prematurity, low birth
weight or increased occurrence of congenital malformations
[43]. Despite the fact that HCQ is recommended for all preg-
nant SLE patients [13], the use of HCQ was at a lower level
than expected in the present cohort. This might reflect low
adherence to medication during the pregnancy. The method
used shows the prescribed and purchased drugs, which is a
closer estimation of the reality of drug use than just evaluat-
ing the drugs prescribed. Although there are robust findings
demonstrating the benefits of HCQ [37—40], not all pregnant
SLE patients seem to comply with taking the medicine. Due
to the limited use of HCQ in our cohort, it is impossible
to draw conclusions on the relevance of the medication to
pregnancy in SLE. Similar proportions of HCQ use (37.7%)
in 2015 were reported in a US study, which was based on
a Medicaid database [41]. On the other hand, in contrast to
the present results, a Portuguese retrospective study from
1993 to 2019 reported a high percentage of HCQ use (64%)
in pregnant SLE mothers, to whom counselling before gesta-
tion was given in 87% of pregnancies [45].

As a whole, the pregnant SLE mothers in the present
study had limited anti-rheumatic drug use: a quarter of the
SLE patients in the present study used glucocorticoids, and

@ Springer

azathioprine was used by only 7% of pregnant SLE moth-
ers. A Canadian population-based study demonstrated a
large proportion of discontinuations of SLE drugs before
and during pregnancies. The proportions of drugs used for
SLE were similar to the present study. Glucocorticoids,
antimalarials and azathioprine were used by 20%, 24% and
8% of the pregnant SLE patients, respectively [46]. At the
same time, there is a growing body of literature showing
that active disease is one of the major risk factors antedating
complications during pregnancy in SLE patients [35, 47].
The present result draws our attention to the importance of
considering proper counselling of patients during pregnancy.

There is still uncertainty regarding whether a mother’s
SLE predisposes the foetus to congenital malformations. A
meta-analysis of 11 studies published in 2001-2016 reported
over two times increased odds for congenital defects in SLE
pregnancies [29]. A recent nationwide Korean study showed
a significantly increased risk for congenital deficiencies in
infants born to SLE mothers compared to those born to
population controls. The differences in malformations were
especially seen in the region of the eye, ear, face and neck,
and moreover, in neurological, circulatory and musculoskel-
etal systems [48]. In the present study, there was no signifi-
cant difference in the occurrence of major congenital mal-
formations between SLE pregnancies and those of controls.
Likewise, a Canadian study found no increase in congenital
defects among SLE pregnancies in 1998-2009 compared to
matched population controls [22].

In the present study, a higher percentage of SLE mothers
were primiparous than control mothers. It is likely that if
the previous pregnancy had been complicated, SLE mothers
either postpone or abandon the idea of a subsequent preg-
nancy. This hypothesis is supported by a recent large regis-
ter-based study showing that the mean number of pregnan-
cies per mother was significantly lower in SLE mothers than
in controls [25]. Consistently, a Korean study showed that
the pregnancy rate was about a third lower in SLE women
than in the background population [15].

As the registered data of the present study were nation-
wide, there was no selection bias. On the other hand, milder
cases of SLE were also included in the pregnancy data. In
this study, it was possible to combine reliable data from dif-
ferent registers, expanding the overall picture of the course
of pregnancy in SLE patients. The selected study method
of a case—control setting increases the value of the study.
A major limitation of the study is the lack of clinical data
before and during pregnancies. It is possible that not all
information is supplied in the registries. As the data are
based on the babies who were born alive, it was not possible
to analyse data on miscarriages or stillbirths.

Despite the fact that SLE mothers face several possible
challenges during their pregnancy, the present results were
rather encouraging. No new safety issues were identified in
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the SLE pregnancies, and the overall picture of them did
not differ that much from the pregnancies of the controls.
The current recommendations for SLE pregnancies, how-
ever, were not strictly followed and better results are possi-
ble to achieve [13, 49]. The theoretical basis of the impacts
of pregnancy on SLE and vice versa is poorly understood.
Much of the recent research has focused on evaluating the
activity of disease during pregnancy [1, 50]. Further work is
required to establish the nature of immunological processes
in pregnancies of SLE mothers. Extending clinical SLE reg-
istries to clinicians’ daily work and combining bio-bank data
with clinical data would improve knowledge in this field.

