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Background: Several systemic autoimmune rheumatic diseases may affect both
fetal and maternal outcomes during pregnancy. However, little information is
available regarding pregnancy outcomes in women with idiopathic inflammatory
myopathy. Previously published articles stated that the activity of maternal
disease may worsen pregnancy outcomes. A former multicenter study suggested
that anti-Jo1 antibody positivity and joint involvement could distinguish a more
vulnerable group regarding pregnancy complications. Our aim was to identify
prognostic factors among clinical symptoms at disease onset and auto-antibody
profiles for identifying a high-risk group for poor pregnancy outcome.
Methods: The clinical data of the myositis cohort of the Division of Clinical
Immunology, University of Debrecen, Hungary, were reviewed retrospectively.
IIM diagnoses were made by Bohan and Peter’s criteria or European Alliance
of Associations for Rheumatology/American College of Rheumatology
(EULAR/ACR) criteria. Disease activity was evaluated based on physician
opinion. Gynecological definitions were used to evaluate fetal outcomes.
Results: Reviewing clinical data of overall 763 patients (542 women and 221 men)
revealed that 5.2% of female patients had pregnancies in the same time or after
myositis onset. Among these, 71.4% of the mothers suffered from polymyositis (PM)
and 28.6% suffered from dermatomyositis (DM). Their mean age at the time of
myositis diagnosis was 25.28 years, and the average interval between myositis
diagnosis and first pregnancy was 55.4 months. Maternal complications included
preeclampsia in one case and pregnancy-induced myositis in 25% of cases. All cases
of pregnancy-induced myositis improved after immunosuppressive treatment.
Twenty-eight patients reported 60 pregnancies overall, with multiple pregnancies
occurring in 57% of cases. Early or late fetal loss was detected in 41.7% of the
pregnancies, and stillbirth occurred in 18.3% of deliveries. Although late fetal loss was
observed mainly due to placental insufficiency in patients with anti-Jo1 positivity and
complications seemed more frequent in PM cases, logistic regression analysis only
confirmed that multiple pregnancies could be an independent risk factor for fetal
(p=0.0112) and interstitial lung disease of maternal complications (p=0.02).
Conclusion: Internal organ involvement and the number of pregnancies could
influence pregnancy outcomes in myositis patients. Patients’ family planning
should be well organized and counseled by myositis experts. Prospective,
multicenter collaborations are needed to precisely identify high-risk groups
and state managing guidelines.
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Introduction

Idiopathic inflammatory myopathies (IIMs) are a heterogeneous

group of systemic autoimmune rheumatic diseases (SARDs)

characterized by progressive muscle weakness and specific skin

symptoms. Internal organs, including the skin, joints, lungs, heart,

and gastrointestinal tract, can also be affected in both skin-

dominant [dermatomyositis (DM)] and muscle-dominant forms

[polymyositis (PM)] (1).

Like other SARDs, idiopathic inflammatory myopathies may

affect both fetal and maternal outcomes during pregnancy.

Probably due to the rarity of the disease or its later onset, there

is only one short consensus guideline for planning and managing

pregnancy in these patients (2). Correlations between clinical and

pathological alterations have been barely studied. Based on

previous studies, only 12%–29% of IIM cases are recognized

during the reproductive years (3–6). A couple of retrospective

cohort studies revealed that the activity of maternal disease could

worsen pregnancy outcomes (3–10). Complete remission refers to

a better fetal outcome (1), while high disease activity increases

abortion rates above 50% (7) and increases the risk of stillbirth

or neonatal death (5). Our former multicenter study suggested

that anti-Jo1 antibody positivity and joint involvement could

distinguish a more vulnerable group considering fetal pregnancy

complications (8). Except pregnancy induced myositis cases

maternal outcome is generally favorable (9). Based on several

case series and reports, “pregnancy-induced” myositis could be a

leading risk factor considering maternal outcomes (3–11). A

population-based study reported an increased risk of

hypertensive disorders of pregnancy in patients with DM/PM

compared with the general population (OR = 2.18, 95% CI:

1.37–3.46) (10). No data are available concerning medication

risks during and after pregnancy or the effect of myositis

on breastfeeding.

Our aims were to evaluate the frequency of maternal and fetal

pregnancy complications in myositis, find prognostic factors of

maternal and fetal complications among clinical symptoms and

auto-antibody profiles, and identify high-risk groups for

unfavorable pregnancy outcomes.
Materials and methods

A retrospective data analysis of the myositis cohort at the

University of Debrecen was used to assess the frequency and

outcome of pregnancies after IIM onset. Clinical data from 763

patients (542 women and 221 men) diagnosed between 2000 and

2022 were reviewed.