Funding Open access funding provided by University of Eastern
Finland (including Kuopio University Hospital). The study was sup-
ported by grants from the Finnish Cultural Foundation, the North Savo
Regional fund and the Research Committee of the Kuopio University
Hospital Catchment Area for the State Research Funding.

Declarations

Conflict of interests The authors declare that they have no conflict of
interest in relation to this manuscript. The authors report the following
financial activities outside the submitted work: H.K., L.J.V., K.P. and
M.J.K. have no competing interests. P.E. has been on advisory board
for Astra Zeneca and Otsuka, has received lecture fees from Abbvie
and reimbursement of training and congress costs from Abbvie and
received a research grant from the Finnish Cultural Foundation, North
Savo Regional fund and the Research Committee of the Kuopio Uni-
versity Hospital Catchment Area for the State Research Funding. V.R.
has received a lecture fee from Novartis and Viatris, reimbursement of
training and congress costs from Abbvie and Pfizer and received BMS
Research grant for Nord-Star trial, received a research grant from the
Research Committee of the Tampere and Tavastia Catchment Area for
the State Research Funding. S.K. has received reimbursement of train-
ing and congress costs from Abbvie, Medac and UCB and received a
research grant from the Finnish Rheumatic Disease Research Founda-
tion, the Maire Lisko Foundation and the Research Committee of the
Kuopio University Hospital Catchment Area for the State Research
Funding.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Erazo-Martinez V, Nieto-Aristizabal I, Ojeda I, Gonzalez
M, Aragon C, Zambrano M et al (2021) Systemic lupus

10.

11.

12.

13.

14.

15.

16.

erythematosus and pregnancy outcomes in a Columbian cohort.
Lupus 30:2310-2317

Sieiro Santos C, Moriano Morales C, Alvarez Castro C, Gonzalez
Fernandez I, DiezAlvarez E (2022) Factors associated with
adverse pregnancy outcomes in patients with systemic lupus ery-
thematosus. Musculoskeletal Care 20:917-925

Larosa M, Le Guern V, Guettrot-Imbert G, Morel N, Abisror N,
Morati-Hafsaoui C et al (2022) Evaluation of lupus anticoagulant,
damage, and remission as predictors of pregnancy complications
in systemic lupus erythematosus: the French GR2 study. Rheu-
matology 61:3657-3666. https://doi.org/10.1093/rheumatology/
keab943

Laifio-Pifieiro MC, Ruaa-Figeroa I, Jiménez N, Cuadrado Lozano
M, Martinez-Barrio J, Serrano B et al (2023) Pregnancy outcomes
in 1869 pregnancies in a large cohort from the Spanish Society
of Rheumatology Lupus Register (RELESSER). Semin Arthritis
Rheum 61:152232

Pearl E, Clowse M (2014) Systemic lupus erythematosus and
pregnancy outcomes: an update and review of the literature. Curr
Opin Rheumatol 26:118-123

Braga A, Barros T, Faria R, Marinho A, Rocha G, Farinha F et al
(2022) Systemic lupus erythematosus and pregnancy: a Portu-
guese case-control study. Clin Rev Allergy Immunol 62:324-332.
https://doi.org/10.1007/s12016-021-08893-y

Sapantzoglou I, Fasoulakis Z, Daskalakis G, Theodora M, Ant-
saklis P (2023) Congenital heart block and its association with
anti-Ro and anti-La antibodies in pregnancy: A case report of rare
entity and a review of the current evidence. Cureus. https://doi.
org/10.7759/cureus.45832

Zhang S, H X, Liu W, Wen Q, Wang J, (2023) Pregnancy
in patients with lupus erythematosus: a systematic review.
Arch Gynecol Obstet 308:63—71. https://doi.org/10.1007/
s00404-022-06718-7

Twigg M, Lupattelli A, Nordeng H (2016) Women’s beliefs
about medication use during their pregnancy: a UK perspec-
tive. Int J Clin Pharm 38:968-976. https://doi.org/10.1007/
s11096-016-0322-5

Reynolds J, Gayed M, Khasmata M, Leone F, Toescu V, Bruce I
(2023) Outcomes of children born to mothers with systemic lupus
erythematosus exposed to hydroxychloroquine or azathioprine.
Rheumatology 62:1124-1135

Knight C, Nelson-Piercy C (2017) Management of systemic lupus
erythematosus during pregnancy: challenges and solutions. Open
Access Rheumatol Res Rev 9:37-53. https://doi.org/10.2147/
OARRR.S87828

Marder W (2019) Update on pregnancy complications in systemic
lupus erythematosus. Curr Opin Rheumatol 31:650-658
Andreoli L, Bertsias G, Agmon-Levin N, Brown S, Cervera R,
Costedoat-Chalumeau N et al (2017) EULAR recommendations
for women’s health and the management of family planning,
assisted reproduction, pregnancy and menopause in patients with
systemic lupus erythematosus and/or antiphospholipid syndrome.
Ann Rheum Dis 76:476—485

Chen D, Lao M, Cai X, Li H, Zhan Y, Wang X et al (2019) Hyper-
tensive disorders of pregnancy associated with adverse pregnant
outcomes in patients with systemic lupus erythematosus: a multi-
center retrospective study. Clin Rheumatol 38:3501-3509. https://
doi.org/10.1007/s10067-019-04696-x

Joo YB, Kim KJ, Park KS, Park YJ (2021) Pregnancy rates and
perinatal outcomes in women with systemic lupus erythematosus:
data from the Korean national health claims database. Clin Rheu-
matol 40:2243-2250

Wu J, MaJ, Bao C, Di W, Zhang WH (2018) Pregnancy outcomes
among Chinese women with and without systemic lupus erythe-
matosus: a retrospective cohort study. BMJ Open. https://doi.org/
10.1136/bmjopen-2017-020909

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/rheumatology/keab943
https://doi.org/10.1093/rheumatology/keab943
https://doi.org/10.1007/s12016-021-08893-y
https://doi.org/10.7759/cureus.45832
https://doi.org/10.7759/cureus.45832
https://doi.org/10.1007/s00404-022-06718-7
https://doi.org/10.1007/s00404-022-06718-7
https://doi.org/10.1007/s11096-016-0322-5
https://doi.org/10.1007/s11096-016-0322-5
https://doi.org/10.2147/OARRR.S87828
https://doi.org/10.2147/OARRR.S87828
https://doi.org/10.1007/s10067-019-04696-x
https://doi.org/10.1007/s10067-019-04696-x
https://doi.org/10.1136/bmjopen-2017-020909
https://doi.org/10.1136/bmjopen-2017-020909

1108

Rheumatology International (2024) 44:1101-1109

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Mehta B, Luo Y, Xu J, Sammaritano L, Salmon J, Lockshin M,
Goodman S, Ibrahim S (2019) Trends in maternal and fetal out-
comes among pregnant women with systemic lupus erythema-
tosus. Ann Intern Med 171:164-171. https://doi.org/10.7326/
M19-0120

Castellanos Gutierrez A, Figueras F, Morales-Prieto D, Schleupner
EG, Baifios N (2022) Placental damage in pregnancies with sys-
temic lupus erythematosus: A narrative review. Front Immunol.
https://doi.org/10.3389/fimmu.2022.941586

Kariniemi S, Rantalaiho V, Virta LJ, Puolakka K, Sokka-Isler
T, Elfving P (2021) Multimorbidity among incident Finnish sys-
temic lupus erythematosus patients during 2000-2017. Lupus
30:165-171

Chen CY, Chen YH, Lin HC, Chen SF, Lin HC (2010) Increased
risk of adverse pregnancy outcomes for hospitalization of
women with lupus during pregnancy: a nationwide population-
based study. Clin Exp Rheumatol 28:49-55

Jakobsen I, Helmig R, Stengaard-Pedersen K (2015) Maternal
and foetal outcomes in pregnant systemic lupus erythematosus
patients: an incident cohort from a stable referral population
followed during 1990-2010. Scand J Rheumatol 44:377-384
Barnabe C, Faris P, Quan H (2011) Canadian pregnancy out-
comes in rheumatoid arthritis and systemic lupus erythemato-
sus. Int J Rheumatol. https://doi.org/10.1155/2011/345727
Arkema E, Palmsten K, Sjowall C, Svenungsson E, Salmon J,
Simard J (2016) What to expect when expecting with systemic
lupus erythematosus (SLE): a population-based study of mater-
nal and fetal outcomes in SLE and pre-SLE. Arthritis Care Res
68:988-994

Wallenius M, Salvesen K, Daltveit A, Skomsvoll J (2014) Sys-
temic lupus erythematosus and outcomes in first and subsequent
births based on data from a National Birth Registry. Arthriti
Care and Res 66:1718-1724