IIM diagnoses were made using Bohan and Peter’s criteria or

EULAR/ACR diagnostic criteria. Myositis-specific and associated

auto-antibodies were identified by ELISA and immunoblot

techniques; anti-phospholipid (APL) antibodies, including anti-

b2glycoprotein IgG and IgM, anti-cardiolipine IgG and IgM, and

thyroid-specific antibodies [anti-thyroperoxidase (TPO)], were

detected using the ELISA technique. Detection of lupus
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anticoagulant (LAC) was made by dilute Russell’s viper venom

time (dRVVT) test. Disease activity was evaluated and recorded

in medical files based on clinical symptoms, muscle enzyme

levels, and physician opinion before 2011 and using International

Myositis Assessment and Clinical Studies Group (IMACS) core

set measures thereafter. As this is a retrospective cohort study

when disease activity was evaluated with different methods for

statistical analysis, patients were categorized into active and

inactive groups. Pregnancy data were self-reported by the mother

and supplemented with medical records. Pregnancy-induced

myositis was defined as IIM symptoms that began during

pregnancy or within 6 months following delivery or termination.

Data on general maternal complications, such as gestational

diabetes, hypertension, preeclampsia, eclampsia, and excessive

bleeding, were recorded. Also, disease-specific complications,

such as weak contractions, pregnancy-induced myositis, relapses,

or worsening of clinical symptoms, were collected.

Gynecological definitions were used to evaluate fetal outcomes.

Normal labor was defined as the delivery of a healthy newborn

weighing >2,500 g after 37 weeks of pregnancy. Stillbirth was

defined as the end of a pregnancy between gestational weeks 28

and 37. Abortion or miscarriage was defined as a pregnancy

ending before 28 weeks, without specification as spontaneous or

induced. Early pregnancy losses occurred in the first trimester,

and late losses occurred in the second trimester. We considered

pregnancy losses observed in the third trimester as fetal deaths.

After descriptive statistics, Fisher’s exact test was used to prove

univariate associations and logistic regression analysis was

conducted to identify independent risk factors for fetal and

maternal complications. Myositis subset, maternal age, organ

involvement, auto-antibodies, number of pregnancies, and disease

activity were included in the analysis.
Results

General myositis characteristics

Data collection revealed that 5.2% (n = 28) of the 542 female

patients had pregnancies either concurrently with or after

myositis onset. Among these, 71.4% (n = 20) suffered from

polymyositis and 28.6% (n = 8) suffered from dermatomyositis.

Their mean age at the time of IIM diagnosis was 25.4 years. A

total of 75% (n = 21) of patients had a longer history, with an

average disease duration of 55.4 months, while 25% (n = 7) of

women suffered from pregnancy-induced myositis. Half of the

DM patients had a juvenile-onset disease. The most common

clinical symptoms were muscle weakness (96%; n = 27), arthralgia

(64%; n = 18), and Raynaud’s phenomenon (54%; n = 15). Skin

rashes, interstitial lung disease, and dysphagia are classified as

rare manifestations. Table 1 presents the basic demographic data

of the cohort. There were no significant differences in clinical

and serological characteristics. Multiple pregnancies were more

frequent in the PM subset than in DM (70% vs. 25%; p = 0.04).

No therapy refractory cases have been reported. Based on the

opinion of the treating physician, mild or moderate disease
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TABLE 1 Basic clinical and serological data of our cohort.