Barnado A, Hubbard J, Green S, Camai A, Wheless L, Osmund-
son S (2022) Systemic lupus erythematosus delivery outcomes
are unchanged across three decades. ACR Open Rheumatol.
https://doi.org/10.1002/acr2.11447

Finken M, van der Steen M, Smeets C, de Bruin C, Hokken-
Koelega A, Wit J (2018) Children born small for gestational
age: differential diagnosis, molecular genetic evaluation, and
implications. Endocr Rev 39:851-894. https://doi.org/10.1210/
er.2018-00083

IgnacchitiLacerda M, Costa Rodrigues B, Ramires de Jesus G,
Cunha Dos Santos F, Ramires de Jesis N, Levy RA et al (2021)
The association between active proliferative lupus nephritis dur-
ing pregnancy and small for gestational age newborns. Clin Exp
Rheumatol 39:1043-1048

Williams A, Grantz K, Seeni I, Robledo C, Li S, Ouidir M et al
(2019) Obstetric and neonatal complications among women
with autoimmune disease. J] Autoimmun. https://doi.org/10.
1016/j.jaut.2019.05.015

Bundhun PK, Zafooruddin Sani Soogund M, Huang F (2017)
Impact of systemic lupus erythematosus on maternal and fetal
outcomes following pregnancy: A meta-analysis of studies
published between years 2001-2016. J Autoimmun 79:17-27.
https://doi.org/10.1016/j.jaut.2017.02.009

Chappell L, Cluver C, Kingdom J, Tong S (2021) Pre-eclampsia.
Lancet 398:341-354

Hypertension during pregnancy and pre-eclampsia. Current
Care Guidelines. Working group set up by the Finnish Medical
Society Duodecim (2021) Hypertension during pregnancy and
pre-eclampsia. Current Care Guidelines. www.kaypahoito.fi.
Accessed 22 February 2023

Bastola K, Koponen P, Skogberg N, Gissler M, Kinnunen T
(2022) Hypertensive disorders of pregnancy among women

Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

of migrant origin in Finland: A population-based study. Acta
Obstet Gynecol Scand 101:127-134

Dong Y, Yuan F, Dai Z, Wang Z, Zhu Y, Wang B (2020) Preec-
lampsia in systemic lupus erythematosus pregnancy: a system-
atic review and meta-analysis. Clin Rheumatol 39:319-325
Khoguli H, Al-Bluwi G, Guy Pedo V, Al Dhanhani A (2023)
Maternal and fetal health outcomes in systemic lupus pregnan-
cies in the Emirati population: A comparative study. Lupus
32:1453-1461

Tsuda S, Sameshima A, Sekine M, Kawaguchi H, Fujita D,
Makino S et al (2020) Pre-conception status, obstetric outcome
and use of medications during pregnancy of systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA) and inflam-
matory bowel disease (IBD) in Japan: Multi-center retrospective
descriptive study. Mod Rheumatol 30:852-861. https://doi.org/
10.1080/14397595.2019.1661592

Irino K, Arinobu Y, Ayano M, Kawano S, Kimoto Y, Mitoma H
et al (2021) Predictive factors of fetal and maternal pregnancy
outcomes in Japanese patients with systemic lupus erythema-
tosus. Lupus 30:1637-1643

Clowse M, Magder L, Witter F, Petri M (2006) Hydroxychloro-
quine in lupus pregnancy. Arthritis Rheum 54:3640-3647
Abd Rahman R, Min Tun K, KamisanAtan I, Mohamed Said
MS, Mustafar R, Zainuddin AA (2020) New benefits of hydrox-
ychloroquine in pregnant women with systemic lupus erythema-
tosus: a retrospective study in a tertiary center. Rev Bras Gine-
col Obstet 42:705-711. https://doi.org/10.1055/s-0040-1715140
Saavedra MA, Miranda-Hernandez D, Lara-Mejia A, Sanchez
A, Morales S, Cruz-Reyes C et al (2020) Use on antimalar-
ial drugs is associated with a lower risk of preeclampsia in
lupus pregnancy: A prospective cohort study. Int J Rheum Dis
23:633-640. https://doi.org/10.1111/1756-185X.13830
Izmirly P, Kim M, Friedman D, Costedoat-Chalumeau N,
Clancy R, Copel J et al (2020) Hydroxychloroquine to prevent
recurrent congenital heart block in fetuses of anti-SSA/Ro-
positive mothers. J Am Coll Cardiol 76:292-302