Full cohort PM DM Difference between
PM/DM subsets

Case number 28 71.4% (n = 20) 28.6% (n = 8) na

Mean age (years) 25.4 25.2 25.5 ns

IIM disease duration before pregnancy (months) 55.4 41.5 90 ns

Pregnancy-induced cases 25% (n = 7) 30% (n = 6) 12.5% (n = 1) ns

Clinical symptoms
Muscle weakness 96% (n = 27) 100% (n = 20) 87.5% (n = 7) ns

Arthralgia 64% (n = 18) 70% (n = 14) 50% (n = 4) ns

Raynaud phenomenon 54% (n = 15) 60% (n = 12) 37.5% (n = 3) ns

Skin rashes 43% (n = 12) 20% (n = 4) 100% (n = 8) p = 0.002

Interstitial lung disease 25% (n = 7) 35% (n = 7) 0% ns

Dysphagia 14% (n = 4) 10% (n = 2) 25% (n = 2) ns

Fever 7% (n = 2) 10% (n = 2) 0% ns

Myocarditis 4% (n = 1) 5% (n = 1) 0% ns

Antibody profile
ANA 82% (n = 23) 85% (n = 17) 75% (n = 6) ns

Myositis-specific antibodies 39% (n = 11) 45% (n = 9) 25% (n = 2) ns

Anti-Jo1 73% (n = 8) 40% (n = 8) 0% ns

Anti-SRP 9% (n = 1) 5% (n = 1) 0% ns

Anti-SAE 9% (n = 1) 0% 12.5% (n = 1) ns

Anti-Mi2 9% (n = 1) 0% 12.5% (n = 1) ns

Myositis-associated antibodies
Anti-SSA 39% (n = 11) 50% (n = 10) 12.5% (n = 1) ns

APL 43% (n = 12) 40% (n = 8) 50% (n = 4) ns

LAC 0% 0% 0% ns

Other (anti-TPO) 21% (n = 6) 30% (n = 6) 0% ns

Pregnancy outcome
No fetal or maternal complications 46% (n = 13) 35% (n = 7) 75% (n = 6) ns

Maternal and fetal complications 14% (n = 4) 15% (n = 3) 12.5% (n = 1) ns

Maternal complications (in one or more pregnancies) 25% (n = 7) 30% (n = 6) 12.5% (n = 1) ns

Fetal complications (in one or more pregnancies) 43% (n = 12) 50% (n = 10) 25% (n = 2) ns

Multiple pregnancies 57% (n = 16) 70% (n = 14) 25% (n = 2) p = 0.0441

Documented disease activity before or during pregnancy 46% (n = 13) 55% (n = 11) 25% (n = 2) ns

na, not applicable; ns, not significant.
p denotes statistical significance.
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activity was identified in 46% (n = 13) of cases before or after

conception. Muscle enzyme levels varied from normal to slightly

elevated, with no significant correlation to pregnancy outcomes.

Check-ups were organized at various intervals, unfortunately

lacking consistency. No mothers were on teratogenic medication

before pregnancy or at the time of conception. Corticosteroids

alone or in combination with azathioprine, cyclosporine A,

and/or intravenous immunoglobulin (IVIg) were used. During

and after pregnancy, mothers were either treatment-free (11%;

n = 3), treated with corticosteroid only (64%; n = 18), or treated

with corticosteroid and azathioprine combination (25%; n = 7).

One mother had been on methotrexate before conception, but

it was discontinued when they were planning the pregnancy.

One mother was on cyclophosphamide therapy due to

interstitial lung disease (ILD) at the time of conception, and

this pregnancy ended in miscarriage. Due to variations in

medications, we have excluded them from statistical analysis.

Low-molecular-weight heparin (LMWH) and low-dose aspirin

(100 mg) were also used in APL-positive cases after pregnancy

pathology, as former APL guidelines suggested.
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Immunofluorescent staining of blood samples showed that 82%

(n = 23) of women with pregnancy complications were positive for

antinuclear antibodies (ANAs). In total, 11% (n = 3) of women had

no detectable auto-antibodies in their serum before pregnancy. A

total of 36% (n = 10) of them had a single (mostly anti-

phospholipid) antibody, while 54% (n = 15) showed multiple

antibody positivity. Lupus anticoagulant analysis was performed

in only 75% of cases (n = 21), but all results were negative.

Myositis blot analysis revealed myositis-specific (39%; n = 11)

and myositis-associated (50%; n = 14) antibodies. Detected

IIM-specific antibodies were anti-Jo1 (73%; n = 8), anti-SAE,

anti-Mi2, and anti-SRP in individual cases. Among myositis-

associated antibodies, anti-SSA was detected as frequently as

myositis specific antibodies (MSA) (39%; n = 11).
Maternal outcomes

In general, maternal outcomes in IIM were favorable.

Preeclampsia was reported in only one case. Pregnancy-induced
frontiersin.org
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IIM was reported in 25% of all cases, with 42% (n = 3) in the first

trimester, 29% (n = 2) in the third trimester of pregnancy, and 29%

(n = 2) after delivery or termination. No variable showed a

significant association with maternal complications in univariate

testing. Interstitial lung disease was identified as an independent

risk factor for maternal complications (OR: 12; 95% CI: 1.48–97.18;

p = 0.02) by logistic regression analysis. All pregnancy-induced

cases improved with individualized immunosuppressive treatment.

The most frequently used drug was intravenous corticosteroids in

these cases; high-dose IVIg was used in one severe case when the

mother presented with new-onset anti-phospholipid syndrome

accompanied by myositis, arthritis, fever, and interstitial lung disease.
FIGURE 2

MPVN as a sub-phenomenon of placentitis by hematoxylin-eosin
staining from the archive of our pathology institute.
Fetal outcomes

In the case of our 28 patients, 73 pregnancies were recorded, 60

of which were conceived after IIM onset. Patients did not report any

pregnancy complications before myositis symptoms. Multiple

pregnancies occurred in 57% (n = 16) of cases. In contrast to

favorable maternal outcomes, depressing fetal results were found

(Figure 1). Only 58% (n = 35) of pregnancies ended with delivery,

with one-third of the delivered babies being born prematurely.

Stillbirth was reported in 18.3% of all pregnancies and in 31.4%

of labors. Early or late fetal loss was detected in 41.7% of the

pregnancies (n = 25). In the first trimester, we only recorded

miscarriages, along with one case of induced abortion due to high

maternal disease activity. Unfortunately, no gynecological reports

are available considering the potential causes of these pregnancy

losses. All 12 patients who experienced miscarriages were auto-

antibody-positive (anti-Jo1, anti-SRP, anti-TPO, and APL).

Among patients with fetal pregnancy complications, 50% (n = 7)

were APL-positive, but there were no significant differences

considering fetal complications in APL-negative cases. LAC

testing was performed in 75% of all patients, but all results were

negative. Of the seven patients who were not tested for LAC, only

one reported miscarriages. High disease activity before pregnancy

was reported by the treating physician in only three cases.
FIGURE 1

Main causes of maternal and fetal complications reported previously and in
IIM patients in the Hungarian cohort.
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Late pregnancy losses, which placed a more excessive physical

and mental burden on the mothers, were reported in seven

pregnancies across five women. They all were treated with proper

immunosuppressive medication and had no or mild disease

activity. In the cases where full gynecological descriptions were

available (only four of these seven pregnancies), fetal death was

associated with placental insufficiency due to early calcification

or circulation issues. Late pregnancy loss was mostly observed in

patients suffering from anti-synthetase syndrome (n = 3).

Histopathological examination of the placenta is rare, even after

fetal death. Placental insufficiency was associated with various

histological findings. We also recognized a rare pathological

manifestation, massive perivillous fibrinoid deposition (MPVN,

Figure 2), in the placenta in the case of a woman suffering from

anti-synthetase syndrome and anti-SSA antibody positivity who

had experienced several pregnancy losses.
this study (bold); and different fetal complications during pregnancies of
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In cases of pregnancy-induced myositis (n = 7), four stillbirths

and two early miscarriages were reported. These mothers also

experienced complications in subsequent pregnancies, regardless

of disease activity.

Reviewing polymyositis patients’ medical documentation fetal

complication have been found twice frequent than healthy

deliveries (31 complications vs. 15 healthy baby). This ratio was

9 healthy baby vs. 5 fetal complications in patients suffering

from dermatomyositis. Although complications seemed more

frequent in PM cases, results did not reach statistical significance.

Univariate analysis showed that anti-SSA antibody positivity was

significantly more frequent in patients with fetal complications

(17.6% vs. 66.7%; p: 0.014). Logistic regression analysis

confirmed that multiple pregnancies could be an independent

risk factor for fetal complications (OR: 4.19; CI: 1.39–12.69;

p = 0.0112). Based on our data, a poor outcome in a first

pregnancy is associated with poor outcomes in subsequent

pregnancies. The cause of repeated poor outcomes could not be

revealed by our data.
Discussion

Detailed reports on pregnancy outcomes and complications in

patients with idiopathic inflammatory myopathies are scarce. Based

on our large cohort, we can assume that maternal outcomes in

pregnancies of IIM patients appear favorable. Neither our cohort

nor previously reported ones exhibited specific maternal

complications (3–9, 11–17). As an exception, Kolstad et al.

published a population-based study concluding that IIM patients

have longer hospitalization during delivery and an increased

risk of hypertensive disorders, including preeclampsia and

eclampsia, but no increased risk for fetal complications (10). In

other reports, similar to our cohort, disease relapse or onset during

or shortly after pregnancy was considered a risk for maternal health.

On the contrary, IIM is considered a high-risk group regarding

fetal complications. A limitation of this study is the retrospective

design and the heterogeneity of medical documentation.

Reviewing the literature in this research field, we can state that

several fetal complications have been reported, and high fetal

risks are not obviously associated with maternal disease activity.

A recent review also stated that only 52.8% of pregnancies in

IIM patients ended with the birth of a healthy child (4).