Bermas BL, Kim SC, Huybrechts K, Mogun H, Hernandez-
Diaz S, Bateman BT et al (2018) Trends in use of hydroxy-
chloroquine during pregnancy in systemic lupus erythematosus
patients from 2001 to 2015. Lupus 27:1012-1017. https://doi.
org/10.1177/0961203317749046

De Moreuil C, Alavi Z, Pasguier E (2020) Hydroxychloroquine
may be beneficial in preeclampsia and recurrent miscarriage. Br
J Clin Pharmacol 86:39-49. https://doi.org/10.1111/bcp.14131
Berard A, Sheehy O, Zhao JP, Vinet E, Quach C, Bernatsky S
(2021) Chloroquine and hydroxychloroquine use during preg-
nancy and the risk of adverse pregnancy outcomes using real-
world evidence. Front Pharmacol 21:722511. https://doi.org/10.
3389/fphar.2021.722511

Guillotin V, Bouchet A, Barnetche T, Richez C, Truchetet ME,
Seneschal J et al (2018) Hydroxychloroquine for the preven-
tion of fetal growth restriction and prematurity in lupus preg-
nancy: A systematic review and meta-analysis. Joint Bone Spine
85:663-668

Braga A, Barros T, Faria R, Marinho A, Carvalheira G, Rocha
G et al (2021) Systemic lupus erythematosus and pregnancy:
A retrospective single-center study of 215 pregnancies from
Portugal. Lupus 30:2165-2175

Zusman E, Sayre E, Avifia-Zubieta J, De Vera M (2019) Patterns
of medication use before, during and after pregnancy in women
with systemic lupus erythematosus: a population-based cohort
study. Lupus 28:1205-1213

Murata T, Kyozuka H, Fukuda T, Toba N, Kanno A, Yasuda S
et al (2022) Maternal disease activity and serological activity
as predictors of adverse pregnancy outcomes in women with
systemic lupus erythematosus: a retrospective chart review.


https://doi.org/10.7326/M19-0120
https://doi.org/10.7326/M19-0120
https://doi.org/10.3389/fimmu.2022.941586
https://doi.org/10.1155/2011/345727
https://doi.org/10.1002/acr2.11447
https://doi.org/10.1210/er.2018-00083
https://doi.org/10.1210/er.2018-00083
https://doi.org/10.1016/j.jaut.2019.05.015
https://doi.org/10.1016/j.jaut.2019.05.015
https://doi.org/10.1016/j.jaut.2017.02.009
http://www.kaypahoito.fi
https://doi.org/10.1080/14397595.2019.1661592
https://doi.org/10.1080/14397595.2019.1661592
https://doi.org/10.1055/s-0040-1715140
https://doi.org/10.1111/1756-185X.13830
https://doi.org/10.1177/0961203317749046
https://doi.org/10.1177/0961203317749046
https://doi.org/10.1111/bcp.14131
https://doi.org/10.3389/fphar.2021.722511
https://doi.org/10.3389/fphar.2021.722511

Rheumatology International (2024) 44:1101-1109

1109

48.

49.

Arch Gynecol Obstet 305:1177-1183. https://doi.org/10.1007/
$00404-021-06148-x

Jung Y, Park J, Oh MJ, Park CW, Park J, Jun J et al (2023)
Increased risk of congenital malformations in offspring born to
women with systemic lupus erythematosus in South Korea: a
nationwide population-based study (2023). RMD Open. https://
doi.org/10.1136/rmdopen-2022-002916

Teng YKO, Bredewold E, Rabelink T, Huizinga T, Eikenboom
HCIJ, Limper M et al (2018) An evidence-based approach to
pre-pregnancy counselling for patients with systemic lupus ery-
thematosus. Rheumatology 57:1707-1720. https://doi.org/10.
1093/rheumatology/kex374

50. Pastore D, Costa M, Surita F (2019) Systemic lupus erythema-
tosus and pregnancy: the challenge of improving antenatal care
and outcomes. Lupus 28:1417-1426

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00404-021-06148-x
https://doi.org/10.1007/s00404-021-06148-x
https://doi.org/10.1136/rmdopen-2022-002916
https://doi.org/10.1136/rmdopen-2022-002916
https://doi.org/10.1093/rheumatology/kex374
https://doi.org/10.1093/rheumatology/kex374

	Pregnancies in patients with systemic lupus erythematosus during 2000–2018 in Finland: a case–control study
	Abstract
	Objectives 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Statistical methods

	Results
	Discussion
	References