Relatively poor pregnancy outcomes have been reported,

including spontaneous/induced abortion in 27.6% of pregnancies,

stillbirth/neonatal death in 7.5%, preterm birth in 12.6%,

intrauterine growth retardation in 4.7%, and low birth weight in

7.4%. Among 159 pregnancies occurring after DM/PM onset,

only 50 involved active disease. The difference in abortion rates

(36% vs. 29.5%) between pregnancies with active disease and

pregnancies with inactive disease did not reach statistical

significance. However, the proportion of total fetal loss (48% vs.

35%, P = 0.049) was significantly higher in pregnancies with

active maternal disease. Pregnancy-induced cases have also

reported more fetal complications (31.4% vs. 67.2%) (5). Previous

studies also mentioned high rates of abortion/miscarriage (43%–
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50%) and preterm births (6, 7, 11–16), mostly in women with

active IIM. Even earlier studies revealed that pregnancies in

patients with juvenile-onset IIM were associated with a high

percentage of at-term births, while in women with adult-onset

IIM before pregnancy, this percentage decreased to 50%. Among

patients diagnosed with PM–DM during pregnancy, the

percentage of live births was 38% (7, 14). A Swedish population-

based study revealed about a threefold increased risk of preterm

birth (particularly very preterm birth) and a sixfold increased

risk of low birth weight in IIM patients compared with the non-

IIM group (17). Because myositis core set measures (18), manual

muscle test results, and creatine kinase (CK) levels are not

reported in the above-mentioned articles, judgment about disease

activity and its association with fetal outcomes is heterogeneous.

Detailed antibody profiles of the patients are also missing.

Our results suggest that, in addition to disease activity, multiple

pregnancies and disease characteristics also influence fetal

outcomes, especially in relation to late pregnancy complications.

The observed late fetal losses occurred only during pregnancies

of antibody-positive mothers. Massive perivillous fibrin

deposition is a rare sign of severe placentitis previously

associated with anti-phospholipid syndrome and infections

(19, 20). We have found some case reports describing this rare

pathological finding in pregnancies of IIM patients. Hung et al.

presented the case of a 20-year-old anti-Jo1-positive polymyositis

patient who delivered a stillborn fetus and damaged placenta

with MPVN (19). Krones et al. reported the case of a new-onset

MDA-5-positive DM with skin, muscle, and lung involvement.

During this women’s pregnancy MPVN was also reported as

histopathological background of fetal complication. She delivered

a premature baby at 34 weeks via an emergency cesarean section

due to decreased fetal movements and a non-reassuring fetal

heart rate. The maternal disease was stabilized by corticosteroid,

hydroxychloroquine, and JAK inhibitor treatment. However, no

information about the infant’s outcome was available (20). In

contrast to these cases, our patient exhibited anti-Jo1 and anti-

SSA antibody positivity, showed no signs of disease activity, and

was on combined immunosuppressive therapy. Unfortunately,

her pregnancy ended in fetal loss due to placentitis. Her other

pregnancy ended in a preterm delivery, but fortunately with a

healthy infant. The placental macroscopic and histological

findings were the same. Another patient with anti-Jo1 and anti-

SSA antibody positivity delivered a stillborn infant at 36 weeks

due to placental hypoxia and circulation issues. In this case, an

autopsy was not recommended by the obstetrician.

The role of anti-phospholipid antibodies and lupus

anticoagulant in pregnancy complications among myositis

patients remains unknown. A limitation of our study is the lack

of data; however, all tested patients were negative for LAC, while

50% of patients with fetal pregnancy complications were

APL-positive. Although IIMs are rarely associated with anti-

phospholipid syndrome (21), we need prospective, well-organized

studies to reach further conclusions.

Summarizing previous and current results, we can conclude

that the risk of fetal complications in patients with myositis

is high. Although the stillbirth rate in the general population
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in Hungary is considered high (8%–9%) (22), this rate is even

higher (31.4%) in our IIM cohort. There is an unmet need

for prospective, detailed studies to identify the causal

relationships between disease activity, organ involvement, auto-

antibody profiles, and maternal outcomes. Close monitoring of

pregnancies in IIM patients, even without disease activity and

placenta autopsies after healthy or complicated pregnancies,

could help explore the pathomechanism of placental insufficiency

and decrease fetal complication rates. Prospective studies are

needed to evaluate the connection between disease activity,

serology profiles, myositis symptoms, and pregnancy outcomes.

Family planning for these patients should be well organized

and counseled by myositis experts, with multi-disciplinary

collaborations and consensus guidelines to improve worrying

fetal outcomes.
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